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Preface

It is our great pleasure and honor to bring you to this collection of articles from the 2019 2"
International Conference on Software Engineering and Information Management (ICSIM 2019)
and its workshop 2019 2" International Conference on Big Data and Smart Computing
(ICBDSC 2019) which were held in Bali, Indonesia on January 10" - 13" 2019.

The primary focus of this conference was to bring together academicians, researchers and
scientists for knowledge sharing in various area of software engineering, information
management, big data and smart computing. The ICSIM 2019 and its workshop ICBDSC 2019
served as a good platform for scientist community where participants met to exchange ideas.

The evaluation of all the papers was performed based on the reports from anonymous reviewers,
who were qualified in the fields of software engineering, information management, big data and
smart computing. We received 106 papers, and 56 papers were selected to presentations coming
from countries and regions: Canada, USA, China, South Africa, Malaysia, Philippines,
Indonesia, Jordan, Japan, India, Turkey, Viet Nam, Australia, South Korea, United Kingdom,
Papua New Guinea, and Taiwan.

We would like to thank our keynote speakers who were pleased to make contributions to our
conference and shared their new research ideas with us. They are Prof. Rajkumar Buyya, IEEE
Fellow, Director of Cloud Computing and Distributed Systems (CLOUDS) Lab, The University
of Melbourne, Australia and CEO of Manjrasoft Pvt Ltd, Melbourne, Australia; Dr. Eko K.
Budiardjo from University of Indonesia, Indonesia; and Prof. Dr. | Nengah Suparta from
Universitas Pendidikan Ganesha (Undiksha), Indonesia.

We also express our heartfelt appreciation to our chairs, sponsors, program chairs, technical
committee members, organizing committee members, authors and delegates, who made a lot of
efforts and contributions. Thanks to their support and help, we have held this conference
successfully and always keep making progress. Finally, we also would like to take the
opportunity to thank all reviewers who reviewed a huge number of papers. Last but not least, I
would like to express our gratitude to local organizing committee members for their efficient
assistances in holding the conference.

Yours sincerely,

Conference Chair
Dr. Hadi Sutopo
Kalbis Institute, Indonesia
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Real Time Floor Sitting Posture Monitoring using K-Means
Clustering

lwan Aang Soenandi

Meriastuti Ginting

Budi Harsono

Department of Industrial Engineering Department of Industrial Engineering Department of Electrical Engineering

Faculty of Engineering & Computer
Science
Krida Wacana Christian University
Tanjung Duren Raya No. 4 Jakarta
11470, Indonesia

iwan.as@ukrida.ac.id

ABSTRACT

The production of Emping Melinjo is one of cottage industries in
Cilegon, Banten, which has a great potential to grow because of
the high demand of the product. The major workforces in the
production are females who do the labor at home. However, due
to the traditional practice in the activity, workforces conduct their
activities while sitting on the floor and this turned to be a potential
health problem during work, such as LBP (Low Back Pain). In
this paper, we proposed to build the data acquisition system for
working posture and build the monitoring system that can prevent
static postures. This proposed system is based on positioning
posture with data clustering method using pressure measurement
by 4 position sensors. Based on these 5 clusters, we defined the
tracking postures as: in the middle position, backward position,
forward sitting posture, and laterally tilted left or right sitting
posture.

CCS Concepts
«Computing methodologies—+Machine learning—Learning
paradigms—Unsupervised learning—Cluster analysis

Keywords
Low Back Pain; Sensor; Static Sitting Posture; Data Acquisition;
Clustering.

1. INTRODUCTION

The production of Emping melinjo is one of agroindustry-products
which have a great potential to be developed since it contributed
more on economic growth by creating job opportunities and
alleviating poverty. In the current situation, this industry appeals
well as a family economic activity in which it is easily
implemented, can be done as part-time job and does not require
any special skill so that rural women or housewives can run both
public role and domestic role at the same time. Commonly, this
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production activity is performed manually on the floor and this
job was classified as a repetitive task, implying that it has major
risk factor that is associated with musculoskeletal symptoms. As a
nature of traditional, cottage industries, on-floor or ground sitting
postures are unsurprisingly popular, as portrayed in Figure 1.
References often assume such awkward sitting postures, if
maintained for prolonged period, would likely be a risk factor for
low back pain (LBP)[1][2]. Thus, the purposes of this study are to
assess the movement of body postures in real-time on-floor work
and to identify the static and awkward sitting postures during
work in definite interval.

The optimal occupational sitting position and sitting behavior has
been extensively discussed in the literature during recent years.
They discussed about the thought of an ideal sitting position with
upright posture has been strongly questioned [3] and has been
slowly replaced by the concept of “Dynamic Sitting”. A literature
review conducted by Pynt et al.(2001) [4] suggests that there is no
ideal sitting posture. According to these authors, some regular
movements and a good seated posture is essential for preventing
LBP [5][6].

