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Abstract:

Tamil Nadu Physical Education and Sports University [TNPESU] is India’s first
university exclusively for physical education and sports in India includes research and
courses in Sports technology and science. The Sports Aerodynamics is basic and
needed research in the development of Sports products and athlete performance.
TNPESU had a Wind Tunnel Laboratory for the Sports science and technology
students for education and research purposes. Wind tunnel designed with the
objective of analyzing different sports ball, to find the three forces and moments,
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Pressure distribution and the velocity streamlines in static and rotation of the ball
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I. INTRODUCTION

The wind tunnel is a facility used for the
aerodynamics study to know the motion of air and to
calculate the force and moment acting on the body.
For the sports aerodynamics research and
coursework, the wind tunnel is the essential facility

[1].

A wind tunnel is designed based on the
application, the velocity of the air in the test section
and pattern or quality of the flow in the test section
[1]. In the Sports Aerodynamics research the most
common models are balls, disc, frisbee, cars, bikes,
apparels, cyclists, athletes and stadium mostly all are
tested in low Speed subsonic and Atmospheric
Boundary Layer [ABL] is generated for the
Stadium([1,2].

The Sports Aerodynamics wind tunnel designed
and developed based on the maximum speed in the
test section, test section size based on the model size
with blockage ratio, not more than 5% and the space
for fixing the required instruments for the wind
tunnel analysis [2,3].

Published by: The Mattingley Publishing Co., Inc.

Il. SPORTS AERODYNAMICS WIND TUNNEL

A wind tunnel is usually used for the research in
Aeronautical, Space and Automobile models like
airplanes, wings, rockets, missiles, cars, and trucks
[2]. In recent developments in wind engineering,
building aerodynamics and sports aerodynamics
leads a lot of innovation in the development of the
wind tunnel facility [2,3].

In sports aerodynamics wind tunnel the great
challenge is to be large enough to study athletes, the
length must be large to study the flow stream after the
ball and to study the wind characteristics and
ventilation inside the stadium[2].

The Education wind tunnel facility aim is to give
knowledge and academic activities for students. We
will facilitate the wind tunnel for studying sports
products like different balls, shuttlecocks, frisbee,
disc and apparel analysis with a feasible budget.

I1l. WIND TUNNEL DESIGN AND DEVELOPMENT

All low-speed Subsonic open circuit and suction
type wind tunnel consist of the four main parts
honeycomb with settling chamber, convergent
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section, test section, and divergent section.
honeycomb with settling chamber will make the flow
steady, linear and laminar flow into the wind
tunnel[2,3]. The convergent section will reduce in
cross-section area when the flow move to the test
section will increase the velocity of the flow. The test
section will be large enough to fit the model and
measuring devices. The test section leads to the
divergent section of the reduction of cross-section
area with an increase in length to reduce the velocity
of the flow, to avoid vibration and stress on the air
suction fan blades [3].

Fig. 1. Low-speed Subsonic open circuit and suction
type wind tunnel in TNPESU

Fig. 2. Honeycomb and settling chamber

The wind tunnel has a suction type, ten blade fans
have coupled with an AC motor (3Ph, 440V, AC
supply) with 7.5 Horse Power at maximum 1480
rotation per minute (RPM) will lead maximum flow
velocity of 20 m/s in the test section.
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Fig. 3. Wind tunnel fan with 10 blades

The wind tunnel different ball models have
developed for education and research purpose. Each
ball model was facilitated with pressure and force
model. The pressure models will have a valve to
connect with a multi-bank manometer or the
computerized pressure transducer[4]. The force
model to be fixed in Strain Gauge Balance for the
measurement of the three axial forces and three
moments of the model[5].

Fig. 4. Force model on the left and pressure model

IV. WIND TUNNEL MEASURING INSTRUMENTS AND
DEVICES

To measure the flow characteristic like pressure,
flow velocity, force acts on the model and the flow
streamline pattern are in need of measuring
instruments and devices. The inclined multi-bank
manometer filled with alcohol or water with 13 tubes
will help to measure the even a small pressure
difference at the model. The pitot-static tube with a
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separate manometer will measure the flow velocity in
the test section through static and stagnation pressure
readings[4,5]. The pitot-Static tube will move
vertically up and down to verify the effect of the
boundary layer due to the wall of the wind tunnel.
The D3D Camera is set to observe and record the
flow patterns (smoke flow) and rotation of the ball
[6]. The Smoke generator will generate the linear
smoke flow to visualize the flow separation,
circulation and the path of the flow streamline

Fig. 7. Smoke Generator
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V. COMPUTERIZATION OF WIND TUNNEL ANALYSIS

The latest development in the electronic
instrument made the wind tunnel experiments easier,
faster and accurate measurement. Pressure transducer
and the Strain gauge balance play a huge role in wind
tunnel experiments.

The pitot-static and the pressure models connected
the pressure transducer which will display the flow
velocity and pressure on the display and in the
computer, where the inbuilt software will have the
algorithm for the calculation

Fig. 8. Pitot-Static tube and Hotwire anemometer

The hot wire anemometer used to measure the flow
velocity which works on the temperature difference
due to the flow velocity in the test section. Used for
the accurate measurement of the flow velocity in the
test section[4].

The Strain gauge balance is used to calculate the 3
axial forces and 3 moments act on the body [3]. The
Strain gauge balance mounting system not only
supports the model but also rotate clockwise and
anti-clockwise direction to study the different sports
ball rotational effect.
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Fig. 9. Strain Gauge Balance

The computer had the software with an algorithm
to calculate the Pressure distribution, forces acts on
the body and the CL & CD measurements and to
generate the graphs. All readings can be exported in
Excel format[5,6,7].

Fig.10. Wind tunnel Computer Software application
VI. CONCLUSION

The wind tunnel is an essential facility for
education and research purposes in the Sports
Aerodynamics program. The role of the engineer has
increased in the development of sports products,
infrastructure and athlete performance. Sports
technology and aerodynamics skills will lead to a lot
of research, career growth and the entrepreneur.

The sports aerodynamics wind tunnel test section
is long enough to visualize the flow begin the ball
models, the rotating force strain gauge balance is
fixed and the multi-bank manometer is customized
for the ball pressure models.

Published by: The Mattingley Publishing Co., Inc.
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of gait cycle pattern. The mercury filed prototype device has multiple channels through which
mercury flow in. The direction of flow of mercury is channeled in four different directions. The change
in directions and amount of mercury in a direction is directly propositional to force influence on the
device. This mercury flows freely in between light source and light sensor. Movement of mercury
interrupts the light intensity which is sensed by light sensor. Sensing the movement in different
chamber and change in flow direction results in estimating the direction of force acting on it, which is
induced by the object/ person wearing the device. The device is referred as Force reaction vector
meter (FRVM)
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Applications
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Abstract: Technological transformation is unlocking new opportunities in
wearable devices used in sports application. Nowadays training the sports involves
the use of integrating smart sensors, cameras, internet of things and intelligent data
algorithms into a device which is wearable making the players to achieve their
maximum performance. These smart devices replace the coach and manage all
aspects of technical training except for the physical training given by the real
coach. This paper provides a comprehensive study on the intelligent data analysis
made on the data acquired from sensors to give a meaningful sense to it. The smart
training methods employed currently in various sports are identified and presented.
The future directions in this area of research are also presented.

Keywords: Wearable devices, intelligent data algorithms, sensors, technical
training, sports

1. Introduction

The technological boom has influenced in all areas of human life. Smart devices have
changed the way of looking the world. Sports field is not an exception. Wearables take
new dimension in monitoring sports activities of the player. These devices incorporated
with smart algorithms help the player to understand his performance and help him to
compete to next level. Due to developments in internet and cloud services the collected
data from sensors can be worked in a detailed manner. Here clever algorithms can be
applied which extracts the features, train the data set and can be tested to verify its
accuracy. With these resources the devices now become smart Artificial Intelligent (AI)
devices which will help the player to train himself and achieve better results. Section 2
discusses the role of wearables in smart training. Section 3 briefs the sensors that are
commonly used in devices. Section 4 summarizes the intelligent approach used in the
sports wearables and the results obtained. Section 5 lists the challenges faced and
section 6 concludes with the limitations and identifies the scope of futureresearch.

1Nithya N, Research Scholar, Dept of AST&T,TNPESU, Chennai;
E-mail: nnithyapanimalarece@gmail.com.
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2.Wearables in SportsTraining

The role of coach for a player is very important. Unfortunately all aspirant players do
not get their dream coach. Sometimes financial support also poses some problem. So,
wearable technology could reduce this burden by providing solution to the above
problem. Intelligent algorithms incorporated in these devices gives clues to the player
so that he can understand his game profile and take necessary steps to correct and
achieve histarget.

Two important sections in wearable device are,

1. Hardware
a. Sensor selection
b. Noise removal
c. Communication to the decision making subsystem

2.Software which takes decision based on acquired signals.

The tasks performed during training require physical effort and it is a continuous
process where the ultimate goal is to improve the perfection in the game played. The
various stages involved in sports training are,

e Data acquisition

o Intelligent dataanalysis

e Assessment

o Targetrealization

The flow diagram for the sports training is shown in figure 1,

A cquinng the raw
sensor data

)

Application of
Intelligent data
analysis

!

Accessing the

parameters
. Machine learning and
A dapting and p da deep learning algorithms Predict
correcting reprocessing data (Build and train the responses
\L model)

Attainment

Figure 1. Flow diagram for sports training
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3. Sensors

The important consideration for developing a wearable device is the selection of
sensors. The sensors should be reliable, small in size, light in weight and durable. The
data’s from sensors can be used in activity recognition i.e. understand the body
kinematics and movement parameters. The machine learning algorithms can be applied
on the collected data’s to bring out predictions. To get best results the user has to select
the suitable algorithm to get the desired insight. The algorithm can be supervised or
unsupervised. But all data processing algorithms cannot run on the device itself due to
lack of its computational capacity, memory constraints and power back up. So with
Bluetooth or wireless module the data’s can be transported to a mobile or cloud
services where intelligent algorithms can be performed to aid the player in decision
making. This virtual coach assists the player in his training replacing the actual trainer.
The various sensors deployed in sports wearables are inertial measurement unit which
involves accelerometer, gyroscope and magnetometer, pressure sensor array, force
sensor, motion sensor etc.

4. Intelligent data algorithms in sports

Intelligent data algorithms and data set can provide a method to analyze the
performance parameter of an athlete and can improve his training plan to achieve the
best results. Table 1 summarizes the information such as the name of the sport, the
sensors used, the features detected, the goal, the classification algorithm and the
accuracyobtained.

Table 1.Studies identified in sports wearable sensors with intelligent approach

Ref Sport Sensor Features Aim Approach Result
1] Basket Motion Body Automatic Support Vector 99.5%
ball sensor acceleration recognition Machine (SVM) accuracy
, Gesture of basketball with  SVM
training type algorithm or
activity
recognition
2] Basket Acceleromete  Arithmetic Classify the k-Nearest Random
ball rand mean and action of Neighbours (k- Forests was
Gyroscope Standard players NN),Random more
deviation Forests accurate
than k-NN
13] Fitness Multiple Mean, Examine the k-NN, Linear LST™M is
acceleration Maximum, participant SVM, Naive best with an
Sensor on Minimum, performance Bayes with accuracy of
several parts Range, on collected Gaussian kernel &  92.5%
of Standard data set from  Bernoulli(NB),SV
body/distribut  deviation, asmart wrist M polynomial,
ed across Root mean wearable Decision Tree
body square device (DT), Long Short-

term Memory
(LSTM)
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Fitness

Running

Soccer

Football

Table
Tennis

Tennis

Volley
ball

Acceleromete
r and
Gyroscope,
Pulse rate
sensor

Wireless
sensor
network
deployed in
the area of
training.
MTS 400
sensor board,
Crossbow
MOTE2 IPR
2400

Data form
video
recordings

Data from
data set at
Tottenham
Hotspur
Football club

IMU sensor

Video
recordings

IMU, EMG
sensors and
video
cameras

Mean,
Standard
Deviation

Mean,
Standard
Deviation

Mean,
Maximum,
Minimum,
Standard
deviation

Maximum,
Minimum

Mean, SD,
Skewness,
Kurtosis

3 layer
LSTM
network

Mean, SD

Classify the
indoor
exercise
activity such
as biceps
curl, Row,
Pushup, Sit
up, Squat and
Triceps curl

Develop a
prototype to
support
athlete with
ambient
intelligent
algorithms

Classify
athlete
position and
predict the
number of
goals scored
in the game

To predict
the recovery
time after
injury
without
official
diagnosis

To detect and
classify the
stroke in
table tennis

Classifies the
activities in
tennis shots

Identifying
and
classifying
the not
allowed
moves and
providing
feedback in
training
sessions

k-NN,SVM, DT

k-NN, SVM,
Spline
Interpolation

SVM, RF, Linear
Regression (LR)

SVM Radial basis
function (RBF)
kernel and
polynomial
kernel, Gaussian
process with RBF
and Laplace
kernel, Artificial
Neural Network
(ANN)

SVM linear, SVM
RBF, RF, k-NN

LSTM

LST™M

95.3%
accuracy for
activity
recognition
and 99.4%
for repetition
count

Classificatio
n system
achieves and
accuracy of
80% in
spline
interpolation

82%

accuracy is
achieved in
RF and LR

Accuracy for
SVM-
98.43%,
Gaussian
process-
97.4%,ANN
—98%

SVM linear-
95.6%, SVM
RBF-96.7%,
RF-95.7%,

kNN-94.7%

81.23% to
88.16%

F1 score of
0.74 for
labels with 2
classes
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[11] Weight IMU Mean, Classifying SVM, Linear 94.36%
lifting Variance, the weight Discriminant accuracy in
SD lifting Analysis (LDA) SVM
exercises
[12] Cricket Recorded - Develop Al Fuzzy, ANN Good
videos training classification
system to be accuracy
used as a
coach for
trainees to
become
expert in
batting,
bowling and
fielding
[13]  Cricket Data form Mean, SD To identify SVM 81%
IPL matches the best set of
attributes in
the player in
the match
played
[14]  Golf Strain gauge - Investigate Convolutional 95% of
sensor, 3-axis Golf swing Neural Network accuracy is
accelerometer data (CNN), SVM achieved in
and 3-axis classification deep CNN
gyroscope method than SVM
which is
86.8%

5. Challenges

Plenty of research is open in the field of sports training. Some of the challenges to be
addressed are:

1. The authors have shown results conducted with certain method and approach and
tabulated their findings. But they are not aware whether these methods will be adopted
by all athletes over long term. So the researchers can share their views and results with
the real world. Can interact with professional athlete and conduct more experiments
and provide a wider scope to researchers.

2. Every player is unique, so integrating intelligent algorithms might not provide
expected results for all as the body and thinking are different foreveryone.

3. All most all the design of wearables with intelligent algorithms is still in
development phase, it means they are available in prototypes only. So with only proper
validation these prototypes can be brought out as a commercialproduct.

6. Conclusion

This paper studies the various intelligent data algorithms proposed and implemented in
the field of sports training. With technology the minute details of the game can be
perceived. The accuracy and complexity of the models involved in this research vary
due to the different classification problems that each model is tasked with. The study
observes only few sports are concentrated and research should focus on the design and



128 N. Nithya and G. Nallavan / Study on Intelligent Data Algorithms Implemented in Wearable

implementation of wearable in other sports also. Moreover the security issues in data
handling also have to be considered.
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Abstract. Video annotation technique delivers many additional video processing
capabilities for several applications. Sports broadcast video content is unique in
regard to wealth of information as compared to any other video. Sports video
annotation is becoming popular among researchers in recent times because of wide
range of applications and challenges it pose. The demand for optimized design of
framework for sports video annotation is at peak. This paper surveys state-of-the-art
in annotation framework design, particularly for sports applications and provides
insight into future aspects. This survey may help researchers to further conceive and
develop advanced universal frameworks applied to all sports.

Keywords. Sports video annotation, annotation framework design, annotation
architecture, broadcasting video, Machine Learning,Neural Networks

1. Introduction

Several technological developments in recent past of video broadcasting and presentation
have improved sports video broadcasting quality with significant increase in the number
of subscribers. Apart from the conventional TV broadcasting, the boom in OTT platform,
web-based (internet) telecasting, reduction in data cost and higher data rate led to a
tremendous growth of sports entertainment industry in the recent times. Sports video
annotation is regarded as an assisting mechanism in many sports video applications like
analysis, retrieval, indexing, summarization|[2], browsing/surfing, content mining, video
skimming [11], providing supplementary information [10], generate metadata/metainfo
for advanced techniques such as artificial intelligence and machine learning [11], video
management and many more boundless areas [3,13].

The people in front of various devices watching the broadcast/telecast sports video
outnumber the people watching it live on the stadium. So broadcasters have the
responsibility to convince the needs of these viewers/consumers to commercially
succeed and continuously entertain and retain them as long term subscribers. Annotation
in sports video is crucial for broadcasters or even end-users to satisfy their commercial
or personal needs respectively [1]. The upcoming sections are categorized as follows:
Section 2 outlines the uses of video annotation in various sports video as a specific case.

! N.Chidambaram, Research Scholar, Department of Advanced Sports Training and Technology,
TamilNadu Physical Education and Sports University, Melakottaiyur, Chennai, Tamil Nadu, India.
E-mail: researchofchidambaram@gmail.com
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Section 3 analyzes various sports video annotation attributes found in literature. Section
4 deals with existing challenges and future aspects on this area. In section 5, we
summarize this work and its importance in current research context.

2. Sports Video Annotation

Sports video annotation is still considered as hot research area among researchers due to
its knowledge generating capabilities [14] and commercial value [11]. It conveys
additional useful information for all kinds of videos [12]. However, the richness of
content in sports video is completely different from other general videos. Furthermore,
each sport video is diverse in nature, thus demanding different ways of approach in video
annotation. For example, ball-only type of sport video annotation is inappropriate for
racquet based sport [16].

Framework design of sports video semantic annotation is challenging, complex and
very demanding [1,3]. Design of conventional or small scale framework for large scale
dataset is becoming impractical [6]. The motive of video annotation and its framework
is to relate the video features (low-level) and semantic labels (high-level) [3,13,14].
Moreover the framework should define semantic meaning of objects, events and context
[8]. It implies scene interpretation at higher level and data acquisition. It is considered as
the toughest task even for computer vision techniques [11,16].

2.1. Framework design/structure

The framework design falls into any one of two major categories. They are specific or
generic. Specific frameworks are suitable for many sports videos and they concentrate
more on sports/games related annotation tasks and generic frameworks are applied for
several genres of videos with sports video as a subset. The Survey related to AVA
(Automatic Video Annotation) is proposed by [13] and applicable to all general videos.
The literature survey related to Sport video as specialization is carried out in this work.

2.1.1. Specific Framework

Many frameworks proposed in literature are available as sports specific and some of
them can be extended to general video applications. This section lists all sport- specific
video annotation frameworks and briefly discusses them. Changsheng Xu et al [1]
Contributed framework for video summarization and retrieval of sports video. Here, two-
level annotation scheme is used. First level gives the overall summary taken from
webcasting text. And second level annotates every event of video employing semantics
of text as well as video boundaries grabbed from alignment of text or video.

Mentzelopoulos et al [4] has provided a system for extracting shot boundaries using
low-level feature video processing algorithms. Campos et al [5] proposed an automatic
sports video annotation framework based on Bayesian reasoning framework aiming to
annotate court sport videos at all cognitive levels with adaptability and event
classification at any time with user request.
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Assfalg et al [9] contributed semantic annotation system that utilizes visual cum
graphical features on the video frames. Additionally, color histogram is used for object
tagging. Xue et al [10] designed an AVA system for archival sports video. This work
delivers rich metainfo of the videos archived.

Kolekar et al [11] labeled video clips by automatic segmentation of broadcast videos
and framework provides answers of difficult queries related to video clips. Deng et al
[16] proposed data analysis annotation framework. It is dedicated to racquet sports
videos and has provision for tools to carry out interactive annotation. In addition, they
used supporting computer vision algorithms.

2.1.2. Generic Framework

The generic frameworks in literature have potential to satisfy the requirements of sports
video annotation. These frameworks are considered in this survey of sports applications,
because of having provision to modify them for sport needs. Zhang et al [2] proposed a
semi-supervised learning framework with six types of sports events for analysis. It uses
labeled, unlabeled, small scale and large scale videos to train the model. Aote and
Potnurwar [3] had undergone a novel approach to define a two- level keyframe extraction
method for AVA.

Hwang et.al [6] attempted to provide deep insight from enormous video datasets
available in internet to train. Getahun and Birara [8] used audio element of scenes to
assist identification of object and event using high level architecture. Islam et al [14]
highlighted the importance of distributed framework for AVA. The concept is spatio
and spatio-temporal oriented that provides application based solution for users. Human
action in sports is taken for their analysis. Huskey and Hill [15] facilitated dedicated
video pane in video annotation interface with many functionalities.

3. Literature Survey

Various attributes of sports video annotation framework are listed in Table 1 with both
specific and generic framework taken into consideration.

Table 1. Attributes of Sports Video Annotation Framework

Reference Framework Approach  Applications Sports Use User/Personal Preference
Type Cases
[1] Specific Web Semantic Soccer, Basket Summary
Casting annotation ball and other Creation
Text Indexing &  sports/ games
Retrieval
[2] Generic Semi- Training for Basket ball Search and
supervised event browse Videos
Learning detection and

annotation
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3]

(4]

[5]

[6]

[7]

(8]

[

[10]

[11]

[14]

[16]

Generic

Specific

Specific

Generic

Generic

Generic

Specific

Specific

Specific

Generic

Specific

Machine
Learning

Active region
detection &
extraction

Anomaly
Detection &
Transfer
Learning

Mapreduce
training

Convolutional
Neural
Network

Video Scenes
& associated
audio

Visual &
graphical
features using
neural
networks

Computer
Vision

Event &
Concept level

Spatial &
Spatio-
temporal

Data Analysis
with CV
Techniques

Shot
detection,
keyframe and
feature
extraction

Automatic
Video
segmentation
for annotation
Annotate
court sports
video

annotation for
large datasets

Analysis and
Management

Event and
Object
Identification

annotate
videos at
different
layers of
semantic
significance

archival sports

video

Semantic
labeling

1.End-user
distributed
VA services
2.Developer
algorithm
services

Multiple level
video data
annotations

Generally sports

Football, Squash
& Basketball

Tennis

Basket ball (As
framework input)

General

Basket ball (Shot
& Scene
Identification)

Several sport
videos &
Studio/Interview
shots

Baseball

Soccer

Baseball (Pitch),
Skate boarding &
running

Racquet sports
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None

None

Event
Classification

None

None

Video addition,
threshold setting,
result visualizing
and XML or SRT
file generation for

annotation

Retrieval of
specific shots on
demand

None

Answers difficult
queries

create new VA
algorithms
through VA &
APIs

User event
acquiring from
videos & offers
interactive tools
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4. Future aspects

With the advent of advanced learning methods such as machine learning, computer
vision and neural networks [3,7,16], the annotation task becomes easier. But, the existing
data acquisition abilities suffer from limitations [16] and faces challenges [3]. The need
for universal annotation framework for all sports is essential. Preference must be given
to scalability, adaptability and applicability features of a framework.

5. Conclusion

This paper summarizes domain-specific and generic frameworks with application to
sports video. The characteristics/attributes of frameworks related to sports video
annotation are presented. Investigators, particularly in field of sports video annotation
may find this work useful for their optimized framework design.
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Abstract. Air pollution in an ecosystem has proliferated industrial automation.
This dissertation concentrates more on industrial automation and has design an
embedded device with sensors to monitor and control the toxic gases in industries.
This entire prototype is an excellent result for observing the toxic gases in industry
and generates information by using data acquisition and transmission of
data.“Internet of Things (IoT)” is a important technology behind this and it provide
platform to bring together all the devices in the world to the internet. In this
dissertation, the parameters monitored are temperature, humidity and gas leakages
in industries. The sensor senses the parameters and uploads these data to the cloud
with the help of NodeMCU. If observed gas level is above the threshold which is
the safety limit of operation, the first alert is intimated from the Google cloud and
the controlling action carried out (ie) automatically close gas leakage valves and
then industry will take immediate step to control pollution. Or else, the second
alert message is sent through Electronic mail (e-mail) to restore the safe limit, as
government play role to power outage in the industries. Cloud is used to store the
sensed data, which is then transmitted and processed.

Keywords. Air pollution, Toxic gases, ECO-system, ESP8266 and IoT.

1. Introduction

In the recent years wireless technology and IoT grasped the most industrial area
especially automation and control has increasing for need of upholding various sectors.
Healthcare has prime importance in our day to day life. This paper reviewed about new
industrialization with ESP8266 and arduino UNO. Indoor Air Quality (IAQ) is highly
worsens industrial environments, which then spreads from indoor to outdoor, creating a
large scale effect around the industrial areas. Long term and short term effects caused
by Air pollution causes the people to concern about the air they breathe. The effect of
air pollution from industry is monitored scarcely. Our aim is to monitor the air
pollution from the heavy industry which leads to undesirable effects on the health of
human beings and also affects the environment. Pollution level in comparison to the
ambient air quality standards can be done by using monitoring. To protect the people
against extreme air pollution. Robust monitoring systems are necessary to alert people
and initiate actions.

'Elumalai.G, Assistant Professor, Dept of ECE, Panimalar Engineering College, Chennai, India.
E mail: elumalaig@gmail.com
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2. Review of Related Literature

Kavitha.B.C et al. (2019), insists on using intelligent sensors for pollution monitoring.
Collected data from the sensors are sent to the Google cloud makes it possible to
monitor the air pollution from anywhere in the world. In case of threating levels of air
pollution, alerting is used. This is used in industry and the pollution by vehicular
emissions. Rajalakshmi.R et al. (2019), Observes the toxic gases present in the air to
ensure the safety of the people in that environment and make it available at any place in
the world for monitoring. The composition of chemicals in air like carbon monoxide,
LPG, methane and flammable gases is monitored using sensors and this data is sent to
the cloud server, which is then represented pictorially for better understanding of the
statistics. Rupali et al. (2018), cares for home and industrial safety using fire and gas
detection systems. This system detects the leakage of gas and fire using sensing circuit,
which is then controlled by microcontroller which in turns triggers the alarm system to
alert the leakage of gas and fire. Using GSM modems, SMS are being sent to notify the
user. In addition, it is designed with mechanism to sprinkle the water using water
sprinkler when there is a fire or gas leakage. MQ-6 and MQ-9 used as gas sensors to
detect the gas leakage. IR flame sensor is used for fire detection, which detects the fire
and notifies the user using SMS. Manish Verma et al. (2018), uses microcontroller
based system to investigate about the toxic gas detection and alerting system. LCD
display is used where the levels of hazardous gases like LPG and propane was
displayed each second. Authorized person is notified with email and also using alarm
generation mechanism. This automated detection and alerting mechanism helps to
resolve the problem as soon as possible. Angelica Nieto Lee et al. (2018), this paper
focuses on integrating all the contextual data, to provide accurate and relevant
information as per the need. System information that already exists but has not been
integrated into the monitoring system like 3D models and manuals. It is context aware
industrial monitoring systems, which provide information based on system state,
environmental conditions and functionalities of the devices in that environment.
Ishwarya et al. (2018), insisted on automation of many small tasks around us using
Internet of Things (IoT) in order to improve the quality of living. IoT is used for
enhancing existing safety standards, using automation process. Gas leakages in open or
closed areas can prove to be dangerous and fatal. Traditional gas leakage systems can
able to detect the leakage but cannot able to alert the user. Alerting System can be
established to alert the authorized person and to perform the data analytics from the
obtained readings.

3. Proposed System

The figure 1 below shows the block diagram and prototype of the proposed system.
The components used to design the hardware are Arduino UNO, Semiconductor sensor
MQ6 & MQ7), ESP8266, Relay , Power supply. MCP3008 is an analog to digital
convertor. Analog values from the sensors are given to MCP3008, which is an §
channel ADC, that converts the analog data to digital data which is then sent to
NodeMCU. The parameters are monitored using DHT11, MQ-6, and MQ-7 sensors.
The sensor senses their parameters regarding the temperature, humidity and gas level
and uploads these data to the cloud with the help of WiFi device (NodeMCU). If the
level of the gas reaches above the normal level, the first alert is intimated from the
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Google cloud as it is automatically closes gas leakage valve and then industry will take
immediate step to control pollution. Or else, the second alert message is sent through
Short Message Service (SMS) to restore the safe limit intended so and as government
play role power outage in the industries.

SUPPLY

NODEMCU

Company
\ mabil
Sorver Tor Tactory Server for TNPCB

Figure 1. Block diagram and prototype of the proposed system

4. Result and Discussion

We are going to test our prototype for different cases are discussed below. For our
analysis Gas-1 represents carbon monoxide (CO), Gas-2 represents Isobutane, Propane,
Liquefied Natural Gas (LNG) and Methane. Temp represents temperature. Humi
represents humidity. Status represents either normal or emergency based on the
industrial gas leakage level.

Analysis for Gas-1

In the figure 2.a,the permissible level of Gas-1 is below 300. In this case, Gas-1 does
not reaches permissible level, so it is not harmful to the environment. Hence the status
is normal.In the figure 2.b, the permissible level of Gas-1 is above 300. In this case,
Gas-1 reaches above permissible level so it is harmful to the environment. Hence the
status is emergency.

Pallution rMaonitar

Air Pollution Monitor
303
1023
31
Humi &2

Status EMERGENCY

Figure 2.a

Figure 2. Output of Gas-1
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Analysis for Gas-2

Pollution Monitor Pollution Monitor

Air Pollution Monizon Air Pollution Monitor
Gas-1 1s

Gas-1 303
Gas-2 B B |

Gas-2 1023

Temp 30
Humi sa g =

Status NORMAL Humi 62

Status EMERGENCY

Figure 3.0utput Gas-2

In the figure 3.a, the permissible level of Gas-2 is below 300. In this case, Gas-2 does
not reaches above permissible level so it is not harmful to the environment. Hence the
status is normal. In the figure 3.b, the permissible level of Gas-2 is above 300. In this
case, Gas-2 reaches above permissible level so it is harmful to the environment. Hence
the status is emergency.

5. Conclusion

In this paper smart Industry Monitoring system based on IoT is proposed which can
effectively monitor and controls with alert. A prototype based on Arduino UNO was
developed which could sense the concentration of gases. The real time data information
obtained from the different sensors has been uploaded to Google Cloud which
displayed in the LCD. In addition to this other parameters like temperature, humidity
was measured. Provision was also made to vigilant the workers in case of any
emergency. The system provides consistently and accurate analysis to prevent any case
of accidents. This system makes use of Arduino UNO providing cheap solutions for
safety. Slight modification of the model enables the user to adapt it to any environment.
Predictive maintenance is an upcoming industrial need, for which the proposed model
can be improvised. In case of gas leakage the concentration of gas varies from point to
point which has to be analyzed. Moreover, the gases diffusing out during leakage may
also combine among themselves producing other by products which have to be dealt in
detail.

6. Future Scope

This prototype helps the industrial site from gas leakage deduction and faster resolution
of problems afforded by a higher level of expertise focused on control system. This
methodology could be applied to monitor distribution network of natural gas as well as
industrial, commercial, residential gas pipelines in order to provide a safe operation and
to avoid severe human health injuries caused by gas leakages. Proposed solution can
act as a automatic vehicle health feed for manufacturer to improve their quality by
providing regular vehicle services.
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Abstract: In current day security is very important. Nowadays, in all places many robberies are going on. In this security issue,
lock is the major parameter. The trustworthy on the lock should me made improve. The lock may be for main door lock,
baggage lock, shutter lock, grill door lock, interconnecting door lock etc. This project is based on arduino board and 10T. And
also this can be used for main door and for locker door. This lock works based on the knocking pattern. The owners knocking
pattern is stored in the register. When the knocking pattern is detected by the sensor, it passes it to the arduino board
microcontroller. Based on the trustworthiness of the pattern the lock works. This framework is easy for installation. It can be
implemented for commercial use also.

Keywords: 10T, Arduino Uno board, Power supply, Bylynk App, DC motor, Motor driver circuit, Knock pattern, GSM
module.

1. Introduction

The World has progressed significantly throughout the years and it has changed the manner in which we live,
the manner in which we impart, the manner in which we learn and the manner in which we change. One of those
extraordinary headways is progression in Technology. From creation of things like blades out of rocks to things
like 3D printer to a super PC, Technology has made some amazing progress. This headway in Technology has
been outstanding in the 21st Century.

Be that as it may, with the points of interest and advantages, additionally came the disservices and difficulties.
One of the instances of this headway can be taken as the creation of the IPhone. IPhone was a noteworthy redesign
from the customary sort of utilizing a telephone since it was ready to call and content as well as had the capacity
to play music, recordings, and download applications. Despite the fact that these were the favourable
circumstances, there were numerous detriments like battery channel and the decline of vis-a-vis correspondence
because of dependence on the cell phone. With such headways in innovation, there's dependably a requirement
for security and protection.

One of the methods for verifying security is a mix of ‘lock and key'. Present day locks and the locking
framework are unquestionably increasingly intricate and regularly utilize a dabbed system on the key which give
a more prominent security. In any case, the drawback is that it's the equivalent 'lock and key' system, which
means, the key can generally be imitated with some exertion. One of the arrangements is to totally dispose of the
'lock and key" instrument itself. This venture plans to do likewise by setting up solid security basing on a '‘Mystery
thumping example', therefore the name, "Thump Based Security System". This framework is involved gadgets
like Arduino, GSM Module , Servo Motor and so forth and utilizations a 'Mystery Knocking Pattern' which is
known just to the proprietor of that specific safe, bag or some other Property or item that the gadget is introduced
on. The expansion in security in executing this framework comes into the image in a few different ways.

2. Existing Systems

RFID technology can be used in the intelligent door knocking system. When anybody tries to open or knocks
the door then this action will be sensed and sends information to the user via GSM. But anyone with the false
RFID can open door. In finger print method, door will be opened when unique graphical security must be
matched. If the culprit has the finger print then they can easily open the door.

In another method, the wireless LAN module fixed on the board receives the transmitted signal and transmits
to the microcontroller. The microcontroller passes the data to the servo motor in order to complete the operations
on the Door [1].

In thump impression technique, when we thump it, the arduino begins observing the primary thump to
secondary thump and keeps the time gap period. In this work 6 thump impressions are taken. Therefore 5
timespans will come. These time lapses were converted interms of variables. Example, if the time period is less
than 500ms, then 0. If it is more than 500ms then 1. Like this the total 5 time lapses, converted into 5 digit
password. These passwords are used to open the door lock. If it does not match, then lock will not be open.

3. Proposed System
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If the entry way thump is entered correctly then the gate will be open. If the thump entry is wrong for

consecutive three times then code will be locked and alert will transmitted to approved authenticated client.
Working Principle

In this project work, as an input device capacitive sensor is used. This sensor can detect the electrical
capacitance of the human hand. This sensor is built by using aluminium foil, medium to high esteem resistor,
wire and a capacitor. When touch sensor contacts with the finger the body capacitance is in parallel to the sensor’s
capacitance. This makes wavering recurrence decline. The microcontroller recognizes this property.

Here, 3 bits of aluminium foils are introduced on the external side of entry way. The clients can open the entry
way by contacting these foils. Because of the usage of three foils, the detection of multifaceted of the finger is
possible.

Here, the time period is characterized by RC. Where, R is the resistor, C is the capacitance of the foil. In this
system we have to consider the capacitance experienced by the human finger. Suitable rearrangement can balance
out sensor readings, making the entire framework solid.

Other than, microcontroller, voltage converter or comparator can be used. This framework can be further
improved by using a touch cushion rather than aluminium foils. For example, if the independent momentary
capacitive touch sensor used then it can send computerized flag specifically to microcontroller.

BLOCK DIAGRAM & DESCRIPTION

Power
supply
\ 4
Power 10T Motor Motor
supely Ly 3| Driver >
Phone Bylynk
> App

Fig. 1 Block Diagram of Intelligent Door Knocking System

In this work, the door lock is controlled by 10T and Bylynk app. The door is controlled by the motor driver.
About the status of the door is delivered to the client mobile phone using bylynk app.

The description of the components are given below
10T (Internet of Things)

It connects and exchanges the data with other devices and systems using internet. But the drawback is privacy
and security. 10T can be used in consumer application field, commercial, industrial and infrastructure spaces.
Recent technologies are developed in home automation systems, wearable technologies, in medical applications
and remote monitoring systems.

MOTOR DRIVE MODULE:

Fig 2 — L298N Motor Driver Module (Source: 2)
The L298N Motor Driver module consists of an L298 Motor Driver I1C, 78MO05 Voltage Regulator, resistors,
capacitor, Power LED, 5V jumper in an integrated circuit.
When jumper is placed at that time only 78MO05 voltage regulator is enabled. If the power supply is less than
12V, then the microprocessor is powered by voltage regulator. The speed control pin for Motor A is ENA and for
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Motor B is ENB. The direction control pins for Motor A are IN1 & IN2 and for Motor B are IN3 & IN4. This
module cab used in robotics, in stepping motors and in drive DC motors. The motor driver used in the project is
shown in the Fig.2.
DC MOTOR
DC motor is operated by direct current. It converts DC electrical energy into mechanical energy. This motor
works on the principle of when a magnetic field and electric field interact then the mechanical force called as
motoring action is produced. Fleming’s left hand rule gives the direction of rotation.

Fig. 3— DC motor 60 RPM 12V

The Fig.3 represents the DC motor used in the project. The metal gear which is used in it has better wear and
tear properties. It requires no maintenance because; the gear box is sealed and lubricated with lithium grease. It
runs smoothly from 4V to 12V. It gives 60RPM at 12V.

Tests and Results

This home security system is having two stages. In first stage the client can fix where they want to mark the
thump impression and successively they have to do the thump impression. In second stage, from the time gap
between the thump impression code word is generated. If the code is correct then door will be unlocked.

The proposed door locks security system shown in the Figure 4. This system is attached on the door with the
lock.

When the client wants to open the door, the thumping data were collected. To detect the thumping, piezo
electric based vibration sensors were used. These sensor collected data transferred to the arduino. If the data was
an authenticated data, then flag will be set to open the door.

All activities are connected with the client’s mobile. So the status of the door was continuously monitored by
the client.

