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A SYSTEM AND METHOD FOR TRACKING VITAL-SIGNS MONITOR PATCHES

{6001] The following applications disclose certain conmnon subject matter with the preseat
application: A Vital-Signs Monitor with Encapsulation  Arrangement, docket number
080624-0612; A Vital-Bigns Monitor with Spaced Flectrodes, docket numsber 080624-0623;
A Vital-Signs Patch Having a Strain Relief, docket mumber 080624-0624; A Temperature
Probe Suitable for Axillary Reading, docket number 080624-0623; System and Method for
© Monitoring Body Temperature of a Person, docket number 080624-0626; A System and
Method for Storing and Forwarding Data from a Vial-Signs Monitor, docket namber
080524-0627; Systern and Method for Saving Battery Power in a Vita) Signs Moniter, docket
number 880624-0628; A System and Method for Conserving Battery Power in a Patient
Monitoring Systemn, docket wumber 080624-0629; A System and Method for Saving Battery
Power n a Patient Monttoring System, docket number 0R0624-0630; A Systern And Method
for Reducing False Alarms Associated with Vital-Signs Monitoring, docket number 080624-
0632; A System And Method for Location Tracking of Patients in a Vital-Signs Monitoring
Svystem, docket numiber 080624-0633; A Systemn And Method for Reducing False Alarms
Based on Motion and Location Seosing, docket nuber 080624-0634;  all of the lisied

applications filed on huly 27, 2011,

[0002] The present disclosare generally relates to systerns and methods of physiological

monitoring, and, in particular, a system and method for tracking vital-signs monitor patches.

{0003] Some of the most basic indicators of a person’s health are those physinlogical
measurements that reflect basic body funchons and are commonly referved to as a person’s
“vital signs.”  The four measwements commonly considered o be vital signs are body

temperature, pulse rate, blood pressure, and respiratory rale.  Some cliniclans consider
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oxygen saturation (Sg) to be a “{ifth vital sign™ particuiarly for pediatne ov goriatic cases.
Some ¢r all of these measurements may be performed routinely upon a patient when they
arrive at a healtheave faciily, whether it s a routine visit 10 their docior or arrival at an

Emergeney Room (ER).

[0684] Vital signs are frequently taken by a nurse using basic tools including a thermometer
to measure hody temperature, a sphyzmomanoimeter to meanuwre blood pressure, and 2 watch
t count the number of breaths or the number of heart beats 1o a defived period of ime which
is then converted o a “per minute” rate. I & patient’s pulse §s weak, it roay not be possible {o
detect @ pulse by hand and the muse may wse a dtethoscope 0 amplify the sound of the
patient’s heart beat so that she can count the beats. Oxygen saturation of the blood is most

easily measured with a pulse oximeter.

[0005] When & patient is admitted to a hospital, it 15 common for vital signs o be measured
and recorded at regular mtervals during the patient’s stay to monitor their condition. A&
typical interval is 4 howrs, which leads to the andesirable requirement for a nurse to awaken a

patient in the middle of the night to take vital sigo measurements.

. Iy

{0006} Wher a patisnt is admitted to an ER, it is covuvon for a nurse o do a “wiage”
assessment of the patient’s condition that will detennine how quickly the patient receives
weatment.  Daring busy times in ap R, a patlent who does not appear o have &
tile-threatening injury may wait for hours until more-serious cases have been treated. While
the patient may be reassessed at inlervals while awaiting treatment, the patient may not be

under observation between these reassessments.

{0007] Measuring certain vital signs s vomially intrusive at best and difficult to do on a
continuous basis. Measwrement of body temperature, for example, is comnonly done by
placing an oral thermometer under the tongue ot placing an infraved thermometer in the ear
canal such that the tympanic membrane, which shaved blood circulation with the brain, is in
the sensor’s field of view. Another methed of taking a body tenperatwe s by placing a
thermometer under the wm, referred (0 a5 an “avillary™ roeasurement as axilla is the Latin
word for armpit. Skin tempersture can be measured using a snick on strip that may contain

panels that change color 1o indicate the temperature of the skin below the sinip.

Fond
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j0OD8] Measurement of respiration I8 easy for a nurse to do, but relatively complicated for
gquipment to achieve. A& methed of automatically measuring respiration 1s 1o encircle the
upper torse with & flexible band that can detect the physical expansion of the rib cage when a
patient inhales. An alternste technique 18 o measere a high-frequency electrical impedance
hetween two electrodes placed on the torse and detect the change in impedance ereated when
the lungs {1 with aiv. The electiodes are typically placed on opposite sides of one or both
Jungs, resulting in placement on the front and back o on the left and vight sides of the torso.
conunonty done with adhesive electrodes connected by wires or by using a torso band with

roultiple electrodes in the strap.

{0009 Measurement of pulse is also relatively easy for a nwrse (0 do and intrusive for
equipment 1o achieve. A common automatic method of measuring a pulse 18 to use an
electrocardiograph (ECG or BKQ) to detect the electrical activity of the heart.  An EKG
machine may use 12 electrodes placed at defined poinis on the body to detzet vacious signals
associated with the beart fimction.  Another commaon piece of equipment is simply called a
“heart rate monitor” Widely sold for use in exercise and training, heart rate monitors
commonty consist of a torse band, In which are embedded two clectrodes held against the
skin and a small electronies package, Such heart rate ronitors can comumunicate wirelessly
to other cquipment such as a small device that is worn like a wristwateh and that can transier

data wirelessly to a PC.

0010} Nurses are expected 1o provide complete carg W an assigned number of patients. The
workload of a typical muse is increasing, driven by a combipation of a continuing shortage of
nurses, an increase in the number of formal procedures that must be followed, and an
expectation of increased documeniation. Replacing the manual measurement and logging of
vital signs with a system that measures and records vital signs would enable 2 nurse Lo spend
more time on other activities and avoid the potential for srror that is inherent in any manual

procedure,
SUMMARY

[Bi11 1} For some or all of the reasons listed above, there is @ need 1o be able to continuously

monitor patients in different settings. o addition, 1t s desirable for this monitoring 1o be

s
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done with limited imterference with a patient’s mobility or interfering with thelr other

activities.

10912} Embodiments of the patient monitoring system disclosed hereln measurs certain vital
signs of a patient, which mclude respiratory rate, pulse rate, blood pressure, body
temperature, and, in somwe cases, oxygen saturation {Sepl, on a regular basis and compare

these measurements 1o defined Himits.

{0013] In one aspect of the present disclosure, a method of tracking vital-sign monitor
patches in a vital-sign movitoring networl is provided. The method can comprise identifving
at least ong of & nmew wireless compumication link and loss of an exsting wireless
comraunication link between a vital-sign monttor patch and a bridge in the monitoring
network.  The mothod can forther comprise sccessing a database comprising information
indicative of wircless communication lisks between vilal-sign monitor patches and bridges in
the monitoring network. The method can finther comprise updating the information in the
database 1o indicals the new wireless conununication {ink or the loss of the existing wireless

communication link.

{0014} In one aspect of the presemt disclosure, a vital-sign monitoring system Is provided.
The system can comprise a plurality of vital-sign monitor patches configured to montor one
or more vital signs of patients to whom the vital-sign monitor patches are attached. The
system can further comprise a surveiflance server configured to gather data relating to the
one or mote vital signs of the patients from the plurality of vital-sign monitor paiches. The
system can further comprise a pluraiity of bridges configared to provide data connections
between the plurabity of vital-sign monitor patches and the sorveillianes server. The system
can further comprise a database configured W store information mdicative of wireless
cemmunication links between at least some of the plurality of vital-sign monitor patches and
at least some of the plurality of bridges. The database can be updated o ndicate a new
wireless communication link or loss of an existing wireless comumunication link between a

vital-sign moonitor patch and a bridge.

[0015] It iz understoud that other configurations of the subjoct technology will beeome

readily apparent to those skifled in the ant from the following detatled description, whereln
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various configurations of the subject technclogy are shown and described by way of
ilustration.  As will be realized. the subjeet technology is capable of other and different
conflgurations and its several details are capable of modification i various other respects, st
without departing from the scope of the subject technclogy,  Accordingly, the drawings and

detailed description ars to he regarded as astrative by nature and not as restrictive.

BRIEF DESCRIFTION OF THE DRAWINGS

{0016} The accompanying drawings, which are included to provide further understanding
and are incorporated in and constinute a part of this specification, illustrate disciosed
embodiments and thgsther with he description serve to explain the principles of the

disclosed embodiments, In the drawings:

[0017] FIG. 1 15 a diagram illustrating an oxemplary embodiment of a patient roonitosring

sysiem according to certain aspeets of the present disclosure.

[0018] FIG. 2A is a perspentive view of the vital-signs monitor patch of FIGL 1 according to

cerfain aspects of the present disclosure,

[0} FIG. 2B 15 a cross-section of the vital-signs monitor pateh of FIG. | according to

certain aspects of the present disclosure.

{06287 FIG. 2C is a functional block disgram iHustrating exemplary elecironie and sensor
componants of the vital-signs mowitor patch of FIG. | according to certain aspects of the

present disclosare.

18021} FIG. 3A is g functional schematie diagram of the bridge according {0 certain aspeets

of the subject disclosure.

