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Abstract: 
 This project is about design and implementation of embedded system to monitor and record key parameters of a distribution 

transformer like load currents, oil level, oil quality and ambient temperature. The idea of on-line monitoring system includes IOT 

(internet of things), with a single chip microcontroller and different sensors. It is installed at the distribution transformer site and 

the above parameters are recorded using the analog to digital converter (ADC) of the embedded system. The obtained parameters 

are processed and recorded in the system memory. If any abnormality or an emergency situation occurs the system can be 

monitored through internet containing information about the [2] abnormality according to some predefined instructions 

programmed in the microcontroller. This system will help the transformers to operate smoothly and identify problems before any 

catastrophic failure. 
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I. INTRODUCTION 
     In power systems, distribution transformer is electrical 

equipment which distributes power to the low-voltage users 

directly, and its operation condition is an important component 

of the entire distribution network operation. Operation of 

distribution transformer under rated condition guarantees their 

long life .However,  their life is significantly reduced if they 

are subjected to overloading, resulting in unexpected failures 

and loss of supply to a large number of customers thus 

effecting system reliability. Overloading and ineffective 

cooling of transformers are the major causes of failure in 

distribution transformers. 
 

 Ordinary transformer measurement system generally 

detects a single transformer parameter, such as power, current, 

voltage, and phase. While some ways could detect multi-

parameter, the time of acquisition and operation parameters is 

too long, and testing speed is not fast enough. Few of them are 

mentioned below. 

 

1) Ordinary transformer measurement system generally detects 

a single transformer parameter, such as power, current, 

voltage, and phase. While some ways could detect multi-
parameter, the time of acquisition and operation parameters 

is too long, and testing speed is not fast enough.  

 

2) Detection system itself is not reliable. The main 

performance is the device itself instability, poor anti-

jamming capability, low measurement accuracy of the data, 

or even state monitoring system should is no effect.  

 

3) Timely detection data will not be sent to monitoring centers 

in time, which cannot judge distribution transformers three-

phase equilibrium.  

 
4) A monitoring system can only monitor the operation state or 

guard against steal the power, and is not able to monitor all 

useful data of distribution transformers to reduce costs.  

 

5) Many monitoring systems use power carrier communication 

to send data, but the power carrier communication has some 

disadvantages: serious frequency interference, with the 

increase in distance the signal attenuation serious, load 

changes brought about large electrical. 

 

According to the above requirements, we need a distribution 
transformer real-time monitoring system to detect all operating 

parameters operation, and send to the monitoring centre in 

time. It leads to online monitoring of key operational 

parameters of distribution transformers which can provide 

useful information about the health of transformers which will 

help the utilities to optimally use their transformers and keep 

the asset in operation for a longer period. This will help to 

identify problems before any serious failure which leads to a 

significant cost savings and greater reliability. 

 

II. BLOCK DIAGRAM 

 

A.TRANSFORMER SIDE 

      In the transformer side the voltage and the current are 

sensed and also the oil level, oil quality, temperature are 

sensed using the respective sensors[2] and also the load is 

sensed using this the efficiency of the transformer is easily 

identified. Finally all the data are sent to the receiver. Based 

on the load current, load will shed automatically .If any short 

circuit fire occurs it is sensed by the fire sensor provided. The 

transformer side block diagram is shown below  
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Fig.1.Transformer side block diagram 

 

B.SUBSTATION SIDE 

      The receiver will receive the data about the transformer 

and are sent to the microcontroller. The data are received in 

analog values which are concerted to digital values. RS232 

acts as interface between the microcontroller and the 

computer. Finally one can monitor the performance of a 

distribution transformer from a remote area through internet 

using IP address [4] of the host. 

 
Fig.2.Substation side block diagram 

 

III. CIRCUITS DIAGRAM 

      In this project two kind of basic circuits needed, one is 

current sensing and the other is voltage sensing circuit. 

Current is sensed through current transformer and the voltage 

is sensed through the potential transformer. 

 
A.VOLTAGE SENSING 

The rating of the potential transformer is 230/5v. The circuit 

diagram for sensing voltage is shown below.  

