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the overall temperature of the office however, it is simply energy inefficient as well as
expensive to leave all the appliances on all the time as the amount of people vary and
so too does the need for said appliances to be on throughout the day. This work
addresses the problems mentioned above by implementing an environmental
preference learning algorithm coupled with a system which can be deployed to control
and received feedback of any electrical appliances from a distance via Bluetooth. For
this purpose, we used the appliance preference patterns exhibit by people
corresponding to the room temperature as well as number of people in the room the
time as the learning data and subsequently use it to determine what appliance should
be on or off at any given time and condition so that the preferred room temperature
as well as optimum room comfort level can be achieved.
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1. Introduction

Energy conservation is an emerging issue or topic for humanity as the backlash from our past and
current over reliance on fossil fuel. This reliance is starting to show its ugly side in the form of global
warming to rising sea levels. There are many type of renewable sources research such as solar
thermal, wind, water, heat (peltier systems) [1-3] and lightning [4] aimed to solve said issue.
However, replacing our current dependencies on fossil fuel would not only take a while but also be
difficult due to the currently low energy output from renewable sources comparatively. In addition
to that due to currently high energy consumption rate, it would require a larger space dedicated for
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energy generation just to match the current energy output that is being generated today not to
mention the cost for said infrastructure. According to Mohd Firdaus et al., [20] discuss about
economic potential and benefit of photovoltaic (PV) potential in terms of financial ability, time of
investment and risk involved in South East Asia [5].

With that said, the best thing that can be done now would be to instead reduce the power
consumption pre-capital so that we can start the process of changing our dependency from non-
renewable to renewable energies and the place that should start would be by conserving energy used
for air-conditioning may it be for residential, commercial or industrial units. This is because it was
found in a previous study that approximately 60% of all energy generated globally is used for
residential, commercial and industrial purposes and half of it is used specifically for space heating
and cooling only whereas a good 30% of it is ineffective and unnecessary [6-8]. Hence it would be
safe to assume that a reduction in energy consumption within this division itself would be able to
reduce the overall energy consumption by a significant amount.

Energy on the other hand is constantly being wasted with the way air-conditioning is being used
in a room or building where it is often left on at full blast (24 degrees Celsius or lower) all day [6]
regardless of the amount of the quantity of people in the room as often times the when there is a
large quantity of people in the room that it is valid to turn the air conditioning on at full blast to
compensate for the additional heat exuberated by the people however when there’s only one or two
individuals in the room, having the air conditioning on at full blast is not only costing the company
money due to its unnecessary power consumption but also becomes downright uncomfortably cold
for the people inthe room as there’s no longer a significant amount of heat exuberated from “bodies”
for the air conditioning to offset. On cost alone, an air-conditioner at full blast (18°C or lower) is
estimated to cost RM1.20 an hour just to maintain the temperature of the room the size of 36 sqm
and from a study made by Hua Xianzhe, it can be assume that the fine tune control of the
temperature output from the air-conditioning unit can greatly reduce energy consumption [9].
Now, with that said it is also worth noting that humanity has become accustom to a certain level of
convenience such as having a nice cooling environment to live and work in as of such merely
removing said cooling element would not be a viable option as it would directly affect the quality of
work as well as quality of life of the employee themselves [10, 11]. There are numerous ideas to solve
this issue among which are the heatsink design research for solving optimum thermal problem [13-
16]. Another idea would be to connect all existing heating and cooling elements within the room
using the internet of things [12]. Mapping out the possible heat transfer interaction between itself
and its surroundings so that an automated system can automatically can optimally determine the
appliances. Subsequently the system would need to be able to turn on or off automatically so that
optimum temperature for thermal comfort can be achieve [17, 18] at any given time of the day or
whenever it should be on in the first place i.e. presence of people in the room hence indirectly
reducing the amount of energy consumption.

In this paper, we present an algorithm coupled with a system that can connect multiple heating
and cooling devices together to a system mainframe using Arduino Uno coupled with HC-05 and HC-
06 Bluetooth transmitters and receivers. The algorithm which is programmed to the mainframe will
then register each individual device automatically run a temperature regulation function via turning
on and off from the list of heating/cooling devices that has been registered. In the process of
regulation, it will also continuous learn from the various input of the user may it be turning the fan,
air conditioning unit or the heater in comparison with the current room temperature as well as the
number of people that are present in the room to determine whenever to increase the preferred
temperature of decrease the preferred temperature for future references.
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2. Methodology

The project as mentioned previously consist of 3 parts which is the hardware which
accommodates the function, the learning function and the algorithm itself. The algorithm is the
function which determines the optimum configuration of what appliances that needs to be turned
on at any given time to achieve the desired temperature or whenever to turn all the appliances off
because there is nobody in the room for a long time as seen in Figure 1.

