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Abstract— This paper discnssesa proposed system for
measuring athletic agility based on Internet of Things (LoT)
technology. The problem with existing agility gauges is that they
still use a stopwatch to measure time, and the existing munmly
have a few pads and a short distance. The main objective of this
paper is to propose the design of an agility measuring system
that is simpler and has the ability to coordinate with more
motion sensor nodes. This paper also presents the design results
of activity diagrams, transaction databases, block rams, and
hardware configurations of motion sensor nodes. The result of
this research is an IoT-based agility measuring system using the
ESP8266 module, allowing 253 or more pads to be coordinated.
The activity diagram consists of three main actors, namely
admin/tester (coach), tester trainer (observer), and athlete
actor. In the database design of this IoT-based agility measuring
system, it consists of 6 tables, namely three master tables and
three transactional tables. The three master tables are the
"athletes" table, the "mater_pad" table, the "test_scheme"
table. Meanwhile, the three transactional tables are the
"test_log" table, the "test_pad" table, the "test_agility" table.
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I. INTRODUCTION

Wireless measurement technology is a human need in this
modern era. This technique provides convenience, high
accuracy, and of course, data logging so that data can be stored
for analysis needs. Internet of Things (IoT) technology offers
convenience in remote data collection [1]-{3], so as if the
operator does not have to go to the field, all the necessary data
ca collected in one place stored in digital format.

Agility is the ability[l change body position or body
movement quickly while moving fast without losing balance
B wareness of orientation towards body position. Agility is
the ability to change the direction of motion in the variable
Bced, level, and locomotor behavior of an athlete [4].
Sheppard and Young [5] also stated that speed and agility are
independent physical abilities. Therefore the development of
speed and agility requires a high degree of neuromuscular
specificity. However, in reality, agility is not only the speed of
movement, Agility is related to the acceleration and
deceleration of moving in changing directions but with high
consistency, while an athlete tends to slow down with time
and age so that his agility will also change. This agility

component includes elements of evading, changing body
position quickly, moving then stopping, and moving as fast as
possible. This ability requires excellent coordination between
brain and muscle function [6], While agility is one measure to
determine a person's physical ability [5]. Research results
from Sabin in 2015 stated that agility should be trained from
a young age [7]. Importantly, an athlete must be able to
increase and develop speed through agility training.

In the world of sports, agility is the benchmark for an
athlete who is stated to have good stamina [8]. Therefore, the
measurement of agility through field trials is an important
activity in the athlete selection process. Meanwhile, in the
health sector, agility is used to measure the muscle and bone
function of patients [9]. Generally, patients with joint
problems will have difficulty moving in a non-linear direction.
In this condition, the agility measurement technology with
good accuracy makes a big contribution to the observation of
the analyzed data.

Fig. 1. Testofagility by FITRONIiC [11]

In agility measurement, trainers or observers generally try
to get accurate data from any changes in movement or changes
in the direction of motion, and then these data can
automatically provide conclusions about a person's agility.
The problem with current agility measurements is a device
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that can detect motion and transmit input data remotely at a
multi-point is needed (Fig. 1). Meanwhile, the commonly used
measuring instrument is a stopwatch, which is prone to human
error due to errors in observation [10], [9]. Therefore, we need
agility measurement technology that is easy to use, simple,
independent, and has the ability to transmit measured data
remotely.

This paper is based on existing agility measurement
technologies, for example, FITRONIC [11], which then
proposes a design and work procedures [{i) machines and a
support system of an agility measurement system based on the
Intemet of Things (IoT). The problem with the existing agility
measuring technology is the limited number of $f#or nodes
and the limited distance due to the use of cables. The number
of sensor nodes can be increased by using an IP address-based
network [12], and the distance can be extended using a
wireless network. This paper also describes the engine
configuration from motion sensors to database configuration
on the server.

II. RELATED WORKED

Several motions flow models for agility testing for
children aged 10-12 years have been introduced by ISSopa
and M. Pomohaci in 2014. Reference [7], such as the sidestep
model as a measurement model for agility in rugby [4], [7],
[8], [10], on the sport of tennis [13] or gameplay [6]. These
models certainly require modern agility measuring
instruments. While manual agility gauges have been proposed
in [14], where these measurements only occur in humans
moving on a treadmill and then produce data on differences in
velwr changes in the athlete's knee joint.

Agility time was measured using the computer-based
FiTRO Agility check system (FITRONIC sro) with an error of
7.1% [11]. FITRONIC sro is used using cables and displays
that can be monitored directly by the athlete. But FITRONiC
sro cannot be used for multiple athletes simultaneously, and
the space is limited.