In this case, pressure sensors have been widely used to identify
the working posture in real time. In previous research, many
systems tended to use components like force sensitive resistors
(FSR) that connected to circuit boards (PCBs) [7]. Furthermore,
all this sensors are attached to microcontrollers such as Arduino to
get real time data acquisition using laptop.

Recent advances in real time measurement and data mining
problems have proposed the use of machine learning algorithms in
many researches. In this case we are agree that machine learning
algorithms have the advantage of minimizing errors by training
the problems through optimization and tuning and have recently
been used in various practices, such as classification of sitting
postures [8-12]. However, in the classification of sitting postures,
the system needs to be calibrated (trained) well. In this study, we
would like to propose another perspective of machine learning by
using clustering method to analyze the on-floor sitting position
and classify data with identical characteristics into certain classes
in which the similarity of intra-class is maximized or minimized
[13]. The limitation of this study is the data was obtained from
female worker only and ruled out the environmental factors.

2. METHODS
2.1 Definition of Floor Sitting Posture

The initial step in this research was analyzing the posture of
workers during approximately 5 hours of working a day. The


mailto:budi.harsono@ukrida.ac.id
mailto:Permissions@acm.org

workers did their activity in on-floor sitting position as presented
in Figure 1. This step included the analysis of the relation between
sitting posture to LBP, which was completed by questionnaire
spread to random female workers in the cottage industry area and
by using SPSS to process the data.

A |

Figure 1. The on-floor working posture

The results of SPSS are as shown in Table 1, indicating that there
was a significant correlation between working posture,
particularly static posture, to the LBP. In detail, the LBP was
correlated to static position with a correlation efficient of 0.786 by
Kendall's test and 0.870 by Spearman test.

Next, based on the observation to the working posture, we
assumed the classification of the on-floor sitting postures were as
follows: middle position, backward position, forward sitting
posture, and laterally tilted to the left or right sitting posture. From
this classification, we analyzed the number of objects in the
clusters which were considered to be representing the working
postures in the process of emping production

Table 1. Correlation analysis between LBP and static position

Correlations

Static
LBF Position
kendall'stau_b LBP Correlation Coefficient 1.000 788"
Sig. (2-tailed) .000
& 20 20
Static Correlation Coefficient 786" 1.000
Position  Sig. (2-tailed) .oan
I 20 20
Spearman'stho LBP Correlation Coefficient 1.000 870"
Sig. (2-tailed) 000
I 20 20
Static Correlation Coefficiernt 870" 1.000
Position  Sig. (2-tailed) .00o
I 20 20

**. Carrelation issignificantatthe 0.07 level (2-tailed).

2.2 System

This research was developed based on concept that the pressure
sensing interfaces have demonstrated a good accuracy in the
detection and tracking of posture for research purpose. In our
work, we used the fabric based pressure sensor namely FSR
Interlink 406 Square form; with the advantages of its flexibility in
placement position, not expensive and easy to connect with
microcontroller [14]. Due to the fabric nature of this sensing
method, it has vast potential to be embedded into several common
objects that we daily interact with. We used conductive fabric-
based sensors on a chair to monitor real time movements in a
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user’s sitting posture. The positioning of sensors S1, S2, S3 and
S4 is shown in Figure 2.

S1 S2

|~
S3 sa ( L

Figure 2. The arrangement and structure of FSR pressure
sensor

In this study, we divided our system into 2 phases. Firstly, we set
the system as real time data acquisition to collect the posture data
during all-day work using Excel PLX-DAQ. Next, we designed
the system to monitor the good practice of ground-sitting working
postures and movements by using 4 sensors to collect the data
within 3 minutes interval. This arrangement is unique to our
system.

SENSOR 1

SENSOR 2

nRF24L01
Transmitter

nRF24L01

ARDUINO M
Receiver

UORIBUUO) SSAIM

-

e PLX-DAQ
e ORANGE
o XLSTAT

SENSOR 3 Y

SENSOR 4

@)

SENSOR 1

LAMP

SENSOR 2

ARDUINO

SENSOR 3

BUZZER

SENSOR 4

(b)

Figure 3. The structure of two modes of proposed system (a)
Data acquisition mode, and (b) Monitoring mode

The main components of the sensor cushion are described in
Figure 3 as data acquisition then applied for monitoring mode,
using seat (foam cushion) that attached the four square-formed
pressure sensors FSR Interlink 406, NRF24L01 wireless
communication and a power bank for power supply. All
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components were connected to Arduino Uno Microcontroller that
encased in the lower left side of the seat cushion. The encased
panel has lamp to notify the user about the connection and power
status, and the alert for work posture.

3. RESULT AND DISCUSSION
3.1 Clustering

It is necessary to get real-time data during the working time for
initial step of clustering, thus the system was set as a data
acquisition system. Additionally, we have developed the system
using wireless data acquisition system to improve the convenience
in the time-consuming data acquisition process.

