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Abstract
This thesis studies novel outdoor and indoor positioning technologies enhanced
with wearable or body worn motion sensors to recognize daily activities.
In gerontology and geriatric medicine, it is fundamentally important to be able to
detect changes in physical, psychosocial, and cognitive outcomes over time. In this
thesis, intelligent systems for assessing aging changes were discussed. By utilizing
novel technologies and methods, efficiency of home care services can be improved.
The studied concept enables early detection of changes in functional ability and
daily performance.
As a research methods both interviews and literature studies were used. The
technology study was conducted as a literature study, whereas the concept creation
and selection of suitable technologies were based on interviews with experts
belonging to 5GTN alliance.
As a result, technologies for outdoor and indoor tracking were selected, and
sensors for real time tracking of the daily activities and routines were proposed.
Pilot project of indoor tracking of elderly people is starting in autumn 2017.
Results of that are not covered in this thesis but those are covered in forthcoming
theses.
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Tiivistelmä
Opinnäytetyössä tutkittiin ulko- ja sisäpaikannusteknologioita, sekä yhdessä
niiden kanssa käytettäviä kannettavia ja/tai puettavia liikesensoreita, joilla
voidaan havaita ja tunnistaa päivittäisiä aktiviteettejä.
Ikääntyvien ihmisten hoidossa on erinomaisen tärkeää pystyä havaitsemaan
muutoksia fyysisessä, psykososiaalisessa sekä kognitiivisessa toimintakyvyssä.
Tässä työssä käsiteltiin älykkäitä järjestelmiä ikääntymisestä aiheutuneiden
muutosten arvioimiseksi. Uusia teknologioita ja menetelmiä hyödyntämällä
voidaan parantaa kotihoitopalvelujen tehokkuutta. Työssä tutkittu konsepti
mahdollistaa toimintakyvyn muutosten, sekä päivittäisen suorituskyvyn muutosten
varhaisen tunnistamisen.
Tutkimusmenetelminä käytettiin sekä haastatteluja että kirjallisuustutkimuksia.
Teknologiatutkimus suoritettiin kirjallisuustutkimuksena eri lähteistä, kun taas
konseptointi ja teknologioiden valinta suoritettiin haastattelemalla 5GTN
allianssiin kuuluvia moniammatillisia asiantuntijoita.
Tutkimuksen tuloksena valittiin käytettävät teknologiat ulko- ja sisäpaikannusmenetelmiin, sekä valittiin sensorityypit päivittäisten toimintojen ja rutiinien
reaaliaikaiseen seurantaan. Syksyllä 2017 on käynnistymässä pilottiprojekti, jossa
sisätila-antureiden avulla seurataan ikäihmisten toimintaa omassa kodissaan.
Tuloksia tuosta projektista ei käsitellä tässä opinnäytetyössä, vaan ne käsitellään
tulevissa opinnäytteissä.

Avainsanat: ulkopaikannus, sisätilapaikannus, sijainnin arviointi, etäisyyden
arviointi, lääketieteellisten asioiden internet, kotihoitopalvelut, gerontologia
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1. Introduction
Number of elderly people in Finland is constantly increasing. In 2015 over 20 percent
(20,5%) of the population was over 65-year old, and the percentage is expected to climb
up to 26.3 by 2040. [1] The ageing of the Finnish population is not only a question of an
increase in the number of elderly but also of a change in the entire demographic
structure, since the number of children and working-age population is declining at the
same time. This change in demographic structure is explained by the decrease of
birthrate and mortality, and by retirement of the baby boomers, the generations born
after the World War II.
Majority of elderly people live in their own homes, and they want to stay in the places
where they've lived for decades. In 2012, even over 90% of those of age of 75 or over
lived in their own homes. Even though municipalities in Finland are gradually
reforming their service structures by cutting out on institutional care, the change has
been rather moderate. Studies indicate that part of the current facilities both in
institutions and sheltered housing units are cramped and do not support the residents’
independence and functional capability in the best possible way. Current multilevel
service chain, where the person must move away from own home to institutional care to
get required services after his/her condition and/or functional capability decreases, is not
accepted in modern society. This current multilevel service chain and modern service
structure has been described in Figure 1. Current multilevel service chain is depicted on
left side and the modern service model, where resident doesn’t need to move after
services, but services are scalable at modern home, where resident’s condition and
functionality may be monitored is depicted on right side.
It is said that a home should be a place, where the person himself has decided to move,
and he lives there at his own free will. So regardless of age and person’s functional
capacity, everyone must have equal chance to live a good life in their own communities,
and for that the modern service model is designed. Thus, an aging population and
shortage of nursing staff is a combination, which implies the need for more advanced
systems in the healthcare industry. Obviously, there is a need for new flexible housing
services,

which

adapt

to

diverse

needs

of

elderly

clients.

Changing the service structures to support independent living in own home requires
simultaneous actions to reform to living environment and services.

Figure 1 Current multilevel service chain on left side vs. modern service model, where
resident doesn’t need to move after services but services are scalable at modern service
home, where resident’s condition and functionality may be monitored. Model based on
discussions with project team of Caritas Palvelut Oy, hereinafter referred to as ‘Caritas’.
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The Ministry of Social Affairs and Health and the Association of Finnish Local and
Regional Authorities have issued a national framework for services to meet high-quality
requirements for older people. The framework was called “Quality recommendation to
guarantee a good quality of life and improved services for older persons.” The aim of
the quality recommendation is to guarantee as good health and functional capacity as
possible for the entire older population, and give guidance for the regulation of effective
and high-quality services for those who need those services most. The recommendation
highlights for example following themes; housing and the living environment,
guaranteeing good health and functional capacity for the older population, right services
at the right time and human resources for providing care and attendance. [2]
To meet these requirements, technology is being developed at an ever-accelerating rate
for elderly people to support their living at home instead of hospitals or service houses.
Markets for such technologies are huge but also demanding. There is no single
outstanding solution nor technology available but several good compromises, though.
Even more important than the technology itself is to thoroughly understand, what are
the measurable everyday signs, which would eventually reveal the changes in person’s
functional ability and daily performance. Such a concept, which can provide continuous
health and environment data from multiple sources, combine the data for the efficient
use in big data analysis, and feedback understandable results to the user, caregivers or
therapists, has great potential in international markets.
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2. Objectives of the study
This thesis focuses on real time location tracking technologies for patients suffering
dementia, and for elderly people who require some level of assisted living services to
cope their day to day tasks. Purpose of the study was to evaluate existing technologies
for different outdoor and indoor tracking purposes and study technologies, which could
be utilized to monitor patients’ daily routines and potential changes in those routines.
Objectives of the thesis were following.
a. To define use cases of
a. Importance of outdoor tracking technologies to secure dementia patient’s
living at home
b. Importance of outdoor and indoor tracking technologies for nursing staff
in sheltered houses to track dementia patients and elderly people
c. Importance of indoor tracking and activity recognition to support ondemand home care
b. To study state-of-the-art technologies, which would offer most suitable outdoor
and indoor positioning systems to be used for tracking elderly people and
dementia patients as a part of the home care service. But also to study
technologies to be utilized to recognize different daily activities and create daily
routine map of those activities. Based on daily routines home care service
provides can plan their visits more effectively. Also, deviations in daily routines
may reveal changes in a patient’s health condition.
c. To design a concept of technology supported housing
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3. Use case definition
The idea for the topic came from Nokia and Caritas, who both are contributors in 5G
Test Network, 5GTN, consortium; Nokia as a 5G network provider and Caritas as a
customer and a pilot user. Caritas is Oulu-based non-profit organization, that provides a
wide range of medical and rehabilitation services as well as housing services to private,
corporate and municipal customers. [3]
5GTN itself is facility for research and development (R&D) and testing in a real 5G
network environment. It offers a platform for developing and testing new applications,
services, algorithms, technologies, and systems, but it also acts as open test environment
for third parties to test their ideas and visions in real life. The 5GTN follows 5G
research and standardization progress, and it acts as verification platform for 5G
research work. 5GTN consists of Radio Access Network (RAN), Multi-access Edge
Computingblock (MEC), which offers local computing services at the edge of the
network, cloud core network and cloud services for different applications and big data
mining purposes. In addition to that, there are typically other wireless networks such as
Wi-Fi, Bluetooth and/or sensor networks, which have been integrated into 5G RAN.
Main components of the 5G test network are illustrated in Figure 2. [4] [5]

Figure 2. Main components of the 5G Test Network [5]. Figure used by permission of
VTT.
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Planning started with the series of meetings with members of Caritas, where
requirements for the thesis work and use cases for 5GTN were discussed. Meeting
series continued by meeting specialists from technology providers like Technical
Research Centre of Finland (VTT) and Haltian. In those meetings, different options for
outdoor and indoor tracking technologies were discussed. In addition to those we had a
meeting with Indalgo, which is specialized for industrial algorithm development. With
Indalgo, we discussed about the methods to find out daily routines by utilizing different
in-house or wearable sensors. Based on all the discussions we drafted the work plan for
the thesis, which includes following main topics;
-

dementia patient at service home – importance of outdoor tracking

-

senior citizen at home – indoor tracking and activity recognition to support ondemand home care

-

early detection of changes in functional ability and daily performance by
utilizing novel technologies

3.1.

