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Abstract

Due to the rapid growth of the aging population, numerous countries have been
attaching importance to establishing the viing of the elderly. Howeveshortage of
qualified caregiveramakes it difficult to serve prompt care to elderly peoplélo
alleviate the possible social costs associated with manpower and physical resources, we
propose acontextaware healthcare system which makes use of smddal and
un-obtrusive sensing technology meanwhile taking huneelifg into accountBy
inconspicuously and automatically monitiwe health status of the elderbaregivers
can gethol d of the Dbehavior changes even the
supervision.Distinctively, rather thanfocusingon technologicakesearch purely, we
take multidiscipline ideas into account to make our healthcare system more
humancentricand practical in use

The main contribution of this thesis is thifedd. Firstly, we conductneed survey
in National Taiwan University Hospitahd summarizehe difficulties and expectations
of healthcare workerashich can be used as the goal of healthcare assistance system
Secondly,strategies and core ideas to put pervasive senstosreatworld will be
present.Thirdly, since we have desigdea series of applications using persuasive
technologiesAlthough elderly people have not yet beenruitedto do user tests, many
suggestions from interviews can be regarded asgthidelinesof researchers in

healthcare.

Keyword: Pervasivenealthcae, realworld healthcaregcontextaware situation

awareness, mukimodal sensor fusion
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Chapter 1

Introductio n

1.1 Motivation

Aging population isbecominga criical global issueHuanget al. report that
approximately 10 percent of t he worl doés
proportion will be doubledby 2050[28]. In 201Q United Nations for Human Rights
pointed outthatthe aging population has becena intemational issueAs a result, a
increagng number of countries haveecognizedthe importanceof establishing the
well-being for the elderly.To alleviate the possible social costislacking manpower
and physical resources, it is necessary welbp assistive technology to help elderly
people live independently.

Activity of daily living (ADL) is one of the mosimportantinformation when
performing elder care services Traditionally, daily living of the elders areepored
either byperiodicalinterviewsof caregivers oself-reported by elderly patienta/hich
tends to be subjective and erpone However, the medical staffs have no choice but

trust these unreliable reports, since there is no aitercefor obtaining ADL.Such a

1

P



problem obsucts themedical staffSrom knowing the real situation about the elderly.
By enabling the autonomous detection and analysis of elders ADkspstantial
amount of burden of caregivers can be reduced. As a result, many researchers pay
attention on deveping autonomous monitoring and analysis system to assist elderly
people and caregiver§his motivates us to design an evidebesed reporsystemthat
collects and analyz&DLs of elderlyautonomously
Most of current works focus on technology aspectd do not deal with reatorld
challenges such aenso deployment and gathering user requiremensitan On the
contrary, this work pays more attention to develop a practical healthcare system.
Specifically, we focus on devising the reabrld deploymen techniques based on
empiricalexperiments as well as understanding user requirements through field studies
on geriatrics. For example, we have conducted interviews with several domain experts
in both National Taipei University of Nursing and Health SceerandDepartment of
Psychologyin Fu Jen Catholic University. Also, this research involvesuétidiscipline
teamwork with medical staffs and psychologists. As a resulipshcentricpervasive
healthcare system is designed based on the researclyfimdentioned above.

This research can be regarded as the milestone of the practical pervasive healthcare
system research in Taiwan especially for a-vealld hospital environment. Future
studies in this field can benefit from this work by reusing theae$ outcomes, the

infrastructure, anémpiricalexperiences presented in this thesis.

1.2 Challenges

Bricon-Soufet al. have pointed out thiemportanceof pervasive healthcare systems



by enumerating a number of research topics sucfheaslthcare, i u b i wsiantd o
fipervasive [32]. Although considerable works have been dedicated in developing
healthcare systems, most of them are still prototypes in laboratory, and thus only
focusing on technological aspects rather than the heale domain. As reported by
Alemdar [33] and BriconSouf [32], the transformation from prototypes to practical
healthcare system is still a challenging task, which wiklaboratedelow

Challenges of Activity Recognitionin Healthcare Research

ADLs are critical for medical staffs wiagnog or to predict the possibidnessof
the elders. Considerable research has been performed to degdenismsfor
recognizing activities based on diffateassumptions. Often, the first thing to do is to
obtain data from appropriate sensors. After that, the sensed data are analyzed to infer
what activities have been performed.

Hence, two issues should kmldressedvhen developing activity recognition
sysems. First, both technological and social aspects should be considered since the
system is mostly placed in a private space such as home and hospital. Generally
speaking, sensor deployment can be divided into two categories: intrusive and
norrintrusive. Fom the technological view points, wearable sensors such as RFID or
accelerometer are known as intrusive sensors. Sensors in pervasive environment such as
pressure sensors or light sensors @agegorizedin norrintrusive sensors since the
residents can pfrm daily activities without noticing the sensors. Although wearable
sensors are capable of gathering and providing data in a direct way, however, they have
to be attachedto human body all the time and thus are infeasiblepfactical uses.

From the so@l® view point, the intrusive sensors refer to the sensors that are capable
to provide rich information such as camera and-hegolution microphone. These

3



Table1-1 Healthcare system in realorld envirorment

Project Name

Proposer

Context Information

Setting

Pervasive Healthcare
Project(Denmark®][7]

E.Bardramet al
University of
Aarhus

Activity features Location,
status(sefreport status),
scheluled activity
Residentfeatures

Patient ID, professional
ID/role

Environment features
Medication,

location arifacts

RFID ,
Hospital PDA

Contextaware mobile
communication in
hospital

J. Faveleet al
University of
Aarhus,CICESE

Activity features
Artifactsstatus
Residentfeatures
Participants involve in
activity

Environment features
Locationtiming, artifact
location

Handheld
recorder,
printer, screen,
mobility PDA,
weight sensor

Follow Me video
Applicationin

Accident & Emergency
Department

S.Mitchellet al
University of

Cambridge

Activity features
Decisions about task for
medic staff
Residentfeatures
Professional ID
Environment features
Locationtiming, artifact

location

Hospital active
badge micro
speaker, video
touch sensitive
screen

sensors are mosthjiolating the privacy issues of the residents. As a result, how to
choose appropriate sensors that provide sufficient information while beirgtnasive
is nontrivial and therefore a challenging task.