If suppose any unauthenticated person trying to open the door immediately alert will be given to the client
mobile. This system is shown in the Fig. 5

Fig. 4 Door lock security system

Fig 5: Mobile Alert using blynk app

Pros and Cons
The main drawback is if the door broken then no signal will be transmitted to the client. And the client not
aware of this incident. And the advantage is, if any intruder trying to enter with wrong thumping, then alert will
be sent to the client through their mobile phone.
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In future, the following feature can be added with this project.
If the person is authenticated person and the client having trust then the client can open the door remotely.
4. Conclusion
Thus the proposed framework is very simple and cheaper. The accuracy of the system is very high. So the
client can control the entryway remotely. The bylynk app is also a free app. Based on the thumping on the door
this security systems works. In future many advanced features like, remote monitoring and contolling of the door
can be achieved.
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Abstract

Cricket is one of the most popular games among young players in India. The game result is purely based on the runs scored by the
teams within the prescribed "overs". Hence the players will put maximum effort to score maximum runs as much as possible. The
effort is how much force the players can exert on the bat while hitting the ball so that the ball can travel maximum distance in the
ground. The average velocity of the ball thrown by the bowler is in the range of 40 km/h to 150 km/h which depends on the bowling
speed of the bowler. Due to such high velocity of the ball hitting on the bat, high impact force is generated on the bat as well as on
the arm of the player. This paper studies the strain, stress and energy due to ball impact force with different velocities using
numerical method. Also experimental verification for strain measurement is done in real time using data acquisition devices.
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Abstract:

Recently wearables have become a game changer in sports activities. Wearable devices influence
the game in tracking and monitoring the performance of the player on field in real time. This paper
aims to explore the uses and applications of wearables in the area of sports. These devices help to
bridge the gap between technology and user. Also it gives a comprehensive analysis of the player to
improve his skills and get real time feedback which would benefit himself and his trainer. This paper
surveys the important research work done in the area of wearables under four categories: (i)
performance monitoring (i) sports injury (iii) biometric parameters and (iv) energy efficiency. These
various considerations provide many opportunities for advancement in wearable technology with a
goal of enabling non-invasive measurement of physiological and activity parameters of a player.
Wearable technology is still in development phase and the paper concludes with the research
opportunities and the challenges faced.
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Inertial measurement unit-based cricket
stroke improviser using polynomial kernel
support vector machines
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Abstract

Woearable devices have now become virtual assistants, and the sports industry also aims in technological integration. The
objective of this research article is to introduce a wearable device to detect and record the movement of a cricket player
during his training session. The designed system collects the displacement and rotational information through a combination
of accelerometer and gyroscope placed on the cricket bat. We propose a data-driven machine learning model which takes raw
analog data as input for classifying the strokes. The algorithm used is the polynomial support vector machine, a supervised
classification algorithm with 300 independent variables to enable accurate and real-time stroke classification. The system has a
dedicated user interface for accessing these real-time details. This wearable embedded system does not require any cloud
services as the complex analyses are performed in the processor itself. The player and the coach can get visual reference
support, and the mistakes can be corrected during the training period itself. The device can detect the arm action of a cricket

player with a success rate of 97%. The hardware is powered using a 10,000 mAh rechargeable battery.
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Introduction

Background

The development of technological tools to monitor the
sportsperson training has increased in recent years. Wear-
able technology was first seen in European Soccer Club in
2009 to measure the overall player workload during games.
Timing the total minutes of physical activity, calories burnt,
heart rate in day-to-day life, real-time tracking are the as-
pects in tracking the granular detail with the data obtained
from the wearable device. With this data, we can set specific
personal requirements, track the progress, and hopefully
achieve goals. Wearable sports technologies are being used
to monitor athletic training and in-game performance.
Developments in this rapidly expanding technological ni-
che are letting team administrators, coaches, trainers, and
players excel in their sport. This will reduce the sports-
related health issues. The data let the players and their
coaches to evaluate their own body mechanics, improving
their performance or adjusting techniques to avoid injury.
This will greatly reduce the effort of the player. In sports
such as cricket, baseball, tennis, basketball, boxing,
swimming, and rowing, wearable devices can be used for
monitoring the performance metrics of a sportsperson. The
performance and biometric data include acceleration, an-
gular speed, temperature, and pulse rate.

Assessing and managing physical and physiological
parameters are gaining importance in personal health care

and better monitoring in real-time.' Besides MEMS — based
approaches, sports image detection technology and motion
recognition from image processing are other similar
applications.” ™ Low-power wireless communication tech-
nologies and miniaturization of highly sensitive sensors
have supported design engineers to develop small, delicate,
and non-invasive wearable devices which can be integrated
in sports tools or can be a wearable one to be worn on shoe,
pad, elbow, or waist. For example, such devices consist of
an inertial measurement unit (IMU), 3x gyroscope — 3x
accelerometer which is worn near the waist of the athlete in
volleyball.> Data recorded includes best jump, last jump,
jump average, and jump amounts. The device is placed into
the helmet to track the helmet impacts and frequency in
football. Monitoring various metrics is important, and
swing tracker devices were developed for measuring var-
ious swing metrics, such as speed, power, and the hitting
zone.’

A flexible pressure sensor based on piezoresistive effect
for clinical gait evaluation, foot diagnosis, and footwear
analysis was developed. The sensitivity of the graphene
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Table I. Summary of the literature review of the algorithms implemented in wearables.

Movements/
Ref. Sport Data collection Parameters Aim Approach Result
[12] Basketball Accelerometer and  Shooting, blocking, Classify the action of k-nearest neighbours Random forests was
gyroscope dribbling players (k-NN), random more accurate
forests (RF) than k-NN
[13] Fitness Multiple acceleration ~Abdominal Examine the participant ~ k-NN, decision tree LSTMis best with an
sensor on several exercise, back performance on the (DT), long short-term  accuracy of 92.5%
parts of the body extension, chest  collected datasetfroma  memory (LSTM)
press smart wrist wearable
device
[14] Fitness Accelerometer and  Biceps curl, chest Provides automatic indoor k-NN, SVM, DT 95.3% accuracy for
gyroscope, pulse fly, row, push up  exercise recognition for activity
rate sensor both in gym and home recognition and
usage scenarios. 99.4% for
repetition count
[15] Running  Wireless sensor Sportsman data, Develop a prototype to  k-NN, SVM, spline Classification
network deployed environment support the athlete with  interpolation system achieves
in the area of data, speed, and ambient intelligent an accuracy of
training. completion time  algorithms 80% in spline
MTS 400 sensor interpolation
board, crossbow
MOTE2 IPR 2400
[16] Soccer The training workload Central backs, Build a machine learning  SVM, RF, linear Good accuracy was
data of the player fullbacks, process to describe the  regression (LR), DT, achieved in DT
from a professional  midfielders players’ rate of k-NN
soccer club perceived exertion
(RPE) by the external
load extracted from the
GPS
[17] Football  Datafrom the dataset Age, injury, type, To predict the recovery  SVM radial basis function Accuracy for SVM-
at Tottenham position, body time after injury without ~ (RBF) kernel, 98.43%, Gaussian
Hotspur Football part injury, official diagnosis Gaussian process with  process-97.4%,
Club reoccurrence RBF and Laplace ANN-98%
kernel, artificial neural
network (ANN)
[18] Table IMU sensor Drive, push, To detect and classify the SVM linear, SVM RBF,  SVM linear-95.6%,
tennis topspin in stroke in table tennis RF, k-NN SVM RBF-96.7%,
forehand and RF-95.7%, kNN-
backhand stroke 94.7%
[19] Tennis Video recordings Backhand, Classifies the activities in  LSTM 81.23%-88.16%
forehand, tennis shots
service, smash
[20] Volleyball IMU, EMG sensors,  Arm movement, ldentifying and classifying LSTM Fl score of 0.74 for
and video cameras hand movement  the not allowed moves labels with 2
and providing feedback classes
in training sessions
[21] Weight- IMU Squats, deadlifts,  Classifying the weight- SVM, linear discriminant 94.36% accuracy in
lifting shoulder press lifting exercises analysis (LDA) SVM

sensor was good with a quick response time.” Head impacts
in soccer games were evaluated by calculating the accel-
eration ratio between the upper spine and head as the at-
tenuation index for workload measurement in this game.®
This would be helpful in estimating the head impacts in
front heading activity. A device for shot and pass classi-
fication during this match was proposed which used the
technique of detecting the high-intensity peaks from the
accelerometer data.” Challenges in using wearables for fast-
moving games such as basketball and handball were ad-
dressed.'” Smart wearable devices were proposed for
counting the missed and success shots in basketball using
the double sensor-node approach.'" A sensor located on the

net detects the missed shots, and the one placed on the wrist
detects the tried shots. Sports professionals are driving the
use of wearables as a part of their regime in their daily
training sessions.

Literature review

A comprehensive literature review has been performed on
the algorithms implemented in wearables for sports ap-
plications and is shown in Table 1. Wearables take new
dimensions in monitoring sports activities of the player.
These devices incorporated with smart algorithms help the
player understand his performance and help him compete to
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Figure |. Architecture of the wearable system for movement
detection and classification.

the next level. Here clever algorithms can be applied to
extract the features, train the data set, and can be tested to
verify its accuracy. With these resources, the devices now
become smart wearables which will help the player to train
himself and achieve better results.

It is evident from the literature review that studies
performed on cricket concentrated on bowling phases and
mostly the data were obtained from video recordings. Also,
the classification accuracy using the support vector machine
was around 81%. The support vector machine seems to be a
superior classification algorithm giving good accuracy.***
No interactive applications were developed to give instant
feedback about the shots being played, to the player and as
well as to the coach.

The proposed system is designed for cricket. Some of the
previously designed systems support particular stroke de-
tection on a video-based approach.”®*® But, the proposed
wearable device detects and records the movements of the
player during the training sessions from the data collected
by IMU without using any video processing techniques.
This article aims on developing a wearable device incor-
porated with an intelligent machine learning algorithm to
provide necessary feedback to the player by detecting and
classifying the shots performed by him so as to achieve
maximum performance. The coach can also analyze the
performance of the player without his physical presence in
the ground.

System architecture

The proposed system design is given in Figure 1. The
system consists of three main sections: (1) Inertial Mea-
surement Unit (IMU) for swing movement, (2) data pro-
cessing module which consists of a main processor and
graphics processing unit, and (3) dedicated user interface
(UI) for accessing real-time details. This wearable em-
bedded system need not require the internet for its opera-
tion. All complex and advanced analyses are performed in

Processor

Figure 2. Movement data acquisition device position. The device
is attached on the player’s hand.

Power
supply
v

IMU

ARM
Cortex <
A353

Broadcom
Videocore IV

SD Card

UI App

Figure 3. Block diagram representation of the proposed
wearable device.

the processor itself. This model can provide support for
real-time data processing by comparison with its reference
statistics. The upcoming sections describe the individual
parts of the system in a detailed manner.

Wearable embedded hardware design

The system’s hardware aims to design a light-weight
portable data acquisition module which can be used to
record bat movement. The best suited place for the wearable
device is to keep it on the player’s arm. The translational
and gyrational position of the bat is recorded using IMU
which is placed on the top handle of the bat. The sensor is
placed without disturbing the player’s performance. The
placement of the wearable device and the orientation of
IMU are presented in Figure 2.

The data acquisition module operates in a stand-alone
manner and detects the basic strokes in real-time. The block
diagram of the proposed hardware is depicted in Figure 3.
Our main processor is ARM cortex A53 which is a 64 bit
RISC architecture processor. It is accompanied by a
Broadcomm video core IV GPU. These two are the
hardware cores of this project. The IMU used here is MPU
6050 which is a 3-axis accelerometer, 3-axis gyroscope, and
a magnetometer. The accelerometer is intended to measure
the 3D translational motion of the bat and the gyroscope is
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Figure 4. Physical implementation of the wearable device.
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Figure 5. User interface for recording data.

intended to measure 3D rotational motion of the bat. These
data are recorded every few seconds and then gets sampled
at 50 different time slots. It also has an inbuilt wireless
connectivity which ensures wireless data transfer between
the user and the module. Also, the processor supports a
16GB SD card as its external memory along with its 1GB
internal SD RAM.

The hardware setup for the wearable module is shown in
Figure 4. The IMU sensor is placed on the tip of the bat and
the processor is placed on the arm of the player. The battery
can be placed under the arm guard used by the cricketer or
in his pocket as per his convenience, so that the hardware
does not disturb the training or practice sessions. Also, the

user can connect his smart phone or laptop with this setup
and avail the user interface applications.

The analog data are obtained from the IMU directly
when the player has played the shot. These data are
completely taken over by the processor and then sampled at
50 different intervals so that we can get 300 data points for a
single shot. The IMU is connected to the processor using
12C bus. The important part of this hardware is the motion
and biometric data processing device which is a high-
performance, low-power 64-bit processor with RISC ar-
chitecture. It is running at a 1.4GHz clock. It supports USB,
SPI, and 12C interfaces. A micro electromechanical system
(MEMS), IMU is used for sensing bat position while
playing. It is composed of a 3-axis accelerometer and 3-axis
gyroscope. Together, they form a 6-degrees of freedom
(DOF) device. An 12C interface is used for communication
with the processor.

The processor is supported with 1GB RAM which is
useful for assisting the processing and classification op-
eration. The memory can be expanded to 16/32GB which is
used for storing the data records locally so as to avoid the
use of online clouds which is expensive. This memory also
assists in publishing the user interface by providing required
memory specifications. The data are stored in the CSV
format which is memory-inexpensive and accessible by all
types of processors. In an average of 3 h, the total data
accumulated by the wearable module is 18,000 IMU data,
60 shots measured by the IMU each with 300 samples.

Embedded software design

In order to compile and being an embedded system, we
require software to control the hardware. The software
design of the system is mainly focused on interactive ap-
plication for visualizing the data which is acquired. The user
application is designed using Tkinter and Node — RED
software application. Python supports the application by
providing a good front-end and back-end support. The
Tkinter user interface for recording data is shown in
Figure 5.

The application can be viewed in a remote desktop.
Since the processor supports wireless connectivity, more
than one user can access the recorded data simulta-
neously. After the motion and the biometric data are
saved as CSV format, the recorded information is readily
visualized and available for more detailed analysis.
The users can analyze their current shot with the well-
played reference shot data which is already stored in the
module. So, the user can immediately visualize his ef-
ficiency for the current shot. More advanced techniques
and statistical approaches can be used for analyzing data
within the device itself as more memory resources are
available.

An interactive user interface of the proposed system
using Node — RED application is presented in Figure 6. The
layout is set using the Node RED interface. The input,
output and processing nodes are connected according to the
functional requirement. This user interface gives the details
of'the various shots played by the player and the shot played
recently. These details can be viewed either in the mobile or
laptop as per the user’s convenience.
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Figure 8. Graphical representation of gyroscope data (x axis, blue; y axis, red; z axis, green).
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Motion data acquisition

This section explains the details of acquiring motion-
sensing data and tracking them. Since the design is espe-
cially suitable for cricket, the performance of the proposed
system was tested with a cricket professional’s regular
training. In the following sections, the challenges involved
in cricket stroke detection, cricket stroke classification, and
biometric data acquisition are discussed.

Motion sensing and classification

Cricket stroke detection. For the cricket stroke classification
process, the individual cricket strokes first have to be de-
tected accurately. Being a prototype, we primarily focused
on detecting and classifying the three most common cricket
strokes: straight drive, pull shot, and cut shot. From the
accelerometer data shown in Figure 7, it is observed that for
every stroke played, there are maximum peaks in accel-
erometer readings. The peaks are up to 20G in amplitude.
Figure 8 shows the gyroscope readings. For detecting the
stroke, the following procedure is followed after the ball is
released. The accelerometer present on the bat starts re-
cording the spatial position of the bat from the batting
instance until the shot is completed. This action takes a few
seconds to complete. Fifty distinct samples are taken within
this interval. For every sample, we have three accelerometer
and three gyroscope data. These raw data are preprocessed
using the Kalman filter as they are contaminated with noise
and vibrations from the IMU while batting. The total
recorded data are sampled at 50 different time instances and
this resulted in 300 spatial positions (50 time samples X 6
raw data stream), which are taken as featured input for
classification.

Cricket stroke classification. The previous studies carried out
in stroke detection were based on classification of image
frames taken from the video recording while playing
cricket, which requires a high-cost high-performance
camera. This study focuses on the classification of
cricket strokes from a wearable device. In order to perform
classification of cricket shots, we need a database of pre-
defined strokes, recorded from experts and coaches. This
database acts as the training database for stroke classifi-
cation. For this prototype, three shots are chosen: straight
drive, pull shot, and cut shot. These shots are played and
recorded for the working of this model. The training da-
tabase has 44,100(147*300) data, which is sufficient for
training our model in the test scenario. During practical
scenarios, even more data are collected from the coaches of
the clubs, where it is implemented. The classification al-
gorithm used here is SVM (support vector machines). It
uses Kernel to process the given data in the form of plotting
them in hyperplane. In this prototype, a 300-dimensional
hyperplane is used, as we are using 300 features for
classification. The most common kernels are Linear kernel,
Polynomial kernel, and Gaussian kernel or Radial Basis
Function (RBF) kernel. The kernel used here is the Poly-
nomial kernel, allowing the model to be non-linear. The
Polynomial kernel is generally expressed as

Bat Swing
(Shot Played)
¥

IMU data

Preprocessing

v
Test data | I Training data
v v

Polynomial Kernel

Polynomial Kernel

USER INTERFACE
Straight Pull Cut
drive shot shot

Figure 9. Work flow model of the cricket stroke classification.

K(X0X) = (a+XTx)", (1)

where K(X7, X>)- polynomial kernel a - constant b - order of
the kernel X;, X, — vectors

These kernels convert the recorded data into the pro-
cessed information and are used to plot them in the hy-
perplane of the SVM model. The training data are used to
adjust the internal parameters of the model and help the
model detect the player’s stroke with maximum accuracy.
The player’s data are considered the test data, whose classes
are detected by the SVM model. Classes are the output
predicted by the model, which includes the type of stroke
played by the batsman. Actually, the stroke classification
begins with data acquisition of the IMU sensor. The data
collected are stored in the temporary database for classi-
fication. The trained hyperplane of SVM consists of three
classes based on the training dataset. When the test data are
plotted on the hyperplane, the data get categorized into a
specific group based on the processed features. All these
processes are internally performed in the processor. The end
result is shown to the user using Tkinter and Web application.

The work flow model of the cricket stroke classification
is shown in Figure 9. First, the player needs to connect with
the module through his smart phone or laptop. Then, the
Tkinter-based application should be started and the appli-
cation in turn allows the IMU to collect data and transfer it
to the processor. These recorded data are sampled and saved
as input CSV files. After saving, these files are given as test
data set to our SVM model. The SVM model is trained
using the training data set which we already collected from
the coaches and senior players. The main software core of
the project is the SVM classifier. SVM is one of the su-
pervised machine learning algorithms. It uses kernel trick to
process the data to plot the N-dimensional graph, where N
represents the number of features or input given to the



Nithya and Nallavan

Graph For Reference Shot

Amplitude (V)

17.as az.as 17.3s 17.4s 1758

Time (ms)

(b)

= Pul shot

Graph For Last Played Shot

Amplitude (V)

5

Graph For Reference Shot

Amplitude (V)

s B B

348 wm nw nsn
Tene [my]

»

1} »

] £,

A0 €0
” oo s e s

o | .

Graph For Last Played Shot

Amplitude (V}

17 es

Graph For Reference Shot

Amplitude (V)

Graph For Last Played Shot

Amplitude (V)

18 LY B B e nm ne wan 10

Figure 10. Analysis of (a) straight drive, (b) pull shot, and (c) cut shot in detailed manner.

model. Usually in SVM, we intended to plot all our data
points into a high-dimensional space. Here, we are pro-
viding 300 features to our model. The work of the SVM
classifier is to find the perfect hyperplane which can dif-
ferentiate the classes.

The classes represent the type of strokes played by the
user. Here, the kernel is considered to be the mathematical
function used by the SVM algorithm. Its main work is to

locate low-dimensional input to high-dimensional space
which means we are providing amplitude versus time data
as input from the IMU. It is plotted in 3-dimensional spaces
in SVM models. Polynomial kernel is considered the best as
the accuracy for this model is 97%. The specifically de-
signed user interfaces are very interactive and provide in-
stant updates about the type of strokes and the
improvements need to be made.
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Table 2. Cricket shots played.

Shots Cut shot Pull shot Straight drive  Unknown
Straight drive 0 2 235 5
Pull shot 0 108 | 0
Cut shot 127 2 0 0

Table 3. Cricket shot classification for different shots.

Shots Precision Recall Fl-Score
Straight drive 0.93 0.98 0.96
Pull shot 0.97 0.97 0.97
Cut shot 0.98 0.94 0.97

Results and discussion

Software application

This section briefs on the working of software applications.
Figure 6 is the front-end module designed using Tkinter and
running in python. To run this application we need to press
‘Play Shot.” This play shot allows the user to record his
shot. The application shows whether the recorded shot is a
straight drive, pull, or cut shot. It means that this application
collects the data, processes it, and classifies the type of shots
played by the user. The played shots are displayed for
further reference of the player. If the player presses on
‘Complete the Session’, the application will be closed and
then it will be switched off. If the player wants to review his
shot then he needs to press the ‘Review’ button. This review
button will allow the user to use the Node RED application
shown in Figure 6 for visually analyzing the strokes. It gives
the details of what, how many shots, and the last played shot
the player has played. To specifically analyze a certain type
of shot, the player needs to go to API tab menu and then
choose the type of shots he has played. Figure 10 shows the
detailed analysis of the straight, pull, and cut shot along
with the heart beat rate and temperature for the particular
shot.

Ax, Ay, and Az are accelerometer variations and Gx, Gy,
and Gz are gyroscope variations. The player is provided
with these many options and he can choose the one of his
choice. Let us consider an example for pull shot. Figure 10a
reveals that the timing is missed for straight drive.
Figure 10b shows two peaks in closed manner, but the
played shot has three peaks. This means the player has not
played the shot in perfect manner. So this is how the
software application gives a visual representation on the
differences between the played shot and the reference shot.
And for cut shot shown in Figure 10c the peaks obtained are
less than those in the reference shot. We can interpret the
perfect shot and understand the mistakes committed so that
it can be corrected in the training process.

Cricket stroke classification accuracy

The accuracy of cricket stroke classification assessment was
evaluated using the database containing recordings of nine
different players. The database consists of 480 different

cricket strokes. For this stroke classification, accelerometer
and gyroscope readings are used. The classification is
performed using the SVM model. Since 3 shots are more
played, we have used this model to classify these shots and
other shots are detected as unknown. Table 2 discusses the
various shots played.

Polynomial kernel function for classification is used
because it fits the model more accurately than other kernels.
Since cricket strokes have less variance in playing style,
linear and Gaussian kernels do not perform well in clas-
sifying the strokes. Since the classification model has to
work on 300 different features, the polynomial kernel fits
the model more precisely with good accuracy. Table 3
shows the classification result for the three different shots.

Result analysis. The polynomial kernel function is used for
classification of the three common cricket strokes, straight
drive, pull shot, and cut shot. The data set contains three
classes with 50 samples each. Each sample is represented by
300 features. The data are further normalized to get the
values between the range 0 and 1 to make the training faster
and better. The goal of normalization is to change the values
of numeric columns in the dataset to use a common scale,
without distorting differences in the ranges of values or
losing information. Principal component analysis is used to
decompose these 300 features into two features.

Figure 11a gives the decision boundary of the SVM
model with Polynomial kernel function. This decision
boundary shows that the separation between the classes is as
wide as possible, classifying the three different strokes with
good accuracy. Figure 11b shows the receiver operating
characteristics curve. The values of area under the curve
obtained are 1.0, 0.96, and 0.99 for class 0, class 1, and class
2, respectively. It shows how well the model is capable of
distinguishing between the three classes.

Table 4 gives the classification accuracy for various
algorithms. It is inferred from the table that Polynomial
SVM gives better accuracy, sensitivity, and specificity than
other kernels.

Table 5 shows that the proposed system has good
classification accuracy compared with the other classifi-
cation algorithms. The contribution and outcome of the
study is listed as follows.

(1) This article proposes data-driven machine learning
concept instead of image-driven machine learning
concept. This data-driven machine learning concept
takes analog raw data as input for classifying
strokes. So they require less internal memory for
processing.

(2) The proposed system is designed for training pur-
pose and future analysis. So, the player can easily
get visual reference support where the mistakes can
be learnt and corrected during the training period
itself.

(3) The proposed model uses the IMU sensor to acquire
the data. This model provides feedback to the player
during his training session. The model will be able to
classify the shot and provide visual feedback on the
played strokes without using any computer vision.
An existing video-based system uses high cost, high
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Table 4. Cricket shot accuracy for various classification algorithms.

Classification algorithm

Kernel function

Sensitivity (%)

Specificity (%)

Accuracy (%)

SVM

k-NN

Polynomial
Linear

Gaussian

Fine k-NN
Weighted k-NN
Medium k-NN

97.2
914
92.1
932
90.3
88.4

924
89.2
90.1
91.1
89.4
86.7

97

93.2
95.4
954
93.9
89.3
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Table 5. Comparison of proposed classification accuracy in cricket with other classification algorithms.

Data Movements/ Real-time Dedicated user
Ref. collection Parameters Aim feedback interface Approach Result
[22] IMU Bowling phases  Classify bowling phases ~ No No RF, linear and Linear SVM
polynomial SVM accuracy is best
[23] Video Data form To identify the best set No SVM 81%
recordings IPL matches of attributes in
the player in the match
played
Proposed IMU Straight drive, Detect and record the Yes Yes SVM-polynomial, SVM polynomial—
system pull shot, and movement of a linear, Gaussian 97% is better
cut shot cricket player and k-NN-fine k-NN, than others
provide feedback weighted k-NN,
to the player and medium k-NN
the coach with a
dedicated user
interface
performance, ultra speed, and a high frame rate 2. Li G and Zhang C. Automatic detection technology of sports
camera for capturing the shots. Maintaining this athletes based on image recognition technology. J Image
camera in real-time is very difficult in training Video Proc 2019; 1: 1-9.
sessions. Also, processing these images requires 3. Yang W. Analysis of sports image detection technology based
more memory, high-end processor, and cloud on machine learning. J Image Video Proc 2019; 2019: 1-8.
computing which, in turn, provides an annual 4. Kong Y, Wei Z and Huang S. Automatic analysis of complex
overhead and subscription cost. athlete techniques in broadcast tackwondo video. Multimed
(4) A comparison is performed on various kernels of Tools Appl 2017; 77:13643-13660.
SVM and k-NN classification algorithm and found 5. Mahmoud I, Othman AAA, Abdelrasoul E, et al. The reli-
that polynomial kernel outperforms the rest in terms ability of a real time wearable sensing device to measure
of sensitivity, specificity, and accuracy. vertical jump. Proced Eng 2015; 112: 467-472.
6. Jadischke R, Viano DC, Dau N, et al. On the accuracy of the
head impact telemetry (HIT) system used in football helmets.
Conclusions J Biomech 2013; 46: 2310-2315.
o ) ) ) 7. Lou C, Wang S, Liang T, et al. A graphene-based flexible
A wearable miniature device to detect and classify straight pressure sensor with applications to plantar pressure mea-
drive, pull shot, and cut shot is developed for cricket sport. surement and gait analysis. Materials 2017; 10: 1-11.
The 'accur.'flcy Qf st.roke classification is 97% which gives a 8. Worsey MTO, Jones BS, Cervantes A, et al. Assessment of
deta1~led Vlsuah.zatlon on ﬂ.le player’s pe.rformance. I_t has head impacts and muscle activity in soccer using a T3 inertial
spegﬁcally deS{gnefi user interfaces which are very 1nte.r— sensor and a portable Electromyography (EMG) System: a
active and provide instant updates. about the strokes. T:hlS preliminary study. Electronics 2020; 9: 1-15.
can b? extendeq t.O any other swmg-based sports .by JuSt 9. Schuldhaus D, Zwick C, Koerger H, et al. Inertial sensor-
changing the training d?ta and the labd? m the' apphcatlon. based approach for shot/pass classification during a soccer
In future, 'we are pla'nmn'g to extend this appllcat‘lon tp all match. In: 21st ACM SIGKDD conference on Knowledge
§hot clas.51ﬁer, meaning it can detect every shot in crlck.et Discovery and Data Mining, Sydney, Australia, 10-13 Au-
irrespective of their playing style. The system presented in gust 2015; 1-4. ACM.
th?S article sbnables automated assessment Ofbattlng Skﬂls. mn 10. Lutz J, Memmert D, Raabe D, et al. Wearables for integrative
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17: 1-26.
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Effect Of Strength Training on Anaerobic Power to
Defensive Skills Among College Male Kabaddi
Players
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Abstract

Physical exercise may be defined as a subset of physical activities that are planned and purposeful attempts to
improve the health and well-being. The aim of this study was to find out the Effect of Strength Training on Anaerobic
Power to defensive skills among Male Kabaddi Players. To achieve the purpose of the study 30 men Kabaddi players
were selected as subjects from Academic Maritime Educational and Training deemed to be University Chennai, Their
age ranged from 18 and 21 years old. The selected subjects were added divided into two some groups of
Strengthening Training group and the Control Group of fifteen (N-15). The Training group was treat with systematic
Strength Training for 3 sessions a week (Sunday, Tuesday and Thursday) Total twelve weeks. The test was carried
out pre and post test. The Strength training selected physical variables are (50 yard) - test was used. To find out
mean different of pre and post treatment (ANCOVA) was applied. The level of significance was fixed at 0.05 in all
aspect. The results of the study show that the Strength Training on Anaerobic Power had a significant improvement
and highlight the potential of using Anaerobic Power Training to improve speed for the most part of Defensive Skills
Academic Maritime Educational and Training Deemed University Kabaddi players.
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Introduction

Strength training picks up blood sugar levels and
improves the use of insulin in the human body.
Strength training on a regular basis may decrease
the symptom associated with depression and
anxiety and may help reduce. Proceeds of lifting
weights include building muscle burning body fat
strengthening your bones and joints. Reducing
humanizing heart health and muscle. To lift weights
safe and resonance important. It involves actions
that make your muscles do more work than they
frequently do same. A work out counts as strength
training involves a intermediate to high-level
attempt and if its work major muscle groups of the
body Strength training perks up superiority of life
and capacity to do day by day household tasks.
Strength training also avoid wound to human joint.
Structure muscle maintains balance and lower

chance of decrease. Adult this protects autonomy
Strength training has been shown to reduce
symptoms of anxiety for individuals with and
without anxiety confusion. Enhanced attitude
healthier be asleep in advance bone density
maintain mass defeat boost metabolism lower
tenderness and staving off chronic disease among a
laundry list of positive. Strength training may
improve quality of life and improve capability to do
daily actions. Strength training also protects joints
from wound. Structure muscles contribute to well
again sense of balance and reduce risk of falls.

Benefits Anaerobic Power

Anaerobic workout move forward body and human
lungs to relay on force source stored muscles.
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The increase bone potency and compactness
anaerobic motion similar to strength training add
to the strength and density of Bone always life form
broken down and replace.

Hypothesis

Significant different on preferred fitness variable of
Kabaddi players.

Limitations

The Prime of life factors were not Prohibited.
Involvement in various Tournaments could not be
prohibited.

Delimitations

The study is delimited with thirty male choose from
AMET University players (18-21)

Methods - Selection of Subject

To achieve these purposes was 30 Kabaddi (M)
players were selected as a subject from Academic
Maritime Educational and Training Deemed to be
University Chennai Their age of 18 and 21 years

aged. Selection of Variable = Speed - 50 yard -
Performance (m/sec).

Selection of subject

The subjects were divided into two groups of 15
equally Strength Training group and the control
group. The systematic program to Strength
Training. Group [ were gone for Weight Training
exercise for three days in week. Preparation
session six week was between 60 to 75 minutes
impressive dumb Squat, Dead lift, Bench Press, Pull-
Ups with warm up and fresh down. Group II The
control group didn’t do contribute any training
programs.

Statistical Methods

The dates were analysis was using SPSS version 20.
To mean difference of Pre and Post handling
Statistically through ANCOVA. Significance 0.05
level.

Results and Discussions

Table 1: Analysis on Speed of Strength Training and the Control Groups

Test TG CG SOV SS DF MS F
Pre Test Mean 7.81 7.69 B 0.15 1 0.15 017
SD 1.8 0.92 w 28.42 28 1.2 '
Post Test Mean 7.6 791 B 3.42 1 3.42
SD 1.14 0.90 w 27.76 28 1.6 3.19

. B 5.97 1 5.97 N
Adjusted Post Test 7.8 791 W 0.66 >7 0.03 186.76

*sign at .05 level at p=.05 (1.28-4.21) and 1, 27 - 4.20)

Table I, shows the analyzed date on speed pre test,
post test and adjusted post test (7.81 - 7.69), (7.6 -
7.91) (7.8 - 7.91) of Strength Training group and
the control group. The obtained ‘F’ ratio for Pre test
.17 Post tests 3.19 and adjusted Post test 186.76.
The obtained ‘F’ ratio post test 3.19 and adjusted
post

test were 186.76 the table value was 4.21 and 4.20
at.05 level of significance. The degree of freedom
(1.28 - 1.27). Therefore it is proved that strength
training group has been better than the control

group.
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Figure 1: Training and Control Groups on Speed Perform.

Conclusion

The Speed was significantly improved due to effect
of Strength Training on anaerobic power to
defensive skills among college male Kabaddi
Players. Significantly improved Speed Greater than

that of Control Group of Men Kabaddi players of
AMET.
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Abstract

Purpose: The aim of the this research is to assess the improvement in various variables related to health fitness
among obese adults on administrating a twelve weeks aerobics exercise training and kettlebell training.

Materials and Methods: Total sixty male adults with obese (Mean * SD; age: 18.92 + 1.54 yrs.; height: 172.4 £+ 5.4
cm.; weight: 84.4 + 6.3 kg) were randomly allocated into three equal (n = 20) groups: Aerobic Exercise Training (AET),
Kettlebell Training (KBT) and a control group. The AET & KBT training protocol was performed three days per week
for 12 weeks. All the selected variables of physical fitness has been examined at baseline and 12 weeks. Control
group does not perform any exercise.

Analysis and findings: There were significant difference in terms of Flexibility (F), Muscular Endurance (ME),
Muscular Strength (MS) and Cardiovascular Endurance (CE), between the AETG & KBTG have been compared with
control group (p < 0.05). Body Composition (BF) significant reductions in AET & KBT groups have been compared
with control group (p < 0.05).

Conclusion: Our findings suggest that AET & KBT protocols have greater effects than control group on health related
physical fitness variables in obese male adult individuals. It is recommended that schools and colleges should
administrate the aerobic exercise session and kettlebell training among adults for better health perspectives.
Keywords: Different exercise training, Aerobic exercise, Kettlebell training, Health related fitness, obese
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AHoTAaLA

Kapynnacami losiHaacami, YaHapa6aby Cypew, Capan KC, MitxiH AHana, Oinnpit Kayp, [koH BocKko AHiTa, Ani
Anyi, Xi6a byraHmi, ImeH Auypi. Ponb aepobiku Ta TpeHyBaHHA 3 rMPAMM B NOKpaLleHHi BUbpaHUX napameTpis
$i3nuyHoi NigrotosKkn, Nos’A3aHuMX 3i 340p0B’AM, Y AOPOCAUX YONOBIKIB i3 OXKUPIHHAM

MeTa. MeTa UbOro AOCNiAMKEHHA MONArAaE B TOMY, WO6O OLIHWUTM MOKPALWEHHA Pi3HWMX 3MiHHUX, MOB’A3aHMX i3
disnyHoo dopmoto 340poB’s, cepes, AOPOCAUX i3 OKUPIHHAM Mif YAaC BUKOHAHHA ABaHAALUATM TUXKHIB aepobiku Ta
TPEHYBAHb 3 TMPSAMMU.

Martepianu Ta metogu. Bcboro WictaecaT 40pOCANX YONOBIKIB i3 0XKUPiHHAM (cepeaHe + SD; Bik: 18,92 + 1,54 poky;
3picT: 172,4 £ 5,4 cm; Bara: 84,4 + 6,3 Kr) 6y/M BUNaZKOBUM YMHOM PO3MOZiNeHi Ha Tpu piBHi (n = 20) rpynu: «aepobHi
BNpPaBM», KTPEHYBAHHA 3 TMPAMM» Ta KOHTPOJIbHA rpyna. MPOTOKO HaBYaHHSA rpyn «aepobHi BNpaBu» i «TpeHyBaHHA
3 TMPSIMW» BUKOHYBABCA TPU AHi HAa TMXKAEHb NPOTArom 12 TUXKHIB. Yci BUBpaHi 3MiHHI ¢isnyHOoi niarotosieHocTi
JOCNiAXKYBaNNCA Ha NOYaTKy Ta Yyepes 12 TuKHiB. KOHTpo/ibHa rpyna He BUKOHYE XO4HUX BMPas.

AHani3 i BUCHOBKM. ICHyBana 3HayHa pi3HMUA B MOKa3HMKaxX FHYYKOCTi, M'A30BOT BUTPMBANOCTI, M'A30BOT CUN i
cepLeBo-CYAMHHOI BUTPUBANOCTI MiX rpynamu «aepobHi BnpaBu» i «TPEHYBAHHA 3 TMPAMUY» Y MOPIBHAHHI 3
KOHTpPO/IbHOW rpynoto (p <0,05). 3HauHe 3HWMKEHHA CKNady Tina y rpynax «aepobHi BNpaBu» i «TpeHyBaHHSA 3
rMpAMM» NOPIBHIOBANN 3 KOHTPOJIbHOLO rpynoto (p <0,05).

BMUCHOBOK: HaLli BUCHOBKM CBifYaTb NPO Te, L0 NPOTOKOM FPpyn «aepobHi BNPaBu» i «TPEHYBAHHSA 3 TMPAMMU» MatoTb
6iNblIKIA BNAUB, Hi*K KOHTPOJIbHA rpyna, Ha NoB’A3aHi 3i 340pOB’AM 3MiHHI i3MYHOT NIATOTOBKU Y A0POCANX
YOJI0BIKiB i3 OXUPiHHAM. PeKoMeHAYETbCA, WO6 WKOAM Ta KoNeaxKi npoBoauAn aepobHi BNpaBu Ta TPeHyBaHHA 3
TMPAMM cepes, OPOCINX AN KPALoro 340poB’A.

