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Abstract- It is disheartening that Nigeria with her teeming population of over 160 million has a total installed capacity of 

less than 4000 megawatts, and as a result of that; most households and businesses have resorted to private fossil fuel 

generating sets to power their homes and businesses. In addition; there are processes that are not suppose to be interrupted 

because of their importance, for instance; surgery operation in hospitals, robotic activities in manufacturing and production 

process, bank activities in banking sector, among others. This paper presents the Design and Implementation of 

Microcontroller Based Automatic Power Changeover Switch between Mains Power Supply & Auxiliary Power Supply 

(Generator). The Automatic change over system guarantees reliable and seamless power when outage occurs. It 

automatically switches over to the auxiliary power supply when mains power supply fails thus; providing the highest 

protection for our equipment and home appliances, continuous power supply for; surgical operations, manufacturing process, 

production line, banking activities, and lot more. The importance of the designed system cannot be over-emphasized when 

one put into consideration the; endemic, epidemic, pandemic, and epileptic power supply system in Nigeria. The designed 

system has two main sections; the hardware section and the software section. To design the hardware section, the following 

components were connected together in the right manner; the AT89c51 microcontroller, actuators, Operational Amplifier, 

Seven Segment Display, etc. The microcontroller is used to store all the assembly language program of the system, while the 

Seven Segment Display is used to display the output state of the system at any point in time. For the software section, the 

Top universal programmer was used to transfer the machine code (software) of the system to the microcontroller. Other 

components that made up the system were interfaced to the microcontroller to achieve the desired system. The prototype of 

the automatic power changeover switch worked according to the specification and quite satisfactorily. 

 

Keyword- Microcontroller, Automatic Change Over, Actuator, Seven Segment Display, Operational Amplifier (Op-Amp). 

 

I. INTRODUCTION 

 

Currently, there are about 60 million generators in 

Nigeria at the ratio of one per household of 2.5 

people with an annual spending of N1.6 trillion. A 

generator is often viewed as a necessary back up 

source of electricity putting into consideration the 

inadequate power supply ravaging the country [1]. 

Most industrial and commercial processes are 

dependent on electrical power. In the event of power 

interruption, the change-over from power supplied by 

a public utility to a generator is usually performed 

manually, which leads to unnecessary delay, time 

wasting, and complete shutdown of operation 

process. Moreover, machine damage sometimes 

occurs. These can cause significant financial losses. 

This project presents the design and implementation 

of an automatic power change over switch that 

change power automatically from public supply to 

standby power generator once there is public power 

outage.  

The designed system also automatically switches 

from generator set to mains supply (public supply) 

immediately power is restored. This is achieved by 

the use of microcontroller circuit that is programmed 

for effective timing, control and switching of the 

actuators (relays) to achieve the desired project.  The 

starting of the generator is done by the 

microcontroller via a relay which switches the battery 

voltage to the ignition coil of the generator. 

1.1. Background of Study 

The designed project “Microcontroller based 

Automatic Power Changeover Switch” is a system 

that switches between two power sources 

automatically. The design uses an operational 

amplifier (Op-Amp) to sense when there is Power 

outage. Power instability or power outage in general 

does not promote development in the public and 

private sectors. Investors do not feel secure to come 

into a country with constant or frequent power 

failure. These limit the development of industries. In 

addition, there are processes that are not suppose to 

be interrupted, for instance; surgery operation in 

hospitals, robotic activities in manufacturing and 

production process, and bank activities in banking 

sector, among others. The epileptic power supply in 

developing countries (Nigeria) creates a need for 

alternative power and automatic switching to provide 

an effective, more reliable, and fast way of changing 

over between the main power supply and the 

auxiliary power supply.  

 

Electronic components like microcontroller, relays, 

transformer, Op-Amp, among other active and 

passive components were used; thereby making the 

project circuitry less expensive for implementation in 

our homes and industries. Moreover, the cost 

suitability and availability of the required components 

for the project circuitry were some of the major 

factors considered during the system implementation.   
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1.2. Aim and Objectives of Study 

The aim of the project is to design a circuit that will 

automatically changeover from Mains Power Supply 

(public supply) to auxiliary power supply (generator 

set) during power outage, and vice versa.  

 

Objectives of Study: 

 

1. To reduce the time wasted in manual 

switching/changeover from public utility supply to a 

generator supply. 

2. To provide an effective, fast, and more reliable 

way of changing over from power utility supply to 

generator set, and vice versa when there is power 

outage. 

