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Abstract—This paper presents the design, prototype body sensor network (BSN), and partly as a homeffare-
implementation and results of two cooperating infratructures embedded infrastructure. The prototype system sgded
for a vital sign-based multimodal monitoring. The Huilding-  for the monitoring of cardiovascular response ®ghysical
embedded and wearable systems provide complementary |55q and for detection of subject's states seleaselifestyle

measurements in human and share a data transfer chael descriotors. The scenarios of cooperation betwd ¢
where possible. Managed by the common server, boystems P ) P

are configurable in order to follow the subject's gate and Pe€rsonal and home care monitoring systems weresipies
specific needs. Indoor and outdoor tests for varica subjects in [6], however only the joint usage of communigat
shows significant savings (up to 80%) of communican costs resources was successfully implemented and teStbis.
and extention (up to 42%) of the wearable system &@nomy. paper extends the concept of one-to-one coopergtiaph
to the case of multiple house-embedded infrastrastu
cooperating with a single wearable BSN. It alsoigies a
OME care systems are recently one of the mogerspective for a many-to-many cooperation allowfog
investigated area in context of improvement of livéndependent, personalized monitoring of severaljesib
quality in ageing societies. At the same time th@gngation within the same room.
of professional activity is considered by regulagief many
countries for both men and women. This implies the [I. MONITORING INFRASTRUCTUREDESIGN
innovators to propose various mobile solutions [[],
however until now in prevailing number of casesytlaee

I. INTRODUCTION

The system design uses an IP-based network compbsed
_ i ! the central server and two types of remote sensgarable
portable, thus reduced in weight and size, buttianal  ang puilding-embedded. The role of the server, dassiof
copies of their stationary ancestors. _ accommodation and integration of various types itdlv

Home care systems are usually developed as indepgndsjgns, relies on the personalization of remote mmns
continuously operating systems based on closedir@equ accordingly to the needs of particular subjectshBypes of
process-and-send architecture [3], [4]. The codp@ar sensors are remotely configurable: the wearabldesys
upgrade_able systems suffer from the lack of !nterab|l|ty follows the changes of the subject's state, whike t
and serious securlty issues. Most of personahmdlthn@re embedded system adapts to the presence of particula
monitors are designed as wearable, what requires thpiects. The subject-specific requirements for itodng

application of a wireless data link [S]. That prdes almost re based on the subject’s state calculated bgeheer and
unlimited patient mobility, but increases the opieracosts, gisseminated to both: personal wearable sensor and

and imperils the systgm tolcommunication errorstha stationary system, where subject's presence has bee
unstable electromagnetic environment. detected. Principal technical aspects of theseesystare

Based on various estimates, an average prOfeg?iO”aAresented in following subsections.
active human spends 80% of his or here living tiithin
buildings (45% in living premises, 35% in officefhe A Network configuration
assumed mobility, although of virtually unrestritteange, Considering the contribution of time spent by théjsct
occurs in limited time, estimated for about fiveurea day. within premises, we postulate to cease the usagenof
Beyond this limit, health services of long-distamoebility  distance wireless transmission channel (GPRS), vihen
are economically not justified and yielding seveaealhnical subject enters into the house. Instead, the bigidmbedded
problems, of which a prominent example is the \alitg of monitoring system is prepared to share its comnatioic
data carrier strength. resources providing the service of transmission tioe
In this paper we propose a complex system for paiso external (wearable) system messages within its grop
health-based surveillance, partly designed as araka (wired) communication protocol (fig. 1). For thisirpose,
besides its principal monitoring function, the enhibed
Manuscript received March 29, 2010. The scientifirk supported by System includes the short-range wireless commuaitat
Polish State Committee of Scientific Research ia ylears 2009-2011 module (WiFi) and software services for subject
””Cé,eigttrheA%rgS;t;ﬂigfli43\%]36&8'i%azolﬂfg'rsity of sece ang ldentification and data flow mediation. Two otheesarios
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systems are proposed in [6]. The details on coivigycand Three data recipients are designed for the weaB$SN-
data transfer protocol defining the rules of comimation based monitoring system: the long-distance wirdieksthe
and resource sharing are described in details]inTfranks short distance wireless link working alternatelyd athe
to the use of short-range free wireless transmissistead of circular memory buffer working continuously in pkehas
long-range payable service, our approach savespbmation data backup.

costs, and extends the battery life in the wearabtgem, —
. e monitoring
although preserves the subject’s mobility in thade server
by
monitoring long-distance 4 long-distance
server wireless (GPRS) wired (internet)
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Fig. 2. Block diagram of the patype cooperation of wearable ¢
Fig. 1. Block diagram of two monitoring systemperation at tr home care monitoring systems.
level of communication resources sharing.