 

Diode d1 is connected to virtual ground with reverse bias, 

always eout1` will be shifted to –0.7v,-0.7v makes d2 also has 

a permanent connector, but d2 will allow negative voltage 

only. 0utput of the potential divider 454mv is fed to the full 

wave precision rectifier (fwpr).454mv will be positive cycle 

for 10ms and negative for another 10ms and cyclic. When 

positive half cycle applied to a1, a1 gain is –1, output at 
eout1==454mv. It will be reproduced as it is at eout2 also 

because d2 is in conduction to allow negative voltage eout2=-

454mv, eout2 output fed to a2amplify through p2 gain [5]  

 eout3= (eout2*-2) 

 = (-454*-2) = 908mv     

Now positive cycle is retained as positive cycle of same 

voltage. The next function is to convert the negative cycles 

also in to positive signals. During negative cycles ein will 

be –454. this –454mv fed toa1, results +454mv at eout1  
but d2 diode will not allow positive signals through it, so 

e2 will not receive any voltage. Now ein enters to a2 

amplifier through p1 gain. 

 eout3= ein *p1 gain 

 = (-454*-1) =454mv 

 

f)             Now (-) ve cycles also converted into (+) ve signals 

resulting 100hz pulsating d.c. for the applied voltage the     

pulsating d.c. voltages cannot be directly given to ADC, 

we need timeless filtering .we have selected integrative 

filter, which has little charging time and low discharging 

time, now we have superimposing the integrator waveform 
into pulsating d.c. after superimposing sine wave will be 

hidden. When the power is off, with in half sine cycle 

output is brought to zero value. Final output at e3 will be 

pure dc wave form of 454mv to amplify we can alter the 

value of rf2 into desired amplification. In our project we 

have selected 500k to reach supply voltage for full signal. 

Final output at eout3 can be tuned to give any voltage 

between 0 to 12v for any given ein. resistors at non 

inverting pins(10k) is used to present ground distortions to 

minimize the spikes transients from eout3 to ADC  input ,a 

current limiting resistor is used to prevent current flow 
beyond 5ma at 5v.this is present thermal run away 

problems of a1 and a2 amplifiers. 

 
Fig.3.Voltage sensing circuit 

 

B.CURRENT SENSING 

      The rating of the current transformer is 5/500mA.The 

circuit diagram for sensing the current is shown below. 

 
Fig.4.Current sensing circuit 
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C.OVERALL CIRCUIT 

      The sensed current and voltage are sent to the 

microcontroller PIC16F877a.It is an 8 bit microcontroller. ‘a’ 

refers to advanced since it has inbuilt ADC (Analog to Digital 

Converter).It has five ports A,B,C,D,E. The voltage and the 

current are sensed in analog values and are converted to digital 
values using ADC. Then the values are displayed on computer 

and RS232 acts as an interfacing cable. The following diagram 

shows the overall circuit. 

                 

1. STEP DOWN TRANSFORMER 

 It is used for isolation and reduces the voltage. 

 

2. RECTIFIER 

It is used to convert AC to DC current. The o/p frequency 

of Full  Wave Bridge Rectifier is 100Hz and i/p frequency 

is 50Hz.Full Wave  Bridge Rectifier efficiency is 86% and 

for Half Wave Bridge 82%. 
   

3. FILTER 

 It is used to bypass the unwanted AC signal. It allows 

AC and block the DC. 

 

4. VOLTAGE REGULATOR 

 It avoids the incoming voltage fluctuation on electrical 

lines and Keeps the output voltage (5V) as constant for 

embedded controller. The entire output is fed back to the 

input. This is a special technique called as fold back 

technique. This is made up of aluminium. 

 

    5. NOISE FILTER 

 It contains Low-Pass filter and stability capacitor. The 

Low-Pass filter is used to allow the low frequency signal 

and bypass the high frequency signal. Noise Filter is used to 

remove the radio frequency, interferences, electromagnetic 

interferences, harmonics, etc. 

In this project an embedded controller has been preferred 

because of its industrial advantages in power electronics 

like built in ADC, RAM, ROM, ports, USART, DAC.  

This leads to lesser space occupation by the circuit and also 

the speed of embedded controllers are more compared to 
other processors. The embedded controller selected for this 

project is PIC16F877A due to its various features 

 

   D.RELAY 

Relays are electromagnetic switches used as protective 

devices, indicating devices and as transmitting devices. 

