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Abstract: Remote control of electric fans by the application of
IoT technology addresses the restrictions of “push button”
controlsthat are usual in conventional fans. This paper explainsa
new control method for air flow control of a Smart Electric Fan
(SEF), in this case fans mainly used in the household. I n this new
method the supply voltage that is applied to the motor terminals of
the SEF is precisely changed with the mobile application
developed by using IoT solutions. As this proposed method
integrates with the conventional control methods referred to asthe
Firing Angle Control method or Phase Angle Control method with
a new loT-based solution, the controlling of any device becomes
simpler. We developed a mobile application that enablesthe fan to
be remotely controlled using a smartphone or tablet computer.
The phase or delay angle of the voltage waveform is changed by
giving as an input from the smart phone mobile application, and
this resultsin minimizing the power loss caused due to switching
in case of push button system. We demonstrated that by using this
app, implementing the | oT-based solution, the air flow rate of the
SEF wasincreased and the performance of the SEF exceeded the
air flow rate of the original, conventionally controlled fan with the
speed of the fan being significantly increased. Applying this
control method has thus been verified to be advantageous and
appropriate for the remote control of the air flow and fan speed,
resulting in the efficient Smart Electric Fan. The main focus of
this research was to implement the integrated control method in
theresidential fans.
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I. INTRODUCTION

The Internet of Things (I0T) enabled the connectivity of

physical devices over the Internet. These devices, referred to
as "connected devices' and "smart devices', may be in
buildings, thus the term that has been coined; the Smart
Building, and a vast array of eectronic devices embedded in
machinery, equipment controlling sensors and actuators,
even domestic devices such as refrigerators, television sets,
home security and other home control systems. The network
connectivity enabled by IoT technology also enables these
objects to gather, communicate and give-and-take data [1].
The 10T identifies entities to be detected or controlled
remotely through the existing, now global, network
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infrastructure, scope for building direct incorporation of the
physica domain into computer grounded systems, then
resulting in better accuracy, efficiency and financial subsidy
and also to minimize human involvement [2].

While 10T is improved with sensors and actuators, the
technology has developed an example of cyber physica
systems, which also includes technologies such as smart
grids, smart homes and smart cities. Usually, 10T islikely to
offer innovative device connectivity, systems, and services
that drives away from device to device communications and
organizes various protocols, domains, and applications. The
interconnection of these implanted devices (together with
smart objects), is anticipated to guide in automation in all
fields, whereas alowing these innovative applications such
asasmart grid, and growing to areas such as smart cities [3].
The present market cases comprise home automation in
another way smart home devices such as the control and
automation of lighting, heating, drying, air conditioning,
High Voltage Alternating Current systems, and aso
machines such as washing machines and/or dryers, vacuum
cleaners, air filters, microwave ovens and freezers that use
internet or Wi-Fi for monitoring from remote areas. Also by
expanding the Internet-connected automation devices into a
surplus of new application areas, 10T is likely to share large
information or data from various localities, through the
subsequent need for fast accumulation of such data, the
necessity to stock, numbering and development such data has
increased more successfully [4].

[I. 10T SOLUTION FOR AIR FLOW CONTROL

Internet of Things (IoT) supported devices usage is being
increased linearly and has shaped a large scope for the
technology which enlarges its boundaries amost
exponentially. From beginning, 10T has more flexibility and
efficiency in many industries by connecting a growing set of
dissimilar devices and equipment.

Creating a smart electric fans (SEF), users can benefit by
being able to operate such devices remotely. SEF’s are
created by the combining of hardware (an 10T supported
microcontroller board) and software (loT based mobile
applications). Continuous integration between SEFs and a
mobile app permits for perfect exchange of data and
management for the appliance to control accurately, thereby
enabling the highly efficient operation of the SEF.

Figure 1 illustrates the complete architecture and
assembling of devices enabled by the network architecture
including IoT technologies, specifically, in this case, the
operating of a SEF. The particular fan used in the
development and testing was a tower fan, as illustrated in
Figure 1.
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Figurel. System architecturewith |oT solution

Thetest fan is connected to an 10T -supported microcontroller
board by Wi-Fi. At the source, the mobile app, signals are
transmitted to the microcontroller viathe Cloud.