FiTRONIC provides agility data from the athlete via the
supplied pad. The pad is connected to the monitoring device
via a cable. Measuring agility obtains speed or acceleration
data for each change in the direction or motion of the athlete.
From these values, it can be concluded the level of stability of
human or athlete movement. Communication between the pad
and the server on FITRONIC uses a cable. Of course, this is a
limitation of the device. While inside [15] [Effers
communication techniques between machines using the Batch
Processing Method i Machine to Machine Wireless
Communication as Smart and Intelligent System.

The measurement technique using a wireless sensor
network (WSN) communication technology has been
successfully carried out, which is used to reduce failure in
measurement in the stuctural health monitoring (SHM)
program [9]—intr ing a prototype based on multi-agent
technology called the Never Miss An Opportunity Scheme
(NMAOS) model.

In NMAOS, the pad consists of a triggering agent,
comparative agent, and sensor agent, and the working
principle of NMAOS is to detect the pressure on the athlete's
muscle and then with WSN technology, the athlete's muscle
pressure information becomes an input to the automatic
collaboration agent, this information is then passed on to the

damage diagnosis. Agent and then terminating in a prognostic
agent (Fig. 2).

i Triggering Agent

| Automatic Collaboration Agent ‘
| Damage Diagnostic Agent ‘
‘ Prognostic Agent ‘

Fig. 2. Multi-agent Architecture for an Agile WSN [9].

From FiTRONIiC technology [11] and NMAOS
technology [9] has a difference, namely the motion sensor
communication to the server, FiTRONIC uses wired
communication, while NMAOS uses wireless technology
with WSN technology. In terms of agility measurement
technology, NMAOS is not designed to facilitate the
evaluation of the athlete's agility but tends to be used to
measure changes in human muscle function. In addition,
NMAOS cannot be used on multiple athletes simultaneously.
We see that agility measurement technology, especially in
athletes with a large number of athletes, requires easy-to-use
technology, where the coordinating unit (server) can arrange
and identify the sequence and position of the pads, so that this
technology can be used in the direction of motion patterns
according to the assessor's wishes. or supervisor.
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Fig. 3. General components of agility motion [6].

Based on Fig. 3, in general, the definition of the agility
component is divided into two components. First, the
perception component and the factors determine the decision,
and the second is the change in direction and speed [6]. The
perception component is influenced by several dominant
components, namely vision, anticipation, recognizing
patterns, knowledge of situations. While the components of
changes in direction and speed are influenced by movement
techniques, strength, anthropometry, and leg muscle quality.
Meanwhile, leg muscle strength is influenced by the reaction
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force, focus strength, and balance between right and left
muscles.

III. RESULT AND DISCUSSION

As stated earlier, this paper produces a work procedure
design of an loT-based agility measurement system. This is
important because good design guarantees good product
results. Therefore it is very important that the design is made
starting from the work procedures of the machines and support
systems involved.

The agility system design that we design consists of two
main systems, namely the agility sensor system (pad) and the
server system. The agility sensor (pad) system consists of
several components, namely a microcontroller using Wemos
type D1-mini with MCU ESP8266, communication pré8ol
using HTTP at 2.4 GHz communication frequency and IEEE
802.11 b/g/n WiFi protocol.

The choice of the ESP826@MCU is because this module
has a small size, only 4.83 cm, 2.54 cm wide and only weighs
Berams. Besides being small in size, the ESP8266 supports
STA + AP mode, which functions as both a station and an
access point. This feature allows the ESP8266 to be
programmed to form a mesh network. On the basis of these
reasons, we conclude that the ESPR266 will be suitable for use
as a node on the athlete's agility measurement system pad.
However, the ESP8266 is also used in energy monitoring
systems [16]-18].

The system work procedure starts from a mechanical
switch providing input to the MCU through an analog to
digital converter (ADC) process. The data that has been
received by the MCU is then processed and sent to the server
via wireless communication. On the server-side, there is only
one main part of the data received through the access point
antenna. This configuration will allow pad communication
with the server to occur wirelessly with a WiFi network, and
then the monitoring data can be displayed on a mobile
monitoring device, such as a cellphone, tablet or laptop as long
as the device has WIFI facilities. The status and arrangement
of the pad can also be adjusted via the mobile device.

