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Abstract

An Automatic Transfer Switch (ATS) for a single phase power generator has been designed to 

enable the automatic operation and transfer of power supply between a public utility supply and 

a power generator. The ATS, which is a switchgear control system, provides a functional system 

that provides an automatic switching of power supply between a primary source (public utility) 

and a secondary power source (generator). The methods employed in designing the ATS involve 

the use of electromechanical type relays, contactors, voltage monitoring relays and delay timer 

relays as main components of the system. Incorporated in the ATS is 12V d.c power supply unit, 

precision rectifier unit, current transformer and Microcontroller (PIC 16F877) to convert the 

measured analogue alternating current (a.c). Voltage and current quantities to digital values for 

display on the liquid crystal display (LCD). The result of the automatic transfer switch 

demonstrates its ability to perform automatic power change over activities easily and with little 

or no human interaction.
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1.0 INTRODUCTION 

The poor state of power supply in developing countries calls for alternatives' sources of power 

generation and automation of electrical power generation to back up the utility supply. Over 

time, automation of electrical power supply has become vital as the rate of power outage is 

predominantly high. As a result of this, developing countries like Nigeria, experience slow 

development processes in both public and private sectors of their economy. Investors from 

foreign countries do not feel secure to come and set up business or industries - in spite of the large 

market made available in such populated nations, because of frequent power failures 

experienced. In addition, delicate processes and operations such as surgery cases in hospitals, 

money transfer between banks, data and information transfer at data centers, require constant 

power supply in order to prevent the loss of life or data resources which could be very expensive 

to business operators. 

27802787

Bakolori Journal of General Studies  Vol. 10 No. 2 



Therefore, it is for these reasons that change over or transfer switches were developed. Initially, 

these switches were designed for manual operations, but with an increase in the technological 

advancement of electrical, power control and automation, Automatic transfer switches (ATS) 

were created. It eliminates the element of manpower interaction in starting a generator and 

changing power supply from one source to another. 

ATS is an electrical/electronic switch that senses when the mains or public utility supply is 

interrupted and automatically starts up a secondary supply (i.e. a generator) if the utility remains 

unavailable. ATS also known as “Generator Transfer Switches, has an additional circuit 

component which is normally in the form of a computer that monitors the incoming power 

supply. It also initiates the changeover action when there is a complete power loss. Whenever a 

fault is been detected, the automatic transfer switch starts up the emergency power supply. The 

ATS is connected to both power supply sources and supplies the load with power from only one 

of the sources at any particular instant in time. 

In contrast to the manual change-over switch system that requires manual stress in starting the 

generator and switching over from public supply to generator and vice-versa, that, the need to 

develop a system that will effectively manage power supply between two sources (utility and a 

standby power generator) influenced the motivation for this project work.

2.0 MICROCONTROLLER UNIT

PIC (Peripheral Interface Controller) is the IC which was developed to control peripheral 

devices, alleviating the load from the main CPU Compared to a human being, the brain is the 

main CPU and the PIC is equivalent to the autonomic nervous system.

The PIC, like the CPU, has calculation functions and memory, and is controlled by the software.

However, the throughput and the memory capacity are low. Depending on the kind of PIC, the 

maximum clock operating frequency is about 20 MHz and the memory capacity (to write the 

program) is about 1K to 4K words.

The clock frequency determines the speed at which a program is read and an instruction is 

executed. The throughput cannot be judged with the clock frequency alone. It changes with the 

processor architecture. However within the same architecture, the one with the highest clock 

frequency has the highest throughput.
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we use a 14-bit WORD for program memory capacity. An instruction is a word long. Program 

memory is measured in BYTES, one byte is 8 bits. The bit is the smallest unit, and can have the 

value of 1 or 0. The instruction word of the PIC16F877 is composed of 14 bits. 1K words is equal 

to 1 x 1,024 x 14 = 14,336 bits. To convert this to bytes divide it by 8 x 1024, (14,336 / 8 x 1024 = 

1.75K bytes).

