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ABSTRACT 

The problem of epileptic power supply and its consequences in the 

developing countries is a generally known issue. Worst still, the hope 

that it will be addressed with the deregulation of electricity Industries in 

recent time are being dashed by flight to top class investors due to its 

poor implementation. There is a need to provide multiple sources of 

power and automatic mechanisms for switching from one source to 

another. This is achieved in this work where quadruple power supply is 

provided with Arduino microcontroller to control the entire system. 

The four different sources of power supply (utility supply, fuel cell, 

inverter and generator) are connected to four different power supplies for 

rectification purpose. The output of the rectifier is connected to the four-

different analog input pin of the Arduino microcontroller. The power 

sources are prioritized; at the absence of the first source the Arduino 

microcontroller switches the load to the next available source. At the 

absence of the first three sources the Arduino microcontroller sends a 

signal to an LED which light up for five seconds. The LED is a model 

use for the kick starter mechanism in the real-life application. 

LCD(liquid crystal display) can be used to display the source currently 

in use 
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CHAPTER 1 

INTRODUCTION TO THE PROJECT 

1.1 BACKGROUND 

Power failure or outage in general does not promote development to public and 

private sector. In a developing country like Nigeria, foreign investors do not see the 

viability of investing in a country without good power supply, this limit the 

development of industries. In addition, there are processes that cannot be 

interrupted because of their importance. For instance, surgery operation in 

hospitals, transfer of money between banks and lots more requires constant power 

supply. The demand for electricity is increasing every day and frequent power 

failure is causing many problems in various areas like industries, hospitals and 

houses [1].  

Electricity which plays a major role in economic development of a nation forms 

the basis of this study, with interests in human, infrastructural and economic 

development. In most developing and underdeveloped parts of the world, the 

supply of electricity for industrial, commercial and domestic use is highly unstable. 

This gives rise to the frequent use of alternative sources of power supply to meet 

up with the energy demands. The introduction of these alternative sources of 

supply brings forth the challenge of switching smoothly and timely between the 

mains supply and the alternative sources whenever there is a failure on the mains 

source. There is also the need to reduce drudgery from switching between the two 

sources on the human side. Solving these challenges forms the focus of this work. 

The Automatic Change-over switch, automatically switches over to the alternative 

source of power supply (generator) when there is a power outage. It equally 

switches over to the mains supply when power is restored and turns off the 

generator automatically. The automatic power change-over switch is a device that 

links the load and mains supply or the alternative supply together. This enables the 
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use of either the mains supply or an alternative source when there is outage on the 

mains source. This can either come in with three phase or single phase. This device 

maintains constant power supply to the load by automatically activating the 

generator when there is need. The switch automatically senses power failure on the 

power utility line, sends signal to the generator for startup. At the moment the 

generator attained it nominal speed, the automatic switch disconnect the utility line 

and then transfer the load to the generator, thereby restoring power to the load. The 

switch will continue to monitor the condition of the utility power source until it is 

restored, and then it will delay for some seconds to ensure that the utility line 

voltage is stable, after this, it then send signal to shut down the generator and then 

retransfer the load back to the utility line [2]. 

 Over the years, some research works have been carried out to improve the design 

of automatic changeover between two sources (utility mains and generator) so as to 

achieve reliability and flexibility. This gave birth to the idea of quadruple power 

supply controller. 

A quadruple power supply controller is a device use to provide uninterrupted 

power supply to a load, by selecting the supply from any source out of four such as 

mains, generator, inverter and fuel cell automatically in the absence of any of the 

source. On malfunctioning of the mains power supply (power failure) the load 

obtains power supply from the subsequent existing source, like an inverter. If the 

inverter too stops working it turn over to the subsequent existing power source and 

so on. 

1.2  PROBLEM SATEMENT 

Erratic power supply owing to inability of public power supply utilities to meet the 

demands of the populace has necessitated the need for an alternative or emergency 

source of power supply. Thus, in industrial and commercial applications where 

absence of power for a certain period of time could have serious implications in 
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terms of life and financial losses due to loss of production, data storage and 

products. Thus, quadruple power supply seeks to solve the problem 

1.3 OBJECTIVE OF THE PROJECT 

The primary objective of this project is to provide uninterrupted power supply to 

domestic appliances, by selecting the supply from any source out of four which are 

mains, generator, and inverter and solar automatically in the absence of any of the 

source.  

An Arduino Microcontroller ATmega328 is used to carry out this operation. The 

output of Arduino Microcontroller is given to the relay driver IC, which switches 

appropriate relay to maintain uninterrupted supply to the load. The output shall be 

observed using a lamp drawing power supply from mains initially. On failure of the 

mains supply the load gets supply from the next available source, say an inverter. If 

the inverter also fails it switches over to the next available source and so on. The 

current status, as to which source supplies the load is also displayed on an LCD. 

The secondary objective is to start the generator at the absence of the first three 

sources and shut down the generator when utility mains are restored.  

1.4. SCOPE OF THE STUDY 

The main scope of the project involves providing four sources of power namely 

utility mains, solar powered through an inverter, fuel cell powered through an 

inverter and generator. The load powered is only for domestic appliance up to 6900 

watts. Only one inverter is used for both fuel cell and solar to reduce cost. 

1.5  SIGNIFICANCE OF STUDY 

The significance of this project lies in its quality component to achieve various 

advantages of creating a long lasting and reliable construction which can be 

applicable in places such as homes, Industries, Hospitals, Banks; etc. 
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a) It minimizes damages to lives/equipment since it has its own monitoring 

system and its switching requires no human contact with the switch, thus 

eliminating human error. 

b) It reduces its change over timing to the minimum due to its fast response to 

power outage. The project is design and constructed to reduce the problems 

arising from manual changeover switch when there is power outage. This 

project seeks to improve on the existing power changeover systems and 

brings forth new innovative features and upgrade in terms of 

cost performance, capability etc. 

Moreover, the size and capacity of the unit will depend upon the load for which it 

will be used. The unit is also portable, easy, convenient and safe to install. 

1.6 LIMITATION OF THE PROJECT 

This project work was carried out primarily with the aim of solving the problem of 

manual changeover switch when there is need for switching to other sources 

(inverter, generator and fuel cell) due to power failure from public power supply. 

Meanwhile, the essence of this project work is to design and construct a 30A, 220v, 

50Hz quadruple power supply controller which will switch the load from one 

source to another at the absence of utility mains. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1  BACKGROUND  

The literature related to the research topic has been reviewed for several years in 

order to find out work carried out by various researchers. Construction of Arduino 

based quadruple auto power supply for domestic application using the Arduino 

microcontroller altogether is relatively a new concept. After going through many 

research works which were related to the field of Arduino based system, I found 

out that there are works on various project about Arduino based system and that 

most programming and construction of project make use of the Arduino 

microcontroller circuit few are light dependent resistor (LDR) based but they are 

controlled by means of timers and analog circuits.  

That being said, they are no papers which coin all the system under one umbrella 

and use an Arduino system as their fundamental architecture to control it. This 

gives rise to this kind of operation, meaning the combination of different ideals 

from various paper works though actual requirement might be less depending upon 

the various output condition of the various paper works.  

