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Abstract — Electrical transmission lines are generally exposed to
harsh natural environment and leads to different types of failures
including thundering, rain, lightning phenomena, flashover, and
overheating. The Internet of Things (IoT) represents a step
beyond the utilization of conventional SCADA by increasing the
use of wireless technology and provides real-time data acquisition.

The objective of this paper is to design an Arduino connected to
different sensors for monitoring and controlling transmission
system problems. These sensors include PIR (Pyroelectric Infra-
Red) sensor, relay for control, and wireless sensors for conductor
galloping due to the wind, meteorology, and temperature. The IoT
is applied by simulating circuit with different sensors to monitor
and control possible technical failures.

Keywords—Transmission line, loT, Smart grid, SCADA.

I.INTRODUCTION

The power system is one of the most primitive fields that
have technologically advanced within Electrical Engineering.
A traditional power system deals with three systems:
generation, transmission, and distribution systems of electric
power. It is called “traditional”, because the generation of
electricity is centralized, which means that only a few large
power plants are involved. Working on the generation system,
the power plants will transform other forms of energy into
electric power. These sources of power contain fossil fuels such
as coal and natural gas, hydro, nuclear, solar, and wind power.
Furthermore, the transmission system is made up of
transmission lines that are in control of passing power from the
power station where the power is transferred to the location of
the consumers. The distribution system is the network that
supplies power to the load that can be consumed by the user's
apparatus [1-2].

IoT is the network of physical substances that include
entrenched technology to connect and sense or work together
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with their interior circumstances or the outer environment. The
Internet of Things was "Born" in 2008-2009. By the year 2013,
the ToT had progressed into a system by many technologies,
going from the internet to wireless communication and from
Micro-Electromechanical Systems (MEMS) to established
systems. The 10T is supported by traditional fields, and wireless
sensor networks, GPS, control systems, and others. The
architecture layers of IoT are: the object layer, made of sensors
and smart devices, the communication layer deals with latency,
error probability, scalability, bandwidth, and security, and the
application layer that is grouped based on the type of network,
coverage, size, heterogeneity, business model, and real-time or
non-real-time requirement.

By 2020, the internet will be connected with about 30-50
billion appliances. Thus, the IoT retained the third revolution in
the digital technology after the computer and Internet [3].

IoT gets important benefits to the smart grid between other
systems. Disaster prediction and prevention of power-lines
outages are the most challenging problems for electricity
transmission for lots of reasons. For example, analogue
collection of the data being generated at remote areas is
difficult, but, when using IoT for data acquisition, it becomes
just a data gathering and system monitoring and controlling,
which is easier. Progressive sensing and communication
technologies of the Internet of Things can efficiently avoid or
minimize the damage of natural disasters confronted by the
power-lines, and hence develop the reliability and stability of
power transmission [4]. The objective of this paper is to design
an Arduino connected to different sensors for monitoring and
controlling transmission system problems. After a brief
introduction of ToT, we will call attention to the most important
reasons of failure of transmission lines and then we will study
a three-layer architecture model of the Internet of things for
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smart grid in addition to an overview of loT based power-lines
online monitoring system. The IoT will be applied by
simulating circuit with specific types of sensors to monitor and
control the technical failures.

II. TRANSMISSION LINE

A transmission line is a long conductor with a specific
design to transmit the bulk amount of generated power of very
high voltage from one station to another as per variation of the
voltage level [5]. First, the types of transmission line depending
on their length are: short transmission line which is about 50km
and its voltage level is up to 20kV, the medium transmission
line which is from 50km to 150km and its voltage level between
20kV and 100kV, and long transmission line where its length is
more than 150km and its voltage is above 100kV. Second, the
main practical types of transmission line depending on the
conductors are a balanced two-wire line, coaxial cable,
waveguide, microstrip, planer line, fiber optic [6]. Transmission
line systems are facing many technical failures such as a
blackout or short circuit and it is difficult to collect, count, and
monitor them especially in remote areas. These technical
failures can be monitored or solved by a smart grid system
through IoT. In this regards, IoT will be applied by designing
an Arduino UNO board connected to different sensors. These
sensors will send signals to the Arduino, which in turn, will
communicate this information to the database center and notify
the technicians about the type of problem. With the use of oT,
the efficiency and performance of the power grid and
operational efficiency can be improved significantly.

