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Abstract

With the rapid growth of a number of elderly people around the world, an increasing need has arisen in providing physical
security to them. Researchers have been working in developing such monitoring systems for the past decades. However,
the needs of elderly people and their families are yet to be fulfilled, especially since the developed existing systems need
their users to change their lifestyles. This work aims at suggesting a system for monitoring the occupancy of an elderly
person on the bed. Capacitive proximity sensing system has been proven to be a probable solution for indoor localization,
which senses the presence of a human body. Nevertheless, the requirements for installation are many, which make the
integration costly. In this paper, a flexible and integrated solution is proposed that makes use of inexpensive, open source
hardware, allowing indoor localization and fall detection. The bed monitoring system is made up of aluminum sheets
sensor electrodes installed under the bed sheets to detect the sleeping patterns of the subject. An alarm system has been
integrated into the room to enable the elderly to call for help during an emergency. Presence detector and light controlling
device are installed on the floor surface to detect the mobility of the elderly and turn ON/OFF the room lights automatically.
The proposed system allows elderly people to live independent living at homes with all amenities.
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1. Introduction

This work describes the design of a real-time sensing
system which aims to make lives of elderly people safer
and more reliable. Monitoring and safety make two major
regions of concerns in health care homes establishments.
Monitoring parameters include their daily activities, social
interactions, sleep patterns, and other health indicators'.
Safety is related to falling incidents, one of the biggest
issues about the elderly homes’. An elderly person
accidentally falls may have terrible medical conditions,
which deteriorate the quality of life besides being costly
expenditures. Monitoring a subject in bed can reduce the
falling incidents or going into the toilet as a huge number
of fallings occur in such conditions®.
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Several ongoing research works have been reported”"?
giving a comprehensive description of the existing such
systems. Some of such monitoring systems include video/
camera, passive infrared sensors (PIR), motion sensors,
Doppler sensors, radars, capacitive sensors, floor sensors,
and so on as listed in Table 1.

All the mentioned technologies serve a good purpose
on monitoring the elderlies daily life activity, but an
essential point to be noted is that capacitive methods for
human monitoring applications are drawing the most
interest because they offer a technique to protectindividual
privacy, their sensing electrodes are not required to be
noticeable to the user, they can be used to distinguish
between both the static and moving subjects, and they
can be deployed with sizeable electrodes covering large
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areas, and yet less'*'¢. This paper has reported the design
and development of a monitoring system, which will
aid in monitoring the elderly at home. The monitoring
of the elderly in the bedroom is analyzed. The quality of
sleep can indicate the wellness of the elderly. When he/
she gets sound sleep, sensors will give stable signals. On
the contrary, when the person lacks from enough sleep
or moves ceaselessly during sleep, the signals will not be
stable. Accordingly, irregular activities can be identified.
If the person leaves the bed at night, that time duration
for which the bed is unused is also monitored.

2. Motivation and the Need for
Bed-Sensor

In the development phase of an elderly monitoring
system, essentialities for integrating a bed check
monitoring system with the existing system have been
realized. The target behind using this kind of sensor is to
observe the time used in bed by an old person who lives
on his own in a house. The person may require an urgent
medical need or an abnormal situation might occur. The
developed system presented in this work can provide a
preventive solution to avoid any sudden accidents in the
home environment in absence of a caregiver.

Let us assume two different types of circumstances,
which a person can face while living unaccompanied.

Table 1.

Overview of the existing monitoring technologies

o A person is habituated to get up from bed every
morning at a specific time. However, on a particular
day, that person may not feel like getting up from bed
at that specific time. This indicates that the person
may have a severe health issue or he/she is not capable
of moving out of the bed due to ill feelings.

o Aperson is habituated to use the bed at a definite time
every night. If on a particular night he/she doesn’t go
to bed according to his schedule, it may indicate that
the person might have severe health issue or he/she
fell down somewhere in the house which is why he/
she is not able to use the bed at that time and also he/
she needs medical aid.

o In these kinds of circumstances, the bed monitoring
sensor can be effective. By analyzing the data from its
database, the system will be able to decide whether
to trigger an alarm signal or stay quite. If the need
to trigger the signal is felt, it will alert the caregiver
as well.

