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“If you want it,

You can fly,

You just have to trust you a lot.”
(Steve Jobs)
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Abstract

“Older people are a rapidly growing proportion of the world’s population® Said NIA
(National Institute on Aging) Director Richard J [1].

Based on world population prospects 2019 (United Nations, 2019), in the year 2050
in every 6 people 1 person in the entire world will have the age over 65 in comparison
with the year 2019 in which in every 11 people 1 person will have the age above 65
[2].

However, as people age, they face a series of mental and physical impairments or
disabilities, which will limit them from doing their normal daily activities (Such as,
sitting on a chair/getting up from a chair, taking a nap/sleeping on a bed or getting
up from a bed, etc.) all by themselves.

Anyhow elderly people prefer to stay at home, which is a familiar and more friendly
environment rather than being taken to health care facilities or hospitals. Moreover,
they also like to be doing their daily normal lives independently (in spite of
disabilities, impairments or difficulties that they may be facing) without getting the
feeling that they are being monitored to be taken care of.

This thesis is a research based which focuses on studying available commercial
devices and scientific papers to detect if an elderly is sitting on a chair or sleeping in
a bed.

The main focus of the research is to monitor people, mostly at homes and in some
research areas in hospitals/health care facilities, to prevent them from falling.
However, a small part of the research is dedicated to monitoring the quality of sleep
(such as: heart rate, respiratory rate, etc.) of a person while asleep.

In case of commercial solutions the research is done with the aim to provide
information about the devices which are available in the market to reduce the falling
risk of elderly people when getting up from a chair or coming out of a bed and also
providing information about the available devices in the market to monitor the
quality of sleep.

In case of scientific papers the research is done in order to find the studies which

have been done about the possible solutions to monitor elderly to reduce fall risks
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and to qualify the quality of sleep using specific keywords such as elderly care, fall

detection, smart chair, oxygen tracker, etc. using https://scholar.google.com/.

Conclusion: I hereby conclude that according to the research done about fall
detection, the usage of available devices in the market will not prevent the event of
falling they just reduce the risk of it and the devices used to monitor the quality of
sleep are not medical devices and they are just something to refer to for sleep routine

information.
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12 Introduction

1 Introduction

[3] The older population of the world is continuously growing at an unprecedented
rate. Based on a report with the topic of global population aging, which has been
published by the U. S. Census Bureau [4], the population of the world is aging very
fast. It is expected that the population percentage having age of 65 or above to
become double by the year 2015 with 8.5% (617 million) to 16.7 % (1,600 million) in
the year 2050.

It happens that one-third of adults aging over 65 will experience a fall once in a year
at least. However, falls mostly happen on the flat and rarely happen on the stairs or
in the bathrooms. Not to be forgotten that falls are the leading reason for the injury
deaths or injuries with no intentions between the elderly people. The falls in the
elderly people will mostly lead to breaking bones because of osteoporosis, which
causes porous, fragile bones. It should be taken into consideration that even falls
which are “minor” will cause falling fear in the elderly people that may lead to
activity limitation as well as loosing independence strength.

In order to prevent falls amongst elderly people they should be taken care of and
monitored continuously which all can take place either at health care facilities or by
turning their homes into smart environments by means of using devices such as
pressure sensors, motion sensors, etc. However, mostly adults aged 65 or above
prefer to live their ordinary daily lives in their own homes to feel their independence
rather than experiencing a limited life in health care facilities. Moreover, other than
the independence felt by the elderly person some of the other advantages which can
be taken into consideration are, lower the cost and higher the accuracy when being

taken care of in their own homes in comparison with health care facilities.

1.1 Motivation

[5] As it was mentioned, adults aging 65 or above are more likely to lose their balance
and fracture a bone, due to the lost in strength and flexibility of muscle as well as
shrinkage of bones. Fall is the leading reason of injury among elderly people since in
every 15 seconds an old person is getting admitted into the emergency room and also

due to a fall a senior dies in every 29 minutes.
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In this thesis in order to reduce the falling events faced by the seniors, which happen
mostly on flats rather than in bathrooms or stairs, especially when getting up from a
chair or coming out of a bed, we are doing commercial research mainly on the
devices which are available in the market to monitor seniors as well as to detect if
he/she is attempting to leave the chair or bed unassisted. We also are doing scientific
research to study the papers which provide information in the same context.

However a part of the thesis is dedicated to commercial and scientific research to

monitor quality of sleep.

1.2 Problem Statement

Unfortunately, falls are the unavoidable part of life of people aging 65 or above. It is
important to control the fall events faced by the elderly people since as mentioned
earlier falls are the leading cause of death amongst seniors. Not to be forgotten that
even if the falls happen to be “minor” they will get serious and dangerous if proper
attention is not paid to them. Since falls mostly happen in flat areas, it is possible to
reduce the probability of falls while getting up from a chair or coming out of a bed by
turning normal beds, chairs and environments used by the elderly people into smart
beds, chairs and environments.

In my thesis, I am doing scientific and commercial research for which the main focus
is to monitor senior people in order to reduce the fall risks by means of sensors such
as pressure sensors which can be placed under chair cushions or under bed
mattresses or motion sensors which can be placed by the bedsides or doorways in
order to stop the elderly from leaving the chair/bed and specific places unassisted
instead of seniors being taken care of by full time nurses.

Some of the advantages of using sensors rather than full time nurses in order to
monitor seniors for avoiding falls, are: being lower in cost, having higher accuracy
and last but not the least the comfort level that the senior feels when being
monitored by means of sensors since most of the sensors will be placed beneath the
chair cushions or bed mattresses and the resident doesn’t feel the presence of the
Sensor.

However a part of my work is dedicated to scientific and commercial research to
monitor the quality of sleep such as heart rate, respiratory rate, blood oxygen

saturation level, etc. while asleep. Using the data collected during sleep will help you
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14 Introduction

to improve your health by means of changing your lifestyle and some sleep habits, for

instance, taking hot shower before going to sleep.

1.3 Thesis Structure

To meet the objectives the next chapters in the thesis are structured as follows: In
chapter 2 we focus on background and technologies. Chapter 3 provides explanation
about the overall research methodology, including specific keywords used in the
research areas. Chapter 4 presents the obtained results. In chapter 5 we are

discussing about fall detection systems and chapter 6 concludes the thesis.
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2 Background

In this chapter, we are going to discuss about technology in particular in regard to

the types of sensors and the transmission protocols.

2.1 Technology

In this section considering the topic of the thesis the main idea is to study the
technology for which the emphasis is on sensors types as well as the transmission

protocols.

2.1.1 Types of Sensors

In general, being human beings, we feel the entire world by means of our five basic
senses, namely: Sight, with which we can see objects through our eyes. Hearing is
another sense by which we are able to hear people talking, through our ears. Touch is
the next sense, we are talking about that enables us to sense if an object is cold or hot
through our skin. Smell is also a sense with which we can get different smells such as
flower smell through our nose. The last but not the least sense, we are mentioning
here is taste using which we can get the taste of food through our tongue.

[6] In particular a sensor can be defined as a device which is used to detect and
respond to some kind of input such as heat, pressure or light from the physical
environment. And a signal which is converted to human readable display at the
location of the sensor or transmitted electrically through a network for the purpose of
reading or more processing, is generated by sensor as the output.

[7] There exists various classifications of sensors for which some of them are plain
and some are complicated. In the first classification, sensors are divided into active
and passive sensors. In case of active sensors, they need an outer excitation/power
signal. Whereas in case of passive sensors, they do not need an outer power signal,
instead they produce an output response straight away. The second form of
classification is according to detection means such as, radioactive, electric, chemical,
biological, etc. which will be used in sensors. The third type of classification is based
on the phenomenon of conversion which is input and output. Some instances of the

common phenomenon of conversion can be named as, thermo-electric, photoelectric,
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16 Background

etc. The last sensor classification is analog and digital sensors. Analog sensors will

generate analog output that is a continuous output signal in accordance with the

measured quantity. Digital sensors are opposite to analog sensors which act with
data that is discrete or digital. However the data that are used for the purpose of
transmission and conversion in digital sensors are naturally digital.