III. TRANSMISSION LINES PROBLEMS (OUTAGES)

The transmission lines are generally exposed in the air to the
harsh environment of nature which leads to different types of
failures including thundering, rain, lightning phenomena,
flashover, and overheating. There are several problems relates
to The Line. When a transmission line sags extremely, it causes
power failure. An overheating electrical transmission line
sagging into a tree sparked the greatest power failure in the
Western United States in 1996 [7]. As the temperature
increases, the outspread conductor length will increase and this
will cause an increase in sag and decrease in conductor tension.
Transmission lines that sag under heavy use and high
temperatures are the devastations of transmission line
operators. These lines are not only restricted in the volume of
power they can transmit, but sagging lines run a higher risk of
getting in touch with trees and shorting out. A sagging
transmission line in Ohio is believed to be the event that
triggered 2003 blackout [8]. Traditionally, workers in power
line will cut the power off as soon as they discover this problem
in order to avoid fire incident, and then they will send the
specialist to define and solve the problem which takes a lot of
time and effort.

In the experiment, this problem will be applied through loT
by using the DTH11 sensor and a heating source (lighter). By
exposing the sensor to heat and monitor it to see if sag limits
are breached and if breached a notification will be sent to the
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user’s mobile by the Arduino board, and then the user will use
the application to control the cooling system by using a fan in
the simulating circuit to solve the overheating problem.
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Figure 1: Processing of technical failure in a transmission line tower
(1. Wire stretched due to heat, 2. Technical failure warning.
3. Temperature, sensor. 4. Receiver and charger.
5. DB center and monitoring.)
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Figure 2: Sag and Safety Limit

The air nearby a power line isn't a good conductor, but very
high voltages do make a considerable electrical field. For large-
scale transmission lines, this field can have a radius of a foot or
more. That means electricity could arc out of the wire to any
metal that gets close enough, even if it never makes contact.
Most power companies alert workers to stay 10 feet away from
power lines and up to 25 feet away from the highest-voltage
lines. Even regular people clipping trees close a power line must
take care, wood isn't as conductive as metal, but a lost branch
can still conduct a deadly shock down the tree trunk [9].

In the experiment, this problem will be applied through IoT
by using the PIR motion sensor (3m-7m) and a Smm LED. The
distance from the power lines will be assumed to be 7 meters
away. If an object exceeds the distance limit the PIR motion
sensor will sense the movement and then the Arduino board will
send a notification to the user’s mobile to inform about the
problem and then the user can control the LED (assuming that
the LED is attached to the transmission line tower or to
something close to it) through the application by turning the
LED on to let the object that exceeded the limit (human) know
that he is in the danger zone.

When lightning hits a power line, the flow of electricity can
cause a flashover, and the suitable corrective action depends on
how flashover occurred. A back flashover occurs when a
lightning strike hits a shield wire or a tower structure. When this

Authorized licensed use limited to: COLLEGE OF ENGINEERING - Pune. Downloaded on June 01,2026 at 13:27:48 UTC from IEEE Xplore. Restrictions apply.



happens, current flows in both directions and down the tower
into the ground, evolving a voltage on the cross arm enough to
flashover the insulator string. A back flash is usually caused by
big stroke currents, high tower flow impedances (tall towers)
and/or high footing resistance. On high-voltage transmission
lines, low-current lightning strokes, in general, causes shielding
failures while the high-current strokes result in back flashovers
of the tower to the phase conductors. On lower-voltage lines,
this distinction is not clear [10]. Flashover occurs when the
voltage across the insulators increase beyond the limits. Back
flashover occurs when the lightning which has struck the tower
is unable to get discharged to the earth. This can occur due to
high drift resistance of the ground. It decreases power
transmission lines reliability [11]. Usually to solve this problem
a lightning conductor transmission line lightning over-voltage
protection is selected, it is the most frequently used anti- Ray
device. Also, reducing the tower grounding resistance will
accomplish the aim of lightning protection [12].

