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                                                                      Abstract  

Failure in the distribution substation has always resulted in system collapse and outages. Lack of 

information on the status of the distribution network has been identified as the major cause to it effective 

monitoring and control. This paper proposes an innovative design to develop a computer monitoring 

system based on Programmable Intelligent Computer (PIC) that is used to effectively monitor the voltage, 

current and temperature of a distribution transformer in a substation and to provide protection to the 

system. The system design involved two separate units, transmitter unit at the substation and the control 

unit at the main station. At the transmitter unit, the voltage, current and temperature are measured and 

transmitted through to the control unit at the main station by an RF transmitter, which is received by an 

RF receiver and processed by the system operator for proper action. The system will be automatically 

shut down by the control unit if any of these parameters goes beyond its limit in comparison to its 

acceptable base values. The specific objective is to monitor the distribution substation continuously and 

protect the transformer from explosion due to constraints such as overload, high voltage and over heat.  

Keywords: Radio Frequency (RF), Programmable Intelligent Computer (PIC), System Operator (SO).    

 

INTRODUCTION 

The role of electricity in our modern industrialized and technologically driven society is an ever 

increasing one, because it is an extremely handy and useful form of energy [1]. The electrical 

systems which is complex and non-linear networks are the most significant elements of both 

national and global infrastructure [2]. Its collapse could impact directly or indirectly on the 

economy and national security [3]. The power system consists of components such as generators, 

lines, transformers, loads, switches and compensators widely dispersed from each other [4]. 

Power system is divided into generation, transmission and distribution sub-systems. Power is 

distributed to different load centers from the distribution system through feeders, distributors and 

service mains [5]. Power is transmitted from the generating station at high voltage before 

undergoing transformatory reduction at a considerable voltage level using transformer at the load  
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center. Transformation of high voltage to low voltage takes place at the distribution substations 

and carried by smaller distribution lines to supply commercial, residential and industrial users 

[6]. Electrical substations are used in both the transmission and distribution system and operate 

independently in electricity generation. A substation consists of a fenced building that houses 

transformers, switches, voltage regulators and metering equipment used for measuring and 

adjusting voltages and for monitoring circuits. Effective monitoring systems is much significant 

in guaranteeing the safe running of power transformers. Inadequate monitoring, protection and 

control of a power system can lead to system instability and poor power quality [7]. This 

necessitate a monitoring system that is able to automatically detect, monitors and resolve system 

abnormalities. Monitoring systems offers an opportunity to record relevant values present in a 

local database [8]. Distributed controls on power network could be done through some control 

agents such as Power System Stabilizers (PSSs), Automatic Voltage Regulators (AVRs) and 

Flexible Alternative Current Transmission System (FACTS) devices. Potential breakdown of 

Power transformers can be recognized in their faulty states by an excellent state of monitoring so 

that the maintenance of the power transformers can be condition based on periodically scheduled 

values [9]. A microcontroller monitoring system aid in developing both the output generated at 

the main station and the quality of power being delivered at the customer side. The 

microcontroller monitors the voltage, current and temperature fluctuations in the distribution 

transformer at the substations. It is also capable of recognizing the break downs caused due to 

overload, high temperature and over voltage. The monitoring system protect the distribution 

transformer by shutting down the unit, if the increase in temperature rises above the desirable 

temperature. In Nigeria and the world, much attention has been made to include automation 

protection scheme in generation and transmission systems operation and control with little effort 

and concern to distribution system. In Nigeria the absence of an automatic monitoring and 

control system and lack of adequate information at the base station on the distribution network, 

leads to excessive heating resulting from overloading of the transformer. These hampers the 

efficiency of the distribution network. This paper is a development of an automatic monitoring 

system of a distribution substation using computer based monitoring system. 
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1. Description of the proposed System 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Schematic of an Automatic control system for a distribution Network 

The figure above is subdivided into two major units: the substation or power unit and the control 

unit. Distributed transformers are susceptible to damages due to overload and unsolicited huge 

current flow across the internal winding of the transformers, leading to rise in oil temperature of 

the transformer. Constant and effective monitoring of the transformer during this period is 

necessary to pre-empt the possibility of getting damages to the transformer. The proposed 

simulated model helps to resolve this problem. 

The PIC microcontroller located at the power substation monitors and controls the voltage, 

temperature and current of the transformer in the substation. The Personal Computer (PC) 

located at the control units, displays the measured output of the PIC through a receiver. 

Communication between the substation unit and the remotely spaced control unit is enhanced by 

a radio frequency (RF) channel. The measured parameters are compared with rated parameter;  

 

Transmissio

n lines 
    

Power 

Generat

ion 

Monito

ring PC 

RF 

Receive

r 

   RF Transmitter 

   PIC Micro 

controller 

LCD Display 

    

Dist. 

Transfor

mer 

Customers 

   Substation 
   Control Station 



4 | P a g e  
 

LAJAST: Journal of Engineering, Science and Technology  

ISSN: 2545 - 5583 (online) Vol. 4 No.2, August, 2020.  

www.asuplafia.org.ng/journal 

the transformer will be shut down completely should there be threat to it smooth operation 

preventing it from damages. 