In the list below, we are mentioning some sensors that are used in different

applications.

e [8] Color Sensor: Color sensor is a device for color sensing or detecting. It
provides object accurate color. The way a color sensor determines the color is that
the sensor will use emitting light extended means such as white LEDs array and
then the reflected light from the object is analyzed.

e [9] Light Sensor: The sensor measures light and converts light energy to electric
energy. The light sensor produces an output signal which indicates the light
intensity by means of measuring the radiant energy that is in a narrow range of
frequencies called “light” and that ranges from “infra-red” to “visible” to
“ultraviolet” light spectrum in frequency.

e [10] Humidity Sensor: A humidity sensor is used for moisture and air
temperature sensing, measuring and reporting. The sensor functions by detecting
the changes which change temperature or electrical currents in the air.

e [11] Temperature Sensor: A temperature sensor is a simple instrument used to
measure hotness or coolness degree and convert it to a unit which is readable.
The way a temperature sensor works is based on the voltage which is across the
diode terminals. In case of increase in voltage there will be a rise in temperature
as well as a drop of voltage between the base transistor terminals and emitter in a
diode.

e [12] Touch Sensor: It is a sensor which is electronic and is used for physical touch
detection and recording. Old mechanical switches are replaced by touch sensors
which are cheap, small and simple. A touch sensor functions as a switch and
opens an electrical circuit and permits flowing currents through it when there is a
touch, pressure or contact on the touch sensor surface.

e [13] Pressure Sensor: A pressure sensor produces a signal as an imposed pressure
function and acts as a transducer. A pressure sensor can also be called as a
pressure transducer/sender/indicator/manometer/piezometer/transmitter. In an

electronic pressure sensor a force collector such as a piston is used for measuring
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the strain that has happened because of the force which has been applied to an
area.

e [14] Vibration/Piezoelectric Sensor: These sensors have different types which are
mainly used for measuring a device or system acceleration, pressure and
vibration changes. [15] Shear mode accelerometer sensing crystals is attached
between a center post and a seismic mass. Under acceleration, the mass causes a
shear stress, which will result in a proportional electrical output by the
piezoelectric material, to be applied to the sensing crystals. By means of
electrodes the output is gathered and by lightweight lead wires is transmitted to
built-in signal conditioning circuitry or to the electrical connector.

e [16] Ultrasonic Sensor: This is a device which is of non — contact type. It is used
to measure an object distance and velocity. The sensor works based on the sound
wave properties for which the frequency is greater than the human audible range.

e [17] IR Sensor (Infrared Sensor): IR sensors are light based which are used in
many mobile phones as proximity sensors. They measure object distance. IR
sensor types are transmissive and reflective. In case of the transmissive type of
IR sensor, the IR transmitter and IR detector are positioned in such a way to face
each other so that the sensor detects an object once the object passes between
them. In the reflective type of IR sensor, the IR transmitter and IR detector are
positioned next to each other so that the object gets detected by the sensor once it
comes in front of the sensor.

e [18] Proximity Sensor: It is a device which is used for detecting or sensing the
approach or presence of objects which are nearby for which no physical contact is
needed. Photoelectric proximity sensor is used for object distance or
presence/absence detection and a light transmitter and photoelectric receiver are
used in the sensor. In case of direct reflection mode of photoelectric sensors, the
light transmitter and the receiver are in the sensor and for the purpose of
detection it uses the light that is deflected directly from the object.

e [19] Motion Sensor: A motion sensor or in other words a motion detector is an
electronic device which is designed for the purpose of movement detection and
movement measurement. The primary usage of motion sensors are in homes and
business security systems. However, motion sensors can be also used in virtual
reality systems, phones, game consoles and paper towel dispensers. A sensor unit,

mechanical component and embedded computer are the motion sensor major
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18 Background

components. However, all these three components can be varied in configuration
and size. The two types of motion sensors are active motion sensors and passive
motion sensors. Active motion sensors contain transmitter and receiver.
Ultrasonic sensor technology is used by the active motion detector most common
type. In, active motion sensors, by means of measuring changes that are in the
sound amount or radiation that is reflecting back to the receiver, the motion is
detected. Passive motion sensors contain only receiver and no transmitter. In
passive motion sensors, the motion is detected by means of increase of radiation
in an environment that is perceived. Passive Infrared (PIR) sensor is the most
used passive motion sensor type in home security systems. PIR sensor is used for
infrared radiation detection that is naturally emitted from the human body.

e [20] Oxygen Sensor: Oxygen concentration in the cells of the body is measured by
the oxygen sensor. Once the levels of the oxygen fall it causes sensors to get
activated.

e [21] Heart Rate Sensor: By means of optical LED light source and an LED light
sensor the heart rate in beats per minute will be measured by heart rate sensor.
The light shines through the skin and the light amount that reflects back is
measured by the sensor. As blood pulses under the skin past the light the
reflections of light will vary. The light reflection variations are interpreted as heat
beat.

However, in order to detect colors a color sensor will be used. Light can be
measured by light sensor. The moisture in the air can be sensed by humidity
sensor. Object coolness or hotness are measured by the temperature sensor. A
touch sensor is used for physical touch detection. Measuring force applied to an
object is done by a pressure sensor. Vibration sensor is used to measure the
vibration of an object. Distance of object can be measured either by ultrasonic
sensor or IR sensor. The presence of nearby objects can be detected by a
proximity sensor. Object movement detection is done by motion sensor.

[22] However, the difference between motion sensor and proximity sensor is that
a motion sensor is used for detecting if any subject movement has happened or
not, but a proximity sensor is used to measure the subject closeness to the sensor.
The measurement of oxygen concentration in the body cells is performed by the

oxygen sensor. Heart rate sensor measures the heart rate in beats per minute.
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2.1.2 Transmission Protocol

[23] Communications/network protocol in networking is a set of rules that is
specified for the purpose of specific communication type.

HTTP, FTP and TCP/IP are some of common internet protocols. HTTP (Hyper Text
Transfer Protocol) protocol is used for the purpose of data transmission that is
available on World Wide Web. Text, graphics, multimedia is included. It works upon
TCP/IP. Using this protocol we can transmit HTML. FTP (File Transfer Protocol)
protocol is used for file transmission amongst computers which have been connected
to each other by means of TCP/IP network, like the internet. TCP/IP (Transmission
Control Protocol/Internet Protocol) is, a stream protocol, i.e., the connection is
negotiated amongst a client and a server for which, the data which has been
transmitted amongst these two mentioned end points is guaranteed to arrive and
that’s why it is a so-called lossless protocol. However, the TCP protocol is also known
as peer-to-peer protocol since it can only connect two end points.

[24] Moreover, in TCP/IP networks, one of the main protocols is TCP. Enabling two
hosts for establishing a connection as well as exchanging data streams, guaranteeing
data delivery and guaranteeing that the delivery of packets are done in the exact
order in which they were sent, all these are done by TCP. And IP protocol just deals
with packets.

On the other hand Bluetooth, Wi-Fi and ZigBee are some of the transmission
protocols that we are explaining about them below.

[25] Bluetooth, the word has come from the Danish king “Harald Bluetooth
Gormsson”, which works between 2.4 and 2.485 GHZ frequencies and operates by
sending information over ultra-high-frequency radio waves. However, Wi-Fi works
asymmetrically but Bluetooth works symmetrically and in case of connections
through Bluetooth the cellular data package will not be used which is unlike Wi-Fi.
Moreover, for the purpose of conserving power, Bluetooth operates over short
distances and both, smart and non-smart devices are used in order to send data in
short distances by means of Bluetooth. Last but not the least point to mention in
regard to Bluetooth is the fact that, backwards compatibility is one of the Bluetooth
technology core tenets.

[26] Wi-Fi, is a wireless networking protocol for which the devices don’t need direct

cable connections to be able to communicate and it is a Wi-Fi Alliance trademark.
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Moreover, Wi-Fi is an industry term which is representative of a wireless LAN
protocol type based on the 802.11 IEEE network standard. Wi-Fi in a fixed location is
the most popular way for the purpose of communicating data wirelessly. In order for
the Wi-Fi to operate, internet connection is a must in the device which transmits the
signal. In case of using Wi-Fi at home the internet connection which comes from
outside the network, such as ISP, is transmitted by a router and then the service is
delivered to the devices which are nearby and are capable of reaching the wireless
signal. Another way to use Wi-Fi is that we can hotspot it so that the wired/wireless
internet connection of a phone/computer can be shared just like the way a router
function. Having said all the above points about Wi-Fi, the cost of it is determined by
means of the fact that if the service has a data cap.