Besides, how to choose the apprafe models for classifying human activities is
also a challenging task. Since rotrusive pervasive sensors can only detect the
interactions between human and the items in the environment. Uncertainties should be

taken into account when inferring adties.
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Challengesof applying contextaware in real-world environment

To infer activities using norobtrusive approachsufficient context information
have to be gathered from sensbiewever, thee are fewsensos that are suitable for
real environmerst and thefeatures extractefilom thesesensorsre often simpleTable
1-1 lists the characteristic gfroject running in the hospitalMore detailed description
about each project will be presented in Sedti8rR Table 1-1 reveals that majority of
these projects focused on detecting the medical staffs activities rather than patients. One
possible reason can be the deficiency of sensor modalities that limits the ability to
obtain sufficient data information from patients. Rich sensors such as cameras or voice
recorders are usually not feasible in r&alld deployment. For those living in the real
environment, they are not willing to be recorded all of time to learn thaavia. In
addition, it is hard to perform datanotation As a result, alternative ways to make the
modelevolveshould be devised.
., Challenges ofacceptanceof new technology
There might be gaps between system develgpand other people who are
indifference even afraid of new technology How to establishconsensusvith those
people is important. For medical staffs, iniscessaryo acquireagreement on system
achievements from them since they are the front line persons to meet the elderly people.
Bendits in medical field brought by our system are the most important consideration.
For the elderly patients, how to let them trust the system is the key. The privacy issue

and safety considerations are mostly concerned by elderly people and their caregivers



1.3 Related Work

1.3.1 Activity Recognition

In literature survey, researches hawwestigated considerable approaches to
recognize human behaviars healthcare fieldHuman detection in room is a hot topic
for its usage in botburveillancesystem and fall det#ion for healthcar@§d4]. However,
most of such human detection researches employ Jsead camera which may
violate theprivacy of the residents seriously. Some other researches utilized wearable
sensors such as RFID tagazcelerometer sensors to monitor human pres&acdram
J et al [6] askedmedical staffs wearing the RFID card and they put RFID reader in
pervasive environment. Although it can be used to collect informabont whom and
where the residents taking what artifact in environment, it is inconvenient for residents
since they have to do more actions than their ordinary life.

Regarded as an utmost situations that is concerned by both caregivers and
clinicians nunerous researches. Bathroom activities monitoring is a trend in activity
recognition field. J. Chef3] proposed an acoustics bathroom monitoring system, they
collected sound data and then extracted MFCC feataranteterof Hidden Markov
Model are carefully designed by those extracted features. Although they addressed the
privacy concerns, thelook upon theoptimistic aspect which was not the reality in
realworld environment.

Several researches have proposed-otmtrusive nethods to detect beglated
situations using pressure sensor array. A. Arcetus analyzed the sito-stand timing
from 132 bed pressure sensors which are uniformly distributed on bed. Sensor output

form sequences of pressure images. Region of ingefr€ROI) detection algorithm was
6



designed to extract regional signals from the hips and the hands. They claimed that the
unobtrusive nature of their detection approach makes them suitable for continuous
monitoring system in smart home environmgli]. The high recognition rates show
the promising of their system to detect the -bHegarture time. However, they
disregarded the location of pressure sensor and instead considering the total variance of
pressure readings on bed. liakes their algorithm neappropriate to detect other
situations performed on the bed. |. Veledaral modified their methods by adding floor
pressure array beside the bed. They aimed to reduce the computing complexity of
algorithm proposed by A. Arcel[i]. Centre of pressure (COP) is calculated for each
pressure image and they regarded the movement of COP as the starting time of
sit-to-stand situation. Although their methods performed well in detectirg-stand
situation, the additional floor pressure sensor array is not suitable to be deployed in
existing environmentl6].

To monitor different postures dmed C.C.Hsiaet al analyzed pressure sensitive
bed and compare different sleeping posturbey usedKurtosis and Skewness
estimation approachio represent the shape of the pressure distribuffoimcipal
component analysis (PCAthen transforned complex data seinto salient spatial

featureswhich cannot be observed directlizinally, theyinjected those features into
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Figurel-1 Different Sleeping Postures to be classified



SVMs to classify sleeping postuj®7][18]. However, they didi consider the temporal
transform of orbed situations so that they can only monitor the sleeping posture at a
particular time. Moreover, they only classify lateral posture (showsguare1-1). C.J.

Hou et al aimed at analyzing the variance of pressure distribution within different
behaviors of bedidden elderly people. They deployed 20 pressure straps and calculate
the Activity Score proposed by Mof20] to observe the variance of activity score.
Although they have observed the variance of activity score within different activities,

they just show the variance of activity score rather than classifying different behaviors.

1.3.2 Healthcare SystemProto-types

The aging population has gained much attention by considerable researchers. Several
assisted healthcare system have been proposed from various research groups. Georgia
Tech established a prototype home, called AwareHome, to create adibvorgtay for
interdisciplinary research using ubiquitous computif@gP]. They focused on
humancentered research which involved a special application in supporting for the
elderly. It combines contesdware, ubiquitous sensing, congevision and acoustic
tracking technologies. Another living laboratory PlacelLab project, which is part of the
House_n projects are supported by Massachusstituteof Technology (MIT), TIAX,
and LLC [40]. In their work, lundred some sensors have been embedded into their
living lab which used to capture audisual activitiesincluding information about
objects manipulated, environmental conditions, and use of appliances.

Focusing on medical healthcare, théniversity of Washingtods Assisted
Cognition projec{41] incorporateswith theirMe d i ¢ a | Center and Al zhe

Research Centéo explore the usage of Al system in supporting independence and life
8



quality of Al z hei me r.dlsey guepted semsors such iaBared based active
badges, GPS, Berkeley motes, and acceleromitats location tracking whichelps
reducespatial disorientation both inside and outside the dadbther sensors such as
weight sensors (on bedsd furnitue) andcurrentmonitorsare utilized to helpatients
carryout multistep everyday tasks.

University of Virginia is working on AlarmNgO] which is an assisted living and
residential monitoring network aiming to achiev@exvasive adaptive healthcare with
diverse need. Their prior work, called the SAT[BH, has been integrated into the
AlarmNet project that utilizing accelerometer data from wearable sensors to do
activities recognition basedn Hidden Markov Model. In the AlarmNet project, they
additionally adopphysiologicalsensors and emplaced sensors to access rich data about
the patient. Rather than inferring ongoing activities, the emplaced sensors were used to
illustrate the environmeal quality and to support location information using motion
and tripwire sensor. They did online analysis on sensor data and designed a user

interface shown the circadian activity rhythm (CAR) of a patient.