A memory capacity of 1G bytes = 1,024M bytes, 1M bytes = 1,024K bytes, 1K bytes = 1,024 

bytes. 1K bytes is not equal to 1000 bytes. This is because the calculation is in binary (2 to the 

tenth power = 1,024).

Pin Diagram
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Fig.1:PIC16F877A

2.0   OUTPUT/DISPLAY UNIT

A display unit is an output device that visually conveys text, graphics, audio and video 

information. Such as text consist of characters (letters, numbers or any other symbol requiring 

one byte of storage), digital representation of non-text information and sound. 

Liquid Crystal Display 

A 16×2 LCD based on HD44780 controller is used for displaying the status of the paper. The 

control lines EN and RS of the LCD module are connected to pins RB3 and RB2 of Port B of the 

microcontroller, respectively. The commands and the data to be displayed are sent to the LCD 

module in the nibble mode from Port BRB4-RB7 of the microcontroller. 

The higher four bits of the LCD (D4 through D7) are connected to the higher nibble of Port B 

(RB4 through Rb7).

 Fig.2: LCD diagram.

Vdd, Vss and Vee:While Vdd and Vss provide +5V and ground respectively, Vee is used for 

controlling LCD contrast.

RS Register Select: There are two very important registers inside the LCD. The RS pin is used 

for their selection as follows. 

If RS=0, the instruction command code register is selected, allowing the user to send a command 

such as clear display, cursor at home, etc.If RS=1, the data register is selected, allowing the user 

to send data to be displayed on the LCD.

R/W(read/write): R/W input allows the user to write information to the LCD or read 

information from it. 
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R/W = 1 for reading and R/W= 0 for writing.

EN( enable ): -The LCD to latch information presented to its data pins uses the enable pin. When 

data is supplied to data pins, a high–to-low pulse must be applied to this pin in order for the LCD 

to latch in the data present at the data pins. This pulse must be a minimum of 450 ns wide.

D4 – D7: The 4–bit data pins, D4 – D7, are used to send information to the LCD. Like To display 

letters and numbers, we send ASCII codes for the letters A–Z,  numbers 0-9 to these pins while 

making RS=1.

2.0 Relay

A relay is an electrical switch that opens and closes under the control of another electrical circuit. 

It is therefore connected to output pins of the microcontroller and used to turn on/off high-power 

devices such as motors, transformers, heaters, bulbs, etc. These devices are almost always placed 

away from the board's sensitive components. There are various types of relays, but all of them 

operate in the same way. When current flows through the coil, the relay is operated by an 

electromagnet to open or close one or more sets of contacts. Similar to optocouplers, there is no 

galvanic connection (electrical contact) between input and output circuits. Relays usually 

demand both higher voltage and higher current to start operation, but there are also miniature 

ones that can be activated by low current directly obtained from a microcontroller pin.
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Fig. 3:Relay connection circuit

In order to prevent the appearance of high voltage self-induction caused by a sudden stop of 

the current flow through the coil, an inverted polarized diode is connected in parallel to the 

coil. The purpose of this diode is to 'cut off' the voltage peak.

5.0 Statement of Problem

Over heat of generator under operation, may cause damage or failure, it was also noticed that 

industries are vulnerable to long and short interruptions from various surveys taken in industrial 

sector of Nigeria.

In order to solve the problem stated above, an Automatic transfer switch is employed to select the 

available power source automatically without intervention of user to ensure the availability of 

supply at the desired time provided from one source to another.

 More over a timing system is used to determine the resting time of the generator when the public 

source (main) fail for a long period of time.  

The problem formulation of the objectives of this paper is listed as follows

�To develop a system that control power on the consumer load.

�To develop a device for switching between public supply and generator to the consumer 

load.

�To monitor the generator operation based on time selected by the user.

�To design and develop a program for interfacing the hardware and software parts of the 

project.