16022] FIG. 3B is & functional schematic diagraan of an emboediment of the surveillance

server according 1o certain aspects of the present disclosure.

00231 FIG. 4A is a map depicting 8 bealtheare facility {c.g., a hospital} 400 in which a
P aepielng YACE p
patient monitoring system such as the ene shown in FIG. 1 s implemented according @

b=

certain aspects of the present disclosure.
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[6024] FIG. 4B iz 3 porton of an exemplary datsbase comprising womitor paches, their
finkable bridges, signal levels associated with the commumication Hoks between the monitor
patches and the lnkable bridges, and sclected bridges according to certaio aspects of the

presemt disclosure.

[HI25) FIG. SA is & map of the healthcare facility depicted in FIO. 4A after a passage of

i,

[8026] FIG. 3B is a portion of an updated version of the databagse shown in FIG. 4B

according to certain embodiments of the present discloswee.

{0027] FIGS. 6A-C show a first set of lists stored in various bridge at the time of FIG. 44,
and a second set of lists which corresponds to updated Hsis stored in the bridges at the time of

FIG. 3A.

[0028] FIG. 7 is a flowchart Hlustrating a process for tracking locations of monitor paiches
by keeping and updating a database comprising infinmation indicative of the monitor patches

and theit linkable and selected bridges according o certain aspects of the present disclosure.

[0029] FIG. 8A s a diagram dlustating an exemplary data siructure for a message indicating
a new comnunication link andfor foss of an existing communication Hnk according to certain

aspeets of the present disclosure.

{0630] FIG. 8B is a diagram illusuating an exenplary data structwre for an alternative
rnessage indicating a new communication link andfor loss of an existing cospmunication link

acgording to alternative aspects of the present disclosure.

j0031] FIG. ¢ {5 a flowchart illustrating an exerplary process for a bridge selection process

according w certain aspects of the present disclosure.

[0032] FIG. 10 is a flowchart lustrating a process for detecting an inoperable bridge and
selecting an alternative bridge to replace the inoperable bridge for the monitor patches that

were previously associated with the inoperable bridge accouding to certain aspects of the

present disclosure.
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{0033} FIG. 11 is & flewchart Hlustrating a process for determiining locations of patients o a

healtheare facHlity according lo certain aspects of the prasent disclosure.

{0034 FIG, 12A 13 an exemplary database comprising monitor patches, 1Ds of patients
sssigned to the monitor paiches, and names of assigned patients according 1o certain aspects

of the present disclosure.

[0035] FIG. 12B is an exemplary database comprising bridges and their respective locations

within the healtheare faeility according o certain aspeets of the present disclosure.

DETAILED DESCRIPTION

{0836} Periodic monitoring of patients in a hospital is desirable at least to ensure that patients
dn not suffer an un-noticed sudden deterioration in their condition or o secondary injury
during thelr stay in the hospital. It is impracteat to provide continnous monitoring by a
climcian and cumbersome o connect sensors w a pationt, which are then connected w a fixed
monitoring instrument by wires.  Furthermore, systems that sound an alarm when the
measwred value exceeds a threshold value may sound alarms 50 often and in situations that

are not fruly serious that such alarms ave ignored by chiniclans.

{0037} Measuring vital signs is difficult 1o do on a continuous basis.  Accurate measirement
of cardiac pulse, for example, can be done wsing an clectrocardiograph (BCG or EKAG) to
detect the electrical activity of the heart. An FKG machine may vse up to 12 electrodes
placed at various points on the body to detect vatious signals associaied with the cardiac
funetion.  Another common piece of equipment is tenmned a “heart rate monitor” Widely
sold for use in exercise and physical tralning, heart rate monitors may comprise & torse band
in which are embedded two electrodes held against the skin and a small electronies package.
Quch heart vate mowitors can commuaicate wirelessly to other equipment such as a small
device that ¥s womn like o wristwatch and thet can transfor data wirelessly 10 a personal

computer {PCY

[8038] Mositoring of patients that Is referred to as "continusus” 13 frequently periodic, in that

measurements are taken at intervals.  In many cases, the process to make a single

=
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measurement takes a certain amount of tune, such that sven back-to-back roeasurernents
produce values at an interval equal to the tme that it lakes 10 make the measarement. For the
purpose of vital sign measurement, a sequence of repeated measurements can be considered
{0 he "contirnous” when the vital sign is not likely to change an amount that is of clinical
significance within the interval between measwrements. For example, & measurernent of
blood pressure every 10 punutes may be considersd “continuous” i 1t is considered undikety
that a patient’s blood pressure can change by a clinically significant amount within 10
minutes.  The joterval appropriate for measurements o be considered continuous may
depand on a vaviety of factors including the type of injury or treatment and the pationt's
medical history. Compared to intervals of 4-8 hours for manual vital sign measurcraens in 4
hospital, measurement irdervals of 30 minutes to several hours may still be considered

"eonbinuons.”

[6039] Certain exemplary embodiments of the present disclosure include a system that
comprises a vilal-signs monitor patch that is attsched to the patient, and g bridge that
contmunicates with monitor patches and links them o & central server that processes the dats,
where the server can send data and alarms to @ hospital system according to algoritung and

projocods defined by the hospital.

{0040} The construction of the vilalsigns monitor pateh is described according to certain
aspects of the present disclosure.  As the patch mway be worn continuously for a period of
time that may be several days, as is described in the following disclosure, 1t is desirable to
encapsulate the components of the pateh such that the patient can bathe or shower and
engage In their normal aotivities without degradation of the pateh fimction.  An exemplary
configuration of the construction of the pateh to provide a hermetically sealed enclosurs

about the electronics is disclosed.

0041} In the following detailed description, numercus speetfic detaifs are set forth 0
provide a full understanding of the present disclosure. Tt will be apparent, however, to one
ordinarily skilled in the art that embodiments of the present disclosure rmay be practiced
without some of the specific details.  In other instances, well-known structures and

technigues have not been shown in detail so as not to obscure the disclosure,
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{0042] FIi3. | discloses a vital sign menitoring system according to cestain embodiments of
the present disclosure. The vital sign monitoring system 12 includes vitalsigns monitor
patch 20, bridge 40, and surveillance server 60 that can send messages or inferact with

peripheral devices exemplified by mobile device 90 and workstation 100,

{0043] Monitor patch 20 resembles a large adhesive bandage and i3 applied 10 @ patient 10
when in use. ft is preferable to apply the monitor pateh 20 to the upper chest of the patent
10 althongh othar locations rogy be appropriate in some circumstances.  Monitor patch 20
incorporates one or more electrodes (not shown) that are in contact with the skin of patient 10
to roeasure vital sipns such as cardiac pulse rate and respiration rate.  Monitor patch 20 also
may include other sensors such as an accelerometer, temperaiure Sensor, OF OXygen saturation
sensor fo measure other characteristics associated with the patient.  These other sensors may
be internal to the monitor patch 20 or oxternal sensars that are operably conmected to the
monitor patch 20 vig a cable or wireless eonnection.  Monitor pateh 20 also iacludes a
wireless transniitter that can both transmit and receive signals. Tlus transmitier is preterably
a shortrange, low-power radio frequency (RF) device operating in one of the unlicensed
radio bands, One band in the United States (US) is, for example, contered at 915 MHz and
designated for industiial, scientifie and medical (ISM) purposes.  An example of an
equivalent band in the European Union {EU) is contered at 868 MHz. Other frequencies of
operation may be passible dependent upon the Internaticual Telecommunication Union

{TTU}, Toval regulations and interference from other wireless devices.

[o044] Surveillance server 80 may be a standard or virtualized computer server connected to
the hospital communication network and preferably located in the hospitel dala center or
computer room, although other locations may be eoploved.  The sevver 60 stores and
processes signals related to the operation of the patient monitoring system 12 disclosed
herein including the association of individual monitor patches 20 with patients 10 and
measurement signals received from multiple monitor patches 20, Hence, although only a
single patient 10 and nwoniter pateh 20 are depicted in FIG. 1, the server 60 is able 10 monitor

the monitor patches 20 for maitiple paents 10.

g
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{0045] Bridge 40 is a device that connects, ov “bridges”, between monstor patch 20 and
server 60, Bridge 40 communicates with monitor paich 20 over communication link 30
operating, in these exemplary embodiments, at approximately 915 MHz and at a power level
that enables conumuanication fink 30 fo function up to a distance of approxiroately 10 meter

it is preferable to place a bridge 40 in 2ach room and at regular intervals along halbways of
the healthvare fagtity where it is desired to provide the abilivy 1o communicate with monitor
patches 20, SBridge 40 also is able to communicate with server 60 over networX Hnk 59 asing
any of a variety of computer communication systers including hardwired and wireless

Ethernet using proweols such ag 802, 1ladb/e or 802 3al, As the communication protocols of
communication link 30 and network ok 30 mey be very different, bridee 40 u(mma data
buffering and protocol conversion to cnable idirectional signal transmission between

monitor patch 20 and server 64,

{0046] While the cmbodiments Hlustrated by FIGL 1 employ a brdge 20 to provide
communication Hnk between the monitor pateh 20 and the server 603, in certain alternative
embodiments, the monitor pateh 20 may engage in divect wireless comprunication with the
server 60, In such alternative embodiments, the server 60 itselfl or a wireless modem
comnected to the server 60 may inchude a wireless commmication svstem to recgive data

front the monitor patch 20

J6047] In use, a monitor patch 290 iz applied 1o a pationt 10 by a clinician when it is desirable
to continuously wnonitor basic vital signs of patent 10 while patient 10 i, i this
embodinent, in a bospital. Monitor pateh 20 is intended to remain attached to patient 10 for
anr extended period of time, for example, up to % days i certain embodiments, fimited by the
battery life of moniter patch 20, In some embodiments, monitor patch 20 s disposable when

removed from patient 1.