1.3.3 Realworld Healthcare Systens

Much more challeges emergenly whensystem moving out of the controlled laln
our knowledge, only few of the pervasive contawtare healthcare system have been
deployed into a realorld environment outside the computer scieladm®ratory Table
1-1 briefly lists threerenownedprojects. In this section, description abeach work
will be introduced here

J. E. Bardram [6] proposethe design principles for applying conteatvare

computing in hospital and further shared the experiencesrirakworld deployment of
9



contextaware technologies in a hospital environm&i{[7]. They have arranged three
categoriedeployment issues involving hardware, software, and user setting which can
be used to evaluation our syst¢dg&] In their work, dhoughthey havedeployedtheir
systeminto reatworld environment, they focused on observing the status and location
of the medic staffs rather than taking care the siatttise elderly peopleThe context
they extracted are locatiogelf-report status, and scheduled activitiesedbacks from
the users mentioned that it was tedious to-regdbrt own status and to use RFID tag
since they have to approach the RFID reader

J. Favelaet al conductedethnographidnformed designto support contexaware
collaboration in a hospitgB4] They claimed thathospital work is the managemeott
large amounts of informatiowhich are highly dependent otontextual information
such as location, role, time of day, and activity better understand howformation
exchanging between medical staff and to design the way to give assistance for hospital
worker, they conducted 196h workplace study and gathewatext information by
handheld recordeilhey represented collected data in format and fed all the recorded
data into Hidden Markov Models ahkuralNetwork[35]. After that, they compare the
result between the two method amckpert observers. The expert observers are
conducted byhuman testthat test how the medical teams estimate activities from
contextual data. Result showed both machine learning methods outperformed the expert
observers. Therefore, they were excitedtremsferring location aware computing to
activity-aware computing in the hospitahlthough the result looks promising, they
ignored the automatic context detection in #watld environment which is the most
difficult problem.

M. Tentori et al further imposeapplication in hospita[36]. They used weight

10



sensor attached on theine bag. Whenever the patient doing such activities, the weight
sensor will be triggered and wirelessly transmit the condition of the patient to the nurse
through smart phone. The nurse can consult the activity description by pressing the

button on the screen.

1.4 System Framework

As mentioneckarlier knowing ADLs plays an important role in elderly healthcare.
Traditionally, daily living reports are obtainein periodical interviews and manually
recorded reports/data obtained by caregivers ofrgplirted by elderly patientSugar
et al reported thathere may be significant differences between patient assessments and
performancebased measurements of ARUnctioning in hospitalized elderly at time of
dischargg42]. Without objective evidensdrom other sources, meditstatffshave to
completely trust thesubjectivereports.lt becomes worse in the hospital since every
nursetakes responsibilityto more than ten elderly patients in averaljgs motivates us
to design aaily living report systento automatically collect and analyaetivity data
of elderly patients In addition, we alsalesign a virtuataregiverwhich canpeform
timely remind and encourage elderly people. The actions and reminders of the virtual
caregiverare metaphor of the caring behasiof ahuman caregiver.

The conceptualframework ofthe proposed systems shown inFigure 1-2 The
proposedevidencebased and contuous health improving frameworkThe main
objectives areproviding evidencebaseddaily living report for the caregivers and
persuading the elderly people achieve more active livesinhabitans interacting with

the ambient intelligencAml) enhancednvironmentarenot onlythe source of sensor
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databut alsoreceivers of carservices.

In the Evidence Collectomodule, since usé& ADLs can be used tomfer health
relatedstatus For instancean abnormal living pttern may reveal some physical or
mental problera The Evidence collectocollects each daily living clue of the inhabitant
It gathers informatiofy various ways such as automatic reaagdechnology fronthe
sengdenvironment oin-time observationfom acaregiver. After acquiring evidence of
daily living information,the Contextaware analyzeputputs meaningful features based
on thecollectedinformation. Some living problem may appear after further analyzing
those features. Theersuasive engagemiegives prompt assistance or encouragement
whenever the&Contextaware analyzebrings out interested situatimnAscribing to the
appropriatantervention ofPersuasive engagemente expect the improvement in

Context-aware
Analyzer

Evidence Persuasive

Collector Engagement

Figurel-2 The propose@videncebased and contuous health improving framewor!

healthcondition If the inhabitant follows the suggestions and services supported
by Persuasive engagementhe changing living patterrwill be perceived by
Contextaware analyzersince it continually analyzes evidence coming fremdence
collector. In the end, thePersuasive engagemewill appropriately interact with the

inhabitant according to his/her ameliangthealthcondition

12



1.5 Objectives

Based on the above disssionsthe overall objective of this thesis i® achieve a
humancentric pervasive healthcare system, which includes the following:items

Non-intrusive sensing technology and multimodatlassification

To nonintrusively monitor diverse situations ofié elderly patients and their
caregivers, intrusive sensors are away from our pervasive environ8egisior data
from the residents are alinconsciouslydeteced by ambient sensordMoreover, to
capture diverse of situations, multimodal classifiers aterporating to take charge of
corresponding monitoring task.

Sensor management antbosely coupled platform design strategy

Multimodal sensors andarious classifies adopting will lead us think about
coupling problem. To make proposed system more flexanld robust, loosely coupled
fashion is adopted to isolate each monitoring task and sensor from others. The loosely
couple design will make the whole system remain stable even if one or some monitoring
tasks are under modifying or increase the potergiaddin or removeout sensors or
classifiers from systems without affectingnecessarglement in system

Offline cross-subjects of system evaluation

To deal with the difficulty of labeling in reakorld environment, weconducted
several realorld experiments to crostest the proposed system. By various testing
from different people, system will learn the uncertainty between different objects.
Bring the bridges of computer science research and medical needs

5

To impose expert knowledge and get agreeniemh medical staffs, we run
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several crosslomain meetings and iteratively prototype our system design aiming to
take realworld considerations intaccount Moreover, to understand true needs of our
targetusers,ethnographyapproachis conducted from sysm design to evaluationfn
addition we &plain system goato target users in technologree wayto make them

understanéndtrust in proposed system.
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1.6 Thesis Organization

The rest of this thesis is organized as follows.Chapter 2 to make our
monitoring targets meet the needs for caregivers, we conduct workplace studies and
systemize the userequirementin this chapter. Chapter 3 illustrates several sensor
deploymentpolicies how to develop a contestware environmerwhile taking human
feeling into account will be addressed here. Data preprocessing and feature extraction
approaches are also explained in this chaglbapter 4describes thgrocedureof
doing situation awareness task lthea received featurelssues about how to establish
a multragents system are discussed in the chapter. In addition, for each monitoring
agent, the idea and the constructing waycoifrespondingnference engine will be
illustrated here.rl Chapter S5the experiment settingare introducesand the evaluations
of the proposed systemare shown in this chaptefFinally, Chapter 6summarizes the

whole thesis and lists the future work.
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Chapter 2

Field Study

Understanding and characterizing theture ofhuman activitiess of critical importance
for a pervasive healthcare sys{8m Ethnographymethod ofinquiry is a popular
qualitative research method that has been adopted exbnsivinformation systems
desigr2][4]. Various approaches can be udedgatherempirical information about
human societies and cultures such participant observation,nterviews, and
qguestionnaes [10]. In our work, we have conducted several expert interviews to
improve the design of our system. Moreover, we performed §ldies in National
Taiwan University Hospital by investigating the needs of both elderlyplpeand
caregivers. Before conducting the experiments in the hospital, we discussed with
medical staffs. In addition, we also applied tbe Human Subject Research Ethics
Committee Anstitution Review BoardIRB). After getting the accepteazkrtificatefrom
IRB, we then start conducting the experiments in the hospital.

