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APIWAT JUNLASAT : FINGER MOVEMENT DETECTION BASED ON
MULTIPLE EMG POSITIONS. THESIS ADVISOR : ASSOC. PROF.
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ARM MUSCLES/ELECTROENCEPHALOGRAPHY/K-NEAREST NEIGHBOR

PROCESSING/MICROCONTROLLER BOARD

This research proposes a technique of classifying finger movements. Which is
part of the development of communication through an intermediary responsible for the
transmission of information between humans and artificial organs. Bypassing an

intermediary that can detect movement via Electromyography. Is the measurement of
electrical signals that occur directly from nerves and muscles. The purpose is to classify

electrical muscle waves caused by the movement of each finger in each of the 5 fingers
by creating processing on the Microcontroller Board. The proposed technique is a
collaboration between the feature and machine learning called K-Nearest Neighbor
(KNN).

The results showed that the movement patterns of the ring, thumb and open hand
that is the most obvious. The result shows that the electrode positioning on the muscles
is Palmaris longus Flexor carpi ulnaris Extensor carpi ulnaris Extensor digitorum and
Flexor carpi radialis. It is the location with the least amount of body noise, suitable for

use in this research.



The muscular electrical signal received from the signal recording by finger movements
of each finger is separated into components. The results show that there is a relationship

between the forearm muscles.
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This is the V+ power input for the
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(1) Supply Voltage: +3.3V "7 5.5V
(2) Operating Voltage: +3.0V
(3) Detection Range: +/-1.5mV
(4) Electrode Connector: PJ-342
(5) Module Connector: PH2.0-3P
(6) Output Voltage: 07 3.0V
(7) Operating Temperature: 0 ™~ 50°C

(8) Size: 22mm*35mm (0.87inch*1.38inch)

AaandAdanInsa

(1) Electrode Connector: PJ-342
(2) Wire Length: 50cm(19.69inch)

(3) Plate Size: 22 * 35 mm(0.87inch*1.38inch )
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2)
3)
4)
5)
6)
7
8)

9)

Microcontroller : ATmega2560
Working voltage : 5V

CPU Frequency : 16MHz

TIO ports / PWM : 20/ 7
Analog inputs : 16

UART : 4

12C:2

SPI: 1

Interrupt pins : 2

10) EEPROM[KB] : 4

11) Flash[KB] : 256

12) SRAM[KB] : 8

13) Vin: 7-12V
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Abstract— The use of ElectroMyoGraphy (EMG) has been
widely applied to many applications. To further develop more
sophisticated applications, the more advanced techniques of EMG
detections have to be studied. So far there are a few works to study
the d of finger mo using EMG. However, they
cannot provide the exact solution of finger detection using only one
EMG position. Therefore, this paper presents the finger
movement detection based on multiple EMG positions. The
investigation is carricd out by using Myoware muscle scnsors to
record EMG signals. The measured EMG signals are captured
and pr d in a low comp ional processing unit. The results
indi the ful finding of finger detection based
on multiple EMG positions.

Keywords—EMG, Finger Movement, Detection

I.  INTRODUCTION

So far, ElectroMyoGraphy (EMG) has been widely used in
engineering filed as it can represent the response of muscle
movement [1]. The signal strength of EMG signal can be
measured by electrodes, which varies according to the position
of muscle and movement. The EMG signal amplitude is in the
range of +500mV. Also, from literatures, the utilized frequency
is from 6 to 500 Hz but the most effective one can be found
between 20 to 150 Hz [2-3]. The work presented in [4] has
indicated that the EMG signal is relatively sensitive to the
muscle movement. So, the volunteers have to be relax their
bodies before performing the signal recording in order to get the
accurate EMG signal and also to avoid the interference from
adjacent muscle. So far, Myoware Muscle Sensor has been used
to record EMG signal. Then, the recorded signal is passed to the
processing boards for performing some computational methods.
The work presented in [5] has used Arduino employing Support
Vector Machine (SVM) to monitor the muscle movement and
also utilized Multi-Input and Multi-Output Nonlinear ARX
model (MISO-NARX model) to analyze the angle of movement.
From literatures, all detections of finger movement have been
studied based on the one position of EMG sensor. This cannot
provide the exact solution to detect each finger movement. For
near future application, the use of finger movement detection
will become more interesting to apply on bionic devices. Hence,
the new finding on finger movement is still on focus.