[0048] Server 60 exceutes analyvical protocols on the measurement data that it receives from
monitor patch 26 and provides this information to clinictans through external workstations
100, prefesably personal computers (FCOs), laptops, or smart phones, over the hospial
network 70, Server 60 may also send messages to mobile devices 90, suck s cell phones or

pagers, over a mobife device Unk 80 it a measurement signal exceeds specified parameters.

p—
L
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Muobile device link 30 may inchade the hospital network 70 and internal or external wireless
communication systens that are capadle of sending messages that can be received by mobile

devices @0,

[0049] FIG. 24 i3 & perspective view of the vital-signs momtor pateh 20 shown wn FIG. |
aocording to cerfain aspects of the presert disclosure.  Tn the ilustrated embodiment, the

3
i

mowitor patch 20 includes component carmier 23 comprising a central segment 21 and side
segments 27 on opposing sides of the central segment 21, In certain embodiments, the
central segment 21 is substnually rignd and includes a circoit assembly {24, FIG. 2B) having
electronic components and batlery mounted o a rigid printed circait board (PCB)Y. The side
sepments 22 are flaxible and include a flexible conductive civenit {26, FIG. 2B) that connect
the circuit assembly 24 to electrodes 28 disposed at each end of the mowmtor pateh 20, with
side segment 22 on the right shown as being bent spwards for purpoeses of Hlustration o

make one of the electrodes 28 visible in this view,

[0030] FIG. 2B is a cross-sectional view of the vital-signs pateh 20 shown in Figores 1 and
2A according to certain aspects of the present disclosure. The cirenit assembly 24 and
flexible conductive cireuit 26 described azhove can be seen herein. The flexible canductive
circnit 26 operably connects the eircult assembly 24 to the electrodes 28, Top and bottom
fayers 23 and 27 form a housing 25 that encapsulate circait assembiy 28 w provide a water

]

and particulate barrier as well as mechanical protection. There are sealing arcas on layers 23

and 27 that encircles cireuit assemnbly 28 and is visible in the cross-section view of FiG. 2B
as areas 29, Lavers 23 and 27 are sealed to each other in this area to form a substantally

hermetic seal. Within the context of cortam aspects of the present disclosure, the tetm
‘hermetic” implics that the rate of transmission of moisture through the seal is substantally
the same as through the material of the layers that are sealed fo each other, and further
implies that the size of particulates that can pass through the seal are below the size that can
have a significant effect on cireuit assembly 24, Flexible conductive eirenit 26 passes
through portions of sealing areas 29 and the seal between layers 23 and 27 is maintained by

sealing of lavers 23 and 27 to flexible circult assembly 28, The lavers 23 and 27 ave thin and
flexible, as is the flexible conductive circuit 26, allowing the side segment 22 of the monitor

patch 20 between the electrodes 28 and the oirenit assembly 24 1o bend as shown in FIG. 2A.
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[0051] FIG. 2C is a functional block diagram 200 illnstrating exemplary clectronie and
sensor components of the monitor patch 20 of FIG. 1 according o centain aspects of the
present disclosure. The block diagran: 200 shows a processing and sensor interfuce module
201 and external sensors 232, 234 connected to the module 201, 1o the Hustrated example,
the module 201 includes a processor 202, a wireless transcelver 207 having a receiver 206
and 2 transmitier 209, a memory 210, a first sensor iterface 212, 8 second sensor interface
214, a thivd sensor interface 216, and an internal sensor 236 connected 1o the third sensor
interface 216, The first and second sensor interfaces 212 and 214 are connecled to the first
and second external sensors 232, 234 via first and accond comncction ports 222, 224
respectively. In certain embodiments, seme or all of the aforementioned compaonants of the

module 201 and other components are mounted on a POB.

,‘

180521 Each of the sensor interfaces 212, 214, 216 can inchude one or mone elestrouic
components that are configured to generate an excitation signal or provide DC power for the
sensor that the interface is comnected to andfor 1o condition and digitize a sensor signat front
the senaor. For example, the sensor Inteefios can inchide a signal generator for generating an
excitation signal or a voltage regulator for providing power to the sensor.  The sensoy
interface can further include an amplifier for amplifving a sensor signal from the sensor and
an analog-to-digital converter for digitizing the amplified sensor signal. The sensor interface
can further include a filter {e.g., a low-pags or bandpass filter} for fillering out spurtous

noises fe.n., a 60Hx noige péckup}.

J0053] The processor 202 is configured to send and receive data {e.g., digitized sigoal or
eomitrad data) to and from the sensor imterfaces 212, 214, 216 via a bus 204, which can be one
or nora wite {races on the PCB. Although a bus communication topology 1s wsed in this
embodiment, some or all comownication between  discrete components can also be
implemented as direct Hoks without departing from the scope of the present disclosure. For
example, the processor 202 may send data representative of an excitation signal 1o the sensor
excitation signal generalor inside the sensov interface and receive data representative of the
sensor signal from the sensor interfaee, over either a bus or direct data links between

processor 202 and each of sensov interface 212, 214, and 216,
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[6054] The processor 202 s also capable of commmnication with the receiver 206 and the
transoutter 209 of the wireless mwansceiver 207 via the bas 204, For example, the processor
202 using the transmitter and receiver 209, 206 can transmit and receive data to and from the
bridge 40. In certain embodiments, the transmitior 209 includes one or more of a RE sigoal
generator {e.g., an oseillator), 2 modulator {a mixer), and a transmitting antevos; and the
recetver 206 includes a demodidator {a mixer) and 8 receiving amenna which may or may not
be the same as the transmitting antenna,  In some embodiments, the transmitter 209 may
include a digital-to-analog converter configured to receive data from the processor 202 and o
generate a base signal; andfor the receiver 208 may include an anslog-to-digital converter
configured 1o digitize 2 demodolated base signal and autput a stream of digitized data to the

processor 202,

{0055} The processor 202 may include a general-parpose processor or a specific-purpose
processor for executing insttuctions and oay {fucther include a memory 219, such as a
volatiJe or nop-volatile memory, for storing data and/or instructions for software programs.
The instructions, which may be stored in a memory 210 andior 210, may be executad by the
processor 202 o controt and manage the wireless transcerver 207, the sensor intevfaces 2172,

214, 216, as well as provide other conwounication and processing functions.

[8056] The processar 202 may be a general-purpose micreprocessor, a microcontreller, a
Digital Signal Processor (DSP), an Application Specific Integrated Cirout (ASIC), a Tield
Programmable Gate Arvay {(FPOA), a Programunable Logic Device (PLD), a controller, a
state machine, gated logic, discrete hardware components, or any other saitable device or a

combination of devices that can perform calculations or other mazipulations of information,

16037} Information, such =s program insbructions, data representative of sensov readiogs,
preset alarm conditions, threshold Hnuts, may be stored in 8 computer oF processor readable

i
e

medium such a5 a memory internal to the processor 202 {e.g., the memery 219} or 3 memory
external 10 the processor 202 (.., the memory 210}, such as a Random Access Memory
{RAM), & flash memory, a Read Ouly Memory (ROM), a Programmabie Read-Only Memory
{(PROM), an Erassble PROM {BPROM)}, vegisters, a hard disk, a removable disk, ov any

other suitable storage device.
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JO0S8} In certain embodiments, ithe biternal Sensor 236 can be one 0F MOTC SOnsoTs
configured 10 measure cevtain properties of the processing and sensor interface module 201,
such as a board temperature sensor thermally coupled to a PCB. In other eotbodiments, the
infernal sensor 236 can be one or more sensors configured t measare certain propertics of
the patient 10, such as 2 motion sensor (e.g., an accelerometer) for measuring the patient’s

raation or position with respecd 1o gravily.

[6059] The externad sensors 232, 234 can include sensors and sensing arrangements that ave

configured to produce a signal representative of one or mwre vital signs of the patient o
which the moniwr patch 20 is attached. For example, the {irst external sensor 232 can be a
set of sensing elfectrodes that are affixed to an extertor surface of the monitor patch 20 and

configured 1o be in contact with the patient for measuring the patient’s resplatony rate, and
the second oxternal semsor 234 can include a temperatwre sersing cloment {eg., a
thermocoupie or a thermistor ot vesistive thermal device (RTD)) affixed, either directly or via
an interposing layer, to skin of the patiest 10 {or measuring the p’ztient‘s body termperatwe.
In nther eothodiments, one ar mwre of the external sensors 332,234 ar ¢ ¢ more addidonal

axternal sensors can measure other vital signs of the patient, such as blood pressure, pulse

vate, OF OXygen saturation.