The goal is to reduce the amount or cost of energy consumed thereby proving to be 

a cost-effective strategy. This is what we are aiming for in our Arduino based 

system. 

2.2 REVIEW OF RELATED WORK 

Robert Dowuona found out that emergency power systems were used as early as 

World War II on naval ships. In combat, a ship may lose the function of its steam 

engines which powers the steam-driven turbines for the generator. In such a case, 

one more diesel engines are used to drive backup generators. Early changeover 

switches relied on manual operation: two switches would be placed horizontally in 
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line and the “ON” position facing each other, a rod placed in between, in order to 

operate the changeover switch, one source must be turned off, the rod moved to the 

other side and the other turned on. [22] 

With technological advancement, globally, maintaining the power quality and a 

steady energy supply are the major requirements the electricity consumers are 

demanding for. This is because many electrically powered and voltage-sensitive 

devices like advanced system control, automation precise manufacturing 

techniques, continuous data processing require uninterrupted power supply. For 

some of these devices, a temporary disruption or sudden surge of power can cause 

scrambled data, a frozen mouse, interrupted communication system crashes and 

equipment failures. Consequent upon this, there is urgent need to have alternative 

power supply is expected to come into operation immediately there is power 

seizure from the mains power supply. An efficient steady supply of power is 

therefore of tremendous advantage both in terms of cost and efficiency. [19] 

With adequate power supply base of the nation at the moment, it is almost 

impossible to supply electricity to consumers at all times. The unreliable public 

power supply has led many to the alternative power supply sources. In Nigeria 

today, the use of generators to power businesses and machines have become the 

norm. According to the Director-General of Centre for Management Development, 

Dr. Kabir Usman that Nigeria has the highest number of standby generators in 

Africa, averaging to every 2.5 people has at least one standby generator. He also 

pointed out that about 60million Nigerians spend 1.6trillion naira on generators 

annually. Many generators are in use; while some are manually started others are 

automatically activated. [26] 

To ensure the continuity of power supply, many commercial industrial facilities 

depend on both utility service and onsite generation (generator set). Because of the 

growing complexity of electrical systems, it becomes imperative to give attention 

to power supply reliability and stability. Over the years many approaches have 
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been adopted in configuring changeover systems, some of them are discussed 

below. [24]. 

a) Manually Controlled Changeover 

b) Sequential Logic Controlled Changeover 

c) Microprocessor-based Controlled Changeover  

d) No break power supply 

e) Auto selection of any available phase, in 3 phase supply   system  

f) An automatic transfer switch (ATS) 

 

2.3  MANUALLY CONTROLLED CHANGE-OVER 

According to Jonathan (2007), manual changeover switch system still remains the 

oldest changeover switch box used by majority of the electricity consumers. 

Manual changeover switch box separates the source between a generator and 

public supply. Whenever there is power failure, change-over is done manually by 

an individual and the same happens when the public power is restored. This is 

usually accompanied by a loud noise and electrical sparks. 

2.3.1 LIMITATIONS OF MANUAL CHANGEOVER SYSTEM 

i. Manual changeover is time wasting whenever there is power failure 

ii. It is strenuous to operate because a lot of energy is required 

iii. It causes device process or product damage 

iv. It has the potential to cause fire outbreak 

v. It is usually accompanied by a lot of noise which may sometimes be 

psychologically destabilizing. 

vi. Maintenance is more frequent because the changeover action causes tear and 

wear [24] 
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2.4 SEQUENTIAL LOGIC-CONTROLLED CHANGEOVER (SLC) 
In sequential logic control of power selection, sequential digital circuits are used to 

affect the detection and control of the supplied power. Sequential logic control 

approach involves only an automatic violation of the public power source in the 

event of power failure, but the generator activation to supply alternative power is 

done manually. In effect the sequential logic control is more efficient then the 

manual control [26]. The main advantage of the sequential logic control power 

changeover switch is its simplicity. 

2.4.1 DISADVANTAGES OF SEQUENTIAL LOGIC CONTROL SYSTEM 

i. The main possible clock rate is determined by the slowest logic path in the 

circuit, otherwise known as the critical path. Every logical calculation, from 

the simplest to the most complex must be complete in one clock cycle, so 

logic paths that complete their calculations quickly are idle much of time, 

waiting for the next clock pulse. 

ii. The clock signal must be distributed to every flip-flop in the circuit. As the 

clock is usually a high frequency signal, this distribution consumes a 

relatively large amount of power and dissipates much heat. Even the flip-

flop that is doing nothing consumes a small amount of power, thereby 

generating waste heat in the chip [26]. 

2.5 MICROPROCESSOR-BASED CONTROL 

The microprocessor-based control operates through a central processing unit 

programmed in a software-implemented format and stored in memory; Random 

Access Memory (RAM) and/or Read Only Memory (ROM) subsequently used to 

effect controls in real time. 

There are two aspects of microprocessor control namely  

i. Microcontroller-Based Controls and 

ii. Computer-Based Controls 



9 
 

2.5.1 MICROCONTROLLER BASED CONTROLS 

In microcontroller-based controls, microcomputers are employed with the resulting 

systems described as embedded. It gets information like data status from sensors 

and then issues control commands to actuators. One distinguishing feature of the 

embedded system from other real-time system is that they are only executing task 

relative to a fixed and well-defined work load. They do not provide any 

development environment; they are low-level programmed [25]. 

2.5.2 COMPUTER-BASED CONTROLS 

The computer-based control operates through a computer system employed in a 

multi-machine-distributed computing environment. Other feature known as real-

time software, extensions are provided for programming languages and protocols 

enabling, such systems to be programmed and checked. These systems are 

programmed to override the operating system mechanism to control directly the 

hardware. They are high level language programmed. 

This project however is designed and implemented as a microprocessor-based 

controlled system specifically using the microcontroller as its basic component. It 

is a dedicated embedded system. 

2.6 NO BREAK POWER SUPPLY 

In this controller for no break power supply project 4 keys are there to display the 

particular breakdown of that power source. When out of the four any of the keys is 

pushed it confirms the lack of that exact spring, keys are linked to microcontroller 

as incoming signals. Arduino microcontroller is brought into use [5]  

The productivity of micro-controller is set to the transmit driver IC, which controls 

suitable transmit to uphold continuous power supply to the load. The output has to 

be monitored by means of a lamp taking electricity supply from mains originally. 

On malfunctioning of the mains power supply (which is activated by pushing the 



10 
 

suitable button) the load obtains power supply from the subsequent existing source, 

like an inverter. [23] 

If the inverter too stops working it turn over to the subsequent existing power 

source and so on. The electricity status, as to which power source delivers the load 

is also exhibited on an LCD. As it’s not possible to give all four different power 

springs of supply, one spring with swap switches are given to obtain the similar 

utility. [13] The no break power supply can in addition be improved by means of 

other springs such as wind speed power also and then taking into thought for bring 

into play the best feasible power whose duty maintains low at that point of time. [9]  

2.7 AUTO SELECTION OF ANY AVAILABLE PHASE, IN 3 PHASE SUPPLY   
SYSTEM  

The project is designed to provide uninterrupted AC mains supply i.e., 230 volt to 

a single phase load. This is achieved by automatic changeover of the load from the 

missing phase to the next available phase in a 3 phase system. [14] 

It is often noticed that power interruption in distribution system is about 70% for 

single phase faults while other two phases are in normal condition. Thus, in any 

commercial or domestic power supply system where 3 phases is available, it is 

advisable to have an automatic changeover system for uninterrupted power to 

critical loads in the event of missing phase. [16] 

In this system auto selection is achieved by using a set of relays interconnected in 

such a way that one of the relay feeding to the load remains energized always. 

