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Abstract

This study aims to develop a smart belt that can be used to monitor elderly activities at home by integrating Multi-
Modal Sensors (MMS) and the Internet of Things (IoT). The MMS used in this study to collect elderly information is
the IMU sensor, vibration sensor, push button, and ESP32 to process loT data. Furthermore, the loT platform used to
transmit elderly information data from the smart belt to the family smartphone is Blynk. In this study, the smart belt
can monitor the activities of the elderly when walking, sitting, lying down, and sleeping. After that, the smart belt can
provide warning alerts when the elderly carry out abnormal activities at home. The results of this study show that the
smart belt can monitor the activities of the elderly when walking, sitting, lying down, sleeping, and warning alerts on
the family smartphone based on the integration of MMS and loT.
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1. Introduction

The elderly is a person who has reached the age of 60
years or older [1]. During this phase, the elderly will have
a reduced ability to perform activities, which means that
their family will need to provide them with special
assistance. In addition to monitoring the condition of the
elderly at home, the busy activities of family members
outside the home can pose an additional problem when
caring for an elderly relative who is alone at home.
Therefore, the urgency of this research is to build a smart
belt device that can help family members monitor their
elderly activities based on the integration of Multi-Modal
Sensors (MMS) and the Internet of Things (loT).

Some researchers have conducted studies on the
development of devices to monitor elderly activities
based on 10T technology. Hua et al. have developed a
device that can be used to monitor elderly activities using
ICE (10T Cares for the Elderly) [2]. In that study, the
researchers used a heartbeat sensor, a body temperature
sensor, and an Intel Edison platform to monitor elderly
activities based on the Internet of Things. Narasinghe et
al. have conducted a study to monitor and detect activities
of elderly care by integrating various technologies of
wearable and non-wearable devices connected to the
wireless network [3]. The researchers in that study used
the heart rate sensor and the PIR sensor to detect elderly
activities and the cloud system to store elderly
information using an internet connection. Cheng et al.
have presented an application to monitor elderly care
with 10T [4]. In that study, the researchers used the
ThingSpeak 10T platform and the ADXL345
accelerometer to monitor the elderly while doing
activities at home. Rupasinghe et al. conducted the design
and development of an loT-based device to track the
physical activities of the elderly using an accelerometer

sensor [5]. Firebase 10T platform was used to transmit
elderly information from the device to the smartphone of
the elderly family. Furthermore, Naeim et al. have
developed a device for monitoring elderly activities for
safety based on mobile 10T [6]. In that study, the
researchers used a low-cost prototype device to measure
heart pulse, detect falls, and determine the location of the
elderly, then used Blynk, Firebase, and Google Assistant
for the 10T platform.

According to the results of the study shown previously,
it can be seen that some researchers have developed
devices to monitor elderly activities using 10T. Therefore,
the contribution of this study is to develop a smart belt
that can be used to monitor elderly activities based on the
integration of MMS and IoT. In this study, we used the
IMU sensor, vibration sensor, and push-button for MMS,
and Blynk as an loT platform to transmit elderly
information from the smart belt to elderly activities when
the elderly is walking, sitting, lying down, and sleeping.

This paper consists of a fourth chapter to elaborate on
our study results. In the second chapter, we explain the
method used in our study to develop a smart belt to
monitor elderly activities. The third chapter presents the
results of our study. Then in the last chapter, we show the
conclusion and future work of our study.

2. Methodology

Figure 1 shows the architecture design developed in our
study to build the smart belt based on the integration of
MMS and IoT to monitor elderly activities.
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SMART BELT SMARTPHONE

Fig.1. Architecture design

According to the information in Fig. 1, it can be seen
that the sensor devices used to develop MMS in our study
consist of the IMU sensor, vibration sensor, and push
button. The function of the IMU sensor in this study is to
detect the activities of the elderly when they walk, sit, lie
down, and sleep. We detected it when the degree of
motion of the IMU sensor was observed following the
activities of the elderly. IMU sensor is a sensor device
that can be used to detect the degree of motion of an
object according to acceleration and gyroscope [7]. The
vibration sensor function in the smart belt is to confirm
that the elderly is moving when the IMU sensor detects
that the elderly walk, sit, and lie down. Then after that,
when the IMU sensor detected the elderly in a sleep
position and the vibration sensor did not detect the elderly
moving, the system confirmed that the elderly was in a
sleep state. The vibration sensor is a sensor device that
can detect the vibration of an object based on the
mechanical quantity received by the sensor and then
convert it into electrical current [8]. Furthermore, the
push button function is a security button that sends
elderly information when the elderly need helps or are in
an abnormal condition.