The field study is carried ounithe 9C ward of National Taiwan University
Hospital. Patients in 9C are mostly before or after received treatments related to

digestivediseasesWe explaned our observation objectives to the lead medical staff of
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9C ward. First we observe two experienced nurses when they caomaiatround In

the process of study, we appkimilar structured observatignapproaches and
semistructured interviews toonsoidateunderstanding of caregiver and elderly patient
behaviors. Structured observation has been proposegrdaduce more robust
understandings of the dynamics &iuman activies. Researchers in structured
observation are allowed to studiydividual episoés in acomprehensive way?2].
Totally five complete working shifts of the nurses are observed and documented. After
obtairing detailedinformation of how nurses interact with elderly peopiee adopt
semistructured interviews to complement and clarifyr @bservation results. Some

elderly patients are interested in our work and are willing to give advices to us.

2.1 On-Site Structured Observation

We utilized papeandpen works to record what we have observed in the five
working shifts mentioned above. Aftestablishing the nurse working shift lifecycle, we
discuss with the nurses and probe the difficulties they have faced based on each process
of their nursing work. Next, we proposed a list of potential assistances for the medic
staff and ask for their adwes. All results provide helpful insight of designing a
pervasive healthcare system.

Figure 2-2 shows the completeurse working shift lifecycle. We define one
complete shift begins in shift changing from previous working shidteard up after the
shift changing to the next shift. The doctor treatment behaviors for the elderly people is
ignored since we focus on theteractionbetween nurses and elderly people for the

reason that the person who will interact and spend more tithdlve elderly people is
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nurse rather than doctor. Then, thecurredactivities, used artifacts, and participants
involved are recorded. After that, veystenatically present the nurse shift lifecycle
diagrammatically

The first task for one nurse shift the patient conditions passing frgarevious
duty nurse to the next nurse who will take over the patient in the next working shift.
This process lepses about 30 minutes in average for each nurse. Information passed
between successive nurse shifts isstty related to medical information such as
contents or quantities ahtravenous drip medicines the patients havaken or the
appropriate food type for the patients. We observed that they seldom pass information
about physical recovery level such asether the patients getting out of bed and taking
a walk or what activities the patients have done in previous nurse shift. We also realize
the reason why it is difficult to access physical recovery data is the limitation of
building structure and thasuficient time of the nurses. The floor map for 9C ward is
shown inFigure 2-1 and it reveals the impossibility for the nurses to acceseam
living data for each patients. However, the physical recovery information regarded as
some important indicator of recovery condition estimaion of recovery speed. It
becomes one challenge for the nurses to know the physical condition of elderly patient.
After exchanging the patient information, the duty nurses prapacessarynedical
materials in the nursing center based on exchanged data. This process takes about 20

minutes for each nurse.
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The major task of oneunse working shift is the ward rounéifter exchanging the
information from previous duty nurse and preparing all stuffs for the patients, the nurse
starts to run ward round from the nearest nursing ré@meachnurse in 9C ward, they
take charge of thieen patientsn averageduring one working shiftWe observed that
for each patient visiting, all the process can be generalized segmented into three stages
which are precaring, oncaring, and postaring stagesk-or convenience, we describe

eachstageof ward round irseparatesections as follows
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Shift change room  []
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Figure2-1 Floor map of ward 9C in National Taiwan University Hospital
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2.1.1 Pre-Caring

Before entering a particular nursing room, the nurse will push the nursing cart
toward the target nursingpom and stop their cart outside the door. Stuffs on their
nursing cartinclude a laptop, paper note, peand medicamaterials such as pills,
swab, or other things. They check handmawledical advicefrom doctors and
handover data from previous duty renfer the patient first and then push the cart
into the nursing room.

For each elderly patient, the visiting nurse will firstly confirm the name and the
age of the patient by oral askirigor those patients whoannotdescribe themselves
clearly, nurses W check theirbraceletcontaining personal information. Next, nurses
will greet with the elderly people and their caregivers. We observed that nurses often
remember status of not only the elderly people but the caregivers. For instance,
nurses will actiely ask the caregivers they hawecurredrecently and care the
follow-up. This makes the relationship between nurses and elderly patients much
closer. We have found out that the more the nurses closer to the caregivers, the more
the caregivers and eldenbeople trust in the nurses or medical staff. In addition, we
found that the atmosphere will be changed according to the social interactions in the
nursing room. The residents who turn on and watch TV will make the atmosphere in
the nursing room become @réul. Moreover, if the caregivers chat with the elderly

patient when they are lonely will makes the elderly people very joyful.

2.1.2 On-Caring and PostCaring Stage

After the warm greetings, nurses will monitor the environment status of the
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nursing room such sathe air conditioner temperature. From our observation, it
happens very often that the nurses have to adjust the air conditioner when they visit
the elderly patients. It indicates that the caregivers may natohsciousof bad
environment status. Afterdausting and suggesting the better way of environment
status, the nurses start to do the main nursing task involving injecting/extraction of
drip process, blood pressure measurement, and giving prescribed medicine. We have
found that although the nursesatl every caregiver about how to stop the drips,
caregivers are always very nervous when the drips are readyethbestd. Things

will happen that the caregivers witbntinuouslypress energencycall or directly

come up to interrupt the nurses even whke/he is working on another patient.

For the blood pressure measurement, nurses have to record the measured data
into the laptop by themselves. After measuring the blood pressure, the nurses will
report the result for the elderly people and inform tiemether they are under good
condition. From our viewpoint, it will be tedious for the nurses to key in the
measured data since they havetransfertheir position from the bedide to the
nursing cart. For some patients who are just back from operaticses will ask their
pain level using standard 41€vel pain indicator.