3. To produce a changeover switch that is user 

friendly. Since the user does not have any direct 

contact with the mains supply or the power 

generating set, thus; electric shock is totally 

eliminated. 

4. To safeguard people against electric shock from 

control switch and power generating sets.  

5. To provide a friendly home for physically 

challenged persons and aged ones. 

6. To eliminate total shutdown of operation or 

process during power failure or outage. 

7. To miniaturize changeover switch by exploring the 

numerous features of the microcontroller as the 

previous ones are bulky. 

 

1.3. Importance of the Work 

It involves automatic changeover between the public 

utility supply and auxiliary power supply. When there 

is mains failure (power outage), the system will 

automatically switch/changeover to the alternative 

power supply (Generator), and back to mains supply 

when power is restored. The importance of this 

project is to maintain constant supply in our homes, 

banks, companies, and industries by making-up for 

the time delay usually associated by manual 

changeover. 

 

1.4. Methodology 

Modular division methodology was adopted in the 

design and implementation of the automatic power 

changeover switch. The logic and control unit 

consists of the microcontroller and the control 

program stored in its memory. The National Grid 

Power Supply Unit (NGPS Unit) and its sensing unit 

consists of 12v step-down transformer and other 

electronic components used to step-down the 220-

240v (Ac) from the public utility supply to 5v (Dc). 

Also the Generator Power Supply Unit (GPSU) and 

its sensing unit consists of another 12v step-down 

transformer and other electronic components used to 

step-down the 220-240v (Ac) from the generator 

output to 5v (Dc). The voltage comparator unit 

comprises of an Operational Amplifier (LM324) for 

sensing and comparing the Dc voltages from the 

National Grid and the Generating Set. The National 

Grid Switching Unit and the Generator Switching 

Unit comprises of actuators (relays) for switching 

power between National Grid and generating set. The 

output section is used to represent the National grid 

AC voltage and the Generator AC voltage. The seven 

segment display unit is used for displaying all the 

activities of the system. Additional relay was attached 

to the system for starting the generator, by 

automatically switching the battery voltage to the 

ignition coil of the generator. The design of the 

project includes the placing of the electronic 

components on Vero-board, soldering and connection 

of components, testing for continuity, programming 

of the microcontroller, circuit testing and 

troubleshooting, and result analysis. The circuit was 

first simulated using Proteus 8.1 electronic simulation 

software and the result was satisfactory. The block 

diagram of the microcontroller based automatic 

power changeover switch between mains power 

supply and auxiliary power supply is shown in Fig. 1 

below. 

 

 
Fig. 1: The Block Diagram of the Automatic Power 

Changeover Switch 

 

II. SYSTEM DESIGN ANALYSIS  

 

The designed project is a microcomputer based 

system, and a microcomputer based system typically 

consists of hardware and software. Hardware: refers 

to the parts we can see and touch. They are those 

electronic components that are connected to achieve 

the desired system. Software: is made up of the 

various programs; sequence of instructions 

programmed into the microcomputer to direct, 

control, coordinate and manage the activities or the 

operations of the hardware parts [1]. The two are 

brought together during implementation and 

development to achieve the desired system. 

 

2.1. Hardware Design and Analysis 

Starting with the system block diagram, the hardware 
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was developed. This indicates all the hardware 

section (units) and how they are interconnected to 

achieve the desired system as clearly shown in fig. 1 

above. 

 

2.2. The +5vDc Regulated Power Supply  

The designed project consists of two regulated power 

supply circuit. One of the power supply circuits is 

connected to the National Grid (public utility supply), 

while the second regulated power supply is connected 

to the power generating set. The two individual 

outputs are connected to the inverting and non-

inverting pins of the Operational Amplifier (Op-

Amp) for monitoring.  

 

The Regulated +5vDc Power Supply consists of the 

following components; 

1. The Step Down Transformer (12v). 

2. The Full Wave Bridge Rectifier. 

3. The Capacitor Filter. 

4. The +5vDc Regulator. 

 

 - The Step Down Transformer: is used to step down 

the 220-240v from the AC mains to the required 

voltage level (12vAc). The turn’s ratio of the 

transformer is so adjusted such as to obtain the 

required voltage level. The secondary side of the 

transformer is fed as an input to the rectifier circuit. 

 

- The Full Wave Bridge Rectifier: consists of four p-n 

junction diodes connected in the manner shown in 

fig. 2 (a and b) below. The four diodes are used to 

convert the AC signal at the secondary side of the 

transformer into its DC. This is called rectification. 