In this paper, the EMG signal strengths measured with
many positions have been studied according to each finger
movement. Also, an algorithm with low signal processing is
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proposed to decrease the burden and cost of processing boards.
The experimental setup is described in next section which is
followed by the section of results and discussion. Then, the
conclusion of this paper is given in Section IV.

II. EXPERIMENTAL SETUP

A. Measuremnt Method

For this research work, a volunteer (male, 23 years old, 175
cm in height, 56 kg in weight) who does not have any problem
involving the muscle and nerve in superficial flexors of the
forearm. While performing the signal record, the volunteer has
to relaxingly sit on insulated chair as there is no metal or
conductor on the chair to avoid some error during the
measurement.

EMG/ECG Foam Solid Gel Electrodes are safely used to
stick the electrodes with the volunteer’s arm. The 3 electrodes
are connected to MyoWare Muscle Sensor to measure voltages
from muscles when they stretch and shrink, as shown in Fig. 1.
Note that these voltages represent the EMG signal strength.

“Mid-Muscle”
Electrode

“End of Muscle”
Electrode

Fig.I:MyoWare Muscle Sensor [6].

The MyoWare Muscle Sensor consists of Mid-Muscle
Electrode and End of Muscle Electrode which are places at the
position providing the highest voltage. Moreover, the Reference
Electrode is used to refer the normal level of voltage from the
volunteer.

Authorized licensed use limited to: University of Tt gy providk

by UniNet. D

on June 16,2020 at 06:21:16 UTC from IEEE Xplore. Restrictions apply.




92

Authorized licensed use limited to: University of T p

2019 11th International Conference on Information Technology and Electrical Engineering (ICITEE), Pattaya,
Thailand

Fig.3: Finger movement pattern.

The received EMG signal from MyoWare Muscle Sensor is
passed to Arduino UNO via Jumper. Arduino UNO needs DC
3.3V supply from MyoWare Muscle Sensor and receives EMG
signal from ‘SIG’ port at MyoWare Muscle Sensor as shown in
Fig. 2. The received EMG signal is possibly valued between 0-
675 which needs the (1) to convert to readable amplitude as
follows.

Amp/irude(Vk% x3.3 M

B. Finger Movement Pattern

This research work focuses on individual finger which
separately stretches and shrinks in every 1-2 seconds. The finger
movement pattern is shown in Fig 3. All EMG signals will be
recorded. Then, the off-line processing will be performed
afterwards.  Fig. 4  shows the position, called
Metacarpophalangeal joint, which is focuses on this research
work. This joint is between metacarpal and phalanges which has
a main function for picking up things.

MCP Joints

Metacarpo-
phalangeal
joi

Fig. 4: The area of finger movement study [7].

The positions for attaching the electrodes have been selects
for 5 position on superficial flexors of the forearm as shown in

Fig. 5. Actually, there are more than 100 positions that were
studied in this work but only 5 positions present the best
combination for finger movement detection.

Fig 2: MyoWare Muscle Sensor connected to Arduino UNO.

C. EMG Recording

Software named as Processing 3.4 is used to record EMG
signal given from MyoWare Muscle Sensor and Arduino UNO.
The recorded data contains date/month/year, EMG signal
strength and the EMG signal number. Fig.6 shows the
photograph of an example of measurement using MyoWare
Muscle Sensor.

Fig 5: Selected 5 positions for attaching EMG sensors.
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Fig. 6: photograph of an example of measurement using
MyoWare Muscle Sensor.

III. RESULTS AND DISCUSSIONS

MATLAB programming is used to evaluate the recorded
data (EMG signals) showing the max value and average value
between 1 — 160 milliseconds. The average value can be
calculated using (2) as follows.

; EMG signal,
Average Value = ZL",’—]—‘ @)

Considering the change between max value and average
value obviously indicates that the movement of fingers. This
change can be calculated using (3) as follows.

Peak to Average = Max Value - Average Value 3)

Also, the change of EMG signal with respect to average
value can be shown as it is creasing or decreasing using (4).

: 5 Emg Signal- Value Average
Increasing and Decreasing = e

00 (4)

Value Average

Fig. 7 shows the example results after all calculation with
those above 4 equations for the use of moving a ring finger when
EMG sensors are placed at position 1 and 2. It can be seen that
in the first interval (10-30 ms) the signal amplitude is suddenly
high. This is because the ring finger is moving. However, in the
second interval (30-120 ms) the signal amplitude is low but not
stable. For the last interval (120-140 ms), the signal amplitude
is temporarily a bit high and then suddenly lower than the case
of the second interval. This occurs when the volunteer unfurl the
finger.

