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Abstract

For a society to develop, individual needs to focus on solving specific problems and this can only be achieved
through application of knowledge. Capacity building involves acquisition of relevant knowledge, skills and
resources for the attainment of greater outcomes. Preserving electricity has become progressively significant as
energy rates and shortages have increased. This research focused on the design and implementation an electrical
power wastage manager as an enhancer for human capacity building. Individual could be developed
technologically with the required knowledge and skills provided in this paper, thereby making them employers
of labour in the development of controlling devices. The wastage of electrical power cannot be ignored in homes
and offices as many lighting bulbs, street-lights, electrical fans are always ON even when not in use. One of the
principal problems is attitude to always ON these electrical appliances when needed and OFF when not in use.
In the ideal case, the electrical appliances should be switched OFF when not in use, but the real case in the
society showed that electrical appliances such as electric bulbs and fans are always ON from the morning to the
night thereby causing electrical power wastage. Humans are prone to forget things easily. The society is
characterized with electrical power wastage. However, the motivation for this research was to curtail the
electrical power wastage and reduce high cost of electricity. This research was designed to control ON and OFF
time of any electrical appliance connected to its output. The objective of this research was to control the ON and
OFF state/time of an electric bulb. The design included a microcontroller (LPC3200) that was programmed to
achieve the timing operation; Liquid Crystal Display (LCD) displayed the t,,(Time ON) and the ty(Time OFF);
four buttons were used to set the hour and the minutes; and the relay was activated whenever the time set
elapses, causing the load (electrical appliance) connected to its output to be energized/dis-energized
automatically. The developed system accommodated five timing plans for each day in a week. A time of 16:30
in GMT was set to test the ON switching. An electric bulb connected to the developed system was activated at
exactly 16:30. Also, a time 18:46 was set to de-activate the already ON electric bulb. The electric bulb was
switched OFF at exactly 18:46.
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INTRODUCTION knowledge of science, engineering, and technology.
A timing switch is an electronic device that controls Therefore, individual needs to be equipped with
the connection and disconnection of electrical relevant information and skills towards technological

appliances based on pre-set time. A timing switch is development. The steps by steps procedures on how
paramount in areas where the measurement of time is to design and implement a timing control switch
fundamental to successful operation without  towards capacity building are provided in this paper.
unpredictable human input (Jonathan & Umar, 2008). The uniqueness of this design, power wastage
It is quite evident that for proper organization, events manager (PWM) using LPC3200 microcontroller was
should be done in specific time (Morgan, 2009). to switch ON an initially OFF electrical appliance
and at the same time switch OFF initially ON
A good timing switch is tasked to activate ON or appliance connected to its output after a pre-set time.
OFF an event at a pre-defined time. It is quite useful
in everyday life. Some advanced electronic timing The design of this research involved two fundamental
switches are commonly used for military purposes. A aspects of computer technology; the software design,
timing switch is of great importance in microwave and the hardware design. It was designed around a
ovens, computer systems, school laboratory microcontroller chip (LPC3200). This was a timer
experiments, electrical heaters, to mention but a few. that gives adjustable timing controls of appliances’
Every individual needs not absolutely rely on operations. The developed design was an automatic
government to economically survived. The place of switch that turned an AC load ON or OFF with pre-
capacity  building  opportunities in  science, set time and it was programmed using C
engineering, and technology cannot be ignored. programming language.
Human could be developed through the benefits and
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According to Salako (2017), C programming
language as one of high-level programming
languages, has now become a widely used

professional language for various beneficial values.
These values include easy to learn and write, use
English-like words and symbols, structured language
that is problem oriented, it produces -efficient
programs, it can handle low and high-level activities
and it can be compiled on a variety of computer
platforms. The developed system was relatively
cheap, reliable and easy to operate when comparing
to power wastage and cost of electricity in our
society. The developed system accommodated five
timing plans for each day in a week.

Problem Statement

Education has been recognized globally as one of the
universal ways of survival and improvement of the
well-being of individuals and society. To achieve
educational objectives, students are expected to
acquire practical knowledge in their various fields of
study particularly science, engineering and
technology. This leads to building of various
laboratories for experiments. Apart from lighting the
laboratories, many departments’ laboratories have
different  electrical  appliances  for  various
experiments. The use of electrical appliance in the
laboratories to cause reaction between two or more
reagents in Chemistry in the laboratory has been a
welcomed choice to reduce expenses on fuelling
stoves or filling gas cylinder. However, the damages
or injuries cause by fire as a result of commonly and
inevitable human error of forgetting to switch OFF
electrical appliances after use cannot be over-
emphasized.