KntouoBi cnoBa: pisHi BNpasu, aepobHi BNpaBKM, TPEHYBaHHSA 3 rTMpAMU, GiTHEC, NOB A3aHWUI 3i 340POB’AM, OXKUPIHHA

AHHOTAUA

Kapynacamu loBuHpgacamm, YaHgpababy Cypeuw, CapaH KC, Mutxun AHaHg, OAuanput Kayp, [KoH Bocko AHuTa,
Anu Anyu, Pa3se byraHmu, UmeH Auypu. Ponb asapobuKu M TPEHUPOBKU C TMPAMM B YAyulleHUU Bbl6paHHbIX
napameTpoB ¢p13MUYECKOU NOAFOTOBKU, CBA3AHHBIX CO 340P0BbEM, Y B3POC/IbIX MYXUUH C OXKUPEHUEM

Lenb. Llenb 3Toro nccnefoBaHUA COCTOUT B TOM, YTOObI OLEHUTb YyULLEHWE PA3ANYHBIX NEePEMEHHbIX, CBA3AHHbIX C
dun3myecko Gopmon 340pOBbA, Cpeau B3POC/bIX C OXMPEHMEM BO BPEMA BbINOJHEHMA ABEHaALATM Heaesnb
23p06MKM U TPEHUPOBOK C FMPAMM.

Marepuanbl U meToabl. Bcero wecTbAecaT B3pOCabIX MYXKUYUH C OXUpeHuem (cpeaHee + SD; BospacT: 18,92 + 1,54
roga; poct: 172,4 + 5,4 cm; Bec: 84,4 + 6,3 Kr) 6blAK cAyYaliHbiMm 06pa3om pacnpegeneHbl Ha Tpu pasHble (n = 20)
rpynnbl: «a3pobHble ynpaxKHEHUs», KTPEHUPOBKA C TMPAMMU» U KOHTPOAbHAs rpynna. MpoTokon obyyeHusa rpynn
«a3pobHble YNPAKHEHUA» U KTPEHMPOBKA C TMPAMU» BbIMOJHAICA TPU OHA B Hegento B TeyeHne 12 Hegenb. Bee
BblOpaHHble nepemeHHble ¢U3MYEecKoW NOArOTOBAEHHOCTU WUCCAefoBanCb B Hadvane U depes 12 Hepenb.
KoHTpoAbHas rpynna He BbINONHAET HUKAKMUX YNPaXKHEHWUA.

AHanus u BbiBOAbl. CyLLecTBOBaNa 3HauMTe/IbHasA PasHULA B MOKasaTensx rmbKocT, MbllleYHOW BbIHOCAMBOCTY,
MbILEYHOW CUAbI U CEepAEeYHO-COCYAUCTOW BbIHOC/MBOCTU MEXAY Fpynnamuv «aspobHble yrnpaskHeHUa» W
«TPEHWPOBKA C TMPAMM» MO CPABHEHWIO C KOHTPO/IbHOM rpynnoit (p<0,05). 3HaunTeIbHOE CHUXKEHWE COCTaBa Tena B
rpynnax «aspobHble ynpaKHEHUA» U « TPEHMPOBKA C FTMPAMU» CPAaBHUBAIM C KOHTPObHON rpynnoli (p<0,05).
BbiBOA;: HalLM BbIBOAbLI CBUAETENLCTBYIOT O TOM, YTO MPOTOKO/IbI FPYMN «a3p06HbIe YNPAXKHEHUA» U KTPEHUPOBKU C
rMPAMM» OKasblBaloT 6o/sibllee BAMSAHUE, YEM KOHTPOMbHAA TPYnna, Ha CBA3AHHblEe CO 340POBbEM MepemeHHble
duM3nYECKoM MNOArOTOBKM Y B3POCALIX MYXKUYMH C OXUpPEHMeM. PeKomeHAayeTcs, 4Tobbl LIKOAbI U KOANenKu
NPOBOANM a3pObHbIe YNPaXKHEHUSA U TPEHUPOBKM C TMPAMM CPeay B3POCAbIX ANA Yyl ero 340p0BbA.

KntoueBble cnoBa: pasHble ynparKHeHWA, aspobHble ynparKHEHWUA, TPEHUPOBKKU C TMPAMU, GUTHEC, CBA3AHHDIN CO
3/10POBbEM, OXKUPEHNE
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Introduction

Machines have changed human life, and
humans now enjoy the maximum level of physical
comfort. Modern technology is working hard to make
our lives easier, more luxurious, and more pleasant
while also reducing our physical exertion. As a result,
humans appear to be becoming increasingly inactive
all over the globe. Humans now ride instead of
walking, sit instead of standing, and watch instead of
participating, and these lifestyle changes have
definitely reduced physical labour while increasing
mental stress and strain. As a result, it is critical to
effect good changes in today's lifestyles through
involvement in sports and physical education
programmes. The development of physical fitness
among the public or participants should be one of the
major goals of every physical education and sports
programme. Physical education should try to make
every child physically, cognitively, and emotionally
healthy, as well as to develop personal and social
traits in him, allowing him to live happily with others
and develop as a good citizen. As a result, an
individual's health fitness can be enhanced through
different variety of programmes [1].

Obesity is becoming more prevalent all over
the world besides in economically developed or
backward nations [2, 3]. Obesity is a life-threatening
condition caused by a sedentary lifestyle. Obesity
and overweight impact millions of people in both
developed and developing nations. Obesity was once
thought to be a issue only in developed nations [4].
Obesity, on the other hand, is on the rise in all types
of nations at present. Obesity and overweight
contribute the most to noncommunicable disease
morbidity and mortality [5]. In 2008, the WHO
estimated that over 1.4 billion adults have been found
overweight in which 50% among them were being
obese [6]. Obesity frequency was 39.6 percent
among rural population in 2005-2008, as compared
to urban population which has been recorded 33.4
percent as per investigation carry out by the National
Health and Nutrition Examination Survey [7]. A
latest ICMR-INDIAN survey has been conducted
among three states of India (Maharastra, Tamil Nadu,
and Jharkhand) along with Chandigarh a union
territory of India. The number of people who were
generally obese ranged from 11.8% to 33.6% [8].
When we observed the results of the two surveys
conducted by the NFHS-2 (National Family Health
Survey) during 1998-1999 and the NFHS-3 in 2005—
2006, this revealed that the proportion of obese
Indian women has gone from 10.6% to 12.6% [9].
When age was considered, the Chennai Urban Rural
Epidemiology Study showed that 45.9% of people
were obese [10].
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Pavel Tsatsouline made hardstyle kettlebell
training popular in the 2000s. Its techniques involve
tension and relaxation and are said to improve health-
related fitness [11]. In trial with participants
(younger), there were progress in upper-limb
perseverance [12], vertical jump and dynamic
balance [13], leg power and trunk stamina [14],
standing long jump and strength of grip [15], VO2
[16], and 1RM barbell deadlift [17]. Physical fitness
and Aerobic exercise can be compared to anaerobic
exercise, which includes running short distances and
strength training. The two forms of exercise differ in
how energy is made in the muscle and how long and
hard muscle contractions are. The latest study on the
endocrine functions of contracting musculature has
discovered that aerobic and anaerobic exercise
increases the release of myokines. This has several
benefits, including tissue repair, new growth of new
tissue, and anti-inflammatory functions that lower
the risk of developing inflammatory diseases. The
quantity of muscle contracted, as well as the duration
and severity of contractions, all influence myokine
secretion. Count is used in floor aerobics. Floor
aerobics was created to eliminate the need for open-
air exercise. Day by day, the women took advantage
of the opportunities that were presented to them [18-
20]. Many gyms and fitness facilities with a group
workout programme offer step aerobics programmes.
Previously Aerobic exercise and resistance training
was investigated obese adolescents on the selected
health related physical fitness parameters [1]. Hence,
in our knowledge so far there is no investigation on
the topic. Therefore, the presents study aims to
effects the improvement in health related physical
fitness among obese adults on administrating a
twelve weeks aerobics exercise and Kkettle bell
training.

Material and methods
Participants
Participants Recruitment

Sixty obese male adults were recruited from
the SRM Institute of Science and Techlogy,
Kattankulathur, Tamilnadu, India. The participants
came from various family backgrounds and took part
in similar academic activities. The participants were
selected at random. Total sixty male adults with
obese (Mean + SD; age: 18.92 + 1.54 yrs.; height:
1724 £ 5.4 cm.; weight: 844 + 6.3 kg) were
randomly allocated into three equal (n = 20) groups:
Aerobic Exercise Training (AET), Kettlebell
Training (KBT) or a control group. The flow diagram
is displayed in figure 1.
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Fig.1 Flow chart of participant enrollent and completion of 12-week aerobic exercise and
kettlebell training program

Fig.1. Flow diagram of the study program, AET, Aerobic exercise training group; KET, Kettlebell training
group; CG, Control Group

Obesity

The following formula was used to calculate
the obesity based on their BMI: Metric: BMI =
kilograms/meters?. Males with a BMI of 30kg/m? or
higher are considered obese for the purposes of this
research.

Study Design

The respondents were classified into three
groups at random, with each group consisting of
twenty participants subjects. All participants were
randomly divided into three groups with 20
participants in each group: Aerobic Exercise
Training (AET), Kettlebell Training (KBT) or a
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control group. AET and KBT group were intervened
with respective workout for twelve weeks whereas
control group does not perform any exercise.
Parameters of physical fitness associated with health
have been compared at baseline and at endpoint in all
groups. First, before the study started, the
participants were told everything they needed to
know about the experiment, including how it would
work, when they would work out, and what tests they
would have to take. This was done to get their full
cooperation with the work they had to do—the
subjects trained a week thrice from 6:30 to 7:30 a.m.,
except on Saturdays and Sundays. The exercises
were slowly brought in. Methods that ranged from
easy to the complex were used. This study was
conducted in accordance with the Declaration of
Helsinki and the protocol was fully approved by the
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local institutional ethical committee of the
SRMCHRC, Kattankulathur, Tamilnadu India
(Number 3070/1EC/2022) before the commencement
of the measurements.

Measures of Health Associated Physical Fitness

The health associated physical fitness of
people with obese adult individuals who participated
in this study was measured using measuring
instruments available in the department of physical
education, kattankulathur campus, tamilnadu, India.
As for the measurement criteria: Cooper's 12 Minute
Run / Walk test has been applied to examine
cardiovascular endurance. The test of Sit and Reach
has been used to assess muscular flexibility. While
Push ups method has been applied to assess muscular
strength. The half squat jump test has been applied to
examine muscular endurance. “The following
formulae were used to calculate body composition.
% body fat = 0.41563 x (sum of three sites)-0.00112
X (sum of 3 sites) 2 + 0.36661 x (age)+4.03653,
where the sum of three sites was skinfold calibre
measurements at the triceps, medial region of the
suprailium and navel”.

Training Intervention

At SRM IST's Fitness Center, exercise
programmes were held for 12 weeks, with three 60-
minute sessions a week that got progressively harder
(Fig. 1). Every session had 10-minute periods to
stretch and warm up, cool down. The AETG did
aerobic exercises for 40-50% HRR in weeks 1-6 and
50-70% HRR in weeks 7-12. On a Polar Accurex
monitor from Kempele, Finland, the heart rate was
tracked all the time so that the workload could be
changed to reach the target heart rate. The KBTG
performed the kettlebell exercise for consisted of 30
sec to 1 min of rest between each exercise and 2-3
min rest between each circuit. Weeks 1-6 were used
for fixed intensity 4kg, Repetitions 8-12, sets 3, The
weight was progressed from body weight 4 and 8 kg
and the circuits increased from two to three, while
repetition remained at eight. Progressions during
week’s 4-12 intensity 8kg, Repetitions 6-8, sets 3
were based on the participants’ ability. Throughout
the 12-week study, all participants were told not to
change how they ate or how much they practised. The
CG was also related not to changing how they
exercised or how much they did.

Statistical Analysis

All data were described using means and
standard deviations (%), and the data's normality was
determined using the Kolmogorov-Smirnov and

12

Shapiro-Wilk tests. To ensure that there were no
significant differences between groups, a one-way
ANOVA was used to compare all of the baseline data
among the three groups. To compare the changes of
three groups for all variables, a two-way ANOVA
repeated measures test (Groups by time) was used.
Following a significant group-by-time interaction, a
Bonferroni post hoc test was performed.
Additionally, effect sizes (ES) were calculated using
partial eta-squared from the ANOVA output.
Furthermore, within-group ES were calculated using
the equation: (mean post-mean pre)/SD = ES [21].
Hopkins et al. classify ES as trivial (0.2), small (0.2-
0.6), moderate (0.6-1.2), large (1.2-2.0), and very
large (2.0-4.0) [22]. To indicate statistical
significance, a p-value of 0.05 was used. SPSS for
Windows, version 23. 0, was used to perform all
statistical analyses (SPSS Inc., Chicago, United
States). The sample size was calculated to detect a
difference in the study variables with a 95 percent
confidence interval for the analysed measures.

Results

In all the study groups (i.e., control; AETG,;
KBTG), no significant differences (p > 0.05) were
observed for age, weight, height, BMI, CE, MS, ME,
F and BC (Table 1). Data's normality was determined
using the Kolmogorov-Smirnov and Shapiro-Wilk
tests (Table 2). Moreover, there were no significant
differences (p > 0.05) between the groups for health
related physical fitness variables at baseline (Table
3).

The following results can be found in (Table
3), unless otherwise stated. A significant interaction
between group and time was observed for CE (F2,57
=79.9 and (p < 0.05), MS (F2,57 = 5.12 and (p <
0.05), ME (F2,57 =5.02 and (p < 0.05) and F (F2,57
=5.024 and (p < 0.05) Health related physical fitness
significantly increased in both training protocols
(i.e., AETG and KBTG), when compared with the
control group (p < 0.05). BC% (F2,57 = 190.06 and
(p < 0.05)Significantly decreased in both training
protocols (i.e., AETG and KBTG), when compared
with the control group (p < 0.05). However, these
increases were significantly greater in KBTG when
compared with the AETG protocol (p < 0.05).
Moreover, paired sample t-test indicated significant
increases (p < 0.05) in health related physical fitness
following 12 weeks when compared with baseline in
both training protocols. Data analysis showed a
significant increased was observed in AETG and
KBTG protocols in comparison with the control
group (p < 0.05). However a more significant
decreases was observed in KBTG compared with the
AETG protocol (p < 0.05). Neither training protocols
showed significant increased from baseline to 12
weeks in CE, MS, ME, F and BC%.
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Table 1
Mean and SD () Characteristics of Participants

Characteristics Control AETG KBTG
Age (years) 18.95 + 1.43 18.65 + 1.13 19.15 + 1.98
Height (cm) 174.7 + 6.44 170.7 £4.52 171.9+4.78
Weight (kg) 92.20 £ 6.96 87.25 + 4.60 88.80 + 6.59
BMI (kg/m?) 30.18 £1.25 29.94+1.31 30.00 +£1.22
CE (ml/kg/min) 28.97 +£2.15 28.89+2.13 29.35+1.74
MS (numbers) 18.90 + 1.86 19.10+1.37 19.15+2.18
ME (numbers) 23.55+1.63 22.85+2.30 22.95+1.82
F (cm) 23.20+2.28 22.85+1.75 21.95+2.60
BC (%) 39.71+0.42 39.46 £ 0.41 39.74 £ 0.56

AETG, aerobic exercise training group; KBTG, kettlebell training group, BMI, body mass index; CE, cardiorespiratory
endurance; MS, muscular strength; ME, muscular endurance; F, Flexibility; BC, body composition.

Table 2
Normality Test Calculation
Kolmogorov-Smirnov Shapiro-Wilk
Group Variables

Statistic df Sig. Statistic df Sig.
CG
AETG CE (ml/kg/min) 0.092 60 0.200 0.986 60 0.733
KBTG
CG
AETG MS (numbers) 0.111 60 0.063 0.971 60 0.163
KBTG
CG
AETG ME (numbers) 0.109 60 0.072 0.974 60 0.240
KBTG
CG
AETG F (cm) 0.108 60 0.076 0.972 60 0.178
KBTG
CG
AETG BC (%) 0.102 60 0.191 0.968 60 .0114
KBTG

AETG, aerobic exercise training group; KBTG, kettlebell training group, BMI, body mass index; CE, cardiorespiratory
endurance; MS, muscular strength; ME, muscular endurance; F, Flexibility; BC, body composition.

Table 3

Pretest and the Posttest Mean and SD (£) Values of Health Related Physical Fitness Variables

Variable Group Pre Post Partial Eta Squared
AETG 28.89 +2.13 41.18 £2.92™*
CE (ml/kg/min) KBTG 29.35+1.74 40.20+2.62"" 0.93
Control 28.97 +2.15 30.82 +3.01
AETG 19.10 + 1.37 20.45 +1.43"
MS (numbers) KBTG 19.15 +2.18 20.90 + 1.41° 0.69
Control 18.90 + 1.86 19.95+1.76
AETG 22.85+2.30 25.00 £ 1.16™"
ME (numbers) KBTG 22.95+1.82 25.40 £ 1.27* 0.77
Control 23.55+1.63 24.10+1.51
AETG 22.85+1.75 25.40+1.27°%
F(cm) KBTG 21.95 + 2.60 2500+1.16'" 0.78
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Control 23.20+2.28 2410+ 1.51
AETG 39.46 +0.41 37.46+0.32°"
BC (%) KBTG 39.74 £+ 0.56 36.57 +0.33"" 0.98
Control 39.71+0.42 38.66 +0.35

CE, cardiorespiratory endurance; MS, muscular strength; ME, muscular endurance; F, Flexibility; BC, body composition,
AETG, aerobic exercise training group; KBTG, kettlebell training group

*Significant difference with the control group (p < 0.05).

“Significant difference between training protocols (p < 0.05).

Indicates significant difference from baseline (p < 0.05).

However these changes in AETG and KBTG
were significant (p < 0.05) after 12 weeks when
compared with baseline. No significant changes were
observed in MS in both training protocols when
compared with the control group.

Discussion

Mendonga FR, et al. had previously
investigated the effects of aerobics exercise, and
resistance training on physical fitness regarding
health among adolescents [1]. After undertaking
aerobics exercise, combination resistance training for
a period of twelve weeks, it was shown that
adolescents showed considerable improvement in all
of the selected health related physical fithess
parameters. After participating in aerobics exercise,
combination resistance training for a period of twelve
weeks, adolescents showed significant
improvements in muscular and cardiorespiratory
fitness. Some another studies also investigated
physical fitness and physical activity regarding
health among schools of elementary education and
the results showed significantly association in
students [2]. Similar results were obtained in present
study in which the health related physical fitness
variables of the obese male adults was found to
improve after twelve-week intervention of AET &
KBT groups. Clary et al. Found the effects of step
aerobics, Ballates, and walking on balance in women
having age group of 50 to 75. When compared to the
Ballates programme, walking programmes and step
aerobics resulted in better improvements in static
balance and postural stability (1). In our study
however, similar results were obtained in case of
aerobic exercise groups.

Melam et al. examine the impact of brisk
walking and aerobics on overweight people. For ten
weeks, this programme was carried out five days a
week [2]. Body mass index, hip circumference
and waist, subscapular area, and skinfold thickness
of the belly, biceps, and triceps were measured before
and after the study for all three groups of women. All
attributes went down in women who walked quickly
and did aerobics for ten weeks. In present study also,

14

the body composition was found to be improved
significantly among adult obese male after twelve
weeks of aerobic exercises and kettle bell training.
Maiyanga and Gunen observed the influence of step
aerobics on per cent visceral and body fat in obese
female nurses at Bauchi's speciality hospital. They
found that step aerobics lowers per cent body fat
[24,25]. Being piolet in nature, present study has
several limitations that suggests the lacune on which
future studies could be carried out. One limitation of
the study is that we take only the male participants in
current study. Obesity is also prevalent in females
and therefore future studies could be conducted by
taking the female participants. Other limitation of the
study is that present study is focused specific age
group, future studies could be conducted by taking
all age group. This will help in validating the result
of current study for all age groups. Another
constraint of the this study is the size of the sample
itself. Because the sample size of the present study is
very small, the result of present study cannot be
validated for general population. Moreover, present
study is a single centric study, future study by taking
the multicentric approach should be conducted to
find the role of aerobic exercise in management of
obesity among adults.

A randomised control design with strictly
controlled supervised exercise sessions for both
training protocols was one of the study's strengths.
Given the exercise training for adult obese men, our
KBT protocol could be an attractive proposition.
However, more studies in different populations (e.g.,
individuals ~ with  obesity, diabetics, and
cardiovascular patients) are required to confirm the
effectiveness and tolerability of the protocols of this
study.

Conclusion

Overall the components of health related
physical fitness have been found significantly
associated with the obese adults engaging AET &
KBT but the control group there were not significant.
Present study revealed significant improvement in
adult obese in terms of muscular strength, body
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composition, muscular endurance, cardiorespiratory
endurance and flexibility domains after practising the
AET & KBT. Aerobics exercise and kettlebell
training proved to helpful in management the health
related physical fitness in obese adult individuals. It
is recommended that schools and colleges should
administrated the aerobic exercise session and
kettlebell training among adults for better health
perspectives.
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Abstract

Purpose. Several studies have shown that platelet size is a reliable indicator of platelet activity and, therefore, a
valuable biomarker for cardiovascular events. Many inflammatory and prothrombotic disorders have been
linked to it. As a biomarker for inflammation and neoplastic disease, This study aims to examine existing research
on changes to mean platelet volume (MPV).

Materials and methods. The present study portrays MPV comparison among the female players who
participated in two games and one yoga practitioners, Volleyball, and Rugby conducted at the university level
throughout India with age groups ranging from 17 to 25 years in the sample. The sample size is 45, with 15
players chosen from each two game Volleyball, and Rugby and one yoga practitioners

Results:.The results mean, standard deviation (SD), standard error of the mean (SEM), and lowest and maximum
scores were used to examine the data. Normality was assessed and confirmed using the Kolmogorov-Smirnov
test. SPSS software was used to do the One-Way Analysis of variance. It was observed that there is a significant
difference in the MPV of players from two distinct sports players and yoga practitioners. Furthermore, there
exists a one-to-one correspondence between the MPV between the players participating in individual games.
The present results displayed the values of MPV among players from different games and yoga practitioners are
independent of one another and unaffected by one another. The p-value is 0.011252. The result is significant
at p < 0.05. As a result, the null hypothesis is rejected in this study.

Conclusion. The study's findings indicate a significant difference in the MPV of players from two distinct sports
players and yoga practitioners. However, when MPV of Volleyball and rugby players were compared, it was
discovered that they were connected. In conclusion, MPV among players from different games yoga
practitioners are independent of one another and unaffected by one another. Variability in MPV was also
observed across all sample sizes in the study.

Keywords: mean platelet volume (MPV), yoga practitioners, volleyball, rugby, female players
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AHoOTALA
Dinnpit Kayp, ApsiHg Manik, Kapynnacami losiHgacami, CapaH K.C., MitxiH AHaHa, YaHapa6aby Cypeul,
[:KoH Bocko AHita, Moy MpamaHik, ImeH Auypi, Xi6a BoyraHmi, CiramaHni [kasciHr Anbbept YaHgpacekap.
MNopiBHANbHMIA aHaNi3 cepeaHbOro 06’emy TpombouuTie y Boneiibonictok, y per6i ta ioru.
Merta. Kinbka pocnig)eHb MoKasanan, WO pPo3mip TPOMbBOUWTIB € HAZINHMM MOKA3HUMKOM aKTUBHOCTI
TPOMBOUMTIB i, OTHKE, LLiHHUM BioMapKepom CepLeBO-CYANHHMX NOAiN. BaraTo 3anasbHUX i NPOTPOMBOTUYHMX
po3nagis 6yan nos’s3aHi 3 HUM. AK BiomapKep 3ananeHHA Ta HEOMNIACTUYHUX 3aXBOPIOBAHb, Lie AOC/IAKEHHSA
Ma€ Ha METi BUBYMTHU iCHYIOYI AOCNIAKEHHA 3MiH cepeHboro 06’emy Tpombouutis (MPV).
Marepianu Ta metogm. Y UbOMy AOCNIAKEHHI NpeAcTaBieHo NopiBHAHHSA MPV cepes *KiHOK-rpaBLUiB, fKi 6pann
yyacTb y ABOX irpax i ogHin nosi, Bonerboi Ta perbi, npoBeAeHOMY Ha YHIBEPCUTETCbKOMY PiBHi Mo BCil IHAIT 3
BiKOBMMM rpynamu Big, 17 oo 25 pokis y Bubipuj. Po3mip Bubipku ctaHoBuTb 45, no 15 rpasuiB, obpaHux i3
KOXHOI 3 ABOX irop y Bosieinbon Ta perbi, i 0o4NH NPAKTUKYIOUMIA KOTy
Pe3synbratn. CepegHe 3HaYeHHA pe3ynbTaTiB, CTaHAAPTHe BigxuaeHHs (SD), cTaHgapTHa NOMUAIKA cepesHboro
(SEM), a TaKoK HalHWKYi Ta MaKcMManbHi 6anuM 6ynuM BUMKOPWUCTaHI ANA BMBYEHHA AaHMX. HopmanbHicTb
OLiHIOBaNN Ta NigTBEPAKYBaNN 3a gonomoroto TectTy Kosimoroposa-CmupHoBa. MporpamHe 3abesneyeHHn SPSS
BMKOPUCTOBYBAJIOCA A8 BUKOHAHHA OAHOCTOPOHHbLOrO AMCNepcinHOro aHanisy. byno nomiveHo, wo icHye
3Ha4Ha pi3HMuAa B MPV rpaBuiB 4BOX Pi3HMX CMOPTCMEHIB i NPAKTUKYOYMX ory. Kpim Toro, icHye ogHO3Ha4yHa
BiANOBIAHICTb Mixk MPV MixK rpaBusamu, siKi 6epyTb yuyacTb B OKpeMMUX irpax. HMHILWHI pe3ynbTaTn Nokasanu, Wo
3HayeHHA MPV cepep, rpasLiB 3 pi3HMX irop i MOrM He 3asexaTb O4MH Bif, O4HOIO i He BMIMBAKOTbL OAWMH Ha
ofHoro. P-3HayeHHsa ctaHoBUTL 0,011252. PesynbTtaT AoctoBipHUiA npu p < 0,05. AK HAacnigoK, HYbOBY rinoTesy
B LLbOMY A0CNIAXEHHI BiAXUAEHO.
BUCHOBOK. Pe3yibTaTv AOCAiAXKEHHSA BKa3yOTb HA 3HAYHY pi3HuULt0 B MPV rpaBLiB Bif 4BOX Pi3HUX CNOPTCMEHIB
i NpaKkTUKyoumnx iory. OgHak, Konu nopisHaan MPV BonelibonicTie i perbictis, 6yn0 BUABNEHO, WO BOHMU
nos’asaHi. Miacymosytoun, MPV cepef rpaBuiB i3 pi3sHWX irop MorM He 3anexaTb OAMH Big 04HOrO W He
BMNAMBalOTb OAMH Ha oAHoro. BapiabenbHicTb MPV TakoX cnocTepiranaca B yciX po3mipax BubBipku B
[OCNiAXKEHHI.
Kniouosi cnosa: cepegHiit 06’em Tpombouutie (MPV), lioru, Boneinbon, perbi, rpasui

AHHOTALUA
Ounnput Kayp, ApsuHa Manuk, Kapynnacamu FoBuHgacamm, CapaH K.C., MutuH AHaHpg, YaHapababy
Cypew, [IxkoH bocko AHuTta, Moy MpamaHuk, UmeH Auypu, Xuba byraHmu, Curamanm [kaacuHrx Anbbept
YaHapaceKkap. CpaBHUTeNbHbI aHanU3 cpegHero o6bema TPOM6OLIMTOB Y KEHLUH, UrpatoLLmnX B Boenbon,
peréu, n 3aHMMaloLWMXCA Oroi.
LUenb. HeckonbKo MccnenoBaHWn MOKasanu, YTo pasmep TPOMOOLMTOB SBAAETCA HaZAeXHbIM WMHAMKATOPOM
aKTMBHOCTM TPOMOOLIUTOB U, CNef0BaTe/IbHO, LLEHHbIM BMOMapPKEPOM CepAeYHO-COCYANCTbIX COBbITUIA. C HUM
CBfA3aHbl MHOTME BOCNANUTE/bHbIE U MPOTPOMBOTUYECKME PAcCTPOMCTBA. B KauecTBe bMoMapKepa BocnaneHus
M HeomniacTMyeckoro 3aboieBaHMA 3TO UCCIeA0BAHME HaNpPaB/IEHO Ha U3yYeHMe CYLLLeCTBYHOLLMX UCC/IeA0BaHuUI
M3MeHeHUI cpeaHero obbema TpombouuTos (MPV).
Martepuanbl U meToabl. B HacToALleM MccnefoBaHUN NPOBOAUTCA cpaBHeHne MPV cpeau KeHLWMH-UIPOKOB,
KOTOpble Yy4acTBOBa/AW B ABYX Mrpax M OAHOM NpaKTMKe Moru, Bonenbona v perbu, NpoBeseHHbIX Ha
YHUBEPCUTETCKOM YPOBHe Mo Bcer MHAWM, C BO3pACTHbIMM rpynnamu oT 17 no 25 net B BblbopKe. Pasmep
BblIOOPKM cocTasnseT 45 yenosek, No 15 Urpokos, BbIBPaHHbIX U3 KaXKA0M Urpbl B BONE60n n perbu, u oanH
YyeioBeK, 3aHNUMalOLLMNCA OTroM.
Pe3ynbTatbl. 1A M3y4yeHMA LaHHbIX UCMOJ/Ib30BA/IUCb CPpefHWe pesynbTaTbl, CTaHAApPTHOe OTKAOHeHue (SD),
CTaHAapTHaa owwnbka cpeaHero (SEM), a Takke camble HU3KME U MaKCMMasnbHble 6annbl. HopmanbHOCTb
OLeHMBaNN U NOATBEPKAAIN C NomoLbio TecTa Koamoroposa-CmupHosa. MporpammHoe obecneyeHne SPSS
MCMO/Ib30BaIOCb A1 MpoBeAeHUs OAHO(AKTOPHOIO AMCMEePCUMOHHOIO aHaausa. bbilo 3ameyeHo, 4To
CYLLLeCTBYET 3Ha4MUTENbHaA pa3HuLa B MPV nrpokoB AByx pa3HbIX CMOPTCMEHOB U NPAKTUKYIOLWMKX ory. Kpome
TOro, CyLecTBYeT OAHO3HAYHOe cooTBeTCTBME Mexay MPV mexay Urpokamu, yq4acTBYHOLWMMU B OTAENbHbIX
urpax. Hacroauwme pesynbTatbl NOKasanu, 4to 3HayeHna MPV cpean UrpokoB n3 pasHbIX UrP U MPaAKTUKYHOLLNX
Mory He 3aBMCAT APYr OT ApYyra MU He 3aBUCAT APYr OT Apyra. 3HadeHue p pasHo 0,011252. Pe3ynbTaT 3HaYnUM npu
p < 0,05. B pe3ynbTaTte HyneBaa runoTtesa B AaHHOM UCCNe[0BaHUM OTBepraeTcs.
BbiBoA. Pe3ynbTaTbl MCCNefOBaHMA YKa3biBAlOT HAa 3HAYMTeNbHYIO pasHuuy B MPV UrpokoB AByx pasHbIX
CNOPTCMEHOB M NPAKTUKYOWMX Mory. OgHaKo npu cpaBHeHMM MPV BoneinboancToB U UrpoKoB B perbu bbiio
06HapyKeHo, YTO OHM B3aMMOCBA3aHbl. B 3akntoueHne, MPV cpeayn UrpoKOB M3 pasHbIX UFP, MPAKTUKYOLLMX
Mory, He 3aBUCAT APYr OT Apyra U He 3aBUCAT Apyr oT Apyra. UameHunsocte MPV Takke Habaoganacb gna sBcex
pa3mepoB BbIBOPKK B UCCNEA0BAHMUM.
KnioueBble cnoBa: cpegHuint obbem TpomboumToB (MPV), 3aHumatowmeca Koroi, Bonenbon, peréwu,
CNOPTCMEHKM
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Introduction

Hematological parameters may be important
in deciding which game participants exhibit the best
physical performance. Additionally, it provides
information about the players' health and physical
condition. Platelet size has been shown to correlate
with platelet activity and appears to be a helpful
biomarker for cardiovascular events both predictive
and prognostic. There are many ways that platelets
contribute to atherosclerosis, including sticking to
injured endothelium and releasing their granules.
Regular physical activity has been found to benefit
physical, physiological, and other health outcomes.
Scientific research indicates that the acute and
chronic impacts of frequent exercise on a variety of
physiological systems are beneficial.[1] MPV is
regularly evaluated in automated hematological
analysers, along with other parameters, as a sign of
platelet activation and/or reactivity. As a result, it
could be employed as a simple and low-cost
biomarker of bodily activity in a variety of additional
exercise settings.[2] Ahmadizad et al. discovered that
anaerobic exercise resulted in a considerable rise in
platelet count.

It has been observed that high-intensity
interval training enhances platelet secretion by
boosting epinephrine secretion. Physical activity
affects platelet function both directly and indirectly.
Numerous processes and cell/tissue types are thought
to contribute to the observed impacts in this area.
Acute exercise increases catecholamine levels, as
well as shear and oxidative stress, which are all
known to activate platelets. This is particularly
significant because arterial blood flow and shear rate
rise in direct proportion to exercise intensity.[3]
Platelets are produced under controlled, stimulated
conditions. The platelet count will increase during
sports due to fresh platelet release from spleen
arteries, bone marrow, and other platelet sources in
the body. Epinephrine release causes a severe
contraction of the spleen, which contains about one-
third of the body's preserved platelets. This method
may help to explain why platelets are increased in
sports. Additionally, in the most extreme stages of
platelet activation, such increases can be generated
by alterations in the development of megakaryocytic
components of the cytoplasm [4][5].

While physical activity has a significant
effect on a variety of laboratory markers, data on
medium-distance runners are unlikely to experience
hematological alterations. After completing the 21.1
km marathon, the mean platelet volume rose rapidly
and returned to normal within three hours. Before the
run, at the end, and three hours later, blood samples
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were collected. For MPV (fl), the starting volume
was 9.2, the post-run value was 9.5, the volume after
three hours was 9.1, and the final volume after 20
hours was 9.2. The study concluded that moderate
exercise increases mean platelet volume and restore
it to its pre-exercise level within three hours [6]. One
Aerobic and weight training session significantly
improve the mean platelet volume in non-player
women (They were randomly divided into three
groups of 15 subjects: two experimental groups
(resistance exercise group and aerobic exercise
group) and one control group. The resistance training
and aerobic training were conducted in one session
for 60 minutes. The blood sample was obtained
before and after the activity. They observed that
before the resistance exercise group mean was
9.08(fl), the post-test mean was 9.18(fl), the control
group's means was 10.11(fl). This research showed
that Mean Platelet Volume considerably increases
with resistance type of exercise.[7] Following a light
intensity circuit resistance training session, the mean
platelet volume of male physical education students
(35 percent of a maximum repetition) is dramatically
raised. The observer discovered that MPV (fl) in the
Exercise group was 9.44 0.25, 10.13 0.36 P0.73.
Where 9.03 0.17, 9.53 0.38, and P-0.319 are the
values for the Control group, respectively [8].
Kirbas et al. conduct a study in which they
compare the blood platelet levels of players who
participate in sports regularly over five years to those
of inactive university students. Blood samples were
taken and platelet, mean platelet volume, platelet crit,
and platelet distribution width were assessed for
players and sedentary university students,
respectively. This study included 18 willing male
players from various team sports with an average age
of 20.550.70 years and 18 sedentary university
students with an average age of 20.880.75 years as
subjects. To determine the difference between the
two groups, an independent samples 't-test was
performed (P0.05) [9] During an exercise stress test,
Yilmaz et al. examined MPV. The mean MPV levels
before and after treadmill activity were 8.520.63 and
8.450.58, respectively, in the control and
experimental groups, respectively (P0.001). Before
TMET, the patient group exhibited a substantial
increase in MPV (P0.001), while the control group
showed no significant increase in this parameter.[10].
Erdemir et.al conducted a study to analyze the
hematologic parameters of high school students who
exercised in the morning and evening. Twelve
healthy, untrained male students, around the age of
twenty, volunteered to participate in this study.
Blood samples were collected before and
following submaximal activity in the morning
between 8-9 a.m., whereas blood samples were
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collected before and following evening exercise
between 8-9 p.m. Platelets, platelet crit, M.P.V., and
P.D.W. were also measured and evaluated using an
Archem H3000 Hematology Analyzer. It was
revealed that there was a substantial increase in PLT
and MPV levels in the morning before and after
exercise, as well as in the evening before and after
exercise, at a significant level of P0.05. PLT levels
increased much greater in the morning pre-exercise
period than in the morning post-exercise period [11].
MPV is a numerical value generated by a machine
that represents the average size of platelets detected
in the blood. It is frequently included in blood tests
as part of the complete blood count. Since the
average platelet size increases when the body
produces more platelets, the MPV test result can be
used to infer platelet production in the bone marrow
or platelet destruction problems. The usual range of
platelet volumes is 9.7-12.8 fl (femtolitre), which
corresponds to spheres with a diameter of 2.65t0 2.9
m. The normal range is 7.5-11.5 fl. However, the
measurement must typically be considered in
conjunction with various other parameters to decide
what constitutes a good range for a particular subject.
Additionally, research suggests that the average
healthy size of platelets may vary amongst
individuals from different parts of the world.[12]
Hematology analysis has established that the effect
of daily exercise on hematology is variable.
According to the authors, these variances are due to
the severity, duration, and frequency of exercise, as
well as the subjects' physical and physiological
conditions. Additionally, the intensity, duration, and
frequency of exercise must be carefully planned to
have a similarly excellent effect on blood
biochemistry [13]. Monocytes and platelets were
found to be more abundant in basketball players than
in yoga practitioners, although red blood cells,
neutrophils, eosinophils, basophils, and lymphocytes
were comparable between groups [14].

Combination training has been shown to
benefit physiological and haematological alterations,
as well as the performance of elite basketball players
[15]. Warlow and Ogston analyse 24 male colleagues
and medical students between the ages of 20 and 35.
All subjects were in good health for this study, but
many were unfamiliar with intense activity. Before
and after 15 minutes of intense activity, blood
samples were taken. Using the spinning bulb
approach, they discovered a highly significant
increase in the wvenous platelet count without
affecting platelet adhesion to glass [16]. In research
on 15 inactive healthy male volunteers at rest or
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immediately following two standardized activity
tests on a bicycle ergometer for 30 minutes.