6.0 System Design 

In this section, the design of the various units of the system built up, the theory of operation of the 

devices used and the operations are considered. The design is based on the availability of the 

components for the system realization. The various units were designed. This includes the power 

supply unit, the microcontroller unit, the display unit, the control unit and the switching unit.

Block Diagram of ATS System

:
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POWER SUPPLY UNIT 

This unit is used for supplying electrical power from utility sources and fed into the circuit 

through microcontroller input. The following components connected together to form a power 

supply circuit.

i) Stepped down transformer 220v-12V at 500mA.

ii) Bridge rectifier using diode.

iii) Electrolytic capacitor as a filter.

Control Unit

This unit is used to derive the whole sub circuit of the paper using microcontroller (16F877A).

Timer Selector Unit

The pull up resistor is used to set the input of PIC16F877A and push buttons are used by the 

operator to activate the timing mode of generator. 

Pull-up resistors are resistors used to ensure that inputs to a ports settles at expected logic if 

external devices are disconnected or high impedance. A pull-up resistor is used on 

microcontroller to enable normal running, while allowing the programming voltage to be applied 

without damaging the target system 5V supply. R  is a pull-up resistor the values of the resistors 

p

were found as Rp=  

Where Ri is the internal resistance of the PIC = 4.2K�

vo is the voltage into the PIC = 2.5v

Therefore Rp=                   = 4.2k�

The value of the pull-up resistor is = 4.2k�  

When the switch is open, no current flows through the resistor, so there is no voltage drop, and the 

output voltage remain the same as the supply (+5V). When the switch is closed the output is 

connected directly to 0 V and the pull-up resistor prevents the supply being shorted to ground.

Fig.4 timing circuit
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PIC16F877A interface crystal oscillator

In applications where great time precision is not necessary, Crystal oscillator offers additional 

savings during purchase. The standard crystal oscillator gives an accurate frequency and in this 

4MHz crystal was used, in order to get frequency crystal from the Microcontroller, XT crystal 

4MHz oscillator was chosen.

Fig. 5 crystal oscillator connections

The above diagram shows how XT oscillator is connected with PIC16F877A. With value of 

capacitor 22pF, oscillator can become stable, or it can even stop the oscillation. A clock of the 

oscillator must be divided by 4. Oscillator clock divided by 4 can also be obtained on 

OSC2/CLKOUT pin, and can be used for testing or synchronizing other logical circuits.

PIC16F877A interface master clear resistor

The master clear (MCLR) is used for putting the microcontroller into a 'known' condition. This practically means 

that microcontroller can behave rather inaccurately under certain undesirable conditions. In order to continue its 

proper functioning it has to be reset, meaning all registers would be placed in a starting position. Reset is not only 

used when microcontroller doesn't behave the way we want it to, but can also be used when trying out a device as an 

interrupt in program execution, or to get a microcontroller ready when loading a program. So for this case the 

connection in figure below is utilized
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Fig. 6 resetting PIC16F877A via MCLR

Flow chart
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7.0      SIMULATION RESULT AND DISCUSSION.

The paper title design and simulation of Automatic Transfer switch using microcontroller, the 

result shows the simulation output indicating the time covered by each generator whenever the 

main utility goes OFF as shown below.

The screen short shown below was the simulation output of the design as expected, this shows 

that the system was test and founded working in line with objective of the research.

8.0 Conclusion 

This project has presented the design of an efficient, cost effective and reliable Microcontroller-

Based Automatic Transfer Switching System (MATSS), which has the ability to accurately 

monitor the power supply from the utility company and respond appropriately upon a power 

outage by starting an on-site generator to supply power. Upon the restoration of utility power, the 

system commutes the load back to utility and shuts down the generator. The cost of the Automatic 

Transfer Switch is relatively affordable to construct and install. This new system thus offers 

considerable operational advantages and cost saving over the manual system currently used by 

many companies in Nigeria. The switch transition mode used (open transition mode) eliminates 

the problem of standby power generators “back-feeding” into the utility lines. 
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