To supply prescribed medicine, nurses will give a little cup containing all the
medicine pill the elderly patient has to take. To remind the correct taking time, nurses
will record the time on the cup and ask the caregivers to remind elderly people taking
medicine on time. However, there are still some patients forget having medicine in
the right time. It might extend the recovery time since the next prescribed medicine
may not be ta&n on time.

After the entiremonitoring task, the nurses will check trexoverystatus and
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the wound carefully. The nurses will then inform the estimated timéischarge
from hospitalto the elderly patient and caregivers. Before they leave the nursing
room, the nurses will encourage the elderly people trying hard to leaving bed as more

as possible.

2.2 On-Site SemiStructured Interview

After conducting orsite structured observation, we lisiegportant items that appeto
be important indicators for theecovery of the elderly people. Some of them are
proposed by the nurses themselves. We confirmed our observations with the two nurses
and then adjusted the system goals to meet the expectation of caregivers. The following
items are important physical indiors to estimate the elderly people condition
mentioned above.
. The leaving bed frequency
The frequency of leaving bed in a period time for the elderly patient
. The times of toileting
The frequency of toileting in a period time for the elderly patient
., Status ofthe caregiversaround the bed

Whether the caregiver is accompanywith the elderly people
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Food/Water intake

What food the elderly peopietakeand wateiquantitiesthey have drank.

Medicine taken status

The time stamp of taking medicine

Environment status

The environment statuthat includeslight degree, temperature, and humidity

degreeof the environment
. Activity level of elderly people

How much physical activities thedderly people have performed.

The items 13 listed above areeferrad by the nurses ahe leaving bed frequency
Status of the caregivers around the baddMedicinetaken statusBoth the two nurses
expect to know how many times the elderly people leaving from bed. They have
mentioned that some patients d@dike to try their best to getting out of the bed. It will
raise the possibility to get bedsores and the wound mightidegatingif their body
remains inan inactive condition. In addition, they also care about whether the
caregivers are accompanying the elderlggde. Ordinarythey ask caregivers to inform
the nursing center whenever they leave the nursing room. dDrike nurses has
experienced bad situations that the elderly people were falling down when the

caregivers are leaving nursing room.

2.3 Summary

Based onthe analysis of observations and interviews presented in previous sections,

several important features of a hunmantric pervasive healthcare system can be
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identified:

Social Engagement Evaluation

In the PreCaring stage, we decide to evaluate the secighgement using ambient
sensors. The reason to detect the social engagement is to azsjintatedmental
health status of the elderly people. Many approaches can be adopted to evaluate the
social engagement such as interviews or field observationsnéyth@se approaches,
we believe that ambient sensors will be the best way to evaluate the social engagement.
Social engagement happens in anytime so that it is impossible for the nurses to observe
elderly people all the time. Moreover, privacy concernateel to the content of social
engagement such as the channel of TV or the chatting contents have to be considered
seriously. Therefore, it is not appropriate to use camera ofraggitutionmicrophone
to monitor these situations. It follows that the ambisensors is more suitable for
monitoring the social engagement.
., Bed-sideContexts Monitoring
According to the results of both observations and interviews, thsidedcontexts
are difficult to be aware by the caregivers. For example, it is importafirriothe
elderly patients body over periodically to prevenédisore Current approach to record
the turning time in the NTUH is to manually record. It turns out to be a burden for the
caregivers. Therefore, it is helpful to automatically record the tgrbody time stamp
for the elderly people. In addition, to monitor whether the elderly people is ready to
leaving bed is also helpful for the nurses since they expect to know the leaving bed
event in abnormal condition such as under low illumination or undsupervised
situations. As one of the nurses mentioned, low illuminations can cause accidents in a

room so that it is alsoecessaryo detect lighting condition. The time of leaving bed
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can also be used to evaluate the recovery speed or estimateyheohdition. Various
approaches have conducted to monitor therb&ded situations for the elderly people.
To acquire more detailed information such as turning the body, previous works have
adopted wearable sengdi6]. However, for the elderly people, it is not suitable for
them to wear additional sensors and it migdtdisturbance for the elderly people when
they taking rest.

UnsupervisedSituation Monitoring

Both of the two nurses expect to be prompitfprmedwhenevethe caregivers are
not in the nursing room. It motivates us to automatically detect whether the elderly
patient is under unsupervised.

Bathroom Situation Monitoring

The toiletingfrequencyis one of thendicatorsthat can tell the digestion recovery
staus It is hard for elderly people to remember when and frequency of toileting.
Moreover, risks may happen when the elderly people go to the bathroom alone.
Therefore, we set this issue as a goal of our system, which automatically detects the

situationin the bathroom and record the frequency of toileting.
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Chapter 3
Collecting Data in the Pervasive

Healthcare Environment

To gather information in the pervasive healthcare environnwatbuild a wireless
sensor network cont@ng nonintrusive ambient sensors suchsapressure sensors,
current sensors, motion sensor, light sensors, ssemsbrsand humidity sensors. The

data gathered by these sensors are useful for analyzing human behaviors or interactions
between human and daily objects. We also use a wired lasge ffinder (LRF) to

detect human locations.

In a realworld pervasive healthcare environment, many hunetated deployment
considerations should be taken into account. For instance, the sensors must be carefully
deployed so that they bring least disambe to residenésdaily lives. Based on our
experiences, we find that there are some principles and guidelines for sensor
deploymet, which will be reported in Section 3.1.Next, in order to detect the user
situations listed in sectioA.3, we analyze each of them and then consider practical

issues of deploying ambient sensors. Note that since we exclude intrusive sensors, e.g.
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wearable sensors and visibased sensors, it will be more difficult to infer these user
situations Bice wecannotobtain rich sensor information. For clarity, we explain sensor
deployment for each situatiortategory separately in Section 3.1. Next, the
pre-processing procedures of sensor data will be presented in Section 3.2. Finally,
discussions of le®ns learned from our realorld sensor deployment experiences will

beaddresseth Section 3.3.