[27] ZigBee communication is mainly made for control and sensor networks with
IEEE 802.15.4 standard for wireless personal area networks (WPANs) for which the
ZigBee WPAN work at 868 MHz, 902-928MHz and 2.4 GHz frequencies. When it
comes to comparing ZigBee with Wi-Fi and Bluetooth, ZigBee is less expensive and is
simpler. Moreover, Various configurations of network for master to master or master
to slave communications are supported by ZigBee. However, By means of routers,
networks of ZigBee can be extended and also the interconnection amongst many
nodes for the purpose of building a wide area network is permitted. Furthermore,
three various device types like coordinator, router and End device make the structure
of ZigBee system. Minimum of one coordinator, which functions as a network bridge
and root and also performs the task of information handling and storing during data
reception and transmission is needed by a ZigBee network. Routers are the devices
which act as intermediates that allow data to pass to and fro to other devices by
means of them. Whereas, the functionality of the End devices is limited to parent
node communication. The last point not to be missed out is the fact that depending
on whether the network type is a tree, star and mesh the number of Routers,

Coordinators and End devices vary.
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3 Research Methodology

In this chapter, we are providing the exact steps in which commercial (to find out
available related products in the market) and scientific (to study available related
papers) researches were done. For which the two topics were, “Solutions that allow
detecting if a patient is on his/her chair or bed (E.g. Pressure sensor, motion sensor,

etc.)“ as well as “Measuring quality of sleep while asleep”.

3.1 Research Questions

In regard to both the topics, to get a better guidance for the scientific and commercial

researches, the above mentioned topics were divided into two research questions in

scientific research and into six research questions in commercial research.

SRQ ->Scientific Research Question

CRQ->Commercial Research Question

e SRQ:: How does the device generally work?

e SRQ.: What is the device type? (E.g., Wearable, ambience, etc.)

e CRQ:: How does the device work generally?

e CRQ.. What is the sensor type? (E.g., Pressure sensor, motion sensor, etc.)

e CRQ;: What are the other compatible devices the can be used along with the
product?

e CRQ,4: Where from one can buy the product? (E.g., Amazon, etc.)

e CRQs: What is the price of the product?

e CRQg: Is there API available for the data of the product?

3.2 Specifying Keywords

Once the questions were defined for scientific and commercial researches, the
keywords which were used in regard to the research questions are specified below:

Scientific research related keywords —“Solutions that allow detecting if a patient is

sitting or is on his/her bed/chair”:

(“Assistive technology “ OR “elderly care”) AND (“fall detection” OR “ fall detection
devices“ OR “elderly fall detection” OR “ fall detection algorithm”) AND (“bed exit
detection” OR “bed exit sensor”) AND (“falling out of bed detection” OR “falling out
of bed detection with sensor”) AND (“Fall detection for the elderly”) AND (“Smart
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fall detector”) AND (“Reducing Falls in hospitals” OR “Pressure sensors”) AND
(“Smart chair”).

Scientific research related keywords —“Measuring quality of sleep while asleep”:

(“Heartbeat monitoring”) AND (“Monitoring Respiratory Rate during Sleep”)
AND (“breathing estimation”) AND (“Sleep Monitoring ).

Commercial research related keywords—“Solutions that allow detecting if a patient is
sitting or is on his/her chair”:

(“Chair sensor” OR “chair monitor” OR “fall prevention chair monitor/sensor” OR
“chair exit alarm” OR “chair exit pads “) AND (“floor pressure sensors” OR “floor
pressure mats”) AND (“chair pull string” OR “chair pull cord”) AND (“chair cord
motion detector” OR “chair pull cord motion detector”) AND (“wearable chair exit
alarm*®).

Commercial research related keywords—“Solutions that allow detecting if a patient is

sitting or is on his/her bed”:

(“Bed sensor” OR “bed monitor” OR “fall prevention bed monitor/sensor” OR “bed

exit alarm” OR “bed exit sensor” OR “bed exit pads”) AND (“floor pressure sensors”
OR “floor pressure mats”) AND (“bed cord motion detector” OR “bed pull cord
motion detector”) AND (“wearable bed exit alarm“) AND (“bed pull cord”) AND
("pull cord alarm”).

Commercial research related keywords—“Measuring quality of sleep while asleep”:
(“Ring heart rate tracker “OR “ring health tracker” OR “wearable ring health

tracker”) AND (“non wearable sleep tracker) AND (“sleep monitor device” OR “sleep
tracker device” OR“ sleep tuner device”) AND (“sleep analyzer” OR “sleep monitor
solution”) AND (“oxygen tracker” OR “sleep oxygen monitor”) AND (“sleep tracker
wearable device”) AND (“smart bed sleep tracker device”) AND (“smart fingertip

oximeter”).

3.3 Specifying Research Areas

The above mentioned scientific researchers were done at:

https://scholar.google.com/

And the above mentioned commercial researches were done at:

¢ WwWww.amazon.com

e https://www.healthandcare.co.uk/bed-chair-occupancy-alarms.html
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How Generally The Research Was Done

e https://www.frequencyprecision.com/products/bed-pressure-mat-for-nursing-

home-hospital-call-systems

e https://www.boditrak.com/products/medical/bed-system.php

e https://medpage-ltd.com/

e https://kerrmedical.com/

e https://www.google.com/

e (Related official websites of the products).

3.4 How Generally The Research Was Done

Paper selection for scientific researches and also commercial researches for available
related products were done in three below mentioned stages:

Scientific and commercial studies were done based on the above mentioned
keywords (Stage1): the title or abstract of the scientific, commercial studies should
have contained the above mentioned keywords, written in English. In case of
scientific studies, they were not comments, discussions, starting date 2001 ending
date 2019.

Checking title and abstract (Stage 2): Verified if research areas were covered by the
studies.

Related analysis (Stage 3): The entire text was analyzed to make sure that the paper
provided the information that was related to our study, else, the paper was not used
in our studies in case of scientific research. Whereas, in case of commercial research
the product was analyzed to make sure that it was related to our studies, else, the

product was not used in our studies.

3.5 Temporal Search Range

The temporal search for scientific papers ranges from 2001 to 2019. Whereas, the
temporal search for available commercial products in the market ranges from

approximately 15th Oct 2019 to 12th Feb 2020.
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4 Results

This chapter deals with the result of the commercial research about available
products in the market in order to detect a fall from chair/bed and also in order to
qualify the quality of sleep. The chapter also deals with the result of the scientific
research in scientific papers regarding the exact same two topics as the commercial
research.

The details of the exact path in which the commercial and scientific researches were
done are explained in details in chapter 3.

The summary of the researches is represented in the table format in the following
mentioned order:

e Table 1. Commercial Solutions’s Details Of Chair Fall Detection

e Table 2. Commercial Solutions’s Pros And Cons Of Chair Fall Detection

e Table 3. Commercial Solutions’s Details Of Bed Fall Detection
e Table 4. Commercial Solutions’s Pros And Cons Of Bed Fall Detection

e Table 5. Commercial Solutions’s Details Of Qualifying Sleep Qualit

e Table 6. Commercial Solutions’s Pros And Cons Of Qualifying Sleep Quality

e Table 7. Scientific Paper’s Details Of Fall Detection And Qualifying Sleep
Quality
e Table 8. Scientific Paper’s Survey Summery
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4.1 Commercial Solutions Diagrammatic

Representation

Fall detection solutions

| |

[ Wearable solution ] [ Motion sensor solution ] [ Pressure sensor solution }
Safe wander Motion sensor Floor mat
y

Chair

sensor pad

Bed

sensor pad

Figure 1. Chair And Bed Fall Detection Commercial Solutions
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Qualifying sleep quality solutions

[ Wearable solution J [ Non-wearable solution J

An example- An example-

Beddr sleeptuner ResMed S+

Figure 2. Qualifying Sleep Quality Commercial Solutions
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4.2 Commercial Research On Chair Fall Detection

4.2.1Introduction

In this section, we are providing information, which was gathered during our
commercial research in regard to the available products in the market to detect falls,

in particular from chairs (Including any normal chair, sofa, wheelchair, etc.).

