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Abstract— Existing health monitoring systems detect eitheacute
health issues or long-term deterioration of health.This paper
presents a validation concept for sensors and algtims that
detect emergencies and monitor long term health delopment.
The reviewed ambient monitoring system combines éert term
rule based and a long term scoring approach that & validated in
a study with 100 households. The resulting datasets
complemented by diaries and participation of care igers. Care
givers monitor the health state through questionnaes and by
rating generated alerts and warnings. The validatio benefits
from this multilateral approach and points towards a further
integration of long and short-term monitoring.

Keywords- AAL, health assessment, situation recognition, rule-
based monitoring, system validation

l. INTRODUCTION

The use of ambient sensor technology in the ardeealth
care and assisted living [1, 2 and 5] shows thepbtgntial that
is seen by the ambient intelligence community. Agapions of
such sensor technology can be divided in two grosipst and
long-term monitoring. While short-term monitorirggtargeting
especially emergency detection and the recognitiactivities
of daily living (ADL), long-term situation recogmiin tries to
focus on deviations from usual patterns [8] and Ithea
assessment.

Despite the fact that there are studies conduatethé
ambient assisted living field [3, 4, 6 and 7], thadidation of
the benefit of ambient sensors in the area of heatinitoring
is not yet proven by a significant number of pédpaots
involved in a test bed on a long term basis.

The following paper presents two concepts for \adiit)
short- and long-term health monitoring systems thasa
ambient sensor technology. Both concepts
guestionnaires to receive information about theiachealth
status, which are conducted by care givers as éumeo react
on warnings and unusual behavior. The aggregafedmation
is used as a reference for long-term sensor datgh B
validations will be conducted in the same test &red therefore
rely on the same sensor data.

Il BACKGROUND AND RELATED WORK

Possible occurring problems in everyday life andirth
characteristics, by which they are distinguished, described
in detail by nursing diagnosis [9]. As a basis éar health
monitoring system we used the nursing diagnosikrtow
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which areas are important to monitor. Thereforedeeeloped
a list where nursing diagnoses were connected ghrdheir
characteristics with a specific sensor and itstlona(Fig. 1).
We clustered the nursing diagnosis in four mairastréealth,
mobility, cognition and social interaction (TABLE |

Nursing Diagnosis
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Measureability
L 4
Sensor
2 4
Location
L 4
Value

Figure 1. Sensors derived from Nursing Diagnosis

As a next step, we matched the specified sensdhstié
selected home automation system presented in [IbBg
matched sensors with their location are the basis tlie
deployment of sensors in the home environment.

TABLE I. MONITORING AREAS

Sub-Area

Sleep
Hygiene
Dressing
Nutrition

Gait
Stair Climb
Short-term Memory
Disorientation

Area

Health

Mobility

Cognition

Social Interaction -




Based on this sensor network we build an ambiealtthe
monitoring system. First we will present the moriitg system
based on rules for situation recognition as wellaasy-term
health assessment. We discuss how assessmentctoolse
used to aggregate reference data. Related studies ambient
monitoring environment are shortly described atehe of this
section.

a subject. This can be used to determine whatrirdtion and
indicators data is hidden in the abstracted sedtestar. Next the
short-term situation recognition will be describéalowed by
the long-term monitoring with health assessments.

1) Short-term: Rule-based situation recognition
Considering there are two main short-term recogmiti

techniques, rule-based and learning algorithms, [ivE] have
chosen the former based on the following argumeffsthe

Figure 2. Sensors in Real-Home Environment

The ambient health monitoring system
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Figure 3. Ambient Health Monitoring System

The ambient health monitoring system is based @ th
analysis of the nursing diagnosis and the corredipgn
selection of sensor types. The sensors are deploybe home
environment and are connected wirelessly to a segateway.
The data processing is done on the gateway. Thieaatesd
sensor feedback is transmitted to a visualizatimitware for
care givers. The care givers on the other hand wmind
assessments by interviewing the test persons pehgamd via
phone. Because it is not possible to detect onrge lacale
ADLs accurately, the system serves two monitoringppses:
short-term situation recognition and long-term tteal
monitoring. Both approaches have the advantage et
reference data is not needed accurately. On a highel of
abstraction, the health of the subjects has toirdeed with
behavioral data. Assessments will determine théhetate of

intention was to keep the system simpler; the uUssirople
sensors provides a simple data set, lacking ofynaisd
uncertain data. Rule-based systems can handle ctigrre
concrete situations [11] , such as standing up af¢eping, and
are computationally simpler than learning algorishrkeeping
the trade-off between complexity and recognitioncgss. (2)
Flexibility: our system is ontology-based contamidifferent
levels of information abstraction. This allows us @dd or
modify rules on different information levels easifyroviding
flexibility when some rules do not work properly oew
functionality needs to be added. (3) No referencesded:
learning algorithms need normally a training phageere
precise annotations are needed, which is usualheimented
by additional camera surveillance [12]. Sometimesnethe
training must be particular for every householdiclvimakes a
large field test unfeasible.
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Figure 4. Detection of Sleeping Problems