{00607 FIG, 3A i a functional block diagram illustrating exemplary elecironic components

of bridge 40 of FIG. 1 according 1o one aspect of the subjeet disclosure, Bridge 40 includes a
g & ¥ d 2

-~

processor 310, radio 320 having a receiver 322 and a tansmitter 324, radio 33

-

My having a

receiver 337 and a transmitter 334, memory 340, display 345, and network tnerface 350
having a wireless interface 352 and a wired interface 354, Insome ¢ embodiments, some or all
of the aforementioned componenits of module 300 may be integrated into single deviees or

mounted on PCHs,

{061 Processor 311 is configwred to send data (o and receive data frome receiver 322 and
travsmitter 324 of radio 320, receiver 332 and transmitiar 334 of radio 330 and wireless
interface 352 and wired interface 334 of network interface 330 via bus 314, In certain
embodiments, transmitters 324 apd 334 may ioclude a radio frequency signal generator

{oscillator), a moduiator, and & transmitting antenna, and the recovers 322 and 332 may

14
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include a demodulator and antenna which may or may not be the same as the ransnatting
antenna of the radio. In some embodiments, transmitters 324 and 334 may include a digital-
to-analog converter configured to convert data recetved from processor 310 and to generaie a
hase signai, while receivers 322 and 332 roay include analog-to~-digital converters configured

to convert a demadiudated base signal and sent a digitized data stream to processor 310,

{0062] Processor 310 may inclede a general-puvpose processor or a specific-purpose
processor for executing nstructions and may futher nelude a memory 312, such as a
velatile or non-volaule memory, for storing deta and/or instructions for software programs.
The instructions, which may be stored in memories 312 or 340, may be executed by the
processor 310 to control and manage the trapsceivers 320, 330, and 350 ag well as provide

other coromunication and processmng fuactions.

{0063} Processor 310 may be a general-purpose microprocessor, a microcontroller, a Digital
Signal Processor {DSP), an Application Specific Imtegrated Circuit (ASIC), a Field
Programmable Gate Array (FPGA) a Programmable Logic Device {PLD), a controller, 2
state machine, gated logie, discrete bardware components, or any other sullable device or a

combination of devices that can perfoun calculations or other manipulations of information,

{00641 Tofurmation such as data representative of sensor readings may be stored in memory
312 internal to processor 310 or in memory 340 external 1o processor 310 which may be a
Random Access Memory (RAM), flash memory, Read Ouly Memory (ROM), Programmabie
Read Ouly Memory {PROM). Frasable Programmable Read Only Memory {(EPROM),
registers, a hard disk, a rernovable disk, a Solid State Memory (SSD), or any other suitable

storage device.

10065] Memory 312 or 340 can also stove a list or a database of established communieation
links and their corresponding characteristics {e.g., sigual levels) between the bridge 40 and its
retated monitor paiches 200 In the Hlustrated example of FIG. 34 the memory 340 external
o the processor 310 includes such a database 342, alternatively, the memory 312 nterual 10

the processor 310 may inclnde such a database.
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[0066] FI. 3B is a functional block diagram fllustrating exemplary clectronic components
of server 60 of FIG. | according to one aspect of the subject disclosure. Server 60 includes a
processor 360, memory 370, display 380, and network interface 390 bhaving a wirelsss
interface 392 and a wired inderface 394, Processor 360 may include a genersl-purpose
processor o a specilio-purpose processor for executing instructions and may Rurther include
a memory 362, such as a volatite or son-volatile memory, for stworing data and/or insiructions
for seftware programs, The instructions, which may be stored in memaories 362 or 370, may
he executed by the processor 360 to control and manage the wireless and wired network

interfaces 392, 394 as well as provide sther communication and processig functions.

[8067] Processor 363 may be a general-purpose prcroprocessor, a microcontroller, a Digital
Signal Processor (DD8P), an Application Specific Integrated Cirewt {(ASIC), a Field
Programmable Gate Array (FPGA), a Programmable Logic Device (FLD), a contyoller, a
state maching, gated logic, discrete hardware components, o any oiher sutiable device or a

combination of devices that can perfonm calowdations or other manipulations of inforsation.

{0068} Intormation such as data representative of sensor readings may be stored in memory
362 intermal to processor 360 o in memory 370 externgl fo processor 360 which may be a
Random Acosss Memory (RAM}, flash memery, Read Only Memory (ROM), Progranunable
Read Only Memery {(PROM), Erasable Programmable Read Only Memory (EPROM),

storage device.

{0069} Memory 362 ar 370 can also store a datsbase of communication links and their
corresponding charscteristics (e.z., signel levels) between monttor patches 260 and bridges 40.
In the lustrated example of FII 38, the memery 370 axternal to the processor 360 inchudes
1 el
]

such a database 372; alternatively. the memory 362 internal to the processor 360 may include

such a database.

[070] FIG. 4A is a map depicting an exemplary healtheare faciity (e.g., a hospital} 400 in
which a patient monitoring system such as shown in FIG. 1 is voplemented.  The healtheare
Tacility 400 includes a plurality of patient rooms $10A-H and hallways 4204, 420B. Shown

iy the map are a plurality of vital-sign monitor patches 20A-0 attached to their respectively

16
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assigned patients 10A-0 located in the patient roonss 410A-H and halbways 420A, 4208, For
ease of HHustration and understanding, each patient with aitached patch 15 represented by s
triangle in FIG. A, The facility 400 also inchades & plurality of bndges 40A-Q located at
specitied locations in the feeility 400 and configured (0 engage in wireless communication
with the monioy patches 20A-Q.  The bridges 40A-O are represented bas cirele icons.
Although there are other patient rooms, bridges, and patienisfoonitor patches shown in the
map, for the sake of simplicity, the following description will focus on the patient rooros
410A-H, bridges 40A-0 and patients/monitor patches 10A-020A-0. In the illustrated
example, the bridges 40A-0 are in tom connected to Wil access poinds 42A-D {shown as
“stars™y that are configured o route data between the bridges 40A-0 and a surveiliancs

zerver b0 (FIG. 1.

{0071] Preferably, a bridge 40 s selected for cach monitor patch 20 through which the
monitor pateh 20 sends and receives signals to and from the server 60 via an access podnt
438.8,C, or D, For example, the monitor patch 208 worn by the patient 108 in the room
4108 wirclossly rransimis one or more signsls comprising information indicative of his vial
signs {e.g., heart rate) 1o the bowdge 40B. The bridge 408 receives the wignals and sends the
information extracted fron the signals to the access point 45 as data via either a wired or
wireless connection. The access point 454 sends the data to the surveillance server 60 via
either & wired or wireless connection. As other examples, the monitor patch 204 wom by the
patient 10A iy the room 410A sends data o the server 6@ via the bridge 60A and the access
poiat 434, the momitor patch 20P worn by the patient 10P, walking castward in the ballway
4204, sends data to the server 60 vig the bridge 40N and the access point 45A; and the
monttor patch 20M worn by the patient 10M, walking southward in the hailway 420B, sends

data to the server 50 via the bridge 408 and the sccess pomnt 430,

j0072] Because & monitor pateh 20 and g hridge 40 have limited wireless ranges, the monior
patch 20 is located in close proximity from the bridge 40 with which the monitor paich has a
commuricative association. Therefore, it is posaible w track the location of a monitor patch
2 by knowing the location of the selected bridge 40.  In certain embodiments of a
monitoring network of the present disclosure, the surveitlance server 60 1s configured to track

Jocations of the monitor patches 20A-0 by maintaining a database comprising information

e
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indicative of monmtor patches 208-0 and thelr selected bridges 40A-0. In cortain
ernbodinents, the database further comprises a hst of wuselected but linkable bridges with
which each of the monitor paiches 20A-0 is capable of engaging in & bidirectional wireless

data commurication.

{0873] FIG. 48 15 a portion of an exemplary database comprising the monitor patches 20A-
20P {tirst column), their Hokable beidges (second column), stunal levels associated with the
communication links hetween the moaitor patches and the linkable bridges {third column) in
an arbitrary unit {e.g., dbm), and selecied bridges (fourth colwun) according to certain
aspects of the present disclosure. Such a database may be stored in the memory 370 (FIG.
3B) of the server 60 aw database 372, for example. Alternatively, the dafabase may be stored
in a memory located outside the server 60 (e.g., on a network) but accessible by the server 60
via, e.g., a wired or wireless interface 992, 994, For ease of llustration, it is assumed that the

database of FIG, 48 corvesponds to the database 372 of FIG. 3

{6074} For example, the datahase 372 shows the monitor pach 20A having one linkable

beidge 40A which is also the selected bridge. The database 372 alse shows the monitor
patches 208 and 20C having the same Linkable bridges 408, 400 of which the bridges 40B is
the selected bridge for the both momitor patches. The database 372 also shows the monutor
pateh 20D having the same Uokable bridges 408, 40C of which the bridge 40C is the selected
bridge. The shove portions of the dutabase 372 refating 1o the monitor patches 208-D reflect
the fact that the monitor patches 208, 200 are i the room 410B having (he bridge 408
lncated therein, while the monity patch 2013 15 i the room 4HC having the bridge 40C
lgcated therein, Therefore, while the bridge 40B 15 capable of commusicating with the
menitor patch 20D due to their close proximity, the bridge 40C is selected for the momtor
patch 200, e.g., by the server 80, due to the bridge’s cluser proximity o the montor patch
20D, The database 372 also shows the monitor pateh 20M worn by the patient 10M having
three linkable bridges 401, 40J, 40K of which the bridge 401 is the currently selected bridge,
and the monitor patch 20P worn by the patient T0P having two linkable bridges 40C, 40N of

which the bridge 40N is the currently selected bridge.