Importance of outdoor tracking technologies to

secure dementia patient’s living at service home
3.1.1

Scenario I

Mrs. Määttä is lusty and vital 70-year-old lady, who has always been active in walking
and physical jerks. Two years ago, she was diagnosed dementia. Her physical condition
is still good, but due to dementia, she is nowadays diffident to go out for a walk,
because she is insecure if she can find her way back home, so her physical condition has
started to decrease.

3.1.2

Mitigation I

That is very common issue amongst the dementia patients. But there are solutions how
to secure safe walks for Mrs. Määttä, and thus encourage her to continue activities
outside her home.
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Mrs. Määttä may be equipped with the position tracking device, which shows her
location on a map-application either in real time or on request bases. Map-application
may be shared with home care service personnel and/or Mrs. Määttä’s relatives. When
Mrs. Määttä thinks she’s lost, she may call help by using automatic emergency callbutton on her position tracking device. Depending on the situation, she can be verbally
guided a route back home or she can be picked up by caregiver.

3.1.3

Scenario II

Mrs. Lehto enjoys sunny winter day in the yard of service home. Due to dementia, her
focus and thoughts are elsewhere, and she leaves the court without anyone noticing that.
Not after a long time, the nurse asks Mrs. Lehto for a lunch, but Mrs. Lehto doesn’t hear
the request because she is wandering away from the service home. It may be that the
weather outside is cold, and Mrs. Lehto has not dressed warmly, so the situation may
end up dramatically. Or there might be dangerous areas, such as railroads or scarps
nearby, which may cause dangerous situations for her safety. To avoid such situations,
there should be a mechanism to keep her safe if she gets lost.

3.1.4

Mitigation II

Mrs. Lehto is equipped with the outdoor positioning device, which indicates if the
person leaves the pre-defined area. Now when she walks too far from the service home,
the device sends an alarm to nursing staff so that they notice it immediately, and can
guide her back to yard. Or even more simple solution could be that the device indicates
to Mrs. Lehto by voice that she has gone too far from her home and she should turn
back.
Due to lack of nursing resources these kinds of situations are typically avoided so that
dementia patients are being locked up to service houses so that they are not allowed to
go outside. Thus, comparing the solution to a typical situation, the tracking device
appears to be excellent option.
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Different outdoor tracking technologies and technology providers are introduced on
chapter 0.

3.2.

Importance of indoor tracking and activity recognition

to support on-demand home care
3.2.1

Scenario III

Home care visits Mrs. Koskela every morning at 8:00am and Mr. Hietanen after that at
8:30am. During morning visits, they typically make sure that Mrs. Koskela takes all the
prescribed medicines and prepare her a breakfast. Mrs. Koskela suffers sleeping
problems and she has difficulties to get a sleep in the evenings, and she typically wakes
up several times per night. Last time when they visited her, she was still sleeping,
because she wasn’t slept well that night. Nurses know they need to visit Mr. Hietanen at
8:30 to keep in schedule, so they had two options; to wake her up and make sure she
will take her pills, or leave the place and visit her later. The latter one is typically not an
option because daily schedules are already so thigh that there are no room for sudden
changes. Also, the first option is problematic, due to sleeping problems she has.
Eventually they have no other option but to wake her up.

3.2.2

Mitigation III

With proper indoor tracking system supplemented with activity recognition, the home
care nurse would have real-time information of the activities that Mrs. Koskela would
have been done for that morning. They would be able to notice if she has done all the
morning activities before they visit her, or if she is still sleeping at her bed, they have
more time to rearrange their route and perhaps visit Mr. Hietanen before visiting Mrs.
Koskela.
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4. Enabling technology analysis
4.1.

State-of-the-art positioning technologies

Position can be determined using optical signals, radio waves, ultrasound or infrared.
Even though the wireless communication system is typically used to transfer
information from one terminal to another, characteristics of the transmitted signal can
be used also for estimating how far the transmitting terminal is from receiving terminal.
There are different methods to derive location information from wireless link, and
choosing which method to use depend, among other things, on the environment where
the application is used, accuracy requirements and complexity of the system [6]. The
advantage over using radio wave technique is that it provides longer operational range
and it doesn’t require the line of sight (LOS) between the transmitter and the receiver.
Propagation delay, propagation attenuation and changes in propagation direction like
reflection, refraction, diffraction or scattering are significantly influenced by geometric
parameters. [7]

4.1.1

Real Time Locating Systems

ISO (the International Organization for Standardization) and IEC (the International
Electrotechnical Commission) have set standard, ISO/IEC 24730, for Real Time
Locating Systems (RTLS) to allow for compatibility and to encourage interoperability
of products for the growing RTLS market. Standard defines RTLS as following: “RTLS
are wireless systems with the ability to locate the position of an item anywhere in a
defined space (local/campus, wide area/regional, global) at a point in time that is, or is
close to, real time. Position is derived by measurements of the physical properties of the
radio link.” [8]
According the ISO/IEC standard, there are conceptually four classifications of RTLS:
Locating an asset a) via satellite, b) in a controlled area, like warehouse, campus,
airport, c) in a more confined area and d) over a terrestrial area using terrestrial mounted
receivers over a wide area, for example cell phone base stations. Locating an asset
utilizing terrestrial mounted receivers provide an accuracy approximately 200 meters,
whereas the accuracy utilizing satellites is higher, 10 meters, but requires line-of-sight
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between satellites and receiver. Correspondingly stricter accuracy requirements are
placed for assets in a controlled area, 3 meters, and assets in a more confined area, tens
of centimeters, but in those classes area of interest is instrumented [8] .