Agility Sensor (PAD)

" . Analog ko Digital n._;uncl MCU
Switch

Fig. 4. Block diagram and the working principle of the sending module
design system

The working principle of the system (Fig. 4) begins with a
mechanical quantity converted into an electrical mechanical
switch. Then the analog quantity is converted into a digital
scale using the analog-digital Converter (ADC). The digital
data is processed and then converted into electromagnetic
waves. The magnitude of the electromagnetic waves is sent to

the server using a high-level protocol network, namely WiFi
based on the IEEE 802.11 standard. The server will convert
the wave size into numeric and graphical data.

Fig. 5 is a pad design in which the mechanical switching
and MCU become one part on each pad. Meanwhile, Fig. 6
shows the Design of an IoT-based agility measurement system
activity diagram..

Fig. 5. The physical configuration of mechanical switching on the MCU
ESP8266.

We make the design of the activity diagram as simple as
possible so that the system does not need to carry out complex
procedures. We determined that only 3 important actors were
involved, namely admin/tester (coach), tester trainer
(observer), athlete. In practical terms, admins and testers can
be the same person or different people. The main difference
between the admin actor and the tester actor is that the admin
is the actor who is responsible for determining the model or
exam scheme to be implemented, while the tester actor is the
person who determines the order of the athletes that will
conduct the exam. Altet actor is an object to be tested or
perform agility testing.

The flow of the activity diagram design starts from the
admin determining the test scheme to be applied, then
synchronizing between the server and the pad using WIFI
communication. Synchronization is a procedure for
determining the status of which pad acts as the start pad, the
next pad to determine the end pad. If this procedure was
successful, it means that the server-to-pad synchronizgon
was successful. Because the ESP8266 module supports STA
+ AP mode, which functions as a station and access point, if it
is assumed that the pad address is based on class C Ip-Address
based servers, in theory, the server can coordinate with 253
pads. This is what is different from the FITRONIC agility
system [11], where the pad used is limited and according to
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the number of analog input available from the receiver
module.

Athletic Agility Testing

Admin | Testers Testers Athlete
Prese the first
> Pad
Select Tasting Releace the first
Soheme Pad
| Select Atnintes (Start)
Presc the next
pad
(Pad—n)
(n=n4
Yes
o
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See Fesults  |of
Mo
Yes

JJ Y,

Fig. 6. Design of an loT-based agility measurement system activity
diagram.

athlete

athlete_test

tast pad

B id_testpad

|——with pad——04

have a pad

test_agility

have
aschema

Fig. 7. The design of the loT-based agility measurement system database

After the synchronization is successful, then the actor
tester sets the order of the athletes and then determines the first
athlete to be tested. The athlete actor started to step on the first
pad. When the first pad is released from the stampede, the
speed input value and the time delay from the first pad to the
next pad are calculated until the last pad. The total score of
each athlete will be recorded and stored on the server and then
displayed on the scoring interface of the actor tester.

In the database design of this [oT-based agility measuring
system (Fig. 7), it consists of 7 tables, namely three master
tables and four transactional tables. The three master tables are
the "athletes" table, the "mater pad" table, the "test scheme”
table. Meanwhile the three transactional tables are the
"athlete test” table, the "test log" table, the "test pad" table,
the "test agility" table. The working procedure of designing
this database is where the admin actor accesses the athlete list
from the "athlete table", then selecting athletes is done in the
transaction table, namely the "athlete test" table. Athletes
who are selected and perform the test will fill in the test result
data in the table "test log". Pad status results from the
coordination of the internal server with each pad will be stored
in the table "test_pad".

IV. CONCLUSION

Several statements can be drawn as a conclusion from this
paper, namely the design of an agility measurement system
based on loT technology consisting of two main modules, first
the pad module as an athlete motion trigger and
communicating with the server using WiFi communication,
the second server module as a pad coordinator module, data
processing, monitoring the results of the evaluation of the
athlete's agility.

The communication pad to the server module uses the
ESP8266 module which features STA + AP mode with class
C IP-address addressing, allowing the server to coordinate
with as many as 253 pads.

The activity diagram consists of three main actors, namely
admin/tester (coach), tester trainer (observer), athlete. In
practical terms, admins and testers can be the same person or
different people. The main difference between the admin actor
and the tester actor is that the admin is the actor who is
responsible for determining the model or exam scheme to be
carried out, while the tester actor is the person who determines
the order of the athletes that will conduct the exam. Altet actor
is an object to be tested or perform agility testing. In the
database design of the loT-based agility measuring system, it
consists of 7 tables, namely three master tables and four
transactional tables. The three master tables are the "athletes”
table, the "mater pad" table, the "test scheme" table.
Meanwhile the four transactional tables are the table
"athlete test", "test_log",

ACKNOWLEDGMENT

This rescafh support from the Siliwangi University,
Tasikmalaya, Republic of Indonesia under the grand of
Penelitian Berorientasi Jurnal Internasional (PBIT). 'a:
author would like to thank to Siliwangi University and the
Directorate of Research and Community Service, Minister of
Research, Technology and Higher Education for financial
support to accomplish this work.