4.2.2 Products Description

e Wearable Solution
e Alarm for Seniors-Safe Wander: The small sensor is easily twisted on
patient’s clothing’s and then the alert button on the app is turned on.
Safe wander alerts the caregiver when the patient is even trying to leave
the chair.
e Motion Sensor Solution

e Motion Sensor: The patient gets detected that he/she is vacating the chair
or leaving the doorway by means of placing the sensor along the chair side
or doorway. The fall monitor detects the motion as the resident attempts to
vacate the chair or exit the room unassisted.

e Pressure Sensor Solution

e Floor Mat: The patient gets detected that he/she is leaving the chair or
doorway by means of placing the mat down the chair or by the doorway
and the fall monitor detects the pressure as the resident attempts to leave
the chair or exit the room unassisted.

e Secure 45CSET-1 Chair Exit Alarm: The pad is placed in the middle of the
seat under the buttocks of the patient. Alarm and holder are affixed to the
back of the chair in a way that’s out of sight and reach of the patient. The
alarm sounds if a fall risk patient tries to vacate the chair unassisted.

e Secure 14CSET-5 Chair Exit Alarm: The pad is placed in the middle of the
seat under the buttocks of the patient. Alarm and holder are affixed to the
side of the chair in a way that’s out of sight and reach of the patient. Once
the patient’s weight is off the pad the alarm will sound in order to inform

the caregiver to assist the patient.
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e Chair Sensor Pad: The pad is placed towards the rear of the seat. The neck
of the pad can be tucked under the backrest. In case of using the mat with
alarm unit: the alarm unit can be placed with a distance of 100 feet away
from the chair pad. As the patient sits on the pad, the system gets activated
and once the patient gets up from the chair, he/she does not hear any
alarm sound. When the alarm unit, away from the patient, alerts the
caregiver, it gets turned off by the caregiver and then the help is provided
to the patient.

e Wireless Chair Alarm: A transmitter is hooked up to the pad which
provides the signal from the pad to the pager. The pager is paired with the
device. Once the patient tries to get up from the chair unassisted the pager
sounds and causes the caregiver to assist the patient.

e Chair pad: Place the chair pad on the chair. The alarm sounds once the
patient’s weight gets off of the pad. Giving the caregiver some time to reach
the patient at assisting him/her.

e Chair Leaving Alarm Kit RCG-2M: Place the chair sensor pad under the
chair cushion. The sensor needs to be plugged to the alarm monitor. The
pager needs to be turned on. Once the user attempts to stand up without
caregiver’s assistance, the alarm is triggered.

e Cordless chair alarm with carer radio pager CBM-03PAGCKIT: The sensor
is placed under the cushion of the chair where the fall risk patient sits.
When the patient tries to vacate the chair unassisted, an alert is given to
the caregiver by means of the pager.

e Cordless chair exit alarm with portable alarm receiver CBM-03MONCKIT:
The sensor is placed under the cushion of the chair where the fall risk
patient sits. When the patient tries to vacate the chair unassisted, an alert
is given to the caregiver by means of the alarm receiver.

e Chair Occupancy Detection Alarm With Recordable Voice Reminder: The
sensor is placed on the chair. When the fall risk patient attempts to get up
from a chair unassisted, the caregiver receives an alert from the pager.

e Chair Occupancy Alarm Mat System With Voice Alert And Pager: Once the
patient attempts to vacate the chair a pre-recorded voice message is played

for the patient and the caregiver is alerted that the patient is vacating the
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chair. The pager alerts the caregiver as soon as the patient vacates the

chair.
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In the table below you can find more information about all the above mentioned

products.

Table 1. Commercial Solutions’s Details Of Chair Fall Detection

Reference Solution Product Name Sensor Company Official Link Price Characteristics
-Offered Year Type Name Of The
product
[28] Wearable Alarm for Wearable Alzheimer's https://www.a  $199.00 Waterproof
Seniors - Safe Wireless Store lzstore.com/D
Wander efault.asp
(2015)
[29] Motion Motion Infrared KERR https://kerrm  $29.95 It can be used for the purpose of
Sensor Sensor Motion MEDICAL edical.com monitoring when a patient is
(2010) vacating the chair.
[30] Pressure Floor Mat Pressure Kerr Medical https://kerrm  $99.95 Can be used, both in the home and
Sensor (2012) edical.com facility.
[31] Pressure Secure Pressure Secure Safety https://www.s  $34.99 Possible to fold the pad without
Sensor 45CSET-1 Solutions ecuresafetysol damage.
Chair Exit utions.com/
Alarm
(2018)
[32] Pressure Secure Pressure Secure Safety https://www.s $26.99 The alarm volume varies from
Sensor 14CSET-5 Solutions ecuresafetysol 80-120 dB.
Chair Exit utions.com/
Alarm
(2018)
[33] Pressure Chair Sensor Pressure KERR https://kerrm  $39.95 Can be used both, at home and
Sensor Pad MEDICAL edical.com facility.
(2012)
[34] Pressure Wireless Pressure Vive health https://www.v  $58.99 -The pager is needed.
Sensor Chair Alarm ivehealth.com -Can be easily wiped.
(2018) / -Waterproof.
[35] Pressure Chair pad Pressure KERR https://kerrm  $105.95 Can be used in both, home and
Sensor (2012) MEDICAL edical.com nursing facility.
[36] Pressure Chair Leaving  Pressure Medpage https://medpa -£121.20 The patient can use the bathroom
Sensor Alarm Kit ge-ltd.com/ -Ex Tax: without any alarm being generated
RCG-2M £101.00 by means of instant or alarm delay
(2018) setting.
[37] Pressure Cordless chair Pressure Medpage https://medpa -£110.16 The transmitter is placed inside
Sensor alarm with ge-ltd.com/ -Ex Tax: the sensor pad to reduce the need
carer radio £91.80 of a separate alarm control unit.
pager CBM-
03PAGCKIT
(2018)
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Reference Solution Product Name Sensor Company Official Link Price Characteristics
-Offered Year Type Name Of The
product
[38] Pressure Cordless chair Pressure Medpage https://medpa -£146.40 No need of cable connection
Sensor exit alarm ge-ltd.com/ -Ex Tax: between the transmitter,
with portable £122.00 sensor and the alarm receiver.
alarm receiver
CBM-
03MONCKIT
(2018)
[39] Pressure Chair Pressure Medpage https://medpa -£108.90 -Low battery warning.
Sensor Occupancy ge-ltd.com/ -Ex Tax: -The patient can use the bathroom
Detection £90.75 without the alarm getting triggered
Alarm With by means of instant or 15-minutes
Recordable alarm delay.
Voice
Reminder
(2018)
[40] Pressure Chair Pressure healthandcare htips://www.h -£107.99 -Voice message can be repeated up
Sensor Occupancy ealthandcare. -£89.99 to 5 minutes.
Alarm Mat co.uk Ex. VAT -The patient can use the bathroom
System With Without false alarms, with 15
Voice Alert Minutes delay option.
And Pager -Up to 12 days of low battery
(N.A) indicator.
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4.2.3 Commercial Solutions’s Pros And Cons

The objective of this section is to discuss in table format about the pros and cons of

the 3 main possible solutions(Namely: wearable, motion sensor and pressure sensor)

which we have gathered in our commercial research in regard with the topic of “chair

fall detection”.

Table 2. Commercial Solutions’s Pros And Cons Of Chair Fall Detection

SLNO Product Type

Pros

Cons

1

Wearable

-The gateway can be used to monitor
the patient even if the caregiver is
outside of the home.

-Waterproof.

-Easy and simple to wear.

-Safe wander alerts the caregiver when
the patient is even trying to leave the
chair.

-The patient may not feel comfortable since
he/she has to attach the product to clothing.
-The patient feels being monitored since
he/she has to wear the product.

2 Motion Sensor -The patient doesn’t hear the alarm. -No low battery warning.
-The patient doesn’t feel being -The motion detector angle is too wide
monitored. which results in picking up any movement
-Nothing to wear. from the room.

3 Pressure Sensor =~ -The patient doesn’t feel being -May cause false alarms.

monitored since the pressure mat can
be placed under the chair cushion.
-Nothing to wear.

-Simple to use.

-Compatible with all types of chairs.

4.2.4

General Conclusion

In this section we are mentioning some limitations and challenges that we face when

using the fall detection systems which includes in particular wearable sensors and

ambient devices such as pressure and motion sensors. The main disadvantage of

ambient devices is the fact that these devices are very much affected by the

environment. Another disadvantage is that the usage of ambient devices is limited to

indoors. However, when talking about wearable devices as fall detection systems, the

first problem that crosses minds is the fact that the system is intrusive. There are

some problems with the wearable devices when the user is wearing them or placing

them on specific body parts, for example, in case if a device needs to be placed on the

belt area around the hips, the user can not be monitored when changing clothes.
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Figure 5. Wired Chair Sensor Pad

Figure 6. Wireless Chair Sensor Pad
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4.3 Commercial Research On Bed Fall Detection

4.3.1 Introduction

In this section we are providing information, which was gathered during our

commercial research in regard to the available products in the market to detect falls

in particular from beds.

4.3.2 Product Description

e Wearable Solution

Alarm for Seniors-Safe Wander: The small sensor is easily twisted on
patient’s clothing’s and then the alert button on the app is turned on.
Safe wanders alerts only in case of sitting upright and doesn’t trigger

the alert in case of tossing and turning in bed.

e Motion Sensor Solution

Motion Sensor: The patient gets detected that he/she is getting out of
bed or doorway by means of placing the sensor along the bedside or
doorway. The fall monitor detects the motion as the resident attempts

to vacate the bed or exit the room unassisted.

e Pressure Sensor Solution

Floor Mat: The patient gets detected that he/she is getting out of a bed
or a doorway by means of placing the mat along the bedside or doorway
and the fall monitor is able to detect the pressure as the resident
attempts to vacate the bed or exit the room unassisted.