4.1.2

Distance estimation methods

Measuring the distance and defining the location are closely related topics. Distance
determines the radius of a circle or a sphere, but the location is the point in space, which
is described symbolically or using coordinates, which are defined as distances or angles
in relation to other known points. There are three basic properties, which make distance
measurement and location determination from the analysis of specific characteristics of
radio signals: received signal strength (RSS), time of flight (TOF) and angle of arrival
(AOA). All the distance measurements and location can be derived using these
methods, but there are two variants of these, which are also commonly used but vary
enough from basic measurements that those are worth to briefly introduce too. Those
methods are fingerprinting and proximity detection. The location information may be
further enhanced with information on its spatial orientation. All the methods are briefly
described more detailed following sections. [6]
Received Signal Strength
It is known that received signal strength (RSS) decrease as the distance between the
transmitter and the receiver increases. If the relationship between the signal strength and
the distance can be defined analytically or empirically, then the distance between
transmitter and receiver can be determined. When using several receiver nodes or base
stations and a target tag, triangulation method can be applied to determine the target
tag’s location [9]. Triangulation method is described in section 4.1.3.
Advantage of RSS over TOF is that it can be implemented on existing wireless
communication systems such as WLAN network with little or no hardware (HW)
changes, which means very low incremental costs. Drawbacks of RSS method are the
large variations on signal strength due to interference and multipath propagation,
making RSS method less accurate if compared to TOF method. Propagation is very
much environment specific phenomena, and therefore RSS based systems typically
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must be tailored to each location separately. Accuracy can be improved by increasing
the number of reference terminals. Also, the orientation of the target device and its
location related to nearby objects has great impact on location estimation accuracy [6].
This may be challenge especially on person tracking and wearable position devices.
Della Rosa et al. [10] studied the body-loss effect on the RSS measurements on
smartphones. The experimental results show that the signal strength at a given location
varies by up to 5 dBm depending on the direction that the user is facing because the
user’s body creates a systematic source of error in RSS measurements. Correcting this
source of error during positioning phase can be difficult. Another source of error in RSS
measurements on smartphones is hand grip due to close proximity of hand to the
antenna. That impact was also measured in this same study by Della Rosa et al. and the
result was that the covering WLAN antenna by hand may cause up to 12dBm error
compared to a situation that antenna is uncovered. That corresponds to error
approximately 9 meters at the distance of 3 meters from the access point.
Systems, which use RSS to estimate location can be basically divided into two classes:
those that are solely based on known radio propagation analytic relationships, and those
that involve searching a database that is composed of measured signal strengths in a
location specific survey. The first class employs either triangulation or trilateration
method and the latter class is called as fingerprinting [6].
The way signal strength changes as a function of distance from the signal source is a
function of the environment. The simplest and most exact formulation of that function is
applicable to free space. Any other environment requires modifications to the free space
formula due to objects, which make electromagnetic wave to reflect, absorb or obstruct,
or scatter. Due to the fact that the environment cannot be described exactly or it changes
with time the factor of probability has to be taken into account as well. Received power
in free space can be determined using Friis equation [6]. Parameters affecting to
received signal power (𝑃𝑟 ) in free space are distance (d), wavelength (λ) and antenna
gains in the transmitter (𝐺𝑡 ) and the receiver (𝐺𝑟 ). Without knowledge of the transmitted
power (𝑃𝑡 ) the distance to the transmitter cannot be determined. Friis equation is
following:
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𝑃𝑟 =

𝑃𝑡 𝐺𝑡 𝐺𝑟 𝜆2
(4𝜋)2 𝑑2

(1)

Equation can be expressed as a path gain (PG), or path loss, to make comparison of the
transmitted signal and attenuated received signal power level more convenient,
𝑃𝐺 =

𝑃𝑟
𝜆 2
=(
)
𝑃𝑡 𝐺𝑡 𝐺𝑟 𝑟
4𝜋𝑑

(2)

which in logarithmic scale is in form
𝑃𝐺𝑑𝐵 = 20 log(

𝜆
)
4𝜋𝑑

(3)

However, in the real world the situation is different and the signal path is affected by
reflections from nearby objects, like ground, and partial blocking by materials [6]. Thus,
the received power is seen as a vector sum of signals on the receiver end. Simplified
propagation model for indoor environment is shown in equations (4) and (5). The model
is for 2.45GHz, and valid from 0.5m up to hundred meters [11].
𝑃𝐺𝑑𝐵 = −40.2 − 20 log (

𝑑
)
1𝑚

𝑑
𝑃𝐺𝑑𝐵 = −58.5 − 33 log ( )
8𝑚

0.5𝑚 ≤ d ≤ 8m

d > 8m

(4)
(5)

Path loss follows free-space propagation (coefficient is 2) up to 8 meters and then
attenuates more rapidly with a coefficient of 3.3. Path loss model is show in Figure 3.
[6] [11]
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Path gain curve for indoor propagation at 2.45 GHz
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Figure 3. Path gain curve for indoor propagation at 2.45GHz. Figure modified from [6]
and [11].

Fingerprinting method
Database comparison technique, also known as fingerprinting or pattern recognition or
pattern matching, is applicable only for that particular site where it was created. That
technique may be used both indoor and outdoor applications, but if the physical
environment changes, then also the radio signal propagation pattern changes, and the
new database of the site need to be recreated. The first phase of the location procedure
is the calibration of the signal environment. In creation of a database, the RSS is
measured at each access point (typically BS) while a mobile WLAN terminal is
transmitting from the survey reference points. RSS values and corresponding
coordinates of the access points are then stored to the location database. At each
reference point four different orientation of the mobile device is required due to use of
omnidirectional antennas. Also signal strength varies over time and therefore it is good
to have several measurements of signal strengths on each point. The second phase of the
location procedure is the real-time positioning by measuring real time RSS and
comparing the result with the database. While the target device moves on the area, it
transmits signal and the signal strengths are recorded by all access points in range. The
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signal strengths are then compared with the database components associated with all
reference points, and the best matching reference point is used to indicate the estimate
of target location [6].
Advantage of the fingerprinting method is that it is based on real path loss
measurements so most of the uncertainties like multipath propagation can be avoided,
but due the same reason the creation of the site-specific database may be time
consuming and expensive [6].
Time of flight (TOF)
The distance between the mobile terminal and the base station equals the time of flight
of the transmitted signal multiplied by speed of propagation. Speed of propagation
equals the speed of light.
There are two different types of methods, which utilize TOF for distance measurement
and location; time of arrival (TOA) and time difference of arrival (TDOA). Methods are
used to derive distance or distance differences between a mobile terminal and the fixed
position base stations. Data used in distance estimations are derived from arrival times
of radio signal at receivers. TOA is directly based on transmit time between the
transmitter and the receiver, whereas the TDOA method calculates location from the
differences of the arrival times measured on pairs of transmission paths between the
target and fixed terminals [6]. In TOA, location estimates are found by determining
intersection of circles or spheres whose centers are the at the location of base stations
and the radii are estimated distances to the mobile terminal. Whereas TDOA locates the
mobile terminal at intersections of hyperbolas or hyperboloids that are generated with
foci at each fixed station of a pair. Both, trilateration and hyperbolic lateration, methods
are described more detailed in section 4.1.3. [9]
TOA- and TDOA-based location systems may be unilateral or multilateral. In a
unilateral system, the target device receives fixed terminal transmissions and measures
time durations from received signal strengths from each of the base stations, and the
knowledge of base station locations and radiated powers. As the target device is
listening transmissions of all the base stations, it is required that, time data from base
stations is multiplexed. Without multiplexing the time data from base stations
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transmissions BS will interfere each other. Time division multiplex , frequency division
multiplex , or code division multiplex techniques may be used. Respectively, in a
multilateral system the location calculations are performed independently of the target,
either at one of the base stations or at a separate network computing element. That may
be considered as a violation of the target’s privacy, because the system administrator,
whoever that may be, tracks the target’s location. On the other hand, multilateral
arrangement offers more computational power and larger data base capability than
typical handheld devices. In both cases, the geometric principles of TOA and TDOA
location methods are the same for unilateral and multilateral systems. [6]
Angle of arrival (AOA)
Angulation is very common positioning approach, in which measured angles between
known base stations and mobile terminals are used to determine the location of the
mobile terminal. In angulation, the angle between fixed points and mobile terminal is
measured either at those fixed locations or the mobile device measures angles with
respect to the incoming signals of base stations [12].
The radiation beam width is the included angle between half power points, i.e. 3dB
from maximum power, on the major lobe of the antenna pattern. That quantity indicates
the quality of directivity and thus is prime importance in AOA location – antenna with
high directivity is based on narrow beam width. In addition to narrow beam width, the
AOA method requires some antenna rotation mechanism in single antenna case, same
way as in radar systems. As an alternative to mechanical rotation, direction finding can
be done using amplitude or phase comparison techniques. If more than one antenna/base
station is used, then distance and location are found by triangulation, which is described
in section 4.1.3. [6]
Proximity detection
Proximity detection is purely based on the proximity of the mobile terminal to
previously known location. Proximity detection may be used for example in Wi-Fi
network providing proximity to the access point as the Wi-Fi signal is limited to a
certain region around the access point. In other words, the proximity doesn’t provide
location as accurate coordinates but as set of possible locations. Proximity to a given
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access point limits location of the user to a large and complex region depending on the
signal's range. Therefore, by measuring proximity to several different locations and
using the intersect of these sets, the smaller regions of possible residence of the mobile
device can be found. Method is very similar with intersecting circles method.
Advantage of the method is that it is easy and simple to implement on existing wireless
communication systems with little or no hardware changes with very low incremental
costs. On the other hand, the method is not very accurate. Accuracy may be improved
by using base stations with very small radii, but that requires then a large sensor
infrastructure which makes the solution expensive [13].

