1 SYSTEM AND METHOD FOR PATI ENT MONI TORI NG FI ELD OF | NVENTI ON The
present invention relates to a systemand nethod for patient nonitoring
usi ng an wonay/@8178r essure sensors, and to a conputer readsigheomadas st orage
medi um havi ng stored thereon _conputer code neans for instructing a
conputer to execute a nmethod for nonitoring a patient using an array of
pressure sensors. BACKGROUND There is great interest in systens to
automate the nonitoring of patients nbn-i ntrusi vel y. In particular, one
approach is to provide an array of pressure sensors on a 15 bed, to
determine the SySYENANDMEFIET FOR PACENT WONITORINGS uch an
arrangenment, pressure sensors are distributed on e bed, wth the sensors
measuring changes in pressure. One of the biggest challenges relate to the
| ow signal to noise ratio when 20 neasuring certain signals such as the
heart rate or respiratory rate of a patient. For exanple, when neasuring
the hear FIELD OBINVENTION rate of a patient, because of the | ow signal
intensity of the heart rate when conpared with the anbient noise which may
result from patient novenments, such heart or respiratory rate neasurenents

are typical | yTid pfdser ihvéritidni reRes o34 SystéMm and methodS¥Epatierd RRITRABARES have
been appli.ed to _overcone such difficulties in heart or respiratory rate
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arrays ap essure tches. on the clothing of the patient. er

appr oac h%)geﬁ%&ec? U}%hgﬁ?é“r U'?Qﬁ §'%1 patb%fgh’(?@gﬁng?ﬁﬁy %Pa%%ggq H'SPE:hni ques to
extrHtt the required signals. However, there is still roomfor inprovenent,
in parti gll¥a¥bbig €9ard to the robustness and accuracy of the system 2

In additron, separate systens are typically inplenmented to neasure
different paraneters. For exanple, determ ning patient occupancy or

novenent on t : i, npl ] i Y el rate sensor,
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more accurate sensors and nore signal processing Is require Ich may in
turn be Pfi§SEHTE #BNOTS gre distribpier rﬂrhg'ep%ﬁf avith 1he sgpsaie yneasuing, ehanges in

pressure. ,
One of the biggest challenges relate to the low signal to noise ratio when
20 measuring certain signals such aé the heart rate or respiratory rate of a patient. For
example, when measuring the heart or respiratory rate of a patient, because of the low
signal intensity of the heart rate when compared with the ambient noise which may result :
from patient movements, such heart or respiratory rate measurements are typically
difficult and inaccurate.
25 |
Several approaches have been applied to overcome such difficulties in heart or
respiratory rate measurements. For example, there have been disclosures of lifebed
" patient vigilance systems that measure heart and respiratory rates through sensor arrays
and pressure switches on the clothing of the patient. Other approaches include the use
30 of advance signal processing techniques to extract the required signals. However, there
is still room for improvement, in particular with regard to the robustness and accuracy of
the system.



Therefore, there exists a need to provide a systemand nethod for patient
10nmonitoring that seeks to address one or nore of the problens nentioned
above. SUNYARM/DSI78 accordance with a first aspect of tireTpGaeBIN0273
invention, there is provided a nmethod for nonitoring a patient using an
array of pressure sensors, the nmethod conprising the steps of: determning
a value of a selection paranmeter of each pressure sensor of the array;

sel ecting one nore of the pressure sehsors based on the respective val ues
of the selectjo a ' urj -V | e tient
based on dat a’noﬁg%égg éér?étr% a%orl_ﬁ%%ze_ éjlp Q:g"r('e @éﬁé@? gggprﬁéeasstgﬂer «g%%reél% ors.

Det er.nmi nP#gmaters | Roe exdmple sdaterminiog patient vetupancyagr movemens endie¢ bedrican ng a
desired enspbmeARatIIR: eyl Gerofl Y AR e sensor
fromthe des?rrend sensloralrgrc%g\t/?%n. Cgeér ger%ogfﬁehaﬁﬁfﬁg%ﬂ_ﬁ%ag/%g&n%ﬁ se
choosi ngPRCeRENgL AN the ethepn hand do sunasure finge prskwecbangasassaresu shbeart when a
di st agiceametespitdlory hateslGhatdl the Qi’gﬁglg(gl'_ h@isé ‘?élhﬁ)g§ réitflely PR 8Seh 5t tsS §RRM

| ocation s wthin a threshol d. he method may conprise choosing anot her
one of tWEN BIoER 8gRUEate SRUSANS 2BE MATR SRR PRESSIHE dSs ERgHiEed; S¥NEly Mk éntush di st ance

