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Abstract: Convenience, Comfort and Conservation are three undeniable products of Home Automation and Smart Home
benefits. To this end, this work aimed to design, construct and implement a Cheap Air Conditional (AC) Automation System
that schedules automatically when it should be ON or OFF based on the prevailing ambient temperature. Methods of
Electrical/Electronic design and constructions were employed. The Sensor and Switching units were separately designed,
constructed using electronic components and tested before and after casing. This system helps in making switching AC
convenient for home owners/occupants by removing manual switching and at the same time improving comfort. Another
benefit of this system is its ability to conserve energy by automatically switching off the AC when it senses it should not be on.
It was evident - from the result- that this system can sense/detect the ambient temperature and switch on/off the AC.
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1. Introduction

Imagining a summer without Air-Conditioner (AC) is like
seeing in your mind's eye a world without Global System for
Mobile communications (GSM). There were certainly other
ways by which people try to outsmart the weather before
Willis Carrier’s invention came to the rescue at the dawn of
the 20th century. During a third-century summer, the
eccentric Roman Emperor Elagabalus sent 1,000 slaves to the
mountains to fetch snow for his gardens. And, fans — be
they electric gadgets or palm leaves wielded by servants —
helped create their share of faux wind. But it was AC that
truly signified the onset of man-made weather by both
cooling air and controlling humidity.

Early home automation began with labor-saving machines.
Self-contained electric or gas powered home appliances
became viable in the 1900s with the introduction of electric
power distribution [1] and led to the introduction of washing
machines (1904), water heaters (1889), refrigerators, sewing
machines, dishwashers, and clothes dryers.

Home automation or smart home is the residential
extension of building automation and involves the control
and automation of lighting, Heating (such as smart
thermostats ), Ventilation, Air-Conditioning (HVAC) and

security, as well as home appliances such as washer/dryers,
ovens or refrigerators/freezers that use WiFi for remote
monitoring. Heating, Air-Conditioning and Refrigeration
(HACR) is Similar to HVAC, which is the technology of
indoor and vehicular environmental comfort.

Modern systems generally consist of switches and sensors
connected to a central hub sometimes called a "gateway"
from which the system is controlled with a user interface that
is interacted either with a wall-mounted terminal, mobile
phone software, tablet computer or a web interface, often but
not always via internet cloud services.

Many authors have proposed different types of home
automation systems of diverse complexities and capabilities.
Marimuthu et. al (2006) discussed control of device using
Bluetooth and internet/wired. [2]

Another Bluetooth-based home automation paper was
authored by Piyare and Tazil (2011) where a Bluetooth based
home automation system using cell phone was proposed
which focuses on the design and implementation of a low
cost, flexible and wireless solution to the home automation.
(3]

While, Naresh et. al (2013) in their paper titled Bluetooth
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Based Home Automation and Security System Using ARM7
proposed an home automation system which describes the
approach to control various home appliances with ARM7
processor. [4]

Rana and Singh (2014). worked on the design and
implementation of an ATmega-Based embedded system
which can easily interface with the existing home appliances
and communicate with smart phone via Bluetooth using
serial interfacing. [5]

Another work by Pandya et. al (2016) proposed an

Android Based Home Automation System Using Bluetooth
and Voice Command with Internet of Thing (IoT) an home
automation system that uses Bluetooth for interaction
between the android mobile application and the appliances
under the control of the system. [6]

All these works and more are very attractive but for the
shortcomings of their complexities and ease of adaptation
and implementation and replication. And, majority of these
systems are not designed to start home appliances
automatically based on ambient condition without input from
occupants. Hence, the need for a more simpler, adaptable
Automation System that can be easily implemented and
replicated.

But for the exception of wealthy few, all these are far
beyond the reach of the general populace — for their
unaffordability — who also desire to enjoy the benefits of
automations, as all animals are presumed to be equal. Hence,
the need for the Development of Cheap Air-Conditional
Automation System that is affordable and adoptable by the
common people. This system that must perform equal
function as the ones designed for the affluents with reduced
maintenance cost is the focus of this paper.

Heating, ventilation and air conditioning (HVAC): it is
possible to have remote control of all home energy monitors
over the internet incorporating a simple and friendly user
interface [7].

Appliance control and integration with the smart grid and a
smart meter, taking advantage, for instance, of high solar
panel output in the middle of the day to run washing
machines [8-9].

Microsoft Research found in 2011, that home automation
could involve high cost of ownership, inflexibility of
interconnected devices, and poor manageability [10].
Keeping your cooling system running efficiently, saving on
energy consumption, preventing it from overworking have
always been a problem.

Prices of these high end smart devices are usually beyond
the reach of common people; this, therefore, calls for an
alternative Air-Conditioner Controller that is durable,
efficient, flexible, energy-saving and affordable.

Hence, this paper discusses the Design and Construction of
a Cheap Air-Conditional Automation system that schedules
automatically when it should be ON or OFF.

2. Theoretical Background

HVAC or HACR system design - whose goal is to provide
thermal comfort and acceptable indoor air quality - is a
combination of some sub-disciplines of Physics, based on the
principles of Thermodynamics, Fluid Mechanics and Heat
Transfer (Radiation and Convection).