3.1 Sensor Selection and Deployment Policies

In order to gather context information of residents in the pervasive healthcare
environment, we deploy ambient serssm the nursing room by iteratively prototyping
and discussing with various domain knowledge experts. Ristnibstrelevantsensors
are selectedo detect meaningful eventsat we are interested which will occur in the
pervasive healthcare environnielm the following, we list all of the deployedsensors
anddescribeheir sensor readings

Light, Humidity, and Temperature sensorg¢Figure3-1 (a))

The light sensors provide thigght information of the environmentThe
ranging of provided light level information is from 0 to 4095. The bigger value
represents the brighter light level of the corresponding area. The light sensor is
adopted to monitor whether one area is under low illumination condifibae.
information coming fromhumidity and temperature sensor tells the humid degree
and temperature of corresponding area. For some disease such as influenza is
highly correlated to the variance of humidity or temperature change. Moreover, the

humidity and temperature sensors can riectly provide evidence of some
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situations such as taking a shower. The sensor reading range of both humidity and
temperature are-8095 and range respectively.
Pressure sensofas shown inFigure3-1(b))

The value of pressure sar reading indicates the degreeexternal force
pressing on a particular place. Therefodecording to thereadingof pressure
sensors, we caindirectly estimatethe posture of the elderly patient since the
pressure readings will be different whenfpaning different postures on bed
Motion sensor(as shown inFigure3-1 (c))

The motion sensorgrovide information aboutvhether there are human
beings moving in a specific arda.our work, we exclude visiechased or wearable
sensor to detect the movement of the human being. The motion sensor is an
alternative approach that can detect human movement inavesive way.

Current sensor(as shown inFigure3-1 (d))

The current sensom@re adopted taetect the state of thelectric appliance
mounted on. Some of situations can be estimated by knowing the statestot
appliancetherefore, the state of interestdctric appliance is monitored.

Sound wavesensor(as shown inFigure3-1 (e))

The sound wave sensor detects whether there is satieeétd in the
environment To protect the privacy issue, the sound sensor we adopted in our
work is very lowresolution. Rather than recording the sound data, we only detect
the irtensity of soundbccurringin the environment. The content of speaking is
noninvertible since any detected sound has been \dsyortion comparing to
original sound.

Laser Range Finder (LRIs shown inFigure3-10 (f))

29



The LRF sensor gathers coordination sets of all obstacles in at a particular time.
Based on the observed result, we can analyze whether the interested objects appearing
in the environment-or example, it can be used to datatether there is human being
in the specified area.

For convenience, we introduce our sensor deployment poliseggsarately

(e) (f)

Figure3-1 Sensors (a) light sensor, humidity sensor, temperature sensor, (b) pres

sensors, (c) motiogensoyr(d) current sensor, (e) (Le&pund sensor, (f) LRF sensor
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according to different monitoring purpose listed in secti@n 2

3.1.1 Bed-side Monitoring Sensor Deployment

To monitor the situation ahe elderly people on the bed, we use several pressure
straps and put them on the bed top to measure the variance of pressure distribution.
Whenever the elderly people stay on the bed, the preshsirdoution of several
pressure sensors will change wiiils/her posture.

Based on our observation, the bed might be shifted from one room to another one.
It will be troublesomdor the medic staffs if we attach our pressure sensors on the bed
permanently Therefore, to make our pressure npatrtable we add aother layer
between the nursing bed and pressure sensors. All the pressure sensors are attached on
the additional layer which we called pressure mattress hereafter. Therefore, if the
caregiver wants to clean the bed sheet or move the bed, they canaasifyvay the
pressure mattress on the bed and put it back after cleaning the bed sheet.

In addition, to receive pressure sensor readings that are sensitive to body
movement, the position to put the pressure mattress should be taken into consideration.
M. Holtzmanet al have examined outputs from sensors placed below a variety of
mattress types and compared the response to outputs from sensoroplameadf the
mattresg8]. The experiment result shows that the sensor ¢sitpill be much more
sensitive to body movement when putting pressure sensors on the bed top rather than
under the bed. Therefore, we put our pressure mat on thenabekss Moreover, to
bring least mental distraction, we hide our pressure mat belowaddibed sheets as

Figure3-4(c).

31



(a) (b)

Figure3-2 The deformable character of nursing b@j.Thedeformednursing

bed (b) Theflat nursing bedstructure.

Various sensor arrangements have been made for prototyping our pressure mattress.
There is one reakorld deployment challenge that has been ignored by other pressure
mattress researches, the deformable characteristic of the nursing bed. Based on our
observational field study, the headboard of the nursing bed is most likelyitoedeff
in daytime wheh is shown irFigure 3-2(a). The nursing bed will keep flat (as picture
Figure 3-2(b)) only when the elderly people is taking rest or just coming back from
operation. Such deformation will raise the pablity of sensordamageandincorrect

sensor reading especially for those sensors deploying near the folddolisteike the

S I |
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(a) (b)

Figure3-3 (a) Lengthwise body movement (b) Lateral body movement
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Figure3-4 (a) Layout of our pressure straps attaching on the pressure.
(b) The pressure sensors deployment in the real environment

(c) The complete pressure mattress deployed on the bed top.

challenge we conceptudy segment the pressure mat into two partSigare3-4(a) and

avoid to puting sensors on the folder line which is colored yellGlere are two
manners of body movements involving lateral dedgthwise movement shown in
Figure 3-3. Thelengthwisebody movemendg often consist of upper body movements.

To monitor this kind of movement, we depltlye pressure mat inorizontally parallel

way that can distinguish whether the head and the shoulder parts of the elderly people
are lying on the bed. For the lateral body movements, sensors deployed in the lower
region are adopted in verticalparalleldistribution that can distinguish the gravity shift

from center to left or to right side of the bed.
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3.1.2 Caregiver Leaving Monitoring Sensors

To monitor unspervised situation, we detect whether there are caregivers
appearing in active zones. We define active zones agettitangleareas that the
caregivers can take care to the elderly patients if they are in these Eigoues3-5(b)
shows the active zones in our pervasive environntagtire 3-5 reveals that nursing
bed and bathroom are not active zones for the reason that we assume caregivers will not
be on bed; and the caregivers maintake care of thelderly patient when they are in the
bathroom.

Considerable ways have been adoptethonitor human beings in specified areas.

W. Huanget alemployed the camera to detect #iationaround the be{B]. Despite

the visual system can obtain rich information on human postures, the involved
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Figure3-5 (a) The layout of our experimental environment. (b) Active zones in

our experiment environment.
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computational compekity is high and its performance is varied with the camsetings

as well as the environment (such as diffengptv-angles of the camerand different
illuminations). Based on our observational result, activities performed in the nursing
room are undedow illumination when the elderly people are taking rest. Such
environment will render the camera become less preferdhbeeover, the privacy
violation of camera might be exitical concern for an elder or a patient.