Protective relay protect good component from the effects of 

the circuit components that have failed. Transmission relay are 

used in communication systems. Indicating relay may be used 

to identify a component, which has failed. Transmission relay 

may be used to identify a component, which has failed. 
      

       The relay is one of the most widely used components in 

industrial electronic. In combination with transistors, electron 

tubes and other circuit elements, this electromagnetic device 

performs countless tasks. Relays are electro magnetically 

operated    remote controlled switches with one or more sets of 

contacts. When energized, the relay operates to open or close 

its contacts or to open some contacts and close others.  

Contacts, which are opened when energized, are called 

“Normally open” (NO) or simply open contacts. Contacts, 

which are closed when energized, are called “Normally 

closed” (NC) or simply open contacts. Normally open contacts 

are referred to as “a” contacts. Normally closed contacts are 

sometimes referred to as “b” contacts. 

 
Fig.4.Overall circuit 

        There are certain terms associated with relays. The relay 

is said to “pick up” when it is energized and trips, and this 

“pick up” value is the smallest value of the fluctuating current 

required to close “a” contact or open “b” contact or closing 

“b” contact is said to “reset” or “dropout”. 

 
Relay contacts are held in their normal position by either 

springs or by some gravity-activated mechanism. An 

adjustment or adjustments are usually provided to set the 

restraining force to cause the relay to operate within 

predetermined conditions. 

                Relay operates on one of the two different principles 

namely ‘electromagnetic attraction’ or ‘electromagnetic 

induction’. Electromagnetic attraction type relays, which may 

either be AC or DC actuated, consists of an electromagnet 

having a core and winding. 

    

         The core, the armature and plunger are made of magnetic 
material such as iron, silicon steel, or perrnalloy (an alloy of 

nickel and steel). The arrangement of parts in an attraction 

armature type relay as shown in fig 2. Connections to the 

winding of the electromagnet are brought to terminals 1 and 

2.The movable contact is fixed on the armature. A spring, 

whose tension is adjustable, retains the armature from closing 

the gap between the stationary and movable contact. 

 

         The relay shown as normally open contact (4 & 3) and 

contact 4 & 5 are normally closed. Connections to the two 

contacts are made at terminal 3 and 4 of the relays, when they 
energize. When terminals 1 and 2 are connected to a source of 

electric current, an electromagnet is formed, and the armature 

is attracted to the core. If there is sufficient current to 

overcome the restraining force of the spring the relay contacts 
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close. The armature will be attracted whether the pole of the 

electromagnet adjacent to the armature is the North or South. 

Therefore, the energizing current for the electromagnet can be 

either direct or alternating. However, an AC attraction type 

relay from a DC relay in that it has a shading ring, whereas the 

DC relay does not. The shading ring is a non-magnetic device 
which is inserted in to a slot cut in the coil and minimizes the 

tendency of the relay contacts to chatter under the influence of 

the alternating magnetic field.    

       

IV. HARDWARE  DESIGN 

 

       The single board is designed around the PIC Micro 

controller to accomplish the above mentioned system 

requirements. 

 

The hardware section is divided into three subsections as 

follows: 
(1) PIC Micro controller 

 

(2) Max 232 

 

(3) Power supply unit 

 

A.PIC MICROCONTROLLER 

 

The PIC Micro controllers are supported with a full range of 

hardware and software development tools. The used PIC16774 

device comes in 40-pin package. 
 

To communicate with the PIC we are using RS232 port of 

the computer.  So we have to initialize the port before using it.  

To initialize and to communicate with the PIC, the file 

COM.C defines and uses several functions.  The functions and 

their definitions are given below. 

B.MAX232 

The Max 232 is a dual RS-232 receiver / transmitter that 

meets all EIA RS232C specifications while using only a +5V 

power supply. It has 2 onboard charge pump voltage 

converters which generate +10V and –10V power supplies 

from a single 5V power supply [6]. It has four level 
translators, two of which are RS232 transmitters that convert 

TTL\ CMOS input levels into + 9V RS232 outputs. The other 

two level translators are RS232 receivers that convert RS232 

inputs to 5V  

 

TTL\CMOS output level. These receivers have a nominal 

threshold of 1.3V, a typical hysteresis of 0.5V and can operate 

upto + 30V input.  

             1.  Suitable for all RS232 communications. 

       2. +12V power supplies required. 