When comparing between Position 1 and 2, the amplitude of
EMG signal at Position 1 is much lower than Position 2. Then,

it can be scen that both signals are different in level. In order to
make a fair judgement, then the use of Increasing and
Decreasing percentage is applied. After a whole measurement,
it has to be noted that the threshold for detecting should address
on the judgment criteria including with the peak to average level
at more than 700 mV and the level of Increasing and Decreasing
more than 150 %.

After the judging criteria has been given for peak to average
and Increasing/ Decreasing, the comparison between all EMG
signals from each finger movement versus 5 positions is
illustrated as shown in Fig. 8. It is simply implied that the
detection is occurred if the signal is higher than criteria for both
parameters. From the results in Fig. 8, there are some data which
can pass the Judging Criteria (straight line). The overall results
are shown in Table 1. In this table, ‘Yes’ means that Peak to
Average and Increasing/Decreasing are both Yes. On the other
hands, ‘No’ means that Peak to Average or
Increasing/Decreasing is both No.

o Move the ring finger
s " EMG Sgnal Max Value
s Position | — -~ Average Value — — — Poak o Average
E 2000
®
g
2 1000
E
<

Time (millisaconds)

T Move the ring finger
g
400 3
H Position 1
LR
B I\
S 2o L i .
=
5
2 o0 L B NSNSV E—_—
2 20 40 60 80 100 120 140 160

Time (milliseconds)

Move the ring finger
—EMG Signal Max Value
=~ Average Value — — — Peak to Average
60 80 100 120 140 160
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> p—
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s w—
{10
e
£ 20 40 60 80 100 120 o 180

Time (milliseconds )

Fig. 7. Example of measured EMG signals at Position 1 and 2.
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TABLE 1. Analysis of the response between EMG positions and finger movement.

Data Type Peak to Average Increasing and Decreasing Overall Judging Criteria
Finger Little | Ring | Middle | Index | Thumb | Little | Ring | Middle | Index | Thumb | Little | Ring | Middle | Index | Thumb
Movement

Position 1 No No Yes No No Yes | Yes

Yes Yes No No No Yes No No

Position 2 No Yes No No No No Yes

No No No No Yes No No No

Position3 | Yes | Yes Yes No No Yes | Yes

Yes Yes Yes Yes Yes Yes No No

Position 4 No Yes Yes Yes No Yes | Yes

Yes Yes No No Yes Yes Yes No

Position 5 No No Yes No Yes No Yes

As seen in Table 1, it can be used for detecting a finger
movement by 5 EMG positions. For example, if Position 2
responds with “Yes” and the rests are “No™, then it is the
movement of middle finger. Also, it is very easy to implement
by using overall judging criteria into a low processing unit.
Then it can be applied to any devices using this finding to detect
the movement of each finger.

IV. CONCLUSION

This paper has shown the judging criteria for detecting finger
movement by using multiple EMG signal analysis. This new
finding is able to apply to a low processing unit to reduce the
system cost. However, the experiment focuses only individual
finger movement. For the future works, simultaneous finger
movement is interesting to be considered.
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Abstract - Nowadays NB-IoT has gained lots of attention
from researcher so far as its many advantages. This paper shows
an increase in NB-IoT performance when employing directional
antenna. The designed microstrip antenna is fabricated for
testing the NB-IoT performance in real circumstances. From
experiment, the signal strength when employing the proposed
antenna is higher comparing to the case of omni-directional
antenna.

Keyword - NB-1oT, Directional Antenna, Improving signal
strength.

I. INTRODUCTION

So far, Internet of Things (IoT) drives the future wireless
communications and extends the boundaries of the Internet
from computers operated by people to highly intelligent
devices. Often, these devices are connected to Internet for
remote diagnosis and control. In many cases, business users
and private users can control their IoT applications via smart
phones and tablets through mobile applications interacting
with web servers. This new application is often referred to
Low Power Wide Area Networks (LPWAN). It is a wireless
technology which is designed for improving IoT devices in
terms of coverage, battery life, and device complexity. One of
the new standards is Narrow Band-IoT (NB-loT)(1}.