—— People present

— No People

Fig. 1. Expected algorithm operation

The 2nd part deals with the learning function whose goal is to determine what is the desired
temperature or fine tune said temperature as well as determine what neutral elements should be
turned on or off with consideration to the current room temperature as well as the quantity of people
in the room. To do this, we run an interrupt sub routine that is prodded when data is being received
from the heating, cooling or neutral devices. The routine will take into consideration its current mode
of operation and determine whenever if the abrupt turning on or off of heating/cooling appliances is
indicative of the user wanting it to heat up or cool down faster or if the user would prefer the overall
temperature to be hotter or cooler compared to the preferred temperature. In this event, the
temperature that was keyed into the remote was recorded and average up using the following
formula

Td(old) + Tmanual input

Td(new) = 2 (1)

Neutral devices such as fans whom does not affect the temperature of the house will on the other
hand will have its operational frequencies recorded to the condition chart of the program so that
during said conditions are true then the specific neutral devices will turn on or off i.e if the user
frequently turns the fan off when the temperature is at preferred temperature then in the following
iterations when preferred temperature is achieve the fan will automatically turn off.

The last part deals with the hardware implementation. To implement said system, an Arduino
UNO was used as the microcontroller. Said microcontroller would then be connected to HC-05 and
multiple HC-06 Bluetooth module to facilitate the transfer of data from the main controller hosting
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the algorithm to the slave controller which turns the appliances on or off or to relay information back
to the main controller such as indoor and outdoor temperature or presence of people without the
need of a vast array of wires sprawling throughout the room as seem in figure 2. Arduino’s ability to
read voltage levels allows for a method to control the AC frequency value via computations [19],
furthermore, with minor additions of either cameras or motion sensor the Arduino is more than
capable of counting the number of people in the room [20-21].

—  Bluetooth transmission

—— Local transmission

Fig. 2. Figure showing hardware communication

3. Results and Discussion

Dispersion of nanoparticles in a base fluid not only contributes to enhancement of thermal
conductivity, but also because of greater heat transfer area, superior convective heat transfer
coefficient can be achieved, which will also lead to enhancement of heat transfer. The structure of
polymer emulsion microgels system containing a certain amount of water during film-forming
process was revealed by SEM in Figure 1.

Simulation of the system’s algorithm was done in a closed room where there were temperature
sensors connected inside and outside the room. The results seen in Table 1 and 2 shows the capability
of the system to operate with a varied amount of connected devices in the efforts to maintain
temperature in the room to the preferred temperature at all times and hence reducing overall energy
consumption in the room.
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Table 1
The possible decisions made by the Al based on all possible situations
Air Cond Vent Neutral
Turn On Turn On
T>T,>T, Case A Turn Off Case D
Turn Off Turn On Turn On
T>Te>T, Case B Case D
Turn Off
Ty>T>T, Case C Turn Off Turn Off
Turn On
Ty>Ty>T4 Turn Off Case B Turn Off
Turn Off
T,>Ty>T4 Case C Turn Off Turn Off
Turn On Turn On
T,>T,>T, Case A Turn Off Case D
where,
T1 = Temperature inside the room
T2 = Temperature outside the room
Td = Desired temperature

Case A = Temperature of unit (n) is dropped. If unit (n) temp is maxed, decrease temp of the next
air conditioner unit (n+1)

Case B = If unit (n) is already on, turn on unit (n+1)

Case C = Temperature of unit (n) is increased. If unit (n) temp is maxed, then unit (n) is turned off
and temp of unit (n+1) is increased

Case D = When all know unit is already on and maxed out or if there is no air conditioner unit

Table 2
Table showing all possible outcome from the learning input corresponding to the mode
Condition Manual Action T ae01a) Tamew) Explanation
Case 1 24 No change
T>T,>T, Case 2 24°C 27 Temp up
Case 3 27 Temp up
Case 1 24 No change
T>Ty;>T, Case 2 24°C 27 Temp up
Case 3 27 Temp up
Case 1 21 Temp drop
T,;>T>T, Case 2 24°C 24 No change
Case 3 24 No change
Case 1 21 Temp drop
T.>Ty>Tq Case 2 24°C 24 No change
Case 3 24 No change
Case 1 21 Temp drop
T,>Ty>Tq Case 2 24°C 24 No change
Case 3 24 No change
Case 1 24 No change
T,>T>T, Case 2 24°C 27 Temp up
Case 3 27 Temp up
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where,