The ambient middleware openAAL is the basis of the
monitoring system [13]. OpenAAL is a framework ap tof
OSGi which allows easy configuration of AAL-serscand
communication between those. It especially suppedsy
uplifting of low-level sensor data to high-level ntext
information. The low-level ontology statements digs the
state-based sensor information, whereas the vcagbdibr



environment, locations, situations and activitiestech the
generated high-level information.

This way rule-based algorithms can detect comple

situations based on the sensor data and contextniafion.
The rules for the monitoring system and the
parameters were developed based on the chardcten$tthe
nursing diagnosis and the defined areas of heatthitoring,
which then were applied in the openAAL middleware.

To illustrate how the
information levels we consider the example of datgc
sleeping problems (Fig. 4): from the very low lewle basic
rules abstract the motion sensor information, oltgi the
persons location, i.e. person is in bedroom. Onnte level,
using the location and sensor data, the systengnézes when
the person goes to sleep and wakes up. One levgkakhe
system calculates the sleeping times of the pedswimg the
day, based on the uplifted information, and withfircl
context information (sleeping times) detects if ual
sleeping problems arises, i.e. person slept tod st night.
Finally at a very high level, the rules infer ifettpunctual
problems recur enough to consider the problem aglevo
report the warning to the caregivers, i.e. the @ersiept too
short the last 3 days. The process is a combinatforules,
where the output is used concurrently by other sule
abstracting more and more the information until irdels
information is achieved.
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Figure 5. Warnings structured by Monitoring Areas

The rules describe deterioration in one of the tehesl
areas and indicate a decrease in autonomy. lrcamext the

broad areas were broken down to complex problemati

situations resulting from the nursing diagnosis aheir
characteristics. This offers the possibility to gexte specific
warnings for
appropriate additional information.

The carer receives information about the healthusta
through the rules integrated in the openAAL-middiesv

require

rules work on the different

described above. The system simply visualizes tobl@ms
which were detected by the rule-based technologye T
visualization of the data is implemented in a welsdul care

%ind case management software (CareCM) as usefaoger

Case Management is a procedure to plan, coordinaigitor
and evaluate services for different social agenaies staff on
behalf of a client. The software allows care giversfficiently
coordinate and keep track of the patients, relataed other
involved stakeholders.

Warnings are sent from the middleware immediatelthe
CareCM once the system has detected a problenfoitis the
nursing staff about new warnings, unusual behawad
emergency situations. They can be viewed in reak tio
ensure an early response to status changes.

As mentioned before the rule-based system is radpen
for the short-term situation recognition. Probleimaituations
can be detected as they occur. Extending this imghgation
the following additional health monitoring approacstas
realized to detect deterioration on a long-ternisbas

2) Long-term: Health assessment

In order to offer patients the right treatment tteal
assessments are usually conducted by nursing ataff by
doctors. The sensor system should support thesssasents
and improve the quality of the treatment and redwuoekload
for the nursing staff. To prove these advantagesréitorded
sensor data needs a ground truth. This makes gilpjesto
relate long-term deviations with feedback givertést persons
and carers. Therefore we analyzed two commonly used
assessment instruments, the Resident Assessméntnieat
and the Comprehensive Geriatric Assessment. Wetttghe
question of usability in our study setup [17].

a) Resident Assessment Instrument

The Resident Assessment Instrument (RAI) was dedign
as an assessment tool for long-term care of patidyt
providing a standardized summary of their sensigdi It also
serves to create a perfectly tailored patient qalesn and
measuring the effectiveness of the treatments eteld/to the
patient [14]. RAI consists of the following partstinimum
Data Set (MDS), the Trigger System and the Resident
Assessment Protocols (RAPS)

The Minimum Data Set (MDS) serves a comprehensive
impression of the health of the patient. It cokeover 300
items in 17 categories, e.g. cognitive patternspendehavior.
Because the RAI was designed as a tool for long-ware, a
repetition of the MDS data recording is providecmvthree
months [14].