Bed Sensor Pad: The pad needs to be placed under the patient’s back or
buttock area (beneath the fitted sheet). Once the patient starts to sit up,
i.e., taking the weight off of the pad, the pad sends a signal to the bed
alarm monitor and the monitor starts to alarm and let the caregiver
know that the patient needs assistance.

Bed Pressure Mat: Since the mat is placed under the mattress and is
full length, it makes lesser false alarms and is more comfortable. Once
the patient gets out of bed, the bed pressure alerts the nurse call

system.
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e Vive Wireless Bed Alarm Mat: The pad is placed either under the
patient’s shoulder blades to provide assistance if the patient sits up or
beneath the hips of the patient to provide assistance if the patient tries
to lift out of the bed unassisted.

e Bed Occupancy Alarm Sensor Mat System With Voice Alert And Pager:
The bed pad is placed on the bed. When the fall risk patient attempts to
leave the bed unassisted, the pre-recorded message is played and the
pager alerts the caregiver to assist the patient.

e Wireless Care Alarm Kit with Large Bed Leaving Sensor Mat: The
sensor pad is placed on the bed. Once the fall risk patient tries to vacate
the bed unassisted the transmitter sends signal to the pager and the
pager alerts the caregiver.

e Bed pressure sensor pad: The pad is placed on the bed. The monitor
alerts the caregiver when the patient tries to get out of the bed
unassisted and the weight is off of the pressure sensor pad.

e Emfit Safebed Bed Exit System: The sensor is positioned under the
mattress below the chest area of the patient. The presence or absence of
the patient on the bed is monitored by means of detecting patient’s
motions or micro motions such as heartbeat or breathing.

e Bed Exit Alarm Kit: Once the patient attempts to leave the bed
unassisted, the bed exit alarm is designed in such a way to make fast
alerts to inform the caregiver in order to provide assistance to the fall

risk patient.
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In the table below you can find more information about all the above mentioned

products.

Table 3. Commercial Solutions’s Details Of Bed Fall Detection

Reference Solution Product Name Sensor Company Official Link Price Characteristics
-Offered Year Type Name Of The product
[41] Wearable Bed Alarm for Wearable Alzheimer's https://www.alzsto $199.00 Waterproof
Seniors - Safe Wireless Store re.com/Default.asp
Wander
(2015)
[42] Motion Motion Sensor Infrared KERR https://kerrmedical $29.95 It can be used for the
Sensor (2010) Motion MEDICAL .com purpose of monitoring
when a patient steps out of
the bed even in the middle
of the night.
[43] Pressure Floor Mat Pressure KERR https://kerrmedical $99.95 Can be used both, at home
Sensor (2012) MEDICAL .com and facility.
[44] Pressure Bed Sensor Pressure KERR https://kerrmedical $59.90 Can be used both, at home
Sensor Pad Sensor MEDICAL .com and facility.
(2012)
[45] Pressure Bed Pressure Pressure Frequency https://www.freque -£191.00 -Long lasting: The mat has
Sensor Mat Precision ncyprecision.com/ Ex VAT air filled foam pockets
(2019) -£229.20 which makes it durable and
INC VAT flexible.
- Easy to use: Itis designed
in a way that can be rolled
up for storage.
[46] Pressure Vive Wireless Pressure Vive Health https://www.vivehe $49.99 -Waterproof.
Sensor Bed Alarm alth.com/ -Can be easily wiped.
Mat -The pager is needed.
(2019)
[47] Pressure Bed Pressure healthandcare https://www.health -£108.90 -Once movement in bed is
Sensor Occupancy andcare.co.uk/ (£90.75 detected, a 15 seconds
Alarm Sensor Ex VAT) pre-recorded spoken
Mat System message, reminder or
With Voice request can be played by
Alert And by means of voice alert.
Pager
(N.A)
[48] Pressure Wireless Care Pressure healthandcare htips://www.health -£96.99 -It is not possible to
Sensor Alarm Kit andcare.co.uk/ -£80.83 fold the bed sensor pad.
with Large Ex VAT -The pad should not be
Bed Leaving put in any liquid/solution.

Sensor Mat
(2011)

-The pad can be just wiped
with non-caustic sanitizing
solution.
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Reference Solution Product Name Sensor Company Official Link Price Characteristics
-Offered Year Type Name Of The product
[49] Pressure Bed pressure pressure KERR https://kerrmedical $99.95 -For the alarm to be
Sensor sensor pad MEDICAL .com removed from the room,
(2012) the monitor can send the
signal up to 300 feet
to some receivers such as
433-EC monitor or
TL-2016P pager.
[50] Pressure Emfit Safebed Pressure safetysystems  https://www.safety £200.00 -Specially designed for
Sensor Bed Exit distribution systemsdistribution dementia patients.
System .co.uk/ -Delay variability permits
(2013) the patient to do a normal
activity for ex. Going to the
bathroom.
-Bed exit delay: 3 seconds
up to 30 minutes.
[51] Pressure Bed Exit Pressure safetysystems  https://www.safety £75.00 Once the patient attempts
Sensor Alarm Kit distribution systemsdistribution to move away unassisted,
(N.A) .co.uk/ the magnetic clip alarms.
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4.3.3 Commercial Solutions’s Pros And Cons

The objective of this section is to discuss in table format about the pros and cons of

the 3 main possible solutions (Namely: wearable, motion sensor and pressure

sensor) which we have gathered in our commercial research in regard with the topic

of “bed fall detection”.
Table 4. Commercial Solutions’s Pros And Cons Of Bed Fall Detection

SLNO Product Type

Pros

Cons

1

Wearable

-The gateway can be used to monitor
the patient, even if the caregiver is
outside of the home.

-The patient may not feel comfortable since
he/she has to attach the product to clothing.
-The patient feels being monitored since

-Waterproof. he/she has to wear the product.
-Easy and simple to wear.
-Provides bed exit history.

2 Motion Sensor -The patient doesn’t hear the alarm. -No low battery warning.
-The patient doesn’t feel being -The motion detector angle is too wide
monitored. which results in picking up any movement
-Nothing to wear. from the room.

3 Pressure Sensor  -The patient doesn’t feel being -May cause false alarms.

monitored since the pressure mat can
be placed under the bed mattress.
-Nothing to wear.

-Simple to use.

4.3.4

General Conclusion

In this section we are mentioning some limitations and challenges that we face when

using the fall detection systems which includes in particular wearable sensors and

ambient devices such as pressure and motion sensors. One of the drawbacks of

ambient devices is the fact that these devices are able to monitor only one person and

not many people. However, when talking about wearable devices as fall detection

systems, one of the problems is power, that is the usage of these devices is limited to

the period when they have battery power and they cannot be used for monitoring the

resident when the device is getting charged or needs the battery to be replaced.
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4.4 Commercial Research On Qualifying Sleep Quality

4.4.1 Introduction

In this section we are providing information, which was gathered during our

commercial research in regard to the available products in the market to qualify the

quality of sleep.

4.4.2

Product Description

e Wearable Solution

Beddr SleepTuner: A sticker is kept on the device to be able to place the
device on the forehead area for usage. Heart rate, position while asleep,
time in bed, stopped breathing events, scores of sleep and levels of
blood oxygen are monitored by beddr sleep tuner.

LOOKEE ring sleep monitor with vibrating alarm: Wearing the ring on
your finger when asleep, while the vibration causes you to change the
position once the level of oxygen is detected to be low. The device
tracks the level of oxygen and the heart level. It also provides 3 graphs
which are namely: motion, heart rate and blood oxygen saturation
percentage.

SleepU™ Wrist Pulse Oximeter: Wear the device on your wrist then put
the ring on any finger that you prefer, turn the device on and go to
sleep. Blood oxygen saturation level, heart rate and motions are
tracked.

OURA Ring 2: Wear the ring in a way that the 3 dimples on the ring are
in line with the finger underside in such a way that infrared lasers are
able to shoot through the veins to know what’s happening. However,
dodgy data are provided in case of a misplaced ring. OURA ring 2
provides data about: resting heart rate, heart rate variability, body
temperature and respiratory rate.