The circular buffer has large capacity (10MB) ahtké
A typical wearable monitoring system contains bigdal ~Separate pointers for writing, reading and deletfitg 3):

sensors, the mobile server and the transmissionulmod - Write pointer is moving forward only, each time the
integrated within a body sensor network (BSN). Foe patient data is ready for sending.
postulated functionality, two solutions are reasdea - Read pointer is advancing each time the data packet
- conditional integration of the embedded system's sent to the communication module, but it may be set
wireless interface into the BSN, backward by the negative recipient confirmation.
— additional short-distance wireless module usediwith - Delete pointer is moving forward only, each time th
the BSN alternately to the long-distance service. data reception is confirmed.
As far, as the cooperation of only two systemsissadered,
first option seems to be less complex and thus mo delete ™29  write write write
appropriate. However, expecting a BSN to coopevath Y / Y A/de'e*e
multiple embedded infrastructures (home, officehicke, o %
etc.) requires them all to follow a common BSN-sfec f ’g
settings. In case of the Bluetooth technology, Widised as 5  eiete §
a support of BSNs, a serious drawback is also ithi¢ bf . '\r;d

active devices. Therefore, for the support of nainig of free buffes
many Sl'.lbjeCtS IN_many premises, -a BSN_mdepend_e'“Fig. 3. Circular buffer pointers in various coatibns a) connectic
standardized communication module is more apprEria giate b) delayed transmission state, c) low mersiatg.

(fig. 2). This module is in the idle state when thébject is

outdoor or within not serviced buildings. It woras a low- ~ Depending on the carrier availability, the writimgading
power receiver in order to properly detect the sctg and deletion of data are asynchronous. The distaeteeen
presence within monitored buildings. the pointers defines one of the recorder states:

— connection state - the read pointer is following th

B. Data buffering write pointer at the same average speed,

The data continuity is potentially endangered iy a - follow-up state - the read pointer advances fatbien
telemedical system and particularly in wirelessliapfions the write pointer decreasing the data delay,
using radio data c.arriers.of. variaple throughputh@ugh in - data delay state - the read pointer advances slower
most regular solutions this issue is supported G/TP data than the write pointer increasing the data delay,

control mechanisms, we use additional data buffefior
maintaining the continuity of diagnostic data trarssion. the delete pointer causing free memory alert.
This prevents occasional data loss due to carrier g om the server's viewpoint, the monitoring data rba

discontinuity or caused by unpredictable time a@sult of jyenified as synchronous or asynchronous, depgrafirthe
negotiations between data transfer services. delay between the data time marker and the seflvek.c

- low memory state - the write pointer is approaching



C. Presence detection and system personalization from the 4800 mAh 7.2V Li-lon rechargeable battpack

The wearable monitoring system is designed astlgtric[8]. The BAN used the Bluetooth technology-based
personal, thus the subject's presence detectioforped by communication between its components, whereas #IRS5
the building-embedded monitor, is equivalent to thand WiFi interfaces were used for the external {oagd
wearable system detection. For the reason of ersagyg, short-distance  communication  respectively  (standard
the wearable short-distance communication module fatastream of 18kbps). Each room was supportedviriea-
regularly switched on in the receiver mode, whike t based presence detection and motion tracking system
embedded system is continuously propagating ttesigned as a component of the intelligent house
identification data. Once the premise-specific date infrastructure. The embedded systems use the wired
received, the wearable communication is set up féroadband internet connection supporting the iew-t
transmission sending the subject identification ahe motion picture transmission (standard datastream of

request for data transfer service (fig. 4). Theppse of 1800kbps). The monitoring server was a typical R€ed
presence detection is threefold: workstation with static IP address.

informs about the subject's position, Two volunteers simulated cardiac-endangered subject

authorizes the system wearer as a subject of bgildi "€auiring estimation of:

embedded monitoring, and his BSN as a client od dat body motion quantity (in subject-specific selected
transfer service provided by the embedded system, zones),

identifies the subject-specific monitoring setup fo the heart rate and

download to the embedded system. amount of manual
acceleration

Both wearable systems were also personalized iim the
interpretation software layers designed for the ilroOBCG
analyses. As it is typical for cardiac patients itmimg, the
wearable systems were expected to report:

HRV and EDR analysis below a patient-specific heart
rate (HR) and lack of motion.
ST-T assessment above a patient-specific HR,

Additionally, the correlation between the video-4@dsand
the acceleration-based motion estimation was catied|as
example of integrated parameter requiring the cradjmn of
building-embedded and wearable monitoring.
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Fig. 4. Detailed time sequence of information ricb@ange between t
wearable and embedded monitoring systems and théoring server.