[
o
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[0075] The signal levels (third cotumn) associated with various bridge-patch coramunication
links in the database 372 represent the strengths of wireless signals {c.g., acknowledgment
signalsy from the bridges 40A-Q received by the monior patches 20A-00 As will be
described below with respect to FIG. 9, the signal fevels can be ased for a bridge selection by

the survetllance server 600

{0076 FIG. A is a map of the exemplary healthcare faciiity 400 depicted in FIG. 4A aftera
passage of thne from the map of FIG. 4A. The map of FIG. 48 s the same as the map of
FIG. 4A except for the following changes:

1y The patient 10A wearing the monior patch 20A has left the facility 4011

2} The patient 10M wearing the monitor patch 20M has now returned to her patient

room 41K,

3} The patient 10P wearing the monitor patch 200 and walking along the ballway

420A has now progressed to the widdle of the hallway 4204,

{0077] In response 1o the changes, the swveillavce server 60 has updated the databise 372
discussed abave with respect to FIG, 4B. FIG. 538 s a poruon of an updated version of the
database 372 shown in FIG. 48 according (o certain embodiroents of the present disclosure.
The updated database 372 shows the monttor pateh 20A having neither a linkable bridge nor
a selected bridpe, reflecting the fact that the monitor patch 204 s longer in contmunication
range of any of the bridges in the monitoring system. The updated database also shows the
meniior patch 20M now havipg three linkable bridges 401, 401, 40K of which the bridgs 4
is the currently selected bridge, reflecting the {aet that the monttor patch 20M 15 now it the
room 411G having the bridge 40] located therein.  The opdated database also shows the
monitar patch 20P having two linkable bridges 40N, 400 of which the bridge 400 s the
curvently sclected bridge. In the iHusirated example of PIG. 5A, the monitor patch 209 is
substantially equidistant from both the bridge 40N and the bridge 400 and the respective
signal strengths are sindlar (19 versus 17). Heoce, the monitor pateh 20P can be served
equally well by both bridges 40N, 400. Notwithstanding the fact that the sigoal strength
associgled with the bridge 40N is slghtly higher than that associated with the bridge 400,
control software in the surveillance server 60 has selected the btridge 400 based on the

constderation that 1he monitor patch 20PF worn by the patient 10P has been moving towards
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the bridge 400 and away {rom the bridge 40N and, honee, is likely to be served longer by the

former bridge 400 than by the latter bridge 40N,

{0078 Hencelorth, specific reference numbers (c.g.. bridge 404, monitor pateh 25C) will be
used when referring to specific devices, while generic references (bridge 40, womtor patch

20) will be used when referving o devices it ge;zsmi SensE.

{079 A convounication vk betwesn a fridge 40 and 3 moenitor patch assoctated 20
associated with 2 patient can be considered established, for examnple, when the bridge 40 has
received one or more regularty ransmitted sigrals (e.g., those indicstive of vital signs of the
patient} froan the monstor patch 20 or when the bridge 40 has recelved an acknowledgment
signal from the bridge 40 in response to & query signal sent out via the bridge 40, Fron the
perspective of the monitor patches 20, the bridge is one of nkable bridges for the meaitor
patches 20 Conversely, >stablished communication link between g fwidge 40 sod a
monitor patch 20 can be considered lost when the bridge 40 can no longer receive regularly
transmitted signals from the monitor pateh 20 or when the bndge 40 does not receive an

acknowledgment signal from the monitor pateh 20 in response to a query signal,

[H080] I certain embodiments, upon oceurrence of a new comnnwication link or loss of an
sxisting commmication link, the bridge 40 auvtowustically sends the message to the
surveillance server 60 (FIG. 1), which, it tum, epdates the database 372 swred in memory

e

{e.g., 370} assoclated with the server 60, such as a hard disk or an external data storage
device accessible b}; the server, In some embodiments, each of the bridges 404-0 includes
memary {(e.g., 312, 340 of FIG. 3A) for storing a list or database 342 of monifor patches
20A-Q with which the bridge 40 has established compumication Hnks. A processor {e.g.,
310 of FIG 3A) executing comtrol software in the bridge 40 can update the iist 342 stored in
the memory {e.g., 312, 340 ) of the bridge 40 io keep the list cwrvent. The processor 310 then

sends the updated fist 342 or a portion thereod to the surveillance server 60,

[8081 FIG. 6A shows a first list 610A stored in the bridge 40A at the tme of FIGL 44 and &
second fist 6204 which corresponds 1o an updated list stored 1o the bridge 404 &t the time of
FIG. 8A. The first eolumnp of the firsy st 810A enumerates linkable patches corresponding

to all monitor patches sith which the bridge 40A has established conmmumcation links at the

20
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time of FIG. 44, The second colurnn of the first Uist 6104 cnumerates associated patches
corrgsponding to all mwonitor patches 20 for which the bridge 40A bas been selected for
communicative association at the time of FIG 4A0 As can be seen from FIG. 44 and
correspondingly reflected in the fiest list 6104, the bridge 40A has an ostablished
communtcation link only with the monttor patch 204, The bridge 404 is also the selecied
bridge 40 for the monitor patch 204 or, conversely. the monitor patch 20A s an assowinted
patch for the bridge 404, As can be seen from FIG. 34 and correspondingly reflecied in the
second st 6204, the bridge 40A has veither a Hokable patch nor an associated pateh at the
time of FIG. 5A, rellecting the fact that between the time of FIG. 44 and the lime of FIG.
SA, the patient 102 wearing the monitor pateh 204 has Tefi the healtheave facility 404, or the

pateh 20A has been removed and deactivated.

{0082] FIG. 6B shows a furst list 6108 stored 10 the bridge 401 at the time of FIG. 4A, and a
second list 8208 that corresponds 0 an updated st stored in the bridge 401 at the tme of
FIG, SA. As can be seer from FIG. 4A and correspondingly reflected in the first list 6108,
the bridge 40A bas esiablished commumication Hinks with the monitor patches 20K and 206
of which the monitor patch 20L is the associated paich. As can be seen from FIG. 5A and
comespondingly  reflected in the second lst 0208, the bridge 400 has established
conwnunication links with the monitor patches 20K, 261, and 200 of which the noniter
patches 201 and 20M are the associated patehes at the tine of FIG. 534, reflecting the fact
that between the time of FIG. 4A and the time of FIG. 3A, the patient 10M weanng the

monitor patch 20M has entered the patient room 410G

[8083] FIG. 60 shows a first list 6100 stored in the bridge 40N at the time of FIG 4A, and a
second fist 620C which corresponds to an opdated list stored in the bridge 40N at the time of
FIG. 3A. As can be seen from FIG. 4A and vorrespondingly reflected in the first list 610B,
the bridge 40N has established communication hnks with the monttor patches 20F and 209 of
which the monitor pateh 20P s the associated patch. As ean be seen from FIG. 3A and
correspondingly reflected in the second Hst 620B. the twidge 40N has established
comnumication links with the mwaitor patches 20, but has no asseciated patch, reflecting the
condition that between the time of FIG. 4A and the time of FIGL SA | the patient 10P wearing

the monitor patch 20P has progressed 1o the center of the hallway 4204 towards the bridge
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400 and the surveillance server 80 has selected the bridge 400 for the monitor pateh 200 as

discussed above with respect to FIG. SB.

{B084] FIG. 7 is a flowchart lusteating o provess 700 for tracking locations of mwonitor
patches 20 by keeping and updating a database comprising information lodicative of the
menitor patches 20 and their inkable and selected bridges 43 according 1o certain aspects of
the present disclosure. For the purposes of Hlustration only, without any iatent o fimit the
scope of the present disclosure inoany way, the process 700 will be desertbed with reference
to FIGS. 1, 4A-B, and 3A-B. The process 700 beging at start state 701 and proceeds o
operation 716 in which a surveillages server 60 receives a message from a bridge 40
indicating that the bridge 40 has established & new comnunication Hnk with a monitor patch
20 or lost an existing comnunication link with & monitor patch 20 or both. For exampls, if
the message were sent from the bridge 40A of FIGE. 4A and SA, the roessage would indicate
foss of an exisiing commuaicasion lnk with the momitor patch 204, On the other band, U the

wasage were sent from the bridge 401 the message would indicate a new (previously

unavailable) communication link with the moaitor patch 200,

083 TIG, 8A is 8 dHagran illustrating an exeroplary data structure for a message $00A
indicating a new communication ok andfor lozs of ap existing covwounication link
according (o certain aspects of the present disclosure. In the illustrated exaraple, the message
RO0A includes a header field R10A Yor storing & message header, an 1D Held 820A for storing

an {1 for 2 bridge sending the message, g data feld 830A for storing information relating to a

new comymunication ink andfor toss of an existing compmunication link, and optionally &
field 840 for storing a checksum. The header field 810A can inchade subfields for indicating
a total pumber of monitor paiches with which the bridge has established new communication
Hnks and a total number of mooitor paches with which the bridge has lost existing
communication links. The data field 830A includes a tust subfield 8324 for storing an ID
for a monitor patch that the bridge has established a new communication link, a second
subfield 833A for storing data ndicative of a signal level or strength associated with the new
commurdcation link, and a third subfield 8364 for storing an 1D for a monitor patch with

which the bridge has lost an existing communication link. It the message S800A weve serd

from the bridge 40A while wansitioning from the configuration of FIG. 4A to the

I
)
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configt

wation of FIG. SA, the 1D field 820 would include data indicative of the bridge 4404,
and the turd subfield 8364 would include data indicative of the moniter pateh 204, The
message embodiment shown in FIG. 8A is exemplary only, a5 other message embodiments
may be emploved. The surveillance server 60 upon roceiving the message 830A can update

the database such as the one shown in FIG. 4B as further described below.