             3. Voltage quadrapular for input voltage upto 5.5V     
(used in power supply section of computers, peripherals, and 

modems).      

   

  Three main sections of MAX232 are  

 

        1. Dual transmitter  

              2. Dual receiver 

              3. +5V to + 10V dual charge pump voltage converter. 

 

C.POWER SUPPLY SECTION 

 

The MAX232 power supply section has 2 charge pumps the 

first uses external capacitors C1 to double the +5V input to 

+10V with input impedance of approximately 200. The 
second charge pump uses external capacitor to invert +10V to 

–10V with an overall output impedance of 45.  

The best circuit uses 22F capacitors for C1 and C4 but the 
value is not critical. Normally these capacitors are low cost 

aluminium electrolyte capacitors or tantalum if size is critical 

[7]. Increasing the value of C1 and C2 to 47F will lower the 

output impedance of +5V to+10V doubler by about 5 and 

+10V to -10V inverter by about 10. Increasing the value of 
C3 and C4 lowers the ripple on the power supplies thereby 
lowering the 16 KHz ripple on the RS232 output. The value of 

C1 and C4 can be lowered to 1 F in systems where size is 

critical at the expense of an additional 20  impedance +10V 

output and 40  additional impedance at –10V input.  

 
D.TRANSMITTER SECTION 

 

Each of the two transmitters is a CMOS inverter powered 

by + 10V internally generated supply. The input is TTL and 

CMOS compatible with a logic threshold of about 26% of 

Vcc. The input if an unused transmitter section can be left 

unconnected: an internal 400K pull up resistor connected 
between the transistor input and Vcc will pull the input high 

forming the unused transistor output low. 

 

The open circuit output voltage swing is guaranteed to meet 

the RS232 specification + 5v output swing under the worst of 

both transmitter driving the 3 K [8] . Minimum load 
impedance, the Vcc input at 4.5V and maximum allowable 

ambient temperature typical voltage with 5K and Vcc= +.9 v 

The slow rate at output is limited to less than 30V/s and 
the powered done output impedance will be a minimum of 

300 with +2V applied to the output with Vcc =0V.The 

outputs are short circuit protected and can be short circuited to 
ground indefinitely.  

 

E.RECIEVER SECTION  

 

The two receivers fully conform to RS232 specifications. 

They’re input impedance is between 3K either with or 
without 5V power applied and their switching threshold is 

within the +3V of RS232 specification. To ensure 

compatibility with either RS232 IIP or TTl\CMOS input. The 

MAX232 receivers have VIL of 0.8V and VIH of 2.4V the 

receivers have 0.5V of hysteresis to improve noise rejection. 

The CMOS compatible output of receiver will be low 

whenever the rs232 input is greater than 2.4v. The receiver 
output will be high when input is floating or driven between 

+0.8v and –30v. 

 

F. INSTRUMENT TRANSFORMERS 

Instrument transformers are used in the measurement and 

control of alternating current circuits. Direct measurement of 

high voltage or heavy currents involves large and expensive 
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instruments, relays, and other circuit components of many 

designs. The use of instrument transformers, however, makes 

it possible to use relatively small and inexpensive instruments 

and control devices of standardized designs. Instrument 

transformers also protect the operator, the measuring devices 

and the control equipments from the dangers of high voltage. 
The use of instrument transformers results in increased safety, 

accuracy and convenience. There are two distinct classes of 

instrument transformers 

1. POTENTIAL TRANSFORMERS 

The potential transformer operates on the same principle as 

a power or distribution transformer. The main difference is 

that the capacity of a potential transformer has ratings from 

100 to 500 volt amperes (VA). The low voltage side is usually 

wound for 115 V. The load on the low voltage side usually 

consists of not only the potential coils of various instruments 

but may also include the potential coil of relays and other 

control equipments. In general the load is relatively light and 
is not necessary to have PT's with a capacity greater than 100 

to 500 VA. 

 

The high voltage primary winding of a PT has the same 

voltage rating as the primary circuit. Assume that it is 

necessary to measure the voltage of a 3.3KV, single-phase 

line. 