MSI SUMMIT
Rectangle


(1

[2]

(3]

[4]

[5]

[6]

(71

(8]

9

REFERENCES

N. Hiron et al., “Batch Processing Method in Machine to Machine
Wireless Communication as Smart and Intelligent System,” Int. J.
Futur. Comput. Commun., vol. 5, no. 3, pp. 163-166, 2016, doi:
10.18178/jfec.2016.5.3.464.

N. Herlina, N. Hiron, and F. M. 8. Nursuwars, “Parking Service
Management with Hybrid Code Technology (HCT),” ICSECC 2019 -
Int. Conf. Sustain. Eng. Creat. Comput. New Idea, New Innov. Proc.,
pp. 186-189, 2019, doi: 10.1 109/ ICSECC.2019.8007046.

N. Herlina, Heranto, N. Hiron, F. M. 8. Nursuwars, and H. Mubarok,
“Hybrid Billing Parking System (HBPs) for service quality
improving,” IOP Conf. Ser. Mater. Sci. Eng., vol. 550, no. 1, 2019, doi:
10.1088/1757-800X/550/1/01201 7.

S. Hendricks, “Trainability of junior Rugby Union players,” South
African J. Sport. Med, vol 24, no. 4, pp. 122-126, 2012, doi:
10.7196/sajsm.357.

W. Young, S. Grace, and 8. Talpey, “*Association between Leg Power
and Sprnting Technique with 20-m Sprint Performance in Elite Junior
Australian Football Players,” Int. 1. Sports Sci. Coach., vol. 9, no. 5,
pp. 1153-1160, 2014, doi: 10.1260/1747-9541 9.5.1153.

P. Horicka, J. Hianik, and J. Simonek, “The relationship between speed
factors and agility in sport games,” J. Hum. Sport Exerc., vol. 9, no. 1,
pp. 49-58, 2014, doi: 10.4100/jhse.2014.91.06.

A. Oprean, A. Cojocariu, and B. Ungurean. “Study regarding the
development of agility skills of students aged between 10 and 12 years
old,” Timisoara Phys. Educ. Rehabil. 1, vol. 7, no. 13, pp. 52-57, 2014,
doi: 10.1515/tperj.

G. Q. Zhou, Y. P. Zheng, and P. Zhou, “Measurement of Gender
Differences of Gastrocnemius Muscle and Tendon Using
Sonomyography during Calf Raises: A Pilot Study,” Biomed Res. Int.,
vol. 2017, 2017, doi: 10.1155/2017/6783824.

S. A, Quadri and O. Sidek, “A proposal to extend agility of wireless
sensor network using multi-agent system for structural health

[ro1

[

[12]

[13]

[14]

[15]

[1e]

|

[18]

monitoring application,” Int. J. Bio-Science Bio-Technology, vol. 5,
no. 5, pp. 171-178, 2013, doi: 10.14257/ijbsbt 2013.55.18.

N. Okamoto, “Agility test for mgby using sidestep,” Footb. Sci., pp.
11-17,2014.

E. Zemkovd and D. Hamar, “Agility performance in athletes of
different sport specializations,” Acta Univ. Palacki. Olomuec. Gymnica,
vol. 44, no. 3, pp. 133-140, 2014, doi: 10.5507/ag.2014.013.

F. M. S. Nursuwars and A. Rahmatulloh, “RFID for nurse activity
monitoring in the hospital’s nurse call system with Internet of Thing
(IoT) concept,” IOP Conf. Ser. Mater. Sci. Eng., vol. 550, p. 012025,
2019, doi: 10.1088/1757-899X/550/1/012025.

E. Soni, “The relationship between body composition analysis and 8
foot up and go test in young old adults,” J. Nov. Physiother., vol. 06,
no. 06, p. 7025, 2016, doi: 10.4172/2165-7025.C1.012.

A, W. Christianto and Y. Kaelani, "Mengukur Kecepatan dan
Percepatan Gerak Kaki Manusia Menggunakan Kamera Digital,” 1.
Tek. Pomits, vol. 2, no. 3, p. 379, 2013,

N. Hiron, A. Andang, and N. Busaeri, “Investigation of Wireless
Communication from Under Seawater to Open Air with Xbee Pro S2B
Based on IEEE B02.154 (Case Study: West Java Pangandaran
Offshore Indonesia),” in Advances in Intelligent Systems and
Computing, vol. 881, 2019, pp. 672-681.