{0086} FIG. 8B is a diagram illustrating an exemplary data structre {or an allemnative
message RUOB  indicating & vew commooication link andior loss of an existing
commutcation link according o alternulive aspects of the present discloswe.  In the
iHustrated example, the message 8208 includes a header fisld $10B for storing 2 message
header, an WD field 8208 for storing an 1D for a bridge sending the message. & data field
S3OR for storing information relating to all monitor pawhes with which the bridge has
gstablished communication Jinks, and a field $408 for storing a cheeksum. The header field
810A cayn include subfields for indicating a total auraber of Linkable monitor patches 20 with
which the bridge 40 has established communication Hoks, The data field 8308 includes a
first subfield 8328 for storing an ID of a {irst Linkable monitor paich 20, a second subfield
8338 for stworing data indicative of a signal strength or level associated with the
communication link between the bridge 40 and the first linkable mositor paich 20, The data
ficld 8308 includes other subfields 834B, 8338, 8368, 8378 for storing ¥ and data
indicative signal sirengths for additional linkable monitor patches 20, 1f the message were
sant from the bridge 401 in the configuration of FIG, 54 {corresponding to the list 6208 of
FIG. 68), the data fields 8328, 8341, 836 would include data indicative of the monitor
patches 20K, 20L, 20M, respectively, for example.  In certain embodiments, cach of the
subfields R32B, 8348, 836R includes a single bit for indicating whether the mousitor patch 20
indicated by the mubfield ts associated with the bridge 40 or not (1., whether the bridge 40 is
the selected bridge 40 for the momitor patch 20). In these embodiruents, such a bit would be
clear for the subfield 8328 {for the monitor patch 200, but set for the subfields 8348, 8368
{for the monitor patches 205, 20M). The message embodiment of FIG. 8A 1 exemplary
only, as other message embodiments may be emploved.  The surveillance server 60, upon
receiving the message 8308, can update the database such as the one shown in FIG, 48 as

further desceribed below.

foud
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{0087 Retwrning to FIG. 7, the process 700 proceeds o decision state 720 in which o is
determined whether the received message indicates that the bridge 40 sending the message
has established at least one new communication ink with a monitor patch 28, e.g., by starting
to receive repularly ransnutied signals from the momitor pateh. I case of the message 800A
of FIG. 8A, this detormination can involve contro] software rurming in @ progessor of the
surveillance server 80 searching for nonzern dalx o the data field 832A NEW PATCH
7). In case of the message SO0B of FIG, 8B, this determination can involve the control
softwars comparing the Hakable monitor patches 20 indicated in the data Beld 830B of the

nessage ROOB o previcusly storad linkable monitor patches 20 for the bridge 40 s ovder to
diseuver Ong o TROSe monit@.r patches 20 that are newly present in the maessage. it is
deterrnined a1 the state 720 that no new communication fink has been esfablished for the

bridge 40 {NO), the process 700 proceeds to decision state 730 to he desenbed below.

{0088] On the other hand, if it is determined af the decision state 720 that at least one new
connunication link has been established for the bridge 46 {YES), the process 700 procesds

o operation 725 i which database 372 comprising imforrnation indicative of commusication
links between monitor patches 20A-0 and bridges 46A-0 15 accessed and the new
contmumcation ek s added to the database.  Examples of such additions include the
communication  {indks between the mouitor patch 20M and the bridge 401 and the
comnunication link between the monttar pateh 20P and the bridge 400, both of which are
aot present in the database shown in FIG. 44 but present in the updated database shown in

FIG. 5B, The process 700 then proceeds to deciston state 730 described below,

{0089 In the decision state 730 it ix determined whether the recetved message indicates that
the bridge 40 sending the message has lost at least one existing communication ink wiih a
monitor paich 20, e, by fatling to reccive regularly transmitted signaly frors the moniwr
paich 20, In case of the message RO0A of FIG. 8A, this deternunation can nvolve control
software running in a processor of the surveillance server 60 looking for nonzero data in the
subfield 836A. In case of the message 300B of FIG. 8B, this determination can invoive the
contrel software conparing the linkable monitor patches 20 indicated in the daia field 8308
of the message 800B @ previousty stored linkable monitor patches 20 for the bridge 40 in

order t¢ discover one oy move momior patebes 20 that are not longer present in the message,

$2a
o
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[0090] I it is determined at the decision state 730 that ne existing commmunication hnk has
been loat for the bridge 40 (NOY, the process 700 ends at state 703, On the other hand, if it is
dererined at the decision state 730 that at jeast one existing communication Yok has been
lost for the bridge (YER], the provess 700 proceeds to operation 723 in which a database
comprising mformation indicative of communication Binks betwees moniior patches 20A-0
and bridges F0A-0 s accessed and the comonmication lipk is deleted from the database.
Examples of such deletion include the communication link between the monttor patch 20M
and the bridge 400 and the communication link between the monitor pateh 20F and the hnidge
40, which is present in the database shown in FIG. 3A but vot present in the updated

database shown bin FIG. 5B, The process 700 ends af state 703,

[0091] Therefore, the survetllance server 60, by maintaining and updating a database of
bridge-patch communication links using a process such as the process 700 Dased i
messages received from bridges 40, can track locations of meonitor patches 204-0Q in the
healtheare faciiity 400, In cortain embodiments, the surveillmnce server 840, after receiving
onc or more of sach messages or at schedvled intervals, can select a particolar bridge 40
among a set of linkable bridges 40 for a particular monitor paich 20, After such a bridge

selection, in certain embodimernis, the server 80 prevents other linkable but unselscled

bridges 40 from communicating with the particular monitor patch 20.

[092] FIG. ¢ is & flowchart illustrating an exemplary process %00 for a bridge selection
process according 1o cettain aspects of the present distlosure. The process Y30 begins at start
state 901 and proceeds to deciston state 910 in which it is detormined whether there are
smultiple bridge-patch communication links (e.g., mudiple linkable bridpes) avaidable for a
particalar monitor pateh 20, 1 1t is determined at the decision state 910 that there is only one
communication fink {c.g.. one Hakeable bridge) available for the monitor patch, the process
900 proceeds o another decision state 930 to be deseribed below. On the other hand, i it s
determined at the decision state 910 that there are multiple communication lnks {eg.,
multiple linkable bridges 40) {or the monitor patch 20, the process 900 proceeds to operation
920 in which signal streagths of the multiple comnunication links are compared, and a
bridge 40 associated with the highest signal strength is identified. For example, in case of the

monitn patch 200 in the configuwration of FIG. 4B, the commuaication fink between the
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monitor paich 200 and the bridge 40] has the highest signal strength (19) among all

availalle communication Hinks.

0093} The process 900 proceeds to decision state 930 in which it is determined whether the
bridge 40 being considered for selection {e.g., the only bridge in case of one commurnication
link or the identified tridge in case of muliple conwnunication links) is available for
communication with the monitor patch 200 This deternunation can mvolve determining by
the surveiliance server 66 or hy the bridee 40 dhe awnber of monitor patches 20 with which
the: bridge 40 is corrently assoviated {e.g., the mumber of monitor patches to which the bridge
is comently the selected bridge) in order to determing whether the bridge 40 s currentiy
overfpaded. 1f # is determined at the decision state 930 that the bridge 40 being considered
for selection is not available (NO), the process 900 proceeds to deciston state 940 1 which i
{s determined whether there are one or more other linkable bridges 40 with whick the
monitor patch 20 can be associated. It is determined at the decision state 940 that there is
no other linkabie bridge 40 (NQ), the process 200 ends at state 903, On the other hand, if it
is determined at the decision siate 940 that there are one or more other linkable bridges 40
(YES), the process 900 proceeds 1o operation 943 in which another linkable bridgs 40
associated with the sext bighest signal strength is identified, and then back o the decision

state 930 for deterntining availability of the other bridge 40

{0094} On the other band, If it is determined at the deciston state 930 that the bridge 40 being
considered for selection is available { YES), the process $00 proceeds to decizion state 930
which it is determined whether the selection of the bridge 40 being considered 15 consistent
with other considerations. For exarple, as indicated above with respeet to FHG. 58, control
software running in the surveiliance server 60 sclected the bridge 400 aver the bridge 40N in
spite of the vondition that the signal strength associated with the bridge 40N is currently
stronger than the signal strength associated with the bridge 400, The selection 1s based on
the additional consideration that the patch 20F has been moving away fromm the bridge 40N