The author discovered that when exercise
was performed at a constant load equivalent to 50%
or 70% of maximal oxygen uptake, the platelet count
(x109 /1) increased significantly from rest to vigorous
activity (Resting- 2185, 50% Vo2 Max- 247, 70%
Vo2 Max- 2758, P0.001) [17]. Recent research
examined the hematological response to acute and
chronic exercise. While it is widely established that
both acute and chronic exercise cause a variety of
hematological alterations in  humans [18].
Hematological parameters including RBCs and
WBC:s are associated with the physical performance
of players. It is thought that an increase in the
concentration of the RBCs indicates an improvement
in aerobic performance [19]. In scientific studies,
these reasons may explain why players' blood values
are inconsistent. Research into the long-term effects
of physical activity on blood parameters for a variety
of age groups and populations is needed to accurately
conclude the impact of regular exercise on blood
parameters. Many kinds of research in the literature
have focused on the acute and short-term effects of
physical activity on hematologic markers [20-22].
Therefore, the purpose of the study was to find out
comparative analysis of mean platelet volume among
female volleyball rugby players and yoga
practitioners. We hypothesized that there is no
difference between the MPV of participants from the
two different games and one yoga practitioners. No
difference exists between the MPV of players in the
two games and one yoga practitioners.

Material and Methods

To accomplish the study's purpose, the
research assistant planned the entire process in terms
of a study-appropriate research design.

Sample Size

Sample Selection: The population of the
study is female players playing two games viz.
Volleyball, Rugby and one yoga practitioners groups
(conducted at the university level throughout India)
with age groups ranging from 17 to 25 years in the
sample. The sample size is 45, with 15 players
chosen from each two game Volleyball, Rugby and
one yoga practitioners group (Table 1).
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Table 1
Illustrates the sample size selected for the comparative study
Total female players
(Volleyball,Rugby) &
Physical activity practitioners (Yoga) = 45
Respondents from Respondents from Respondents from
Volleyball Yoga Rugby
3 15 15 15

Research Design

Static Group Comparison (SGCD) was used:

1: There is no difference between the MPV
of participants from the three different games.

2: No difference exists between the MPV of
players in the three games.

Sample Collection

The data was taken from all subjects during
the All India Inter-University Training Camps for all
of the games. Regarding the sample collection,
proper approvals were obtained from the individual
coaches. A qualified medical technician
venepuncture the blood samples from the Median
Cubital Vein. The venepuncture site was first
disinfected with antiseptic-soaked cotton before
applying a tourniquet around the biceps area of the
upper arm. Each participant received a new IV
syringe, and spent syringes were disposed of, away
with extreme caution

Mean Platelet Volume (MPV)

MPV is a precise assessment of their size that
is determined by hematological analyzers using the
volume distribution of platelets during standard
blood morphology testing. MPV is between 7.5 and
12.0 fl, whilst the proportion of big platelets should
be between 0.2 and 5% of the total platelet
population.[23].

Analytical tools utilized in the present study:

In this study, Haematological Analyzer was
utilized as a tool to measure the mean concentration
of different variables of the individuals. Hematology
analyzers are frequently used in clinical and research
settings to count and categorize blood cells to
diagnose and monitor the illness. Basic analyzers
provide a complete blood count (CBC) and a
differential white blood cell (WBC) count in three
parts. Sophisticated analyzers determine the shape of
cells and are capable of detecting tiny cell

55

populations to diagnose uncommon blood disorders.
In this study, we have used. Horiba's Yumizen H500
analyzer is capable of determining the concentrations
of 27 parameters, including full WBC. It is based on
cytometry and cytochemistry concepts. The
following ideas are implemented using the DHSS
(Double Hydrodynamic Sequential System). The
incubators that come with this analyzer are used to
store blood samples from patients who are being
monitored by the system. It is necessary to combine
a particular serum with the blood that is present in
these incubators to keep the blood analyzable for the
entire one-hour length of the experiment.

Statistical Analysis

Quantification of data is the process of
converting quantitative data into qualitative replies to
facilitate calculation. Data are presented as mean,
standard deviation (SD), standard error of the mean
(SEM), and lowest and maximum scores were used
to examine the data in tables. Normality was assessed
and confirmed using the Kolmogorov-Smirnov test.
Data were analysed using a 3 (groups: volleyball,
rugby and yoga) The alpha level of significance was
set at p < 0.05. All data analyses were performed
using the statistical package for social sciences
(SPSS) software was used to do the One-Way
Analysis of variance.

Results

The goal of the study was to compare
hematological parameters in different types of sports.
This study will give some hematological information
and help us figure out how different each game
player is from the rest. Figure.1 demonstrates the
MPV (FI) as a function of total number of female
player participants of three different games. It can be
Visualized for the figure that MPV values of female
players playing yoga are remarkably higher than that
of Volleyball and Rugby, whereas Volleyball and
Rugby are comparable.



Health, sport, rehabilitation

” o AT
N 3p0poB’sa, cnopT, peabinitauin .’f,;lej,ﬁt%

8(3)

=== 3p0poBbe, CNOPT, peabunutauma

1 — ™ Yoga

1 —*— Volleyball
124

Rugby

No. of female players
Fig. 1. Plot depicting MPV of female players for two different games and one yoga practitioners

Table 2
Descriptive statistics of MPV of female players for two different games and one yoga practitioners

Statistical Data Yoga Volleyball Rugby
Mean 9.25 8.08 7.95
Standard Error 0.46 0.20 0.22
Median 8.7 7.9 7.9
Standard Deviation 1.79 0.79 0.86
Sample Variance 3.20 0.63 0.75
Kurtosis 4.17 3.96 3.04
Skewness 1.08 0.5 0.38
Range 5.9 3 2.9
Minimum 7.1 6.7 6.7
Maximum 13 9.7 9.6
Sum 138.8 121.3 119.3

Table 2. Displays the statistical parameter
carried out using MPV values determined from the
haematological samples obtained from the female
atheletes participants of different games. It can be
concluded that mean MPV value of the female yoga
practitioners is the maximum as compared to the
other two games i.e. volleyball and rugby.

Table.3 The mean and standard deviation of
the MPV in female players participating in Yoga
Volleyball and rugby are given in the table above. It
presents a descriptive study of the data obtained on
MPV in selected yoga practitioners, players from
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volleyball, and rugby. Their responses average
between 7.9 and 9.2. This demonstrates their
independence from one another. SD is also used to
quantify variability, indicating that there is still a
difference in the amount of MPV amongst players
competing in different games.
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Table 3
Mean and Standard Deviation (SD) of MPV in the female sports of volleyball and rugby players and yoga
practitioners.

' Treatments

Indicators Yoga Volleyball Rugby Total
N 15 15 15 45
>X 138.8 121.3 119.3 379.4
Mean 9.2533 8.0867 7.9533 8.431

SX? 1329.26 989.87 959.39 3278.52

Std. Dev. 1.7908 0.7999 0.8684 -
Table 4

Analysis of Variance (ANOVA) for a platelet count of female sportspersons and yoga practitioners of
various categories

Source Sum of Squares Df I\/Iean.Square F- Value
Variance
Between- 15.3444 2 7.6722 F = 5.00269
treatments
Within- 64.412 42 1.5336
treatments
Total 79.7564 44
The F-ratio value is 5.00269. The p-value is 0.011252. The result is significant at p < 0.05

Table.4 summarises the findings of the
statistically significant difference between the
groups. The derived statistical value (5.0026) of the
data collected is more than the significant level
(0.05), indicating a substantial difference between

and within players in terms of MPV level of the blood
samples. The table demonstrates that MPV for
players of two different games and one yoga
practitioners is independent of one another. As a
result, the null hypothesis is rejected in this study.

Table 5
Post-hoc Tukey’s HSD test analysis MPV of female players among three different games
o : HSDo.os = 1.0986
Pairwise Comparisons Qo.05 = 3.43 Qo.01 = 4.35
HSD.o1 = 1.3925
M1 =9.25 Q=3.65
Ti:T2
M = 8.09 (p=0.03523)
M1 =9.25 Q=4.07
T1:Ts
Ms =7.95 (p=0.01703)
M2 = 8.09 Q=0.42
T2:Ts
M3 = 7.95 (p=0.95321)

Table.5 shows the relationships within the
group, such as the mean MPV of Yoga with
Volleyball and rugby and the MPV of Volleyball
with rugby. The statistics in the table indicates that
there is a statistically significant difference between
Yoga and Volleyball and between Yoga and Rughby.
However, no difference in MPV was observed
between Volleyball and Rugby at the indicated
significance level. Because the null hypothesis is
rejected in the situation of Yoga combined with
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Volleyball and rugby, it is accepted in the case of
Volleyball and rugby.

Discussion

Nowadays, the hematological investigation
of players was elucidated by routine blood
morphology shed a light on players’ physical fitness
in terms of platelet crit (PCT), MPV, platelet count
(PLT), and (PDT). In the present study, a modern
hematological analyzer provides information related
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to large MPV (> 15 fl) and gigantic platelets of MPV
> 20 fl. The current research has depicted that
parameters of platelet may have to contributes to the
diagnosis of an athlete’s physical conditions and can
have an impact on prognostic value in some
pathologies [24]. Currently, hematological studies on
PLT and MPV are part of routine assessment and
these are also recommendation made by by the
International Committee for Standardization in
Hematology (ICSH) [25]. MPV is a highly accurate
and notable parameter that can be measured using
haematological analyzers based on distribution of
volume throughout routine blood morphology tests.
MPV varies around 7.5 and 12.0 fl, while the
proportion of giant platelets should be between 0.2
and 5.0 per cent [26]. In physiological conditions, the
MPV is proportional to the platelet size, which is
related to maintaining hemostasis and stable platelet
mass [27]. This suggests that a rise in platelet
production correlates with a decrease in average
volume. Various disorders change this physiological
proportion. Changes in PLT and MPV ratios might
come from increased or atypical thrombocytopoiesis,
growing wear, or the action of activating factors on
blood platelets [28].

Furthermore, MPV correlates to platelet
exercise and is therefore regarded as a platelet
activity marker [29].

Platelets in the blood are not a relatively
homogeneous group. Those with excessive MPV
(>15 fl) tend to be younger and more responsive than
those with average MPV. Their synthesis is related to
the intense stimulation of mega karyocytes by
cytokine, which also tends to enhance the ploidy of
these cell lines and enable the release of larger
platelets[30]. MPV could be an easy and inexpensive
biomarker of the physical performance or fitness of
the players. The present study portrays a comparative
investigation of MPV of female athletes participating
in different games viz. Yoga, Volleyball, and Rugby.
The statistical analysis confirmed that the mean value
of MPV of female participants of Yoga is more than
that of Volleyball and Rugby. A one-way ANOVA
test was carried out to find the association of fitness
level of the female players participating in All-India
inter-university ~ tournaments.  Keeping into
consideration the data tabulated in Table.4 interprets
the analysis into a narrower form so that significant
relationships between and among the participants can
be established. The significant value (p = 0.011) thus
obtained from the ANOVA test corresponding to the
F-statistical value (5.0026) is relatively lower than
that of 0.05, which confirmed that the one or more
statistical MPV data among the female player of
three different games can be significant.
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Consequently, the null hypothesis is rejected
in this case. To determine the significant relationship
between and among the MPV (hematological
parameter) of the female players, post hoc Tukey
HSD and Scheffé multiple comparison tests were
implemented. Tukey’s HSD test indicates that there
is a statistically significant difference between Yoga
and Volleyball and between Yoga and Rugby.
However, no difference in MPV was observed
between Volleyball and Rugby at the indicated
significance level. Because the null hypothesis is
rejected in the case of Yoga combined with
Volleyball and Rugby, the hypothesis is accepted in
the case of Volleyball and Rugby. This implies that
the female players participating in Yoga exhibit
enhanced MPV levels, which depicts their high
fitness and physical condition.

The objective of the research was to compare
haematological markers across various sports. This
research will provide haematological data and help
us determine how different each gamer is from the
others. The analysis displays the MPV (fl) is the
result of the total number of female players
participating in three games. It can be seen from the
graph that the MPV levels of female yoga players are
much greater than those of rugby and volleyball, but
volleyball and rugby have similar MPV values.

Conclusion

This study aims to determine the MPV
among Yyoga practitioners, volleyball, and rugby
players. To accomplish the study's objectives, data
were gathered via questionnaires. Standard deviation
and ANOVA were utilized to examine the effect of
MPV on one another. ANOVA and post-Tukey’s
HSD were employed to determine the difference to
determine the outcome following the study's
objectives. The study's findings indicate a significant
difference in the MPV of players from two distinct
sports and yoga practitioners. However, when MPV
of Volleyball and rugby players were compared, it
was discovered that they were connected. In
conclusion, MPV among players from different
games are independent of one another and unaffected
by one another. Variability in MPV was also
observed across all sample sizes in the study.

Acknowledgement

The authors are grateful to all the female
participants in the present study and thankful to their
support  for providing blood samples for
haematological investigation.



Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
== 3p0poBbe, CNOPT, peabunurauusa

\ 1ol

—_—

Funding

No Funding sources

Conflict of Interest

The authors hereby declare that they don’t
have any financial and personal conflict of interest.

References

1. Ko¢ HU, Ozen GO, Abanoz HA, Pulur AT.
Comparative analysis of hematological parameters in
well-trained athletes and untrained men. Pedagogics,
psychology, medical-biological problems of physical
training and sports. 2018(5):260-4.
https://doi.org/10.15561/18189172.2018.0506

2. Lippi G, Banfi G, Botré F, De La Torre X, De Vita F,
Gomez-Cabrera MC, Maffulli N, Marchioro L,
Pacifici R, Sanchis-Gomar F, Schena F. Laboratory
medicine and sports: between Scylla and Charybdis.
Clinical chemistry and laboratory medicine. 2012 Aug
1;50(8):1309-16. https://doi.org/10.1515/cclm-2012-
0062

3. Ahmadizad S, El-Sayed MS, MacLaren DP. Effects of
time of day and acute resistance exercise on platelet
activation and function. Clinical hemorheology and
microcirculation. 2010 Jan  1;45(2-4):391-9.
https://doi.org/10.3233/CH-2010-1321

4. Wu HJ, Chen KT, Shee BW, Chang HC, Huang YJ,
Yang RS. Effects of 24 h ultra-marathon on
biochemical and hematological parameters. World
journal of gastroenterology: WJG. 2004 Sep
9;10(18):2711.
https://doi.org/10.3748/wjg.v10.i18.2711

5. Karakoc Y, Duzova HA, Polat AL, Emre MH, Arabaci
I. Effects of training period on haemorheological
variables in regularly trained footballers. British
journal of sports medicine. 2005 Feb 1;39(2):e4-.
https://doi.org/10.1136/bjsm.2003.010637.

6. Lippi G, Salvagno GL, Danese E, Tarperi C, Guidi GC,
Schena F. Variation of red blood cell distribution width
and mean platelet volume after moderate endurance
exercise. Advances in hematology. 2014 Aug 13;2014.
https://doi.org/10.1155/2014/192173

7. Sadeghi E, Omidi M, Yousefi M, Rahimi A, Branch I.
The Impact of One Aerobic and Resistance Training
Session on Some Hematological Responses Of Non-
Athlete Women. Indian Journal of Fundamental and
Applied Life Sciences. 2014;4(4):2667-72.

8. Ghanbari-Niaki A, Tayebi SM. Effects of a low
intensity circuit resistance exercise session on some
hematological parameters of male collage students.
Annals of Applied Sport Science. 2013 Apr 10;1(1):6-
11.

9. Kirbas S, Tetik S, Aaykora E, Duran B. An
examination of the impact of regular exercise
participation on blood platelet parameters. World
Journal of Medical Sciences. 2015;12(2):79-82.
https://doi.org/10.5829/idosi.wjms.2015.12.2.9330

10. Yilmaz MB, Saricam E, Biyikoglu SF, Guray Y, Guray
U, Sasmaz H, Korkmaz S. Mean platelet volume and
exercise stress test. Journal of thrombosis and

59

thrombolysis. 2004 Apr;17(2):115-20.
https://doi.org/10.1023/B:THRO.0000037666.01018.
8c

11.Erdemir 1. The comparison of blood parameters
between morning and evening exercise. European
Journal of Experimental Biology. 2013;3(1):559-63.

12. Alis R, Sanchis-Gomar F, Risso-Ballester J, Blesa JR,
Romagnoli M. Effect of training status on the changes
in platelet parameters induced by short—duration
exhaustive exercise. Platelets. 2016 Feb 17;27(2):117-
22. https://doi.org/10.3109/09537104.2015.1047334

13.Baltaci AK, Mogulkoc R, Ustundag B, Kog¢ S,
Ozmerdivenli R. A study on some hematological
parameters and the levels of plasma proteins and serum
zinc, calcium and phosphorus in young female
athletes. J Phys Educ Sport Sci. 1998;3(2):21-8.

14.Rahaman A. A Comparative Study Of Hematological
Variables Between Basketball Players And Yoga
Practitioners. Journal Of Advances In Sports And
Physical Education. 2021;4(5):90-4.

15. Talaee M, Nazem F, Taherabadi SJ, Sajadi S. Effects
of Six Weeks Combined Training Program on
Hematological Parameters in Elite Basketball Players.
Annals of Applied Sport Science. 2017 Apr 10;5(1):15-
23.
https://doi.org/10.18869/acadpub.aassjournal.5.1.15

16. Warlow CP, Ogston D. Effect of exercise on platelet
count, adhesion, and aggregation. Acta haematologica.
1974;52(1):47-52. https://doi.org/10.1159/000208219

17.Cadroy Y, Pillard F, Sakariassen KS, Thalamas C,
Boneu B, Riviere D. Strenuous but not moderate
exercise increases the thrombotic tendency in healthy
sedentary male volunteers. Journal of applied
physiology. 2002 Sep 1;93(3):829-33.
https://doi.org/10.1152/japplphysiol.00206.2002

18. Wardyn GG, Rennard SI, Brusnahan SK, McGuire TR,
Carlson ML, Smith LM, McGranaghan S, Sharp JG.
Effects of exercise on hematological parameters,
circulating side population cells, and cytokines.
Experimental hematology. 2008 Feb 1;36(2):216-23.
https://doi.org/10.1016/j.exphem.2007.10.003

19.Schumacher YO, Schmid A, Grathwohl D,
Biiltermann DI, Berg A. Hematological indices and
iron status in athletes of various sports and
performances. Medicine and science in sports and
exercise. 2002 May 1,;34(5):869-75.
https://doi.org/10.1097/00005768-200205000-00022

20.Pedersen BK, Toft AD. Effects of exercise on
lymphocytes and cytokines. British journal of sports
medicine. 2000 Aug 1;34(4):246-51.
https://doi.org/10.1136/bjsm.34.4.246



https://doi.org/10.15561/18189172.2018.0506
https://doi.org/10.1515/cclm-2012-0062
https://doi.org/10.1515/cclm-2012-0062
https://doi.org/10.3233/CH-2010-1321
https://doi.org/10.3748/wjg.v10.i18.2711
https://doi.org/10.1136/bjsm.2003.010637
https://doi.org/10.1155/2014/192173
https://doi.org/10.5829/idosi.wjms.2015.12.2.9330
https://doi.org/10.1023/b:thro.0000037666.01018.8c
https://doi.org/10.1023/b:thro.0000037666.01018.8c
https://doi.org/10.3109/09537104.2015.1047334
https://doi.org/10.18869/acadpub.aassjournal.5.1.15
https://doi.org/10.1159/000208219
https://doi.org/10.1152/japplphysiol.00206.2002
https://doi.org/10.1016/j.exphem.2007.10.003
https://doi.org/10.1097/00005768-200205000-00022
https://doi.org/10.1136/bjsm.34.4.246

Health, sport, rehabilitation
3p0poB’sa, cnopT, peabinitauin
== 3p0poBbe, CNOPT, peabunurauusa

\ 1ol

—_—

e
8(3)

21.Carlson LA, Lawrence MA, LeCavalier K, Koch AJ.
Salivary lymphocyte responses following acute
anaerobic exercise in a cool Environment. The Journal
of Strength & Conditioning Research. 2017 May
1;31(5):1236-40.
https://doi.org/10.1519/JSC.0000000000001593

22.0hno H, Sato Y, Yamashita K, Doi R, Arai K, Kondo
T, Taniguchi N. The effect of brief physical exercise
on free radical scavenging enzyme systems in human
red blood cells. Canadian journal of physiology and
pharmacology. 1986 Sep 1;64(9):1263-5.
https://doi.org/10.1139/y86-213

23. Sikora J, Kostka B. Blood platelets as pharmacological
model. Post Biol Kom. 2005;232:561-70.

24.Budak YU, Polat M, Huysal K. The use of platelet
indices, plateletcrit, mean platelet volume and platelet
distribution width in emergency non-traumatic
abdominal surgery: a systematic review. Biochemia
medica. 2016 Jun 15;26(2):178-93.

25.Korniluk A, Koper-Lenkiewicz OM, Kaminska J,
Kemona H, Dymicka-Piekarska V. Mean platelet
volume (MPV): new perspectives for an old marker in
the course and prognosis of inflammatory conditions.
Mediators of inflammation. 2019  Oct;2019.
https://doi.org/10.1155/2019/9213074

26. Sikora J,
pharmacological
2005;232:561-70.

27. Thompson CB, Jakubowski JA. The Pathophysiology
and Clinical Relevance of Platelet Heterogeneity.
Blood. 1988 Jul 1;72(1):1-8.
https://doi.org/10.1182/blood.V72.1.1.1

28.Panasiuk A. Plytki krwi w przewlektych chorobach
watroby. Medical Science Review-Hepatologia.
2011;11:83-6.

29. Ntolios P, Papanas N, Nena E, Boglou P, Koulelidis A,
Tzouvelekis A, Xanthoudaki M, Tsigalou C,
Froudarakis ME, Bouros D, Mikhailidis DP. Mean
platelet volume as a surrogate marker for platelet
activation in patients with idiopathic pulmonary
fibrosis. Clinical and Applied Thrombosis/Hemostasis.
2016 May;22(4):346-50.

30. Burstein SA, Downs T, Friese P, Lynam S, Anderson
S, Henthorn J, Epstein RB, Savage K.
Thrombocytopoiesis in  normal and sublethally
irradiated dogs: response to human interleukin-6.
Blood. 1992 Jul 1;80(2):420-8.
https://doi.org/10.1182/blood.V80.2.420.420

Kostka B. Blood platelets as
model.  Post  Biol  Kom.

Information about authors

Dilpreet Kaur
dilpreet.kaur2818@gmail.com
https://orcid.org/0000-0003-0517-1688

Department of Physical Education, Chandigarh University, Gharuan, 140413, Mohali, Punjab, India

Aravind Malik

arvindmalikkuk@gmail.com
https://orcid.org/0000-0002-4876-1488

Department of Physical Education, Kurukshetra University, Haryana, India

Karuppasamy Govindasamy
gowthamadnivog@gmail.com
https://orcid.org/0000-0002-3019-5545

Department of Physical Education and Sports Science, College of Science and Humanities, SRM Institute of Science and

Technology, Kattankulathur-603203, Tamilnadu, India

Saran KS
sarank32@gmail.com
https://orcid.org/0000-0002-0145-4405

Department of Physical Education, C.K.G.Memorial Govt. College, Perambra, Calicut, Kerala, India

Mithin Anand
mithin.anand@gmail.com
https://orcid.org/0000-0002-8126-4299

Govt. College of Physical Education, East Hill, Calicut, Kerala, India

Chandrababu Suresh
sureshc@srmist.edu.in
https://orcid.0/0000-0002-2385-1831rg

Department of Physical Education and Sports Science, College of Science and Humanities, SRM Institute of Science and

Technology, Kattankulathur-603203, Tamilnadu, India

60


https://doi.org/10.1519/JSC.0000000000001593
https://doi.org/10.1139/y86-213
https://doi.org/10.1155/2019/9213074
https://doi.org/10.1182/blood.V72.1.1.1
https://doi.org/10.1182/blood.V80.2.420.420
mailto:dilpreet.kaur2818@gmail.com
mailto:arvindmalikkuk@gmail.com
mailto:gowthamadnivog@gmail.com
https://orcid.org/0000-0002-3019-5545
https://orcid.org/0000-0002-0145-4405
mailto:mithin.anand@gmail.com
https://orcid.org/0000-0002-8126-4299
mailto:sureshc@srmist.edu.in
https://orcid.org/0000-0002-2385-1831

» Health, sport, rehabilitation ;
~ 3p0poB’sa, cnopT, peabinitauin .,39&'& N
== 3p0poBbe, CNOPT, peabunurauusa : 8(3)

John Bosco Anitha

annie_felicia@yahoo.co.in

https://orcid.org/0000-0003-1288-1821

Department of Statistics and Computer Application, TamilNadu Physical Education and Sports University, Chennai,
Tamil Nadu, India

Mou Pramanik

mouparamanik1991@gmail.com

https://orcid.org/0000-0002-7560-9019

Department of Yoga, College of Science and Humanities, SRM Institute of Science and Technology, Kattankulathur,
Tamilnadu, India

Imen Achouri
imenachouri2021@gmail.com
https://orcid.org/0000-0003-1051-6978

Department of Physical Education & Sports Science, Higher Institute of Sport and Physical Education, University of
Sfax, Sfax, 3000, Tunisia

Hiba Boughanmi

hiba.boughanmil @yahoo.com

https://orcid.org/0000-0002-6512-478X

Department of Physical Education & Sports Science, Higher Institute of Sport and Physical Education, University of
Sfax, Sfax, 3000, Tunisia

Sigamani Jayasingh Albert Chandrasekar

jayasins@srmist.edu.in

https://orcid.org/0000-0001-7299-4647

Department of Physical Education and Sports Science, College of Science and Humanities, SRM Institute of Science and
Technology, Kattankulathur-603203., Tamilnadu., India

Indopmanis npo aBTopis

Hismpir Kayp
dilpreet.kaur2818@gmail.com

https://orcid.org/0000-0003-0517-1688
®dakynpTeT pi3MUHOrO BUXOBaHHA, YHiBepcuteT Yanmairapxa, ['apyan, 140413, Moxaui, [Tenmxa0, [amis

Apaging Majik

arvindmalikkuk@gmail.com

https://orcid.org/0000-0002-4876-1488

Kadenpa ¢iznunoro Buxosanus, YHiBepcureT Kypykuierpa, Xap'sua, [Huis

Kapynnacamu I'oBingacamu

gowthamadnivog@gmail.com

https://orcid.org/0000-0002-3019-5545

JenapTaMeHT (i3MYHOr0 BUXOBAHHS Ta CIIOPTHBHUX Hayk, HaykoBo-rymaHiTapHHi KoJemK, [HCTUTYT Hayku Ta
texraouoriit SRM, Karrankymnaryp-603203, Taminnany, [amis

Capan KC

sarank32@gmail.com

https://orcid.org/0000-0002-0145-4405

Henaprament diznunoro Buxosanns, C.K.G.Memorial Govt. Konemx, [Tepam6pa, Kamikyr, Kepana, [Hais

MiTtin AHana
mithin.anand@gmail.com

https://orcid.org/0000-0002-8126-4299
VYpsx Konemx disuunoro Buxosanus, Ier-Ximn, Kanikyr, Kepana, Inais

61


mailto:Annie_felicia@yahoo.co.in
https://orcid.org/0000-0003-1288-1821
mailto:mouparamanik1991@gmail.com
https://orcid.org/0000-0002-7560-9019
mailto:imenachouri2021@gmail.com
mailto:hiba.boughanmi1@yahoo.com
mailto:jayasins@srmist.edu.in

Health, sport, rehabilitation ATTAN
\ g ’ P . 7 u{,‘!\‘f";\\/
- 3p0poB’sa, cnopT, peabinitauin ”fj'/t\’\‘*
=== 3p0poBbe, CNOpPT, peabunutauyus : 8(3)

Yauapabady Cypewn

sureshc@srmist.edu.in

https://orcid.org/0000-0002-2385-1831

JlenapTaMeHT i3MYHOr0 BUXOBAHHS Ta CIIOPTHUBHUX Hayk, HaykoBo-rymaHiTapHUi KoJeK, [HCTUTYT HaykH Ta
texHonoriii SRM, Karrankynaryp-603203, Taminnany, [Hmais

Moan Bocko Anita

annie_felicia@yahoo.co.in

https://orcid.org/0000-0003-1288-1821

JemapTaMeHT CTaTUCTHKH Ta 3aCTOCYBAaHHS KOMII IOTEPiB, YHIBEpCHTET (Pi3sMUHOTO BUXOBAHHA Ta CIIOPTY TamimHamy,
UYennai, Tamin Hany, [amis

Moy IIpamanik

mouparamanik1991@gmail.com

https://orcid.org/0000-0002-7560-9019

HenaprameHt #oru, HaykoBo-rymanitapuuii Konemk, [nctutyt Hayku 1 rexHonoriii SRM, Karrankynaryp, TaminHany,
Tamis

Imen Auypi

imenachouri2021@gmail.com

https://orcid.org/0000-0003-1051-6978

JemnapTaMeHT (Gi3MYHOT0 BUXOBAHHS Ta CIIOPTHBHUX HAyK, Bummii iHCTUTYT criopTy Ta (i3MIHOr0 BUXOBAaHHS,
Cdaxkccrkuit yHiBepcutet, Chaxc, 3000, Tynic

Xioa Byranmi

hiba.boughanmil@yahoo.com

https://orcid.org/0000-0002-6512-478X

JenaprameHT Gi3MYHOr0 BUXOBAaHHS Ta CIIOPTHBHUX HaykK, BUIuii iHCTUTYT criopTy Ta (pi3MYHOr0 BUXOBaHHS,
Cdakccrkuit yaiBepcutet, Chaxc, 3000, Tynic

Ciramani [Ixasiciir AnbOept Yanapacexap

jayasins@srmist.edu.in

https://orcid.org/0000-0001-7299-4647

JemnapTaMeHT (i3MYHOr0 BUXOBAHHS Ta CIIOPTHUBHUX HaykK, HaykoBo-rymaniTapHHi KoemK, [HCTUTYT Hayku Ta
texnHouoriit SRM, Karrankymnaryp-603203, Taminnany, [amis

HNudpopmanus o0 aBropax

JAunnput Kayp

dilpreet.kaur2818@gmail.com

https://orcid.org/0000-0003-0517-1688

Kadenpa ¢puzndeckoro Bocniuranusi, Yannurapxckuit yuusepcuret, ['apyan, 140413, Moxanu, [Tenmka0, Maans

ApaBuna Majuk

arvindmalikkuk@gmail.com

https://orcid.org/0000-0002-4876-1488

Kadenpa pmsmueckoro Bocriutanus, YHuBepcutetr Kypykmrerpa, Xaposaaa, Magus

Kapynnacamu I'oBungacamu

gowthamadnivog@gmail.com

https://orcid.org/0000-0002-3019-5545

JemapramenT (GU3NIECKOTO BOCIUTAHUS U CTIOpTa, Kolek ecTeCTBEHHBIX U TYMaHUTapHBIX HAayK, NHCTUTYT HAyKU U
texHosoruii SRM, Karrankynatyp-603203, Tammnaany, Mamus

Capan KC

sarank32@gmail.com

https://orcid.org/0000-0002-0145-4405

Henaprament puznueckoro Bocnutanusi, Govt CKG Memorial. Komnemx, ITepam6pa, Kamukyt, Kepana, Manns

62



Health, sport, rehabilitation

S 8 TR
=\ 3p0poB’s, cnopt, peabinitauina ’*,;,‘“ij‘.‘j“\i‘%

=== 3p0poBbe, CNOPT, peabunutauma 8(3)

MutnH AHaHI

mithin.anand@gmail.com

https://orcid.org/0000-0002-8126-4299

[paBurenscTBennbiil Komnemx gusnyeckoro Bocnuranus, cr-Xumn, Kamukyr, Kepana, MUagus

Yanapa6ady Cypemn

Sureshc@srmist.edu.in

https://orcid.org/0000-0002-2385-1831

HenapraMeHT GU3MYECKOT0 BOCIUTAHUSA U criopTa, Komtemk ecTecTBEHHBIX U T'YMaHHTAPHBIX HayK, IHCTUTYT HayKH U
texaonoruit SRM, Karrankynatyp-603203, TammmHany, Mamus

J:xon bocko Anurta

annie_felicia@yahoo.co.in

https://orcid.org/0000-0003-1288-1821

JlemapTaMeHT CTAaTUCTHKH U KOMITBIOTEPHBIX MPHUIIOKCHUN, Y HUBEPCUTET (PU3NICCKOr0 BOCIIUTAHHS U criopTa Tamit
Hany, Yennaun, Tamun Hany, Unnus

Moy Ilpamanuk

mouparamanik1991@gmail.com

https://orcid.org/0000-0002-7560-9019

Kadenpa itorn, Kommemk ecTecTBeHHBIX W TYMaHUTapHBIX HayK, UHCTUTYT HayKd U TexHOJIOTHI SRM,
Karrankynaryp, Tamunnany, Uaaust

HNmen Auypu

imenachouri2021@gmail.com

https://orcid.org/0000-0003-1051-6978

Kagenpa ¢puzndyeckoro BOCIIUTaHUs M CIIOPTUBHOW HayKH, Bricninii HHCTUTYT criopTa U (pM3M4eCKOro BOCIUTAHMS,
VYuusepcuret Chaxkca, Chake, 3000, Tynuc

Xub6a boranmu

hiba.boughanmil@yahoo.com

https://orcid.org/0000-0002-6512-478X

Kadenpa BociutaHus u CHIOPTUBHON HayKH, BRICIINI HHCTUTYT COPTa ¥ (PU3HYECKOTO BOCIIUTAHUS, Y HUBEPCHTET
Cdaxkca, Chaxc, 3000, Tynuc puzmgeckoro

Curamanm kascunrx Aasoept Yanapacekap

jayasins@srmist.edu.in

https://orcid.org/0000-0001-7299-4647

JlenapTaMeHT pU3M4EeCKOro BOCIMTAHUS U criopTa, Koiepk ecTeCTBEHHBIX M TYMaHUTAPHBIX HAYK, IHCTUTYT HayKu U
texHosoruit SRM, Katrankynatyp-603203, Tamunaany, Mamus

This work is licensed under a Creative Commons Attribution 4.0 International License (CC BY 4.0)

Received: 2022-08-12  Accepted: 2022--08-21 Published: 2022-09-25

63


https://creativecommons.org/licenses/by/4.0/

A Wearable Biometric Performance
measurement System for Boxing - A
SURVEY

Publisher: IEEE
Cite This

J. Brindha; G. Nallavan

Abstract:
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Abstract

In recent years, surface electromyography plays a vital role in monitoring muscle
activities. Our every action depends on muscles, which help us to move our body, control
neuromuscular system and do any sort of actions. But due to the over training of muscles,
a condition called muscle fatigue occurs. Athletes use their muscles for a long term
during their training. Due to over involvement, muscles may be subjected to the risk of
muscle fatigue. To monitor the activities of muscles, surface EMG technique is vital.
Research in this field has revealed that with the help of surface EMG methods, muscle
fatigue can be monitored, detected and can prevent the injuries caused by it. This paper
aims a complete study on surface EMG techniques in the evaluation of muscle fatigue
that occurs during different sport activities prevent injuries, access performance in sports
activities and signal processing methods involved in EMG signals. These considerations
provide various advancement in measuring muscle fatigue condition of a player with the
help of surface EMG method. This paper concludes with sufficient knowledge of surface
EMG methods, challenges faced and the future development.
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Abstract

Background. Work out is an valuable approach for improving standard of living physiological, biochemical, and physical
strength in obese patients; though, few researches have mainly focal point on early survival rates, minorities, in
physically passive men, and overweight men, or examined individual & combined workout plan and measured body
composition markers.

Purpose. In this research we have describes the effect of a 12-week different aerobic exercise involvement on obese
people's self-reported result, physical strength, physiological and biochemical markers in ethnically mixed, physically
motionless, obese adults.

Material and methods. Total (n = 60) male adults with obese (Mean + SD; age: 18.92 + 1.54 yrs.; height: 172.4 + 5.4 cm.;
weight: 84.4 + 6.3 kg) were randomly allocated into three equal (n = 20) groups: Step aerobic exercise training, floor
aerobic exercise training or a control group. The step aerobic exercise training & floor aerobic exercise training protocol
has been performed three days of a week during period of study (12 weeks). All the selected variables of physical
fitness, physiological and biochemical markers have been examined at baseline and 12 weeks. Group under control
have been found not performing workout.

Results. The exercise program step aerobic exercise training & floor aerobic exercise training group significantly
improved in muscular strength, cardiovascular endurance, flexibility, muscular endurance, vital capacity, and breath
holding time (p < 0.05). The workout schedule reduced significantly % body fat, mean resting pulse rate, respiratory
rate and arterial blood pressure, (p < 0.05). Furthermore, the lipids levels of total triglycerides, cholesterol, and low
density lipoprotein have been reduced significantly in step aerobic exercise training & floor aerobic exercise training,
high density lipoprotein enhance significantly (p < 0.05).

Conclusion. Research’s finding advocate that 12-weeks regular step aerobic exercise training & floor aerobic exercise
training protocols have greater effects than control group on physical fitness of health related, physiological and
biochemical variables in obese male adult individuals.

Keywords: aerobics exercise, strength, endurance, physical, exercise, lipid profile
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AHoTauis

Kapynnacami losiHgacami, YaHapab6aby Cypew, Ainnpit Kayp, Moy MpamaHik, OKoH Bocko AHita. AudepeHuianb-
HUA BNAMB 12-TUXKHEBOI Nporpamu aepobHUX BNpaB Ha NoB’a3aHy 3i 3gopos’am ¢isnuHy ¢popmy, disionoriuHi Ta
6ioximiuHi mapKepu cepes AOPOCAUX i3 OXKUPIHHAM: paHAO0MiI30BaHe KOHTPO/IbOBaHe AO0C/iAXKEHHSA

MNepepgymoBa. TpeHyBaHHA € LiHHUM MiAXOA40M A0 NMOKPALLEHHA PiBHA XUTTA, disionoriyHoi, ioximiyHoi Ta disnyHoi
CMAWN NALLIEHTIB i3 OXMPIHHAM; OOHAK AeAKi AOCNiAXKEeHHA 30cepesKeHi B OCHOBHOMY Ha PaHHbOMY BMMXXMBAHHI, MeH-
WKMHax, y Gi3MYHO NacMBHMX YOOBIKIB i YONOBIKIB i3 HagMipHO Baroto, abo foCiAKYBaNM iHAMBIAYaNbHWUI | KOMBiIHO-
BaHWI NiaH TPeHyBaHb | BUMipIOBaAN MapKepu ckaagy Tina.

MerTa. Y ubomy AOCAIAKEHHI MM OMUCYEMO BMIMB 12-TUXKHEBUX Pi3HMX aepobHMX BMNpaB Ha CaMOOLHKY atogen i3
OXUPIHHAM, di3nyHY cuny, disionorivHi Ta 6ioximiuHi MapKepu y eTHIYHO 3MilaHKX, Gi3UYHO HEPYXOMMX AOPOCAUX i3
OKUPIHHAM.

