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Introduction  

A substation facility is a small building which contains 

transformers, switches, voltage regulators, and metering 

equipment that are used to adjust voltages and monitor circuits 

[14]. A substation is classified as: 1) Transmission 2) 

Distribution. The distribution side of substation is the major 

focus of the project. Since the power generated at the main 

stations is transported hundreds of miles using transmission lines 

before they reach the substations. A huge amount of power loss 

[15] is reported during the transportation of the generated power 

which leads to the reduction in the quantity of power received at 

the substations. Therefore, measurements must be acquired 

either at sending end stations and user end, to ensure quality of 

power supply is maintained continuously. The main objective of 

the project is to ensure that expensive equipment like power and 

distribution transformers are guarded against damages due to 

overloading and faulty conditions like short-circuit, surges etc. 

The transformer will be continuously monitored by the designed 

monitoring and control system.  

To achieve this objective a prototype model is designed for 

“Microcontroller Based Substation Monitoring and Control 

System with GSM (Global System for Mobile Communication) 

Module”. The design is based on microcontroller 

16F877A/18F452 [16][17] that monitors and controls the 

parameters like RMS secondary voltage of the distribution 

transformer, RMS secondary current of the distribution 

transformer, frequency of the supply, power factor, active and 

reactive power and complex power of the sub-station. The 

prototype modeling of distribution transformer (single phase) 

comprises of an autotransformer made of two step up 

transformers; one transformer being (220Vrms/0-260Vrms, 

5.91Arms/ 5Arms, 1.3KVA) and other transformer being 

(280Vrms/330Vrms, 5.89Arms/5Arms,1.65KVA). The 

combination gave a secondary voltage of 0 to 330 Volts, on a 

primary voltage of 230 volts. 

Design  

The design is composes of three sections 
a. Section-I The first section comprises of the microcontroller 

receiving electrical parameters at periodic intervals from the 

transformer through the sensors (the interval is set at the time of 

programming of the microcontroller). Parameter like voltage, 

current, frequency and angle are stored in the registers of the 

microcontroller and among them voltage and current are 

compared with the threshold values fixed, the threshold value for 

example could be taken as the rated values of the transformer; 

and dangers due to the overload and high voltage are sensed.  

b. Section-II In the second section the analog parameters are 

converted to digital via analog to digital convertor (ADC) and 

transmitted via the GSM cellular network in the second.  

c.  Section-III The third consist of the GSM receiver that 

receives the parameters and outputs to the concerned user on a 

mobile phone. The output can also be shown on a digital display 

connect83 (2015) 33342-33347ed to the output port of a receiver 

microcontroller at the main substation. This microcontroller can 

itself decide intelligently to shut down the sub-station via 

sending instruction commands if the condition is too severe or 

wait for the user to send commands via SMS message.  

Measurement Parameter 

  A PIC microcontroller was utilized which was programmed 

to calculate the following parameters coming from the 

transformer: 

a) Voltage Measurement: Voltage is measured by using the 

concept of a millimeter which measures voltage by connecting a 

resistor parallel to the load. This resistance is of very high value. 

This concept was utilized in the project.  
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help protect the distribution and power transformer from burning due to overload, short 

circuit fault, over voltages and surges. Under such conditions, entire unit is shut down via 

the control section comprising of relays sensing it, and immediately turning the circuit 

breaker off. SMS alerts can also be generated to indicate this. The use of GSM makes the 

substation intelligent [4] in the sense that it is able to transmit alerts and information and 

receive commands. This enables to reduce labor cost at substation and saves time. Thus the 

monitoring and working efficiency of the sub-station will drastically increase. 
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A potential transformer of 300V/5V was used. Secondary 

voltage of the potential transformer was applied on the potential 

divider made of a series combination of resistors of 1 ohm and 

2.2 ohm. The use of the potential divider ensured that the voltage 

that had to be inputted to the microcontroller, never exceeded 5V 

which was the maximum analog voltage that the microcontroller 

could sense. In case of voltage exceeded 5V microcontroller 

would get damaged.  