4.1.3

Location estimation methods

The best-known object detection technology is radar, radio detection and ranging. It
uses radio waves to determine the range, angle, or velocity of objects. Basic principle of
radar is that it transmits a radio waves, frequency pulse or continuous, using directional
antenna and when the radio wave reaches the target it reflects back and the reflected
wave is detected by the radar receiver. The distance is calculated from the elapsed time
by multiplying elapsed time by the speed of radio wave propagation and dividing the
result by two. The method is called time of flight (TOF). The radar determines location
using only two terminals by a combination of TOA and AOA. It uses a continuously
rotating directional antenna, and the target position is in the direction where of the
directional antenna is pointing at that time. When the direction and distance, a.k.a.
range, of the target is known it can be positioned in a given coordinate system.
If nondirectional antennas are used, then the accurate target location must be measured
using several, spaced terminals [6]. Such methods are explained on the next sections.
Trilateration
In trilateration method three or more fixed position terminals are used to exactly locate
the target. In Figure 4, A, B, and C are the terminals whose coordinates are known and
the mobile terminal, whose location is being determined, is marked as M. Distances AM
and BM can be found by measuring the time of flight or received signal strength as
described above. Without terminal C, there would be two alternative locations for
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mobile terminal, because the intersections of the circles centered at A and B are on the
location M, but also M’, meaning that the location M’ is on a same distance from
terminals A and B as M. True position of the mobile terminal, M, in two-dimension
space can be find when third fixed terminal, in this example terminal C, is taken into
use. Thus, this method is often also called as intersecting circles [6]. If positioning is
done in 3D-space, then number of fixed terminals should be four or more. Position
accuracy may be improved by increasing the number of fixed location BSs [14].

Figure 4. Positioning using intersecting circles.

Triangulation
Basic principle of triangulation method is depicted in Figure 5. It utilizes angle of
arrival (AOA) of a signal received from a mobile terminal (MT) at two or more base
stations (BS). In case of AOA, it required that line of sight from the mobile terminal,
MT, to two or more BS exists. Multiple line of sights drawn from different base station
locations intersect at the estimated location of the mobile terminal. [15]
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Figure 5. Triangulation method in two dimensions.

In Figure 5, two base stations, BS1 and BS2, are located in fixed positions (0,0) and
(D,0) in global coordinate system, and the target, MT, is on location (x, y). Base stations
are separated by distance D from each other. Estimates of the angles of arrival signals
can be accomplish either with using mechanically steered narrow beam width antenna
or electrically steered array of antennas [15]. When the angles 𝛼𝛼1 and 𝛼𝛼2 , and distance

D between BS1 and BS2 are known, the location of MT (x, y) can be unambiguously
determined using equation (6).
𝑥𝑥 =

𝐷𝐷 tan(𝛼𝛼2 )
tan(𝛼𝛼2 ) − tan(𝛼𝛼1 )

𝐷𝐷 tan(𝛼𝛼1 ) tan(𝛼𝛼2 )
𝑦𝑦 =
tan(𝛼𝛼2 ) − tan(𝛼𝛼1 )

(6)

The location cannot be measured exactly, but the uncertainty depends on measurement
accuracy of the angles, the angles themselves, and the distance of the target from the
two base stations.
Clear advantage of AOA technique over other location techniques is that location can be
estimated using as few as two BSs, and there is no need to have time synchronization
between BSs. On the other hand, required hardware may be relatively large and
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complex, and the location estimate degrades as the target moves further away from BSs.
[6] [15]
Multilateration
Multilateration method is also known as hyperbolic lateration. A hyperbola is the locus
of points where the difference in the distance to two fixed foci is constant [16].
Multilateration is TDOA based position estimation method. The mobile terminal, which
transmits the electromagnetic wave, can be located by using a few synchronous
receivers, or other way round, the mobile terminal may estimate its own location by
utilizing a few synchronous transmitters, because there is time difference of arrival for
the same pulse in different receivers due to distance difference between mobile terminal
and receivers.

Figure 6. Two transmitting points with concentric circles around each indicate
distances traveled by the radiating signals. The points at which the circles intersect
(black, orange and blue dots) create a family of hyperbolas. In this figure, the time
differences between transmitting points and airplane remains the same while the
airplane moves along either the black, orange or blue hyperbola. [17] [18].
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As shown in Figure 6, two transmitting points create a curve between the points at
which the circles intersect, hyperbola, thus determining the exact location of the moving
terminal is not possible since any point on hyperbola has the same time difference in
received signal time. It means that minimum requirement for number of receivers in 2D
is three, whereas in 3D at least four receivers are needed. Naturally, increasing the
number of receivers yields better accuracy [19].

4.1.4

Outdoor positioning technologies

Global Navigation Satellite Systems
The most common outdoor positioning technology, based on Global Navigation
Satellite Systems (GNSS), is GPS, Global Positioning System. GPS technology utilizes
radio signals that GPS satellites transmit while flying in medium Earth orbit at the
height of 20,200 kilometers from earth surface. One round around the earth takes 11
hours and 58 minutes so each satellite circulates the earth two times per day. There are 6
orbits and each orbit has four satellites, so the minimum number of satellites needed to
cover the whole earth is 24. At the end of October 2016 there were 31 satellites total in
earth’s GPS constellation. [20] In order to benefit from GPS positioning, there need to
be visual contact to at least to four GPS satellites simultaneously. In principle that is
possible everywhere since there are five to eight satellites visible continuously [21]. In
reality, high buildings in urban area may cause that there is no line of sight between
GPS satellites and the receiver, but the signal reflects from concrete or steel obstacles
causing multipath interference to signal path, which then decrease the accuracy of
positioning. Accuracy of GPS positioning depends also of the used GPS service. There
are two services; the Precise Positioning Service (PPS), which is primary for US
military service and the Standard Positioning Service (SPS) for civil users. Accuracy of
the high quality SPS receiver is better than 3.5 meters [22].
Mobile Radio Cellular Positioning
Positioning services are provided by network operators too, not only to serve their
mobile handset customers but also to sell position information to advertisers. For
example, Cisco is forecasting that markets for mobile location based services are rapidly
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increasing, and over 50% of mobile advertising will be associated with location-targeted
campaigns by 2017, making that over $10B business for network operators [23].
Numerous techniques to provide location information of the mobile device exists.
Techniques may be divided into network-based, UE (User Equipment) -based and
combination of UE- and network-assisted techniques. In network-based approach
measurements and calculation are being done in network side, where as in UE-based
approach the measurements and calculations are being done on mobile device. UE
cannot directly use network based techniques to determine its location, however UE can
request the network to provide its own location utilizing either LTE Positioning
Protocol (LPP) or Secure User Plane Location (SUPL) protocol. In combined method,
the measurement and calculation tasks are divided between UE and network. Typically,
UE measures the data required for location calculation and then the calculations are
being done on network side, where the calculation power is higher and where are no
strict requirements for power consumption [24]. Deciding which technology to use is
typically based on a combination of accuracy and cost; when the required level of
accuracy increases, increases the cost as well [25].
Cell Identity
The most simplistic and cost-effective way to provide the location mobile device is socalled cell identity, Cell ID. It simply determines in which cell of a wireless network the
device is at that moment. Since the base station for each cell is in a fixed location, the
cell identity can easily be translated into a location for the mobile user. However, the
method is not very accurate since the area of the cell may be large and therefore the
exact location cannot be determined very accurately, but the method typically provides
location information accurate within a kilometer or two. For some applications this
accuracy may be acceptable but in most cases it’s not.
One way to improve accuracy of the cell identity is dividing the cell in sectors, and
thereby reducing the area of the possible location. That method is depicted in second
image on Figure 7.
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Figure 7. The accuracy of the different positioning techniques using cell identity and
timing advance. On the leftmost image cell identity with omnisector cell depicted. In the
next image, the cell is divided into three sectors. Two last images are similar with first
two ones but timing advance method is used to further improve the accuracy. Figure is
modified from [26].