Martepian i meToau. 3aranbHa KinbKicTb (N = 60) 4OPOC/IMX YONOBIKIB i3 OXXUPIHHAM (cepegHe + cTaHAapPTHE BigXuUneH-
HR; BiK: 18,92 + 1,54 poky; 3picT: 172,4 £ 5,4 cm; Bara: 84,4 + 6,3 Kr) 6yan BUNAaAKOBUM YNHOM PO3MNOAINEHI Ha TPW PiBHI
(n =20) rpynu: TpeHyBaHHA cTen-aepobikoto, TpeHyBaHHA aepobikoto Ha Niano3i i KoOHTposibHA rpyna. MPOTOKoN TPEHY-
BaHb 3 cTen-aepobiku Ta aepobikun Ha Migno3i BUKOHYBABCA TPW AHI HA TUXKAEHb NPOTArom nepiody AocniarKeHHs (12
TUXKHIB). YCi BUBpaHi 3MiHHI pisnyHoi nigrotosneHocTi, dpisionoriyHi Ta GioximiuHi MapKepw [OCNIAKYBAANCA HA NOYATKY
Ta yepes 12 TUXKHIB. byno BMABAEHO, WO rpyna nig KOHTPOAEM HE BUKOHYE TPEHYBAHHA.

Pe3synbtatu. Y rpyni Bnpas i3 cten-aepobHMMM BNpaBamm Ta aepobHMMM BNpaBaMu Ha Nigno3i 3HAYHO NOKPALLMANCA
M’A30Ba CMNa, CepLEeBO-CYAMHHA BUTPUBANICTb, THYYKICTb, M A30Ba BUTPUBAICTb, }KMUTTEBA EMHICTb i YacC 3aTPUMKM Au-
XaHH#A (p <0,05). Po3knag TpeHyBaHb 3HAYHO 3HU3UB % KMPY B OpraHiami, cepegHIo YacToTy Ny/ibCy B CMOKOI, YacToTy
OMXaHHA Ta apTepianbHuii TUCK (p <0,05). Kpim Toro, piBHi Niniais, 3arafbHUX TPUMiLEPUIB, XONECTEPUHY Ta flino-
NPOTEiHIB HWU3bKOT LWiNbHOCTI ByNM 3HaYHO 3HMMKEHI Nig, Yyac cTen-aepobHUX TpeHyBaHb i aepobHUX BNpas Ha Mianosi,
ninonpoTeiHn BUCOKOI LWiNbHOCTI 3HaYyHOo niasuwmnncs (p <0,05).

BUCHOBOK. BUCHOBKM AoChig)eHHA cBig4aTb Npo Te, wo 12-TuxkHeBi perynapHi cten-aepobHi BNpaBM Ta NPOTOKOAM
aepobHMX BNpaB Ha Niano3i MmatoTb BiNblUMIA BNAWB, HiXK KOHTPO/IbHA rpyna, Ha ¢i3nyHy NiaroToBAeHICTb, MOB’A3aHy 3i
300p0oB’AM, disionoriyHi Ta 6ioxiMiyHI 3MiHHI Y OPOCNX YO/TOBIKIB i3 OXKUPIHHAM.

KnrouoBsi cnoBa: aepobHi Bnpasu, cuna, BUTpUBaNicTb, GisnyHi, BNpasu, ninigHnin npodinb

AHHOTALUSA

Kapynnacamu loBuHgacamu, YaHapa6aby Cypew, Aunnput Kayp, Moy Mpamanuk, AxoH Bocko AHuTa. AuddepeH-
uManbHoe BAnsAHUE 12-HepeNbHOM NPOrpaMmmbl a3PO6HbIX YNPAaXKHEHWUIT Ha CBA3AHHYIO CO 38,0p0BbeM GU3UUYECKYIO
dopmy, dpusmnonormueckue n 6UoxMmmyeckue MmapKepbl cpeamn B3pOoC/biX C OXKUPEHMEM: PAHAOMU3UPOBAHHOE KOH-
Tponupyemoe uccnegosaHme

Mpepnocbinku. TpeHMPOBKaA ABAAETCA LLEHHbIM MOAXOA0M K Y/IYYLIEHUIO YPOBHSA XU3HN GU3NOI0TMYECKMX, BUOXMMM-
YECKMUX U GU3MUECKMX CUAN Y MALMEHTOB C OKMPEHMEM; TEM HE MEHEe, HECKO/IbKO UCCAe40BaHNM B OCHOBHOM cocpe-
[0TOYEHbI HA PaHHEeN BbIXKMBAEMOCTU, MEHBLUMHCTBAX, GU3NYECKM NACCUBHBIX MYXKUMHAX U MYMKUYMHAX C M3ObITOYHBIM
BECOM, WU U3yYaau UHAMBUAYANbHbIA U KOMBUHUPOBAHHbIN NIaH TPEHUPOBOK M U3MEPANN MapKepbl COCTaBa Tena.

Llenb. B 3TOM MccnefoBaHMM Mbl ONUCANN BAMSHUE Pa3/IMYHbIX a3POOHbIX YNpaXKHEHWM B TeueHne 12 HefeNb Ha camo-
OLLeHKY NIt0Zel C OXKUpeHnem, GrUsmyeckyto cuay, dusmonormyeckme u BUOXMMMYeCcKMe MapKepbl Y STHUYECKU CMeLLaH-
HbIX, GMU3NYECKMN HEMOABUMKHbIX B3POC/bIX C OXKUPEHUEM.

Marepuan u metogbl. Bcero (n = 60) B3pOC/bIX MY}KUYMH C OXKUPEHMEM (cpegHee + cTaHAAPTHOE OTK/IOHEHUWE; BO3PaACT:
18,92 + 1,54 ropa, poct: 172,4 + 5,4 cm, Bec: 84,4 + 6,3 Kr) cnydyaiiHbiM 06pa3om pacnpesennan Ha Tpu pasHble (n =
20) rpynnbl: cTen-aspobuka, aapobrKa Ha NOAy U KOHTPO/bHaA rpynna. NPoToKon TPEHMPOBOK MO cTen-aspobuke u
aspobuKe Ha Nosy BbIMONHANCA TPU OHA B HeAeNto B TeuyeHue nepuoga obydeHus (12 Hepenb). Bee BbibpaHHble ne-
pemeHHble GU3NYECKON NOArOTOBKU, GU3NMONOTUYECKME U BUOXMMUYECKME MapKepbl Bblin MccnegoBaHbl B Havane
nccnesfoBaHua n vyepes 12 Hepenb. bblno 0BHAPYKEHO, YTO NOAKOHTPO/bHAA FPYMMa He BbINONHAET TPEHUPOBKY.

Pe3ynbratbl. [Iporpamma ynpasKHeHUM B rpynne cTen-asapobuKkmn 1 aspodbmnKmM Ha MOy 3HAUUTENBHO YAyYLLIMAA Mbllley-
HYIO CUAY, CepAedYHO-COCYANCTYIO BbIHOCIMBOCTb, TMOKOCTb, MbILLEYHYIO BbIHOC/IMBOCTb, }KU3HEHHYIO EMKOCTb 1 Bpemsa
3a4epKKM abixaHusa (p < 0,05). TpadmK TPEHNPOBOK 3HAUUTENIBHO CHU3WUJ MPOLLEHT KUPa B OPraHU3MeE, CPeAHIO Ya-
CTOTY Ny/bCa B NOKOE, YacTOTy AbIXaHUA U apTepuasnbHoe aasneHue (p < 0,05). Kpome Toro, ypoBHM AnMnuaos, obLmx
TPUINLEPUAOB, XONECTEPUHA N IMNOMNPOTEUHOB HU3KOMN NAOTHOCTU ObIIM 3HAYUTENBHO CHUMKEHbI NMPU BbINOAHEHWUN
ynpa*KHEHWI cTen-asapoburKm 1 a3pobHbIX YNPaXKHEHWUI HA NOAY, yPOBEHb IMMONPOTEUHOB BbICOKOM MAOTHOCTU 3HAYMU-
TenbHO yBenmunnca (p < 0,05).

BbiBOAbl. Pe3ynbTathl UCCef0BaHNUA NOATBEPKAAMOT, YTO 12-HeaenbHble peryasapHble cTen-aspobHble TPEHUPOBKU U
NPOTOKO/Ibl TPEHWPOBOK Ha MO/y OKa3blBaloT bosblIee BAMSAHUE, YeM KOHTPOJIbHAA rpynna, Ha dusmnyeckyo popmy,
CBA3aHHYIO CO 34,0p0BbeM, GU3NONOTUYECKME U BUOXMMUYECKME NOKA3aTeNN Y B3POC/IbIX MYXKUUH C OXKUPEHUEM.

KntoueBble cnoBa: aspobHble ynpasKHeHWs, CUa, BbIHOCAMBOCTb, GU3MYECKas Harpyska, AMnuaHbii npoduib
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Introduction

Machines have changed human life, and
humans now enjoy the maximum level of physical
comfort [1]. Modern technology is working hard
to make our lives easier, more luxurious, and more
pleasant while also reducing our physical exertion
[2]. As a result, humans appear to be becoming
increasingly inactive all over the globe [3]. Humans
now ride instead of walking, sit instead of standing,
and watch instead of participating, and these
lifestyle changes have definitely reduced physical
labour while increasing mental stress and strain
[4]. As a result, it is critical to effect good changes
in today's lifestyles through involvement in sports
and physical education programmes [5]. The
development of physical fitness among the public
or participants should be one of the major goals of
every physical education and sports programme [6].
Physical education should try to make every child
physically, cognitively, and emotionally healthy, as
well as to develop personal and social traits in him,
allowing him to live happily with others and develop
as a good citizen [7]. As a result, an individual's
physical fitness can be improved through a variety
of programmes or activities [8].

Both industrialised and developing nations
are seeing a rise in obesity [9]. Obesity is a life-
threatening condition caused by a sedentary lifestyle
[10]. Obesity and overweight impact millions of
people in both developing and developed, countries
[11]. Obesity was once thought to be a developed-
world issue. Obesity, on the other hand, is on the rise
in both developed and developing countries today.
Obesity and overweight contribute the most to non
communicable disease morbidity and mortality
[12]. In 2008, Over 1.4 billion persons worldwide,
with more than half of them obese, were considered
by the World Health Organization to be overweight.
[13]. As per the survey conducted by the NHHES
(National Health and Nutrition Examination
Survey) obesity prevalence was 33.4 percent among
adults in urban areas and 39.6 percent among rural
residents between 2005 and 2008. [14].

In arecent ICMR-INDIAB study conducted
in three Indian states, the prevalence of generalised
obese people increased from 11.8 percent to 33.6
percent among participants: Jharkhand, Tamil
Nadu, and Maharashtra, along with Chandigarh as a
UT [15]. Obesity prevalence among Indian women
has increased from 10.6% to 12.6 percent, as per
comparison among two main surveys have been
conducted by the National Family Health Survey
(NFHS-2) in 1998-1999 and NFHS-3 in 2005-
2006 respectively [16].

The Chennai Urban Rural Epidemiology
research found that the occurrence of generalised
fatness was 45.9% when measured according to age
[17].

Anaerobic exercise, which includes and
short-distance running and strength training can be
compared with aerobic exercise and fitness. The
intensity and duration of muscular contractions,
and how within muscles energy has been created,
differ between the two types of exercise [18].
New research on how contracting muscles affect
hormones has identified that both anaerobic and
aerobic exercise have the same effect [19] promote
the secretion of myokines, which has a variety of
benefits including new tissue growth, tissue repair,
and anti-inflammatory functions, lowering the risk
of developing inflammatory diseases [20].

The quantity of muscle contracted, as
well as the duration and severity of contractions,
all influence myokine secretion. Count is used
in floor aerobics. Floor aerobics was created to
eliminate the need for open-air exercise. Day by
day, the women took advantage of the opportunities
that were presented to them [21]. Many gyms and
fitness facilities with a group workout programme
offer step aerobics programmes. Gin Miller came
up with the concept of step aerobics in 1989. Gin
hurt her knee and went to see an orthopaedic doctor.
The doctor told her to build up the muscles that
support the knee by having stepped down and up on
amilk crate. Gin did this and then came up with step
aerobics [22]. Therefore, we examined the presents
study aims to analyze the effects of 12 weeks SAET
& FAET improvement on physical, physiological,
and biochemical, among obese adults men only.

Materials and Methods
Participants Recruitment

Sixty (60) obese male adults were recruited
from the host institute. The participants came from
various family backgrounds and took part in similar
academic activities. The participants were selected
at random. They were in the age group of 18.92 +
1.54 yrs.

Obesity

The following formula was wused to
calculate the obesity based on their BMI: Metric:
BMI = kilograms/meters2. Males with a BMI of >
25 kg/m?2 higher are considered according to South
Asian country BMI guidelines followed by obese
for the purposes of this study.

© Govindasamy K, Suresh C, Kaur D, Pramanik M,
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Experimental Design

The participants were classified into three
groups at random, twenty participants within each
group consisted. With 20 participants in each
group, all participants were divided into three
groups at random: step aerobics exercise training,
floor aerobics exercise training and control group.
step aerobics exercise training and floor aerobics
exercise training group were intervened with
respective exercises for twelve weeks whereas
control group does not perform any exercise. One
day of pre-testing, 12 weeks of training, and one
day of post-testing were included in the study
design. 12 weeks training intervention pre- and
post-testing sessions were separated by three days
to prevent any negative impacts from the testing or
training. Physical physiological and biochemical
markers were compared at baseline and at endpoint
in all groups.

All individuals fasted for longer than 8
hours on the days before and after the tests, and
venous blood was drawn between 7 am and 9 am in
the morning following stabilisation. vital capacity,
mean arterial blood pressure,

The after 45 minutes break physiological
parameters such as; resting heart rate, respiratory
rate, breath holding time were ordered in the
morning and measured, 3 hours following
lunch the health related physical fitness such;
cardiorespiratory endurance, muscular strength,
muscular endurance, flexibility, body composition
were measured. Prior to the study's administration,
the participants were informed of the needs for the
experimentation, testing, and exercise programme
in order to ensure their full participation with the
required effort. Except on Saturdays and Sundays,
the subjects finished their training three days a
week from 6.30 to 7.30 a.m. The exercises were
introduced gradually (Table 1 & 2). Methods that
ranged from easy to hard were used. This study
was done in line with the Declaration of Helsinki,
and the regimen was fully approved by the regional
institutional committee on ethics of the SRMCHRC,
Kattankulathur, Tamilnadu, India (Number 8484/
IEC/2022) before the measurements began.

Table 1
Training intervention step aerobic exercise training programme for 12 weeks
Exercise Durathn Intensity of Set.8f Frequency Rest Rest
L Trainin (12 e training (%) Repetition (days/weeks) Between Between Set
103 W g 1lénin) g1 (times) 4 Exercise
to arm-up min )
Weeks | Main Exercise 40 min 65 to 70% 4 times & 60 3 days 30 sec 10 sec
Cool-down 10 min times
4t06 Warm-up 10 min ati &
Weeks | Main Exercise 40 min 65 to 70% imes 3 days 30 sec 10 sec
Cool-down 10 min 120 times
7t09 Warm-up 10 min ati &
Weeks |_Main Exercise 40 min 65 to 70% imes 3 days 30 sec 10 sec
Cool-down 10 min 180 times
10-12 Warm-up 10 min 4t &
Weeks Main Exercise 40 min 65 to 70% Im,es 3 days 30 sec 10 sec
Cool-down 10 min 240 times
Table 2
Training intervention floor aerobic exercise training programme for 12 weeks
Exercise Durathn Intensity of set & Frequency Rest Rest
Week . of Exercise e 10 Repetition Between
Training (min) training (%) (times) (days/weeks) Exercise Between Set
Warm-up 10 min :
1to3 o in Exercise 40 min 65t070% | +tmes&60 3 days 30 sec 10 sec
Weeks Cool-down 10 min times
Warm-up 10 min :
4to6 Main Exercise 40 min 65 to 70% 4 t|m.e5 & 3 days 30 sec 10 sec
Weeks Cool-down 10 min 120 times
Warm-up 10 min .
/o3 Main Exercise 40 min 65 to 70% 4 tlmgs & 3 days 30 sec 10 sec
Weeks Cool-down 10 min 180 times
) Warm-up 10 min .
10-12 Main Exercise 40 min 65 to 70% 4 tlmgs & 3 days 30 sec 10 sec
Weeks Cool-down 10 min 240 times
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Anthropometry Characteristics

On an electronic scale, respondents have
been weighed to the closest to 0.01 kg whereas
wearing slight clothing and lacking of shoes. The
height has been observed to the closest 0.1 cm with
use of height measuring scale Stadiometer (Seca,
Hamburg, Germany) following previously reported
standard protocols [23]. The formula for calculating
BMI (body mass index) is body mass (kg)/height2

(m).

Cardiovascular Endurance (Cooper's 12-Minute
Run)

During the 12-minute test session, participants
were told to finish as a lot of laps as feasible on
track (outdoor). Pacing oneself throughout the
measurement has been emphasized. During the
12-minute test session, the administrator tallied
the laps done while announcing the elapsed time
at 3, 6, and 9 minutes and vocally encouraging the
individuals. After the 12-minute session, the test
officer commanded the participants to "stop" and
then utilized as a wheel of measuring to calculate the
percentage of the final lap accomplished by every
subject. This distance has been got to add to the
distance based on the frequency of completed laps
to establish the overall distance travelled throughout
the test. The distance ran was then converted to an
estimate of VO2max (mlekg-1+min-1) using Cooper's
(4) standard equation: VO2max (mlekg-1emin-1) =
(22.351 x distance covered in km) - 11.288 [24-26].

Muscular Strength

The student should be lying on their back
on the mat, hands under shoulders, fingers extended,
and legs straight, tucked under and slightly apart.
The mat pushed off by the student until their arms are
straight while keeping their legs straight and back.
Body lowers by students until their forearms are
parallel with the floor and elbows of the students are
at angle of 90 degree. Instructions have been passed
to students to perform as many 90° push-ups as they
could while following a certain rhythm denoted by
the letters "down" and "up."

When a student committed a second fault,
such as their own knees collapsing to the ground,
their or lower and upper back shaking, their arms
not completely outstretched, or their elbows without
twisting to 90 degrees, they were stopped. Their
score was the number of correct 90-degree push-ups
they accomplished [27].

Muscular Endurance

Muscular endurance has been examined
through the sit-up test (BS-SU, In body, Seoul,
Republic of Korea) [28,29]. Before measuring
physical endurance, we had participants perform
the following: Lay on the mat with their heads and
backs up. Position of their knees at a 45° angle and
create a fist-sized space amid them. Complete sit-ups
for 60 seconds whereas holding your hands behind
your head. It has been observed that the two elbows
always make one contact with the knees before
shifting back to their initial positions. The element
of physical stamina assessment was the frequency

of repeats per 30 seconds. To help individuals
comprehend the method, we allowed them to practice
two to three times with the assistance of helpers and
communicated the repetitions during the assessment.

Flexibility

The sit, as well as reach test was conducted
following detailed instructions. Sitting whereas
attempt to extend forward as far as probable while
a knee holding straight, the flexibility of the lower
body was evaluated. Sit and reach boxes measured
the hand's reach in centimetres [30].

Body Composition

The subjects' stature was measured using a
bioelectric resistance analyzer (InBody 770) and Cm
and km were calculated using a scale of height-weight
(BSM 330) by In body (Republic of Korea, Seoul)
[31]. Respondents' body mass indexes were
determined by dividing their kilogramme weights by
their metre heights. Subjects were classified (BMI 23
)as an average weight while (BMI 25), overweight or
obese (BMI 25) based on predetermined BMI cut-

offs [31]. BMI ( Body mass index) of 25 kg/m2 was
utilized to define obesity in the Asia-Pacific WHO
recommendations [31].
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In order to get an accurate reading of body
composition, test subjects had to wear loose-fitting
clothes (exercise wear) and stand with their feet flat
on the floor. While standing with your feet and hands
behind your back, open the gap between your arms.
When the equipment scans the body, measurements
are taken while the body remains stationary [31]. For
precise assessment, we requested that the participants
wear the most straightforward clothing possible,
take out any substances adhered to their bodies, and
measured one hour after defecating.

Vital capacity

Utilizing the CSMI Spirometrics device,
the respiratory parameters were measured. The
subjects sat in a relaxed stance on a chair. They were
instructed to inhale the mouthpiece of the spirometer
thoroughly, and their noses were fitted with prongs to
prevent air leakage. Three measurements were taken
at the five-minute interval, and the highest score was
recorded. This is the enormous volume of air exhaled
during a forceful, quick, and profound expiration
[32] forced vital capacity was reported in litres.

Resting Heart Rate

The measurements of resting heart rate or
pulse (the frequency of heartbeats per minute) were
obtained a few minutes after awakening while still
laying in bed and were the frequency of heartbeats
per minute. Before taking the subject's pulse, allow
some time for the body to acclimate to the transition
from sleeping (2-5 minutes). Before measuring a
subject, they may be instructed to lie down for at least
10 minutes. After 10 minutes of supine relaxation,
the resting heart rate was determined (Polar T31,
Kempele, Finland) [33].

Mean Arterial Blood Pressure

Before performing a manual or automated
mean arterial blood pressure assessment, ensure that
the subject has either been comfortably lying on a bed
or sitting on a chair with a backrest, position of feet
on the floor and uncrossed legs, relaxed, not talking
and should have been in position for a minimum of
five minutes [34].

Breath Holding Time

The participant exhales completely, inhales
deeply, and then holds his breath for as long as
possible. As a reference for respiratory rates, manual
counts were utilized. A single, trained medical
staff member was assigned to manually observe
and count respiration rates to maintain continuity
and eliminate variances. For each individual,
simultaneous electronic and manual records were
initiated. At 60 seconds, when manual records were
made, respiration rates were computed based on the
electronic data. The benchmarks were then utilized
for comparative analysis. Hospital professionals on
case report forms recorded all manual counting and
diagnoses.

Blood biochemistry

Sitting for 20 minutes following a fast
of 12-hour overnight, blood has been taken from
an antecubital vein between 7:00 and 9:00 a.m. at
Week 0 and Week 12 for analysis. The sample size
was 15 mL. To conduct a hematological analysis,
blood has been transmitted immediately into tubes
of Vacationer (Becton Dickinson, Rutherford, NJ,
USA) contain or not contain 0.1% EDTA as an
anticoagulant. Serum and plasma are separated
using a centrifuge at 2500 rpm for 15 minutes at four
°C, and the separated components are accumulated
at 80 °C until assessment. Fasting glucose, total
triglyceride levels, triglyceride, high-density lipid ,
and low-density lipid, have been examined with use
of an automated biochemical analyzer [35].

Statistical Analysis

Means and standard deviations (£) were
used to describe all the data, and the Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to see if
the data were normal. To make sure there wasn't a
big difference between the groups. Used intra class
correlations (ICCs), test and retest accuracy for all
tests was analysed. The effects of exercise were
also looked at with a two-way analysis of variance
(ANOVA) and repeated measurements (three groups,
twice). If group by time connections were discovered
to be important, Bonferroni post-hoc tests were done
[36]. The statistical test was set to be significant if
p0.05. [37].
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Results

There were no significant differences (p >
0.05) in any of the study groups (i.e., step aerobics
exercise training, floor aerobics exercise training, and
control) for age, weight, height, Body Mass Index,
cardiorespiratory endurance, muscular strength,
muscular endurance, flexibility, body composition,
vital capacity, mean arterial blood pressure, resting
heart rate, respiratory rate, breath holding time, total
cholesterol, triglyceride, high density lipoprotein and
low density lipoprotein (Table 3). The Kolmogorov-
Smirnov and Shapiro-Wilk tests were used to
evaluate whether the data were normal (Table 4).

Health Related Physical fitness

The main influences of time on some
outcomes have been found to be CRE F value:
27.37;, p<0.001 value, npz value: 0.32, and power
value: 0.99; MS F value: 31.27; p<0.001 value, npz
value: 0.35, and power value: 0.99; ME F value:
56.35; p<0.001 value, npz value: 0.49, and power
value: 0.99); Flex F value: 1.40; p<0.001 value, npz
value: 0.71, and power value: 0.99; BC F value:
35.95; p<0.001 value, npz value 0.38; power value:
0.99. Significant group (three) and time (2 pre &
post) interactions were seen for CRE F value: 2.67;

p=0.078 value, n * value: 0.086, and power=0.51;
MS F value: 0.67; p=0.515 value, np2 value: 0.23,
and power value: 0.15; ME F value: 6.90; p<0.002
value, npz value: 0.19, and power value: 0.99, Flex
F value: 11.82; p<0.001 value, np2 value: 0.29,
and power value: 0.99, BC F value: 2.06; p=0.136
value, n ? value: 0.067, and power value: 0.40. A
post-hoc analysis showed a considerable pre-to-
post improved (p<0.001 value) in both step aerobic
exercise training and floor aerobic exercise training
for cardiorespiratory endurance (np2 value: 0.07;
np2 value: 0.20, respectively), muscular strength
(m.2 value: 0.08; n * value: 0.15, respectively), and
p P

muscular endurance (n? value: 0.04; n? value:
0.12, respectively) compared to control group.
A post-hoc analysis showed a considerable pre-
to-post decreases (p<0.001 value) in both step
aerobic exercise training and floor aerobic exercise
training for body composition (np2 value: 0.04;
np2 value: 0.14, respectively) compared to control
group. Participants engaged in step aerobics aerobic
training and floor aerobics aerobic fitness showed
no significant improvement in any of the training
protocols tested in terms of cardiovascular endurance,
muscular endurance, muscular strength flexibility, or
body composition, while the control group showed
no significant improvement in any of the training
protocols tested (Table 5).

Table 3
Mean and SD (£) Characteristics of Participants
Characteristics SAET FAET Control
Age (years) 18.65+1.13 19.15+1.98 18.95 + 1.43
Height (cm) 170.7 +4.52 171.9+4.78 174.7 +6.44
Weight (kg) 87.25+ 4.60 88.80 £ 6.59 92.20 +6.96
BMI (kg/m?) 29.94+1.31 30.00 +1.22 30.18 £ 1.25

Notes: SAET - step aerobic exercise training; FAET - floor aerobic exercise training, BMI - Body Mass Index

Physiological variables

The main influences of time on some
outcomes have been found to be VC F value: 1.84;
p<0.001 value, npz value: 0.76, and power value:
0.99; resting heart rate F value: 91.30; p<0.001
value, np2 value: 0.61, and power value: 0.99;
mean arterial blood pressure F value: 0.01; p=0.982
value, np2 value: 0.88, and power value: 0.50; breath
holding time F wvalue: 73.55; p<0.001 value, npz
value: 0.56, and power value: 0.99; respiratory rate
F value: 21.51; p<0.001 value, npz value: 0.27,

and power value: 0.99. Significant group (three)
and time interactions (2 pre & post) were seen for
vital capacity F value: 18.33; p<0.001 value, np2
value: 0.39, and power value: 0.51, resting heart
rate F value: 9.60; p<0.001 value, an value: 0.25,
and power value: 0.97; mean arterial blood pressure
F value: 1.87; p=0.163 value, np2 value: 0.19, and
power value: 0.62); breath holding time F value:
4.90; p<0.011 wvalue, npz value: 0.14, and power
value: 0.78, respiratory rate F value: 4.58; p=0.014
value, an value: 0.139, and power value: 0.75.
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A post-hoc analysis showed a considerable
pre-to-post decreases (p<0.001 value) in both step
aerobic exercise training and floor aerobic exercise
training for resting heart rate (np value: 0.08; n 2
value: 0.16, respectlvely) and respiratory rate (n
value: 0.07; np value: 0.18, respectively) compared
to control group. A post- hoc analysis showed a
considerable pre-to-post improved (p<0.001 value)
in both step aerobic exercise training and floor
aerobic exercise training for breath holding time (np2

value: 0.04; np2 value: 0.11, respectively) compared
to control group. Neither training protocols showed
significant improvement in was observed in terms
of vital capacity, and breath holding time, decreases
resting heart rate, mean arterial blood pressure and
respiratory rate, in participants performing step
aerobics exercise training and floor aerobics exercise
training whereas no significant improvement was
observed in control group (Table 6).

Table 4

Normality Test Calculation

Kolmogorov-Smirnov

Shapiro-Wilk

Variables Group

Statistic df

Sig. Statistic df Sig.

CG
SAET
FAET

CRE (ml/kg/

. 0.092 60
min)

0.200 0.986 60 0.733

CG
SAET
FAET

MS

(numbers) 0.111 60

0.063 0.971 60 0.163

CG
SAET
FAET

ME

(numbers) 0.109 60

0.072 0.974 60 0.240

CG
SAET
FAET

F (cm) 0.108 60

0.076 0.972 60 0.178

CG
C (%) SAET
FAET

0.102 60

0.191 0.968 60 0.114

CG
SAET
FAET

VC (mL) 0.101 60

0.200 0.978 60 0.351

CG
SAET
FAET

MABP

(mmHg) 0.101 60

0.200 0.969 60 0.127

CG
SAET
FAET

RHR (bpm) 0.098 60

0.200 0.964 60 0.072

CG
SAET
FAET

RR (numbers) 0.107 60

0.085 0.965 60 0.085

CG
SAET
FAET

BHT (s) 0.077 60

0.200 0.968 60 0.119

CG
SAET
FAET

TC (mg/dl) 0.076 60

0.200 0.966 60 0.091

CG
SAET
FAET

G (mg/dl) 0.075 60

0.200 0.971 60 0.170

CG
SAET
FAET

HDL (mg/dl) 0.081 60

0.200 0.967 60 0.099

CG
SAET
FAET

LDL (mg/dl) 0.080 60

0.200 0.975 60 0.253

Notes: BMI, body mass index, CRE, cardiorespiratory endurance, MS, muscular strength, ME, muscular endurance, F, flexibility, SAET, step aerobic
activity training, FAET, floor aerobic activity training, VC, vital capacity, MABP, mean arterial blood pressure, RHR, resting heart rate, RR, respiratory
rate, BHT, breath holding time; Total cholesterol (TC); Triglyceride is TG; Low density lipoprotein is known as LDL, and high density lipoprotein is

HDL.
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Table 5
Mean (£ SD) values of health related physical fitness parameters for the 3 groups.
p (Cohen’s d)
. Main Interaction
Variables Group Before After Main effect f-f
roup effect group x
& time time
CRE (ml/ke/ SAETG 28.89+2.13 30.95+1.09 ac 0.162 0.001 0.078
ml/kg N N . <0. .
min) FAETG 28.58 £ 0.84 30.54+1.01a (0.062) (0.324) (0.086)
CG 28.97 £2.15 29.54+1.64
MS SAETG 19.10+1.37 20.45+1.43a 0.401 0.001 0.515
. <0. .
+ +
(numbers) FAETG 19.15+2.18 20.90+1.41 ac (0.032) (0.354) (0.023)
CG 18.90+1.86 19.95+1.76
MIE SAETG 22.85+2.30 25.40+1.27 ac 0.797 0.001 0.002
. <0. .
+ +
(numbers) FAETG 22.95+1.82 25.00+1.16a (0.008) (0.497) (0.195)
CcG 23.55+1.63 24.10+1.51
SAETG 22.85+1.75 24.85 + 1.26 ac 0.367 0.001 0.001
. <0. <0.
+ +
F (cm) FAETG 22.00 £ 2.55 24.25+1.99a (0.035) (0.791) (0.412)
CG 22.80+1.90 23.45+1.70
SAETG 39.33+0.35 38.67+0.60a 0.239 0.001 0.136
. <0. .
9 + +
BC (%) FAETG 39.33+0.61 38.72+0.72 a (0.049) (0.387) (0.067)
CG 39.33+0.15 39.06 £ 0.43

Notes: SAETG: step aerobic exercise trained group (n=20); FAETG: floor aerobic exercise trained group (n=20), CG:
control group no training intervention (n=20). Different aerobics exercise programme. Before-pre test, After-post-test.
Data are mean values (+ SD), CRE: cardiorespiratory endurance, MS: muscular strength, ME: muscular endurance,
F: flexibility, BC: body composition, a: significant variation between the training intervention before and after; c:
significant interaction between: SAETG & FAETG

Table 6
Mean (+ SD) values of physiological parameters for the 3 groups.
p (Cohen’s d)
Main Main .
Variables Group Before After Interaction
effect effect .
. group x time
group time
SAETG 3.07 £275.48 3.32+228.49 ac 0.635 0.001 0.001
. <0. <0.
+ +
VC (mL) FAETG 3.07 +£233.73 3.29+217.40a (0.016) (0.764) (0.391)
CG 3.07 +451.16 3.14 +425.99
SAETG 75.20+3.73 72.40 £3.31 ac <0.001
0.288 <0.001
RHR (bpm) FAETG 75.25+1.77 73.30+2.69a
(0.043) (0.252)
cG 75.65 + 3.01 74.90 £ 3.50 (0.616)
SAETG 97.92+2.61 96.76 + 2.36 ac <0.001
0.712 0.062
MABP (mmHg) FAETG 97.97 +£2.59 97.87+2.44a (0.012) (0.163)
CG 97.16 + 3.45 98.46 + 4.57 ' (0.982) '
SAETG 36.35 +3.03 38.40+3.03a <0.001
0.795 0.011
BHT (s) FAETG 36.90 +4.37 39.20+3.86 ac
(0.008) (0.147)
CG 36.95 + 3.97 37.80+3.83 (0.563)
SAETG 17.00 + 1.48 16.15+1.26 a <0.001
0.444 0.014
RR (numbers) FAETG 17.10+1.11 16.15+0.93 a (0.028) (0.139)
CG 17.00+£1.29 16.95 £ 0.94 ’ (0.274) ’
Notes: SAETG: step aerobic exercise trained group (n=£U); FAETG: Tloor aerobic exercise trained group (n=£U}, CG: control group no

training intervention (n=20). Different aerobics exercise programme. Before-pre test, After-post-test. Data are mean values (+ SD),
VC: vital capacity, RHR: resting heart rate, MABP: mean arterial blood pressure, BHR: breath holding time, RR: respiratory rate, SAETG:
step aerobic exercise trained group FAETG: floor aerobic exercise trained group, CG: control group. a: significant variation between
the training intervention before and after; c: significant interaction between: SAETG & FAETG
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Biochemical variables

The main influences of time on some
outcomes have been found to be high density
lipoprotein F value: 30.82; p<0.001 value: npz value:
0.35, and power value: 0.99; low density lipoprotein
F value: 1.66; p<0.001 value, np2 value: 0.74, and
power value: 0.99; total cholesterol F value: 3.82;
p=0.056 value, np2 value:0.63, and power value:
0.48; triglycerides F value: 7.27; p=0.009 value,
npz value: 0.11, and power value: 0.75. Significant
group (three) and time interactions (2 pre & post)
were seen for high density lipoprotein F value:
1.21; p=0.304 value, npz value: 0.41, and power
value:0.25; low density lipoprotein F value: 25.11;
p<0.001 value, npz value: 0.46, and power value:
0.99; total cholesterol F value: 3.51; p=0.036 value,
n, 2 value: 0.11, and power value: 0.63; triglycerides
F value: 0.88; p=0.417 value, 0 * value: 0.30, and

power value: 0.78. A post-hoc analysis showed a
considerable pre-to-post improvement (p<0.001
value) in both step aerobic exercise training and
floor aerobic exercise training for high density
lipoprotein (n? value: 0.05; n? value: 0.14,
respectively) compared to control group. A post-
hoc analysis showed a considerable pre-to-post
decreases (p<0.001 value) in both step aerobic
exercise training and floor aerobic exercise training
for total cholesterol (n * value: 0.09; n * value: 0.18,
respectively) and triglycerides (np2 value: 0.07;
npz value: 0.19, respectively) compared to control
group. Participants who engaged in step aerobics
activity and floor aerobics aerobic training both
showed no significant improvement in any of the
training protocols when it came to of highly dense
lipoprotein, decreased low density lipoprotein,
lipid profile, and triglycerides, while no significant
improvement was seen in the control group (Table
7).

Table 7
Mean (£ SD) values of biochemical parameters for the 3 groups.
p (Cohen’s d)
. . Main .
Variables Group Before After Main effect offect Interaction
group time group x time
SAETG 53.95+3.83 55.60+2.13a
0.580 <0.001 0.304
+ +
HDL (mg/dl) FAETG 52.60 + 3.06 55.80+2.06 a (0.019) (0.351) (0.041)
CG 53.85+2.96 55.95+2.08
SAETG 123.78 £ 6.04 120.94+5.63 a
0.898 <0.001 <0.001
+ +
LDL (mg/dl) | FAETG | 123.96+3.86 120.62 +3.51 a (0.004) (0.745) (0.468)
CG 123.49+9.98 122.96 +10.37
SAETG 214.65+5.19 212.70+4.89 a
0.894 0.056 0.036
+ +
TC (mg/dl) FAETG 215.74 £ 5.93 212.85+5.92 a (0.004) (0.063) (0.110)
CG 214.12 +6.83 215.20 £ 11.57
SAETG 181.52+11.31 179.30+10.23 a
0.793 0.009 0.417
+ +
TG (mg/dl) FAETG 183.88 +7.88 180.20 +10.09 a (0.008) (0.113) (0.030)
CG 180.35+11.79 179.42 £+ 13.45

Notes: SAETG: step aerobic exercise trained group (n=20); FAETG: floor aerobic exercise trained group (n=20), CG:
control group no training intervention (n=20). Different aerobics exercise programme. Before-pre test, After-post-
test. Data are mean values (+ SD), HDL: high density lipoprotein, LDL: low density lipoprotein, TC: total cholesterol,
TG: triglycerides, SAETG: step aerobic exercise trained group FAETG: floor aerobic exercise trained group, CG: control

group.

a: significant variation between the training intervention before and after
c: significant interaction between: SAETG & FAETG
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Discussion

The main finding of the research was
that different aerobic training of exercise had a
variety of positive effects on physical strength,
physiological, and biochemical parameters in obese
men adults. After 16 weeks of randomized control
trail undertaking aerobic and resistance training
intervention, it was shown that on improving
quality of life and physical fitness obese and
overweight cancer patients [38]. These results
was reliable with previous studies shows VO2
max improved [39,40] and HIIT exercise could
reduce resting heart rate children with obesity
[41]. Another one previous investigation it was 12
weeks isolated and combined randomized control
trail undertaking aerobic, resistance and combined
training shown that overweight and obese adults
considerable improvement body percentage of
fat and cardiorespiratory fitness [42]. While the
exercise intervention 16 weeks follow up MLIP
has been suggested to improve physical fitness
and body composition in adolescents and obese
children [31]. In the present study we found a
significant improvement on selected health related
physical fitness parameters of 12 weeks different
types of aerobic exercise training. Importantly a
reduction in body composition study reported 8
weeks HIIT aerobic exercise intervention has made
improvements in the quality of life patients [43].