Rectification is simply the process of converting an 

alternating voltage or current into corresponding 

direct (DC) quantity.   

 

  - The Capacitor Filter: The rectified voltage from 

the rectifier is a pulsating DC voltage having high 

ripple content. But this is not what we want; we want 

a pure ripple free Dc waveform. Hence a capacitor is 

connected along the output of the rectifier. As the 

instantaneous voltage starts increasing the smoothing 

capacitor charges, till the waveform reaches its peak 

value. When the instantaneous value starts reducing, 

the capacitor starts discharging exponentially and 

slowly through the load (input of the regulator in this 

case). Hence, an almost constant dc value having very 

less ripple content is obtained [2] [3]. 

 

- The +5vDc Regulator: 7805 is a 5v fixed three 

terminal positive voltage regulator IC. The regulator 

is used to produce a steady +5vDc. The complete 

circuit diagrams of the +5v regulated power supplies; 

for the mains supply and the power generating set are 

shown in fig. 2 (a and b) below.  

 
Fig. 2(a): Regulated Power Supply (From Generating Set) 

 

 
Fig. 2(b):  Regulated Power Supply (from Mains Supply) 

 

2.3: The Voltage Comparator Unit (OP-Amp) 

Operational amplifiers are linear devices that have all 

the properties required for nearly ideal DC 

amplification and are therefore used extensively in 

signal conditioning, filtering or to perform 

mathematical operations such as add, subtract, 

integration and differentiation. The OP-Amp used in 

this project is the LM234 (IC). An Operational 

Amplifier is basically a three-terminal device which 

consists of two high impedance inputs. One of the 

inputs is called the Inverting Input, marked with a 

negative or “minus” sign, (–). The other input is 

called the Non-inverting Input, marked with a 

positive or “plus” sign (+). A third terminal 

represents the operational amplifiers output port 

which can both sink and source either a voltage or a 

current [4]. When the signal at the Non-inverting pin 

of the Op-Amp is greater than the signal at the 

inverting pin of the Op-Amp, the Output is high 

(logic 1). Also When the signal at the Inverting pin of 

the Op-Amp is greater than the signal at the Non-

inverting pin of the Op-Amp, the Output is low (logic 

0). Fig. 3(a) below shows the symbol of the 

Operational Amplifier (Op-Amp). 

 

 
Fig. 3(a): Symbol of Op-Amp 

 

The project uses the operational amplifier (Op-Amp) 

to sense when there is Power outage. The designed 

system has two power supply circuits; one connected 
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to mains supply and the other connected to the 

generator supply. The output of the regulated power 

supply connected to the mains supplies the variable 

resistor at the Non-inverting pin of the Op-Amp, 

while the output of the regulated power supply 

connected to the generator supplies the variable 

resistor at the inverting pin of the Op-Amp. See Fig. 

3(b) for the connection of the two power supply 

circuits. 

 

 
Fig. 3(b): Connection of the two power supply circuits to the 

Non-inverting Input and Inverting Input of the Op-Amp 

 

2.4. The Logic and Control Unit (the AT89c52 

Microcontroller) 

The AT89C52 is a low-power; high performance 

CMOS 8-bit microcomputer with 8K bytes of Flash 

programmable and erasable read only memory 

(PEROM). The device is manufactured using Atmel’s 

high-density non-volatile memory technology and is 

compatible with the industry-standard 80C51 and 

80C52 instruction set and pin-out. The on-chip Flash 

allows the program memory to be reprogrammed in-

system or by a conventional non-volatile memory 

programmer [5]. The CPU of the AT89C52 

microcontroller comprises of the Arithmetic and 

Logic Unit (ALU), the Registers, and the Control 

unit. The function of the ALU is to perform all the 

arithmetic and logic expressions from or within the 

CPU. The register part of the CPU is a temporary 

memory unit. The Control unit is the most complex 

part of the CPU. It receives the binary number 

signifying the instruction about to be carried out, 

decodes the instruction, and carries it out according to 

the steps required [6]. 

The AT89C52 Provides the Following Features: 

1. 8 Kbytes of on-chip flash memory  

2. 256 bytes of on chip RAM 

3. 32 programmable I/O lines 

4. Two 16 bit timer/counter 

5. Full duplex serial port 

6. On-chip oscillator and clock circuitry. 

 

Fig. 4 below shows the pin-out configuration of the 

AT89c52 microcontroller and the basic connections 

(Reset and oscillator). 