Yet another method to improve accuracy is so called enhanced Cell ID, which provides
the next-level of accuracy over Cell ID using Radio Frequency parameters such as
Timing Advance (TA) to estimate a position within the cell-sector. Timing advance
indicates how far the user is from the base station. If the timing advance and sectored
cell method is simultaneously in use the accuracy is considerably improved from the
situation in omnisector case.
A-GPS
The dynamic nature of both the environment and radio signals set own challenges for
positioning in wireless networks. Assisted Global Navigation Satellite Systems (AGNSS), a.k.a. A-GPS, is an extension to traditional GPS method described above. As
mentioned earlier the GPS requires four satellites to have line of sight to receive but in
urban areas it may not be always possible. A-GPS technology requires that UE sends
received GPS data to a network server, which then uses network-based GPS receivers to
assist the UE to measure the GPS data. The network GPS receivers are placed around
the network, but those can be located several hundred kilometers apart from each other.
GPS satellite data is regularly collected by the GPS network receivers, and the data is
provided to the UEs, enabling them to make timing measurements without having to
receive and decode the actual satellite messages. This makes A-GPS technology
remarkable faster compared to GPS, what comes to getting the location information. AGPS provide also greater positioning accuracy, and it improves the power consumption
because the device can put GPS receiver to idle mode when it is not needed. [25]
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4.1.5

Indoor positioning methods and position tracking

If the GNSS technology was great solution for outside positioning, especially in rural
areas, it quickly reaches its limits in obstructed environments like tunnels or inside the
buildings. Also, determining the floor level is not possible utilizing GPS system. For
example, multi-storey car parks, even though the GPS signal would be strong enough
for positioning the device, it is not able to determine in which floor the device is
located. Therefore, alternative indoor real-time location systems (RTLS) must be
adopted. [27] [13]
There are several different indoor positioning and tracking methods. One thing is
common for most of the systems; they typically consist of two parts: signal transmitter
and signal measuring unit. The measuring unit normally includes majority of system’s
intelligence. A current trend in indoor tracking is to use standard, low-cost, and alreadydeployed technologies. One commonly used method is to utilize already existing
smartphone-centered indoor positioning systems (IPS). Used technologies in these
systems are highly heterogeneous, including Wi-Fi/WLAN, Ultra-wideband (UWB),
radio-frequency identification (RFID), Bluetooth, near-field communication (NFC),
Long-Term Evolution (LTE), signals of opportunity and inertial measurement units
(IMUs) [13]. Those technologies are described more detailed in following sections.
Indoor navigation with the smartphone may be used for several purposes. Typically, it is
used for tracking people at sport events or conventions, keeping track of children or
elderly people, locating places in public buildings like in universities, airports and
malls. To achieve these targets, positioning accuracy in a typical office building must be
at least such that the right room and the right floor can be correctly identified. In the
case of large open spaces such as airport and shopping malls, an accuracy of several
meters is enough to locate the target, such as an airport gate. Better positioning accuracy
may be required for example for applications like store navigation or a guided tour of
museums. It can be achieved by BLE based positioning, when the beacons are densely
placed in the required areas. [28]
Estimating the position of an object at consecutive time instants is called tracking.
There are large variety of IPS technologies and standards to be used, but the real
challenge in indoor tracking is how to design and implement data fusion methods,
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which can make use of the already existing technologies. Therefore, use of advanced
statistical tools is basic requirement in designing of modern tracking systems. These
tools, such as Bayesian filtering/Kalman filtering methodologies allow methods for
coping with heterogeneous measurements, noise and user mobility models. Shortly,
what the Bayes filters does is that it continuously updates object’s most likely position
within a coordinate system, based on the most recently acquired sensor data. This is
called as a recursive algorithm. Such an algorithm consists of two parts: prediction and
update. If the variables are linear and normally distributed, the Bayesian filter becomes
equal to the Kalman filter. [13]
WLAN/Wi-Fi
Often terms WLAN and Wi-Fi are thought to be the synonyms, so it is good to clarify
the difference between these two. The wireless LAN describes the concept of wireless
networked communications between devices, and Wi-Fi is the implementation of
WLAN. In other words, to use Wi-Fi trademark in a product, means that it is compliant
with other devices that meet the 802.11 standards. [29]
Inside buildings, Wi-Fi is a good alternative to GPS, which is not available indoors.
Typically, it is easy to install a Wi-Fi positioning system (WPS), since Wi-Fi access
points already exist in many buildings. To utilize Wi-Fi positioning, the user doesn’t
necessarily have to connect with the Wi-Fi, but it is sufficient to have Wi-Fi connection
enabled. The accuracy of Wi-Fi indoor positioning varies from five to 15 meters,
depending on the environment and signal conditions. A major advantage compared to
GPS is that it is possible to determine the current floor level.
Wi-Fi positioning principle is following: WLAN access points (AP) broadcast beacon
frames, including the AP’s media access control (MAC) address, typically every 100ms
to inform their presence in a certain area. The mobile devices receive these signals and
thus can identify the AP according to its MAC address. Even though WLAN technology
is designed for wireless communication rather than for positioning, it can be used to
estimate user location by utilizing the RSS measurements and trilateration or
fingerprinting method. [28]
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Bluetooth Low Energy
Bluetooth Low Energy (BLE) was introduced in Bluetooth specification 4.0 in
December 2009. That is a new protocol and enhanced technology of Classic Bluetooth
technology. BLE allows long-term operation for such Bluetooth devices, which aim to
transmit only small amount of data. BLE enables decreased form factor, improved
power consumption and thus ability to operate on a small battery cell for several years.
Bluetooth devices communicate with each other over short-range, ad hoc networks
known as piconets. In a piconet, one device takes the role of the master, while all the
other devices act as slaves. Piconets are dynamically changing, and connections are
established automatically when Bluetooth devices enter and leave radio proximity. In a
BLE piconet topology, each slave device communicates on an individual physical
channel with the master, unlike in a classic Bluetooth piconet, where all slaves listen for
incoming connections and therefore need to be constantly standby. BLE power
consumption is reduced to one tenth of the Classic Bluetooth consumption.
In addition to its ultra-low power consumption, there are many other features that make
BLE unique from other available wireless technologies. Such features are
interoperability, robustness, ease of use, latency and range. Standardized protocol and
fast frequency hopping method ensure robust transmission even in the presence of other
wireless technologies and makes interoperability between BLE devices easy and
reliable. Range of the BLE is approximately 50 meters, and latencies are few
milliseconds, which is very little compared to 100ms in Classic BT.
Due to excellence of BLE technology, typical industries and markets for BLE
compatible devices are fitness, healthcare, security and different automation e.g. home
automation, where the size and power consumption matters [30]. But as BLE ranging
depends on detecting radio signals, thus the results may vary a lot depending on the
placement of devices and whether a user's device is in-hand, in a bag, or in a pocket.
Clear line of sight between devices yields to better results.
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Radio-Frequency Identification and Near Field Communication
RFID, Radio Frequency Identification, is a generic term for technologies that use radio
waves to automatically identify people or objects. There are several methods of
identification, but common to all these methods is that some information of the person,
item, location, www-address or what so ever, is stored to RFID transponder, a.k.a.
RFID tag, and that information can be then read wirelessly using RFID reader. RFID
tag consists of a microchip and antenna. The basic principle of the system is such that
the reader sends out an interrogating signal, electromagnetic wave, and the tag antenna,
which is tuned for the same frequency as the reader’s antenna, receive those transmitted
waves. The microchip then responds to reader with its unique information by sending
back the modulated waves to the reader which demodulates the received waves into
digital data.
In RFID technology, the RFID tag and reader communicate on certain radio frequency.
Those dedicated radio frequencies are called: Low Frequency (LF), High Frequency
(HF), Ultra High Frequency (UHF) and microwaves. LF typically operates on 125 kHz
frequency, HF operation frequency is 13,56MHz, Ultra High Frequency has several
frequency allocations from 850MHz to 900MHz. Microwave operates on highest
frequency, which typically is 2,4GHz. Which frequency to use depend on application
and need, since radio waves behave differently at different frequency. For instance, lowfrequency tags are cheaper than UHF tags, they use less power and are better able to
penetrate non-metallic material, but UHF frequencies typically offer longer range and
faster data transfer. However, due to shorter wavelength in UHF, the signal will be
attenuated faster and thus cannot pass that well through the materials. [31] [32]
RFID tags may have two operation modes – passive and active. Active RFID tags
include a battery to run the microchip's circuitry and to broadcast a signal to a reader. In
contrast to active tag, passive RFID tags have no battery but they draw power from the
reader, which sends out electromagnetic waves that induce a current in the tag's antenna.
Because passive tags don’t use batteries, the range is shorter than in active tags, but are
cheaper respectively [31].
Near Field Communication (NFC) is specialized subset within the family of RFID
technology. NFC devices operate on same frequency as HF RFID tags and readers.
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Near-field communication devices must be near each other, typically less than a few
centimeters, it has become a popular choice for secure communication amongst
consumer devices such as smartphones. Typical use cases for NFC technology are
mobile payments, sharing the information such as www-address, data transfer between
two NFC devices or identification. [33]
Inertial measurements
Inertial measurement units (IMU) is an electronic device that measures and reports a
body's specific force and angular rate using a combination of accelerometers and
gyroscopes. In some cases, the magnetic field surrounding the body is also measured
using magnetometers [13]. Inertial measurement units typically contain three orthogonal
accelerometers and three orthogonal rate-gyroscopes, measuring linear acceleration and
angular velocity respectively. Gyroscopes, a.k.a. angular accelerometers, measure how
the device is rotating in space. At the minimum one sensor for each of the three axes is
required: pitch (up/down), yaw (left/right) and roll (clockwise/counter-clockwise).
Linear accelerometers measure non-gravitational accelerations of the device. Since it
can move in three axes (left & right, up & down, forward & back), there is a linear
accelerometer for each axis. By processing and combining those signals it is possible to
track the position and orientation of a device. Typically, IMU device is used together
with other position technologies to complement functionalities or to detect activities.
Standalone inertial navigation is possible when the initial position, velocity, and
orientation are known. [34]
ZigBee
ZigBee is yet another wireless networking standard, based on IEEE 802.15.4, which is
characterized by low data rates and low latencies thus yielding low power consumption
and long operating times. System operates globally in unlicensed industrial, scientific
and medical (ISM) bands at 2.4 GHz, 868 MHz (Europe), 915 MHz (US) and 784 MHz
(China). Technology is aimed at simple and cheap applications like home automation,
wireless light switches and other similar consumer and industrial equipment that
requires short-range low-rate wireless data transfer. As Wi-Fi, the ZigBee technology
can be used to estimate user location by utilizing the RSS measurements and
trilateration or fingerprinting method.
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Ultra-wideband, UWB
ETSI - European Telecommunications Standards Institute, introduces UWB technology
following way; “Ultra Wide Band (UWB) is a technology for the transmission of data
using techniques, which cause a spreading of the radio energy over a very wide
frequency band, with a very low power spectral density. The low power spectral density
limits the interference potential with conventional radio systems, and the high
bandwidth can allow very high data throughput for communications devices, or high
precision for location and imaging devices.” [35]
Even though WLAN and BLE technology have very strong position in indoor
localization markets, they both are sensitive to changes in surrounding environment thus
causing high variations in positioning accuracy. Great improvement for accuracy can be
achieved by using UWB technology, which provides high-precision localization. Due to
ultra-wide bandwidth, the UWB receiver can resolve individual components of the
received multipath signal and thus the arrival time of the first signal path can be
accurately estimated. Very high accuracy and inexpensive circuitry makes it an
attractive technology for diverse business opportunities. [36]
The International Telecommunication Union Radiocommunication Sector (ITU-R)
defines UWB as an antenna transmission for which absolute emitted signal bandwidth is
at least 500 MHz or fractional bandwidth is larger than 20% of the arithmetic center
frequency. By nature, large bandwidth UWB system transmits ultra-short pulses,
usually on the order of nanoseconds, with a low duty cycles. That technology is also
known as impulse radio. In addition to low duty cycle impulse radio technology, it is
possible to have UWB systems with continuous transmissions, in which the chip
interval is very short. Since the large frequency spectrum includes both low and high
frequencies, the penetration capability is superior compared to other RTLS
technologies, because same time some frequency components may reflect well from
some objects, while some other frequency components can transmit well through them.
In addition, the large spectrum provides high time resolution which enhances ranging
accuracy. While TOA, TDOA and AOA methods all benefit from high resolution, but
because AOA-based implementations typically suffer from high complexity, the typical
choice for implementing UWB-based positioning system is TOA or TDOA. Due to
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good penetration capability and high ranging accuracy, UWB technology is excellent
option for through-the-wall applications. Other common advantages for both low-duty
and continuous systems are their very high-speed data transmission, low cost and low
power consumption. [36] The drawback compared to BLE or Wi-Fi technologies is that
today’s smartphones do not support UWB, which has slowed down proliferation of the
UWB technology.
Video camera
Very often users of the tracking device want to receive accurate and useful information
of the position and environment, but at the same time they want to preserve their own
privacy. That is one of the reasons why video camera based systems are typically
rejected [37].
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4.2.