Under the phase failure condition the corresponding step down transformer 

secondary delivers zero voltage which is duly rectified to DC and then fed to the 

logic gates comprising of AND & OR to switch on the next relay that delivers the 

power to the load [4]. 

 



11 
 

2.8  AN AUTOMATIC TRANSFER SWITCH (ATS) 

A transfer switch is another example of an electrical switch that switches a load 

between two sources. Some transfer switches are manual, in that an operator 

affects the transfer by throwing a switch, while others are automatic and switch 

when they sense one of the sources has lost or gained power [9].  

An Automatic Transfer Switch (ATS) is often installed where a backup generator is 

located, so that the generator may provide temporary electrical power if the utility 

source fails. [10]As well as transferring the load to the backup generator, an ATS 

may also command the backup generator to start, based on the voltage monitored 

on the primary supply. The transfer switch isolates the backup generator from the 

electric utility when the generator is on and providing temporary power.  

The control capability of a transfer switch may be manual only, or a combination 

of automatic and manual. The switch transition mode (see below) of a transfer 

switch may be Open Transition (OT) the usual type or Closed Transition. 

For example, in a home equipped with a backup generator and an ATS, when an 

electric utility outage occurs, the ATS will tell the backup generator to start. Once 

the ATS sees that the generator is ready to provide electric power, the ATS breaks 

the home's connection to the electric utility and connects the generator to the 

home's main electrical panel. [21] 

The generator supply power to the home’s electric load but is not connected to the 

electric utility lines. It is necessary to isolate the generator from the distribution 

system to protect the generator from overload in powering loads in the house and 

for safety, as utility workers expect the lines to be dead. [22] 

When utility power returns for a minimum time, the transfer switch will transfer 

the house back to utility power and command the generator to turn off, after 

another specified amount of cool down time with no load on the generator. [5] 

A transfer switch can be set up to provide power only to critical circuits or to entire 

electrical (sub) panels. Some transfer switches allow for load shedding or 
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prioritization of optional circuits, such as heating and cooling equipment. More 

complex emergency switchgear used in large backup generator installations 

permits soft loading, allowing load to be smoothly transferred from the utility to 

the synchronized generators, and back; such installations are useful for reducing 

peak load demand from a utility.[21] 

2.8.1 TYPES OF A TRANSFER SWITCH 

a) Open transition 

An open transition transfer switch is also called a break-before-make transfer 

switch. A break-before-make transfer switch breaks contact with one source of 

power before it makes contact with another. It prevents back-feeding from an 

emergency generator back into the utility line, for example, one example is an open 

transition automatic transfer switch (ATS). During the split second of the power 

transfer the flow of electricity is interrupted. [18] 

Another example is a manual three position circuit breaker, with utility power on 

one side, the generator on the other, and "off" in the middle, which requires the 

user to switch through the full disconnect "off" position before making the next 

connection. [18] 

b) Closed transition 

A closed transition transfer switch (CTTS) is also called a make-before-break 

transfer switch. A typical emergency system uses open transition, so there is an 

inherent momentary interruption of power to the load when it is transferred from 

one available source to another (keeping in mind that the transfer may be occurring 

for reasons other than a total loss of power). In most cases this outage is 

inconsequential, particularly if it is less than 1/6 of a second. [18] 

There are some loads, however, that are affected by even the slightest loss of 

power. There are also operational conditions where it may be desirable to transfer 



13 
 

loads with zero interruption of power when conditions permit. For these 

applications, closed transition transfer switches can be provided. The switch will 

operate in a make-before-break mode provided both sources are acceptable and 

synchronized. Typical parameters determining synchronization are: voltage 

difference less than 5%, frequency difference less than 0.2 Hz, and maximum 

phase angle between the sources of 5 electrical degrees. This means the engine 

driving the generator supplying one of the sources generally must be controlled by 

an isochronous governor. [18] 

It is generally required that the closed transition, or overlap time, be less than 100 

milliseconds. If either source is not present or not acceptable (such as when normal 

power fails) the switch must operate in a break-before-make mode (standard open 

transition operation) to ensure no back-feeding occurs. [18] 

Closed transition transfer makes code-mandated monthly testing less objectionable 

because it eliminates the interruption to critical loads which occurs during 

traditional open transition transfer. With closed transition transfer, the on-site 

engine generator set is momentarily connected in parallel with the utility source. 

This requires getting approval from the local utility company. [18] 

Typical load switching applications for which closed transition transfer is desirable 

include data processing and electronic loads, certain motor and transformer loads, 

load curtailment systems, or anywhere load interruptions of even the shortest 

duration are objectionable. A CTTS is not a substitute for a UPS (uninterruptible 

power supply); a UPS has a built-in stored energy that provides power for a 

prescribed period of time in the event of a power failure. A CTTS by itself simply 

assures there will be no momentary loss of power when the load is transferred from 

one live power source to another. [19] 

c) Soft loading 

A soft-loading transfer switch (SLTS) makes use of a CTTS, and is commonly used 

to synchronize and operate onsite generation in parallel with utility power, and to 
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transfer loads between the two sources while minimizing voltage or frequency 

transients. [20] 

d) Static transfer switch (STS) 

A static transfer switch uses power semiconductors such as Silicon-controlled 

rectifiers (SCRs) to transfer a load between two sources. Because there are no 

mechanical moving parts, the transfer can be completed rapidly, perhaps within a 

quarter-cycle of the power frequency. Static transfer switches can be used where a 

reliable and independent second source of power is available and it is necessary to 

protect the load from even a few power frequency cycles interruption time, or from 

any surges or sags in the prime power source. [24] 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



15 
 

Table 2.1 Comparison between the related change-over 
 

S/N 
 

RELATED 
WORKS 

 

METHOD 
 

WEAKNESS 

1 
 

Manually 
controlled 
changeover 

 

Whenever there is power failure, change-over 
is done manually by an individual and the same 
happens when the public power is restored 

 

Time wasting, lots 
of noise and very 
strenuous 

2 
Sequential 

Logic 

Controlled 

Changeover 

 

This involves only an automatic violation of 
the public power source in the event of power 
failure, but the generator activation to supply 
alternative power is done manually. In effect 
the sequential logic control is more efficient 
then the manual control 

 

The distribution 
consumes a 
relatively large 
amount of power 
and dissipates much 
heat 

3 Microprocessor-

based 

Controlled 

Changeover  

It gets information like data status from sensors 
and then issues control commands to actuators, 
this project however is designed and 
implemented as a microprocessor-based 
controlled system specifically using the 
microcontroller as its basic component 

They do not provide 
any development 
environment, they 
are low-level 
programmed 

4 No break power 

supply 

When out of the four any of the keys is pushed 
it confirms the lack of that exact spring. 