Automated speed control of SEF was possible by
integrating GPS options, including defining the geographical
range of your smartphone. Every time the device come into
the well-defined geographical limit there is immediate
interaction with the SEF via Wi-Fi to control the device. On
exit from that geographical range, the connection will belost.
By this means, the users can manage the settings of the target
SEF from the mobile phone using the application that we
developed [5], [6].

The following features explain the benefits of this control
mechanism and the reasons to choose this SEF.

A. Distant Governing

Users can turn the SEF On and Off and also can adjust the
settings of the SEF remotely with the help of 10T solution.
The SEF settings that could be changed consist of
temperature (the tower fan has an in-built thermostat),
humidity, fan speed of the fan, and speed input from mobile
application through the user’s smartphone.

B. Extreme Comfort

By being able to control the SEF remotely, the householder
can set the fan’s operating parameters remotely and arrive
home to enjoy the comfortable temperature achieved during
his journey home. As well, by using these features, the app
enables the automatic switching of the SEF On and Off asthe
smartphone entersinto or exits from the home, presumably in
the possession of the householder. By using these associated
devices and 10T solutions, the level of personal comfort can
increase or decrease by this ability to remotely control the
SEF.

C. Smart Planning

Revised planning of different temperatures at different times
of the day, according to personal requirements, is afeature of
the mobile app.

D. Cost Effectiveness

By aiding automated On and Off facilities in addition to
smart planning, 40% savings of power consumption is
achievable, with the associated savingsin cost.
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E. Multi-zone Maintenance

Multi-zone programming of cooling facilities, including the
SEF and other air conditioning equipment is possible using
the mobile app.

F. Mobile Application Development

The mobile application designed in our project uses Message
Queuing Telemetry Transport (MQTT) or Blynk protocols.
The main purpose of this application isto send the necessary
control commands and receive output from the SEF and
display this information on the smart phone screen. This
includes al of the appropriate operating parameters of the
SEF of ambient temperature and humidity, and fan speed. By
receiving these parameter vaues in real-time, appropriate
commands can be directed to the microcontroller [7]. A C++
based control program was written using Arduino Integrated
Development Environment (IDE) software and integrated
with all the microcontrollers and sensors in the circuit. The
following steps explains how to develop amobile application
in the user’s smart phone.

Step 1: Login to the web page of CloudMQTT, follow the
instructions, register and create the new server. The screen
shot of the created server “Smart Fan” is shown in Figure 2.

¢ 0

& CloudMQTT

Figure 2. Screen shot of the new server page created

Step 2: Next, download the MQTT application from the
mobile play store on to the smart phone.

Step 3: Follow the instructions carefully lead to create a path
between the mobile application and the server using URL,
username and password etc.

Step 4: Subsequently create connections for/from the server
by entering the details of Client 1D, port number, URL of the
server, username and password.

Step 5. Once confirmation is done successfully, the
dashboard or mobile application page is connected to the
server.

Step 6: To subscribe/publish the commands the MQTT
mobile app has to be subscribed to a particular topic, i.e. the
task is continuous until the connection isdisconnected or it is
unsubscribed. Similarly, the same process is applicable in
case of publishing the commands.

Step 7: The topic/payload i.e., /[ESP32_1/DIMMER actsas a
path to communicate the instructions between mobile
application and the server. Also using the same payload, the
MCU receives the commands from the server [8].

The screen shot of completely designed MQTT mobile
application on the smart phone
isshown in Figure 3.
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Figure 3. Screen shot of the MQTT mobile application

I11. METHODOLOGY

A simple method of Voltage control of an Induction Motor
(IM) is used to control the phase angle or the voltage applied
to the motor terminas of the IM. This is a simple and
economical method that can be integrated and implemented
easily. The idea of integrating the 10T solutions with this
voltage control method makes it feasible to control the fan
speed [9]. The microcontroller ESP8266 acts as the heart of
the system asiit performs and controls al the operations. The
motor used in the tower fan in our development was asingle
phase induction motor with the type Permanent Split
Capacitor (PSC) Motor. The development method used the
EasyEDA software tool to design the circuit which was then
printed onto the circuit board (PCB), The PCB control board
was then designed with all the necessary components. The
schematic diagram of the proposed method is shown in
Figure 4.