GO2SLEEP HST: The device looks like a capsule in a soft silicone ring.
It tracks: blood oxygen, toss and turns timings while asleep, stage of

sleep, heart rate, time of sleep and AHI index.

e Non-Wearable Solution
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e ResMed S+: The device gets connected to Android and IOS devices in
order to provide the user the information about the fact that for how
long you were awake, light, deep, REM cycles, as well as the
interruptions in the middle of the night. It tracks heart rate and
breathing rate while asleep.

e Beautyrest Sleeptracker Monitor: One monitor for you and if you
require another monitor for your partner is placed under the mattress.
Beautyrest sleeptracker monitors heart rate, respiration rate, body
motions and wakefulness.

e Withings Sleep: Place the pad under the mattress. Withings sleep
analyzes light, deep, REM phases of your sleep and also snoring and
heart rate over night.

e EKight Sleep Tracker: The hub is plugged in and then the Eight sleep
tracker gets connected to the mattress pad and needs to get synced with
wifi of your home. The device generates data about: when one gets
in/out of bed, when one falls asleep (light and deep sleep)
/when one gets up, room/bed temperature, heart rate and respiratory
rate.

e EMFIT QS: The device is non wearable and gets placed under the
mattress. Emfit QS provides data about: heart rate variability,
respiratory rate, REM, deep and light sleep, heart rate, recovery

progression, tossing and turning and movement activity.
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In the table below you can find more information about all the above mentioned
products.
Table 5. Commercial Solutions’s Details Of Qualifying Sleep Quality
Reference Solution Product Name Sensor Type Company Official Link Price Characteristics
-Offered Year Name Of The product
[52] Wearable Beddr Optical Beddr https://www.be $149.00 Doesn’t fall off the forehead
SleepTuner ddrsleep.com/ easily but can be removed
(2018) from forehead with ease
when not in use no more.
[53] Wearable LOOKEE ring PATENTED Lookee https://www.loo  $199.99 -Ring never falls from the
sleep monitor = FINGER keetech.com finger.
with vibrating RING -If the oxygen level goes
alarm SENSOR lower than a threshold on
(2018) the APP (vihealth) an alarm
vibrates on the finger.
-The report can be shared
with friends or can be backed
up for yourself.
[54] Wearable  SleepU™ Patented Wellue https://www.wel $189.99 -Can be used for different
Wrist Pulse Ring Sensor (Can be luehealth.com/ sizes of fingers.
Oximeter. found also at -In case of stop breathing
(2019) Lookee as while asleep the device
well as at detects that blood oxygen
Viatom) saturation has dropped
hence it will give you gentle
nudges so that you sleep on
your side.
[55] Wearable = OURA Ring 2 Temperature OURA https://ourarin €314.00 -To charge the ring micro
(2019) sensor, and .com USB cable is plugged into
an infrared the round circle thing.
optical -Data can be stored up to
pulse sensor 6 weeks without the need
to get connected to the app
and then use Bluetooth once
you want to upload the data.
[56] Wearable = GO2SLEEP 3-axis sensor SLEEPON https://www.sle €92.27 -Weight 6 grams.
HST with blood epon.us/ -Data of 7 nights sleep can
(2017) oxygen and be recorded by memory.
heart rate -Using Bluetooth the device
sensors can be synced with the app,

the ID of family members
can be searched and be set
as family, in this way yours
and your loved one’s

data can be tracked.
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Reference Solution Product Name Sensor Type Company Official Link Price Characteristics
-Offered Year Name Of The product
[57] Non- ResMed S+ Patented bio- ResMed https://splus.res $53.95 -The sleep mode requires to
Wearable (2014) motion med.com/ be manually turned on every
contactless night.
sensor -Every morning the user will
be provided with the sleep
score (between 0-100).
-It can be synced with a tablet
or smartphone.
[58] Non- Beautyrest Passive sleeptrackers https://sleeptrac $150.00 -Two sleepers can be
Wearable Sleeptracker piezoelectric kers.io/ monitored at the same time.
Monitor sensors -To know the result you just
(2017) can ask, alexa, as simple as,
how my sleep was?
[59] Non- Withings Sensitive withings https://www.wit € 129.95 Snoring detection can be
Wearable Sleep pressure hings.com/ turned off in the app
(2018) sensor (Health Mate) since it doesn’t
have anything to do with the
sleep score.
[60] Non- Eight Sleep ballistocardi  sleeptrackers https://sleeptrac Starting -I’s washable, super flat,
Wearable Tracker ography kers.io/eight From doesn’t affect the mattress
(2016) sensors Around: comfort, it’s completely safe
$249 since it’s a low voltage
product.
-Tracks your sleep
automatically without the
need to open any app or
hitting start.
[61] Non- EMFIT QS Ferro- Emfit https://www.em -$249 (USA -To avoid sleep disturbance,
Wearable (2015) electret fit.com, CANDA) the wifi electronics can be
sensor -€299.98 placed away from the bed.
Inc VAT (EU - The Device doesn’t need to
Rest Of The  be turned on or off.
World) -The device is very sensitive

that can be placed even
under the very thick
mattress.
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4.4.3 Commercial Solutions’s Pros And Cons

The objective of this section is to discuss in table format about the pros and cons of
the 2 main possible solutions (Namely: wearable and non-wearable) which we have
gathered in our commercial research in regard with the topic of “qualifying sleep
quality”.

Table 6. Commercial Solutions’s Pros And Cons Of Qualifying Sleep Quality

SLNO Product Type Pros Cons

1 Wearable -Excluding garments, all wearable -Can be discomforting to wear the device
devices are low in cost. while asleep.
-Simple to set up. -The device can fall off while being used in

sleep.

2 Non-Wearable -Nothing to wear. - Some devices need to be turned on and off
-The user doesn’t feel he/she is being manually.
monitored.

4.4.4 General Conclusion

In this section we are mentioning some limitations and challenges that we face when
using qualifying sleep quality devices which includes in particular wearable and non-
wearable devices. In case of wearable devices the main disadvantage is that it can be
discomforting to wear the device while asleep. And there is a limitation in positions
during sleep when wearing a device, for example, if the device needs to be attached to
the forehead of the user, the user cannot sleep on stomach because there is a
possibility of the device to fall off or could cause injury to the user or even damage
the device. In case of non-wearable devices the drawback is that in order to use some
devices the user is needed to fill up a survey about the way he/she finished the day,
for example how much caffeine or alcohol was consumed today?, which can be
irritating to fill up a survey before sleep in case the user had a very tiring day and just

needs to go to sleep.
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[

Figure 8. OURA Ring 2 (Wearable Device Example)

Figure 9. Eight Sleep Tracker (Non-Wearable Device Example)
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4.5 Scientific Research On Fall Detection And
Qualifying Sleep Quality

4.5.1 Introduction

In this section we are providing information, which was gathered during our

scientific research about 2 topics which are namely, chair/bed fall detection and

qualifying sleep quality.

4.5.2Papers Description

Fall Detection

Approaches And Principles Of Fall Detection For Elderly And Patient:
Wearable device - In order to detect unexpected events such as a fall,
the patient must either wear garments or hold device which contain
some inbuilt sensors to monitor the patients motions. Ambience device
- It consumes many built-in sensors in order to achieve patient related
data once the patient is nearby to them. Camera based - The usage of
cameras is going up in comparison with sensor approaches since they
have more advantages and cameras are less intrusive since they are
installed in homes and are not worn by the patient.

INBED A Highly Specialized System for Bed-Exit-Detection and Fall
Prevention on a Geriatric Ward: The patient is wearing the wearable
device on his/her tight in the upper part which is a more convenient
angle to notify rising event. Once the patient tries to get out of bed, a
rising up alarm is triggered in the base station and once the staffs notify
the attempt they go to the patient and attempt him/her.

An Image-Based Fall Detection System for the Elderly: IFADS
recognizes that the patient is standing once the camera detects that the
patient is away from the chair. If there is a significant change in patient
height, it determines if the patient has fallen. Once the patient
gets near the chair, since there is possibility that he/she might sit on a
chair, IFADS is using posture to distinguish the status. Because the
patient may fall when sitting or getting up from the chair, IFADS

checks if the person is in danger.
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e Assistive Technology In Elderly Care: The bed sensor pad is placed
under patient shoulder blades or buttock area beneath the bed sheet
and in case of chair pad, place the mat under the chair cushion. Once
the patient tries to lift the weight off the mat, the mat sends signals to
the monitor by means of audible and visual alarms to inform the
caregiver. Another pressure sensor is a doormat placed by a doorway or
bedside to monitor the patient when trying to get out of the door or bed
once the weight of the patient is applied to the mat.

e REFINE (Reducing Falls in In-patient Elderly) using bed and bedside
chair pressure sensors linked to radio-pagers in acute hospital care, a
randomized controlled trial: A radio signal alert from transmitter box
that is attached to the patient’s bed foot is transmitted to the radio
pager which will be carried by a nursing team member which will
indicate the patient’s location once the patient leaves the bed or
bedside chair. The alert will be triggered when no pressure is applied
on sensor for a period of 5S or more. The research team collects all
alerts, which are recorded by means of central receiver in each ward.