 
Fig. 4: Pin-out configuration of the AT89c52 microcontroller 

and the basic connections 

 

2.5. The switching Units (Mains supply and 

Generator) 

Relays are used to achieve the switching units of the 

designed project. Basically, three relays were used in 

this project; one for switching Power to the mains 

supply, the second one for switching power to the 

generator, and the last one for starting/stopping the 

generator. A relay is an electrical switch that opens 

and closes under control of another electrical circuit. 

There are various types of relay but all of them 

operate in the same way. When a current flows 

through the coil, the relay is operated by an 

electromagnet to open or close one or many sets of 

contacts. Similar to opt-couplers, there is no galvanic 

connection (electrical contact) between input and 

output circuits. Relays usually demand both higher 

voltage and current to start operation, but there are 

also miniature ones which can be activated by a low 

current directly obtained from a microcontroller pin 

[7]. Fig. 5(a-c) below shows the relay in Normally 

Open (NO), Normally Close (NC), and the physical 

structure of the relay respectively. Figure 5(d) shows 

the internal structure of the relay. 

 

 
(a)                          (b)                       (c) 

Fig. 5 (a) Relay in NO position (b) Relay in NC position (c) 

Physical structure of a Relay 

 

 
Figure 5(d): The internal structure of the relay [8] 

 

2.6. The Seven Segment Display Unit 

The seven segment display is used to display the 

whole information of the system. 7-segment LED 
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is very popular and it can display digits from 0 to 9 

and quite a number of characters like A, b, C, H, E, e, 

F, n, o, t, u, y, etc. Knowledge about how to interface 

a seven segment display to a micro-controller is very 

essential in designing embedded systems. Different 

characters can be displayed by selectively lighting the 

required LED segments (a to g). 

In electronics there are two important types of 7-

segment LED digital display: 

 

1. The Common Cathode Display (CCD): In the 

common cathode display, all the cathode connections 

of the LED’s are joined together to logic “0” or 

ground. The individual segments are illuminated by 

application of a “HIGH”, logic “1” signal to the 

individual Anode terminals. 

 

2. The Common Anode Display (CAD) – In the 

common anode display, all the anode connections of 

the LED’s are joined together to logic “1” and the 

individual segments are illuminated by connecting the 

individual Cathode terminals to a “LOW”, logic “0” 

signal [9]. The two types (common cathode and 

common anode) are shown in fig. 6 below. 

 

 
(a)                                              (b) 

Fig.6: Common cathode and Common anode 7- 

segment display (respectively) 

 

The 7-segment used in this project is the common 

anode type. Refer to fig. 7 below for the internal 

arrangement of the common cathode and common 

anode seven segment display. Also refer to fig. 8 for 

the lighting patterns of the Common Anode type of 

Seven Segment Display. 

 

 
Fig 7. Internal configuration of the common cathode and 

common anode 7-segment display respectively 

 
Fig. 8. Lighting patterns of the Common Anode type of Seven 

Segment Display [10] 

 

2.7. The Complete System Unit 

The complete circuit diagram of the microcontroller 

based automatic power changeover switch is shown 

in fig. 9 below. 

 
Fig. 9. Complete circuit diagram of the automatic power 

changeover switch 

 

2.8. Principle of Operation of the Automatic 

Changeover Switch 

The circuit in fig. 9 above shows the workability of 

the different components that makes up the automatic 

power changeover switch. The circuit comprises of a 

microcontroller which forms the heart of the project. 

It is used to control, coordinate, direct, and manage 

the whole activities of the system. The aim of the 

project is to design a system that will automatically 

switch ON the power generating set when there is 

power outage from the mains supply, and vice versa. 

Mains supply supplies the variable resistor at the 

Non-inverting input of the Op-Amp, while the 

generator supplies the variable resistor at the 

inverting pin of the Op-Amp. 

 

The voltage sensing device (the comparator) is used 

to compare the voltages from the mains supply and 

the generator. When there is power from the mains 

supply, the voltage at the Non-inverting input of the 

Op-Amp is greater than the voltage at the Inverting 

input, and the output of the Op-Amp is at logic 1 

(high); thus the microcontroller switches power to the 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 

Volume-7, Issue-9, Sep.-2019, http://iraj.in 

Design and Implementation of Microcontroller based Automatic Power Changeover Switch between Mains Power Supply & Auxiliary 

Power Supply 

 

13 

mains supply (through the mains supply relay). When 

there is power outage, the output of the Op-Amp is 

low (0), and the microcontroller automatically starts 

the generator via the ON/OFF relay, and switches 

power to the output socket via the generator supply 

relay. The designed system also automatically 

switches from generator to mains supply (public 

supply) immediately power is restored. This is 

achieved by the use of microcontroller circuit that is 

programmed for effective timing, control and 

switching of the actuators (relays). The display unit is 

used to display all the output of the system. When the 

generator is supplying, GEN is displayed on the 

screen, also when the mains supply is available, 

power utility supply (PUS) is displayed on the screen.  