The Trigger System is based on the data obtairted fhe
MDS. If a certain area exceeds a predefined lihghtthe area
is considered an issue. If e.g. incontinence ocourge than
once a week, the area of continence is a marke@nas
Eroblematic area.

The Resident Assessment Protocols (RAPS) serve as a
guide to estimate the impact of those areas registby the

each detected problematic situationd antrigger system on the care plan of the patient.

b) Comprehensive Geriatric Assessment (CGA)

The Comprehensive Geriatric Assessment (CGA) coaers
variety of areas and offers a specialized assegsfoerach



area. Among others the following assessment to@suaed:
Screening according to Lachs, Barthel Index,
Completion Test, Geriatric Depression Scale, Geriat
Hamilton Depression Scale, Mobility Test accordiodinetti,
Mini Mental State Examination (MMSE).

The CGA provides a very comprehensive look at thedth
of a patient. Despite the nine different methods ire used,
the cost of the geriatric assessment, especialgnvdompared
to several days of data collection of the RAI, uste moderate.
Each test only takes up some minutes.

¢) Conclusion

Both presented tools give a very good insight ittlie
health state of person. They are very well validatevarious
studies [16]. Two main problems lead us to the gewi to
derive a questionnaire from both instruments. KirfAl has
a very high workload with about four days per pati¢o
aggregate all the necessary data [15] and negtectpletely
the view of the patient. Secondly, the individuasts of the
CGA have to be carried out by different persons thu¢he
different areas.

With the assessment we can understand the impact
deviations of the health state on the long-ternssedata. The
long-term validation concept will explain how theseo
measures are compared to each other.

3) Other studies
Besides our study, in the area of ambient assistety

other studies are undergoing using ambient moniori
systems. CASALA analyses 13 homes occupied by Iiand
4 women, using a total of 2240 home automation@srand
actuators. In a first step they compared movemexth do
baseline depression and to mobility data over abBtmperiod.
[4]. The Emerge project equipped 2 flats over 3 therwith
multi-sensor nodes to evaluate the ADL recognitiamd
inactivity detection [3]. The eHome project evakéhbin engine
for rule inferring and ADL recognition with dataofn 11
apartments over a total of 553 days [19].

Ill.  METHOD

Based on our developed health monitoring systeno, tw

validation concepts using the same test bed arsupdrin a
long-term study. First a concept for the validatadrthe short-
term monitoring is presented. Furthermore we wiiblain a
validation concept for long-term monitoring. Theae two
different approaches for the recognition of theualkthealth
status and deterioration. The study itself consizts100
households and is performed in time frame of 18 thwnAt

the moment 60 households are connected to our hhealt

monitoring system.

Our target group consists of households where lgltiee
on their own and are at least 65 years old. Thepsons are
largely independent in their mobility and mostlydion their
own. An hourly care by relatives or nursing sersiée no
exclusion criterion. The participants receive aefreome
emergency service and may live in an assisteddifanility.

The study concept [17] shows that only one dedicaszer
is considered for the support of each test perBue to the
constraints we derived an

verbalized questions and thus offers a good guidaoc the

Clockinterviewer. The areas of the questionnaire areciheat with

nursing diagnosis showed in section Il. At the hegig and at
the end of the study, personal interviews are cotedl In
monthly telephone interviews abbreviated questiopraare
performed. It is shown that the reliability of essment tools
can be kept at a high level also through questioesavia
phone and mail [18].

The benefit of ambient sensors in health monitodag be
shown through a validation. Below we describe hiogvgystem
with the rule-based situation recognition and tbegterm
monitoring are validated.

A. Concept for short-term validation

Despite the fact, that the rules for the short-teromitoring
system were derived from the nursing diagnosis,iinportant
to evaluate the accuracy and validity of the rules.
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Figure 6. Concept for Short-Term Validation

For the short-term validation, sensor data is aggjesl
through the ambient monitoring system and are \iec as
warnings in the case and care management softweserged
in section Il. Each warning consists of a noticeowbthe
problem and additional detailed information thall Welp the
user to classify the severity of the problem andréact
appropriate to the detected situation.
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Figure 7. Visualisation of Warnings in CareCM Software

For the validation of the system it is importantidentify
the validity of the warning. The occurrence of tietected
problem has to be checked as well as the validity the
information content of the warnings.