3. Capacitive Sensing Overview

Capacitive proximity sensor operates on the basis that
human body is made up of ionized water; thus contain
some electrical properties including conductivity. By
applying an electric field'”*$, the human body can easily
be influenced. Usually, with an application of a specific

Technology Advantage

Disadvantage

Video cameras’” - Provides direct information

- Raises privacy concern

- High cost of installation

- Requires high computing powers

- Affected by lighting and shadowing

- Line-of-sight requirement from the user to the camera

Passive Infrared - Compact in size

- Not very accurate as they are sensitive to temperature

Sensors’ - Cost effective - Unable to monitor motionless or slow moving human body
- Less power consuming

Sound/Audio - No privacy issue raised - High cost

sensors’ - Consumes more power

- Complex structure

- High level of interference by the environment
- Extensive cabling is required

- Need to carry a device by the user

Wearable device’ - Increase efficiency in health monitoring
- Increases research scope in nanotechnology

- Uncomfortable, need to be worn at all times

Electric Field
Sensing’

- Non-intrusive
- Low cost

- affected by humidity and temperature
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voltage to the sensor, a uniform electric field is generated.
A capacitance is generated animatedly when a human
body is in contact with the sensor. The capacitive sensor
controller can determine any change in the electrical field
due to the presence of any human or conductive object
coming close to the sensor. Therefore, any change in
capacitance formulates a decision of human proximity;
thus making the system appropriate for being installed
under the carpeting in a room®. In addition, through
signal processing, different types of human activities can
beidentified. The capacitive behavior existing between two
conductive parallel plates can be formulated analytically.

c-2 (1)
14
Czsoeré Cocl
d and thus d (2)

The equation states the proportional relationship
between capacitance and the plate area A; and the anti-
proportional relationship between capacitance and the
distance d between the plates. The relative permittivity of
the dielectric between the plates is expressed as relative
premitivity, er. Sensor electronics are made grounded
with the body behaving as the ground itself. By applying
a constant voltage V, the sensor plate is charged. A large
value of capacitance makes the system hold a large charge
Q. The conductive object behaves as the second plate, thus
enhances the capacitance C by reducing the distance d.

Figure 1 shows the basic setup for human localization
using proximity sensing sensor setup?*?'. The sensor forms
a parasitic capacitance Cp with the surrounding ground,
and an electric field fringe is formed on top of the sensor
area. If any human walks above this sensor, it changes the
electric field lines and adds a human body capacitance
Cbody to the sensor. This enhances the value of sensor
capacitance from Cp to Cp + Cbody. By incessantly
calculating the sensor(s) capacitance and looking for
an abrupt change in capacitance, a microcontroller can
determine whether a human body came in contact with
the sensor. Here, the parasitic capacitance of the sensor
is not taken into account. The microcontroller keeps on
looking for an abrupt variation in capacitance and if this
variation is more than a specific threshold, a human body
presence is identified and reported.
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Figure 1. 'When a conductive object (human body) comes
near the sensor, a capacitance Cbody is introduced which is
parallel to the parasitic capacitance CP.
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Figure 2. Placement of the sensors.

4. Implementation of the
Proposed Design

The proposed system is developed for senior citizens
who live alone, with the aim to monitor their sleep
routine. Sensors are integrated under the bed cover (S1,
S2, and S3), on the floor surface (S4) as seen in Figure 2
and a manual switch (M1). The sensors are made from
capacitive elements (aluminium sheets), three capacitive
sensors (Sensor 1, Sensor 2, Sensor 3) are set to be placed
underneath the bed covers which will monitor the
position of the subject on the bed, either the patient is
lying down or sitting up. Sensor 4 is placed on the floor
beside the bed, which will monitor the leaving state of
the person, hence controlling the room lighting device.
A flow chart is illustrated in Figure 3 demonstrating its
working principle. The algorithm of the system is divided
into two parts, the first part is based on the detection of
an elderly being present on the bed, and the other part of
the algorithm is based on turning ON/OFF of a lighting
device when the elderly steps out of the bed.
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Figure 3. Workflow algorithm of the bed monitoring system.

In order to detect the occupancy of the bed, the
system checks whether the three sensors S1, S2 and S3
are activated. If the system finds that all three sensors S1,
S2 and S3 are in the active state, it will be notified that
a person is in the lying down position. However, if any
other combination is detected, it will be notified that the
person is in the sitting down position and a timer will be
activated for a certain time and monitor the length of time
a person is taking to sit. If the time taken is more than 15
minutes, an alarm will activate as well as a help request is
sent to caretakers.

When the three-bed sensors including the floor
sensor detect nothing, the system senses an inactive state
of all the three sensors, and after 15 minutes of the waiting
time, an alarm will activate to notify the caretakers about
the unusual occurrence.

Sensor 4 is activated in the presence of a person. Once
activated a lighting device (green LED) will turn ON.
However, if the person wanders off to the bathroom for
too long, that is more than 15 minutes, an alarm will be
triggered.