The gen has to be 
on standby mode 
which could be fuel 
consuming 

5 Auto selection 

of any available 

phase, in 3 

phase supply   

system 

In this system auto selection is achieved by 
using a set of relays interconnected in such a 
way that one of the relay feeding to the load 
remains energized always. 

The size and 
capacity of the unit 
will depend upon 
the load for which it 
will be used 

6 An automatic 

transfer switch 

(ATS) 

The transfer switch isolates the backup 
generator from the electric utility when the 
generator is on and providing temporary power. 

Some transfer 
switches are 
manual, in that an 
operator affects the 
transfer by throwing 
a switch 
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CHAPTER 3 
 
3.0   MATERIAL AND METHODOLOGY 

In every project design, there are set out objectives and factors considered in order 

to achieve the desired target. This chapter presents system methodology and the 

material used to achieve the objectives. 

In addition, the specifications for the design were also outlined and these 

determined the choice of suitable components. 

The design and development of arduino based quadruple auto power supply 

controller system typically involves three Phases. They are as follows 

i. Hardware design and development  

ii. Software design and development 

iii. Prototype implementation and diagnostic testing 

Details of the procedure working principles of the various stages are briefly 

described. The hardware part consist different modules.The design and calculation 

of various components used in the work including the values of the ones assumed 

too. While the software part is mainly the programming implementation on the 

Summary details of the design is shown  in the block diagram below. 

  

Fig 3.1 Block diagram of system design 
 



17 
 

3.1 DESIGN OBJECTIVE 

1) To design a system that can switch from 1 source to another in the 

absence of any of the sources 

2) To design a system that will start up generator automatically in the 

absence of the first two sources and switch load to generator 

3) To shut down the generator automatically when the mains supply is 

restored 

3.2 DESIGN CONSIDERATION 

In the construction of Arduino based quadruple auto power supply for low demand 

domestic application, a generator with the capacity of 8.25KVA should be used and 

its rating determines the ratings of the components and circuit elements to be used. 

It does not function with a faulty generating set and the generator must have a 

starter and engine stopper. 

3.2.1 COST  

In every design, cost is one of the major factors to be considered especially when 

the design is meant for consumers in a known market. In our design, the cost of the 

materials used were closely considered and well optimized without trading off their 

quality and reliability. Every component used in the design was selectively chosen 

to suit the above enlisted objectives without tampering with any of the desired 

feature of the system.  

3.2.2 AVALABILITY OF MATERIALS 

While making the choice of components to be used in the design, it is also non 

trivial to consider their availability in the market so as to ensure that the project 

design meets up with the expected time frame of its delivery, because when the 

needed components required for a design is readily available in the nearest market, 
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it reduces the lead time (i.e. the time it takes to deliver the components to the user) 

and hence reduces the overall time taken to fully actualize the project design 

3.2.3 CALCULATION FOR THE MINIMUM RATING OF RELAY TO BE USED 
IN SWITCHING LOAD 

If the controller is to be applied on a 240V/415V, 8.25KVA generator 

operating at 50Hz and a power factor of about 0.8 then, to determine rating of relay 

to be used  

Recall 

Apparent powers = 8.25 x 103 VA (8.25KVA) 

Line voltage = VL = 415V 

Phase voltage = VP = 240V 

Active power “P” = Apparent power x power factor 

                              = 8.25 x 103 x 0.8 

                              = 6.6KW 

Assuming a balanced load is being used, 

P = 3 IV cos θ 

6600 = 3 x IP x 240 x 0.8 

IP = 6600/3*240*0.8 

IP ≈ 11.4A 

The relay required will have a minimum current rating of 11.43A 

3.3 METHOD OF THE PROJECT  

The methodology adopted for the hardware development is the top-down design 

method. Here, we started by designing the system from the power supply, then the 

analog to digital conversion subsystem, we went ahead to develop the control 

system, down to the actuating /switching unit, where we connected our output 

devices, the display unit which display the current source in operation and the 

output voltages of each source and finally we added the generator start up 
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mechanism.   

The power supply unit convert the AC voltage to a DC voltage, voltage divider 

network is arranged to reduce the output voltage of the power supply so that a 

fraction of the output voltage (a voltage within the operating voltage of a 

microcontroller) will be connected to the analog input of the microcontroller. The 

signal conditioning subsystem involves the conversion of the analog signals 

gathered from the voltage divider network to their equivalent digital signal which 

is what the control system needs to execute the required control.  

The control system typically is the ATmega 328 microcontroller and the entire 

components needed to properly configure it for proper operations. The 

methodology adopted for the software development is the algorithm and flow chart 

development. The desired action expected to be performed by the control system is 

carefully represent by our control algorithm also called pseudo codes and the flow 

chart. The software implementation controls the general operation of the system. In 

this work, we used high level language C. 

3.4 HARDWARE DESIGN AND ANALYSIS 

The hardware design is made up of different modules which are; 

a) The power supply unit  

b) Measurement/sensing voltage unit 

c) Arduino board/control system 

d) Actuating/switching unit 

e) Display unit 

f) Startup generator and stop unit 
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The figure below shows the block diagram for top down design approach  

 

 
Fig 3.2 Block diagram of hardware 

3.4.1 POWER SUPPLY UNIT  

The power supply is a device that takes electrical energy and converts it from one 

form to another. A power supply is a component that supplies power to at least one 

electric load. Typically, it converts one type of electrical power to another, but it 

may also convert a different form of energy - such as solar, mechanical, or 

chemical - into electrical energy [8]. 

The power supply unit for each of the four(4) sources have a step down 

transformer.The transormer reduces the high input voltage of 240V to as low as 

12V output. It also has a bridge rectifies that converts the low A.C to an equivalent 

D.C output, though still pulsating in nature. A capacitor is connected immediately 

after the rectifies helps to reduce the A.C content bringing out a cleaner increased 

D.C output. There is a light emitting diode (LED), connected in series with a 

resistor and both in parallel with the output D.C to help indicate the process is 
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working as designed. 

 
Fig 3.3 Circuit diagram of the power supply unit 

3.4.2  MEASUREMENT/SENSING VOLTAGE UNIT 

The four different sources [utility mains, an inverter, a generator and a fuel cell] are 

connected to four different step down transformers [240/12V, 300mA]. The output 

of these four different transformers are connected to a separate bridge rectifier 

circuit and a low pass filter remove the ac voltage and ripples and are passed 

through a voltage divider network. The output is of these rectifiers are fed into four 

different analog input pins of the Arduino board (A0-A3). 

The analog pins of the Arduino Uno have 6 analog inputs, labeled A0 through A5, 

each of which provide 10 bits of resolution (i.e. 1024 different values). They only 

accept voltage is not greater than 5V. Where 5V marks the maximum digital output 

of 1023, in this implementation, the voltage divider network, which comprises of 

resistors, is used to reduce the output voltage from the rectifier from 12V to 2.5V. 
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So that during abnormal condition when the voltage may exceed 240V, but less 

than 290V the Arduino should still be able to measure voltage without taking 

damage. The capacitor serves to filter the pulsating DC output of the rectifier to 

give a smaller DC voltage. 