If a certain situation occurs, such as sleepin@lpras over

interview guideline witha longer period, the nursing staff intervenes bypsuting the

approximately 80 questions. The interview has dxact problem as well as verifying the system warninge Ebftware



enables the nursing staff to administer multiplenitoved
persons and the relating alerts at the same tirhas,Tit is
easier for the nursing staff to react to the wagsim terms of
the validation. The consolidation of the assessmatat and the
sensor information in the case management softeléioess to
rate the current health status and the implicatedlpms of the
patient.

Then all weighted response values of a category are
summed up and divided by the sum of the weights of
the category. Hence a score for each category ean b
calculated. If the answer to the question is refusiee
question will not be considered in the rating.

Twice a day the nurse checks the system and ifraimg

occurred, gives feedback on the real conditionuphothe care
and case management software after checking ontette
person personally or via phone.

Particular interesting for us is, if the warningétated to a
real condition or if it is a false alarm. This eleb the
developers of the system to adapt and improve ystem
online.

With the introduced feedback system we can proee th

validity of the short-term health monitoring system

B. Concept for long-term validation

The validation for the long-term monitoring with dith
assessments is based on questionnaires conductied tarers.

TABLE II. STRUCTURE OFQUESTIONNAIRE
Number Question Answer Categories
. Daily (5)
. Several
times a week| Social
4) Interaction
On how many days
10 have you left the house (%r)]ce aweek (5)
i ?
in the last week? . Less  than| Mobility
once a week (4)
(2
. Never (1)
. Without help
Do you usually walk (5) Mobility
22 without help or do you « with cane or| (5)
need a cane, crutch or crutch (3)
walker? «  with walker | Gait(5)
1)

The assessment consists of personal intervieve dieginning
and at the end of the study and telephone intes/every two
months. To validate the sensor data, comparableesdlave to
be defined. Therefore in both data areas, a seocalculated
for the questionnaire and for the sensor data basdtie four
main areas derived from the nursing diagnosis.

1) Questionnaire Score

The first score abstracts the answers of an irgervn a
way that questionnaires of different persons camrtdrapared
easily and also changes between questionnairekeosame
person can be automatically visualized. In our casetry to
abstract the questionnaire data to compare it thighresults of
the sensor data. The calculation of the score stinsf three
parts.

e Assign a value to an answer:Each response can
receive a value between 1 and 5 (1 being the lowest
score and 5 being the highest score) (TABLE llgt F
example a response to the question "On how many
days have you left the house in the last weekP4ted
with 1 for "never" and with 5 for "daily".

« Assign a weight to each questionThe questions are
assigned to specific categories and sub-categ@exs
I.]. Each question can be assigned to several
categories, e.g. to the question “On how many days
have you left the house in the last week?" both
categories, mobility and social interaction,

Score,

The SCORE of the questionnaire is calculated by the

following formula:

Ly answers of Category iANSWer Value x Weight)

- Efrs."._:".'l.:."_’ af "..-E:EQD."_'.':{”'E:.ght}

D
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Health Cognition

Figure 8. Example for Score of two Participants

In figure 8 the score of two test persons is vigedt one

aréparticipant with dementia and one participant irecheof a

assigned. The weight of each question to a categompllator. The blue line shows the mean value whish
can be set between almost not important (1) to vergalculated out of the first 15 test persons. Theigigant with

important (5).
weighted by the value 5, since mobility is needetd

In the above example "mobility” is the rollator achieves a value in the area mobilitych is much
lower than the mean. The reduce perception of énsom with

able to leave home very often. In the categoryisdoc dementia is well reflected in the score of the @agnition.

interaction" the weight is 4, because social irtiéoa

works even with limited mobility, for example, ifie

person is visited at home and they interact viangho
internet.

2) Sensor Score
After developing a score for the questionnaire,eassr

specific score will need to be emerged through -i@mm

] ] sensor analysis. The triggering level of each sensatched
e Calculate the score:The score is qalculated first _by with a category adds up to the score. Through ththing of
the value of the response multiplied by the weightthe nursing diagnosis, every single sensor candoed back to



the area, e.g. the contact sensor at the entranassigned to
social interaction and to the mobility score.

The trigger level of the different areas is theemdiardized
to a score between 1-5 (1 being the lowest scodebabeing
the highest score). In the example shown in figlrea
participant with cancer is displayed over a durataf 300
days. The participant got better over the first #1a9s because
of a surgery. The cancer got worse again in thersepart of
the recorded data. The health issues also affeébiedsocial
interaction of the person by not going out as mastbefore.
During the validation the sensor score needs toefieed and
evaluated with other participants.