Our study findings agrees with previously
related studies those shows decreases in blood
pressure, after 12 weeks of combined training of
exercise in young obese pre hypertensive men
[44]. Our data indicate breath holding time and
respiratory rate was significantly enhanced after 12
weeks interference in the current study. This may
following another mechanism effectively improved
breath holding time and respiratory rate due to
neuromuscular training intervention [45].
The findings of the research have been in line of
related studies suggested that aquatic exercise had
a beneficial effects on forced vital capacity [46].
Komathi and Indira had previously investigated
the effects of step aerobics, floor aerobics, and
combination exercise on biochemical variables
in female students [47]. After undertaking floor
aerobics exercise for a period of twelve weeks,
it was shown that women students showed
considerable improvement in all of the selected
biochemical variables. After participating in step
aerobics for a period of twelve weeks, women

students showed significant improvements in all of
the selected biochemical variables. Women students
in the combined training group performed better on
biochemical variables than the other groups. Same
outcomes have been obtained in present research
in which the biochemical profile of the obese male
adults was found to improve after twelve-week
intervention of steps or floor aerobics.

Clary et al. looked into the effects of
Ballates, walking on balance and step aerobics
in women aged 50 to 75. When compared to the
Ballates programme, walking programmes and step
aerobics resulted in improved static balance and
postural stability [48]. In our study however, similar
results were obtained in case of steps aerobics and
floor aerobics. Melam et al. examine the effects of
aerobics and brisk walking on overweight people.
For ten weeks, this programme was carried out
five days a week [49]. Body mass index, hip and
waist circumference, as well as the thickness of
the skinfolds in the abdomen, subscapular region,
biceps, and triceps, were all measured on the women
throughout all three categories before and after the
experiment. All of the values fell in women who did
10 weeks of brisk walking and aerobics. In present
study also, the body composition was found to be
improved significantly among adult obese male after
twelve weeks of aerobic exercises. Maiyanga and
Gunen investigated the effect of step aerobics on %
body fat and visceral fat in obese female nurses in
Bauchi's speciality hospital and discovered that step
aerobics reduces percentage body fat [50].

Strengths and limitation of research

The outcome of the study being pilot in
nature, present study has several limitations that
should be considered on which future studies could
be carried out. Main limitations of the research are
that we take only the male respondent. Obesity
is also prevalent in females and therefore future
studies could be conducted by taking the female
participants. Other limitation of the study is that
present study is focused specific age group, future
studies could be conducted by taking all age group.
This will help in validating the result of current
study for all age groups. Another limitation of the
present study is the sample size itself. Because
the small sample size of the research cannot be
validated for general population. Moreover, present
study is a single centric study; future study by taking
the multicentric approach should be conducted to
find the role of aerobic exercise in management of
obesity among adults.
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Conclusion

Exercise, 12 weeks of step aerobic exercise
training and floor aerobic exercise training improved
health-related physical fitness, physiological, and
biochemical parameters in obese male adults. These
findings suggest that participating in an step aerobic
exercise training and floor aerobic exercise training
intervention on a regular basis can considerably
improve the quality of their life in obese adults.
More complex studies (e.g., different combinations
of intensity, volume, and resistance-based aerobic
exercise for adults) are required to determine the
effect of a combined aerobic exercise intervention

on body composition, physical and psychological
health in obese adult individuals.
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Wptyw 12-tygodniowych programdw ¢wiczen aerobowych
na fizyczne i psychofizjologiczne parametry zdrowotne otytych
mezczyzn

Streszczenie

Cwiczenia aerobowe zalecane sg w celu zapobiegania i kontrolowania nadwagi i otytosci. Ni-
niejsze badanie miato na celu ocene skutecznosci dwoch 12-tygodniowych programéw ¢wiczen
aerobowych w poprawie stanu zdrowia fizycznego i psychofizjologicznego otytych mezczyzn.
Szescdziesieciu dorostych mezczyzn w srednim wieku 18,92 (SD 1,54 lat) i wskazniku masy ciata
(BMI) = 30 kg/m? zostato losowo przydzielonych do trzech rownych (n = 20) grup: trening aero-
bowy z wykorzystaniem stepdw (SAET), trening aerobowy bez stepéw (FAET) lub grupa kontrolna
(ktora nie podejmowata aktywnosci fizycznej). Procedury treningowe SAET i FAET wykonywano
trzy dni w tygodniu przez 12 tygodni. Wybrane parametry zdrowotne (fizyczne i psychofizjolo-
giczne) oceniono na poczatku badania i po 12 tygodniach. Stwierdzono istotne rdznice w zakresie
parametréw zdrowia fizycznego i psychofizjologicznego u uczestnikdw, ktérzy przeszli trening
SAET i FAET w poréwnaniu z grupg kontrolng (p < 0,05). SAET i FAET okazaty sie pomocne w po-
prawie zdrowia fizycznego i psychicznego otytych mezczyzn. Aby uzyskaé lepsze perspektywy zdro-
wotne, szkoty i uczelnie wyzsze powinny organizowac sesje ¢wiczen aerobowych dla dorostych.

Stowa kluczowe: aerobik, sita, wytrzymatosé, ¢wiczenia fizyczne, cholesterol.

Abstract

Aerobic exercise training is recommended to prevent and control obesity. The present study
aimed to evaluate the effectiveness of a twelve-week step aerobics or floor aerobics exercise pro-
gram in improving the physical and psychophysiological health of obese men. Sixty male adults of
mean age 18.92 (SD 1.54 years) and Body Mass Index (BMI) > 30 kg/m2 were randomly allocated
into three equal (n = 20) groups: Step Aerobics Exercise Training (SAET), Floor Aerobic Exercise
Training (FAET), and a control group (which did not perform any exercise). The SAET and FAET
training protocols were performed three days per week for 12 weeks. Health-related physical fit-
ness, biochemical, physiological, and psychological variables were used as outcome measures and
measured at baseline and at 12 weeks. There were significant differences in terms of physical and
psychophysiological health parameters in participants who underwent SAET and FAET training
compared with the control group (p < 0.05). SAET and FAET proved to be helpful in managing the
physical and psychological health of obese adults. Schools and colleges should administer aerobic
exercise sessions to adults for better health perspectives.

Keywords: aerobics, strength, endurance, physical exercise, cholesterol.

Introduction

Obesity is a chronic disease affecting food habits, exercise levels, and sleep
schedules. Genetics, social factors of health, and the use of specific medications,
all of them have an impact on body fat. Machines have changed human life and
humans now enjoy a maximum level of physical comfort. Modern technology is
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working hard to make our lives easier, more luxurious, and more pleasant while
also reducing physical exertion. Consequently, humans are becoming increas-
ingly inactive globally. People now ride instead of walking, sit instead of stand-
ing, and watch instead of participating. These lifestyle changes have reduced
physical labor and increased mental stress and strain. As a result, it is critical to
affect positive changes in today’s lifestyles through involvement in sports and
physical education programs. The development of physical fitness among the
public or participants should be one of the major goals of every physical educa-
tion and sports program. Physical education should try to make all child physi-
cally, cognitively, and emotionally healthy, as well as develop personal and so-
cial traits in them, allowing them to live happily with others and develop as good
citizens. Consequently, an individual’s physical fitness can be improved through
a variety of programs or activities [7].

Obesity was once considered a developed world issue; nevertheless, its in-
cidence is increasing in both developed and developing countries. It is a life-
threatening condition caused by a sedentary lifestyle that affects millions of
people in both developed and developing countries. Both obesity and over-
weight contribute the most to non-communicable disease morbidity and mor-
tality [14]. In 2008, the World Health Organization estimated that over 1.4 billion
adults were overweight, with more than half of them being obese [15]. Accord-
ing to the National Health and Nutrition Examination Survey, the prevalence of
obesity was 39.6 percent among rural people in 2005-2008, compared to 33.4
percent among urban adults [1]. The prevalence of generalized obesity ranged
from 11.8 percent to 33.6 percent among people in a recent ICMR-INDIAB study
conducted in three Indian states: Tamil Nadu, Maharashtra, and Jharkhand, as
well as in one Union Territory, Chandigarh [13]. The prevalence of obesity
among Indian women has increased from 10.6% to 12.6 percent, according to
a comparison of two major surveys conducted by the National Family Health
Survey (NFHS-2) in 1998-1999 and NFHS-3 in 2005-2006 [5]. According to the
Chennai Urban Rural Epidemiology Study, the age-standardized prevalence of
generalized obesity is 45.9% [3].

Anaerobic exercise, which includes strength training and short-distance run-
ning, can be compared to aerobic exercise and fitness. The duration and inten-
sity of muscular contractions as well as how energy is created within the muscle
differ between the two types of exercise. Recent research on the endocrine
functions of contracting muscles has found that both aerobic and anaerobic ex-
ercise promote the secretion of myokines, which has a variety of benefits, in-
cluding new tissue growth, tissue repair, and anti-inflammatory functions, low-
ering the risk of developing inflammatory diseases. The quantity of muscle con-
traction, as well as the duration and severity of contractions, all influence myo-
kine secretion. Count is used in floor aerobics. Floor aerobics was created to
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eliminate the need for open-air exercise. Women took advantage of the oppor-
tunities presented to them daily. Many gyms and fitness facilities with a group
workout program offer step-aerobic programs. Gin Miller introduced the con-
cept of step aerobics in 1989. Gin visited an orthopaedic doctor after suffering
a knee injury, who advised her to strengthen the muscles supporting the knee
by stepping up and down on a milk crate, which she did, and from which she
devised step aerobics [8]. The present study aimed to analyze the changes in
physical and psychological health among obese adults after participating in 12
weeks of step-aerobic or floor-aerobic exercise protocols.

Methods

Participants and Study Design

Sixty obese male adults were recruited from the SRM Institute of Science
and Technology (Kattankulathur, Tamil Nadu, India). The participants were ran-
domly selected from various family backgrounds and participated in similar ac-
ademic activities. The age range of the patients was 18—24 years. The following
inclusion criteria were met by each participant for them to be part of this study:
age of 18-24 years old, healthy sedentary obese men with a Body Mass Index
(BMI) of > 30 kg/m?, and each participant had a sedentary lifestyle (less than 1 h
of physical activity per week during the last year). The exclusion criteria were
being female, having a BMI of less than 25-30 kg/m?, undergoing any prior open
surgery during the previous 8 months, having cardiovascular disease, and both
the lower and upper extremities amputated. All the participants read and signed
an informed consent form. Before the measurements started, the SRM Medical
College Hospital and Research Centre (SRM CHRC, Kattankulathur, Tamil Nadu,
India, Number 8484/1EC/2022) evaluated and approved the study procedures.
The most recent revision of the Declaration of Helsinki was followed for all pro-
cedures.

Males with a BMI of 30 kg/m? or higher were considered obese for the pur-
poses of this study. All participants were randomly divided into three groups,
with 20 participants in each group: step aerobics exercise training (SAET), floor
aerobics exercise training (FAET), and control group (CG). The aerobic and floor
aerobic groups were subjected to respective exercises for 12 weeks, whereas
the control group did not perform any exercise. Physical and psychological
health were compared at baseline and endpoint in all groups. The requirements
of the experimental procedures, testing, and exercise schedule were explained
to the participants prior to the administration of the study to obtain full cooper-
ation in the effort required on their part. The subjects completed training three
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days a week, except for Saturdays and Sundays, from 6.30 to 7.30 a.m. The ex-
ercises were gradually introduced. A simple to complex procedure was used.

Outcome Measures

Health Related Physical Fitness Measures

Following a review of the literature and consultation with professionals and
experts, the following variables were chosen as criteria for this study: cardiovas-
cular endurance (CRE) was measured using Cooper’s 12 Minute Run / Walk test
[20]. Muscular flexibility (F) was measured through Sit and Reach test [21]. Mus-
cular Strength (MS) was measured using push-ups [11]. Muscular Endurance
(ME) was measured using the half-squat jump test [23]. Body Composition (BC)
was calculated based on the following formula: percent body fat = 0.41563 x
(sum of three sites) - 0.00112 x (sum of three sites) 2 + 0.36661 x (age) + 4.03653,
where the sum of the three sites were skinfold caliber measures at the triceps,
medial region of the navel part, and suprailium [22].

Physiological Measures

The vital capacity (VC) was measured using a Spirometer [6]. Resting Heart
(RHR) rate was measured using a digital heart rate measuring machine (Model
No. EW 243, National Company, Japan) [16]. Mean arterial blood pressure
(MABP) was measured using systolic and diastolic blood pressure, as suggested
by Mathews and Fox [4]. Breath-holding (BH) time was measured using a nose
clip and a stopwatch, as suggested by Mathew [10]. Respiratory Rate (RR) was
measured using a bio-monitor, as suggested by Saroja [19].

Biochemical Measures

To conduct a hematological analysis, blood was immediately transferred
into tubes of Vacationer (Becton Dickinson, Rutherford, NJ, USA) with or without
0.1% EDTA as an anticoagulant. Serum and plasma were separated by centrifu-
gation at 2500 rpm for 15 minutes at four °C, and the separated components
were stored at 80°C until assessment. After sitting for 20 minutes, following
a fast of 12-hour overnight, blood was taken from an antecubital vein between
7:00 and 9:00 a.m. at Week 0 and Week 12 for analysis. The sample size was 15
ml. Fasting glucose, total triglyceride levels (TG), total cholesterol (TC), high-den-
sity lipids (HDL), and low-density lipids (LDL) were examined using an automated
biochemical analyzer and measured using standard laboratory methods [17].
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Psychological Measures

Self-confidence (SC) scale used in the current study was to rate self-confi-
dence levels within the selected sample using a 5-point Likert scale ranging from
totally disagree (1) to totally agree (5), Emotional Adjustment (EA) was quanti-
fied using a 5-point Likert scale ranging from totally disagree (1) to totally agree
(5). Assertiveness (A) 19-item scale version demonstrated good psychometric
characteristic regarding reliability. Interpersonal Relationship (IR) 5-point scale
ranged from “strongly agree” to “strongly disagree,” and Stress Management
(SM) was measured using Personality Development Index Questionnaire devel-
oped by Kaliappan [9].

Interventions

The investigator constructed a 12-week training schedule for FAET and SAET,
with much focus on the progression of the training load. The FAET group was
allotted to Experimental group |, SAET was allotted to Experimental group Il, and
another group called the control group was allotted no training except for their
regular activities. The training period for the experimental groups was restricted
to 12 weeks, thrice a week. The duration of each training session was 60 min,
which included warm-up and cool-down. The investigator personally supervised
and ensured the appropriate execution of training, along with assistance from
a trained expert. The Floor Aerobic Exercise Training group performed for 60
minutes per session, 3 times per week for 12 weeks. Each session started with
a 10-minute warm-up exercise for weeks 1-4 (32 counts, 8 sets), weeks 5-8 (32
counts, 10 sets), and weeks 9 — 12 (32 counts, 12 sets). The aerobic exercise
training group performed for 60 min per session, 3 times per week for 12 weeks.
For weeks 1- 4 (32 counts, 4 sets), weeks 5—8 (32 counts, 10 sets), and weeks 9
—12 (32 counts, 12 sets), at the end of each training session, a 10-minute cool-
down exercise was given.

Data analysis

Means and standard deviations () were used to describe all data, and Kol-
mogorov-Smirnov and Shapiro-Wilk tests were used to determine if the data
were normal. We ensured that there was no significant difference between the
groups. The intraclass correlations (ICCs) and test and retest accuracies for all
tests were analyzed. The effects of exercise were also examined using a two-
way analysis of variance (ANOVA) and repeated measurements (three groups,
twice). If group-by-time connections were found to be important, Bonferroni
post-hoc tests were performed. Statistical significance was set at p<0.05.
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Results

There were no significant differences (p > 0.05) in any baseline parameters
between groups (Table 1).

Table 1. Participant characteristics (mean + SD)

Characteristics SAET FAET CG
Age (years) 18.41+1.61 18.72£1.92 18.89 +£1.40
Height (cm) 170.5+4.51 172.8 +4.69 173.4+5.19
Weight (kg) 88.26 +4.30 88.60 +5.49 90.20+6.10
BMI (kg/m?) 30.10+1.11 30.00 +1.30 30.20+1.41

SD: Standard Deviation; BMI: Body Mass Index; SAET: Step Aerobics Exercise Training; FAET: Floor
Aerobic Exercise Training; CG: Control Group.

Health Related Physical fitness

The main influence of time on some outcomes has been found to be CRE
(F=27.37, np*= 0.32, power value: 0.99, p < 0.001), MS (F = 31.27, np*= 0.35,
power value: 0.99, p < 0.001), ME (F = 56.35, np* = 0.49, power value: 0.99,
p < 0.001), Flex (F = 1.40, np*= 0.71, power value: 0.99, p < 0.001), and BC
(F = 35.95, np?= 0.38, power value: 0.99, p < 0.001). Significant group (three)
and time (pre and post) interactions were seen for CRE (F = 2.67, np*= 0.09,
power = 0.51, p = 0.08), MS (F = 0.67, np*= 0.23, power value: 0.15, p = 0.51),
ME (F=6.90, np?>=0.19, power value: 0.99, p < 0.002), Flex (F=11.82, np*=0.29,
power value: 0.99, p < 0.001), and BC (F = 2.06, np?= 0.07, power value: 0.40,
p =0.14).

A post-hoc analysis showed considerable pre-to-post improvement
(p <0.001) in both step aerobic exercise training and floor aerobic exercise train-
ing for cardiorespiratory endurance (np*= 0.07; np?= 0.20, respectively), mus-
cular strength (np?= 0.08; np* = 0.15, respectively), and muscular endurance
(np?=0.04; np?= 0.12, respectively) compared to the control group. The post-
hoc analysis showed a considerable pre-to-post decrease (p <0.001) in both step
aerobic exercise training and floor aerobic exercise training for body composi-
tion (np? = 0.04; np? = 0.14, respectively) compared to the control group. The
participants engaged in step aerobics aerobic training and floor aerobics aerobic
fitness showed no significant improvement in any of the training protocols
tested in terms of cardiovascular endurance, muscular endurance, muscular
strength flexibility, or body composition, whereas the control group showed no
significant improvement in any of the training protocols tested (Table 2).
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Table 2. Mean (+ SD) values of health-related physical fitness parameters for the three groups

Partial eta-squared (np?)
Variables Group Before After Main ef- | Main of. |'Mteraction
} group x
fect group | fect time .
time
SAET 28.89+2.13 | 30.95+1.09
CRE 0.06 0.32 0.09
+ + a
(mi/kg/min) FAET |28.58+0.84| 30.54+1.01 (0=0.16) | (¢ <0.001)| (p=0.08)
CG 28.97 £2.15 29.54+1.64
SAET 19.10+1.37 | 20.45+1.43°2
0.03 0.35 0.02
+ + ac
MS (numbers) FAET 19.15+2.18 | 20.90+1.41 (p=0.40) | (p<0.001)| (p=0.52)
CG 18.90 + 1.86 19.95+1.76
SAET 22.85+2.30 | 25.40+%1.272¢
0.01 0.50 0.19
ME FAET 2295+1.82| 25.00+1.16°2
(numbers) 95 8 5.00 6 (p=0.80) | (p <0.001) | (p = 0.002)
CG 23.55+1.63 24.10+1.51
SAET 22.85+1.75| 24.85+1.263¢
0.03 0.79 0.41
+ + a
F (cm) FAET 22.00+2.55| 24.25+1.99 (p=0.37) |(p<0.001) | (p <0.001)
CG 22.80+1.90 23.45+1.70
SAETG 39.33+0.35| 38.67+0.602
0.05 0.39 0.07
BC (% FAET .33+0.61 .72+£0.72°
C (%) G |39.33+061| 3872%0 (0=0.24) | (p<0.001) | (p=0.14)
CG 39.33+0.15 39.06 £ 0.43

SAET: Step Aerobics Exercise Training; FAET: Floor Aerobic Exercise Training; CG: Control Group;
CRE: Cardiorespiratory Endurance; MS: Muscular Strength; ME: Muscular Endurance; F: Flexibility;
BC: Body Composition; 3significant difference before and after the intervention; Ssignificant inter-
action between SAET and FAET.

Physiological variables

The main influence of time on some outcomes have been found to be VC
(F = 1.84, np?= 0.76, power value: 0.99, p<0.001), RHR (F = 91.30, np*= 0.61,
power value: 0.99, p < 0.001), MABP (F = 0.01, np?= 0.88, power value: 0.50,
p = 0.982), BHT (F = 73.55, np? = 0.56, power value: 0.99, p < 0.001), RR,
(F=21.51, np?>= 0.27, power value: 0.99, p < 0.001). Significant group (three)
and time (pre and post) interactions were seen for VC (F = 18.33, np?= 0.39,
power = 0.51, p < 0.001), RHR (F = 9.60, np? = 0.25, power = 0.97, p < 0.001),
MABP (F = 1.87, np*=0.19, power = 0.62, p = 0.163), BHR (F = 4.90, np*= 0.14,
power = 0.78, p < 0.011), RR (F = 4.58, np?= 0.14, power = 0.75, p = 0.014).

A post-hoc analysis showed a considerable pre-to-post decrease (p < 0.001
value) in both step aerobic exercise training and floor aerobic exercise training
for resting heart rate (np?= 0.08; np*= 0.16, respectively), and respiratory rate
(np?= 0.07; np?= 0.18, respectively) compared to the control group. The post-
hoc analysis showed a considerable pre-to-post improvedment (p < 0.001 value)
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in both step aerobic exercise training and floor aerobic exercise training for
breath holding time (np?= 0.04; np?= 0.11, respectively) compared to the con-
trol group. No training protocols showed significant improvement in vital capac-
ity, breath-holding time, and decreased resting heart rate, mean arterial blood
pressure, and respiratory rate in participants performing step aerobics exercise
training and floor aerobics exercise training, whereas no significant improve-
ment was observed in the control group (Table 3).

Table 3. Mean (x SD) values of the physiological parameters in the three groups

Partial eta-squared (np3)

Variables Group Before After Main ef- | Main effect |Mteraction
: group x
fect group time .
time
SAETG 3.07 +£275.48|3.32 £ 228.49 3¢
0.63 0.76 0.39

VC (mL) FAETG  |3.07+233.73| 3.29 £ 217.402

cG 3.07 +451.16| 3.14 +425.99
SAETG | 75.20+3.73 | 72.40+3.31
RHR (bpm) FAETG | 75.25+1.77 | 73.30+2.692

(p=0.02) | (p<0.001) |(p<0.001)

0.28 0.61 0.25
(p=0.04) | (p<0.001) |(p<0.001)

G 75.65+3.01 | 74.90+3.50
SAETG | 97.92+2.61| 96.76 +2.36 *
MABP 0.71 0.98 0.16
+ + a
(mmHg) FAETG | 97.97+259 | 978722442 | 0| 0 o0n) | (o= 0.06)
cG 97.16+3.45 | 98.46+4.57
SAETG | 36.35+3.03 | 38.40+3.03,
0.79 0.56 0.15
BHT FAET 90 +4.37 | 39.20 +3.86
(s) G |36:90£437]39.20£386% | | _,01)| (p<0.001) | (p<0.01)
G 36.95+3.97 | 37.80+3.83
SAETG | 17.00+1.48 | 16.15+1.263
RR (num- 0.44 0.27 0.14
+ + a
bers) FAETG [ 17.10+111 16150932 | o' | o |0 ota)

CG 17.00+1.29 | 16.95+0.94

SAET: Step Aerobics Exercise Training; FAET: Floor Aerobic Exercise Training; CG: Control Group;
VC: Vital Capacity; RHR: Resting Heart Rate; MABP: Mean Arterial Blood Pressure; BHR: Breath
Holding Time; RR: Respiratory Rate; ssignificant difference before and after the intervention; csig-
nificant interaction between SAET and FAET.

Biochemical variables

The main influences of time on some outcomes have been found to be HDL
(F =30.82, np? = 0.35, power value: 0.99, p < 0.001), LDL (F = 1.66, np? = 0.74,
power value: 0.99, p < 0.001), TC (F = 3.82, np? = 0.63, power value: 0.48,
p = 0.056), TG (F = 7.27, np? = 0.11, power value: 0.75, p = 0.009). Significant
group (three) and time (pre and post) interactions were seen for HDL (F = 1.21,
np?= 0.41, power = 0.25, p = 0.304), LDL (F = 25.11, np*= 0.46, power = 0.99,
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p < 0.001), TC (F = 3.51, np*= 0.11, power = 0.63, p = 0.036), TG (F = 0.88,
np*=0.30, power = 0.78, p = 0.417).

A post-hoc analysis showed considerable pre-to-post improvement
(p <0.001 value) in both step aerobic exercise training and floor aerobic exercise
training for high density lipoprotein (np?= 0.05; np*= 0.14, respectively) com-
pared to the control group. The post-hoc analysis showed a considerable pre-to-
post decrease (p < 0.001 value) in both step aerobic exercise training and floor
aerobic exercise training for total cholesterol (np?= 0.09; np*= 0.18, respec-
tively) and triglycerides (np?= 0.07; np*= 0.19, respectively) compared to the
control group. The participants who engaged in step aerobics activity and floor
aerobics exercise training both showed no significant improvement in any of the
training protocols when it came to highly dense lipoprotein, decreased low den-
sity lipoprotein, lipid profile, and triglycerides, while no significant improvement
was seen in the control group (Table 4).

Table 4. Mean (+ SD) values of the biochemical parameters in the three groups

Partial eta-squared (np3)
Variables Group Before After Main ef- Main ef- Interaction
fect | fecttime | BTOUPX
group time
SAETG 53.95+3.83 55.60 +2.132
0.02 0.35 0.04
HDL | FAET 2.60 £ 3. .80+2.06°
(mg/dl) G 52.60 + 3.06 55.80 £ 2.06 (p=0.58)|(p < 0.001)| (p=0.30)
CG 53.85+2.96 55.95 +2.08
SAETG 123.78 £6.04 | 120.94 +5.63°
0.04 0.74 0.47
+ + a
LDL (mg/dl) FAETG 123.96 +3.86 | 120.62 +3.51 (p = 0.89)|(p < 0.001)| (p < 0.001)
CG 123.49+9.98 | 122.96 +10.37
SAETG 214.65+5.19 | 212.70+4.89°2
0.04 0.06 0.110
E 215.74 £ 5. 212.85+5.922
TC (mg/dl) FAETG 5.74+5.93 85+5.9 (0=089)|(p = 0.056)| (p=0.04)
CG 21412 +6.83 | 215.20+11.57
SAETG 181.52+11.31| 179.30+10.232
0.008 0.11 0.03
+ + a
TG (mg/dl) FAETG 183.88 + 7.88 | 180.20 + 10.09 (p=0.79)|(p = 0.009)| (p=0.42)
CG 180.35+11.79| 179.42 +13.45

SAET: Step Aerobics Exercise Training; FAET: Floor Aerobic Exercise Training; CG: Control Group;
HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein; TC: Total Cholesterol; TG: Triglycer-
ides; 3significant difference before and after the intervention.

Psychological variables

The main influences of time on some outcomes have been found to be SC
(F = 24.80, np? = 0.42, power value: 0.99, p < 0.001), EA (F = 1.66, np? = 0.74,
power value: 0.99, p < 0.001), A (F = 3.82, np? = 0.63, power value: 0.48,
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p = 0.056), IR (F = 7.27, np? = 0.11, power value: 0.75, p = 0.009). Significant
group (three) and time (pre and post) interactions were seen for SC (F = 1.21,
np?=0.41, power value: 0.25, p = 0.304), EA (F = 25.11, np? = 0.46, power value:
0.99, p < 0.001), A (F = 3.51, np? = 0.11, power value: 0.63, p = 0.036), IR
(F=0.88, np?=0.30, power value: 0.78, p = 0.417).

A post-hoc analysis showed considerable pre-to-post improvement
(p <0.001 value) in both step aerobic exercise training and floor aerobic exercise
training for self-confidence (np?= 0.05; np?= 0.14, respectively) compared to the
control group. The post-hoc analysis showed a considerable pre-to-post de-
crease (p<0.001 value) in both step aerobic exercise training and floor aerobic
exercise training for assertiveness (np%= 0.09; np? = 0.18, respectively) and in-
terpersonal relationships (np?= 0.07; np?= 0.19, respectively) compared to the
control group. The participants who engaged in both step aerobics activity and
floor aerobics exercise training showed no significant improvement in any of the
training protocols in terms of self-confidence, decreased emotional adjustment,
psychological profile, interpersonal relationships, and stress management, while
no significant improvement was seen in the control group (Table 5).

Table 5. Mean (+ SD) values of psychological parameters in the three groups

Partial eta-squared (np3)
Variables Group Before After Main ef- | Main ef- | Interaction
fect group| fect time |group x time
SAETG 21.22+1.41 | 22.16+1.80°2
0.02 0.421 0.04
+ + a
SC (scores) FAETG 20.60+1.82 | 21.23+1.20 (p=0.67) | (p<0.001) | (p=0.310)
CG 21.86+1.16 21.40+1.45
SAETG 46.52+4.31 | 47.10+1.35°
0.04 0.654 0.51
+ + a
EA (scores) FAETG 45,17 +4.15 | 46.23+2.34 (p=0.84) | (p <0.001)| (p<0.001)
CG 45.70 £ 3.50 45,14 +1.30
SAETG 23.17+2.40 | 24.40+4.89°
0.05 0.06 0.21
+ + a
A (scores) FAETG 22.43+1.19 | 23.18+2.80 (p=0.87)| (p=0.06)| (p=0.04)
CG 23.10+1.10 23.10+1.15
SAETG 21.34+3.46 | 22.32+2.14°2
0.08 0.11 0.03
+ + a
IR (scores) FAETG 20.16£2.31 | 21.34+1.42 (p=078) | (p=0.09) | (p=0.42)
CG 20.35+3.40 20.96 £ 2.17
SAETG 35.19+2.15 36.23+3.16
0.06 0.065 0.13
+ +
SM (scores) FAETG 34.16 £1.75 35.16 £4.40 (p=0.85) | (p=0.06) | (p=0.036)
CG 35.80+1.10 34.12+2.34

SAET: Step Aerobics Exercise Training; FAET: Floor Aerobic Exercise Training; CG: Control Group;
SC: Self-Confidence; EA: Emotional Adjustment; A: Assertiveness; IR: Interpersonal Relationship;
SM: Stress Management; 3significant difference before and after the intervention.
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Discussion

The main finding of this study was that different aerobic training exercises
had various positive effects on physical strength and physiological and biochem-
ical parameters in obese men. After 16 weeks of a randomized control trial un-
dertaking aerobic and resistance training intervention, it was shown to improve
the quality of life and physical fitness of obese and overweight cancer patients
[24]. These results were consistent with previous studies showing that VO2 max
improved [25,26] and that HIIT exercise could reduce resting heart rate in chil-
dren with obesity [27]. Another previous study showed that 12 weeks of isolated
and combined randomized control trials undertaking aerobic, resistance, and
combined training showed that overweight and obese adults had considerably
improved body percentage of fat and cardiorespiratory fitness [28]. Exercise in-
tervention at 16 weeks follow up MLIP has been suggested to improve physical
fitness and body composition in adolescents and obese children [29]. In the pre-
sent study, we found a significant improvement in selected health-related phys-
ical fitness parameters after 12 weeks of aerobic exercise training. Importantly,
a reduction in body composition study reported that eight weeks of HIIT aerobic
exercise intervention improved the quality of life of patients [30].

Our study findings agree with those of previous studies showing a decrease
in blood pressure after 12 weeks of combined exercise training in young obese
pre-hypertensive men [31]. Our data indicate that breath-holding time and res-
piratory rate were significantly enhanced after 12 weeks of intervention in the
current study. This may follow another mechanism that effectively improves
breath-holding time and respiratory rate due to neuromuscular training inter-
vention [32].

The findings of this study are in line with related studies suggesting that
aquatic exercise has a beneficial effect on forced vital capacity [33]. Komathi and
Indira previously investigated the effects of step aerobics, floor aerobics, and
combination exercises on biochemical variables and psychology in female stu-
dents [34]. After undertaking floor aerobic exercise for a period of 12 weeks, it
was shown that female students showed considerable improvement in all se-
lected biochemical and psychological parameters. After participating in step aer-
obics for a period of twelve weeks, female students showed significant improve-
ments in all selected biochemical and psychological variables. Women in the
combined training group performed better on biochemical variables than did
those in the other groups. Similar outcomes were obtained in the present study,
in which the biochemical profile of obese male adults was found to improve af-
ter twelve-week intervention of steps or floor aerobics. Clary et al. examined the
effects of ballate, walking on balance, and step aerobics in women aged 50-75
years. Compared to the Ballates program, walking programs and step aerobics
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result in improved static balance and postural stability [3]. In our study, similar
results were obtained in steps aerobics and floor aerobics. Melam et al. exam-
ined the effects of aerobics and brisk walking in overweight individuals. For ten
weeks, this program was carried out five days a week [18]. Body mass index, hip
and waist circumference, and the thickness of the skinfolds in the abdomen,
subscapular region, biceps, and triceps were measured in all three categories
before and after the experiment. All values fell in women who performed 10
weeks of brisk walking and aerobics. In the present study, body composition was
found to be significantly improved among adult obese male after 12 weeks of
aerobic exercise. Maiyanga and Gunen investigated the effect of step aerobics
on percentage of body fat and visceral fat in obese female nurses in Bauchi’s
specialty hospital and discovered that step aerobics reduced percentage body
fat [19].

Limitations

Being pilot in nature, the present study has several limitations that suggest
a lacune on which future studies could be conducted. One limitation of this
study is that we only included male participants in the current study. Obesity is
also prevalent in females; therefore, future studies should be conducted with
female participants. Another limitation of the study is that it focused on specific
age groups, and future studies could be conducted by considering all age groups.
This will help validate the results of the current study for all age groups. Another
limitation of this study was the sample size. Because the sample size of the pre-
sent study was small, the results of the present study cannot be validated for
the general population. Moreover, the present study was a single-centric study,
and future studies using a multicentric approach should be conducted to deter-
mine the role of aerobic exercise in the management of obesity among adults.

Conclusion

The present study revealed significant improvement in adult obesity in
terms of body composition, muscular strength and endurance, cardiovascular
and respiratory parameters, biochemical parameters, and psychological do-
mains after practising steps and floor aerobics. Aerobic exercise proved to be
helpful in managing the physical and psychological health of obese adults. It is
recommended that schools and colleges administer aerobic exercise sessions to
adults for better health perspectives.
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ABSTRACT: The evolving retail sector, rising customer expectations and competitive landscape have
emphasized the need for hedonic ingredients to enrich the shopping experience of consumers. Malls being a prime
destination for hedonic shopping in India, this study aims to develop a practical hedonic shopping experience
scale encapsulating the various types of hedonic experiences offered in malls. The study employed qualitative
research using in-depth interviews to thoroughly investigate the shopping experiences of mall consumers and to
generate the initial scale items. A structured questionnaire comprising these items was designed for the
quantitative study. The data collected (n = 224) using mall intercept survey were subjected to exploratory and
confirmatory factor analyses which yielded a 26-item hedonic shopping experience scale consisting of seven
dimensions: window shopping experience, social experience, entertainment experience, gratifying experience,
bargain shopping experience, status shopping experience and aesthetic experience. The potential applications of
the proposed scale are discussed along with its limitations and directions for future research.

KEYWORDS: Shopping experience, Hedonic consumption, Malls, Scale development

l. INTRODUCTION

Shopping in India has witnessed a transformation with the evolution of the retail industry and specifically, the
expansion of the organized retail sector. Shopping malls constitute a significant part of the Indian organised retail
format which has developed dramatically in major tier 1 and tier 2 cities over the past decade (Pani, 2015;
Dungarwal, 2016). Malls have revolutionized the shopping experience of consumers by influencing their shopping
habits, preferences, and behaviour.

In the past, shopping was primarily about making need-based purchases. This can be termed as utilitarian shopping
which is directed towards satisfying a functional or economic need and its value weighed on its success or
completion (Holbrook and Hirschman 1982; Babin et al., 1994). Utilitarian shoppers are believed to be more task-
oriented, efficient and rational who are concerned with ‘expectations of consequences’ i.e. means-ends type (Batra
and Ahtola, 1991; Fiore and Kim, 2007). However, in recent times, consumers do not just shop for purchasing
goods and services, but also for experiential and emotional reasons that go well beyond the traditional shopping
paradigm. These multisensory, fantasy and emotive aspects of one’s experience with products or services
represent the hedonic consumption (Holbrook and Hirschman 1982). This hedonic view explores consumption
experience not as a purely cognitive or information processing event, but via a phenomenological or experiential
perspective.

Malls are the common destination for shoppertainment in urban India, which offer a wholesome shopping
experience, specifically in the hedonic sense which includes shopping, entertainment and leisure. Visitors can not
only purchase and consume various products and services, but the mall itself offers experiences which are
consumable (Bloch et al., 1994). For the discerning modern consumers, malls are proving to be a panacea to all
their shopping woes (Mohan and Tandon, 2015). Hence, malls have become increasingly popular among Indian
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consumers with an average weekday footfall of 30,000 - 50,000 that further spikes during weekends in case of the
large city malls (Largest malls of India, 2013; Srivastava, 2017).

Despite the boom in mall culture and success stories of some popular malls, industry experts state that 60-90
percent of shopping malls in major cities across India are performing lamentably and face a bleak future owing to
their non-adaptation and competition from new shopping malls offering sophisticated shopping experience to their
customers (Khare and Rakesh, 2010; Shopping Malls dying in India, 2016; Survival Crisis, 2017). It is easier to
get people to the mall once, but to get them to return and spend money depends on the mall's ability to offer
hedonic shopping experience. Urban consumers in India and especially youth visit malls primarily for the hedonic
shopping experience rather than just utilitarian purpose (Kaur and Singh, 2007). Most visitors are attracted to
malls for varied experiential reasons such as aesthetics, luxury, safe environment, good ambience, entertainment,
leisure, and best hang-out place for families and friends (Dungarwal, 2016). Malls which failed to offer such
experiences have witnessed dipping footfalls and sales with some even forced to shut down (Shah and Bose, 2012;
Nair and Maheshwari, 2017).

Since hedonic constituents have become the unique selling proposition of malls, it is essential to gain a
comprehensive understanding of the hedonic shopping experience offered by malls to their consumers.

1. LITERATURE REVIEW

Shopping research in the past has generally focussed on the utilitarian aspects of the shopping experience, which
are characterized as task-oriented and means-end type (Batra and Ahtola, 1991; Arnold and Reynolds, 2003).
However, consumers are not just logical decision-makers who focus on functional benefits; they are also
emotional human beings who are concerned with gaining hedonic experiences (Schmitt, 1999; Sadachar, 2014).