The primary of the PT is rated at 3.3KV and the low 

voltage secondary is rated at 110V.The ratio between the 

primary and the secondary winding is 3300/110 or 30/1 

 
A voltmeter connected across the secondary of the PT 

indicates a value of 110V.To determine actual voltage on the 

higher voltage circuit, the instrument readings of 110V must 

be multiplied by 30.  110*30=3300V.In some cases, the 

voltmeter is calibrated to indicate the actual value of voltage 

on the primary side. As a result, the operator is not required to 

apply the multiplier to the instrument reading and the 

possibility of error is reduced. 

 

This PT has subtractive polarity. (All instrument PT's now 

manufactured have subtractive polarity). One of the secondary 

leads of the transformers in figure is grounded to eliminate 
high voltage hazards. PT's have highly accurate ratios between 

the primary and secondary voltage values. Generally the error 

is less than 0.5%. 

 

2. CURRENT TRANSFORMER 

Current transformers are used so that ammeters and the 

current coils of other instruments and relays need not be 

connected directly to high voltage lines. In other words, these 

instruments and relays are insulated from high voltages. CT 

also step down the current in a known ratio. The use of CT 

means that relatively small and accurate instruments, relays 
and control devices of standardized design can be used in 

circuits. 

 

The CT has separate primary and secondary windings. The 

primary winding which consists of few turns of heavy wire, 

wound on a laminated iron core is connected in series with one 

of the line wires. The secondary winding consists of a greater 

number of turns of a smaller size of wire. The primary and 

secondary windings are wound on the same core. 

 

The current rating of the primary winding of a CT is 100 A. 

The primary winding has three turns and the secondary 

winding has 60 turns. The secondary winding has the standard 

current rating of 5A; therefore the ratio between the primary 
and secondary current is 100/5 or 20/1.Theprimary current is 

20 times greater than the secondary current. Since the 

secondary winding has 60 turns and the primary winding has 3 

turns, the secondary winding has 20 times as many turns as the 

primary winding. For a CT, then the ratio of primary to 

secondary currents is inversely proportional to the ratio of 

primary to secondary turns. 

 

In figure Ct is used to step down current in a 3300V, single-

phase circuit. The CT is rated at 100 to 5 A and the ratio of 

current step down is 20 to 1.In other words, there are 20 A in 

the primary winding for each ampere in the secondary 
winding. If the ammeter at the secondary indicates 4A, the 

actual current in the primary is 20 times this value i.e80 A. 

 

The CT in the figure has polarity markings in that the two 

high voltage primary leads are marked H1 and H2 and the 

secondary leads are marked X1 and X2.When H1 is 

instantaneously positive, X1 is positive at the same moment. 

Some CT manufacturers mark only the H1 and X1 leads. 

When connecting the CT's in circuits; the H1 lead is connected 

to the line lead feeding from the source while the H2 lead is 

connected directly to the ammeter. Note that one of the 
secondary leads is grounded as a safety precaution to eliminate 

high voltage hazards. 

 

G.PERSONEL COMPUTER 

In personal computer, data transfer takes place serially. RS-

232standard is used for serial communication .PIC Micro 

controller is linked to PC through the RS-232 port.  The PC 

displays the menu for selecting the calibrating equipment and 

all the calibration results graphically and in tabular form. The 

user can access the calibration data to get calibration reports, 

comparison graphs etc at any time using the menu offered in 

the PC. 
 

V. SIMULATION RESULTS 

      

      The simulation results using the visual basic are 

given below. The simulation result shows the transformer 

voltages, currents, KVA, temperature, oil level and oil quality. 
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FIG.5.SIMULATED OUTPUT DISPLAYING TRANSFORMER 

VOLTAGES, CURRENTS, KVA, EFFICIENCY, TEMPERATURE, OIL 

LEVEL AND OIL QUALITY. 

VI. CONCLUSION 

 

The IOT based monitoring of distribution transformer is 
quite useful as compared to manual monitoring and also it is 

reliable as it is not possible to monitor always the oil level, oil 

temperature rise, ambient temperature rise, load current 

manually. After receiving of message of any abnormality we 

can take action immediately to prevent any catastrophic 

failures of distribution transformers. In a distribution network 

there are many distribution transformers and associating each 

transformer with such system, we can easily figure out that 

which transformer is undergoing fault from the message sent 

to mobile. We need not have to check all transformers and 

corresponding phase currents and voltages and thus we can 

recover the system in less time. 
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