In the experiment, this problem will be simulated through
IoT by using the flame sensor by exposing the sensor to a flame
source (fire) by natural disasters, then, when the sensor captures
the waves that pop up from the spark of fire, the Arduino board
will send a notification to the user’s mobile to inform about the
problem. By applying [oT the threat of flashover can be
predicted and act what must be done before the risk exceeds a
specified level.
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Figure 3: Transmission Line Tower

IV.ARCHITECTURE OF IOT

The architecture of IoT is expressed by three layers i)
perception layer, ii) network layer, and iii) application layer, as
shown in Figure 3. The perception layer contains two-
dimensions, and is usually split into two sub-layers: perception
communication extension and control sub-layers. The functions
of the perception layer depend on sub-layers. First, the
perception control is realizing smart perception of physical
world together with recognition, data acquisition, processing,
and automatic control with the second sub-layer which is
communication extension sub-layer that is connected to the
physical entities with the network layer and the application
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layer by the communication module. The network layer consists
of all types of communication and the core network. When the
information transmission, routing, and control are often
implemented in the fundamental network, the communication
network is looked at as the access network. The application
layer provides many smart applications for certain industry.
Hence, 10T technologies can be combined with all forms of the
industrial undertaking. The application layer contains
application infrastructure/middleware and terminal units.
Through the application layer, the development of economy and
society would be influenced greatly when the deep integration
of IoT technology with industry is achieved [13].
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Figure 4: Architecture of IoT

V.ARCHITECTURE OF ARDUINO UNO BOARD

Arduino Uno is the latest revision of the basic Arduino USB
board. It is a microcontroller board based on the ATmega328P.
It has 14 digital input/output pins: 6 can be used as Pulse Width
Modulation- outputs, 6 analog inputs, a 16 MHz quartz crystal,
a USB connection, a power jack, an ICSP (in-circuit serial
programming) header and a reset button as shown in Figure 5.
It covers everything required to support the microcontroller;
simply connect it to a computer with a USB cable or power it
with an AC-to-DC adapter or battery to get started. It can be
extended with a variety of shields: custom daughter-boards with
specific features. It is similar to the Duemilanove (Another type
of Arduino), but has a diverse USB-to-serial wafer the
ATMega8U2, and anew designed labeling to make inputs and
outputs easier to identify. The Uno varies from all other
Arduino boards in that it does not use the FTDI USB-to-serial
driver chip. Instead, it features the Atmegal 6U2 (Atmega8U2
up to version R2) programmed as a USB-to-serial converter. In
the project, we chose the Uno because the drivers (operating
systems) are easily available, and the installation takes very
little time. The Arduino is shifted to using ATmegal6U2 from
FTDI chips for 'code burning' [14].
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Temperature and Humidity Sensor (DHTI11):

It is a low-cost digital temperature and humidity sensor. It
uses a capacitive humidity sensor and a thermistor to measure
the surrounding air, and provide a digital signal on the data pin.
;&Iy\f:\ppi::gu‘ oot b Properties of DHT11 sensor: humidity range (20-90% RH),

humidity accuracy (£5% RH), temperature range (0-50°C),
o temperature accuracy (£2% °C), and the operating voltage (3V
n-Clrcull Serial to SSV) [15]
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Figure 5: Architecture of Arduino UNO Board

VI.CIRCUIT COMPONENTS AND DESIGN

In simulating circuit part, the following data are the
data sheets of element for our design:
C. ESP8266 processor

A. Moti PIR
otion sensor (i ). . . Is an 80 MHz microcontroller with a full Wi-Fi front-end
The PIR detects the motion with the neighborhood. The 4,4y a5 4 client and access point) and TCP/IP stack with DNS

distance is detected in the range of 3 to 7 meter by detecting the support as well [14]. For general properties Of ESP8266-01
emitted infrared energy given off by humans and animalsinthe .. iow [16].

form of heat. In addition, it senses the presence of movement

Figure 8: Temperature and Humidity Sensor
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Figure 9: ESP8266 Processor

Figure 6: Motion Sensor D. Female/Male Jumper Wires:

B.  Flame Sensor Used to connect the ESP8266 processor with the Arduino

Can capture the waves which are a pop-up from a small UNO board [15].

spark of fire and control its accuracy also it covers an area of 4
meters.

vCcC AO- Analog Output(Range)
DO- Digital Output (Logic)
Vce- +Ve supply

Gnd- Ground

Figure 7: Flame Sensor
Figure 10: Female/Male Jumper Wires
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E. Flexible Stranded Core Wires With Stiff Ends

These are the main development over the "box of bent
wires" that are sometimes sold with breadboards, and quicker
than stripping your own solid core wires. Makes breadboarding
super-fast [15].