In this study, the microcontroller used to read and
process MMS and loT data is ESP32. ESP32 is a
microcontroller that can be used to process sensor data
for the controller, is low-cost and low-power, and is
integrated with the Wi-Fi and Bluetooth module on a
board [9]. The 10T platform used to transmit 10T data
between the smart belt and the smartphone in this study
is Blynk. Blynk is an 10T platform that can be used to
communicate 10T data between devices to an iOS or
Android smartphone over an Internet connection [10].
Furthermore, Fig. 2 shows the flowchart system
developed in our study to operate the smart belt based on
loT.

e Read IMU sensor
*  Read Vibration Sensor
*  Read Push Button

o IMU: Walk
* Vibration: On

Blynk IoT : “Walk™

o IMU: Sit

o Vibration: On Blynk IoT : “Sit” L
: &gfj;é_;z:dgz:n Blynk IoT : “Lie Down” T—|
:Eggif%g Blynk IoT : “Sleep” >

Blynk IoT : “Waming”™ —»

Fig.2. Flowchart systems

Based on the information in Fig. 2, it can be seen that,
in the first step, the smart belt reads the data input
received from the IMU sensor, vibration sensor, and push
button, then processes the IMU and vibration sensor data
to detect elderly activities. When the system detects that
the elderly is walking, the system then sends the
information from the smart belt to the family's
smartphone to inform the elderly that they are walking
using Blynk 10T, connected over the Internet connection.

Furthermore, when the elderly is sitting, lying down,
and sleeping, the system sends the information data to the
family's smartphone based on the information from the
IMU and vibration sensor, respectively. When the system
detects that the push button is pressed, the Blynk 10T then
sends the warning information to the family that the
elderly need helps or are in an abnormal condition. The
systems then run repeatedly until the power on the smart
belt is turned off.
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3. Results and Discussion

We have developed a smart belt that can be used to
monitor the activities of the elderly based on the
integration of MMS and loT. Figure 3 shows the smart
belt developed in our study.

Waist Belt

Belt Head:

e IMU Sensor
Vibration
Push Button
Battery

Fig.3 The smart belt developed in this study.

Based on the information in Fig. 3, to implement the
experiment, we used an IMU sensor (KKHMF, MPU-
6050) to detect elderly activities when walking, sitting,
lying down, and sleeping according to the degree of
movement of the IMU sensor (acceleration and
gyroscope), a vibration sensor (DKARDU, Piezoelectric)
to confirm elderly activities when walking, sitting, lying
down, and sleeping according to the vibration of elderly
moving, then push button as trigger for the smart belt to
send a warning to the family when the elderly is an
abnormal condition. The microcontroller used in our
study to process MMS data and loT is ESP32 (ESP32
DEVKIT V1) and then used the Blynk platform to
transmit 10T data between the smart belt and the family
smartphone.  Furthermore, Table 1 shows the
DATASTREAM ID and data type used to transmit the
elderly information from the smart belt to the family
smartphone using Blynk.

Table 1. The DATASTREAM ID and data type
are used to transmit elderly information.

Elderly Information | DATASTREAM | Data Type
Walking V1 INT, 0/1
Sitting V2 INT, 0/1
Lying Down V3 INT, 0/1
Sleeping V4 INT, 0/1
Warning V5 INT, 0/1

According to the information in Table 1, we use INT
data type 1 or O to confirm the activities of the elderly
when they walk, sit, lie down, sleep, and have abnormal
conditions. When the system detected that the elderly was
doing activities (walking, sitting, lying down, sleeping,
and abnormal conditions), the system then sent the INT
data of 1 to confirm that the elderly was doing the
activities. If not, the system sends 0 data information to
the family smartphone. Furthermore, Fig. 4 shows the

Developing a Smart Belt

activities of the elderly when walking, standing up, sitting,
and lying down, respectively. Fig. 5 shows the elderly
information on the family smartphone using the Blynk
application based on the Android OS when the elderly
walk.

(d)
Fig.4. Activities of the elderly when (a) walking, (b)
standing, (c) sitting, and (d) lying down.

Fig.5. Information of elderly when walking.
4. Conclusion

In this study, the development of a smart belt based on
the integration of MMS and loT that can be used to
monitor elderly activities when walking, sitting, lying
down, sleeping, and under abnormal conditions was
carried out. We used an IMU sensor, vibration sensor,
and push button for MMS and ESP32 as a microcontroller
to process MMS and IoT data, then Blynk for the loT
platform. In our study result, the smart belt can detect the
elderly walking, sitting, lying down, and sleeping on the
family smartphone.
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