NB-IoT is wireless network standard for LPWAN devices
developed by the 3rd Generation partnership project 3GPP)
to allow devices to be connected to each other through a
mobile network. The NB-IoT is specially designed for loT
devices and solutions. It supports devices designed to work
for using up to 10 years without changing batteries. Also, the
network coverage radius per base station can be distributed
longer than 10 kilometers (2).

For some cases in which the [oT devices are placed
indoors or places where are difficult to access, the signal
attenuation is pronounced. Moreover, if the centralized server
is unable to determine the location of devices, the information
transmitted from those devices is lost and power consumption
is wasted. Hence, technologies with high efficiency and
coverage, as well as the ability to manage the connection of
many devices at the same time, must be deployed (3.

Therefore, the issue of antenna used for the IoT devices is
very important to be considered for NB-loT systems.

Apiwat Junlasat
School of Telecommunication
Engineering
Suranaree University of Technology
Muang, NakhonRatchasima, Thailand
30000 30000
email: m6110574(@gsutac.th

Monthippa Uthansakul
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Fig 1 The architecture of NB-IoT system with proposed antenna.

Normally, wireless communication system needs a simple
operation with small-sized, light weight and high gain
equipment. The drawback of using omni-directional antenna
for example dipole antenna connected to NB-IoT module is
low of gain which causes a low system throughput.
Furthermore, as the omni-directional antenna can radiate as
well as receive signal infrom all directions, the co-channel
inference from other directions become a major problem In
addition, as the IoT system is a point-to-point connection, an
antenna which is able to spatially beam all signal to one
destination is in focus in order to avoid lost in unused
directions. Thus, directional antenna is an appropriate choice
for NB-IoT system. One of interesting directional antennas is
microstrip patch antenna which has an advantage of small
size, low-profile, low-cost fabrication and light weight. The
most popular microstrip patch antenna is a rectangular patch
using transmission line method for improving the radiation
performance (4).

In this paper, some experiments are set up to show the
performance of utilizing microstrip patch antenna. The
received signals are compared between employing the
proposed antenna and omnidirectional antenna. The
mechanical system is designed and implemented for
controlling 360-degree rotation of directional antenna using
stepping motor and microcontroller.

Authorized licensb48sb1riad 18 QRraddrb @Sl & FhAEEForovided by UniNet. Downloaded on June 16,2020 at 06:20:06 UTC from IEEE Xplore. Restrictions apply.




96

Authorized licensed use limited to: University of T gy p

2019 11th International Conference on Information Technology and Electrical Engineering (ICITEE), Pattaya,
Thailand

11 SYSTEM ARCHITECTURE
The system architecture is illustrated in Figl which
consists of 4 main parts. The first part is the microstrip patch
antenna connected to the second part which is NB-IoT module
and Arduino Uno. In addition, the third part used to control

rotation of the directional antenna is stepper motor which is
controlled by stepper motor driver board.

A.  Antenna Design

This paper provides a procedure for designing microstrip
patch antenna using transmission line method for improving
the performance of NB-IoT. A microstrip patch antenna was
chosen as it is low of size, profile, fabrication cost and weight.
The microstrip patch antenna consists of a metallic patch
above a ground plane and substrate placed between the patch
and the ground plane [5]. In the antenna design, a substrate of
FR-4 having the dielectric constant of &, =43 and thickness
of 1.6 mm is applied. This design procedure is based on the
empirical equations. The parameters of microstrip patch
antenna are obtained from calculation as follows. The first
step is to consider the width of patch (W,). This dimension
controls the input impedance in which the wider width gives
a lower impedance (5. The width and dimension of the
designed antenna is determined using (1).

c

Wy = 2fJ(er+1)/2 )
Where:
€ - The speed of light, 3 X 108m/s
f - The operated frequency
& - The dielectric constant of substrate

Considering transmission line in terms of the wave
propagation in the line, an effective dielectric constant (g5 5)
is obtained using (2.

_ ep)+1) |, ((gp)-1) 1
Ceff =3 > 2 (J1+1 /:,,/W,,) @
Where:
hy - The height of patch (mm)
w, = The width of patch (mm)

After we calculate the effective dielectric constant, we get
the efficient length of patch. The thicker substrate increases

efficiency and provides larger width of strip. The effective
length of patch (L.sp) is calculated using (3) effecting to the
patch size.

c

Leff = ’27—— -EW 3)

The length extension (AL)is determined as shown in ).