Wearable body area sensors

There are several vital signs and body signals that can be measured from human body
by using different sensor technologies. In Table 1, different bio-signals and
corresponding sensor types have been described. [38]

Table 1. Summary of different types of biosignals and -sensors, and description of the
measured sensor data. Table modified from [38].
Type of bio-signal

Type of sensor

Description of measured data

Electrocardiogram
(EGC)

Skin/Chest electrodes

Electrical activity of the heart (continuous waveform
showing the contraction and relaxation phases of the
cardiac cycles)

Blood pressure
(systolic & diastolic)

Arm cuff-based monitor

Refers to the force exerted by circulating blood on
the walls vessels, especially the arteries

Body and/or skin
temperature

Temperature probe or skin
patch

A measure of the body`s ability to generate and get
rid of heat

Respiration rate

Piezoelectric / piezoresistive
sensor

Number of movements indicative of inspiration and
expiration per unit time (breathing rate)

Oxygen saturation

Pulse Oximeter

Indicates the oxygenation or the amount of oxygen
that is being “carried” in a patient`s blood

Heart rate

Pulse Oximeter/skin electrodes

Frequency of the cardiac cycle

Perspiration
(sweating) or skin
conductivity

Galvanic skin response

Electrical conductance of the skin is associated with
the activity of the sweat glands

Heart sounds

Phonocardiograph

A record of heart sounds, produced by a properly
placed on the chest microphone (stethoscope)

Blood glucose

Strip-base glucose meters

Measurement of the amount of glucose (main
type/source of sugar/energy) in blood

Electromyogram
(EMG)

Skin electrodes

Electrical activity of the skeletal
(characterizes the neuromuscular system)

Electroencephalogram
(EEG)

Scalp-placed electrodes

Measurement of electrical spontaneous brain activity
and other brain potentials

Body movements

Accelerometer

Measurement of acceleration forces in the 3D space

muscles
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4.3.

Internet of Medical Things and Big Data in healthcare

Digital health systems consisting of ICT and health technologies are from two very
different policy and regulatory worlds. New technologies and devices are being
developed to reduce costs to manage or prevent chronical illnesses. These devices can
constantly monitor patient’s health indicators, or real time keep track on health data
when a patient self-administers a therapy. Mobile applications, which support device
handling have emerged and therefore many patients have started to use mobile
applications to manage various health needs. When these devices and applications are
being integrated with telehealth and telemedicine via the medical internet of things
(MIoT), a.k.a. Internet of Medical Things (IoMT), it will not only allow new business
models to emerge and enable changes in current work processes, but it will also
improve productivity, cut costs from healthcare and enhance customer experiences.
Overall impact of MIoT to the whole IoT business will be huge – it is estimated that
even 40% of the total IoT-related technology will be health related by 2020, which is
more than any other single IoT category. [39]
All these applications will continuously provide a vast amount of health data, but what
can be done with all that data? A single patient naturally benefits if his/her data can be
linked from personal cloud to secured electronic health record (EHR) -database where
all the patient’s medical history, including lab results, medical and prescription history
can be stored and be accessed by physicians and nurses but also by patient and his/her
relatives. Also, science and researchers would benefit from access to big pools of health
data. Biometric data could be used to test hypotheses on nutrition, fitness, disease
progression, treatment success, and so on.
Before all that big data may be used for common good, there are some obstacles in
current system to solve. Those technical, legal and ethical challenges are related to data
availability and security, patient privacy and informed consent to medical data,
intellectual property, discrimination, etc. There are situations that medical staff must
communicate within and between different clinics and hospitals to avoid potentially
life-threatening situations for their patients. In those situations, this asset of digital
health raises concerns about the security of the data being exchanged and the rights of
patients to privacy, where individual records are concerned. The biggest single technical
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barrier is that the health data, that is created by the legacy EHR systems, is fragmented
into institution-centered silos. Exchanging individual records between silos, using
standardized vocabularies, code sets and message formats, is where lot of focus and
effort is being directed currently, but that is not a cure for data fragmentation issue. The
next generation of health technology should be focusing around aggregating data, which
means collecting the health data from different sources, normalizing collected data into
a consistent structure, resolving the data around unique patient identifiers, as well as
unique provider identifiers, and after that the data could be truly useful. Integrated and
unified data will then enable machine learning algorithms to perform optimal pattern
recognition calculations from massive data bases. Machine learning algorithm compares
a pattern of data around a given individual patient with similar patterns found elsewhere
in database, and thus making predictions and recommendations based on what happened
in those other situations. This is the method that doctors have been doing ages but in
this method the conclusions and treatment recommendations are based on huge amount
of data and there is less variation in results. [39]