The input voltage from the divider network is connected to the analog input pin of 

the Arduino. By so doing we can measure voltage and the Arduino can perform its 

task according to the code and our priority for switching. The code is a loop it 

checks for voltage at all time at the different analog input pins and if these voltage 

meets the set condition it sends a signal to the digital pin to perform the appropriate 

switching operation.  

The Figure 3.3 below shows the circuit diagram for the input voltage measurement. 

Fig 3.4 Circuit diagram of measurement/sensing voltage unit 
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3.4.3  ARDUINO BOARD/CONTROL SYSTEM 

Arduino is a small circuit board having a micro controller on it. It is capable of 

taking digital and analog inputs as well as generating digital and analog outputs. 

The microcontroller on the board is Atmel ATmega328 microcontroller. 

AtmelATmega328 microcontroller operates at 5 V with 2Kb of RAM, 32 Kb of 

flash memory for storing programs and 1 Kb of EEPROM for storing parameters. 

The clock speed is 16 MHz, which translates to about executing about 300,000 

lines of C source code per second. The board has 14 digital I/O pins and 6 analog 

input pins. There is a USB connector for talking to the host computer and a DC 

power jack for connecting an external 6-20 V power source, for example a 9 V 

battery, when running a program while not connected to the host computer[4] 

 
Fig 3.5: The general purpose Arduino Uno prototyping board. 
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TABLE 3.1 FEAUTURES OF ARDUINO UNO 
 

Microcontroller ATmega328 

Operating Voltage  5V 

Input Voltage (recommended) 7-12V 

Input Voltage (limits) 6-20V 

Digital I/O Pins               14 (of which 6 provide PWM output) 

Analog Input Pins 6 

DC Current per I/O Pin              40 mA 

DC Current for 3.3V Pin 50 mA 

Flash Memory                32 KB  

SRAM                2 KB 

EEPROM 1 KB 

Clock Speed 16 MHz 

INPUT AND OUTPUT 

Each of the 14 digital pins on the Arduino Uno can be used as an input or output, 

using pinMode(), digitalWrite(), and digitalRead() functions. They operate at 5 

volts. Each pin can provide or receive a maximum of 40 mA and has an internal 

pull-up resistor (disconnected by default) of 20-50 kilo Ohms [5]. 

a) Serial: pins 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) 

TTL serial data. These pins are connected to the corresponding pins of the 

ATmega8U2 USB-to-TTL Serial chip [5] 

b) PWM: 3, 5, 6, 9, 10, and 11. Provide 8-bit PWM output with the 

analogWrite() function [5]. 

c) SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI 

communication using the SPI library [5]. 

d) LED 13: There is a built-in LED connected to digital pin 13. When the pin is 

HIGH value, the LED is on, when the pin is LOW; it’s off [5]. 
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3.4.4    ACTUATING/SWITCHING  

Based on the Arduino decision, it sends a signal to the appropriate digital pin to 

switch to the correct source. The outputs of the digital pins are connected through a 

one kilo ohms resistor (1KΩ) to an NPN transistor to drive the relays to switch the 

loads. In this implementation, we use eight transistors to drive the relays; four to 

drive the relays of four different Neutral terminals of the sources and the other four 

to drive the relays of the four different live terminals of the different sources.  

These NPN transistors allow one to drive high current loads like relays which 

require more power than a microcontroller can supply or sink. The table below is 

extracted from BC547 Transistor data sheet [12]. 

 
Table 3.2 Data sheet of BC547 
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A fly back diode is connected across the coil of the relay to protect the component 

from damaging by providing a path for the current when the relay is switch off. 

Figure 3.6 shows the circuit diagram of diode protecting our component and figure 

3.7 depicts the circuit diagram of the actuating unit.  

 

Fig 3.6 Freewheeling diode to protect the transistor 
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         Fig 3.7 circuit diagram of actuating unit 

3.4.5 DISPLAY UNIT 

LIQUID CRYSTAL DISPLAY (LCD) 
Liquid crystal display was used in the display unit to show the source currently in 

use and the voltage of that source. In the implementation of this project a 16×2 

configuration was used. We get the definition of LCD from the name “Liquid 

Crystal” itself. It is actually a combination of two states of matter – the solid and 

the liquid. They have both the properties of solids and liquids and maintain their 

respective states with respect to another [8]. 

The LCDs have a parallel interface, meaning that the microcontroller has to 

manipulate several interface pins at once to control the display. The interface 

consists of the following pin[9] 

 Register select (RS) pin that controls where in the LCD's memory you're writing 

data to. You can select either the data register, which holds what goes on the 
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screen, or an instruction register, which is where the LCD's controller looks for 

instructions on what to do next.  

Read/Write (R/W) pin that selects reading mode or writing mode  

Enable pin that enables writing to the registers  

Data pins (D0 -D7). The states of these pins (high or low) are the bits that you are 

writing to a register when you write, or the values you're reading when you read.  

Display contrast pin (Vo), power supply pins (+5V and Ground)  

LED Backlight (Bklt+ and BKlt-) pins that you can use to power the LCD, 

control the display contrast, and turn on and off the LED backlight, respectively.  

 
Fig 3.8 Liquid crystal display with pin configuration 

 
 
LCD INTERPHASE WITH ARDUINO 

The Arduino has a circuit inside called an analog-to-digital converter that reads 

this changing voltage and converts it to a number between 0 and 1023. When the 

shaft is turned all the way in one direction, there are 0 volts going to the pin, and 

the input value is 0. When the shaft is turned all the way in the opposite direction, 

there are 5 volts going to the pin and the input value is 1023. In between, 

analogRead() returns a number between 0 and 1023 that is proportional to the 

amount of voltage being applied to the pin. 
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In the program below, the very first thing that you do will in the setup function is 

to begin serial communications, at 9600 bits of data per second, between your 

Arduino and your computer with the line: 

Serial.begin(9600); 

Next, in the main loop of your code, you need to establish a variable to store the 

resistance value (which will be between 0 and 1023, perfect for an int datatype() 

coming in from your potentiometer: 

int sensorValue = analogRead(A0); 

To change the values from 0-1023 to a range that corresponds to the voltage the 

pin is reading, you'll need to create another variable, a float, and do a little math. 

To scale the numbers between 0.0 and 5.0, divide 5.0 by 1023.0 and multiply that 

by sensorValue : 

float voltage = sensorValue * (5.0 / 1023.0); 

Finally, you need to print this information to your serial window as.  

You can do this with the command lcd.print() in your last line of code: 

lcd.Print(voltage); 

 The figure below shows the schematic of LCD interphase with Arduino 

 

Fig 3.9 Showing schematic diagram of interconnection of LCD with Arduino 
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3.4.6 GENERATOR STATUP AND SHUT DOWN UNIT 

When the Arduino sense power failure in both utility supply and inverter, the 

Arduino sends a signal to the base of the transistor which switches the appropriate 

relay to startup the generator.in this implementation a, bulb is intended for an 

electric motor (kick-starter), which starts an internal combustion engine that 

powers an alternator. Because the project is a prototype, this terminal is connected 

to a 12V bulb that represents a kick-starter. 