This shift from the traditional information processing approach to a more hedonic, experiential view of
consumption was initially recognized by Tauber (1972) who found that shoppers have numerous psychological
shopping motives other than just purchase of products and services. Holbrook and Hirschman (1982) presented
the experiential view of consumption experience which emphasizes the importance of pleasure and happiness for
a satisfying shopping experience. In a widely cited study, Pine and Gilmore (1999) proposed the concept of
"Experience Economy" which contends that consumers are no longer interested in just purchasing goods and
services; they desire engaging and entertaining experiences during shopping. They presented four dimensions of
experience: educational, entertainment, escapist and esthetic experiences. Thus, to run a successful business in
the retail space, retailers must offer enchanting shopping experiences that stimulate the consumers' senses and
touch their hearts and minds (Pine and Gilmore, 1999; Sadachar, 2014).

Hedonic shopping experience in the context of malls

Past studies have highlighted the importance of hedonic attributes such as entertainment and leisure in drawing
consumers to a mall. According to Bloch et al. (1994), malls are not just strictly purchase sites, but a centre for
many hedonic activities. Wilhelm and Mottner (2005) found that consumers in developed countries prefer malls
with experiential features rather than a typical status quo mall. Similarly, in recent times, Indian consumers largely
shop from a hedonic perspective which involves getting product ideas, meeting friends, alleviating stress or
breaking the monotony of everyday life (Kaur and Singh, 2007; Khare, 2011). Hence, urban Indian consumers
desire to visit malls which offer an entertaining shopping experience (Srinivasan and Srivastava, 2010).

Recognizing the importance of hedonic aspect in retailing, most studies focused on incorporating it as one of the
dimensions of various constructs such as consumer attitude (Batra and Ahtola, 1991), shopping value (Babin et
al., 1994), shopping motivations (Tauber, 1972; Kaur and Singh, 2007; Farrag et al., 2010) and shopping
orientations (Sinha, 2003). Very few studies concentrated on analyzing the shopping experience of consumers,
specifically from the hedonic perspective. Pandey & Darji (2011) and Srinivasan & Srivastava (2010) qualitatively
explored the concept of experience economy; while Sadachar et al. (2014) empirically examined the applicability
of the 4Es (Pine and Gilmore, 1999) to understand the shopping experience of consumers in the context of Indian
malls. These studies analyzed shopping experience within Pine and Gilmore’s Experiential Realms. Singh and
Prashar (2013) analyzed the composition of shopping experience in the view of Dubai mall shoppers and they
found that mall experience can be conceptualized as a mix of five factors i.e. ambience, physical infrastructure,
marketing focus, convenience, and safety and security. In a similar study, Singh and Prashar (2014) explored the
anatomy of shopping experience with respect to malls in Mumbai. They identified ambience, convenience,
marketing focus, safety and security and physical infrastructure as the important components defining shopping
experience.

It is a fact that with the evolving consumer expectations and competitive market, the composition of shopping
experience offered by Indian malls has been changing. Also, the existing studies focus on the overall shopping
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experience and not specifically on the hedonic perspective. This necessitates the study of consumer perception of
hedonic shopping experience offered in malls.

I11. OBJECTIVE OF THE STUDY

Given the growing significance of hedonic experiences during mall shopping, this study aimed at investigating
the hedonic shopping experiences of consumers in malls. Specifically, the objective of the study was to develop
a scale representing the wide range of hedonic shopping experiences offered in malls.

V. RESEARCH METHODOLOGY

To achieve the research objective, a qualitative study was conducted followed by a quantitative study involving
exploratory factor analysis and confirmatory factor analysis to develop a scale summarizing the comprehensive
range of hedonic shopping experiences in malls. In-depth interviews were conducted with regular mall going
consumers as well as mall administrators to qualitatively explore the shopping experience of mall consumers.
Based on these qualitative inputs and literature review, 42 scale items were generated which were validated by
two marketing professors for content adequacy and representativeness. Finally, 37 items were retained after
content validity.

A structured questionnaire was used as the data collection instrument for the quantitative study. The 37 items
obtained from qualitative research was used to construct the questionnaire. The items were evaluated using the 5
point Likert scale (1 - strongly disagree and 5 - strongly agree). The sampling sites for the study were three
prominent shopping malls in Chennai city, India. The data were collected using the mall intercept survey (Bush
and Hair, 1985) where respondents were selected through convenience sampling technique. The respondents were
asked to think about their shopping experiences in malls, the activities they indulged in while visiting malls and
the feelings and level of satisfaction experienced during shopping. A total of 300 questionnaires were administered
of which 224 filled questionnaires were found usable for further data analysis. The demographic analysis of the
data revealed that the sample was diverse in terms of gender, age and income. It comprised approximately 41
percent men and 59 percent women between 18 to 60 years of age and varied income levels.

V. EXPLORATORY FACTOR ANALYSIS

The 37 items were subjected to exploratory factor analysis (EFA) using principal components method and varimax
rotation to determine the number of distinct factors/dimensions and to categorize the generated items under these
dimensions. A seven-factor solution was estimated and 6 items with factor loadings less than 0.5 were discarded
for further iterations (Hair et al., 2006). The grouping of the items was examined for domain representation and 3
items were removed since they theoretically did not match other items in the factors they were grouped into. The
remaining items were subjected to EFA which yielded a seven-factor solution with 26 items. The solution
explained 63 percent of the total variance and the KMO measure of sampling adequacy of 0.762 indicated the
fitness of data for factor analysis. The factor loadings ranged from 0.633 to 0.853. The Cronbach alpha
coefficients, average variance extracted (AVE) and composite reliability (CR) estimates were above the prescribed
threshold signifying good reliability and validity of the factor structure (Fornell and Larcker, 1981; Nunnally and
Bernstein, 1994).

VI CONFIRMATORY FACTOR ANALYSIS

The confirmatory factor analysis (CFA) was carried out for thorough examination of the scale's psychometric
properties (Anderson and Gerbing, 1988). The 26 items obtained from EFA were subjected to CFA using
maximum likelihood (ML) method in SPSS AMOS 22. The results revealed a 26-item seven-factor measurement
model which was consistent with the EFA factor solution. The measurement model showed an adequate fit as the
fit indices above the acceptable thresholds (¥203) = 354.72, p = .001; GFI = .901; AGFI = .875; CFI = .954; NFI
= .823; IFI = 0.955; standardized RMR = .073; RMSEA = .035) indicating a good model fit with the data
(Schermelleh-Engel et al., 2003; Vandenberg and Grelle, 2009). The CFA results showed that the standardized
factor loadings of all items ranging from 0.558 to 0.859 were significant and above the prescribed limit of 0.5
(Hair et al., 2006). The item SMCs ranged from 0.312 to 0.738 and all modification indices were low and
insignificant. Hence, no items were removed. Table 1 presents the 26-item factor structure obtained from the
confirmatory factor analysis (Refer Appendix Figure Al for the measurement model obtained from SPSS AMOS).
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Table 1: Confirmatory Factor Analysis Results

Squared
Dimension Items Fac’gor Multiple
Loadings :
Correlations
This  mall helps me explore the latest
products/designs/brands available. 0.728 0.548
Window  ["Tenjoy browsing and trying different products in thismall. |  0.693 0.436
shopping _ _ _
experience Shopping in this mall keeps me up with the new fashion 0.698 0.437
and trends. ' '
This mall offers the best window shopping experience. 0.621 0.428
This mall is a great place to hang-out with family. 0.698 0.421
Social I enjoy visiting this mall with my friends. 0.666 0.401
experience
This mall is the best place to socialize. 0.759 0.312
I enjoy visiting this mall since it has a variety of food and 0.699 0.738
entertainment services. : :
. This mall offers first-class movie experience. 0.594 0.488
Entertainment i i _ _
experience | This mall is entertaining with play areas, adventure games, 0.611 0.535
health clubs and salons/spas. ' :
I like this mall_ as it is a one-stop destination for fashion, 0.795 0.519
fun, food and films.
I visit this mall to break the monotony of my daily routine. 0.665 0.500
o ghopplngkln this mall feels like self-gratification for a hard 0.742 0.462
Gratifying ay's work.
experience : TSIt thi
When | am in a bad mood or stressed, | visit this mall to 0.680 0.550
make me feel better.
When | am alone and bored, this mall is a good place to go. 0.707 0.442
I like \_/|S|t|ng this mall when there is an end of season sale 0.720 0.632
. or festive offers.
Bargain
shopplng I_enjoy browsing different stores in this mall for good 0.731 0.374
experience | discounts.
This mall is a convenient place to hunt for bargains. 0.699 0.352
Shopping in this mall is a sign of status and prestige. 0.859 0.488
Stat | prefer to shop in this mall just like my peers do. 0.558 0.576
atus
shopping I feel more socially accepted when | visit this mall as my 0.634 0.443
experience | friends/colleagues do. ' '
Shopping in this mall helps make a good impression on 0.649 0.487
others.
I love sh_oppl_ng in this mall because of the artistic and 0.654 0.385
pleasant interiors.
Aesthetic The mall facilities (escalators, restrooms, parking) make
. . . - 0.661 0.487
experience | the shopping experience convenient and pleasurable.
I like the amblenc_e (lighting, music, hygiene, aromas, and 0.660 0.480
temperature) of this mall.
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I prefer this mall for shopping since it is peaceful and

spacious. 0.740 0.530

Reliability and Validity

The scale reliability was assessed using composite reliability (CR) estimates. As shown in Table 2, CR values of
the dimensions ranged from 0.751 to 0.792 which were above the prescribed limit of 0.7 (Fornell and Larcker,
1981; Nunnally and Bernstein, 1994). The convergent validity was examined using factor loadings and average
variance extracted (AVE) estimates. The standardized factor loadings of all 24 items were significant and ranged
from 0.558 to 0.859. As presented in Table 2, the AVE values of the dimensions ranged from 0.462 to 0.514 which
were closer to the acceptable threshold of 0.4. Thus, the scale was considered to have adequate convergent validity
(Fornell and Larcker, 1981; Hair et al., 2006). The discriminant validity was tested by comparing the AVE
estimates of the dimensions and the correlations between them (Fornell and Larcker, 1981). As shown in Table 2,
the AVE estimates of all dimensions ranging from 0.462 to 0.514 were greater than the squared correlation
coefficients ranging from 0.00 to 0.269; hence the scale possessed adequate discriminant validity.

By analyzing the content of the items grouped together, the seven dimensions were labelled appropriately
symbolizing the different hedonic shopping experiences offered in malls i.e. window shopping experience, social
experience, entertainment experience, escapist experience, bargain shopping experience, status shopping
experience and aesthetic experience. Table 2 presents the reliability and validity results obtained from
confirmatory factor analysis.

Table 2: Confirmatory Factor Analysis - Reliability and Validity Results

Dimensions Compqs_ite Discriminant Validity - Comparison of AVE and squared correlations
Reliability ™ \ys SO EE GE BS SS AE
WS 0.780 0.471
SO 0.751 0.078 0.502
EE 0.772 0.003 0.173 0.462
GE 0.792 0.206 0.269 0.120 0.489
BS 0.760 0.015 0.061 0.004 0.027 0.514
SS 0.774 0.000 0.023 0.008 0.004 0.000 0.468
AE 0.774 0.179 0.007 0.031 0.019 0.091 0.004 0.462

Note: Diagonal values in bold are AVE estimates and off-diagonal values are squared correlation coefficients

WS-window shopping experience; SO-social experience; EE-entertainment experience; GE-Gratifying
experience; BS-bargain shopping experience; SS-status shopping experience; AE-aesthetic experience

VII. RESULTS AND DISCUSSION

The data analysis yielded a reliable and valid scale for hedonic shopping experience with seven dimensions. Each
of these hedonic experiences is discussed taking into account the qualitative study findings, theoretical
background and literature.

1. Window shopping experience

The first dimension was labelled as 'window shopping experience' which consisted of items such as exploring
latest products, trying different products and being up-to-date with new trends. Thus, window shopping experience
refers to the feeling of pleasure obtained from browsing and examining various merchandise in a mall. During
window shopping, consumers derive fun from exploring and seeking information, but they may not necessarily
make a purchase. They regard the fashion updates they gain and the pleasure they experience from exploring as
their main drive, irrespective of them making a purchase or not.

Tauber (1972) identified that learning about new trends is one of the personal shopping motives where people are
interested in keeping track of the up-to-date trends in fashion and styling. This concept of window
shopping/exploration corresponds with Arnold and Reynold's (2003) hedonic motivation of idea shopping which
signifies shopping as a means to be cognizant with current vogue and popular designs and products. It is roughly

1500



JOURNAL oF CRITICAL REVIEWS

ISSN- 2394-5125 VOL 7, ISSUE 13, 2020

similar to the 'educational experience' dimension of the 4Es concept (Pine and Gilmore, 1999) which comprises
consumers' active participation with mind and/or body actively engaged to improve their skills and knowledge
(Sadachar, 2014). Indian malls are generally focussed on captivating customers through shopping experience
rather than educating them through events or classes. Since shopping is regarded as fun rather than an educational
experience, this dimension is termed as window shopping which is one of the common hedonic experiences
offered in malls.

2. Social experience

The second dimension was named as 'social experience' which consisted of items such as malls being a hang-out
place for family and friends and a place to socialize offering good bonding experience. Thus, social experience
refers to the pleasure derived from socializing with others. In urban India, malls have become a one-stop
destination for shopping, fun and leisure. Hence, a majority of Indian consumers prefer mall as a happening and
safe place to hang-out with family and friends. Malls have now become a desired place for working professionals
to conduct unofficial business meetings, corporate events, lunch and dinner get-togethers and colleagues' birthday,
promotion or farewell parties.

Malls are an expedient place for socialization which implies going out, meeting and hanging out with friends,
family or colleagues. Past research has unearthed different shades of socialization while shopping. Stone (1954)
first identified 'personalising' shopper as a distinct shopper type who tends to personalize and have close
relationships with shop personnel. Tauber (1974) recognized the social motives of shopping i.e. having social
experiences outside the home and communicating with other people. While these researchers solely focused on
socializing with outsiders, Arnold and Reynold (2003) recognized social shopping as a hedonic motive which
represents the pleasure of shopping with friends and family as well as bonding with outsiders. Social experience
is a significant hedonic shopping experience desired by Indians since they are intrinsically embedded in their
socio-cultural society characterized by social interdependence, deeper involvement with others and desire for
social acceptance and support (Jacobson, 2004). Thus, malls are popular destinations to socialize and interact with
others while shopping.

3. Entertainment experience

The third dimension was labelled as 'entertainment experience' which consisted of items such as malls offering a
variety of food and entertainment services, movie experience and a one-stop place for fashion, food, fun and films.
Thus, entertainment experience refers to the feeling of enjoyment and adventure derived from the various
entertainment services such as movies, bowling alleys, video game arcades, kids' play areas and food courts
offered in malls. Recent surveys found that nearly 50 percent of the mall visitors use entertainment services
compared to a mere 20 percent who go shopping which emphasizes consumer preference for entertainment (Khare
and Rakesh, 2010). Hence, all new-age malls are designed with a significant share of mall space for entertainment
services to improve their customer footfalls and revenue.

Bloch et al. (1994), Anuradha and Manohar (2011) and Sadachar (2014) identified that the entertainment
experience offered by mall services such as movies, cafes, food courts, arcades, health clubs, salon/spa, pubs and
recreational services help attract consumer traffic to the malls. The hedonic motives of gaining enjoyment, fun
and adventure have boosted the consumer demand for entertainment consumption (Sit et al., 2003). Hence,
entertainment has now become a common hedonic shopping experience offered by malls.

4, Gratifying experience

The fourth dimension was identified as 'gratifying experience' which consisted of items such as visiting malls to
break the monotony, self-gratification and to feel better. It refers to the pleasure obtained from recreation,
relaxation and relief from the monotony of daily life. With the changing and demanding lifestyle, not many places
offer both leisure and peace to people and malls are one such space which offers these along with shopping. For
most people, mall atmosphere helps rejuvenate mood and shopping relieves stress. Thus, shopping in malls to
gratify oneself is regarded as truly fun and stress buster.

The concept of gratification during shopping has been emphasized in past research. Hirschman (1983) introduced
the escapism as one of the four hedonic behaviours to escape unpleasantness. Tauber (1972) was one of the first
to recognize the self-gratifying benefits of shopping which are motivated not by the consumption value, but by
the utility of the buying process. Similarly, Arnold and Reynolds (2003) found gratification as a hedonic shopping
motive that helps alleviate stress, negative mood and as a way to unwind. Thus, malls offer a feeling of
gratification which is a notable hedonic experience desired by customers.

5. Bargain shopping experience
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The fifth dimension was labelled as ' bargain shopping experience’ which consisted of items such as visiting mall
for sale and offers, enjoy browsing for discounts and mall being a convenient place for bargain hunting. Thus,
bargain shopping experience refers to the pleasure derived during the process of bargain hunting i.e. searching for
sale, offers and best deals on purchases. Consumers in India rarely make purchases in malls since they are regarded
as luxurious and expensive place for purchasing merchandise. However, in case of offers such as end-of-season
sale and festive discounts, Indian consumers desire to visit malls, browse various stores and hunt for the best deals
irrespective of them making a purchase.

The concept of pleasure from bargaining was formerly recognized by Tauber (1974) who posited that the ability
to seek bargains makes one a sensible shopper. Similarly, Arnold and Reynolds (2003) identified value shopping
as a hedonic motive which signifies customers' tendency to hunt for best deals at low prices. Though it can be
contended that seeking bargains is a utilitarian behaviour, the process itself offers an adventure and emotional
satisfaction which is inherently pleasure-driven or hedonic. Thus, malls can be regarded as a convenient spot with
numerous shops and brands in one place to easily compare and hunt for bargains.

6. Status shopping experience

The sixth dimension was termed as 'status shopping experience’ which consisted of items such as shopping in mall
as a sign of status and prestige, to feel more socially accepted and to make a good impression. Thus, status
shopping experience refers to the pleasure obtained from mall shopping owing to the status it confers. In this age,
especially youngsters and middle class consumers who believe in display of wealth generally prefer shopping in
malls since it is a matter of prestige. According to them, mall shopping enhances the way they are perceived by
others and helps gain social approval. These conspicuous consumers buy some products and services in malls just
as a status symbol to advertise how wealthy and classy they are.

Past studies have highlighted the significance of status-driven shopping and the proclivity of Indian consumers
towards prestige over rationality while making purchases (Bullis, 1997; Kaur and Singh, 2007). Thus, malls offer
pleasure through status shopping which is an intrinsic hedonic experience.

7. Aesthetic experience

The last dimension was labelled as ‘aesthetic experience' which consisted of items such as mall ambience, interior
design, architecture, facilities and spaciousness. Aesthetic experience refers to the pleasure obtained from the
sensory appeal, comfort and opulence of the mall. In recent times, the rising customer expectations along with
competitive market have compelled mall administrators to focus on mall atmospherics and customer service.
Customers expect captivating and hygienic environment to make their shopping experience convenient and
mesmerizing.

The concept of mall aesthetics has been highlighted in past research. Tauber (1972) recognized that sensory
stimulation is one of the consumer shopping motives wherein the shopping environment may be an influencer of
the consumer's decision to visit and shop in a store. Wakefield and Baker (1998) established that perceived
physical environment of the mall is a vital determinant of consumers' excitement and desire to stay at the mall.
According to Haytko and Baker (2004), physical comfort and atmospheric features of malls influenced the
purchase patterns and favouritism of adolescent girls. Atmospherics comprising the mall interior design, layout,
lighting, and music create an esthetic experience, which is one of the four experiential relams (4Es) identified by
Pine and Gilmore (1999). Thus, aesthetic experience is one of the fundamental hedonic experiences that malls
need to offer to improve the customer satisfaction and repatronage behaviour.

These seven types of hedonic shopping experiences were conceptualized and defined based on the qualitative
study findings, review of literature and experts' opinion.

VIIIL CONCLUSION

This study demonstrates the development of a practical hedonic shopping experience scale consisting of 26 items
across seven types of hedonic shopping experience offered in malls. The hedonic experience dimensions are:
window shopping experience, social experience, entertainment experience, gratifying experience, bargain
shopping experience, status shopping experience and aesthetic experience.

For the scale development process, this study employed a qualitative study followed by a quantitative study
consisting of data collection and analysis. In-depth interviews with mall consumers and administrators were
conducted to qualitatively explore the various hedonic shopping experiences offered in malls. Initial scale items
were generated using qualitative study results and literature review. A questionnaire consisting of these items
were used for data collection through mall intercept survey. The data were subjected to exploratory and
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confirmatory factor analyses which yielded a 26-item seven-dimensional hedonic shopping experience scale with
adequate reliability and validity.

RESEARCH IMPLICATIONS

The hedonic shopping experience scale summarizes a wide range of hedonic experiences offered in malls which
has a broad array of applications for researchers, retailers and mall administrators. The scale can function as a tool
to measure the degree of hedonism offered by malls as perceived by its customers. This will indicate the extent to
which the mall offers various hedonic shopping experiences. It can help the mall administrators in identifying the
hedonic features prominently appealing to their customers and those missing in their mall. This information can
facilitate in making better strategic and marketing decisions which include designing mall interiors, selection of
retailers and entertainment services, allocation of mall resources and facilities.

The scale developed in this study can be used as a base to analyze hedonic experiences offered by other retail
formats such as supermarkets, hypermarkets, grocery stores, e-tailers and street bazaars. Researchers and retailers
can use this scale to test the level of hedonism provided by other retail settings. Based on the results indicating
the customer perception of various hedonic experiences, the retailers can appropriately plan and strategize to
improve their business model.

LIMITATIONS OF THE STUDY

The study has certain limitations which ought to be mentioned. First, the hedonic shopping experience scale is
specific to malls in India. Hence, researchers and retailers must be cautious while applying the scale to other
shopping contexts and regions. Secondly, the seven types of hedonic experiences are based on the qualitative
research performed in this study which might not be the exhaustive list of hedonic shopping experiences offered
in malls. Finally, the study was limited to Chennai city in India due to time and financial constraints. Besides,
data was collected through mall intercept survey using convenience sampling which is a non-probability sampling
technique. These limitations in terms of the sampling method affect the generalizability of results.

FUTURE RESEARCH DIRECTIONS

This study provides considerable scope for future research. The hedonic shopping experience scale developed in
this study can be further validated using a larger, geographically diverse sample for better generalizability of
results. Besides, the applicability of the scale can be tested by adapting it for other retail formats such as
supermarkets, hypermarkets, chain stores and e-tailers. In future, researchers can conduct an in-depth analysis of
each of the hedonic shopping experiences found in this study. Further, the scale can be used to investigate the
impact of various hedonic shopping experiences on customer satisfaction, loyalty and repatronage behaviour.

APPENDIX
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Figure Al - Measurement Model from Confirmatory Factor Analysis
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Impact of recent developments in
fabrication of auxetic materials on
safety and protection in sport

G. Nallavan

Avoiding injury and increasing the safety and protection of the athletes
and sports enthusiasts is the driving force for the development of
protective equipment (PE) and personal protective equipment (PPE). In
addition, as opposed to medical intervention, employing sports safety
equipment is the cost effective solution. However, the implementation of
sports safety equipment involves several challenges with lack of standard
for the protective gear being the principal challenge. In order to overcome
the competition in the market for sports safety equipment, manufacturers
try to achieve higher standards (or overdesign). In the domain of materials
development for sports safety equipment, one important candidate that
cannot be overlooked is auxetic materials. Auxetic materials have a
negative Poisson ratio (NPR) that gives them high tolerance to indentation
and resilience to fractures. Recent advances in the manufacturing of
auxetic materials give more influence over the cell framework created by
the producers, thereby enabling the production of auxetic materials with
outstanding characteristics and improved safety standards. Specific
manufacturing techniques used to generate auxetic foams and textiles
have been studied, while also discussing the effect of combining finite
element analysis (FEA) and additive manufacturing (AM) on auxetic
materials manufacturing
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Study on Magnus effect of the different
sports ball in the wind tunnel

G. Nallavan

Tamil Nadu Physical Education and Sports University (TNPESU) had a
wind tunnel facility to study the forces and moments acting on the different
balls in the rotation through a six-axis strain gauge. In this paper, the effect
of the Magnus on the Cricket ball, Tennis ball, Baseball, Hockey ball and
Golf ball is studied. The variation of Coefficient of Lift [CL], Coefficient of
Drag [CD], Coefficient of Side force [CS], Coefficient of Roll moment
[CRM], Coefficient of Pitch moment [CPM] and Coefficient of Pitch
moment [CPM] of the static and rotational in both Clockwise and Anti-
Clockwise condition. This data will give an insight into the ball
performance in the spin and can be used in the sports effectively.
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Abstract— In this article, hardware implementation
of PV fed boost converter with quasi resonant voltage
double and snubber circuit is presented. This method
clarifies the improvement of a boost half-bridge
(BHB) DC-DC converter with high power
transformation efficiency and a wide voltage range
for photovoltaic smaller scale inverter. The
improvement is accomplished by presenting an
isolation Transformer, interfacing the BHB DC-DC
converter on the essential side of the transformer and
including a voltage doubler with a snubber capacitor
on the auxiliary side. Quasi Resonance (QR)
strategies are utilized to accomplish zero-voltage
exchanging (ZVS) turn-on for the switches, just as
ZVS turn-on for the diodes. Furthermore, the new
improved converter has no DC-charging current for
the transformer because of the DC blocking
capacitor, and it duplicates the voltage increase
through the voltage doubler and snubber capacitor to
diminish spikes Further, an extensive hardware
validation show the effectiveness of the system.
Keywords— Photo voltaic Systems, Micro Inverter,
DC-DC Converter, Quasi Resonance, Power Conversion.

l. INTRODUCTION

Lately numerous nations satisfy the power need,
so the age of renewable power source is expanded,
for example, photovoltaic, wind, fuel and so on. The
sun gives all that anyone could need vitality to meet
the entire world's vitality needs, and not at all like
petroleum products, it won't run out at any point in
the near future [1-2]. As a sustainable power source,
the main impediment of sun oriented force is our
capacity to transform it into power in a proficient and
savvy way. No ozone depleting substance emanations
are discharged into the environment when you utilize
sun powered boards to make power. Also, on the
grounds that the sun gives more vitality than we'll
ever require, power from sun based force is a
significant vitality source in the transition to clean
vitality creation. After sun based boards have been
introduced, operational expenses are very low
contrasted with different types of intensity age. Fuel
isn't required, and this implies sun based force can
make huge sums of power without the vulnerability
and cost of verifying a fuel supply. The progression
up DC-DC converter for a smaller scale inverter must
have a high voltage gain G (Vo/Vn) of a few tens or
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more [3-4]. In this manner, if a traditional DC-DC
help converter is utilized for a small scale inverter,
the switch must have an incredibly high duty ratio.
Be that as it may, this outcomes in huge current
flows, losses due to conduction, and losses due to
switching losses of the electric influence segments in
the converter. Non-isolated DC-DC converters have
been concentrated to defeat these issues in Step-up
DC-DC Converters above [5-7].

To accomplish high voltage gain without an
amazingly high duty ratio of the principle switch,
non-isolated converters utilize detached and dynamic
parts rather than a transformer. In any case, non-
isolated DC-DC Converters have complex structure,
electro-attractive obstruction, grid current contortion,
and extra misfortunes because of the spillage current
produced by the galvanic association between the PV
module and grid [8-9]. The traditional flyback
converter has the littlest circuit parts and circuit size.
In any case, it has burdens of the low voltage
increase, high voltage worry of the rectifier diode,
and high voltage spike issue of switch[10-11]. To
take care of these issues, the dynamic clamp flyback
converter with a voltage doubler was presented.

The proposed converter utilizes the quasi-
resonance among C; and L. Contrasted with the past
converter it can decrease the turn off current of S;
and obligation loss of the circuit in view of the quasi-
resonance among C; and L. Along these lines, this
converter of has the littler turn off misfortunes and
more extensive voltage at the input side run than that
of past converter

PROPOSED SYSTEM

In proposed system shown in Fig 1 the PV panel input
voltge is fed to the DC load with the help of half
bridge boost converter which converts the DC voltage
with AC voltage with some boost ratio and then it
converted AC voltage is stepped up using turns ratio
of transformer and then voltage doubler circuit
converts the doubles the AC voltage to DC voltage
which drives the load.
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Half bridge

DC source(PV) — booststage -
converter

|

DRIVER
CIRCUIT

|

MICROCONTROLLER

+ Transformer — Voltage o Load
Doubler

Fig 1. Block Diagram of Proposed System

The siwtching pulses to the switch is given by
microcontroller which is amplified by the driver
circuit.

1. MODELS
A. PROPOSED CONVERTER

Boost integrated halt-bridge converter

Voltage doubler with a swubber capacitor

Fig 2. Circuit Diagram of Quasi Z source inverter

The proposed converter has a combined structure
of a boost integrated half-bridge converter on the
primary side of the transformer and a voltage doubler
with a snubber capacitor on the secondary side. The
boost integrated half-bridge converter consists of a
boost inductor (Ly), two switches (S1, S2), a storage
capacitor (Cs), a blocking capacitor (Cp), and a
transformer with a leakage inductance (L), turn ratio
of 1:n, and a magnetizing inductance (Lm).
It performs the operation of the boost converter of
stepping up the input voltage (Vi,) to the higher
voltage (Vcs) of Cs. It then performs the operation of
the half-bridge converter of transferring the electric
energy from Cs to the load (Rg). An Isolation
Transformer is used to step up the Voltage of BHB
Converter. The voltage doubler with a snubber
capacitor consists of two diodes (D1, D), a snubber
capacitors (Csn), two capacitors(C1, Cj), and an
output capacitor (Co). It generates a DC output
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voltage (Vo) of twice the secondary voltage of the
transformer and reduces the voltage stresses of Di
and D3 to Vo. The simple PWM circuit has been used
to give the switching pulses to the switches. The
swithces S; and S, works complemetary for giving
the AC like signals. The circuit diagram of proposed
converter is shown in Fig 2.

The operation includes when switch S; is in
ON condition the positive cycle is generated, switch
S, is responsible for the negative cycle generation.
The input boost inductor Ly charges and discharges
linearly with respect of switching condition of
switches Sy and S».

B. DRIVER CIRCUIT

A driver is an electrical circuit or other electronic
component used to control another circuit or
component, such as a high-power transistor, liquid
crystal display (LCD), and numerous others. They
are usually used to regulate current flowing through a
circuit or to control other factors such as other
components, some devices in the circuit. The term is
often used, for example, for a specialized integrated
circuit that controls high-power switches in switched-
mode power converters. Typically the driver stage(s)
of a circuit requires different characteristics to other
circuit stages. For example in a transistor power
amplifier circuit, typically the driver circuit requires
current gain often the ability to discharge the
following transistor bases rapidly, and low output
impedance to avoid or minimize distortion.

C. MICROCONTROLLER(PIC16F877A)

The term PIC, or Peripheral Interface Controller,
is the name given by Microchip Technologies to its
single — chip microcontrollers. PIC micros have
grown to become the most widely used
microcontrollers in the 8- bit microcontroller
segment. The PIC16F877A CMOS FLASH-based 8-
bit microcontroller is upward compatible with the
PIC16C5x, PIC12Cxxx and PIC16C7x devices. It
features 200 ns instruction execution, 256 bytes of
EEPROM data memory, self-programming, an 1CD,
2 Comparators, 8 channels of 10-bit Analog-to-
Digital (A/D) converter, 2 capture/compare/PWM
functions, a synchronous serial port that can be
configured as either 3-wire SPI or 2-wire 12C bus, a
USART, and a Parallel Slave Port.
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1. RESULTS

Fig 3 shows the overall hardware setup of proposed
converter for the measurement and acquisition of
Input & Output Waveforms.

v = N

Fig 6. DC Input to BHB Converter

Fig 7 shows the Switching Pulse to MOSFET so that
the DC input given to the BHB Converter Switches
ON and OF the S1 & S2 pair of MOSFETS.

Fig 7. Switching Pulse to MOSFETs S1 & S2

The Output of BHB Converter and input to primary of
the Transformer is shown in Fig 8.

Fig 5. Output voltage of 175V

Fig 4 & 5 show the input and output voltage of
proposed converter

V. OUTPUT WAVEFORMS

The Input and Output Waveforms were captured in

Digital Storage Oscilloscope (DSO). Fig 6 shows the

the Input DC voltage fed from a Solar Panel or any ) ) )

DC source (12.5 Volts). Fig 9 shows the waveform available in the secondary
of the Transformer. The voltage is stepped up here
and is fed to the VVoltage Doubler.

Fig 8. Input to Primary of Transformer
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V. CONCLUSION

This paper presented a hardware implementation
quasi-resonant boost half-bridge (BHB) DC-DC
converter with high power conversion efficiency
(m%) and a wide input voltage range. Moreover, the
proposed converter had no DC-magnetizing current
of the transformer, and the voltage gain was
increased by using the voltage doubler with a snubber
capacitor to reduce spikes.
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Abstract

In this paper it is decided to improve the power quality of power supply. When the power quality is poor
at load side which can cause other equipment malfunction even damages the associated devices.
Therefore, a reactive power compensation method is suggested to improve the power quality in a
distribution power system. To improve the power quality by using the facts device is one of the
conventional methods; in our paper we inject the reactive power by using same real power supplying

system.

1. Introduction

The power quality (PQ) problems and solutions to theseproblems have gained much importance in recent
years.The main causes for poor power quality are: extensive use ofnonlinear loads in distribution system
for efficient andcontrolled use of energy, integration of distributed generatorsbased on the renewable
power (such as, solar and wind) andthe occurrence of frequent faults on the electrical network.Under the
generic name of custom power devices [2] a newgroup of compensators like dynamic voltage restorer
(DVR),the distribution static synchronous compensator(DST A TCOM) and unified power quality
conditioner (UPQC)have been developed and used for improving power quality inthe distribution system.
Some of the critical loads like dairyfood industry, chip manufacturing industry, large computer

networks etc. are very sensitive to supply related powerquality problems. Voltage sags, swells, transients,
unbalanceand harmonic distortion are major power quality problems in the supply voltage. These power
quality problems can beeffectively compensated using a DVR.The DVR is a voltage source converter
(VSC) based powerelectronics device connected in series between the supply andsensitive loads through a
series transformer. It can protectsensitive loads from supply side voltage quality problems byinjecting the
compensating voltage into the distribution line.When the injected voltages by DVR are in quadrature with
thefeeder currents, it does not require any active power forcompensation. A small amount of active power

to overcomethe DVR system losses however should be supported toachieve a self-supporting DC bus.
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The disadvantage ofquadrature voltage injection is that in case of a voltagesag/swell event the restored
voltage may not be in-phase withpre-sag/swell voltage and, the compensation range is highly

dependent on load power factor [15].The different topologies of DVR and its protection arediscussed in
[9-10]. The analysis, design and voltage injectionschemes of a self-supported DVR are explained in the
[2, 11].In [11-24], different control strategies have been developed forthe control of the DVR. Some of
the popular techniques are:the instantaneous reactive power theory (IRPT) [4],synchronous reference
frame theory (SRFT) [12, 24], adalinebased fundamental extraction [13], instantaneous symmetrical
component theory (ISCT) [14, 15], and space vectormodulation [19].The frequent unsymmetrical faults in
the power systemgenerally cause the unbalanced voltage sags. To compensatefor such unbalanced voltage
sags, DVR needs to injectcompensating voltages with both positive and negativesequence

components. These can be achieved using twoseparate proportional-integral (PI) controllers, each for
positive and negative-sequence voltages, in d-g synchronousframe [24]. The approach proposed in [24] is
computationallyintensive due to the transformation from stationary frame tosynchronous frame and vice-
versa.Iln this paper, a new control algorithm is developed based onestimation of instantaneous load
reactive power for generationof reference load voltages in the stationary reference frame.The load
voltages are controlled to its reference values usingPR controller in the stationary reference frame. A PR
controller achieves good positive and negative-sequencefundamental voltage regulation simultaneously as
it has highgains around both positive and negative-sequence fundamentalfrequencies [23]. Then
implementation of DVR using VSCwith PWM control is discussed in this paper. The
extensivesimulations are performed using MATLAB with its Simulink and Sim Power System (SPS) tool
boxes for verifying theproposed control algorithm for DVR.

2. Materials and Methodology

In the system consists of ac source and PV panel, DC-DC converter, voltage source converter, and filter
used for supplying real and reactive power without using external facts device.AC source provide the real
power to the system, when there is consumption real power increase in load side to compensate the power
by feed the reactive power by the voltage source inverter with use of capacitor bank.Voltage source

converter, convert the dc into ac to the distribution line
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Fig.1.Simulation Diagram of the proposed system

3. Results and Discussion
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Fig.2.Source voltage before and after reactive power compensation
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Fig.4. THD after reactive power compensation

4. Hardware Implementation
To repay the reactive power misfortunes in the transmission line and any place in the electrical
influence framework, we have completed the writing survey of the different papers and embraced

the distinctive procedures to defeat this issue. We have utilized the shunt and series arrangement

strategies, in which the compensator like capacitor will be given in parallel and in series to the
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inductive load. Since there is dependably a voltage and current transient upon the changing the
capacitor steps. Henceforth we adopted the FACTS (Flexible AC Transmission Systems) gadgets to
beat the responsive force remuneration issue. The studies for the different FACTS gadgets were
completed and we discovered the STATCOMs (Static Synchronous Compensators) is the present day
and the most productive approach to conquer the responsive force pay. The different strategies

were done for the STATCOMS.

Fig.6.Hardware circuit

To compensate the reactive power in three phase AC system by using STATCOM Static
Synchronous Compensator is one of the static component device and comes under the family of
FACTS devices. It can absorb or supply reactive power in the single or three phase AC systems.
A transmission network reactive power can be compensated using Static Synchronous
Compensator. It also helps in preventing fluctuations in the transmission system like sudden
voltage increase (voltage sag), sudden voltage decrease (voltage sag), transients etc. A
STATCOM comprises of a three phase inverter utilizing SCRs, MOSFETs or IGBTs, a DC
capacitor (which when charging will absorb reactive power and while discharging will supply 17
reactive power), a connection reactor whose purpose is to link the inverter output to the AC
supply side, channel parts to channel out the high recurrence segments because of the PWM
inverter. From the DC side capacitor, a three stage voltage is produced by the inverter. This is
synchronized with the AC supply. The connection inductor interfaces this voltage to the AC

supply side. This is the essential standard of operation of STATCOM.
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Fig.6.Before Reactive Power Compensation

Fig.7.After Reactive Power Compensation

5. Conclusion

The reactive power compensation has been done using Renewable energy based dynamic voltage
restorer and static compensator. The results of total harmonic distortion(THD) have been utilized to
verify the simulation results. In this article PV based FACTS device has been successfully applied for
reactive power compensation, the THD level before compensation is 24.07%, and after reactive
power compensation it has been improved to 0.93%.
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Abstract: Technological transformation is unlocking new opportunities in
wearable devices used in sports application. Nowadays training the sports involves
the use of integrating smart sensors, cameras, internet of things and intelligent data
algorithms into a device which is wearable making the players to achieve their
maximum performance. These smart devices replace the coach and manage all
aspects of technical training except for the physical training given by the real
coach. This paper provides a comprehensive study on the intelligent data analysis
made on the data acquired from sensors to give a meaningful sense to it. The smart
training methods employed currently in various sports are identified and presented.
The future directions in this area of research are also presented.