The forgetfulness of laboratory and government
officers to leave the electrical appliances such as fans,
air-conditioning (AC), refrigerators, television set,
radio set ON after closing hours has cost many
organisations billions of money to fire incidence and
many relevant and valuable documents have been
destroyed. The society is characterized with electrical
power wastage as many lighting bulbs, street-lights,
electrical fans are always ON even when not needed.
This poor culture has contributed to high level of
power wastage, thereby resulting to shortage of
power supply. The ideal case is to switch OFF
appliances when not in use and the real case as
observed in the society, electrical appliances such as
electric bulbs and fans are always ON even when not
in use.

It is on these identified problems that this research
was focused on the development of a power wastage
manager (PWM) using LPC3200 microcontroller.
The PWM has the capability to control the ON and
OFF states of any electrical appliance connected to its
output based on the pre-set time.
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Justification of the Research

The world has developed technologically with
numerous benefits of electronics to achieve specific
objectives. This research would help:

1. Enhancement of creativities in design and
implementation of controlling devices,

2. Enhancement of human capacity building,
thereby  solving  the  problem  of
unemployment,

3. It solves the problem of electrical power
wastage, and

4. It saves the cost of electricity bill payment

by powering the appliances OFF when not in
use.

Objective of the Research

The aim of this research was to control the ON and
OFF time of any electrical appliance connected to its
output. Specifically, the objective of this research
was to control the ON and OFF state/time of an
electric bulb.

LITERATURE REVIEW

Kingsley and Emmanuel (2017) designed and
developed a mobile phone-based home and office
appliances remote switching system. This was borne
out of the desire to minimize accidents and prevent
damage to electrical appliances as a result of not
switching off electrical appliances such as pressing
iron, electric heater, etc, which can result in fire
incidence and damage. The system provided an easy
way of turning on and off electrical appliances with
its attendant safety. The access control is achieved by
sending a dual-tone multi-frequency (DTMF) code
from the user mobile phone to the device mobile
phone receiver. The received DTMF code is then
decoded by the DTMF decoder which interfaced with
a microcontroller to process the signal and control the
appliance with the aid of a relay. The system of
Kingsley and Emmanuel (2017) saved time used in
switching ON or OFF the electrical appliances
manually since the electrical appliance could be
controlled from the remote system. This design is
prone to bad signal from network providers and
uncharged mobile phones cannot be used to remotely
operate the system. However, the operation of the
proposed system will not make use of mobile phone.
Therefore, problems of charging phone’s battery and
bad signals from network operators are solved in the
proposed switching system (PWM).

In system, Chintha, Benny, Vijaylaxmi, Varsha and
Prasad (2017) designed and built a circuit which
mainly met the requirement of controlling the house
appliances through any remote control device that
was portable in the periphery of the room. The
system was developed around a microcontroller
(89C52) and IR remote transmitter. The developed
system was able to control a load of excessive energy
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from remote area. A password to operate the system
was also included. However, missing the remote
control and obstruction of signal were identified as
problems to this design. Also, if the users could not
remember the password, how to control the electrical
load and prevent electrical power wastage becomes a
problem. However, this new design (PWM) has the
capability to store the pre-set time in an LPC3200
memory, and there is no problem of signal
obstruction.

In Aditi, Priyanka, Kanchan and Shital (2017), a
switching system was developed. The aim was to
control electrical home appliances like fan, electric
bulb using a PIC18F2550 microcontroller and
Adafruit TPA2012 (audio amplifier) was used to
receive input command from the users through a
handclapto control the electrical appliance. The
developed system was able to control electrical
appliance. What happen when the user forgets to clap
hands for controlling? This implies that the electrical
appliance remains ON whenever the user forgets to
clap hands to switch OFF after use. Also,
PIC18F2550 microcontroller consumes more power
and generates more heat than the LPC3200
microcontroller. However, the developed switching
system would not require a handclap rather it will
operate the electrical appliance based on the pre-set
ON and OFF time.