and towards the hridge 400,

JO0Y5] ¥F it is determiped at the decision staie 930 that the selection of the bridge 40 is not

consistend with other considerations (NO), the process 900 proceeds o the decision state 940
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and 1o the operation 943 and back to the decision swate 930 g8 discussed above. On the other
hand, if ¥ s determined at the decision state 930 that the selection of the bridge 40 is
consistent with other considerations (YES), the process 960 procceds to operation 960
which the bridge 40 is selected for the monitor pateh 20 and, the database of bridge-patch
comnumiication links is updated to reflect the new selection. The process 800 ends at state

a3,

{0096} Af times, a hridge 40 can lose pawer or break down or otherwise become inoperable
and can no longer carry duta between associated monttor patches 20 and the surveillance
server 66 For example, i the bridge 401 becomes inoperable, the monitor patches 201 and
200 can no longer send data 10 the surveillance server 60 via the bridge 40L  In certain
smbodirments, the surveillance server 60, upon recognition of such an occurrence, selects
ahternative bridges 40 for the monitor patches 20 0 as to route data between the montior

patches 20 and the survetllance server 60 via the alternative bridges 40

{00971 FIG. 10 is a flowebhart illustrating a process 1004 tor detecting an inoperable bridge

40 and selecting sn altermatve bridge 40 to replace the inoperable bridge 40 ;':‘or the monitor

natches 20 that were previously associsted with the inoperable bridge 40 accmdm ) 10 certain
aspects of the present disclosure. The process 1000 begins at starg state 1001 and proceeds to
decision state 1010 tn which it is determined whether an inoperable sclected bridge 40 has
been detected.  The determination can include faling to receive regularly transmifted
moessages from the selected bridpe 40 or failing 1o receive an acknowledgment message from
the bridge 40 in response 10 3 guery message sent 10 the bridge 40 by the surveillance server
60. 1F it is determined at the decision state 1010 that an inoperable selected bridge 49 has not
heen detected (N3, the process 1000} oops baek to the decision state 1010 to await such an
ocourrence. On the other hand, if an inoperable selected bridge 40 has been detected {YES),
the process {000 proceeds to operation 1120 in which g monitor patch 20 associated with the
selected bridge 40 is identified from, e.g., database (e.g., 372} such as the ones shown in
FIGS. 4B and 5B. For example, if the selected bridge found to be inoperable is the bridge
01, the monitor patch 20E can be identified.  After the identification, the process proceeds

1o decision state 10340,
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[0098] In the decision state 1030, § iy determined whether there are one or more alternative
tinkable bridges 40 for the identified monitor patch from, ez, a list in a database such as the
ones shown in FIGS. 48 and 5B, I it is determined &t the deciaion state 1630 that there 15 no
ahternative bridge 40 (NO), the process 1000 proceeds to decision state 1050 which will be
described below. On the other hand, i i Is dotermined at the deciston state 1030 that there
are one or more alternative Imkabdle bridges 40 fur the sdentified monior patch (YES) (the
bridge 4UB for the monitor patch 208 in the above example), the progess 1000 procesds to
operation 1040 in which a bridge selection process such as the one deseribed above with
vespeet to FIG. @« performed in ovder to select an alternative bridge 40 for the idewified

montor pateh 30,

10699] The process 1000 then proceeds to decision state 1030 in which it is determined
whether there is another monitor patch 20 associated with the selected bridge 40 determinad
w0 be inoperable at the decision state 1010, If it is determined at the decision state 1050 that
there s no other monitor patch 20 associated with the inoperahle bridge 40, the operation
1000 ends af state 1003, On the other hand, 173 s deterroingd at the dedsion siate 150 that
there is another monitor pateh 20 associated with the noperable twidge 40 {YESY (the
monitor paich 20E for the bridge 40D in the sbove example), the process 1000 toops back 10
the decixion state 1030 in which it is determined where there are one or morg alternative
bridees 40 for the other monitor patch 20 and then to the selection operation 1040 and
decision state 1050, The loop is repeated until # 15 determined at the decision state [050 that
there is o other monitor patch 20 associated with the inoperable bridge 40 in which case the

process 1000 ends at state 1003,

001006 {n centain aspects, the knowledge of locations of monior patehes {c.g., 204-0
of FIGS. 4A and 48) can be used for racking patiands {e.g., 10A-0) weanng the monitor
patches 20 in a healthcare Seility (e.g., hospital). As discussed above with respect to FIG. 7,
a survelilance server (e.g., 50 of FIG. 13 can track locations of meniter patches 20 by keeping
and apdating database 372 comprising information indiestive of the monitor patehes 20 and
their linkable and selocted bridges 40 based on messages sgegived {rom various bridges 40,

Therefore, assuming that the locations of varions bridges 401 tn the facility and the names of
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patients 10 to whom the monitor patches 20 are assigned are known, locations of the pationts

10 can also be tracked.

{06161} FIG. 11 s & flowchart Hustrating a process 1100 for determining focations of
patieris 10 1n a healtheave facity according to certain aspects of the present discloswre. The
process 1100 begins at swart sate 1101 and procesds o operation 1110 in which a
surveillance server 60 receives & signal comprising information relaling to a monttor patch 20
attached to s patient 13 Hom a selected beidge 40 for the moattor patch 200 The signal can
he, for example, one of the measages 800A and 8008 discussed above with respect to FIGS.
8A and BB. After receiving the signal, surveiliance server 60 can update database 372 such
as the ones shown in FIGS. 4A and 48 as discussed above with respect to FIG. 7. In certain
gmbodiments, the signal is generated by the bridge 40 i response to a newly established
cosununication link between the bridge 40 and the monitor patch 20 trigged by the patient 10
being moved o her new patient roout. n other embodiments, the signal 13 generated by the

bridge 40 in response to a query signal sent to the bridge 40 by the sueveitlance server 601

{00182} The process 100 proceads 10 cperation 1120 ia which a patient to whom the
meitor patch 20 18 attached Is idendified.  In certain smbodiments, the identification
aperation ncludes control software runsing in the surveillance server 60 accessing a database
such as the one shown in FIGO 12A that lists monitor patches 20 (first column) and their
assigned patients 10 {second column). In other ernbodiments, the received signal includes
information indicative of the patemt 10 {e.g, the patient 1D}, and the contrel software
extracts the information from the signal.  The process 1100 proceeds to operation 1130 i
which location of the patient 10 is determined. In certain crmbodimens, the operation 1130
includes the control software accessing a database such as the one shown in FIG, 128 that
fists locations of various bridges 40 w the facility. In other embodiments, the received signal
inchudes information indicative of the location of the brdge 40 that sent the signal, and the
control software extracts the information fromt the signal.  In some embodiments, the
deternvined location {e.g., “Room 37) is displaved on a display associated with a hospital
system {e.g., the workstation 100 of FIG. 1) Alterpatively, the display can graphically

indicate the patient location on & hospital map such as the ones shown FIGS. 44 and 48,

29
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{06103) The foregoing deseription is provided to enable any person skilied in the ant o
practice the varions embadiments described herein. While the foregoing embodiments have
been particularly described with reference to the vartous figures and embodiments, it should
be understood that these are for iHustration purposes only and should not be taken as fimiting

the scope of the claims,

{00114} The word “exemplary™ is used herein 1o mean “serving as an example or
ilastrafion.” Any aspect or design descibed bevein as “exemplary™ is not necessarily to be

eonstraed as preferred or udvardageous over other agpects or designs.

[B8105) A reference to an element i the singblar is not imended © mean “ove and
only one™ unless specifically stated, it rather “one or more.” The term “some™ refers to one
or more. Underlined andior italicized headings and subheadings are used for convenience
only, dis not Himit the invention, and are not referred to in connection with the interpretation
of the description of the invertion. All structural and functional equivalents to the clemenis
of the varions embaodiments of the invention deseriberd throughout this disclosure that are
known or later come to be known to those of ordinary skill in the art are expressly
incorporated herein by ceference and intended to be encompassed by the mmvention.
Maoreover, nothing disclosed herein is intended to be dedicated to the public regardless of

whether such disclosure is explicitly reciied in the above deseription.

[08106] Al elements, parts and steps described herein are preferably included. It is to
be understood that any of these elements, parts and steps may be replaced by other eloments,

parts and steps or deletad altogether as will be obvious to those skilled in the art.

20187} The person skilled in the art will anderstand that the method steps mentioned
in this description nway be carried out by hardware including but not fimited to processors;
input devices comprising at least keyboards, mouse, scanners, cameras; culput devices
comprising at least monitors, printers. The method steps are to be carsied oul with the
appropriate devices when needed, For example, a decision step could be camied out by a
deciston-making wni in a processor by implementing a decision algorithra. The persan

skilled n the art will understand that this decision-making unit can exgst physically or
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effectively, for example in a comnputer’s processor when carrying out the aforesaid decizion

algorithm. The above analysis 13 to be applied to other steps desoribed herein,

o
o
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CONCEPTS
{00108] This writing has disclosed at least the following concepts.