P[] long-distance wireless data transmission

E long-distance wireless data transmission

Two volunteers were investigated during the totaflé
days each, moving between the rooms at least Etdaily,
and performing the physical exercises or restirgpatingly
to a predefined schedule. For each subject, transit
between states occurred 47 (£12) times and the aatéer
embedded monitoring system. This innovation isgresi to  Switching was performed 211 times. The adaptatibthe
help achieving two further requisites: wearable systems occurred respectively 8 and 1€stimnd
optimization of the home monitoring for a specificthe adaptation of the embedded systems was perofiée

subject, in case of health changes occurring dunisig times (38 of which because of the subject changes)
or her absence, The data carrier switching between the wireless thed

adaptation of the monitoring in premises visited by¥iréd channel was performed in 6.35 (£1.05) s,
subjects of different demands. unfortunately, the restoration of long-distance elgss
communication takes 17.3 (£8.10) s. For the laifmration,

| wearable system || RESULTS

T —

time

The latter purpose allows for personalization oifding-

D. Prototype setup

The prototype monitoring infrastructure was desitfer
two subjects of different requirements and two rearalled
"home" and "office". Each subject wore a body arevork

the success rate is also significantly lower andaéx71%
(vs. 93%). This justifies our attention to the dédav control
and proper buffering, however the volume used (B)2kas
only 1% of the designed limit (10MB). The experirhen

(BAN)-based cardiac monitor including the MW705D &P confirmed also the expectations of considerableresion of
receiver (Mainnav), the Aspekt500 12-leads ECG nd®o the wearable monitor autonomy time to 23h (vs. Wgiz.
(Aspel), the TeleMyo 2400 G2 Telemetry System (Morg by 41.1%) and economical savings on long-distariceless
and the PXA-270 portable evaluation kit (Collibpdwered communication service. In the Poland-specific bijlsystem



for telecommunication services (typical also forheat
European and American countries, but not e.g. Japag-
distance wireless data transfers e.g. GPRS arepeaidata
packet (e.g. 100kB costs 18.48 cents), therefataaten of
the datastream may be highly beneficial to the .usée
initial daily costs of 32.7 USD was reduced to 6UB5D that
is by 80%. The average correlation coefficient ke the
video-based and the acceleration-based motion atim
was 0.83.

The subject identification and subsequent adaptatib

The prototype proved wide range of adaptivity, dejdeg
on the subject-related local setup managed rembtelthe
server. The remote configuration of sensors antivaoé is
used for adjustment of alerting conditions and désis
range. The automatic recognition of the subjectstes
opens the area of lifestyle control as prospedjglication
of monitoring systems.

Although the main assumptions were verified in pcat
implementation and tests, two problems are worthbé¢o
considered in the future:

subject-related monitoring conditions were operatin
accordingly to the specification within 7.2 (x2.4%)
Simultaneous data transfer from two subjects' wsara
monitors by a single embedded system was performed
correctly, however the video-based motion estinmatizas
not precisely distinguishing two separate subjeutsthat
case, the motion estimate has ambiguous value.

Besides the cardiac parameters (ST-T, HRV and EDR),

extension of cooperation between the embedded and
wearable monitors for cases of overlapping
competences and for a joint estimation of diagoosti
outcome (including a mutually dependent remote
configuration)

support of multiple subjects [10] present in theaar
monitored by embedded systems (including the
subject recognition and individual zone processing

subject data were investigated towards the ideatifin of
four basic states: working, walking, resting andeging.
accordingly to [9].

(1]
IV. DISCUSSION
This paper focuses on the infrastructure problesfsted 2
to continuous monitoring of a subject performedtlgaoy  [3]
the building-embedded and partly by the wearabktesy.
The cardiac-based monitoring was selected as onieof
option most applicable today, supported by matecerding [4]

equipment, well accepted analysis standards andgusi
various recording modes. Our prototype shows, that:

both systems has partly overlapping competence argsg,
and the calculation of parameters integrated from
system-specific measurements is possible,

both systems allow for some extent of personabrati
with respect to monitoring goals and subject'sstat
the systems can cooperate towards the optimizafion
diagnosis quality (multimodal measurement) and

[7]

reduction of costs (optimal data carrier). (8l

The proposed infrastructure guarantees quasi agnim (9]
monitoring, although the data available to the serare
asynchronous in the case of connection loss. Thpgsed

cardiology-oriented setup aims at investigatingghigject in [10]

his or her everyday living conditions in order tsses the
danger of the coronary disease or sleep apnea.s&tup
could be almost freely adapted to the subject'sdseey
using of different sensors and interpretation saffey within
the proposed infrastructures and with the use oEtlbhye
specified system cooperation and data exchangs. rule

case of video-based system).
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