Figure 11: Flexible stranded core wires with stiff ends

F.  Full-sized Breadboard

A breadboard is a solderless tool for a short-term prototype
with electronics and checks circuit designs. Most electronic
components in electronic circuits can be linked by placing in
their leads or terminals into the holes and then creating
connections through wires where appropriate. The breadboard
has strips of metal underneath the board and links the holes on
the top of the board. The top and bottom rows of holes are
associated horizontally and divided in the middle while the
remaining holes are linked vertically [17].

Figure 12: Full sized breadboard
An Arduino UNO board that was explained before.
Blue LED 5mm

Figure 13: 5mm LED
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G. Fan

The Fan works in 12V DC. The fan’s speed will be
controlled by temperature and Arduino.

Ooc swttss

OwW. 12w o

Figure 14: Fan
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The main steps involved in the experiment will be given in
this portion.
A.  Server Creation

In this part, we are going to install the ESP- modules as a
server and verify that there is a communication between the
module and the Arduino UNO board. The components needed
to program the ESP-01 module: Esp8266 Wi-Fi module first
version, Breadboard, Arduino UNO, Male/Female jumper
wires, and the programs that you will need are Arduino IDE and
ESP8266 User Program Verl.

STEPS OF EXPERIMENT

Stepl:

Connect the WIFI-module to Arduino board by jumper
wires as shown in Figure 15. Second, to ensure that no
previous programs are running, download the
BareMinimum code (empty code) in Arduino IDE.
Then, open the serial monitor and typing AT
commands. You should get a response which means
that the module is working.

Figure 15: ESP8266 Connection While Programming

Step2:
There are several commands and operation modes to
test the communication between the module and
another device, and to implement that set up the module
to operate by using this AT+CWMODE= (mode
number). The first mode is the access point (AP=1) that
make ESP-01 works as a WI-FI network, and the
second Station (STA=2) means that the module can
connect the access point like the WI-FI network from a
building. The last mode (Both=3) is used to permit the
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module to act as both an AP and an STA. And all these
allow the devices and the module to be connected to
each other through the network to communicate.

Step 3:
To check if the module is already connected to a
Network, send the command: AT+CIFSR, this will
show the station IP address of the ESP-01 module.
Then, to configure the ESP8266 ESP-01 module as a
server, we need to enable multiple connections before.
The next step is to start the server at port 80:
(AT+CIPSERVER=1, 80). The first number is used to
open server mode (1). We chose port 80 because this is
the default port for HTTP protocol.

Step 4:
When opening a web browser, and typing the IP address
of ESP module and the port of it in the browser address
bar, the response shown in the image above will appear.

Step 5:
After a few seconds, a message "SEND OK" appears in
serial monitor that means the data has been transmitted
successfully to the client.

Step 2:AT+CWMODE

STA=1,AP=2.and
Both = 3’ ’ Step 1: AT-COMAND
- Must get “OK” response.
® £598264 Ughs Program V1.1 - atdeveci.com - Connected This means that the module is working.
s Covel OO
Connectidn Settings Basic Commands 1P and Mac Address
Baudrate 11520 3
- ATl ATWCWDHCPs  (So%AP | [Ensbie
):'v COMPort COM AT ATRIT  ATGMR
ATCIPSTAMACS 16 fe 34 o1 98
TmeOatls) 2 2 ATH
ATSCIPAPMAC: 13 fe 3 501 %0
1 Commands. Wifi Connection Access Point
ATVCAMOOE: 5o ATOWAP ‘o0 [fem ATSCIPSTAs (1921620140
ATSCIPMODEs  Normy! $u s 1200848 ATSCIPAP: 15216814
AP | [Votoe Pass: o g ATHCPSTAMACT
TR ATHCWIAP [T ATSCIPAPMAC?
ATeCIFSR  ATSCWIAP?  ATeCWSAP- ATSCIPSTA?
AT ATSCWSAP? | ATsCWLIF ATeCIPAP?

Step 3: AT+CIPMUX

each number is associated Step 5: AT-CWJAP

This command will

with a type of connection
Single = 0 or Multiple =1

Received Data
Save  Cloar

appear theIP address.

@
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Step 4: AT+CIPSERVER
The 80 indicates the port that
69126 s Progom V116 he client uses to connect to a

server.