Keywords: Wearable devices, intelligent data algorithms, sensors, technical
training, sports

1. Introduction

The technological boom has influenced in all areas of human life. Smart devices have
changed the way of looking the world. Sports field is not an exception. Wearables take
new dimension in monitoring sports activities of the player. These devices incorporated
with smart algorithms help the player to understand his performance and help him to
compete to next level. Due to developments in internet and cloud services the collected
data from sensors can be worked in a detailed manner. Here clever algorithms can be
applied which extracts the features, train the data set and can be tested to verify its
accuracy. With these resources the devices now become smart Artificial Intelligent (AI)
devices which will help the player to train himself and achieve better results. Section 2
discusses the role of wearables in smart training. Section 3 briefs the sensors that are
commonly used in devices. Section 4 summarizes the intelligent approach used in the
sports wearables and the results obtained. Section 5 lists the challenges faced and
section 6 concludes with the limitations and identifies the scope of futureresearch.
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2.Wearables in SportsTraining

The role of coach for a player is very important. Unfortunately all aspirant players do
not get their dream coach. Sometimes financial support also poses some problem. So,
wearable technology could reduce this burden by providing solution to the above
problem. Intelligent algorithms incorporated in these devices gives clues to the player
so that he can understand his game profile and take necessary steps to correct and
achieve histarget.

Two important sections in wearable device are,

1. Hardware
a. Sensor selection
b. Noise removal
c. Communication to the decision making subsystem

2.Software which takes decision based on acquired signals.

The tasks performed during training require physical effort and it is a continuous
process where the ultimate goal is to improve the perfection in the game played. The
various stages involved in sports training are,

e Data acquisition

o Intelligent dataanalysis

e Assessment

o Targetrealization

The flow diagram for the sports training is shown in figure 1,

A cquinng the raw
sensor data

)

Application of
Intelligent data
analysis

!

Accessing the

parameters
. Machine learning and
A dapting and p da deep learning algorithms Predict
correcting reprocessing data (Build and train the responses
\L model)

Attainment

Figure 1. Flow diagram for sports training
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3. Sensors

The important consideration for developing a wearable device is the selection of
sensors. The sensors should be reliable, small in size, light in weight and durable. The
data’s from sensors can be used in activity recognition i.e. understand the body
kinematics and movement parameters. The machine learning algorithms can be applied
on the collected data’s to bring out predictions. To get best results the user has to select
the suitable algorithm to get the desired insight. The algorithm can be supervised or
unsupervised. But all data processing algorithms cannot run on the device itself due to
lack of its computational capacity, memory constraints and power back up. So with
Bluetooth or wireless module the data’s can be transported to a mobile or cloud
services where intelligent algorithms can be performed to aid the player in decision
making. This virtual coach assists the player in his training replacing the actual trainer.
The various sensors deployed in sports wearables are inertial measurement unit which
involves accelerometer, gyroscope and magnetometer, pressure sensor array, force
sensor, motion sensor etc.

4. Intelligent data algorithms in sports

Intelligent data algorithms and data set can provide a method to analyze the
performance parameter of an athlete and can improve his training plan to achieve the
best results. Table 1 summarizes the information such as the name of the sport, the
sensors used, the features detected, the goal, the classification algorithm and the
accuracyobtained.

Table 1.Studies identified in sports wearable sensors with intelligent approach

Ref Sport Sensor Features Aim Approach Result
1] Basket Motion Body Automatic Support Vector 99.5%
ball sensor acceleration recognition Machine (SVM) accuracy
, Gesture of basketball with  SVM
training type algorithm or
activity
recognition
2] Basket Acceleromete  Arithmetic Classify the k-Nearest Random
ball rand mean and action of Neighbours (k- Forests was
Gyroscope Standard players NN),Random more
deviation Forests accurate
than k-NN
13] Fitness Multiple Mean, Examine the k-NN, Linear LST™M is
acceleration Maximum, participant SVM, Naive best with an
Sensor on Minimum, performance Bayes with accuracy of
several parts Range, on collected Gaussian kernel &  92.5%
of Standard data set from  Bernoulli(NB),SV
body/distribut  deviation, asmart wrist M polynomial,
ed across Root mean wearable Decision Tree
body square device (DT), Long Short-

term Memory
(LSTM)
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[4]

[5]

[6]

[7

18]

191

[10]
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Fitness

Running

Soccer

Football

Table
Tennis

Tennis

Volley
ball

Acceleromete
r and
Gyroscope,
Pulse rate
sensor

Wireless
sensor
network
deployed in
the area of
training.
MTS 400
sensor board,
Crossbow
MOTE2 IPR
2400

Data form
video
recordings

Data from
data set at
Tottenham
Hotspur
Football club

IMU sensor

Video
recordings

IMU, EMG
sensors and
video
cameras

Mean,
Standard
Deviation

Mean,
Standard
Deviation

Mean,
Maximum,
Minimum,
Standard
deviation

Maximum,
Minimum

Mean, SD,
Skewness,
Kurtosis

3 layer
LSTM
network

Mean, SD

Classify the
indoor
exercise
activity such
as biceps
curl, Row,
Pushup, Sit
up, Squat and
Triceps curl

Develop a
prototype to
support
athlete with
ambient
intelligent
algorithms

Classify
athlete
position and
predict the
number of
goals scored
in the game

To predict
the recovery
time after
injury
without
official
diagnosis

To detect and
classify the
stroke in
table tennis

Classifies the
activities in
tennis shots

Identifying
and
classifying
the not
allowed
moves and
providing
feedback in
training
sessions

k-NN,SVM, DT

k-NN, SVM,
Spline
Interpolation

SVM, RF, Linear
Regression (LR)

SVM Radial basis
function (RBF)
kernel and
polynomial
kernel, Gaussian
process with RBF
and Laplace
kernel, Artificial
Neural Network
(ANN)

SVM linear, SVM
RBF, RF, k-NN

LSTM

LST™M

95.3%
accuracy for
activity
recognition
and 99.4%
for repetition
count

Classificatio
n system
achieves and
accuracy of
80% in
spline
interpolation

82%

accuracy is
achieved in
RF and LR

Accuracy for
SVM-
98.43%,
Gaussian
process-
97.4%,ANN
—98%

SVM linear-
95.6%, SVM
RBF-96.7%,
RF-95.7%,

kNN-94.7%

81.23% to
88.16%

F1 score of
0.74 for
labels with 2
classes
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[11] Weight IMU Mean, Classifying SVM, Linear 94.36%
lifting Variance, the weight Discriminant accuracy in
SD lifting Analysis (LDA) SVM
exercises
[12] Cricket Recorded - Develop Al Fuzzy, ANN Good
videos training classification
system to be accuracy
used as a
coach for
trainees to
become
expert in
batting,
bowling and
fielding
[13]  Cricket Data form Mean, SD To identify SVM 81%
IPL matches the best set of
attributes in
the player in
the match
played
[14]  Golf Strain gauge - Investigate Convolutional 95% of
sensor, 3-axis Golf swing Neural Network accuracy is
accelerometer data (CNN), SVM achieved in
and 3-axis classification deep CNN
gyroscope method than SVM
which is
86.8%

5. Challenges

Plenty of research is open in the field of sports training. Some of the challenges to be
addressed are:

1. The authors have shown results conducted with certain method and approach and
tabulated their findings. But they are not aware whether these methods will be adopted
by all athletes over long term. So the researchers can share their views and results with
the real world. Can interact with professional athlete and conduct more experiments
and provide a wider scope to researchers.

2. Every player is unique, so integrating intelligent algorithms might not provide
expected results for all as the body and thinking are different foreveryone.

3. All most all the design of wearables with intelligent algorithms is still in
development phase, it means they are available in prototypes only. So with only proper
validation these prototypes can be brought out as a commercialproduct.

6. Conclusion

This paper studies the various intelligent data algorithms proposed and implemented in
the field of sports training. With technology the minute details of the game can be
perceived. The accuracy and complexity of the models involved in this research vary
due to the different classification problems that each model is tasked with. The study
observes only few sports are concentrated and research should focus on the design and
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implementation of wearable in other sports also. Moreover the security issues in data
handling also have to be considered.
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CFD analysis of the generic isolated indoor
stadium: Impact of wind direction and roof
configuration for wind drift in badminton
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Tamil Nadu, India

Abstract. Indoor stadiums are built to minimise the effects of the
environment and weather on sporting events. The shuttlecock in badminton
is extremely vulnerable to a slight wind gust caused by ventilation in the
indoor stadium. It is critical in elite tournaments to design the driftless court
area stadium without compromising player and spectator ventilation
comfort. CFD simulation is used to study two roof structures widely used in
indoor stadium construction: barrel and gable roofs with two ventilation
openings in opposite directions for lateral and longitudinal airflow. The
simulation is carried out in 3D steady Reynolds-averaged Navier-Stokes
(RANS) using the Shear-Stress Transport (SST) k- w model. Grid
independency is carried out to compare the results with wind tunnel
measurement data from the literature. The non-dimensional velocity and
coefficient of pressure contour are obtained in the vertical centre plane and
horizontal plane (H=0.06m and 0.02m) from the ground. Finally, the gable
roof configuration with longitudinal wind direction volume flow rate
increased to 26% and the average velocity in the horizontal (H=0.02m) is
0.19 leading to low wind drift near the ground. There is no huge impact on
the roof configuration (barrel and gable) compared to the wind direction
(longitudinal and lateral) of the opening in the model.

1 Introduction

Badminton is a racket sport played with a shuttlecock made up of feathers surrounded
by a hemispherical cork. Due to its lightweight and bluff body shape, it will easily deviate
from the actual trajectory even for small wind gusts known as wind drift. The indoor stadium
is built to avoid environmental or weather disturbance in sports but in the case of badminton,
the indoor ventilation (natural or air-conditioning) wind alters the actual trajectory of the
shuttlecock in the tournament [1-3]. This problem is a huge challenge because the reduction
of wind drift needs to be achieved without compromising the ventilation for the player and
spectator. The lack of ventilation leads to dehydration for the player and discomfort for the
spectator. Most of the International tournaments are conducted in a Multi-purpose arena /
indoor where no special attention is given to badminton drift [4]. The elite player started
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complaining about the drift which became a huge controversy during the tournaments [1-6].
There were a lot of studies that have been carried out on the cross ventilation effect in low-
rise buildings like the effect of roof types, inlet-outlet openings ratios, opening location and
building size ratios. The research works in the cross ventilation set up trends in both generic
and real-time stadium studies [7-16]. In the case of cross ventilation on generic buildings [7-
10], the effect of grid generation, opening size and location, sheltered and unsheltered,
numerical and geometrical parameters has been carried out by the researcher through field
measurement [11-16], wind tunnel and CFD. From the literature of review, it's evident that
almost no studies have been conducted in the generic stadium to understand the influence of
wind drift related to ventilation for badminton stadium construction or design. In this paper,
we are going to study the impact of roof configuration and opening wind direction in the
different roof stadium configurations through Computational Fluid Dynamics (CFD) to
understand the best design for less wind drift near the ground and effective ventilation in the
stadium. From the ventilation point of view, this paper is not only trying to understand the
volume flow rate, but also the mean velocity on the given area of the flow of the indoor air
to eliminate the drift. This paper deals with a couple of approaches to understanding indoor
and outdoor interaction. The simulation results are validated with a literature paper [17]
which provides detailed wind tunnel PIV data for an isolated building with a flat roof with
opposite openings.

2 Wind Tunnel Experiment

The wind tunnel experiment is conducted by Karava et al [17] for the isolated generic
wind-induced cross-ventilation building model for a flat roof for different configurations of
opening location and size. The experiment is conducted in the boundary layer wind tunnel
with a test section 180 X 308 X 96m? at Concordia University, Canada. The experiment is
conducted in the nine-configuration model with three different porosity (opening area-to-
wall area) of 5%, 10% and 20% respectively. In the experiment, a reference velocity of 6.6m/s
at the building height. In this paper, the CFD investigation is carried out on the rectangle
opening located on the opposite side (top region) at a height of 57mm from the ground at
10% porosity for validation purposes. For more detail on the experiment refer [17].

3 Indoor stadium and CAD development

The indoor stadium generally uses two types of roof configurations:- Barrel roof and
Gable roof. The flat roof configuration is developed as per the dimensions of Karava et al to
compare the CFD simulation results with the wind tunnel data. The validating model is
developed for the dimensions 100 X 100 X 180 mm? which is a reduced model of the 20 X
20 X 16 m® full-scale dimension at a 1:200 ratio. The models are with top opposite rectangle
opening configurations with 10% porosity (18 X 46 mm?). The same dimension as the
validating model with a barrel and gable roof is designed for the CFD simulation. For the
roof dimension for all configurations refers to Figure 1.

4 CFD simulation

CFD gains importance in urban physics research like aerodynamics studies for
buildings and stadium infrastructures. CFD is used in studying natural ventilation, wind
loads, pedestrian comfort, and pollution dispersion. Also, play a huge role in designing the
sports stadium with ventilation efficiency and low wind disturbance in the play area. In this
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paper, CFD is going to be employed based on the literature research carried out by Blocken
et al for the cross-ventilation studies for generic isolated buildings.

() (b) () (d) (e)
Fig 1. (a). Isometric view of the Karava et al [17] reduced-scale model with an opposite opening at the
top (in mm). (b). Isometric view of barrel roof with longitudinal wind direction opening at the top (in
mm). (¢). Isometric view of barrel roof with lateral wind direction opening at the top (in mm). (d).
Isometric view of gable roof with longitudinal wind direction opening at the top (in mm). (e¢).Isometric
view of gable roof with lateral wind direction opening at the top (in mm).

4.1 Domain and grid generation

The cuboidal computational domain is constructed at the ratio 1:200 scale of the wind
tunnel. The domain size and the grid generation technique are adopted based on the work
carried out by Perén et al. The distance between the front of the building and a domain is
three times the height of the building, the distance between the side and top wall is five times
the height of the building and the rear to the domain is fifteen times the building height as
shown in Figure 2a. The mesh generation is focused on all directions of the building and
concentrated meshing in the building and surroundings shown in Figure 2b. The grid
sensitivity study is carried out for the validating simulation and is shown in Figure 3 - (a).
Course mesh with 2,09,796 elements, (b). Reference mesh with 4,31,796 elements and (c).
Fine mesh with 6,92,521 elements. This analysis is carried out to improve the simulation
accuracy and optimize computational timing. For grid analysis results refer to section 4.4.

@ (b)

ground

Fig 3. Grid independency analysis (a). Course mesh model with 2,09,796 elements. (b). Reference
mesh model with 4,31,796 elements (c). Fine mesh model with 6,92521 elements.
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4.2 Boundary Condition

In the domain the front wall is the inlet plane and the rear is the outlet plane. Symmetry
condition is applied to the top and both lateral walls of the domain. In the inlet, ABL is
imposed based on the wind tunnel measurement. The inlet wind velocity profile is defined
based on the logarithmic law given in Eq. (1) below.

U@ =L [ZZ"

| o

Where, Zo is from the experiment [17], U* ag.=0.35m/s, k is von Karman constant (0.42)
and Z is the height of the domain. The turbulent kinetic energy [k], turbulence dissipation
rate [€] and specific dissipation rate [w] is calculated based on the reference [7,8]. In the
outlet pressure, zero static pressure is applied and in the symmetry condition, zero normal
velocity and gradient are imposed.

4.3 Solver setting

The ANSYS-Fluent commercial CFD code is used, 3D steady Reynolds-Averaged
Navier-Stroke (RANS) solved with shear-stress transport (SST) k-w model as per the
recommendation of Perén, Ramponi and Blocken. The second order is used for the
discretization scheme, pressure interpolation and pressure coupling with the SIMPLE
algorithm. The convergence is obtained in scaled residuals with a minimum of 10 for x and
y momentum, 10- for z momentum, 10 for k, w and continuity [7-10]. To obtain a reliable
value, the iteration is monitored till 10,000 iterations to reach a stationary solution.

4.4 Grid independence analysis and Validation

The non-dimensional length (X/D) horizontal measurement line is created between the
inlet and outlet opening to measure the non-dimensional velocity for grid analysis and
validation. In all three mesh cases, the simulation is carried out on a flat roof and mean
velocity (V/Uref) is compared along the measurement line between the opening. The
reference mesh results argue to be a better choice of selection over a course mesh due to the
large deviation from the actual and fine mesh compared to the reference mesh model shows
almost the same result by costing high computational timing. We conclude that the reference
mesh model is suitable for this study and same is used for the remaining model in this paper.
The obtained CFD results of the reference mesh model are compared with the Karava et al
V/Uref measurement along the horizontal line between the opening which shows the
agreeable result of accuracy, refer to Figure 5.

Fig 4. Indication of the horizontal measurement line in the model to measure the non-dimensional
velocity between the inlet and outlet opening.
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Fig 5. Comparison of mean velocity across the horizontal line between the opening for Reference
Case, Course Mesh, Fine Mesh and PIV Measurement.

5 Impact of the roof configuration and wind direction opening
type

To understand the roof impact on the ventilation and wind drift in badminton stadiums,
two roof configuration with two wind directions (Longitudinal and Lateral) is considered in
the study. To understand the influence, the same inlet and outlet opening type with the same
dimension is used in all models. The non-dimensional velocity and coefficient of pressure
contour are obtained in the vertical centre side plane and the horizontal plane at heights 0.06m
and 0.02m from the ground as shown in Figure 6.

(2) (d) (©

Fig 6. Contour measurement plane (a). Side plane at the model centre (b). Top plane at height from
the ground is 0.06m and (c). Top plane at height from the ground is 0.02m

In general, the longitudinal wind flow opening has a much high volume flow rate
compared to the lateral as shown in Figure 7. The Cp and |V|/Uref contour for flat roof and
other roof configurations is shown in Figures 8, 9, 10, 11 and 12. The longitudinal gable roof
has lower wind drift and better volume flow rate compared to other configurations. The
lateral barrel roof also accounts for good ventilation and decent wind drift near the ground.
The high Cp is found on the leeward side (inside the rooftop) of both roofs in the lateral wind
direction. The longitudinal wind direction holds a high Cp inside compared to the lateral wind
direction in both roof cases (barrel and gable). In the longitudinal direction, the roof can only
accommodate low volume on the top side between the opening for the exchange of airflow
but in the lateral direction having a uniform volume at the top between the opening gains the
advantage. From non-dimensional velocity (V/Uref) measurement along the horizontal line
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between the inlet and outlet opening refer to Figure 3, for both roofs lateral wind non-
dimensional velocity drops largely in the centre compared to the longitudinal wind opening
location which impacts the volume flow rate and wind drift.

150
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Flat Barrel Barrel Lateral Gable Gable Lateral
Longitudinal Longitudinal
Roof Configuration

Fig 7. Influence of roof type on volume flow rate

loamnOTaN—o. . ! GrraNnnttnoOnnROARS
1233553355550 ese2e [ S$558853335885533322 !

Fig 8. Flat roof Contours (a) Pressure coefficient C; at side plane (b) non-dimensional velocity
[V|/Uref at side plane (c). Non-dimensional velocity [V|/Uref at the top plane (H=0.06m) and (d).
Non-dimensional velocity [V|/Uref at the top plane (H=0.02m)
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Fig 9. Barrel roof - longitudinal wind direction Contours (a) Pressure coefficient C, at side plane (b)
non-dimensional velocity |V|/Uref at side plane (c). Non-dimensional velocity [V|/Uref at the top
plane (H=0.06m) and (d). Non-dimensional velocity [V|/Uref at the top plane (H=0.02m)
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Fig 10. Barrel roof - lateral wind direction Contours (a) Pressure coefficient C;, at side plane (b) non-
dimensional velocity |[V|/Uref at side plane (c). Non-dimensional velocity |V|/Uref at the top plane
(H=0.06m) and (d). Non-dimensional velocity [V|/Uref at the top plane (H=0.02m)
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Fig 11. Gable roof - longitudinal wind direction Contours (a) Pressure coefficient C; at side plane (b)
non-dimensional velocity [V|/Uref at side plane (c). Non-dimensional velocity [V|/Uref at the top
plane (H=0.06m) and (d). Non-dimensional velocity |[V|/Uref at the top plane (H=0.02m)
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Fig 12. Gable roof lateral wind direction Contours (a) Pressure coefficient C at side plane (b) non-
dimensional velocity |[V|/Uref at side plane (c). Non-dimensional velocity [V|/Uref at the top plane
(H=0.06m) and (d). Non-dimensional velocity |[V|/Uref at the top plane (H=0.02m)

Table 1. Non-dimensional area-averaged magnitude (|V|/Uref) in the different plane

Model Name Vertical Plane at the Horizontal Plane at Horizontal Plane
centre of the stadium the centre of near the ground
model ventilation opening (0.02m)
(0.06m)
Flat roof 0.24 0.34 0.18
(reference case)
Barrel roof Longitudinal wind 0.22 0.46 0.22
direction
Barrel roof Lateral wind 0.24 0.36 0.20
direction
Gable Longitudinal wind 0.23 0.42 0.19
direction
Gable Lateral wind direction 0.29 0.36 0.22

Table 1 shows the non-dimensional average velocity on the different planes in flat and
other roof configurations. The non-dimensional average velocity ranges from 0.18 to 0.46,
the 0.46 is highest found in the barrel roof configuration in the longitudinal wind opening at
the horizontal plane (H=0.06m). and 0.19 is lowest in the gable roof configuration in the
longitudinal wind opening at the horizontal plane (H= 0.02m). To understand the wind
drift, the horizontal plane (H=0.02m) is studied in all roof configurations, the gable roof in
the longitudinal direction has a lower average non-dimensional velocity of 0.19 among
other roof configurations and followed by the barrel roof in the lateral direction is 0.20.
Both barrel longitudinal and gable lateral directions account for the same average non-
dimensional velocity of 0.22. It can be concluded that the Gable roof in the longitudinal
direction accounts for the best ventilation with low wind drift in the ground for a badminton
stadium. We have found that rather than a roof type (Gable or Barrel), the wind direction
opening in the stadium will contribute more impact on ventilation and wind drift effect in
the stadium.
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Fig 13. Comparison of mean velocity across the horizontal line between the opening (a)
Barrel roof - longitudinal and lateral wind flow (b). Gable roof - longitudinal and lateral
wind flow.

6 Limitations and future study

Our main goal in this paper are to understand the influence of ventilation and wind
velocity flow pattern near the ground. Based on the obtained results, we could suggest the
roof configuration and wind direction opening for the stadium with less wind drift near the
ground but without compromising the ventilation. There is some limitation based on other
parameters and external factors in our study but can be addressed in future research.

e Inall configurations internal building layout is not considered (like stadium gallery)
but must be studied.

e All CFD analyses done in the isolation environment, surrounding buildings and
other surroundings infrastructure will affect the obtained results.

e Only two majorly used roof configuration for the indoor stadium is taken into
account for the study, maybe other new configuration can perform better than an
obtained conclusion.

e  Parameters like ABL, thermal effect, buoyancy, building height, ventilation opening
size, the internal volume of the stadium and other inclined wind direction in the
opening will have a huge impact on the ventilation and wind drift in the stadium.

7 Conclusion

The paper presents the CFD simulation results of cross ventilation study for the flat, barrel
and gable roof with longitudinal and lateral wind direction. A grid independency study is
performed on a flat roof validated with wind tunnel data. Based on the non-dimensional
velocity in the horizontal centreline between the opening, non-dimensional velocity contour
and Coefficient of pressure contour. We found that the gable roof configuration in a
longitudinal direction and barrel roof configuration in a lateral direction is better than other
models with efficient ventilation with less wind drift area for badminton.
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Abstract

The ongoing pandemic situation has affected almost everyone in some way.
Particularly, children were very much affected mentally and physically due to
continuous lockdowns imposed in several countries. Furthermore, they are in a
position to sacrifice their useful period of learning new things from school or skill
development centers or both. However, with the rising availability of an enormous
number of educational videos on video-based websites like YouTube, it seems self-
learning of new skills is not a big problem anymore. To examine the validity and
reliability of one such assertion, five popular yoga training videos from YouTube
were taken and experimented with children to test the possibility of self-learning of
yoga. Two-dimensional video analysis of virtual yoga instructors and children from
two different age groups practicing yoga poses were executed by using advanced
smartphone cameras and video analysis software tool kinovea. The extracted key-
frame images were subjected to semi-automated annotations of various angles
between the body parts of the instructors and the participants. And mathematical
modeling was usedthrough comparison of angle measurements with statistical MAE
(Mean Absolute Error) calculation of angle variations, differences in annotated body
shape features, side-by-side time/frame rate measurements, and minor errors
identification to conclude that self-learning of yoga is only partly valid and is less
reliable for children.
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Abstract

On-field heart rate and physiological fitness makes the player more active on the ground if
his fitness level is maintained from beginning till the last. This is the current demand in the
modern sports field. For this reason researchers are developing devices to be incorporated
in training sessions to monitor the health parameters and the physical fitness of the players.
The aim of the research paper is to present a wearable device to obtain the biometric infor-
mation that is, the muscle contractions, temperature and pulse rate of a player during his
training session. Strain gauges are used to predict the muscular contractions in non-inva-
sive way to forecast the muscle strain for every shot during sports activity. The designed
wearable system includes the integration two strain gauge sensors placed on human arm,
along with the temperature and pulse sensor encapsulated into a separate module. The
developed system measures the strain, temperature and pulse rate in real time and updates
the player with these details instantly. A dedicated user interface is developed so that the
player and the coach can review the health details instantly in his mobile or laptop. The
prototype is powered with a 10,000 mAh rechargeable battery.

Keywords Wearable device - Biometric data acquisition - Sports training - Strain gauge
sensor - Non-invasive

1 Introduction

Sports always play a major role in human life and with the advent of new technology it is
gaining importance in recent years. Low cost and miniaturization of devices led embed-
ded system to monitor the sports activities and biometric applications. In [1] sensors are
used to monitor the physiological variables such as strain, force, vibration, muscle activ-
ity, temperature and heartbeat rate. Monitoring the real time details of a player helps to
improve his performance and access his physical parameters instantly as in [2]. Sometimes
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overstrain might lead to injuries to the player. Early signs of injury to soft-tissues are read-
ily detected, letting coaches relieve players before serious problems arise. A muscle con-
traction sensor was developed to measure muscle contractions in a non-invasive way [3]. It
was implemented and tested by analyzing the values in time domain with the actual force
developed by the muscle. Connaghan et al. [4] the vital signs of the player such as tempera-
ture, heart beat are captured in real time to know the fatigue and endurance of the player
during his practice sessions. The wireless communication has enabled wearable devices
embedded with sensors and wifi to easily communicate the physiological information to
the user via smartphone or his laptop [5].

A wearable system was designed that can detect a particular movement or they support
only the fitness metrics like heart rate, calories burnt, etc., but do not provide information
on the muscle force that cause strain [6]. But the proposed wearable device measures the
arm strain encountered in a particular stroke and also measures the on field body tempera-
ture and heart rate of the player during the training sessions. So this would help to under-
stand the mechanics of human movement and motor control. The physiological responses
like heart rate, oxygen uptake, respiratory exchange ratio, energy expenditure of batsmen
were determined during a simulated One day International century match [7, 8]. The pulse
rate variation and blood oxidation content were measured by a wrist wearable device with-
out disturbing the user in any way [9]. Monitoring the physiological parameters like respi-
ration rate and volume changes is possible with low power piezoelectric sensors like resis-
tive strain gauge [10]. These sensors can be combined with Bluetooth units in wearable
device and measure the parameters continuously.

A methodology was proposed to measure strain using strain gauge sensor where the
data acquisition is done by low cost microcontrollers [11]. The results obtained were satis-
factory and was verified by using finite element analysis software. The strain gauges were
used to detect muscle contractions and showed a better result compared with electromyo-
graphy sensors [12]. Continuous excessive strain in ankle joints will lead to tear in liga-
ments. The strain was measured by applying various degrees of stress to the ankle joint and
stated the maximum strain rate [13]. The strain gauge sensors were used to find the muscle
contractions, which were directly related to change in length of the sensor during muscle
contractions [14].

Based on above related work discussed, this paper focuses on developing a wearable
device which measures the strain encountered by a cricket player while playing various
strokes during his training session and also measuring other basic parameters like heart
beat rate and temperature.

2 System Architecture

The magnitude of vibration on the muscles during various strokes may lead to strain and
overload the players. In games such as cricket the delivery speed of the ball is greater than
150 kmph for fast bowling. The batsman has to release a proper shot to encounter the ball
coming with such high velocity. There are possibilities for the arm to get strained. Measur-
ing the muscle activity at this point gains importance. A system is proposed to measure the
strain, temperature and heart beat rate of a cricket player. From these details the informa-
tion about the physical state of the player can be derived. Figure 1 shows the design of the
proposed system.
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Fig. 1 Architecture of the wear-
able system for biometric data
acquisition

Player with
wearable device

| | Application
(Smart phone or
Laptop)

The proposed system consists of three modules: (1) Wearable sensor module for record-
ing strain, temperature and heart beat rate. (2) Processor module and (3) User Interface
module to access real time details. All complex process is performed in the processor. The
individual modules are presented in detail.

2.1 Hardware Design

The system hardware is designed to measure the player’s biometric information. The wear-
able device is placed on the players gloves to acquire the data. Strain gauge sensors are to
be placed on the either side of the elbow for recording muscle contraction while playing
various shots.

The heart beat sensor is placed on the fingertip and temperature sensor is placed on
the wrist of the player. The sensor placement does not disturb the player’s performance.
Figure 2 shows the placement of wearable device on the players arm. This data acquisi-
tion module operates solely measuring biometric data of the player in real time. The strain
gauges which are well known for their accuracy, light weight, flexibility and low sampling
frequency are considered a great interest for strain measurements on the human body.
Basically the training lasts for 2—4 h, so the module is powered by Lipo rechargeable bat-
tery with a specification of 10,000 mAh battery which can lasts for 2 days and it is easily
rechargeable so it can be used for prolonged time. Figure 3 depicts the block diagram rep-
resentation of the proposed wearable device hardware.

The processor employed is a 64 bit RISC ARM cortex A-53 processor. Since the
input from the strain sensor is too low it is amplified by HX711 amplifier and is con-
nected to the processor via I2C bus. Also the temperature and pulse sensor is the other
input to the processor and they are connected through ADS 1115 an analog to digital
converter (ADC). External memory can be connected to the processor. With the inbuilt
wifi module data can be transferred to the user form the processor. The strain gauge
sensor along with its amplifier, heart rate sensor and temperature sensor are integrated
into a separate module to avoid misplacement and can be easily replaced in case of
damage. The module is fabricated separately to hold the sensors. Conductive tracks for
ADC, amplifier, resistors and interface with the processor are designed and laid out on
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Fig.2 Biometric data acquisition device position

Fig. 3 Block diagram representa-
tion of the proposed wearable
device
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System
Power
Supply
Power Distribution
System —> /O
USB
Broadcomm
VideoCore [—>{ SPI BC
GPU
ARM CORTEX A-53
I’C
Memory Card > SPI
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Amplifier
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Strain gauge
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the printed circuit board. This board is then interfaced with the processor. So the circuit
remains undisturbed and the sensors can be replaced easily in case of impairment.
Figures 4 and 5 shows the hardware setup and the fabricated printed circuit board.

3 Biometric Data Acquisition

This section discusses the details regarding acquiring biometric data like strain, temper-
ature and heart beat rate. The performance of the proposed system was tested on cricket
players. Figure 6 shows the workflow model.

@ Springer



Monitoring Biometric Data of a Player Using a Wearable Device... 985

Fig. 4 Hardware setup of the = HX711 amplifier
wearable device =

Arm Cortex A-53

Pulse

Temperature sensor

sensor

Fig.5 Submodule -fabricated
PCB front and back view

Strain in muscles might happen due to repeated activity in a particular portion of the
body. During training sessions due to eagerness and involvement the player might over-
strain his muscles without knowing that his body is strained too much.

It is now essential to concentrate on the health aspects of the player during their
sports activity. So the system aims to measure the temperature and heart rate of the
player. Table 1 gives the characteristics of the wearable prototype system.
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Fig.6 Work flow model of Bio-
metric data acquisition Player

|

Biometric
Information

v v

Strain Temperature Heart beat
data data data

USER INTERFACE

Strain Temperature Heart beat rate

Table 1 Characteristics of moniotring system

Sensors used Strain gauge sensor—350Q, Gauge factor—2
Pulse sensor—+3 V/+5V
Temperature sensor—— 55 to 150 °C

Sensed parameter Strain in arm muscles, Heart beat rate, Body Temperature
Connectivity Wifi

Dedicated user application Yes

Real time bio-feedback Yes

Method Non-invasive

Battery Lipo rechargeble battery—10,000mAh

Wearable Wrist worn

Easy replacement of in case of sensor damage  Yes, a separate hardware for the sensor module

3.1 Strain Measurement

Strain gauge sensor can measure strain in human arm. These low-powered piezo-resis-
tive sensors can be integrated with the processor and Wi-Fi units, and thereby can be
useful in monitoring the strain in sports activity, in everyday training sessions. Strain
measurements can predict the location of injury and the performance of the safety wear
being used by the batsman etc. In this paper, we demonstrate that it is possible to meas-
ure strain in arm using a wearable strain sensor placed directly on the arm of the player.
Strain in the arm is increased when the elbow was moved into greater degrees of rota-
tion and inversion.

This paper presents a method for measuring strain by using a strain gauge sensor and
data acquisition is performed by a low power 64-bit processor with RISC architecture.
Figure 7 shows the signal conditioning is done by Wheatstone bridge and discretized
by HX711, which is an analog to digital converter (ADC) connected external to the
processor. Figure 8 shows the strain for three different cricket shots obtained from the
proposed wearable device.

@ Springer



Monitoring Biometric Data of a Player Using a Wearable Device... 987
GND GND
DT GPIOS
SCK GPIO6
VCC VCC
Fig. 7 Interfacing diagram of strain gauge with the processor
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Fig. 8 Strain, temperature and heart beat rate seen in application for a straight drive, b pull shot, ¢ cut shot
and d no shot respectively

3.2 Heart rate Measurement

The pulse sensor has a light sensor on one side and an amplifier circuit on the other side.
The LED on the front side of the sensor is placed on the wrist of the player. The emit-
ted light will fall on the vein directly and the rate of blood flow can be monitored form
which the heart beat can be calculated. The analog output form pulse sensor is interfaced
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Table 2 Heart beat values of the

Heart beat rate Time (s) Heart beat rate Time (s)
players

118 200 120 1000

119 400 118 1200

119 600 112 1400

121 800 114 1600
Table 3 Skin temperature Skin temperature Time (s) Skin temperature Time (s)
measurements °C) °C)

35.25 200 36.03 1000

35.42 400 35.52 1200

36.26 600 36.41 1400

36.44 800 36.43 1600

to the processor through ADS1115 ADC module via [2C communication since the proces-
sor accepts only digital inputs. Table 2 gives the heart beat rate values of player at different
time intervals.

3.3 Temperature Measurement

Skin temperature is important in many research and applied settings and using sensors
affixed directly to the skin surface is common for this purpose. LM35 temperature sensor
provides a good support for direct skin contact continuous temperature measurement and
measures the body temperature (in °C). The scale factor is 0.01 V/°C.

LM35 sensor which is placed on the wrist is connected to the processor through one of
the channels of ADS1115 ADC module and the output format is adjusted to get a working
thermometer in Celsius. Since continuous temperature output is not necessary, the tem-
perature was recorded for every 10 s. Table 3 gives the temperature changes of a player
at various time instances. The main finding of this study is, the skin temperature read-
ings were changing constantly, as batting is performed for extended period. The reasons for
such temperature variations are different levels of activity during practice, sweating rate,
stress level etc.

4 Results and Discussion
4.1 Software Design

An interface between the system and the user is made and the app is designed using Tkinter
and Node-RED supported by python. The strain details along with temperature and heart
beat rate of the player is monitored and the updates are given instantly. The recorded data
can be accessed both by the player and the coach. Figure 8 shows the strain details of shots
like straight drive, pull shot and cut shot in cricket, the temperature and heartbeat of the
player in his mobile or laptop.
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Fig.9 Strain measurements from data acquisition device a Straight drive, b Pull shot, ¢ Cut shot, d Still

pose

Table 4 Comparison of strain

measurements

Shots Wearable device Data acquisition  Error
device

Straight drive 0.15 0.12 0.03

Pull shot 0.27 0.24 0.03

Cut shot 0.32 0.2 0.12
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4.2 Strain Measurement Accuracy

In order to verify the results obtained using the wearable device, a verification of the
same is done using LabVIEW and NI data acquisition devices. For the hardware, the half
bridge strain gauge which is placed on the human arm is connected to NI 9236 module that
includes the necessary signal conditioning to perform the strain measurement including,
applying excitation voltage and completing the half bridge strain gauge. It’s then connected
to the computer using USB.

Figure 9 shows the strain measurements of the batsman for straight drive, pull shot, cut
shot and still pose obtained from NI data acquisition devices. Still pose is recorded when
the batsman is not performing any shot. The results obtained from wearable device are in
agreement with the results obtained from NI data acquisition devices and demonstrate that
the proposed system has satisfactory accuracy.

Table 4 gives the comparison on the performance of the wearable and data acquisition
device. It is inferred from the table that the wearable device performs in a better way with a
maximum strain error of only 12%. Table 5 shows the comparison of the proposed system
with the existing system.

5 Conclusions

A wearable miniature device to find the strain encountered by the player along with meas-
uring heart rate and temperature is developed. The designed wearable prototype acquires
the biometric information in a non-invasive manner. The interactive user interface provides
instant updates about the physiological information of the player.

With required break and relaxation the player might know when it’s time to push for
athletic activity. In future intelligent data algorithms can be developed to predict the strain
while playing. Extensive collection of input data is required to predict the internal forces
generated during dynamic movements. The prototype developed should be realized as a
miniaturized commercial market available wearable device. These are challenges which
have to be addressed in the upcoming research.
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