                                        Vout=1000 *Vpt  

                                                1k+2.2k  

Such a concept was used to create over voltage faults at the 

substation designed in the project. The value of the resistor used 

in making the potential divider was found considering the 

maximum modeled voltage that would rise across the secondary 

of the potential transformer in case of over voltage faults.  

The peak detector algorithm works by taking the equivalent 

voltage due to actual load current or the line voltage and 

converts it to digital by the build in ADC of the controller. The 

sampling rate is set in the programming. The sample are 

continuously measured, stored and compared to the previous one 

taken. The algorithm lets the program to proceed only, if the 

current value measured is greater than the previous value 

measured. One sample taken after the peak of the sinusoid is 

measured causes the current value to be less the previous, 

causing the program to terminate. Hence peak is measured. Rms 

value of voltage and current is calculated by using the formula:  

 
Fig 1. Single In-Line diagram of the whole system 

 

 
Fig 2. Voltage measurement simulation using proteus; Pt is 

modeled by a potential divider in the simulation 

 

b) Current Measurement: To measure the current value, initially 

it was decided to connect a current sensing resistor of 0.2ohms, 

25 watts in series with the load. Voltage was measured across 

the current resistor and this voltage value was send to the 

controller as a input which was converted to digital through a 

build in ADC (Analog to Digital Converter) in controller. The 

controller processed the input and converted voltage received to 

actual current in the circuit.  

But to ensure that the parameter measured was compatible 

with respect to its use in a substation so it was not feasible to use 

current sensing resistor in a substation. The alternative was to 

use a window type current transformer (30A/5A).An appropriate 

resistor was connected across the current transformer secondary 

winding, in order to get a perfect sinusoid voltage. The resistor 

used was determined by using the burden of the current 

transformer. After calculation, a 0.6 ohm,26 watts resistor was 

connected at the secondary of the current transformer .Current 

was measured quite accurately especially for load greater than 1 

amperes.  

The load chosen were two load banks consisting of 8 

workable 100 watts incandescent bulbs each. Two bulbs were 

turned at a time. The current displayed on the LCD was 

compared to the current measured by the clamp meter. Load was 

increased by switching on two more bulbs and readings were 

noted and compared and the process was repeated. The readings 

obtained were quite accurate for loads that caused a current 

around 4 amperes to flow through the circuit. The secondary 

load of a current transformer is usually called the "burden" to 

distinguish it from the load of the circuit whose current is being 

measured. It was calculated as  

              P=I²R (where we have considered P=15W, I=5A)  

              so, we get R=0.6Ω  

              By this method we chose the value of resistor. 

 
Fig 3. Current Measurement Simulation; ct is modeled by a 

current resistor of 0.2 ohm 

c) Frequency Measurement: Frequency of the supply is measured 

by using the build-in timer of the microcontroller. The PIC 

18F452 microcontroller has three build-in timers that perform 

very accurately. The idea behind frequency measurement was to 

use the microcontroller as a counter so that it might be able to 

count the number of pulses inputted to it. Thus there was a need 

to design a circuit that takes a sinusoidal ac signal as input and 

outputs digitized square waves. Also the designed circuit had to 

be ensured that it outputs square waves at frequency equal to that 

of the power supply.  

The measurement of frequency is done by the use of the op-

amp (LM741) as comparator. The problem was that the op-amp 

is not capable of working on such high voltages. To overcome 

this problem, there are two possible solutions. 

1) Connecting the voltage comparator across the secondary of 

the potential transformer. This seems to be quite ideal as the 
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maximum voltage at secondary of the potential transformer 

would be5V.The op-amp could work easily with these low 

voltages as compared to the high voltage at the primary of the 

potential transformer.  

2) Connecting the op-amp at the primary of the potential 

transformer through a voltage buffer. The voltage buffer would 

isolate the high voltage side with the low voltage side. A photo-

coupler ICPC817 can be used as voltage isolators (Viso=5000V 

rms).  

IC PC817 can be utilized in such a way that it doesn’t only 

provide voltage buffering but also converts the high input 

voltage to square waves output, which has a logic 1 at 5volts. To 

accomplish this, the input induced was saturated on the transistor 

at 5V. This converted the high AC voltage to squares waves at 

same frequency as the input. These square waves were counted 

by the PIC18F452 to measure the frequency of the supply. 