e Qualifying Sleep Quality

e HB-Phone A Bed-Mounted Geophone-Based Heartbeat Monitoring
System: Place the analog geophone beneath the mattress to monitor
heartbeats. The raw geophone signal is amplified. Signals later are
changed to digital signals by means of A/D conversions useful for signal
processing. Some methods of signal processing then are used to
identify heartbeats amongst the signal.

e Monitoring Cardio-Respiratory and Posture Movements During Sleep-
What Can Be Achieved by a Single Motion Sensor: The accelerometer is
placed on the heart, strapped in the chest area. Requires 4 steps,
mainly: 1. Static posture detection. 2. Sleeping posture identification. 3
and 4. Respiration and heart rate extraction. So that out of
measurements from accelerometer we extract posture and cardio-

respiratory parameters.
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Sleep Monitoring Based on a Tri-Axial Accelerometer and a Pressure
Sensor: Using 2 sensors, the sensing data are collected and then by
means of ZigBee wireless connection it is transmitted to the PC
platform and external assistive recording mobile device. And then by
means of sensing data collected from three-axis accelerometer sensor,
sleep pose and activity are determined. Later on, by using sensing data
collected from the pressure sensor, heart rate and respiratory rate are
estimated. And the sleep stage is calculated with the help of heart rate
and activity. In the final stage, the quality of sleep is calculated by
means of sleep time, sleep apnea and sleeping pose.

Sleep Monitor Monitoring Respiratory Rate and Body Position During
Sleep Using Smart watch: Wearing a smart watch, the respiration rate
is monitored by the motions of the wrist, which is caused by inhale and
exhale of air during breathing in sleep. Body position is monitored by
tracking the user’s wrist at different positions in regard to the body

while asleep.
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In the table below you can find more information about all the above mentioned

scientific papers.

Table 7. Scientific Paper’s Details Of Fall Detection And Qualifying Sleep Quality

Reference Research Paper Title Published Keywords Author Additional Description
Subject Year
[62] Fall Approaches 2008 -Fall Detection. Xinguo Yu -4 fall types:
Detection  And Principles - Fall detection 1. Fall from sleeping (bed).
Of Fall Detection devices. 2, Fall from sitting (chair).
For Elderly - Elderly fall 3. Fall from standing or walking
and Patient detection. on the floor.
- Fall detection 4. Fall from standing on supports
algorithm. such as a ladder.
-The first three types of falls
put elderly people and patients in
danger.
[63] Fall INBED: A Highly 2019 -Bed exit Nico Jihne-Raden, INBED is a signal based system
Detection  Specialized System detection. Ulf Kulau, Michael used for the purpose of detecting
for - Bed exit Marschollek and rising, restlessness and fall in
Bed-Exit-Detection sensor. Klaus-Hendrik clinical environments
and Fall Wolf (in Germany).
Prevention on a
Geriatric Ward.
[64] Fall An Image-Based 2018 Fall detection Kun-Lin Lu and To keep track of status of
Detection  Fall Detection for the elderly. Edward T.-H. Chu patients, a posture recognition
System for the method is used by means of
Elderly checking associated positions of
the chair and the patient.
Fall Assistive 2001 -Elderly care. FG Miskelly A pressure mat is a device which
[65] Detection Technology In -Assistive is used to monitor the movements
Elderly Care technology. of the resident by the pressure
applied to the mat (door mat) or
the pressure removed from the
mat (chair mat & bed mat).
[66] Fall REFINE (Reducing 2014 -Reducing Falls OPINDER SAHOTA, -Mainly used in health care
Detection  Falls in In-patieNt in hospitals. AVRIL facilities.
Elderly) -Pressure DRUMMOND, -The aim is to reduce bedside falls
using bed and sensors. DENISE using bed and bedside chair
bedside chair KENDRICK, Sensors.
pressure sensors MATTHEW J. -Not cost effective.
linked to radio- GRAINGE, -The rate of in-patient bedside
pagers in acute CATHERINE VASS, falls is not reduced.
hospital TRACEY SACH,
care: a JOHN GLADMAN,
randomised MARK AVIS
controlled trial

Master Of Science Thesis

Ilnaz Jahanbani



Scientific Research On Fall Detection And Qualifying Sleep Quality

51

Reference Research Paper Title Published Keywords Author Additional Description
Subject Year
[67] Qualifying HB-Phone: a Bed- 2016 Heartbeat Zhenhua Jiax, -Pros:
Sleep Mounted monitoring. Musaab Alaziz*, -Sensitive to the smallest
Quality Geophone-Based Xiang Chi¥, Richard movements.
Heartbeat E. Howardx, -Available in the market.
Monitoring System Yanyong Zhang¥, -Cons:
Pei Zhang T , Wade -Sensitive to surrounding noises.
Trappex,
Anand
Sivasubramaniam
!, and Ning An
[68] Qualifying  Monitoring Cardio- 2015 Monitoring Zhiqiang Zhang and Respiration rates and heart
Sleep Respiratory and respiratory Guang-Zhong Yang  rates from acceleration signal are
Quality Posture rate During extracted by means of source
Movements During Sleep. separation with singular value
Sleep: What Can Be decomposition.
Achieved
by a Single Motion
Sensor
[69] Qualifying  Sleep Monitoring 2016 Sleep Yunyoung Nam, To distinguish the state of
Sleep Based on a Tri-Axial monitoring. Yeesock Kim, sleep, features of the embedded
Quality Accelerometer Jinseok Lee mobile device are directly
and a Pressure extracted from multimodal sensors
Sensor , which through internet
connection sends physiological
data to either remote clinical
monitoring center or home servers
[70] Qualifying Sleep Monitor: 2017 Monitoring XTAO SUN, LI QIU, -The respiration rate is
Sleep Monitoring Respiratory YIBO WU, YEMING measured by means of a filter
Quality Respiratory Rate Rate During TANG, and which extracts signals from weak
and Body Position Sleep. GUOHONG CAO repository from that of noisy
. . accelerometer data on the wrist
During Sleep Using and then on each axis the rate of
Smart watch

repository data is estimated using
frequency analysis.

-The body position is identified by
using ML methods on the basis of
features which have been extracted
from accelerometer data.
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4.5.3 Scientific Paper’s Challenges

The objective of this section is to point out in table format the challenges which were

mentioned in our studied scientific papers.

Table 8. Scientific Paper’s Survey Summery

SLNO Research Paper Title Challenges
Subject

1 Fall Detection Approaches And Principles Of Fall In case of approaches using wearable and
Detection For Elderly and Patient ambience devices the disadvantage is that they

can’t be visually verified by the caregiver

2 Fall Detection INBED: A Highly Specialized System The limitation is the incapability of the system
for Bed-Exit-Detection and Fall to detect all possible fall events.

Prevention on a Geriatric Ward

3 Fall Detection An Image-Based Fall Detection System  IFADS could cause fault detection:

for the Elderly -In case the tester clothes’s color and the
chair’s color is similar, the IFADS may detect
wrong height of the tester.
-Tester height ratio to the chair, since in case
the resident falls, the tester top could be higher
than the chair.

4 Fall Detection Assistive Technology In Elderly Care In case of an elderly or the patient suffering
from physical or cognitive impairments, the
assistive technology may not be that helpful.

5 Fall Detection REFINE (Reducing Falls in In-patient In case of a big number of patients, although
Elderly) using bed and bedside chair the sensors alert, but the nurses were not able
pressure sensors linked to radio-pagers  to respond to radio pagers fast enough to assist
in acute hospital care, a randomized the patient to prevent falls.
controlled trial

6 Qualifying Sleep HB-Phone: a Bed-Mounted Geophone-  The device is very sensitive to the environment

Quality Based noises such as leg kicks, arm swings, etc. which
Heartbeat Monitoring System will be picked up by geophone. This causes
challenge to extract heart beat from other
noises.
7 Qualifying Sleep  Monitoring Cardio-Respiratory and Could be discomforting to wear the device
Quality Posture Movements During Sleep-What  while asleep.
Can Be Achieved by a Single Motion
Sensor
8 Qualifying Sleep  Sleep Monitoring Based on a Tri-Axial Difficulty in extracting QRS complex features.
Quality Accelerometer and a Pressure Sensor
9 Qualifying Sleep  Sleep Monitor Monitoring Respiratory =~ Estimation is the most accurate in supine
Quality Rate and Body Position During Sleep position than any other body position.