To make the residents living in their ordinary ways, al& avoid asking them
wearing wearable sensors such as accelerometers or RIRBdio( Frequency
Identificatiors). Therefore, we choose sensors which can detect human body in the
specified area. The status of caregivers in the environment can be saiggygrized
into active and noiactive. For each active zone, we deploy sensors to detect active and
nonactive body status. Motion sensors are sensitive to body movements, so they are
appropriate to monitor active status for human beings. However, casegnasr be in
non-active situationwhen they sit while chatting or watching TV in the environment.

LRF sensors are chosendompensateéhesesituations The LRF sensors will run the

(@) (b)

Figure3-6 Sensor deployment for unsupervised situation monitoring.

(a) LRF sensor beneath the b@d Motion sensors of different active zones.
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human detection algorithm which proposed by Chenl to detect whether #re are
human legs in the environmgi#]

To minimize the sensor usage, we deploy our sensors on purpgee 3-6 (a)
shows that we place the LRF sensor under the nursing bed so that we needeonly
nonactive human detector in oenvironment Figure 3-6 (b) reveals that we employ
two motion sensors to detect each active zone since the two active zosegnaeated

by the nursing bed.

3.1.3  Social Engagementensors

Various indoor social engagements can be inferred based on ambient sensor data.
We categorizedsociatrelated situations into two types. One is pure social interaction
between human beings without using any objects. Sensors adopted to dekéat this
interactions are mostly environment sensors such as sound sensors or motion sensors.

The othertype of social engagements involvagspliance or instruments usage such as

(a) (b)

Figure3-7 Sensor deployment for social engagement monitoring.

(a) Current sensor attached to the television. (b) Light, humidity, temperatui

and sound sensor in the frorfttbe bed
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television or telephone. To detect this kind of social interactions, wé aéasors such

as current sensors or accelerometers on the appliance or instrument. In our pervasive
healthcare environment, we detect both types of social engagement which are chatting
and TV watching respectively. The total time of doing these two segdgements are

used forestimatingmental condition of the elderly people.

Current sensors are easy to measure total time of electronic appliances in use.
Therefore, we mount the current sensors to the television to monitor the total watching
time. Figure 3-7(a) represents the way we connecting the original power line of
television to the current sensor. And to monitor the chatting time, we adopt the
low-resolution sound wave sensors to detect whether there is potential houmanirs
the nursing room. The sound sensor is attaching to one board and the board will then be
plastered on the wall. For the sake of gathering up sensors in the same place rather than

placing in scattered way, we attach the sound sensors on the sathe boar

3.1.4 Bathroom Monitoring Sensors

The major activities performed in the bathroom are toileting and taking a shower. To
monitor the bathroom situations, various considerations should be taken into account.
Risks especially tripping may happen after the eldpedpple enter the bathroom.
Although there are many visidmased or wearable sensor based fall detection
researchefl1],[12], it is impossible to put visicbased sensors in the baedom since it

will severelyiolate the privacy issue. Also, it is not appropriate fordlterly people

to wear wearable sensors when they enter the bathroom since it might become a
disturbance Therefore, we depend on the ambient sensors to estimatactivities

performed by residents.
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(@) (b)

Figure3-8 The sensor deployment for the bathroom situation monitoring.

(a) Motion sensors in the entering zone. (b) Lighimidity, Temperature and

sound sensors

The light, humidity, and temperature sensor readings can be significantly different
in different situations For example, the humidity and temperature sensor readings will
be much higher than ordinary if the resident is taking a shoverefore we adopt
these sensors in the bathroom. The flushing and speaking situations will introduce
different sound patterns that can be distinguished by ourr&sslution sound sensor.
Note that our sound sensor do@&snolate the privacy issue for the residents. Unlike

previous works that adopting highsolution microphone so that had the ability to

Bathroom

Figure3-9 The entering zone that is monitored by a motion sensor
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distingush detailed situationOur sound senssronly detect the voice intensity and the
result will be fused with ambient environment sensor states to do further inference.

In addition to monitor environment status in the bathroom, the entering zone in
front of the bathroom door is of critical importance. It served as recorder of starting and
finishing time of the bathroom situations. Risks happened in the bathrannotbe
monitored by ambient sensors. The entering zone sensor will detect the abnormal
situatons in the bathroom if the elderly people entering the bathroom but never going
out for a period time. To monitor the entering zone, we employ one motion sensors
toward the bathroom door &ggure3-8(a). It will be triggered whesver there is human

being entering into or coming out from the bathroom.
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3.2 Pre-Processing of Sensor Data

An evidenceis a monitored interaction between a human and devices in a pervasive
healthcare environment. As indicated in the previous section, aelttedl sensors are
simple ambient sensors and thus are-oloimusive. Meanwhile, a situation is a human
task that the resident is currently performing. The relationship betwsitmasionand
its corresponding sensors values are dynamic. Before infeiitungtiens, the sensor
data are pr@rocessed by a sequence of procedures that make raw data easier to be
handled by the context and situation recognizers introduced in the next chapter. Since
the purpose and characteristic of each sensor is quite diffeaatt type of sensor data

has to be prprocessed in a different way.

3.2.1 Quantization

After receiving the sensor data, these data will be quanitedseveral states.
Each sensor value is quantizby companmg with a correspondinghreshold that is
pre-determined based on the properitgshe sensorsAfter the quantization stephe
sensor values can be transformed into a sensor Beftare the quantization procedure
begins, one has to define the states for each type of sensors such as whether the

television is in used and whether there is body movement in a specified area.
3.2.2 Data Fusion

To estimate bedelated contexts, all pressure sensor readings are fused to represent
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the pressurelistribution of the pressed area. In other words, a pressure vectbe of
pressure sensors is defined. Hence, the area of each pressure sensor represents

meaningful location information.

3.2.3 Feature Extraction

Depending on the characteristics of a sensor type, different feature type
representation is defined for different typiesensorsTable3-1 shows a list of different
sensor types and theiorrespondindeature types.

Table3-1 Feature extracted from each type of sensor

Sensor type Preprocessing Feaure type Description
. Numeric The pressure distributio
Pressure sensol Data fusion
vector of bed pressure mattres
o _ The states of TV
Current sensors Quantization Binary
{ On, Off}
Laser Rangq Human Detectior . Number of human in {
) . Numeric ) .
Finder Algorithm[14] particular active zone.