When electricity is supplied to the terminal of the bulb, the bulb light for five 

seconds, this process illustrates the fact that in a real life situation the kick starter 

cranks the combustion engine for five second and then stops. If the engine fails to 

start it repeats the process again after five seconds. The relay connection for startup 

is such that One starter wire we attached to the COM terminal, the other starter 

wire we attached to the NO (normally open) terminal. The figure below shows the 

schematics of the illustration. 

Fig 3.10 Generator start up analysis 

D
IG

IT
A

L
 (

~
P

W
M

)

A
N

A
L

O
G

 I
N

A
T

M
E

G
A

328P
-P

U
1121

~
~

~

~
~

~
m

ic
ro

c
o

n
tr

o
la

n
d

o
s.

b
lo

g
sp

o
t.

co
m

TX
RX

PD0/RXD
0

PD1/TXD
1

PD2/INT0
2

PD3/INT1
3

PD4/T0/XCK
4

PD5/T1
5

PD6/AIN0
6

PD7/AIN1
7

PB0/ICP1/CLKO
8

PB1/OC1A 9
PB2/SS/OC1B 10

PB3/MOSI/OC2A 11
PB4/MISO 12
PB5/SCK 13

AREF

PC5/ADC5/SCL
A5

PC4/ADC4/SDA
A4

PC3/ADC3
A3

PC2/ADC2
A2

PC1/ADC1
A1

PC0/ADC0
A0

RESET

DUINO1

ARDUINO UNO R3

R1

1.1K

Q1
BC547

RL1
G2RL-14B-DC12

D1
DIODE



31 
 

In the case of generator shutdown, when the utility services is restored a controller 

monitors the voltage if the voltage is above the threshold it delay for five seconds 

and then switches load to the utility and shut down the generator. The two engine 

stop (kill) wires we ran out to one of the smaller power. One kill wire we attached 

to the COM terminal, the other kill wire we attached to the NC (normally closed) 

terminal.  

The figure shows the block diagram of the hardware system. 

 

 
Fig 3.11: Overall system block diagram. 
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Fig 3.12: Overall system circuit diagram. 

 



33 
 

3.5 WORKING PRINCIPLE 

This project uses an arrangement of four different sources of supply which are 

channelized to a load so as to have an uninterrupted operation of the load. Initially 

we have given high input signal to the microcontroller, so as a result the controller 

generates a low output to activate the first relay driver which will result in the relay 

being energized and the lamp glows. When the first source is not available as a 

result of failure of supply from the first source, another supply is provided from the 

next source and the microcontroller receive high input and generates low output to 

activate the second transistor which will result in the second relay being energized 

and the lamp glows When the second source is not available as a result of failure of 

supply from the second source the supply comes from the next source and the next 

source will supply high input to the controller and which will provide low signal to 

the third relay and the lamp switches ON and When the third source is not 

available as a result of failure of supply from the third source chose next source 

now the fourth source will provide input to the microcontroller and controller 

activates the fourth relay and the load will get the supply and the lamp continues to 

glow. When all the relays are off leaving no supply to the lamp, the lamp is 

switched off. One 16 x 2 lines LCD is used to display the condition of the supply 

sources and the load on real time basis. 
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3.6 ALGORITHM 

 Initialize the variable 

 Declare the input and output part 

Set the threshold voltage 

Read the source 1 input voltage 

Compare source 1 input voltage to the threshold voltage 

If source 1 is greater than threshold voltage 

Set the output to source 1 

Else, go to source 2 

Print on LCD ‘source 1 is active’ 

Read source 2 input voltage 

Compare source 2 input voltage to the threshold voltage 

          If source 2 is greater than threshold voltage 

Set the output to source 2 

Else, go to source 3 

Print on LCD ‘source 2 is active’ 

If source 1 and 2 is not available start up generator 

Read source 3 input 

Check if source 3 is greater than threshold voltage 

Set the output to source 3 

Else, go to source 4 

Print on LCD ‘source 3 is active’ 

Read source 4 input 

Compare source 4 input voltage to the threshold voltage 

           If source 4 is greater than threshold voltage 

Set the output to source 4 

Else, repeat the loop 

Print on LCD ‘source 4 is active’ 
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3.7 FLOW CHAT 
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3.8 OPERATION AND FUNCTIONALITY OF THE PROJECT 

 The brain of the quadruple power supply controller is the microcontroller board, 

Arduino Uno that is based on the AtMega328 chip from ATMEL Inc. All 

measurement and sensing of voltage is done at the Arduino Analog Input Pins. The 

voltages of the different sources are connected to different analog input pins of the 

microcontroller. According to the code, the Arduino will actuate the appropriate 

relay for switching the load to a particular source. The digital pins of the Arduino 

are connected to the Transistor and the liquid crystal display. The transistor is used 

to energize the relay by sending signals to the input coils of the relays. The liquid 

crystal display shows the source in use. 

The output of the microcontroller is given to the Transistor this acts as a relay 

driver. Eight different transistors are used to drive up the relays. The relay which 

are used here are 12V relays. The output can be observed using lamp, socket 

extension or any appliances which is getting uninterrupted power supply from 

other source if main supply is cut off. The power supply consists of a step down 

transformer 230/12V, which steps down the voltage to 12V AC. This is converted 

to DC using a Bridge rectifier. The ripples are removed using a capacitive filter and 

it is then regulated to +5V using a voltage regulator 7805 which is required for the 

operation of the Arduino and other components.” 

Figure 3.11 shows the block diagram of the system and figure 3.12 shows the 

circuit diagram of the operation of quadruple power supply controller. 
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                                                        CHAPTER 4 

RESULTS AND DISCUSSION 

This chapter presents the test plan and test results of the whole design works that 

were carried out. After the design phase, they were tested unit by unit; module by 

module, and finally the fully integrated system test before implementation. This 

was done to see if the desired objectives were met. The design was first simulated 

using the proteus software to determine the behavior of each module before 

implementation. 

4.1 DESIGN SIMULATION 

Below are the general procedure used in this phase of testing for each system. 

a. Install the required software. 

b. Download and install plug-ins if required 

c. Download and install libraries if required 

d. Create files, solution, project or folders for each subsystem. 

e. Make window setup for preferences, if required. 

f. Start drawing or coding. 

g. Call or attach any necessary file (such as hex files) 

h. Run simulation 

i. Debug 

j. Simulate again for validation 

k. If the simulation is not satisfactory go back to step ‘i’ else continue 

l. Record result and capture test screen 

m. Make proper documentation 

4.1.1 FEATURES OF PROTEUS 

The project was design using proteus 8.0 professional software. Proteus is a 

simulation and design software tools developed by labcenter Electronics for 
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electrical and electronics circuit design.it possess 2D CAD drawing feature.it is a 

software suite containing schematic simulation as well as PCB designing [15].  

 ISIS is the software used to draw schematics and simulate the circuits in real 

time. The simulation allows human access during run time, thus providing real 

time simulation. 