5. Pilot design
5.1.

Background

Original idea for this study came from Caritas, and it combines two separate ideas,
which serves their new business model; ‘On-demand home care’ and ‘Safer everyday
life for dementia patients.’ The aim in on-demand service concept was to support and
optimize home care's schedule planning by targeting the nursing visits to the customer’s
home when she/he would be ready to receive nurses by utilizing the activity data from
different in-house and/or wearable sensors. Such sensors may be, for example, passive
IR motion detection sensors in different rooms or contact sensors in doors, like
exit/entry doors and refrigerator doors. On-demand service would also allow better
capability to react to abnormal behavior and service requests.
The aim in the other idea was to allow the dementia patients to stroll and potter around
when ever and where ever they like, but at the same time sensors are monitoring that
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they aren’t crossing the border of the forbidden area or otherwise the sensor application
will cause alarm to nursing staff.
In addition, it was decided to study different novel technologies for early detection of
changes in functional ability and daily performance. Implementing all that by utilizing
the services of 5G technology Caritas would get also, as a side product, better coverage
for their in-house mobile radio network to improve their mobile services, like service
calls and service alarms, quality and functionality. [40]

5.2.

Intelligent systems for assessing aging changes

In gerontology and geriatric medicine, it is fundamentally important to be able to detect
changes in physical, psychosocial, and cognitive outcomes over time. This is especially
important for practicing proactive healthcare and for the timely application of
prevention actions. Methods for detecting clinical change are currently based on rather
brief in-person visits conducted over relative long intervals, which may vary from, for
example every 6 months to every 2 or even 3 years. Additional methods include mail-in
questionnaires or telephone interviews, but any data aren’t collected in between visits or
after business hours or during weekends. That leads to situations that infrequent changes
or slowly evolving changes are not being identified. Typically, events or syndromes that
progress slowly over time, e.g., cognitive decline, often have poor demarcation since the
start and transition phase to new state is difficult to recognize. Therefore, questionnaires
and episodic in-person examinations are inadequate because they depend on
remembering the events or a snapshot observation of function. Current methodologies
assume that observations recorded during the examination represent the person’s typical
state of function for relatively long periods of time prior to the assessment. The
observations about how one state may relate to another are often restricted because there
is limited accuracy in the relative time occurrence of events. Thus, the qualities of
several daily activities, such as sleep, exercise, and socialization, which may impact to
health outcomes cannot be unequivocally associated with effects on specific outcomes
of interest. All these limitations may make it very challenging for a geriatrician and
other clinicians to give precise answers regarding the many important transitions or
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events that may occur in cognitive or physical function with aging. This is an issue with
current assessment approaches, which hinders those early detections of critical changes
that indicate onset of cognitive or functional decline.
An alternative approach for traditional assessment is a continuous and real-time tracking
of the daily activities and routines in his/her home environment, instead of brief,
episodic or intermittent evaluations made by evaluator. That approach will obviously
require the use of modern ubiquitous computing and smart home technologies. Those
technologies would make it possible to identify general activities at the home,based on
electrical smart home sensors, detailed identification of particular activities using body
sensors and monitor person’s health status utilizing home sensors and/or vital sign
sensors. [41]
One such system has been introduced in journal paper called “Intelligent Systems for
Assessing Aging Changes: Home-Based, Unobtrusive, and Continuous Assessment of
Aging” [41]. It describes one method for continuous, real time tracking of the person at
home environment, and that has been source of inspiration for this thesis.
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Figure 8. Examples of two home layouts with coverage of sensors indicated. Red boxes
(S): locations of passive infrared motion detectors; green rectangles (D): contact sensors
on exit/entry doors and refrigerator doors; blue boxes (W): sensor lines for measuring
walking speed; HC: home computer location. Layout image copied from [41] by
permission of Oxford University Press.

Different electrical smart home sensors, and placement of those sensors so that sensor
data can be utilized to identify person’s activities at the home are depicted in Figure 8.
Sensor data may be used to assess metrics like total daily activity, time spent in home
and time spent out of home, and walking speed. Movement, for example, can be
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detected by using wireless passive infrared (PIR) sensors, marked with red boxes (S) in
figure. These PIR sensors were used to assess general activity by location. Walking
speed can be estimated using the data from consecutive PIR sensors marked with blue
boxes (W). The PIR sensor will notice when someone passes the sensor and sends time
stamp to home computer (HC). To estimate the gait velocity, the synchronized time
stamps from consecutive sensors are required. In this example four consecutive sensors
were used in both layouts for walking speed tracking. Wireless magnetic contact
sensors, marked on green box (D), were placed on doorways to track inhabitant’s entry
and exit to/from home.
Examples of continuous tracking of two participants with different activity patterns are
presented in spiral plots in Figure 9. These plots indicate unique patterns of activity over
180 days of monitoring, such as sleeping behavior, nighttime movement, consistent
periods away from the home, and the locations where the participant spends their most
time.

Figure 9. Different activities measured from two example homes and presented in spiral
plot. Monitoring period was 180 days in both cases. One concentric circle in the plot
represents one day. Solid blue concentric circles divide the monitoring interval into 30day periods. Different sensors are represented in different colors in circles: green =
bedroom, red = bathroom, blue = living room, black = front door. Figure copied from
[41] by permission of Oxford University Press.
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From image ‘A’ different patterns, so called daily routines, can be easily noticed, for
example sleeping period is very similar day after day – person typically goes to sleep at
23:30 and wakes up at 06:30, but visits bathroom basically every night. In ‘B’ the
patterns are not that clear but each day starts similar way that person goes out from front
door, most probably she/he picks up the newspaper and then goes to living room for
breakfast and reading the news. In other cases that inhabitant has more irregular daily
routines.
The drawback using these kinds of passive sensors is in identification of the inhabitants,
because the sensor fires every time when someone passes the sensor or cuts the infrared
beam. Also, if there are more than one inhabitant living in the same apartment the
activity monitoring for each person separately is difficult or even impossible.
The idea of the thesis was to improve this method by selecting such sensors that the
personalization of the activities would be possible in each case, no matter how many
inhabitants would live in the same apartment.

5.3.

Selection of technologies

5.3.1

Outdoor tracking

There is a vast amount of outdoor tracking devices on the market. For Caritas purposes,
Haltian Snowfox would be ideal tracking device. Snowfox is basically a tiny mobile
phone equipped with GPS location tracking and voice call functionality. Picture of
Haltian Snowfox in Figure 10. Its dimensions are 50 x 50 x 12.5mm and the weight is
only 37g [42], which make it easy to carry. User interface of the device is simple. There
is only one push-button, which is used to send a call request to the pre-defined phone
number. When the receiver gets the call request, he/she can then call back to the
originator.
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Figure 10. Haltian Snowfox tracker phone. Permission for use of the image by Haltian.

In this research, the Snowfox tracker phone was not piloted, but Caritas and Haltian
have had own pilot projects, where the Snowfox have been used. One was in autumn,
2016, where four Caritas units used the device six weeks. Both of the main features, the
nurse call functionality and location tracking were piloted. The feedback of the device
and the service was collected from the participants by questionnaires and discussion.
The other pilot started six months later in spring 2017. In that pilot, Caritas replaced
traditional nurse call systems by Snowfox in one of their care units. Benefit of the
Snowfox was that it improved the range of the device since it has 3G modem in it, thus
the range is the same as in normal mobile phone. The other benefit of it was the
simplicity of the nurse call system infrastructure. There was no need for dedicated
modems/base stations for each user, but normal mobile network could be utilized. The
tracking feature was not part of that pilot project. However, if Caritas decides to update
the system with location tracking feature after the pilot project, they will get it for their
care unit easily with minimal investments.