Fig2 The proposed antenna used with NB-loT module:
(@) fabricated microstrip patch antenna (b monopole antenna.
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Fig 3 measured return loss (S, of proposed microstrip antenna.

((se 1r +0_3)X(v:_:+01 64))
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“

So, the actual length of patch (L, is determined using (5.
L, = Los; — 24 &)

The designed structure of microstrip patch antenna in (6)
is adopted. However, the antenna gain is relatively low
therefore several parameters is herein adjusted for improving
the performance of proposed antenna. Thus, the final height
and width of substrate is 150 mm and 120 mm, respectively.
Also, the height and width of patch is 102 mm and 120 mm,
respectively. Note that the antenna structure is designed at
900 MHz.

After the microstrip antenna was designed, the prototype
of designed antenna was fabricated using FR-4 printed circuit
board with dielectric constant of 4.3 and substrate thickness
of 1.6 mm as shown in Fig2. The measured result for return
loss (Syy) is shown in Fig 3 in which the proposed antenna
gives a return loss of -23.29 dB at 900 MHz. Fig 4 also
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Fig5 28BJY-48 stepper motor with ULN2003 driver and Arduino
Uno.

presents the measured radiation patterns compared with the
simulated ones. As we can see, both simulated and measured
radiation patterns have a good agreement. However, radiation
pattern cannot completely indicated the system performance.
Therefore, the additional checks from the existing NB-loT
system have be performed. Considering the comparison
between the proposed antennas and the omnidirectional
antenna, signal strength representing both signal quality and
throughput is an indicator to show system performance,
which will be detailed in next section.

B. Stepper Motor and Driver Board

The stepper motors are used in various types of equipment
for accurately rotation angle and speed control using pulse
signals. The stepper motors generate high torque with a
compact body and hold their position. For the application in
this paper, we chose 28BJY-48 stepper motor with ULN2003
driver for rotation of the antenna seen in Fig.5.

A stepper motor is an electromechanical device which
transforms electrical pulses to mechanical movements. The
rotation of the motor is directly related to the used input pulse.
The sequence of the used pulses is directly related to the
direction of motor shafts rotation. The speed of the motor
shafts rotation is directly related to the frequency of the input
pulses and the period of rotation is directly related to the
number of applied input pulses. One of the most advantages
of a stepper motor is ability to be accurately controlled in an
open loop system which means no feedback information
about position making the motor simpler and less costly to
control.

The stepper motor used in this paper is the 28BJY 48
stepper motor. The motor has a 4-coil unipolar arrangement
and each coil is fed for 5 V. So, it is easy to control with
microcontrollers. These motors have a stride angle of
5.625°64 which means the motor use 64 steps to complete
one rotation and every step cover 5625 degrees. It isa stepper
motor with decent torque. So, it is suitable for using in this
paper.(7)

The ULN2003 stepper motor driver board provides a
direct drive interface between microcontroller and the stepper
motor. This board has several parts that has five wire sockets
where the cable from the stepper motor is connected and four
step indicator LEDs to indicate the light which coil is
currently powered. On the other part, it has a motor on /off

(@ simulated 3D radiation pattern.

— EXpEriment == e= e Simulation

0

(b H-plane pattern.

e EXperiment = e= e Simulation

© E-planc pattern.

Fig4 Radiation pattern of proposed microstrip antenna

Jjumper keeping it on to enable power to the stepper. There are
two pins below the four resistors where power is provided to
the stepper. The board can supply between 5V to 12V to the
motor from an independent power supply. In the middle of the
board, there is the ULN2003 chip. And there are the four
control inputs connected to four Arduino digital pins. (8]
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Fig.6 The DEVIO NB-SHIELD connected on Arduino Board

Fig 7 The floor plan of measurement site

C. Arduino Uno Board

The Arduino Uno is a microcontroller board based on the
ATmega328. It has 14 digital inputoutput pins which are 6
pins can be used as PWM outputs, 6 analog inputs, a 16 MHz
crystal oscillator, a USB connection, a power jack, an ICSP
header, and a reset button. It contains everything needed to

support the microcontroller connecting it to a computer with
a USB cable or power it with an AC-to-DC adapter or battery

to get started. The Uno differs from others that it does not use
the FTDI USB-to-serial driver chip. Instead, it features the
Atmega8U2 programmed as a USB-to-serial converter (9)

D. NB-lIoT Module

NB-IoT module is used in this paper which is a DEVIO
NB-Shield I with the Quectel BC95 chip on'the LTE Cat NB1
(NB-IoT) network, operated at 900MHz which transmits data
in single tone, 24kbps downlink and uplink 15.625 kbps. The

utilized protocol is UDP and CoAP which have SIM on board
and use Serial Command via UART.

o

Base Station Directional

Antenna

Stepper Motor | !