3. Materials and Methods

In this work the modular approach - where the overall
design was first broken into functional block diagrams- was
employed and each block represents a functional section of
the circuit that performs a specific function, as shown in
figure 1. below and depicts the interconnection between these
blocks [11]. For this project, materials were selected
according to the requirements of each stage of the design
block diagram.

SWITCHING
CIRCUITRY

AMPLIFIER
CIRCUITRY

SENSOR

POWER CIRCUITRY

Figure 1. Block Diagram.
3.1. Sensor

To sense temperature, sensors are used. A sensor is a
device that measures a physical quantity and converts it into
a signal/output which can be read by an observer or by an
instrument or other part of a system, analogous to a mercury
thermometer converts the measured temperature into
expansion and contraction of a liquid which can be read on a
calibrated glass tube. Temperature monitoring is the process
of observing or recording temperature of a system over
defined period of time.

The designing of this system begins with the selection of
proper sensors for monitoring temperature and other
electronic equipments required, among which are the
renowned 3-Pin precision Integrated Circuit (IC)
Temperature Sensor LM35 (IC1) (figure 2) which was
chosen for its sensitivity, accuracy and linearity. Linearity
defines how well over a range of temperature a sensor’s
output consistently changes. Linearity of this precision IC
Sensor is very good to 0.5°C accuracy and has wide
temperature range. Its output voltage is linearly proportional
to the Celsius (Centigrade) temperature scale. It operates
from 4 to 30 volts. Output of the ICI is 10mv/degree
centigrade.
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Figure 2. LM35 (IC 1).
3.2. Amplifier

The amplifying section of this system receives the output
from the sensor stage and improves on it, that is, strengthens
it (amplify) to a level strong enough to energies the switching
stage of the system. In this stage, a general purpose OP-AMP
Integrated Circuit (IC) was required.

An Operational Amplifier, or op-amp for short, is
fundamentally a voltage amplifying device designed to be
used with external feedback components such as resistors and
capacitors between its output and input terminals. An
Operational Amplifier is basically a three-terminal device
which consists of two high impedance inputs, one called the
Inverting Input, marked with a negative or “minus” sign, (-)
and the other one called the Non-inverting Input, marked
with a positive or “plus” sign (+) [12]. The OP AMP is a
‘Linear Amplifier’ with an amazing variety of uses. Its main
purpose is to amplify (increase) a weak signal - a little like a
Darlington Pair [13]. Hence, the choice of general purpose
OP-AMP IC - Op-amp 741- which was selected for its
versatility, availability and affordability.

The LM35 with this popular Op-amp 741 (IC 2) (figure. 3
below), wired as an inverting amplifier, is used to sense the
status of the temperature sensor IC1 which also controls a
Relay Driver that serves as the actuator that turns the AC on
or off as instructed by the control circuit as depicted by figure
1 above.

Normally, when the temperature is above a set value
(trigger) voltage on pin 2 of IC 2 which is set by using preset
or potentiometer. So, the comparator output (at pin 6) of IC 2
goes high and the relay driver triggered the relay to supply
mains power to the AC. Conversely, when the temperature is
the below trigger voltage, comparator output goes low,
thereby, de-energiesing the switching circuitry and
disconnecting the AC from power.

Discussion on power supply to the circuits is omitted as it
could be operated off the mains supply using a standard ac
mains adaptor (100mA at 9V) or using a traditional
capacitive voltage divider assembly.

Offset Null Not Connected (NC)
Inverting () V+ (Power)
Non-lnverting (+) Output
(Power) I/ Offset Null
Figure 3. IC 741 (IC2).
4. Results

The system was constructed according to the diagrams
above and was tested by exposing the sensor to a source of
heat thereby increasing its surrounding temperature above a
predetermined level, at this instance the AC automatically
switched on and remained at this state as long as heat source
was present. The source of heat was later withdrawn and this
resulted in the AC switching off automatically after some
times. These signified changes in the surrounding
temperature and the system’s ability to switch ON or OFF
AC automatically.

5. Discussion

Thus far, it has been shown; from the results; that the
constructed system was able to schedules automatically when
it should be ON or OFF based on the prevailing ambient
temperature thereby making life and living convenient for
people by making switching AC convenient for home
owners/occupants by eliminating manual switching and at the
same time improving his/her comfort with an added
advantage of its ability to conserve energy.

6. Conclusions

In conclusion, however, the aim of this project which was
to design and construct a Cheap AC Automation system was
achieved. The system was an impressible product that can
replace the old fashioned-manual- method of activating and
deactivating AC and a cheaper alternative to the highly
expensive ones. The system can be used for both indoor and
outdoor cooling system. It is a very sensitive system/device
that is always ready to switch an AC on or off depending on
the prevailing temperature of the surroundings. The
uniqueness of this project is that, it is sensitive, portable,
durable, efficient, flexible and energy-saving. These make it
stand out and it is affordable.

Hence, the Cheap AC Automation system is capable of
scheduling automatically when it should be ON or OFF.
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