Whether there exist

human movement in

Motion sensor | Quantization Binary _ .
particular active zone.
{On, Off}
] _ The light illumination in a
Light sensor None Numeric )
particular space
o _ The humidity degree of
Humi ity sersor | None Numeric )
particular space
_ The temperature of
Temperature None Numeric

particular space’C)
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3.3 Discussions

Valuablelessons and expiences have been acquired froor deployment process
reatworld environment. Edc of the lessons should be kept in mind in any
multidiscipline research especially when the computer science connecting to other field
which is unfamiliar with engineering. It is not enough to do analyze user requirement
but the observation of system desigost timeconsumeas well. Much more practical
challengesand issues will be emerged only when we face to thearedtl environment.
Challenges includes either the deploymeifficulties and target usengcruitment. We
list them down below and explatur experiences
Establishing the strong connectiorthroughout system establishment
The connection between the engineering researchers and the medic staffs such
as nurses, doctors, apdychologst should be strongly connectéaroughoutthe
research. Opions interflowed within intecross meeting should involay/stem
goals deployment policies collaboration ways of multidiscipline experts and
experiment process flow We began tdold monthly meeting with medic staffs
and psychologyexperts when systeis under establishing stage. Significant and
precious viewpoints that ignored by engineers may be proposed from those domain
experts who directly face elderly peoptar example, we ignore the importanocke
monitoring whether the elderly people be turmeer in the period timeAnother
case is that the medic staffs drop the labeling ground truth procedure-woréail
environment. Although annotating data is an imporgardcedurein machine

learning, it is too intrusive to make the elderly patientstaed caregivers willing
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to join our research.

Moreover, since patients mostly trust in thattending physicianthe best
way of gaining thetrust of our research from elderly people is to obtain the
identification of our system from the medic staffSlearly statements of medical
achievemerst rather than engineering terms should be illustrated. Only when the
medic staffs agree with the potentimnefitsof our system will render them feel
confident ofpersuadin@nd explaining our system to real elgigratient.

The limitation of deploying time

Since we implement our system in the real hospital environment, the big
challenge is the highate of room occupancyo least disturb the ordinary process
in the hospital; we apply limited time for deploying un sensors. The first
procedure is taneasure the layoutof the nursing roomand decide the power
supply place for each sensor. Although taking pictures of nursing m@mothelp
in providing correct distance between sensor and corresponding powerssacket
speeds up the time for deployment design since we have little chance to directly
observe the nursing room.

In deployment stage, how tode the sensordn the environment is important.

Lu et al. classifies deployed sensors into seamless and seaatégocieswhich

take residents6 er gohheysuggesttakimadantageofi nt o 8
as many seamless devices as possible especiallynfanmdient intelligence
environmen{13]. In our sensor deployment, we remamless aexposingsensors

in the environment. We try to let the nursing room keep on the orgmearance

After setting up all of the sensors, tbensorand network robustnessshould
be examined. We run our system in the pervasive healthcarereneint for about
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two days since we have no more days to test our system. Notice that some of the
sensors which are connecting to a series of USB lines may not work well due to the

power decrease. These sensors should be checked carefully.
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Chapter 4
Context-aware Stuation Awareness

In Pervasive Healthcare System

To build up a pervasive healthcare system, several issues should be carefully considered
to make the whole system suitable to monitor various situations in avoedl
environment.The Pllowing are the kg problemsto beresolved when the proposed
systemis going to be deployeid the hospital, which is thiest bedf our 1% generation
pervasive healthcare system.

Sensor Data Management

The ssue about sensor data management in thevard environments thelive
status of sensor condition. In the proposed healthcare system, a heartbeat from each
sensor will be sent to the base statioeveryperiodof time. Therefore, to monitor the
live status of each sensomn agentis designed taontinuouslymonitor the heartbeat
from each sensolf a sensostopsto send the heartbeat, the senisanost likelydead.
In addition, to easily check tremrrectness of theensor reading, a monitog interface

is desiged to help the system developarderstand sesor readingat certaintime ina
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precise way.Therefore,in this wayit will be easy to check th@roperness of the
deployedsensos quickly so as meethe challengewhich is lack of enoughime forthe
checking process.
Adopting ofMulti-modal SituatiorRecognizer

In apervasive healthcare systeinis notappropriatdo use a single type classifier
to monitorthe overallsituations The reason is thafor each situationcharacteristis of,
say,sensor adopted and human behavimaybe significanty different. For example,
in order tolet temporal relationshigo smoothout the state changes for situations
involving successivdéehaviors modelswhich take theemporal transitionnto account
shouldbe adoptedhereto monitor thistype of situationskFor some situations, @ecision
making only regarsithe status at aertain specifidcime rather tharmvera sequence of
state changes. Becisiontree or other approaches may be more appropriate to model
this kind of situations.Therefore, to better mowit the overall situations, taking
advantages of different classification apprascland incorporahg heterogeneous
classifier to monitor situations at a particular time will be suitable for handiiag
entiremonitoring task.
., Loosely coupled inferencdagiform
To modify or adjust a single situation, the preferable way Ist the classifiebe
isolated from other situation classifiers so that the other classifier will naffeeted
(i.e. no need foretraining if the target classifiers are under tiag phase Additional
advantage of loosely coupled platform is the flexibility to adtboemove classifiers.

Remote Data Access

To least disturb theesidentdiving in the pervasiveenvironmentjt is notsuitable

to enter the roorseveral time during research timeTherefore, a remote access way to
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obtain data imecessaryln our pervasivéhealthcareenvironment, we record sensing
data on thd-ile TransferProtocol(FTP)and access the data file remotely rather than
it locally within the nursig room.

An Message Queus adoptedo receiveheterogeneousensor readings$:or each
base station, an agent is employed to monitor every sander thechargeof thisbase
station A centralized processor receives all the sensor reading and theocess@she
datato extractthe associatetkaturesAll the extracted features will be pedrinto the
featurepool that can be accessed by every monitoring agent.

Each monitoringagent will work independently in the system based on its own
characteristideatures and classifier. Firshe characteristiéeatureswill be subscribed
by one or more monitoring agenBased onthe received features, each monitoring
agent starts to infahe current situation independentlijhe recognizedsituation ofone
moritoring agentis defined as a basic situatiofhe basic mltimodal situation can be
further incorporated to infer higlevel situations.For example, the bed monitoring
agent concludes a lyirgn-bed situation while the bathroom agéntrying to monitor
the flushing situation. A highdevel situation such a&The caregiver rather than the
elderly personis flushing in the bathrootwill be concluded Figure 4-1 shows the

overview oftheproposed situaticaware healthcare syste
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Message Queue

Feature Feature Feature Feature
Subscription Subscription Subscription Subscription Subscription

Sensor Reading Handler

Feature
o

Preprocessing

T

Base Station 1 Base Station 2 Base Station n

Figure4-1 Framework of our healthcare situation monitoring system
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