NB-loT Module

Fig 8 Block Diagram of NB-IoT system with Directional Antenna
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Fig 9 Flowchart of algorithm used to determine the best received
signal direction,

III.  MEASUREMENT AND RESULTS

A.  Measurement Setup

The proposed antenna is connected to NB-IoT module as seen
in Fig 6. The signal strength is recorded and analyzed by
algorithm. Considering the comparison between the designed
antenna and an omnidirectional antenna which is 3-dB; dipole
antenna. Furthermore, the advantage of directional antenna

for the proposed antenna can determine the best received
signal direction. The proposed antenna connected to NB-IoT
system are tested at the 3% level of Sirindhorn Witsawaphat
building, Suranaree university of technology, Thailand. The
floor plan of the building of the building and the measurement
points are shown in Fig. 7. The first point #1)is a lab-office
surrounded by many thick walls, which was chosen to show
the case of weak signal. Next point #2) is located in indoor
pathway which consists of three thick walls. The third point
#3)is an open pathway and two thick walls. Finally, the last
point #4)is an open space in the building, which was chosen
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Fig. 10 The result of signal strength for changing of desired signal direction at each point

to show the case of strong signal. At each point, the antenna
is rotated for 360 degrees using stepper motor for measuring
the signal strength value. These data will be analyzed to find
the best received signal direction

B.  Algorithm to Control Stepper Motor with NBIoT and
Arduino Uno

As seen in Fig 8 (block diagram), the antenna receives
signal from the base station and conveys the signal to
microcontroller which contains Arduino and NB-IoT module.
Then, the microcontroller stores the signal strength value and
degree of rotation every 10 degrees, which means that we can
store 36 values in one round. The signal strength values which
is RSSI are compared by the algorithm implemented in the
microcontroller. The main program makes an infinite loop
which decides the maximum signal strength as the flowchart
is shown in Fig 9. These values are compared with previously
stored values and when we give the maximum signal strength
values, the stepper motor will rotate to the direction that
antenna can receive maximum signal strength. The result of
signal strength for changing of desired signal direction is
shown in Fig. 10.

C. Measured Results

Atpoint #1 which is a lab-office surrounded by thick walls,
the maximum signal strength is -72 dBm when employing the
proposed antenna while the monopole antenna provides the
received signal of -77.4 dBm. Obviously, the signal strength
improvement of 54 dB is obtained whenemploying the
proposed antenna design. For the case of point #2 where is
indoor pathway, the received signal strength is higher
comparing to point #1. The signal strength improvement of
approximately 7.8 dB is achieved. The proposed antenna
provides the maximum signal strength of -6746 dBm in

direction of 250 degrees while the monopole antenna
provides the signal strength of only -75.25 dBm. For the case
of point #3 where is indoor pathway but there are lesser walls
than point #2, the signal strength is higher than the signal
received at point #2. The maximum signal strength is -51.2
dBm in direction of 210 degrees employing the proposed
antenna while the monopole antenna provides the signal
strength of -594 dBm. For this case, the signal strength
improvement of 82 dB is achieved. In case of the desired
point #4 which is open space in building, the maximum signal
strength is -51 dBm in all direction of presented antenna
including the monopole antenna. It is obvious that although
the devices are moved to other places, stepper motor still
rotate to find the best received signal direction. And signal
strength of the proposed antenna equipped to NB-IoT module
at any point where is not open space is higher than the ones
from monopole antenna. The average value indicates that we
can improve signal strength up to 7 dB over the use of omni-
directional antenna. So, the proposed method to control the
direction of beam can improve the performance of the
antenna for NB-IoT.

IV.  CONCLUSION

This paper has reported the comparison between the
proposed antennas and omnidirectional antenna which is
employed in NB-IoT module. The received signal strength of
proposed antenna is higher than the signal strength from
monopole antenna as the property of directional radiation for
proposed antenna. We can improve signal strength up to 7 dB
over the use of omni-directional antenna. So, using directional
antenna can improve the performance of NB-IoT system.
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