IC PC817 is also compatible to be used at the substation 

since the secondary single phase voltage of a normal distribution 

substation is 220 Volts, which is well below its maximum 

isolation voltage i.e Viso=5000Vrms. Even if this has to be used 

at the sending end substation connected to the generating 

stations, then a potential transformer could be used to keep the 

voltage applied to the PC817 within its maximum operating 

limit. 

 
Fig 4. Frequency Measurement Simulation, frequency 

applied in transformer is 50Hz, frequency applied on the 

microcontroller is 50Hz 

d) Angle Measurement: The idea behind angle measurement 

was to measure time between the zero crossings of voltage and 

current ac signal. To make this possible, the voltage and current 

sinusoidal signals were converted to unidirectional square waves 

(by the use op-amp voltage comparator) and then Logic AND 

operation was performed. The voltage at the secondary of the 

potential transformer was applied at the non- inverting end of the 

op-amp, while the inverting end of op-amp was grounded. The 

sinusoidal voltage at the secondary of the potential transformer 

was compared to 0 Volts (the voltage at the inverting end of the 

op-amp). The output was bi-directional square wave of LOGIC 1 

magnitude equal to the biasing voltage applied to the op-amp. 

The bidirectional square wave was then converted to a 

unidirectional one by using a germanium diode.  

The signal achieved was a square wave in which both 

voltage and current waveform were present. Subtracting the time 

in which both voltage and current signal were ON from the time 

it took, for a the voltage or current signal to reach a phasor 90 

degree (i.e. equal to 10ms if incoming frequency is 50Hz), 

would result in the time separation between the zero crossing of 

the voltage and current waveform.  

The time between the zero crossings’ is then used to 

determine the phase angle. Along with the angle, “in phase”, 

“leading” or “lagging” condition was also determined, which 

helped in the calculation of the phasor values of current and 

voltage Different loads (resistive, inductive and capacitive) were 

connected to measure the phase angle. 

 
Fig 5. Angle Measurement simulation with inductive load 

and power factor of 0.008 

 

 
Fig 5. Angle Measurement simulation with pure resistive 

load and power factor of 0.9 

Serial Communication of Development Boards 

Since voltage and current measurement required the use of a 

ADC and frequency and phase angle measurement required the 

use of a counter and a timer respectively, it meant that more than 

one development boards had to be used Therefore, four separate 
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development boards were used so that the microcontroller is not 

over-burden. If it gets over-burden then the effectiveness and 

accuracy of microcontroller decreases considerably.  

After measurement of each parameters mentioned above, 

the four boards are made to communicate with a master 

development board, which is interfaced with a GSM. The mode 

of communication between the four development boards and the 

master board was done serially.  

Once, the master received frequency and phasor values of 

current and voltage , power factor apparent power, real power 

and reactive power was calculated.  

Serial communication can be classified as follows:  

 

 

Asynchronous mode of serial communication involves data 

being transmitted and received without the use of separate 

clocks. Data can be sending with as few as two wires, one for 

data and one for clock line.  

Synchronous mode of serial communication involves data 

being tied up by clock lines. It requires as few as three wires; 

one for data, second for clock and third for ground. Using 

parallel mode of communication would mean utilizing a lot of 

the ports of the controller. 

For e.g., to transmit 255, would require using 8 pins or 

equivalently a complete port. Since PIC16F877A for example 

has 8 pins of port b, c, d (i.e. the digital port) , 6 pins of port a 

and 3 pins of port e (both analog), this would mean that to 

transmit a value would utilize a lot of pins, which would 

ultimately lead to all of the pins being used up. Therefore we 

avoid it and do serial communication. 

 
Fig 6. Serial Communication between Four Development 

Board And Master: Voltage measured (top right), current 

measured (bottom right), frequency measured (top left), 

angle measured (bottom left) 

Distribution Transformer Protection 

The protection of distribution transformer was achieved by 

realizing a numerical relay. The same relay can provide 

protection against over voltage, under voltage, over current, over 

frequency and under frequency. A port pin of each controller is 

connected to an OR GATE. On occurrence of a fault or multiple 

faults, the same relay provides instantaneous protection. The 

relay operates in such a way that as soon as the threshold value 

of a parameter exceeds a set threshold value, this fault condition 

is sensed by the processor and it will activate the designated port 

(example port a.1) and this port will send a 5V signal to the relay 

causing the system to trip down. The time of operation of the 

relay is dependent on time taken by circuit breaker. It is 0.2 

seconds.  