According to Niti and Pongpon (2017), energy
consumption especially electricity was considered
one of the most serious problems in households these
days. It was because the amount of electricity
consumed was more than the amount people actually
need. This meant that there was an overuse of
electricity which resulted from the inconvenience of
moving to the switch to turn off the lighting point or
any appliances and it was often that closing the light

User’s Buttons
Units

A 4
Digit Switch
Unit

h 4
Digit Display
Unit

Controller Unit

Fig. 1: PWM functional diagram

Power Supply Unit
This unit supplied the regulated voltage to energize
the microcontroller and other components. It has two

was forgettable. Niti and Pongpon (2017) developed
a switching device to turn appliances ON and OFF
through the Internet on smart devices such as smart
phones and tablets. The results indicated that the
system was very effective with an uninterrupted
connection. However, the system is ineffective where
there is Internet connectivity problems and is not cost
effective as smart phones are not cheap. The new
developed system was cheaper than Niti and Pongpon
(2017) system as Internet connection would not be
required.

Abu, Fida, Manirul and Mohiuddin (2012) designed a
microcontroller based infra-red (IR) control of home
appliances. The device was able to control a load of
high power rating from remote area. Also, any
appliance could be made password protected through
this design. However, missing of remote control and
obstruction of signal were identified as problems to
this design. Also, if the users could not remember the
password, how to control the electrical load and
prevent electrical power wastage becomes a problem.
However, this new design (PWM) had the capability
to store the pre-set time in an LPC3200 memory, and
there was no problem of signal obstruction. The
developed system accommodated five timing plans
for each day in a week.

METHODOLOGY OF THE RESEARCH

The design of this research was fundamentally
divided into two categories: hardware design and
software development.

Hardware Design

The power wastage manager (PWM)has six (6)
functional units: the power supply unit, controller
unit, the digit display unit, digit switch unit, user’s
buttons unit and the activation unit.

Activation Unit Electrical

Load

Power Supply
Unit

supplies i.e. the AC supply and the DC power supply
from the battery. The battery acted as power backup
for the AC supply, in case there is a failure from the
main source, (i.e. PHCN). The time settings made by
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the users were secured and protected from lost by
constant supply of power from the back-up battery to
the memory of LPC3200 chip. The conventional DC
power source was achieved from the main source by
converting the AC to DC. The process of converting

L

AC
source
(PHCN)

N

Fig. 2: A regulated power supply

Controller Unit

All signals flow IN and OUT of the unit as they were
early shown in the figure 1 (functional diagram).The
unit stored the instructions/codes (programs),
coordinated the electrical activities of sub-circuits,
thus; it operated the relay in the activation unit and
sent the corresponding timing setting to the output
display for visual understanding.

Reset Circuitry

A reset circuitry consisted of resistor and capacitor
connected in parallel via RST of the microchip. The
connection above reset the microchip automatically
when booting. However to get a reset time less than
one (1) second the value of resistor and capacitor
were carefully selected. R=6.8K and C = 10yF,
Reset Time Tg=RC

6.8 X 109 x 10 x 107¢

= 68ms

Oscillator

The LPC3200 operated based on the external crystal
connected to its XI and X2 as shown in figure 5.
Effectively, the chip also operated on what are called
“machine cycles”. A machine cycle is the minimum
amount of time in which a single 8051 cycle can be
executed per second by the microchip?

Number of single instruction per second (NSCI) =
Crystal frequency

Mumber of cycle

For 1 cycle, 12 pulses.
12,000,000
NSCl=———

12
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AC voltage to DC Voltage was called rectification
and was accomplished in this research with the help
of: Transformer, Rectifier, Filter and Voltage
Regulator.

Battery
(4.5V)

i

1N4148 X2

This meant that the LPC3200 could execute 1M
single-cycle instruction per second. For 2-cycles
instruction, the microchip would execute 500,000
instruction/ second. The advantages of crystal include
synchronizes the operation of the chip at a fixed
frequency, excellent frequency stability and better
frequency control over other clocking devises e.g.
555 Timer.

Digit Display Unit

The unit provided a digitalized “readout”. This unit
displayed the ON or OFF time. It comprised of liquid
crystal display (LCD). Any adjustment in time setting
was displayed for user to see and confirm.

Digit Switch Unit

The unit supplied and controlled the current from the
microcontroller chip to the digit display unit,
amplified the voltage and provided a better transfer
characteristic function between the microcontroller
and the display unit. This helped the digital display
unit to increase its driving capabilities.

User Buttons Unit

The setting and adjustment of time for appliance
operation were carried out in this unit. It comprised
of four switches, each switch with a specific function.
It gave room for changing in time setting as desired
by the user. The pre-set timing operation could be
switched (interrupted) OFF/ ON manually in this
unit. In addition, a five-plan could be made with the
developed system. The users were provided with the
option to interchangeably switch ON and OFF as
desired in every day (Monday to Sunday). The



Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 10(5):212-218 (ISSN: 2141-7016)

developed system accommodated five timing plans
for each day in a week.