PIC controller at the substation unit, consists of a sensing unit which senses the current, voltage 

and temperature values of the distribution transformer. The digital display and transmitter, 

displays the corresponding parameter values at the substation for technical actions while the 

transmitter, transmits the measured parameters to the monitoring PC through the RF receivers. 

The PIC controller is designed to periodically scan the transformer and update the parameters at 

a particular time interval. The received signals are transferred to the PC where it is monitored for 

changes in the parameters measured from the distribution transformer. 

Distribution Automation (DA) Realization 

In distribution automation system, the various quantities voltage, current and temperature are 

recorded in the field at the distribution transformers and feeders using a data acquisition device 

called Remote Terminal Unit (RTU). These quantities are transmitted on-line to the base station 

through a communication media. The acquired data is processed at the base station for display on 

computer through a Graphic User Interface (GUI). In the event of a system quantity crossing a 

set value, an alarm is generated for operator intervention. In DA system, the system data 

consisting of the status signals and electrical analog quantities are obtained using a suitable Data 

Acquisition System and processed by the control personal computer for typical functions of fault 

detection, isolation and network reconfiguration for supply restoration. This process involves 

data collection and acquisition, data monitoring, data processing, data transmission and man-

machine interfacing. 

Distribution Transformer 

Distribution transformers are used in low voltage (LV), medium voltage (MV) systems as they 

transfer a huge amount of power to the customers but the volume of vulnerability and damage is 

also huge and destructive. Therefore, in order to avoid such destruction and loss, protective 

devices are used with different protection schemes to provide safe and secure power to the 

customers. These devices not only protect the equipment but also preserve human life and secure  
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the system from impairment [10]. The transformers in HV networks are always protected by one 

main protection device and at least one back up protection device. In the field of power systems, 

the role of a distribution transformer is well known. It is the backbone of the distribution network 

system. High reliability of the transformer is essential to avoid disturbances in distribution of 

power because the effect of fault on a transformer is usually severe. The damage caused by a 

fault in a transformer is proportional to the fault time. The transformer should be disconnected 

from the network as soon as possible. Winding and tap changers account for 70% of failures. 

Loose connections are included as the initiating event as well as insulation failures. In a 

distribution transformer, the electrical windings and the magnetic core can cause mechanical 

forces during operation such as: 

 Expansion and contraction due to thermal condition 

  Vibration 

 Result of magnetic flux subject to local heating 

 Forces due to fault current 

 Extreme heating due to overloading or incompetent cooling. 

These mechanical forces can cause declination and failure of the winding electrical 

insulation of transformer [11]. Transformer faults are classified into six categories: 

1. Terminal and winding fault 

2.  On load tap changer fault 

3. Core fault 

4. Transformer equipment and tank fault 

5. Un-cleared external fault. 

6. Turn to turn fault, arcs within the oil. 

These faults can be divided into two main categories. They are: 

1. Through faults: overloads and external short circuits. 

2. Internal faults: Faults in the transformer windings and connections.  

Detection of short circuit faults is crucial as they are complicated by external faults, presence of 

remanance flux, CT saturation and inrush phenomena [12]. The relays protect the transformer  
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against internal fault such as short circuit fault and earth fault [13]. The differential relay uses a 

restraining quantity as a reference for the differential signal. The fundamental operating principle 

of transformer differential protection is based on comparison of the transformer primary and 

secondary winding currents. The differential relay compares between primary current and 

secondary current of power transformer, if any unbalance encountered in between primary and 

secondary currents the relay will actuate and inter trip both the primary and secondary circuit 

breaker of the transformer [14]. Should there be fault, the secondary current of both transformers 

will not remain the same and one resultant current will flow through the current coil of the 

differential relay, which will trigger the relay and trip both the primary and secondary breakers. 

Interfacing LCD Display to PIC16F627A Controller 

The HD44780 LCD display device has been employed in the system implementation. The 

LCD operates as a medium for communicating the amount of current flowing in the 

electric conductor at any given time. The logical process that avails the readings takes 

place within the microcontroller using a program and displayed on the LCD.  The LCD 

operates in 8-bit mode, so 8 pins from the microcontroller have been connected to the 8 

data pins on the LCD. The register select (RS) pin has been connected to pin 12 (RB5) on 

the microcontroller. Enable pin has been connected to RA1 (pin 12). At all times, the 

R/W line is connected to ground (kept low) since data in this case is always written into 

the LCD. A potentiometer of 10KΩ has been used to vary the brightness contrast of the 

LCD.  

In order to indicate the state of the power line, two Light emitting diodes have been used. 