Using Smart watch
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4.5.4 Fall Detection General Conclusion

In this section we are mentioning some limitations and challenges that we face when
using the fall detection systems which includes in particular wearable sensors,
camera-based devices and ambient devices such as pressure and motion sensors.
One of the drawbacks of wearable devices is the place where the user is limited to use
the device. For example, bathrooms are also included in the list of places where the
falls happen, but the wearable devices are difficult to be worn by the user while
taking bath and also the devices are water affected. One of the disadvantages of
ambient devices is that the system is very sensitive to noise and will be producing
falls alarms in case there are any background noises. When it comes to camera based
devices the main disadvantage is the limited coverage. Cameras are limited to indoor
or to the places where the devices are restricted to. Also, in case of covering the whole
environment such as in case of a home, which includes the hall, all the bedrooms and
the kitchen, it requires multiple cameras to be placed in different locations at home

which will lead to high cost.

4.5.5 Qualifying Sleep Quality General Conclusion

In this section we are mentioning some limitations and challenges that we face when
using qualifying sleep quality devices which includes in particular wearable and non-
wearable devices. In case of wearable devices one of the disadvantages is that they
are mostly used for indoor purposes which makes it pretty difficult to read the device
in case of using it outdoors because of the bright sunlight. Another drawback is the
size adjustment, for example, if using a ring as the device, the size is adjustable, but
will not fit if the finger size is too big or too small. In case of non-wearable devices
one of the disadvantages is that some of the devices need to be turned on and off
manually for which in case of forgetting to do so the user misses the chance of

collecting the required data during sleep.
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Figure 10. INBED (Fall Detection Device Example)

Figure 11. Smart Watch (Qualifying Sleep Quality Device Example)
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5 Discussion

In this chapter, we are providing a discussion about possible fall detection systems.
[71] Different fall detection systems and solutions were discussed in this thesis for
which each of them has its own advantages and disadvantages. Generally talking, the
fall detection systems can be divided into 3 main groups: wearable sensors, camera-
based and ambient sensors for which in regard to the ambient sensors we mentioned
motion sensors and pressure sensors in this thesis as fall detection and prevention
solutions. In order to use fall detection systems, the system is not expected to be
intrusive of privacy of the user, the independence of the resident should not be taken

away, and the user’s life quality should not be reduced.

5.1 Wearable Sensors

When it comes to wearable devices, the advantage is the fact that the monitoring is
continuous and the device is not influenced by the environment. Also the device is
not limited to the indoor usage and can be used outdoors as well. The disadvantages
which can be talked about are the devices being intrusive, at times forgotten to be
worn which makes the device becomes a useless solution and the placement of the
device on the user’s undesirable body parts which will cause the user to be

uncomfortable when doing daily life activities.

5.2 Camera-Based Sensors

The advantage of the camera based system is that it is not intrusive since it is not
needed to be worn or remembered to be worn because it is contactless. Also, it can
monitor one or more people at a time, hence it is best used in hospitals and
healthcare facilities where many people need to be monitored at a time. The
disadvantage of these devices is occlusion, that is if in case a room has furniture
which is placed between the person and the camera it could cause false alarms. In
order to solve this problem some cameras will be placed on the ceilings. Another
issue is the light that is in any light condition a camera based system should be able
to monitor the person, however a light source at home such as sunlight or TV screen

could affect the quality of the image.
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5.3 Ambient Sensors

The ambient device advantage is that it is not needed to be worn by the user, they are
not visible to the resident which does not make the resident feel being monitored
and the devices are not intrusive. When talking about pressure sensors as an ambient
device the disadvantage is that it cannot distinguish between lying and falling

postures.

The diagram below represents all the fall detection solutions which we identified in
this thesis. In the X-axis each bar represents the year in which the products have
been offered and the height of the bar is proportional to the number of products of
that year. As can be seen in the diagram, amongst all the products that we proposed
in this thesis, the year 2018 shows the highest number of interests in such

technologies.
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Figure 12. Offered Year And Number Of Proposed Products
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6 Conclusion And Future Work

This last chapter provides a conclusion about all proposed possible solutions as well

as the future work that needs to be focused on.

6.1 Conclusion

The main focus of this thesis was a research based study in scientific and commercial
fields. In the scientific field, we studied the scientific papers. Whereas, in the
commercial field, we searched for the available products in the market. The entire
study was divided into 2 parts, where the main part of the study was a research work
about monitoring the elderly people in order to avoid them falling from beds or
chairs and a small portion of the thesis was dedicated to a research work about
qualifying the sleep quality.

In this thesis, in regard to the fall detection topic which was the main part of the
study, we did our commercial research by identifying 3 main solutions, namely:
wearable solution which includes 1 product, motion sensor solution which includes 1
product and finally the pressure sensor solution which includes 11 products in chair
fall detection and 9 products in bed fall detection. Whereas our scientific research
was limited to the papers which were written in English.

However, as mentioned earlier in this chapter, a small part of the research work was
dedicated to study the possibilities to improve the quality of health, by means of
changing some daily life habits with the help of studying the data (Such as
respiratory rate, blood pressure, etc.) which was collected while asleep using some
specific devices. We did the commercial research part of qualifying sleep quality topic
by identifying 2 main solutions, namely: wearable solution which includes 5 products
and non—wearable solution which includes 5 products.
Whereas our scientific research about the same topic was limited to the papers which
were written in English. Hereby we are starting the discussion with the main part of
the research work which was all about fall detection and prevention.

[72] Depending on how seniors fall on the floor, they could experience a Traumatic
Brain Injury (TBI), broken hip, fractured bones or soft tissue injuries. Nevertheless,
even if the injury is very minor the elderly mostly will be needing hospitalization
which would yield to the fact that many of the seniors will never get back the

functional level as before and they always feel the fear of falling again.
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Moreover, as mentioned in the earlier chapters, falls are the leading cause of injuries
and deaths amongst the elderlies. However, despite of the fact that there have been
high achievements in regard to provide solutions in order to detect falls and prevent
our loved ones from falling still there exist drawbacks concerning the solutions.
Let’s start discussing about the drawbacks of the solutions proposed in this thesis
about the fall detection. With respect to drawbacks, when it comes to fall detection
with the help of wearable devices, the main issue is the fact that many seniors refuse
to wear a device because it makes them feel that they are being monitored and will
lead them to lose their independence. Another drawback of wearable devices which
can be talked about is the fact that seniors often forget to wear them. However, when
it comes to difficulties when using motion sensors as a fall detection solution, the
first point to be talked about is the fact that it causes false alarms, and the second
point to mention is that the device is mainly for indoor purposes and the last point to
mention is the distance limitation that needs to be taken care of, between the sensor
and the receiver. Furthermore, when discussing the drawbacks of the pressure sensor
solution, maintenance is the main issue which needs to be focused on, for which the
mats are advised not to be folded or they can’t be washed with any cleansing solution
and they are mostly instructed to just be wiped with antibacterial wipe pads. Another
issue with pressure sensor pads is the cost matter, when the mat needs to be replaced
frequently, once the warranty period gets expired. Last but not the least, when
talking about the drawbacks of camera based devices as a solution, the main point to
consider is the high probability of false detection between a real fall and a fall that
has been happening intentionally, in other words, the senior abruptly lain down or
sat down himself/herself.

However, with respect to the main part of the research (fall detection), considering
all the achievements regarding devices and technologies in order to detect and
prevent falls which we already discussed about them in the previous chapter

(4. Results), still there are challenges which need to overcome. None the less, as a
conclusion, we state that using available devices to detect and prevent seniors from
chair or bed falls, none of the mentioned devices will fully prevent seniors from
falling, but the devices are only useful to reduce the risk of our loved ones from
falling on the floor and to alert someone that a fall happened.

Furthermore, as a conclusion to the other part of the research (qualifying sleep

quality), we state that, none of the above discussed products are medical devices, and
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in case of you being a healthy person and just keen to collect some information
about the routine of your sleep, using tracking devices can be a good choice. But if
there exist any concerns about the health quality, it is advised to meet a doctor. As

Schwartz says: “The tracker will give you something to reflect on” [73].

6.2 Future Work

Our future work is to study about the algorithms which exist, since this thesis was
mainly about commercial and scientific research in order to know the available
products which are currently in the market and to study the papers for the purpose of
getting the knowledge about scientific approaches for fall detection, but not in
details. However, although the entire survey has not provided us with a hundred
percent solution to detect and prevent falls from chairs and beds, but it helps us as a
baseline, using which we can develop better techniques to provide better solutions
than the existing ones. Finally, in order to detect and prevent falls using fall detection
systems mentioned in this thesis which were wearable devices, camera-based
devices, ambient devices in particular motion sensors and pressure sensors, we
didn’t consider the elderly people who live in old age homes and who are suffering
from physical disabilities and cognitive impairments. Even these people are at high
risk of falling and this thesis could be an inspiration to help this population with the

most specialized technology solutions.
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