 ARES  is used for PCB designing. It has the feature of viewing output in 3D 

view of the designed PCB along with components. 

 The designer can also develop 2D drawings for the product. 

4.1.2 SIMULATION PROCEDURE 
 

Step 1: Open ISIS software and select new design in File menu 

 
Fig 4.1 Proteus File Menu 

 Step 2: A dialogue box appears to save the current design. However, we are 

creating a new design file so you can click Yes or No depending on the content of 

the present file. Then a Pop-Up appears asking to select the template. It is similar 

to selecting the paper size while printing. For now select default or according to the 

layout size of the circuit 
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Fig 4.2 Proteus Default Template Select 

 Step 3: An untitled design sheet will be opened, save it according to your wish, it 

is better to create a new folder for every layout as it generates other files 

supporting your design. 

Fig 4.3 Proteus Design Sheet 
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Step 4: To select components, Click on the component mode button. 

 
Fig 4.4 Component Mode 

Step 5: Click on Pick from Libraries. It shows the categories of components 
available and a search option to enter the part name. 

 

Fig 4.5 Pick from Libraries 
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Step 6: Select the components from categories or type the part name in Keywords 

text box. 

 
Fig 4.7 Keywords Textbox 

Example shows selection of push button. Select the components accordingly. 
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Fig 4.8 Push Button Selection 

Step 7: The selected components will appear in the devices list. Select the 
component and place it in the design sheet by left-click. 

 
Fig 4.9 Component Selection 

Place all the required components and route the wires i.e., make connections. 

Either selection mode above the component mode or component mode allows 

connecting through wires. Left click from one terminal to other to make 
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connection. Double right-click on the connected wire or the component to remove 

connection or the component respectively 

Double click on the component to edit the properties of the components and click 

on Ok. 

 
Fig 4.10 Component Properties Edit 

Step 8: After connecting the circuit, click on the play button to run the simulation. 
The circuit below shows how each unit came together to form the system 

Fig 4.11 circuit diagram of the system 



44 
 

4.2 TEST PLAN:  

All the tests that were carried out were systematically done module by module and 

in blocks so as to clearly isolate any fault that may be associated with any module, 

block or unit in a subsystem or in the entire system. 

4.3 TEST RESULTS:  

The results were presented in modules and at the end of the whole modules tests, 

all the modules were assembled together to produce the desired system results. 

After the whole system design was done, it was lastly tested to ensure that the 

overall results meet their expected specifications and objectives.  

4.3.1 POWER SUPPLY UNIT TEST RESULTS  

A transformer rated 240/12V, 300mA, a bridge rectifier, a capacitor and LED 

made up the power supply unit. When the test was carried out we discovered that 

the voltage at the primary winding of the transformer was 224V and the voltage at 

the secondary side was 14.28V with a turn ratio of 15.68. This measured result 

differs from the rated value.  
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4.3.2  FULL SYSTEM TEST RESULT 
 

The entire system test result is summarized in the table below 

Table 4.1 Test result of Arduino quadruple auto power supply 
UTILITY 

MAINS 

INVETER GEN FUEL 

CELL 

LOAD LED 

 

OBSERVATION/COMMENT 

OFF OFF OFF OFF OFF OFF No supply gets to the load 

since there is public supply 

outage and the 

generator/battery are in bad 

condition  

ON  OFF OFF OFF ON OFF The load is powered through 

the utility 

OFF ON OFF OFF ON OFF Load will be powered through 

the supply from inverter 

OFF 

 

OFF ON OFF ON ON Will be powered through the 

supply from the generator and 

the led will light for 5 seconds. 

OFF OFF OFF ON ON OFF The load is supplied through 

the fuel cell 

ON ON ON ON ON OFF The load is supplied through 

the mains 
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4.4 CASING AND PACKAGING 

This project is a prototype set target, therefore set of 60 watt bulbs, A.C voltage 

powered, were connected to the output load. 

The Vero board containing the soldered components is housed inside a square 

shaped box. A Care was taken during all connections; the square box was made 

from a good quality plastic material, painted with high quality color paint. 

4.5 COST ANALYSIS OF THE PROJECT  

A rundown of the cost incurred during the project execution is given in table 4.2 

below 

The list above does not account for the components that got damaged during test, 

faulty components, and wrong orders we placed and vendors’ mistakes in 

misplacing components (sending wrong components). Due to this, we incurred 

more cost than anticipated. 
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Table 4.2 Bill of Engineering Measurements and Evaluation 
COMPONENT NUMBER Of COMPONENT RATE  AMOUNT 

TRANSFORMER 4 300 1200 

LEAD 1 800 800 

LED 8 10 80 

RELAY 11 250 2750 

VERO BOARD 4 150 600 

SMALL VERO BOARD 1 100 100 

TRANSISTORS BC547 10 70 700 

CAPACITOR 8 50 400 

RESISTORS 1Ω 8 10 80 

RESISTORS 10Ω 8 10 80 

RESISTORS 4.7Ω 6 10 60 

RESISTORS 3.3Ω 4 10 40 

RESISTORS 2Ω 8 10 80 

ARDUINO UNO 1 3000 3000 

JUMPER WIRE 4 YARDS 30 120 

BOARD 1 100 100 

DIODE 32 10 320 

BATTERY CAP 2 30 60 

BATTERY 12V 1 2000 2000 

LCD 1 800 800 

TRANSPORTATION  3500 1700 

CASING 1 2000 2000 

Cable  4yrds   

TOTAL 120  27500 
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4.6 PROBLEMS ENCOUNTERED  

No design is without a challenge, and ours was not an exception. In the course of 

the design, some difficulties were encountered while trying to meet the expected 

results and specifications.  

a) One major difficulty that was encountered in the construction of 

quadruple auto power supply for low demand domestic application was 

majorly financial constraints. 

b) The second constrain we encounter was getting generator that matches the 

specification (key starter).  

c) Lack of power supply to solder our hardware. 

4.7 LIMITATION OF THE STUDY 
In the cause of trying to cover these areas as for the project work, there are some 

problems that stunk the effectiveness of the work. 

i. Due to financial constraint we were unable to get generator that matches 

the specification of this design so we used a bulb to indicate the generator 

start up mechanism. At the absence of the first two sources, the 

microcontroller sends a signal to our led which light up for six seconds 

ii. Due to time factor we were unable to construct the project to work as 

required. 

4.8 ACHIEVEMENTS 

A design of this nature is a peculiar one, but effort was put in here to checkmate 

and avoid the effect of low voltage supply, since all other changeover devices only 

switch over to generator when the supply is absent. This design does not only 

automatically change over from one source to another, but through the intelligence 

of the programmed microcontroller, switch over to any of the sources at a time the 

supply is dangerously low. This benefit will be useful in industries whose heavy 
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and expensive A.C machines are in use. After all, low voltage supply affects the 

machine windings more than high voltages due to internal overheating 
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CHAPTER 5 

5.0 CONCLUSION AND RECOMMENDATION 

5.1  CONCLUSIONS 

We have successfully constructed Arduino based automatic power changeover with 

artificial intelligence for auto switching from conventional source to alternative 

sources and vice versa, in the event of power failure. This system has four major 

sensors; one each for the different power supply. The signal from the sensor goes 

through signal conditioning to be able to communicate with the controller. The 

microcontroller monitors the signals from all the sensors, to ascertain when public 

power fails and when power from generator comes on line 

The Quadruple power supply controller has been designed to maintain 

uninterruptable supply to a load and help man reduce the stress and loss of time 

associated with the starting of the alternative sources of supply (generator). It is 

worthy to note that this project is subject to scrutiny and further development.  