 
Fig 7. A lagging load connected. Note: the microcontroller 

(top and in mid) not only displays the angle but also indicates 

that it is a phase lag condition; Note: the master controller 

(top and mid one) displays phasor values of voltage and 

current 
The relay was used in normally closed condition. The relay 

integration circuitry includes a diode IN4001 and a transistor 

2N3904. 

 
Fig 8. Distribution transformer protection simulation 

Using SIM 908 to Send SMS 

Alert SMS and parameters, such as frequency, active power, 

reactive power and power factor are send by the master 

development board to the desired destination in the form of sms, 

using the sim908 GSM [18]. To interface development board 

with GSM Modem following circuitry is designed:  
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Fig 9. Schematic diagram 

Serial communication circuit  

RS232 is the electrical specification for the signals that PC 

serial ports use. Unlike standard TTL logic, where 5 volts is a 

logic 1 and 0 volts is logic 0, RS232 uses 12 volts for logic 1 and 

+12 volts for logic 0. This specification allows communication 

over longer wire lengths without amplification. Most circuits 

that work with RS232 use a line driver / receiver (transceiver). 

This component does two things: -  

1. Convert the ±12 volts of RS-232 to TTL compatible 0 to 5 

volt levels.  

2. Invert the voltage levels, so that 5 volts = logic 1 and 0 volts = 

logic 0.  

51  

By far, the most common line driver device is the MAX232 

from Maxim semiconductor. The MAX232 is an IC that 

converts signals from an RS-232 serial port to signals suitable 

for use in microcontroller. The transmit pin (R1out) of the line 

driver i.e. MAX232 is connected to the receive pin (RC.7) of the 

controller and similarly, the receive pin (T1in) of MAX232 is 

connected to the transmit pin (RC.6) of the controller. The 

transmit pin (T1out) of the line driver i.e. MAX232 is connected 

to the receive pin (RX) of the RS232 and similarly, the receive 

pin (R1in) of MAX232 is connected to the transmit pin (TX) of 

the RS232. This RS232 port is then connected to the gsm , the 

ground of the controller, gsm and the line driver are all made 

common.  

 
Fig 10. Simulation of GSM system 

Conclusion 

The designed system is a step towards smart grid [4]. It 

basically resembles plc (power line communication) that is used 

as a communication platform for today’s smart grid networks 

around the world. 

a) ECONOMICAL-Monitoring and control of substation which 

has been challenge for utility companies of Pakistan is made 

possible through GSM at most economical cost. Also by 

realizing a single relay to function as a numerical relay, 

providing protection against over voltage, under voltage, over 

load, short circuit, over frequency and under frequency, causes 

the designed system to be very economical. 

b) Wide Range of Control- Te designed system provides easy 

control of remote substation. It enables two way 

communications. The substation can communicate with the 

utility company to indicate, with what type of fault, a substation 

has been associated. Te exact location of the substation can also 

be determined by sending location coordinates of the substation, 

acquired by Simcom modem used (a possible future extension to 

this project).The SimCom modem also has a gps engine in 

addition to gsm. This permits the utility company to immediately 

pinpoint the particular substation that has become faulty. On the 

other hand, a person in the utility company can also remotely 

control the substation. 

c) Reliable Power Supply- Periodic measurements of parameters 

can help utility companies to provide better, reliable power with 

less outages and interruptions. 

d) Increase of Power Equipment Life- The continuous scan of 

expensive equipments like transformer can increase its working 

life. 

e) Less Staff Required- No need of labor at the substation in the 

presence of intelligent substation. 

f) Data Access Around The Globe- The parameters could also be 

made available on cloud so that utility companies can access 

data from anywhere around (a possible future extension that can 

be done, wit this project). 
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