One LED emits red light and the other one green light. The green LED is set to blink 

when the current flowing through the power system is at a normal level. The red LED 

should blink at an interval of half a second whenever the current builds up approaches the 

overload level through to the point when the relay gets energized. This acts as a visual 

warning when a fault occurs. The green LED has been connected to the pin RB4 (pin 13) 

via a current limiting resistor (220Ω) to ground. The red LED has been connected to pin  



7 | P a g e  
 

LAJAST: Journal of Engineering, Science and Technology  

ISSN: 2545 - 5583 (online) Vol. 4 No.2, August, 2020.  

www.asuplafia.org.ng/journal 

RA5 (pin 2) also through a current limiting resistor (220Ω) to ground.  The 

microcontroller pins can give a maximum of 5.3V.  LEDs typically have a forward 

voltage drop ranging between 1.8V and 3.3V subject to the LED colour. The value for red 

LED is about 1.8V. The forward voltage drop is a function of the LED color frequency. 

For the LED to light, it needs around 20mA of current. The calculation below justifies the 

resistor values chosen for the design of this system. According   to Ohms law, resistance 

is a function of voltage and current, as shown in the equation below  

 

R=
     

  
 :   R= (5.3-1.8) × 

    

  
=175Ω 

Where: VS = Supply Voltage from the pin to the LED 

 VF = Forward voltage drop 

  IS = LED current 

175Ω is not a standard resistor value, so a value close to it can be chosen. In order to 

ensure that the current sourced is as little as possible, the 220Ω resistor has been 

chosen such that the maximum current sourced becomes;  

  IS = 
     

 
 = 
       

   
 = 16mA 

Monitoring and controlling Using Data communication protocol (PIC 16F627A) 
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Fig 2: Schematics of PIC16F627A Microcontroller [15] 

PIC 16F627A Architectural Overview 

The high performance of the PIC16F627A can be attributed to a number of architectural features. 

It uses a Harvard architecture in which program data are accessed from separate memories using 

separate buses. It data memory can be sized differently than 8bits wide data word by separating it 

from it program memory. It has 14 bits wide instruction opcodes making it have all single word 

instructions. It contains 8-bit ALU and working register, which is a general purpose arithmetic 

unit. It performs arithmetic and Boolean functions between data in the working register and any 

register file. All special function registers (SFR) are mapped in the data memory. It orthogonal 

instruction set makes it possible to carry out any operation on any register using addressing 

mode. 

 

Fig 3: Block Diagram of PIC16F627A 
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Monitoring and Control of the Computer Based Monitoring System 

The input values of voltage, current and temperature from the transformer is applied to port A, 

the input port of the PIC controller. The display unit is connected to port B, also an input port of 

the controller. The radio frequency transmitting section and the load variation control are 

connected to port RA2/AN2/Vref as an output port. The PC used for monitoring is connected to 

the control station. The PIC controller at the station monitors and records the current, voltage and 

temperature values for a given time period, this stored values are displayed using the display unit 

and transmitted using RF transmitter for each given time period. The information is converted 

into the required electrical signal by the RF receiver at the control station. The state of the 

transformer is ascertained by PC by comparing the received values with the fixed threshold level. 

Should the received values be greater than the fixed threshold level, the transformer unit will be 

shut-down so as to protect it.  

Results and Discussion 
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Fig4:  Graph of Voltage and Current against % load resistance 

 

 

 The simulated results obtained and represented in Fig4 and Fig5, showed the output state of the 

transformer and consequence action of the control station in response to different incremental 

load values. As the load resistance decreases by variation of network rheostat, the current and 

voltage profiles drawn from the transformer increases. Less load resistance in the network 

implies increased load and more current flow across the transformer windings. The current and 

voltage profiles increased to a point of potential danger as the load increase beyond the network 

threshold, forcing the protective relaying action operation from the control station where the 

relay trips the circuit to protect the transformer.  

 This confirmed the objective of the system design for proper monitoring of the distribution 

network against damages. It response to fault is fast and effective in comparison to analogue 

method of network protection that is slow and unreliable. The design is able to monitor and 

record the current as it changes and operate the switches at optimum load levels. 

Conclusion 

In this work, an automatic monitoring of a distribution substation using computer based 

monitoring system is implemented and the simulated values are analyzed. PIC 16F627A 

microcontroller is used to monitor and control the distribution transformer parameters  

Voltage in PU 

Current in PU 

Fig5: Graph of voltage and current against % load resistance 
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continuously throughout its operation. Any increase in parametric values of current, voltage and 

temperature monitors by PIC microcontroller beyond threshold, the transformer unit will be 

shutdown to prevent technical damages. The system in addition to shutting down the transformer 

also displays the values throughout the process for user’s reference. This justifies the claims that 

the proposed design makes the distribution transformer more reliable, efficient and secure 

against factors that makes the voltage, current and temperature to rise. The system if put to use in 

transformer protection can serve the purpose with greater advantages than the analogue over 

current protective relaying. Its ability to monitors and control the unit automatically and recloses 

the circuit after fault is cleared enhances it usage in remote areas far from the distribution system 

operator (DSO). It is also cost effective and require less time. With the application of 

microcontroller in the distribution transformer protection, we can manage our limited power with 

maximum communication in a digital economy.                              
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