Figure 4 shows the complete circuit diagram for the
bed monitoring system. The connection is integrated with
the Arduino UNO microcontroller. The receiver pins
and the send pins of the sensors S1, S2, S3, and S4 are
connected to the microcontroller’s digital pins (4, 2), (4,
3), (4, 5) and (4, 8) respectively.
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Then the Arduino is programmed for turning ON a
relay, turning ON and OFF when Sensor 4 is activated
uses the relay to control the lighting device in the room.
The ground of the relay is connected to the receiver pin of
Sensor 4, and channel 1 of the relay is connected to digital
pin 7 of the Arduino.
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Figure 4. Complete circuit diagram of the bed monitoring
system.

Furthermore, a manual switch button M1 is connected
to the Arduino, for the purpose of manually controlling the
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lighting device. The switch button has three connection,
+5V, GND and digital pin 8 of the Arduino. Again this
manual switch can be used as a manual reset button for
the caretakers to manually reset the system. The buzzer is
connected to digital pin 6 and a red LED will blink when
the buzzer is trigged by the Arduino.

5. Results and Discussion

The proposed device illustrates a combination of several
results which are shown below. When the person is
detected as lying down position, the system will show
normal state which is no alarm or LED light remains
turned on as seen in Figure 5.

Figure 5. S1, S2, and S3 are active indicating the patient in
lying down position.

If the patient is sitting down on the bed only, with the
combination of any one or two sensors being active, the
device will detect as sitting down position of the patient,
see Figure 6(a). But if the sitting down position exceeds
15 minutes, an alarm will be trigged with buzzer and red
LED indicator will be shown as in Figure 6(b).

(a) (b)

Figure 6. (a) Any one or two sensors are activated, the
system notifies as sitting down position. (b) When sitting
position is exceeded.

Furthermore, if the patient activates sensor 4 while
sitting, it would mean “the patient wanting to go to the
bathroom” or anywhere else. Then the room light system
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will be turned on through a relay. The green LED as seen
in Figure 7 represents the room light.

Figure 7. Any one or two sensors are activated, along with
sensor 4, given an indication of the person ready to leave

the bed.

If the person gets off the bed, the room light will
remain turned ON, see Figure 8(a). When the person
does not return back to the bed after 15 minutes the red
LED will turn ON. An alarm is activated to notify to staft
on duty hat the person has wondered off.

(a) (b)

Figure 8.  (a) Rooms light turned ON, when the person
leaves the bed. (b) When the person does not return to bed
within 15 minutes.

Finally, the manual button function is shown in
Figure 9. If the person decides to manually turn off the
lighting device or turn off the alarm, he or she can do so
by pushing the manual button M1.

(a) (b)
Figure 9. (a) Manually turning off the lighting device. (b)
Turning off the alarm manually.
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6. Conclusion and Future Work

A reliable bedroom system has been proposed and
implemented for monitoring the sleeping pattern of
a person, based on which health conditions can be
predicted, possible namely restless sleep, and fast change
in scheduled activities or atypical changes in the regular 3.
routine chores of a person. Furthermore, the proposed
system is able to monitor the availability of the person on
the bed; the exit/entry of the person from the bed as well
as the system is able to turn on the light automatically.
It can be concluded that the system is low cost since it 4.
is based on capacitive sensing. The presented system is
easily extendable and a new sensor can be added and

removed at any time. The system is capable of storing a >
patient’s physiological data for an entire day and also for 6.
a week as well. However, there is one major drawback in
this system that is the system can be only implemented
in homes using raised flooring system in order for the ;

system to be unobtrusive. Additionally, the proposed
system’s precision and reliability could not be fully
ascertained, as the experiment is not conducted using
an arbitrary bed. The bed monitoring system offers an 8.
inexpensive measurement device, as the designed system
is implemented using basic laboratory components,
likewise, the power intake of the hardware system is also
less since fewer components are being used. The proposed 9.
system can be viewed to be absolutely safe for the human
beings since the formed electric fields in the human
body are below the International Commission on Non-
Ionizing Radiation Protection (ICNIRP) set reference

restriction level*?]. Here a 5V excitation is supplied which 10.

will produce an electric field lower than 4.32 V/m, that is,
the maximum limit set by ICNIRP for human safety. In
future the presented system can be extended to include
more sensors that can measure more added parameters
like the usage of the bathroom, this can be determined 12
by the usage of the toilet flush, and the water usage of the
bathroom sink by placing the capacitive electrodes at the
watering pipe system.

13.
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