S

oL I
o |

g
ESP8266

Figured. Schematic diagram of the proposed method

Initially the circuit in Figure 4 was tested for Zero Crossing
Detection and to change the firing angle of the applied
voltage. The stepped down voltage 6V was given to the diode
bridge to change the negative half cycle of the voltage
waveform to the positive. The optocoupler 4N26 generates
the pulse whenever the sinusoidal voltage waveform crosses
the zero point as shown in Figure 5. The root mean square
(RMS) value of the voltage was applied to the 4N26. When
the base to emitter voltage is greater than 0.7 V, the transistor
in 4N26 is “ON” and the output voltage applied across the
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transistor is OV. Similarly, if the base to emitter voltage is
less than 0.7 V, the transistor is “OFF”, and the output
voltageis equal to +V ¢ volts.

A
RVAVAR

v

Triggering Pulses occured when sine wave touches the Zero line

Triggering
signal

10ms

Frequency = 50Hz; T =1/f =1/50 = 20msec (Full Cycle); T = 10ms (Half Cycle)

Figure 5. Zero Crossing Detection of a Sine Wave
The phase angle control isused to chop an AC sinewave with
a low frequency switch i.e. TRIAC. The firing angle of the
TRIAC isvaried so that the rms output voltageis also varied
[10]. The average voltage applied to the motor load terminals
will be proportional to the area under the sine wave as shown
in Figure 6 [11]. Therefore, the average voltage is defined as
theintegral of thefiring angle to the zero crossing, the cosine
of thefiring angle. Once the MCU identifies the zero crossing
point then it will processthetriggering pulsesand isfedto the
Opto Diac (MOC3021) which is an interface between the
microcontroller and the high-powered TRIAC circuit for AC
load control. When the voltage +5V Vcc is applied to the
Opto Diac MOC3021, a Small pulse from pin GPIO2 of
microcontroller is applied to pins 1 and 2 of the MOC3021
[12]. The light produced by the LED flashes the diodes so
that TRIAC getstriggered and the regulated power is applied
to the motor terminal s to achieve the desired speed of thefan.
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Figure 6: Phase Angle Control of Sinewave

The main advantage of this method is that changes in the
output voltage waveform is smooth and easy to control. The
Microcontroller compares the reference speed (set point) and
the speed value from the feedback sensor [13]. If the set point
is greater than the calculated speed, then the Microcontroller
unit (MCU) changes the delay time and the triggering pulses
are given to TRIAC such that the motor speed is increased
[14].
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Now, the feedback sensor calculates the number of
revolutions of the motor per second and is given to the MCU
which converts this pulses per second to revolutions per
minutes (rpm). This calculated speed is again compared with
the set point given by the Esp8266 microcontroller. If thereis
a difference between the set point and the calculated values
the motor will change its speed, otherwise, the motor will run
with constant speed. The delay angle isthe time during which
the TRIAC blocks the line voltage and the Conduction angle
isthe time during which the TRIAC ison [15].

This topic focuses on the automatic control of a fan by
using Wi-Fi direct and by providing all the configuration
particulars such as Client ID, name of the server, Port
number, user name, password and topic and the speed levels
of fan in case of MQTT and Login Credentids,
Authentication Token in case of Blynk Application. The
control algorithm helps to interface all the connections
between the physical devices like Sensors, Microcontroller,
Relays, fan motor etc. once the code is uploaded and
connected to the server then the fan is ready to control using
smart phone. The ambient temperature and humidity, the set
point value, speed sensor (Encoder) values, and error with
respect to the step input, are displayed on the smart phone
screen. Examples of the developed Blynk application and
MQTT application control page are shown in Figure 7. The
motor speed is controlled by using the Wi-Fi direct, and the
datais stored in the cloud storage [16]. All the values related
to temperature, humidity and speed of the motor is stored in
the cloud, and this information is shown on the MQTT or
Blynk mobile application for reference. In case of Blynk
application various values of Temperature and Humidity, set
point value, Encoder value, Error, step input value and the
graph between Encoder and Set point speed value were
organized and shown on the smart phone screen as shown in
Figure 7 (a). Thereisno need for aremote to control thisfan.
The smart phone takes over the place of the remote thereby
this option reduces the additional cost of thefan and increases
the ease of controlling. Any number of devices can be
interfaced and communicate with other devices with smple
programs [17]. In addition to the work done so far by many
researchers, this new method of speed control is proposed
where the fan adjust its swing automatically and delivers the
air flow at the place where human islocated. Also the density
of air flow supplied from the fan is maintained constant.