In real-time we set the real-time data collecting with interval of 1
minute while the working hour was 4 hours a day, resulting the
dataset obtained was 240 data of work postures for each female
worker. To obtain proportional data within each posture, we have
briefed the female workers to move their body in five certain
ways in each interval.

Next, we analyzed these data using Orange data mining software
to find the optimal cluster of the data as schemed in Figure 4.

1

Data Table

o032
Data

O — &

k-Means}

4/0
¥

Q,
File RS

Matching-Data -
E‘ . DataSubset | »2¢
»

Scatter Plot
Select Rows

Figure 4. The model of K-Means Algorithm in Orange

In this work, we used scoring with Silhouette (heuristic) to find
out the optimal cluster while for distance measurement we
employed Euclidean method and random initialization. Data
analysis performed using Orange resulted in output showing the
optimal cluster for 4 working-hour data was 5 Cluster (k=5), as
shown in Figure 5.
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Figure 5. The number of cluster optimization report

3.2 Tracking postures
For tracking posture monitoring, we determined the most optimal
number of cluster was 5 (k=5). The optimal cluster obtained from
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Orange data mining software and as
scatterplot is shown in Figure 6.
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Figure 6. The Scatterplot of (a) Sensor 1 and 2 , (b) Sensor 3
and 4

Based on these 5 clusters, we defined the tracking postures as: in
the middle position, backward position, forward sitting posture,
and laterally tilted left or right sitting posture.

Next, we run the K-means algorithm in XLSTAT to discover the
centroid of each cluster, shown in Table 2, and some results from
each class are shown in Table 3. These centroids were set into the
rules in Arduino to track the posture movement.

Table 2. Centroid Coordinate of each cluster

Class Sensor | Sensor | Sensor | Sensor Within-
1 2 3 4 class

variance
1 4.875 2.150 5.319 1.869 1.326
2 1.921 5.095 1.979 4,747 1.676
3 5.004 5.113 1.965 1.883 1.703
4 1.963 1.811 4,795 4.637 1.594
5 3.609 3.774 3.696 3.770 0.535




Table 3. Clustering by good posture class

Class 1 2 3 4 5
Objects 44 47 51 47 51
Sum of 44 47 51 47 51
weights
Within- 1.326 1.676 1.703 1.594 0.535

class
variance

Minimum 0.682 0.592 0.831 0.557 0.277
distance to

centroid

Average 1.074 1.225 1.224 1.196 0.640
distance to

centroid

Maximum 1.953 1.903 2.131 1.764 1.644
distance to

centroid

Table 4. Clustering by bad posture class

Class 1 2 3 4 5
Objects 44 72 42 55 27
Sum of 44 72 42 55 27
weights
Within- 1.323 1.461 0.664 1.703 1.594

class
variance

Minimum 0.706 0.475 0.312 0.831 0.557
distance to

centroid

Average 1.097 1.161 0.707 1.224 1.196
distance to

centroid

Maximum 1.908 2.058 1.758 2.131 1.764
distance to

centroid

Percentage of Bad Posture Cluster

Cluster 4
23%

Cluster 3
18%

® Cluster 1 = Cluster 2 Cluster 3 Cluster 4 = Cluster 5
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Figure 7. (a) The pie chart of bad posture clustering ,(b) The
pie chart of good posture clustering

3.3 Discussion

In this study, we proposed a system to monitor five on-floor
sitting positions by mounting only four low-cost load cells onto
the seat cushion to obtain real-time data during all-day working
time using clustering method. The system consisted of two modes:
data acquisition mode and another mode for tracking or
monitoring the working posture in real time basis.

The results of K-means optimal clustering using Orange data
mining software disclosed that five position (k=5) was the most
optimal number for clustering the pressure sensors data with
highest silhouette score of 0.63. With this 5 clusters of: middle
position, backward position, forward sitting posture, and laterally
tilted left or right sitting posture, we proposed the system
monitoring to prevent bad work posture using Arduino that was
supplied with lamp and buzzer.

As a result of tracking the working position using clustering
method, by assessing the number of objects in each cluster and
comparing it to the other clusters, this system has succeeded to
recognize the differences of working postures between each
worker. When the number of objects of each cluster is relatively
uniform, it represents that the operator conducted good working
postures, and vice versa. Furthermore, this system was connected
with buzzer to inform the working condition of bad postures.
After we tested the system during real working time in this
emping melinjo cottage industry, the system has succeeded in
reducing the occurrences of bad postures, especially static
working postures within the time interval of 3 minutes..

4. SUMMARY

To summarize, this present study has demonstrated the ability of
sensor technology along with machine learning analyses to
accurately cluster the various on-floor sitting positions. The
appliance of such novel approaches, namely performing direct
assessment with real time system with buzzer, could be a
promising option for development as to prevent bad working
posture due to on-floor sitting during work, which may cause LBP
specially for repetitive working type. Future studies will also
explore how the reliable of related measures correlate with
operator performance or injury.
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