B Contel TP
Server Chent
ATeCIPSTO 100 5 ATSCRSTO? MATSCIPMIXS4, 10 has f0 be Wl
u.cmx-»;cw-mnw Ancesante oo 1100 2] pore [0
ATICPSERVIRY  Croste | Port 124 YVl poe——
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Send _ Clowr  ATSCRCLOSEs 6 Send Clear
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GET Mata2 Siweamerdenizme HTTPY O
Host apiopenmesthernep ory

Alcester e Tont
s 80 coke e 0e

In this block ,will
present the IP and all

Communication

Step7:AT+CIPCLOSE=
Transmit Oata

We use the command to close information of ESP8622

the channel,

(b)

Figure 16: Server Creation

B. ESP8266 Programing & Connection

To start programming, open the Arduino IDE. Then, connect
the module to the computer via Arduino board. Then, add the
library of ESP8266 to the Arduino IDE program. After
installing the library, select the port of the board from the tools
bar change board type by selecting ESP8266. After that, select
the Serial monitor and set the rate of data transfer speed to
115200 and select Both NL & CR and start writing the program.
In this step, we are programming the module with Arduino to
work automatically. Then, write the code in Arduino IDE, after
that upload the code. Lastly, open Serial monitor to take the IP
to enter to the server without connecting to the module by
connecting the module to the router. The method is writing the
name of network and password in the code of Arduino to
connect the module to the router automatically.

For the code, from file go to examples and then
ESP8266WebServer and select HelloServer and change the
SSID to your Wi-Fi SSID, and also change the password.

C. Connect the Circuit

Keep the ESP8266 as it’s connected to Figure 17, and then
connect the input devices DTHI11, PIR, and flame sensors.
After that, connect the output devices which are the LED and
fan. Refer to Figure 17 for the connection.

Figure 17: After Programming Connection
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fritzing

Figure 18: Simulating Circuit

D.  Arduino UNO Programming

This part cares about the codes that will make the Arduino
UNO board interact with the inputs (sensors), outputs (devices).
It is under formation.

E.  Application Schemes

We created the application to control the devices by using
the app inventor to create the interface of our app like in Figure
19. To connect the application with the Arduino board just write
the IP address that you have made in above steps for the
ESP8266 in the application’s textbox.

_ hﬁdiﬂgmth :
Bl e g Ciick

Your IP Address: -
do W global state * |
Bl Koo I8
sel (CT0ED (KD 1o« @) join | (o) o | “(GTED”
‘-m-

'_HI Get

UMY global state + KUM te ¢ |
| ! G - (8 | "6
| 5ol (07000 o« @ jn (&) jon
-
;Eanel

ELTERD O

do | open another screen screenhame § Screen?

Non-visible components

Webl

Figure 19: LED Control Code & Screen

_ e a2t

when CITTLERM Click
do (e gel (TEERCTRD
11 MY global state + RUNH faise - |
| cet CEIERD - (EETED o | *EDF)”
set (7D (UKD to |, ©) jon | [2) join |, - (3D
(TexiBo:2 - JTex ]

B ool

CENICEY global state - JUMM true - |
| set ENITRRD (A o
set (D . (KD to | 2 join | (2] join | = (IED"
{ TextBox2 - J Text - |
“ TED

Hon-visible components

Web2

Figure 20: Fan Control Code & Screen

In this experiment, we get the results depending on the steps
which we have presented and implemented. These steps led to
the creation of the server and IP address like in Figure 21-22.
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Figure 21: The access point AP
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Figure 22: The SIP address
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The IP address is used to connect the Arduino board with the
application to continue our work. Because of the time constraint
we couldn't get all the results. We expected to get a response
from the Arduino board, and this response is an email that will
specify the type of failure which will help the user to choose
what action he should take to solve the problem including
mobile application.

VII.CONCLUSION

In this paper, we explored the application of loT for
monitoring transmission line system by introducing which can
lead to large-scale improvement in efficiency and performance.

Because we are not allowed to access any transmission line,
a small circuit is created to monitor transmission line outages.
The circuit includes a microcontroller (Arduino), different
sensors (PIR, relay for control, sensors for conductor galloping
due to wind, meteorology, and temperature), and a mobile app
connected using [oT. The software and hardware parts of the
design are working properly.

This work can be extended to cover many applications in
power system and beyond.
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