Activation Unit

The unit had a relay as “master controller” that
caused any electrical load connected to its terminals
to be activated or de-activated. A pulse generated by
the microcontroller from its output pin (p3.7)
determined if the relay was to be energized or de-
energized as instructed by the programs/codes and
the time settings. This unit of the design was the
output port of the microchip, where the load was
connected and controlled. Transistors were used to
switch the very small current from pin P3.7 to the
relay. Signal from the chip was inverted by the
transistor configured as common emitter so that the
relay can be energized.

GND

P3.7 2N2907

CcoM

R, =400 Ohms l NO

+5V

Fig. 3: Arelay driver

To energize the relay,
Vee — IR, — V; = 0 (Where R,is relay coil

resistance)
Ve Vee — IcRe

Thus,
Veg = Ve — IR, — Vg

Vee = Ve — IR (IgRg = Vg

_ﬂj

r

=5-—4.9970x 0.4

=3.0012v
From Vg = Ve — IR,

At saturation; Vce= 0;

ICI:BEII:I = W = 12.50mAa
At cut-off; I = 0;
0= 32— vﬂE(Cut—nFﬂl

0.4

= Vegicut—oft) = Vec = 5V

Therefore, to energize the relay, Ics is the required
current. The load line graph is showing below. Where
Q (3.0012V, 4.9970mA) was the quiescent point. The
point represented the values of I and Vgthat existed
in the transistor when no input signal was applied.

Ic@ma)
A

12.5 531\“6“0“

4.9970

L
3.0012

Fig. 4: The Load Line Graph of Relay Transistor
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Figure 5 shows the circuit diagram of the research
work. To design and implement the power supply
unit, the total current required was calculated. The
current I, required by the microchip as specified by
the manufacturer was 20mA. Taking into account the
current required by the Digit Display, Activation and
Controller units, the total current I+ required by the
PWM circuit was calculated as:

Ir= IS(max) + IC(sat)+ Ichip

=(693.08 + 12.5 + 20)Ma = 725.58mA

Easily Applicable Graphical Layout Editor (EAGLE)
5.12 was used to design the circuit, TINA Simulator

-

was used to simulate the design and all the electronic
components were assembled and soldered.

Software Development

The operations of PWM was programmed in C-
language. The C-codes was edited using LPC3200
Crimson Language Editor. The edited codes was
transferred into Small Device C Compiler (SDCC) to
compile the source codes into HEX CODES needed
by the microcontroller for proper execution. The
HEX Codes were successfully transferred into the
memory of LPC3200 microcontroller.

Fig. 6: Engaging students for skills acuisitin in development of PWM

EXPERIMENTAL RESULTS

The developed system was tested, the experimental results and few snapshots are presented below.

Fig. 7: Screenshots of the developed system

Table I: Testing and results

Test  Testevent
case

Description of test

Expected outcome/result

The LPC3200 chip activated the LCD

The LCD displayed the time set the user

01 Testing The PHCN source was disconnected to test if
back-up the back-up battery was connected to the
battery LPC3200 chip

02 Testing User  The four users buttons were tested to set the
buttons time to 12:00 and later changed to 23:34

03 ON testing
bulb
04 OFF testing
electric bulb

The time 18:30 was set to activate the electric

The time 18:46 was set to de-activate the

The electric bulb switched on at exactly
18:30

The electric bulb was switched off at
exactly 18:46
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A time of 16:30 in GMT was set to test the ON
switching. An electric bulb connected to the
developed system was activated at exactly 4:30. Also,
a time 18:46 was set to de-activate the already ON
electric bulb. The electric bulb was switched OFF at
exactly 18:46.

Limitation

This research is limited to control the ON and OFF
states of only the electrical appliances with 200-
240V, 50/60Hz and 13A specifications.

CONCLUSION

The development of society is a function of
developed individual. This research provided a
platform for individual to acquire relevant knowledge
and skills in design and implementation of a timing
control switch. The knowledge from this research
would develop individual’s technological skills
thereby solving the problem unemployment. In
addition, the limited supply of electrical power in the
society needed to be maximally managed towards
achieving development and growth in all spheres of
life. Human was created with weakness of forgetting
certain tasks at specific time. With this limitation,
human could not manage limited electrical power
thereby causing high cost of power consumption and
usage. This research was designed to automatically
control the ON and OFF time of any electrical
appliance. The developed system was tested with
electrical bulb and the findings were remarked
satisfactory. The developed system accommodated
five timing plans for each day in a week.
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