5.2 RECOMMENDATIONS 

The findings of this study when implemented will benefit all Nigerians as well as 

the government. For one thing, we recommend the government based on the 

findings of this study and conclusions drawn from it to implement this method to 

enhance or optimize the power availability to every individual, the significant of 

the recommendations are made to curb the most effective means of no breakage of 

power supply in Nigeria.  

i. Reduce the incidence of frequent power cuts and  

ii. Failure of power supply in Nigeria. 

iii. Low tariff due to the use of renewable source of power supply in 

Nigeria 

iv. I recommend that for future development, an overload protection 
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system be included. 

v.  I also recommend this project to the entire field where electricity is 

highly needed and even to the small and medium entrepreneur to 

maintain no breakdown of supply to load. 

 

5.3 FUTURE SCOPE AND ASPECT FOR WORK 

We can also implement the use of a comparator connecting to the Arduino board so 

as to compare between different voltages and frequency that are available and then 

switch over to the voltage with a better performance in a situation when all four 

sources are available since most of our equipment have a rated voltage that they 

operates on. Also with the help of the comparator, we could set the system to shot 

down any section that do not operate on low voltage whenever the available 

voltage is low in order to prevent equipment lesser than the voltage to get damage. 

We can implement GSM technology to inform the technician from which source 

power is coming. The project can be further enhanced by using other sources like 

wind power (i.e. renewable power) also and then taking into consideration for 

using the best possible power whose tariff remains lowest at that moment. 
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Appendix 
/* 
  AnalogReadSerial 
  Reads an analog input on pin 0, prints the result to the serial monitor. 
  Graphical representation is available using serial plotter (Tools > Serial Plotter 
menu) 
  Attach the center pin of a potentiometer to pin A0, and the outside pins to +5V 
and ground. 
 
  This example code is in the public domain. 
   
 The circuit: 
 * LCD RS pin to digital pin 6 
 * LCD Enable pin to digital pin 7 
 * LCD D4 pin to digital pin 8 
 * LCD D5 pin to digital pin 9 
 * LCD D6 pin to digital pin 10 
 * LCD D7 pin to digital pin 11 
 * LCD R/W pin to ground 
 * LCD VSS pin to ground 
 * LCD VCC pin to 5V 
 * 10K resistor: 
 * ends to +5V and ground 
 * wiper to LCD VO pin (pin 3) 
*/ 
 
// include the library code: 
#include <LiquidCrystal.h> 
 
// initialize the library with the numbers of the interface pins 
LiquidCrystal lcd(6, 7, 8, 9, 10, 11); 
 
#define THRESH  1.0 
 
#define SRC1  A0 
#define SRC2  A1 
#define SRC3  A2 
#define SRC4  A3 
 
#define OUT1  2 
#define OUT2  3 
#define OUT3  4 
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#define OUT4  5 
 
char curr_src = 1; 
unsigned long last_check; 
 
// the setup routine runs once when you press reset: 
void setup() { 
  // initialize serial communication at 9600 bits per second: 
  Serial.begin(9600); 
  lcd.begin(16, 2); 
   
  pinMode(OUT1, OUTPUT); 
  pinMode(OUT2, OUTPUT); 
  pinMode(OUT3, OUTPUT); 
  pinMode(OUT4, OUTPUT); 
} 
 
// the loop routine runs over and over again forever: 
void loop() { 
  float src1 = analogRead(SRC1) * 5 / 1023.0;  // NEPA 
  float src2 = analogRead(SRC2) * 5 / 1023.0;  // Gen 
  float src3 = analogRead(SRC3) * 5 / 1023.0;  // inv 
  float src4 = analogRead(SRC4) * 5 / 1023.0;  // inv2 
   
  // print out the value you read: 
  Serial.print(src1); Serial.print(' '); 
  Serial.print(src2); Serial.print(' '); 
  Serial.print(src3); Serial.print(' '); 
  Serial.print(src4); Serial.println(' '); 
 
  if (src1 > THRESH){ 
    if (curr_src != 1){ 
      digitalWrite(OUT1, HIGH); 
      digitalWrite(OUT2, LOW); 
      digitalWrite(OUT3, LOW); 
      digitalWrite(OUT4, LOW); 
      curr_src = 1; 
      lcd.clear(); 
      lcd.setCursor(0,0); 
      lcd.print("Source 1 active"); 
      lcd.setCursor(0,1);  
      lcd.print("Voltage: "); lcd.print(src1 * 6 * 20, 2); 
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    } 
    else { 
      lcd.setCursor(9,1);  
      lcd.print(src1 * 6 * 20, 2); 
    } 
  } 
  else if (src2 > THRESH){ 
    if (curr_src != 2){ 
      digitalWrite(OUT1, LOW); 
      digitalWrite(OUT2, HIGH); 
      digitalWrite(OUT3, LOW); 
      digitalWrite(OUT4, LOW); 
      curr_src = 2; 
      lcd.clear(); 
      lcd.setCursor(0,0); 
      lcd.print("Source 2 active"); 
      lcd.setCursor(0,1);  
      lcd.print("Voltage: "); lcd.print(src2 * 6 * 20, 2); 
    } 
    else { 
      lcd.setCursor(9,1);  
      lcd.print(src2 * 6 * 20, 2); 
    }       
  } 
  else if (src3 > THRESH){ 
    if (curr_src != 3){ 
      digitalWrite(OUT1, LOW); 
      digitalWrite(OUT2, LOW); 
      digitalWrite(OUT3, HIGH); 
      digitalWrite(OUT4, LOW); 
      curr_src = 3; 
      lcd.clear(); 
      lcd.setCursor(0,0); 
      lcd.print("Source 3 active"); 
      lcd.setCursor(0,1);  
      lcd.print("Voltage: "); lcd.print(src3 * 6 * 20, 2); 
    } 
    else { 
      lcd.setCursor(9,1);  
      lcd.print(src3 * 6 * 20, 2); 
    } 
  } 
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  else if (src4 > THRESH){ 
    if (curr_src != 4){ 
      digitalWrite(OUT1, LOW); 
      digitalWrite(OUT2, LOW); 
      digitalWrite(OUT3, LOW); 
      digitalWrite(OUT4, HIGH); 
      curr_src = 4; 
      lcd.clear(); 
      lcd.setCursor(0,0); 
      lcd.print("Source 4 active"); 
      lcd.setCursor(0,1);  
      lcd.print("Voltage: "); lcd.print(src4 * 6 * 20, 2); 
    } 
    else { 
      lcd.setCursor(9,1);  
      lcd.print(src4 * 6 * 20, 2); 
    } 
  } 
  delay(1000);        // delay in between reads for stability 
} 
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