S. Wasoontarajaroen, K. Pawasan, and V. Chamnanphrai,
“Development of an loT device for monitoring electrical energy
consumption,” 2017 9th Int. Conf. Inf. Technol. Electr. Eng. ICITEE
2017, vol. 2018-Janua, pp- 14, 2018, doi:
10.1109/ICITEED 2017.8250475.

S. Thakare, A. Shriyan, V. Thale, P. Yasarp, and K. Unni,
“Implementation of an energy monitoring and control device based on
IoT,” 2016 IEEE Annu. India Conf. INDICON 2016, 2017, doi:
101109/ INDICON. 201 6. 7839066,

V. Tadavarthy and A. Broota, *Smart Power Monitoring & Analysis,”
Int. J. Sci. Res., vol. 5,no. 7, pp. 16271630, 2016, [Online]. Available:
https://www.ijsr.net/archive/v5iT/ ART20165 [2.pdf.



MSI SUMMIT
Rectangle

MSI SUMMIT
Rectangle


Mobile Application as Media Monitoring in the Agility Record
System (ARS)

ORIGINALITY REPORT

12, 9 6 3

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to Oregon State University 2
Student Paper %

ebook.itenas.ac.id 2
Internet Source %

H. Aripin, Nurul Hiron, Nundang Busaeri, 'I y

0

Firmansyah M S Nursuwars, Linda Faridah,
Svilen Sabchevski. " Performance of
Graphite/SiO Composites as Cathode
Electronic Active Layer in Al-Air Batteries ",
2020 IEEE International Conference on
Sustainable Engineering and Creative
Computing (ICSECC), 2020

Publication

repositori.unsil.ac.id 1
Internet Source %

-~

Submitted to Universitas Pendidikan Ganesha 1
Student Paper 0%

c

Alam Rahmatulloh, Rohmat Gunawan, Heni 1
. %
Sulastri, Ihsan Pratama, Irfan Darmawan.



"Face Mask Detection using Haar Cascade
Classifier Algorithm based on Internet of
Things with Telegram Bot Notification", 2021
International Conference Advancement in
Data Science, E-learning and Information
Systems (ICADEIS), 2020

Publication

juniperpublishers.com
.IlnterneFt)Sou[rgce <1 %
rua.ua.es
E Internet Source <1 %
n Alam Rahmatulloh, Dewi Wulan Sari, Rahmi <1 y
Nur Shofa, Irfan Darmawan. "Microservices- °
based loT Monitoring Application with a
Domain-driven Design Approach", 2021
International Conference Advancement in
Data Science, E-learning and Information
Systems (ICADEIS), 2020
Publication
1library.net
Internet Sozlrce <1 %
Alam Rahmatulloh, Firmansyah M S <1 o

Nursuwars, Irfan Darmawan, Galih Febrizki.
"Applied Internet of Things (IoT): The
Prototype Bus Passenger Monitoring System
Using PIR Sensor", 2020 8th International



Conference on Information and
Communication Technology (IColCT), 2020

Publication

sStiE)nm;EEred to Cardiff University <1 o
Nundang Busaeri, Nurul Hiron, Asep Andang, <1 y
Imam Taufiqurrahman. "Design and ’
Prototyping The Automatic Fish Feeder
Machine for Low Energy", 2019 International
Conference on Sustainable Engineering and
Creative Computing (ICSECC), 2019
Publication
Eka Wahyu Hidayat, Ida Ayu Dwi Giriantari, <1 o
Made Sudarma, | Made Oka Widyantara.
"Visualization of A Three-Dimensional Tree
Modeling using Fractal Based on L-System",
2020 IEEE International Conference on
Sustainable Engineering and Creative
Computing (ICSECC), 2020
Publication
eprints.unite.edu.mk <1 o
Internet Source 0
Omar Faruk Riyad, Ahraf Sharif, Arif Ur <1 o

Rahman Chowdhury Suhan, Mohammad
Monirujjaman Khan. "An IOT Based Nurse
Calling System for Real-time Emergency Alert

Using Local Wireless Network", 2021 IEEE 12th

Annual Ubiquitous Computing, Electronics &



Mobile Communication Conference
(UEMCON), 2020

Publication

—
~N

res.mdpi.com <1 o

Internet Source

—
oo

wWww.scribd.com
<1 %

Internet Source

WWW.Sersc.org <1 %

Internet Source

Exclude quotes Off Exclude matches Off

Exclude bibliography On