00 4 G728 0290 g OO %44 Q5 1om
MQTT Dashboard

& +

Connected o ml d.cloudmqtt co..
sumscse

SUBSCREE PUBLSH

Temp
{“temperature”22.90;humidity":52.40) °C

@) (b)
Figure7: (a) Blynk and (b) MQTT mobile application
pages
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The main advantage of this method is that the user can
control the speed of the fan by giving the set point via the
smart phone. Also the user can rotate the fan up to 180° by
using the mobile application in smart phone. Therefore, the
motor can be efficiently controlled by using the Wi-Fi direct
from anywhere and anytime in thisworld with proper internet
connection. The performance of the fan can be monitored and
operated through smartphones, tablets and laptops as well.
The proposed method has a unique feature to control a fan
using multiple smart devices [18].

IV. RESULTS& DISCUSSION

At first the test fan was examined to identify the features and
its control mechanism. The test fan was operated and the
speed of the fan measured in Low, Medium and High mode
using a Tachometer as shown in Figure 8. The air flow rate
w.r.t. speed at different distances from the fan were measured
and tabulated as shown in the Table 1. A

Thermo-Anemometer DIGICON DA-40 was used for
measuring air flow. As per the data sheet the accuracy of this
anemometer is 1% to 5% under normal operating conditions
[19].

High
Figure 8: Modes of Test fan

Figure 9 shows the control board of the test fan and Figure 10
shows our proposed new control board with |0T solutions.
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Figure 10: New designed Control board

Table | illustrates the air flow rate at various distances from
the test fan (which was explained in section 111).

Tablel: Average speed and Air flow values of the original
fan
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A new control board was designed (Figure 10) with a new
control mechanism as explained in section Ill and
experiments on the test fan were conducted. The input from
the smart phoneisgiven using either MQTT or Blynk mobile
application as shown in Figure 7. By using a Tachometer, the
speed of the fan was measured and tabulated, as was the air
flow rate as measured using an Anemometer (Table ).
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Tablell: Average speed and Air flow values of the new
control board fan

8No | SmartFan | Speed
Input% | (RPM)

Air Flow measurement (m/s) at different distance from the SEF

lem | S0cm | 100em | 130cm | 200cm | 230cm | 300cm | 350cm

L 10 69 | 28 | 16 | 10 0.7 04 03 01 00

L bl o | 38| 23 1 12 0.7 03 04 03

3 30 1B | 44 | 29 | 18 13 03 06 03 04

4. 40 1233 | 46 | 32 19 14 09 0.7 06 03

3 i0 1264 | 47 | 33 10 13 L0 08 07 04

] 60 1288 | 48 | 34 | 11 L6 L1 09 08 01

1. n 1303 | 49 | 33 | 12 17 12 10 09 03

i i 35| 30 | 36 | 13 14 13 L1 10 09

) 0 139 ] 3 | 37| 14 19 14 11 11 10

10. 100 1345 | 51 | 38 | 13 0 13 13 12 Ll

It can be clearly seen from Tables | and I that the speed of the
test fan was increased, together the air flow rate from the fan,
when using our new designed control board. The
experimental results in both tables and the Figure 11 show
that our new control board minimizes the power loss and
delivers more voltage to the motor terminas. This makesthe
motor to run with increased speed and resultsin theincreased
air flow from the fan.

100

Figure 11: Speed measurement at 10, 40, 70 and 100
reference smart fan input from maobile app.
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V. CONCLUSION

An loT-based solution using a mobile application increase
the speed of a fan was developed and tested as being
successful. The determination was to facilitate the smart
control of SEF and to increase the air flow delivered from
SEF at multiple speed levels rather than the standard Low,
Medium and High speed control options seen on maximum
fans. The experimental results prove that the developed
mobile application is working successfully. The mobile
application developed could beinstalled and used in any type
of Android or iOS smart phone and the user can control this
SEF from anywhere with proper internet connection. This
application could be further upgraded by using other methods
such as Fuzzy Logic, Artificial Intelligence, Neural Networks
and Machine Learning., etc. The uses of this technology also
may be more interesting in the future.
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