5.3.2

Indoor tracking

Idea for accurate indoor tracking technology, which could be utilized in hospitals and/or
service homes, came from VTT’s Hilla Soccer project. In Soccer project UWB
technology is utilized for positioning of players and football on the soccer field. To be
able to position required number of players (22) real time, Time Difference of Arrival-
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method for positioning was selected. In this method, all tags to be positioned send a
short burst randomly or semi-randomly to base stations located in known positions
around the playing field. One of the main targets in the project was to implement an adhoc system for online person or asset tracking, which would be easy to install to various
environments. Secondary targets were automatic or semi-automatic calibration of the
system and very energy efficient implementation on base stations enabling long
operation times. As a part of the project, a prototype of the software UI and API was
developed. [43] [44] [45]

5.3.3

Sensors for real time tracking of the daily activities and routines

Based on discussion with VTT project team, it turned out that the UWB tag used in
Soccer project could be easily modified to track daily activities and routines by adding
3D accelerometer sensor and 3D gyroscope sensor to the tag. Then the exact position,
velocity, acceleration and orientation of the tracked person could be determined, and the
personalization of the activities would become possible.
By adding smart machine learning algorithm, the tracking device could learn to
recognize different activities e.g. situations when the person is doing dishes, vacuuming
the floor or reading newspaper. Machine learning would be in essential role when
modelling daily activities with single hand-held sensor device.
Wireless charging method to ease everyday use of the device at home or in sheltered
houses was also discussed. That could be implemented by adding NFC charging module
to the tag.
The estimated price of the proto tag including UWB, 3D accelerometer, 3D gyroscope
and NFC charging would be some hundreds of euros. In addition, 4-6 UWB base
stations are required for the whole system. When the technology becomes more
common and production volumes grow, naturally the prices will come down
dramatically.
VTT also introduced cheaper development platform for positioning purposes, similar as
UWB tag, and the used technology there is BLE. As mentioned earlier, BLE technology
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is less accurate and is more sensitive to surrounding obstacles if compared to UWB, but
the price was one-tenth of the price of UWB.

5.4.

Piloting

In October 2017, VTT installed LoraNode sensors, based on their own TinyNode
technology, for two of Caritas home apartments. Both homes are two-room apartments
with different size, 40.2m2 and 57.6m2 , and different layout, see Figure 11 and Figure

12, and they locate in different floors.

Residents for the pilot project were selected by Caritas from group of volunteers based
on interviews. Participants are elderly people who live alone in their apartments.

Figure 11. Layout of the one of the Caritas home’s two-room apartments equipped with
passive infrared (PIR) motion detection sensors.
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Figure 12. Layout of the other Caritas home’s two-room apartments equipped with PIR
sensors.

TinyNode sensors, illustrated in Figure 13, are wireless sensor nodes for rapid
prototyping to quickly set-up customized IoT solutions. The TinyNode family consists
of sensor network, backend solutions and mobile services [46] [47]. Installed sensors
are passive infrared sensors (PIR), which recognize when someone moves in the room.
In addition to motion detection, integrated sensors measure room temperature, moisture
and air pressure. These sensors utilize LoRa (= Long Range, low bandwidth) network,
so they are so-called LoraNode-sensors. They send information over the LoRa network
to gateway, which collects the data and routes it over the 4G network to the cloud
backend server, where all the computing and data analysis happens. The gateway itself
is in a lobby on a third floor.
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Figure 13. TinyNode is a miniature of integrated sensors, size of 1 euro coin. LoraNode sensors
are similar with TinyNode sensor in figure, but equipped with on-board antenna and Long
range, low bandwidth, LoRa 868 / 915 MHz radio. [46] [47]
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6. Discussion
General opinion is that tracking of individuals will hurt people privacy, but patients
with dementia may experience tracking reassuring as they don’t have to be locked away
to care homes anymore, but they can freely leave their homes knowing that they are safe
and if they get lost they can be rescued or guided back to their homes.
Different methods to imperceptibly monitor patients are described in this thesis. Current
technology makes it possible to design very tiny tracking devices, which can collect a
huge amount of data. The real question becomes that how much data is required and
how the data is being processed to get enough information of the patient. This thesis
compared different technologies for outdoor and indoor positioning, and recognizing
daily activities based on sensor data.
Proposed outdoor tracking device, Snowfox by Haltian, has been piloted in one of the
Caritas’ own pilot projects. The pilot was carried out between Caritas and Haltian,
where the tracking feature of Snowfox was tested by the elderly people, relatives and
nurses. The results of the pilot project were promising.
Introduced indoor tracking of the inhabitants was decided to be implemented using
LoraNode sensors to the technology supported sensor house concept. As those sensors
utilize PIR motion detection, they do not provide exact data of the inhabitant’s location
in a room, but those are accurate enough to create spiral model of the daily activities.
Spiral model, see Figure 9, was seen most informative and effective way to present
unique patterns, a.k.a. routines, of the daily activities over certain period of the time.
Improved idea of the indoor tracking was left to future works-section.
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7. Future works
Several interesting research topics around this theme were left to future works, such as
sensor house measurements and analytics, detection of activities using only the
wearable sensors, how to best utilize outdoor location tracking in home care services –
business model analysis, and many more.
Technology supported sensor house concept will be put into practice and the pilot
project of that is starting during this fall at one of the Caritas homes. In the project, two
apartments are being equipped with LoraNode-sensors made by VTT. That kind of
proof of concept was initially thought to be included in this thesis, but due to tight
schedule it was agreed to leave it out from this thesis. Results of the pilot project will be
presented later in another thesis.
One of the very first future works items is to implement the spiral models of the
measured data from both of Caritas home pilot project apartments. Spiral models could
be then utilized for developing on-demand home care model. By creating a dash board
type of graphical user interface of the spiral modes, the nursing staff could easily plan
their routes and schedules to their visiting places. As the spiral modes includes the data
over the certain period of the time, the trend of customer’s daily routines is easily seen,
but also the real-time data to see if the customer is still on a bed, or if he has already
woken up, is available.
LoraNode is useful multi-purpose sensor, which can measure temperature, moisture and
air pressure, so that may be used to many other measurements in apartments. For
example, room temperature monitoring may give good information of apartment’s
energy efficiency, or moisture measurements may indicate problems in ventilation
system.
The data analysis to recognize daily activities and routines utilizing only the data from
wearable sensors could be an interesting subject for the future thesis. In that thesis, the
daily activities derived from the measured data of wearable sensors could be compared
to the daily activities derived from the measured data of the electrical smart home
sensors, to see if the fixed sensors could be replaced by wearable sensors.
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Current tracking technology doesn’t identify users, but any person in the apartment who
passes by the sensor makes the sensors to record the data. So that could be improved by
selecting UWB based tracking technology instead of fixed installed LoraNode
technology, or by adding UWB technology to complement the existing LoraNode
system. Then the inhabitant’s location could be defined accurately, not only in his own
apartment, but also inside the whole building, assuming that the required UWB
infrastructure is available. UWB tags enhanced with accelerometer and gyroscope
sensors, as introduced in section 5.3.3, could be used to fall detection as well.
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8. Conclusion
In this thesis technologies for outdoor and indoor positioning were described and
compared. Importance of tracking was considered from elderly people, dementia patient
and caring personnel, such as relatives or nursing staff point of view. Technologies and
applications to support on-demand home care were considered.
For service providers, on-demand home care concept will offer financial savings as the
nursing staff can avoid unnecessary visits and they can plan their visits more effective.
Current methods for detecting clinical changes were challenged, and new method to
detect changes in physical, psychosocial, and cognitive outcomes over time was
introduced. The method is financially important and will shift the focus in healthcare
from treatment of diseases to the proactive healthcare and for the timely application of
prevention actions.
Projects around proactive healthcare methods and applications will continue in 5GTN
consortium and more master’s theses are being written of this topic in coming years.
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