Concept 1. A method of tracking vital-sign monitor patches iy a vital-sign monttortng
network, the method comprising:

identifying at least one of a nevw wireless convnunication link and loss of an existing
wireless communication hink botween a vital-sign monitor pateh and a bridge i the
monitoring netwoik;

accessing a database comprishirg information indicative of wireless communication
links hethween vital-sign monitor patehes and bridges in the momtoring network: and

updating the information i the database to indicate the new wircless conumunication

link or the loss of the existing wireless conynunication Hnk.

Caoncept 2. The method of Concept 1 wherein the vital-sign monitor patch is configured to

manitor ane ot wore of vital signs of a person to whorm the momtor pateh 15 attached.

Concept 3. The method of Concept 1, wherein identifving the now wircless communication
fink comprises regeiving a message from the bridge indicating that the bridge has established

the new wireless communication link with the vital-sign monitor patch.

Concept 4. The method of Concept |, wherein identifying the loss of an existing wireless
commuunication link comprises receiving a message from the bridge indicating that the bridge

has lost the existing wireless communication fink with the vital-sign monitor patch,

hoc

Concept 5. A vital-sign monitoring systeny, Ccomprising:

a plusality of vital-sign moattor patches configured to monitor one of more vital signs
of patients to whom the vital-sign monitor patches are attached:

a surveillance server configured 1o gather data relating to the one or more vital signs
of the patients from the plurality of vital-sign wonitor patehes;

a plurality of bridges configured to provide data connections betwees the plugality of

vital-sign monitor patches and the strveillance servers and

o
P2
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2 database configured o store information indicative of wireless communication links
between at least sonte of the phurality of vital-sign monitor patches and at least some of the
plurality of bridges,

wheretn the database is updated to fadicate a new wireless conumunication sk or loss

of an existing wireless commumcation fink between a vital-sign monitor pateh and a bridge.

Concept 6, The meonitosing network of Concept 5, whereln the one or more vital-signs

include at east one of body temperature, pulse rate, blood pressure, and respivatory rate.

Concept 7. The system of Concep 3, wherein the database is updated by the bridge after the
i 3 1 3 §

bridge has established the new wireless communication ink with the vital-signs pateh.

Concept 8. The system of Concept 5, whercin the database is updated by the bridge after the

bridge has fost an existing wireless communication link.

Concept 9. The system of Concept 3, wherein at least one bridge among the plurality of
tridges include & memory for storing a Hist of vital-sign monitor patches with which the a1

least oue bridge has established a wireless communieation Hnk.

Concept 10, The systen of Coneept 5, wherein the database 15 updated by the surveillance
server after receiving a message from the bridge indicating that the bridge bas established the

new wireless communication link with the vital-sign monitor patch,

Concapt 11, The system of Concept 5, wherein the database is updated by the survetlance
server after recciving a message from the bridge indicating that the bridge has lost the

existing wireless covununication ik with the vital-sign moniter patch.

Concept 12, The system of Coneept 3, wherein at least one vital-sign monitor paich among
the phurality of vital-sign monitor patches bas a phurality of wireless commumication links

with (wo or more bridges among the plurality of bridges.

Concept 13, The system of Concept 12, wherein the surveiflance scrver 1s further configuved
1o select one of the two or more bridges 1o be assoclated with the at least ove vital-sign

moniter patch,

Lk
Lk
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Coneept 14, The systemn of Concept 13, wherein the selection is based on signal strengths of
respective wirsless coramunication Hnks between the at least one vital-sign monitor patch

and the two or move bridges.

Concept 15, The system of Concept 13, wherein the selection ts based on numbers of

respeetive existing associations of the two or more bridges.

Concept 16, The systenm of Concept 13, wharein the surveiilance server 1¢ further configured
o prevent one or more wnselected bridges among the two or more bridges from

comrgnunicating with the a1 least one vital-sign monitor patch.

Concept 17, The system of Concept 13, wherein the surveillance server 1s further contigured
to deteet logs of communication conngction between the swvetllance server and the selected

bridge.

Concept 18, The system of Concept 17, whereir if the loss of communication connection
between the surveitlance server and the selected bridge is detected, the surveillance server is
further configured to select another bridge among the twe or more bridges 10 be associated

with the at least one vital-sign monitor patch.

Coneept 19, The system of Concept 13, wherein the surveiilance server is fivther contigured
1o deteet joss of wireless communication link between the sglected bridee and the at least one

vital-sign monitor paicls,

Coneept 20, The systemn of Concept 19, wherein i the Joss of wireless communication link
between the selected bridge and the at feast one vital-sign monitor pateh is detected, the
surveillance server is further configured to seloet another bridge among the two or more

bridges to be associated with the at least one vital-sign monitor patch.
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WHAT IS CLAIMED IS

1. A method of tracking vital-sign monitor patches in a vital-sign monitoring network, the
method comprising:

identifying al least one of a new wircless coronuwicanon ek and loss of an exisung
wireless communication link between g vital-sign monitor patch and a bridge in the
roniforing petwork;

accessing a database comprising infbrmation indicative of wireless communtoation
finks between vital-sign momitor patches and bridges in the motoning network; and

updating the information tn the database to indicate the new wireless comummication

link or the loss of the existing wireless communication {ink.

2, The method of Claim 1 wherein the vital-sign monitor patch is configured fo monitor

one or more of vital signs of a person o whom the monitor pateh iy attached.

N
RN

The method of Claim 1, whereln identilving the new wirelesy commumnication Hink
comprises receiving a pressage fom the bridge indicadng that the bridge has established the

new wireless commaication link with the vital-sign monitor paich.

4, The method of Clatm 1, wherein identifving the loss of an existing wigeless
copwnunication link comprises receiving & message from the bridge indicating that the bridge

has lost the existing wireless communication link with the vital-sign monitor pateh.

3. A vital-sign monitoring system, comprising:

a plurality of vital-sign roonitor patchies configurad 1 monitor one or more vital signs
of patients to whom the vital-sign monitor paiches are attached;

a surveillance server configured 1o gather data relating to the one or more vital signs
of the patients from the plurality of vital-sigr mounitor patches;

a plurality of bridges configuresd o p}‘l;wiiit;t data conmections between the plurality of
vital-sign monitor patches and the surverllance server, and

a database configured 1o store information indicative of wireless corpipication links
between at least some of the phurality of vital-sign monitor patches and at least some of the

plugality of bridges,

LS ]
L



WO 2012/015837 PCT/US2011/045408

wherein the database is updated to indicate a new wireless communication ik or loss

of an existing wireless conwnunication link between a vital-sign monitor paich and a bridge.

&, The monitoring network of Claim 3, wherein the one or nmove vital-signs inchude at

least one of body temperature, pulse rate, blood pressure, and respiraiory rade.

7. The system of Claim 5, wherein the database is updated by the bridge after the bridge

has established the new wireless communication hnk with the vital-signs patch.

& The system of Claim 5, wherein the database iz updaied by the bridge after the bridge

has fost an existing wireless communication Hok.

4. The system of Claim 3, wherein at least one bridge among the plurahity of bridges
netude a memory for storing a et of vital-sign mounitor patches with wlach the at Jeast one

bridge has established a wireless communication hok.

10, The system of Clabm 8, wherein the database is updated by the surveillance sevver
after receiving a message from the bridge indicating that the bridge has established the vew

wireless cornmunication Hnk with the vital-sign moniior patch.

H, The system of Claim 5, wherein the database is updated by the surveillance server
after veceiving a message from the bridge indicating that the bridge has lost the existing

wirelass conmmunication Tk with the vital-sign momitor patch.

12, The system of Claim §, wherein at least one vital-sign moniior pateh among the
plurality of vital-stgrs monitor patches has a plurality of wircless communication links with

{wo or more bridges among the plurality of bridges.

13, The systern of Claim 12, wherein the swveillance server is further configured to
sefect one of the two or more bridges 10 be associated with the at least cne vital-uign monitor

patch.

14, The system of Claim 13, wherein the selection ts based on signal strengths of
respective wireless communication links hetween the at least one vital-sign monttor patch

and the two or more bridges.
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15, The system of Clain 13, whereln the selection is based on numbors of respective

existing assoctutions of the two or more bridges.

6. The system of Claim 13, wherein the survsillance server is funther configured @
prevent one or more unselected bridges arong the two or more bridges from conwnursicating

with tie at least one vital-sign momitor patchy,

17 The system of Claim 13, wherein the surveillance server is further configured o
detect loss of cornmunication cobnecton between the swveillance server angd the selected

bridge.

1%, The svstem of Claim 17, wherein if the loss of communication connection batween
the surveillance server and the selected bridge is detected. the surveillance server is further
configured o select another hridge among the twe or more bridges to be associated with the

at leasy one vital-sign monitor patch,

19, The aystem of Claim 13, whercin the surverliance server i further configured to
detect foss of wireless communication fink between the selected bridge and the at least one

vital-sign monitor paich.

20, The system of Claim 19, wherein if the loss of wireless comrounication Hink between
the selecied bridge and the at least one vital-sign monttor pateh s detected, the surveillance
server 18 further condigured o select another bridge amaong the two or more bridges to be

associated with the at least one vital-sign monitor pateh,

Lt
-
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