Mohility
5

=—#=—Day 1
—f—Day 150
Day 300

Health

Cognition

Social
Interaction

Figure 9. Example of Sensor Score

3) Validation of Sensor Health Assessment

It was found, that the patients do not want to lomitored
and do not want to fill out questionnaires withceteiving any
feedback. A possible solution could be to trangifer paper-
based diary with feedback functionality to an iatgive
technology such as a tablet pc.

Gewahlter Tag: 06.02.2012

Kalender

[ Mein Gesundheitszustand hat sich verandert

L Ich war nicht in der Wohnung oder hatte Besuch

n [ Bei den Sensoren ist etwas vorgefallen

Figure 10.Tablet with Interactive Diary

In the first implementation of the rule-based systmany
parameters were predefined. For example, it is gsacg to
define normal sleeping times in order to
abnormalities. The response of the nursing staficated with
the occurred false warnings made it clear, thasyséem needs
to be designed more flexible. It needs an interface
parameterize the rules individually for each pdtiand their
habits. Only in this way the system can give cdrrec
information about the health status.

We had concerns about the amount of questions &shed
during the interviews. Some reviews with profesalerwere
iterated and the feedback showed that the questi@mas

By correlating the scores from the sensors and thwell developed and the amount of time (around $mhatched

guestionnaire over the time frame of the study,ngea of
health and deterioration can be compared. Hencearit be

proven if the ambient monitoring system can supplythe

information about the current health status of ssqe and
support the health assessment on a long-term basis.

IV. RESULTS

First results of the validation show a promisingcome of
the study. But in the course of the study somesadjents had
to be made.

The validation concept based only on nursing staf not
sufficient. In most cases the warnings are disglayben an
accumulation of a problem arises. Only then iseitassary to
intervene to prevent health hazards. This apprshohild help
to avoid an information overload.

Since this implementation does not allow rule Veaiion
on a lower base it was necessary to include thematin the
validation.
monitored patients, they are the ones, who caniggomost
information about their problems. Based on thisvidedge
additional dairies were developed. These diariesiged a set
of questions about changes in the health statisgedban the
mentioned assessment tools, as well as questippsring the
rule validation. The patients are asked to compltte
guestionnaire daily if defined events (e.g. frequeaking up)
occur. This provides additional reference data tbihe
situation the system wants to detect.

Because the warnings are generated hmy t

pretty well with a mean of 54 minutes.

The questionnaire score itself showed variatiorsvéen
participants. The disabilities remarked by rlieses were
very well reflected as shown in Fig 8. The senscore
structure is defined but needs much more refinememhere is
not enough experience with more participants ovegér time
range.

V. DISCUSSION ANDOUTLOOK

We defined two validation concepts for short- andgh
term health monitoring using ambient sensor teauol The
advantages of ambient technologies can be quahtifith the
validation. Nonetheless some constraints have tmaxde. The
guestionnaire is based on validated assessmenirirestts but
is not a validated tool itself. The correlation veeén the
sensors and the questionnaire is not guaranteest. duiestions
have to be answered by the participant theref@edbponse is
subjective. We overcome this issue by introducirgmes
questions that are targeted directly to the inesver. The
interviewer expresses his observations e.g. the emewmt
around the home. Is he or she safe or is the [t
insecure?

A general issue is the occurrence of health chadgeag
the study. If we record very few cases of emergeocy
deterioration, than we can only take very few cosicns from
the validation. With a time frame of 18 months abdO
participants the probability is high that some iiegting cases
are evaluated.

recognize



For a long-term use of the case and care manafferase

the information content of the warnings must beaid® that
the nursing staff can intervene adequately. Thdidaek from
the short-term monitoring will show, if the level detail in the
displayed warnings needs to be extended.

In the future we will further improve the system by
including also data from smart meters which wiljegate the

power consumption of every household. Smart Mestiewv
through the use of different appliances the agtioit person
throughout the day. This will contribute to a refinent of the
sensor score as well as an improvement of theaaderacy.

The positive outcome of both validations influenties use
of the health monitoring system. A wider variety of

impairments can be detected. Emergencies as wielhgsterm
health problems like dementia can be handled bystrae

system. To improve the quality of the results bapiproaches

can be validated by the other one. Are e.g. wamialgout

sleeping problems also influencing the score ofptbison? Or

is a lowered score reflected in short-term indarzi?
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