Case 1 = Set air conditioner to a lower temperature setting than the current preset (18°C)
Case 2 = Set air conditioner to a higher temperature setting than the current preset (30°C)
Case 3 = Turn off air conditioner

Taold) = Original default preferred temperature

Tanew) = Preferred temperature after undergoing learning alteration

Next, we ran a simple simulation with the assumptions that the presence of a person would
increase the room temperature by 0.5 °C, and every 1 °C increment in the air conditioner will reduce
the power consumption by 5% [9] and the preferred temperature was preset to 24°C. The system
will run in accordance to the developed decision matrix that is seen in Table 1 where the temperature
is increased or decreased by units of 0.5 °C in correspondent to the increase in temperature exuded
by a person. The experiment is done to see the possible power consumption with said system
compared to without said system using UTeM Air Conditioning policy which turns the appliances at
full blast (19°C) from 9 to 5 as a reference without taking into account external effects to the
temperature within the room. The number of people in the room was deduce base on the average
usage of the common room in the faculty of electrical engineering for the University Teknikal
Malaysia Melaka throughout the day and can be seenin Fig. 3. The temperature of the room without
the air conditioner was obtained from the temperature records of Malacca throughout August 2017
which averaged the temperature at 6am — 12pm to be 25°C and temperature at 6pm — 12am to be
30°C. The simulated results temperature of the room with and without the system can be seen in
figure 3 whereas the resulting difference in power consumption can be seen in Figure 4.

From the graph in Figure 3, by using the system the temperature of the room through the day
can be maintained at 24°C via reduction and increment of temperature setting corresponding to the
number of people in the room as long as the amount of heat exuberated by the people does not
exceed the cooling capabilities of the air conditioner at which point the temperature of the room
would increase regardless.

35
e Temperature Outcome
30 Without System °C
o 25 T
s J\ e Temperature Outcome
ot ; With System °C
5 20 —
©
g 15 Temperature setting
I with system °C
[}
10
e Temperature setting
5 without system °C
0

e \umber of People
7 8 9 10 11 12 13 14 15 16 17 18 19

Time of the day (hour)

Fig. 3. Figure showing the comparative outcome of temperature setting and room
temperature base on the number of people in the room between with and without system
implementation
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Fig. 4. Figure showing the simulated power consumption in the room between the
application with and without the system

Power consumption can be calculated by getting the difference between temperature setting
and multiplying it by 5% in correspondent to the reduction of energy consumption per °C . It is
evidently from Figure 4 the system will always conserve energy in comparison to a room without the
system as long as the heat exuberated by the number of people does not exceed the cooling
capabilities of the air conditioning unit.

Lastly, we tested the learning capabilities of the system by monitoring the value of preferred
temperature (Tq4) using the same simulation method when there is a manual increasing or
decreasing the temperature setting or turning off the air conditioning system all together assuming
there are people in the room and the temperature inside the room (T1) already takes into
consideration the heat exuberated by the people.

4, Conclusion

From this project, it is now shown that a method to connect a varied amount of device to a central
system easily as well as controlling all of said devices with a singular goal of maintaining the overall
room temperature in an effort to reduce the energy consumption of the room can and has been
accomplish.

Furthermore, the designed algorithm when utilizing the system mention is more than capable in
significantly reducing the energy consumption when comparing the power consumption for UTeM'’s
air conditioning policy which turns the central air Cond at maximum at 9am and turns it off at 5pm
the total watt consumption of the day would be total up into an estimate of 9000 watts whereas
when implementing the designed system, because the air Cond output was changed based on the
amount of people present we are able to reduce the consumption to an estimate of 7725 watts which
is a 14.1% reduction in energy consumption.

Lastly, with integration of a learning program, the algorithm becomes more than capable of
personalizing its temperature control in accordance to the preference of the user by monitoring his
manual input to the cooling devices and cross referencing them with the current operational mode
of the algorithm at the moment.

For future works, extension of the learning algorithm to encompass the neutral devices such as
fan or vents should be looked into. Besides that, actual implementation of this work should be done
in order to validate the simulation results which has been obtained above for the designed system.
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