 

III. SOFTWARE DESIGN 

 

To be able to control, coordinate, monitor, and 

manage the whole activities of the system, the 

microcontroller was used. Assembly language was 

used to program the microcontroller. The PM-51 

Macro Assembler was used for this project. The term 

PM-51 belongs to an entire family of single-chip 

microcomputers, all of which have the same 

processor design. They use the same instruction set, 

but differ slightly in Memory mapped special 

function registers (SFRs) and on-chip ROM and 

RAM [11]. The assembler is a software tool, a 

program designed to simplify the task of writing 

computer programs. It performs the clerical task of 

translating symbolic code into executable object 

code. 

 

3.1: The system Flow Chart  

The Flow Chart of the Automatic Power changeover 

Switch is shown in fig. 10 below. 

 
Fig.10. The Flow Chart of the Automatic Power Changeover 

Switch 

IV. RESULTS AND DISCUSSIONS 

 

The designed system “Automatic Power Changeover 

Switch” is one that would automatically turn on a 

power generating set when public utility supply 

(mains supply) fails, and automatically change over 

the source of power from mains supply to power 

generating set. When public utility supply is restored, 

the system automatically switch/change over to mains 

supply and switch off the generator. Each module of 

the system was implemented and tested. The system 

was first tested with a 60 watts electric bulb as the 

load. First, the microcontroller was wired up and 

tested for continuity. The second module was the 

voltage sensor circuit, which was implemented and 

the output voltage measured and controlled until the 

required DC voltage range was obtained. The output 

of the voltage sensor circuit (Op-Amp) was interfaced 

with the AT89c52 microcontroller for further 

processing and control. The changeover switch circuit 

was implemented and tested by passing biasing 

voltage to the base of the transistor to ensure the 

functionality of the power switching relay. The result 

was satisfactory. The last stage of the implementation 

was the programming of the microcontroller; which is 

used to store all the assembly language codes of the 

system. During this time, control logics were 

developed via program codes by implementing the 

algorithms. Each segment of the code was tested and 

debugged. The routine of testing and debugging 

continued until the system performed as expected. 

The final test was done by connecting the system to a 

generator with start key and a 240V AC line as mains 

supply. Result showed that when the mains supply 

went off, the system started the generator and 

automatically changed over to the generator line. To 

ensure an almost seamless transfer of power supply, it 

is required that minimum time is spent for the entire 

process of supply changeover. The generator is 

expected to start within 10 seconds of utility power 

outage, and when rated voltage is sensed by mains 

supply sensor, the microcontroller immediately 

switch off the generator and switch over power to the 

mains supply.  

 

V. CONCLUSIONS & RECOMMENDATIONS  

 

5.1. Conclusions  

This paper has presented the design of an efficient, 

cost effective and reliable “Microcontroller Based 

Automatic Power Changeover Switch between Mains 

Supply and Auxiliary Power Supply”; which has the 

ability to accurately monitor power from the public 

utility supply and respond appropriately upon a 

power outage by starting an on-site generator to 

supply power. Automatic changeover switch with 

generator shut down facility has been designed to 

help reduce the stress and loss of time associated with 

the manual changing and shutting down of power 

generators in the advent of failure outage. The cost of 
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the Automatic Power Changeover Switch (APCS) is 

approximately $80USD, both construction and 

installation. The system thus; offers considerable 

operational advantages and cost saving over the 

manual system currently used by many companies in 

Nigeria.  

5.2. Recommendation  

It is recommended that hospitals, financial 

institutions, hospitals, internet service providers, 

mining and allied companies in Nigeria, which 

require constant power supply should use the 

Automatic Power Changeover Switch (APCS). It is 

worthy to note that this project is subject to scrutiny 

and further development. I recommend that for future 

development, an overload protection unit be included. 

This is to enable the system automatically changeover 

power source when the voltage or current rises above 

its rating, to protect equipment and home appliances 

from damage.  
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