bet ween béendrbisiefdr deteRamitigatienRtusindy bivodesdrted sensor |ocation is
outside a threshold 3 Determ ning the desired sensor |ocation may

conprise the steps of; approximting a shape of the patient based on data

from the presthirefoRenisere sexifich dééhdaltdﬁpi’dh\lfll% bf'@s?zﬁﬁ iaﬂ@dnétﬁﬂ@@ér béﬁ‘e@nd Ei on
based, on_t he determ neq s e. S5The net urther conprise determ ning
a prgoseng1 ”'ﬁ?‘“?ﬁ&'@t Bg&%‘ﬁsg%?g%ggsegleow e &f %e&?fﬂ%{ SWBEW@%E%SMS.

Determ ning the presence of the patient may conprise perforning one or nore
of a group consisting of nean, histogram and shape anal ysis.

SUMMARY

15 In accordance with a first aspect of the present invention, there is provided a
method for monitoring a patient using an array of pressure sensors, the method
comprising the steps of: determining a value of a selection parameter of each
pressure sensor of the array; selecting one more of the pressure sensors based on
the respective values of the selection parameter; and measuring a vital sign of the

20 patient based on data obtained from said one or more selected pressure sensors.

Determining a value of a selection parameter may comprise determining a
desired sensor location; and determining a distance of each pressure sensor from
the desired sensor location.

25 ,

The method may comprise choosing a default pressure sensor as the
selected pressure sensor when a distance between the default pressure sensor and
the desired sensor location is within a threshoid.

30 The method may comprise choosing another one of the pressure sensors as

the selected pressure sensor when a distance between the default pressure sensor
and the desired sensor location is outside a threshoid



10 The nmethod may further conprise determ ning a novement of the
patient based on data fromthe pressure sensors. Determ ning a
novenent wb 2h@opasi ent on the surface may conprise onepor/st20m8008 a
group consisting of conducting pressure point analysis using regression
techni ques and conducting peak detection techniques. The vital sign may
conprise heart rate or respiratory rate. 20Determning the vital sign
conprises one or nore of a group consisting of wavel et denoi sing,

| ati " ' e The net hod further
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The nethod may Turther conprise configuring response in
30response to the vital sign result. ‘In accordance with a second

aspecg of therqy awRhdd i RiHNaR collpREE cie?erprfiF?iK.?df%r@se?%étcﬂmhreoﬁatgﬂpi toring

a patient using an_array of pressure sensors, The system conprising: neans

for det ePFReAidfata framibe pressutsenisprson par ameter of each 4 pressure sensor
of the array; neans for selecting one nore of the pressure sensors based on
t he respectiVS val ues of the selection paraneter; and neans for measuring a

vital sign of P¢'RENPES; Rt PEIRUE BhtheaPalish R €aMPFiBenPEFPENIBE ONSr Ofror e
sel ect edmpreesfaligreup eonsistihg &f mean, histogram, and shape analysis.

10
The method may further comprise determining a movement of the patient
based on data from the pressure sensors.

Determining a movement of the patient on the surface may comprise one or
15 more of a group consisting of conducting pressure point analysis using regression
techniques and conducting peak detection techniques.

The vital sign may comprise heart rate or respiratory rate.

20 Determining the vital sign comprises one or more of a group consisting of
wavelet denoising, autocorrelation and histogram techniques.

The method may further comprise analyzing the vital sign result with Pearson
correlation coefficients.
25 | |
The method may further comprise analyzing the vital sign result with
integfated patient information or other contexts.

The method may further comprise configuring an output response in
30 response to the vital sign result. ’

In accordance with a second aspect of the present invention, there is
provided a system for monitoring a patient using an array of pressure sensors, the
system comprising: means for determining a value of a selection parameter of each



The means for determining a value of a selection paranmeter may conpri se:
nmeans for determ ning a desired sensor |ocation; and neans for determ ning
a di st anowoabigmetrspr essure sensor fromthe desired senson/scacmbens , 10A
default pressure sensor may be chosen as the sel ected pressure sensor when
a distance between the default pressure sensor and the desired sensor

| ocation is within a threshold. Anot her one of the pressure
sensors may be chosen as the sel ected?15 pressure sensor when a di stance
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sensor | ocation based on the detern1ne§9§ ape. e system may
further SYRPPH PECSFHEMSESOFS: det ermining a presence of the patient based on
data §romthe pressure sensors. 25 The nmeans for determ ning thef
presence of the patient may conprise means for perform ng one or nore of a
group consi st R’lﬁa” AndetRMABgrhHRIa R AtRIpRICARArERter MAYTPRINRNESE em may
further mesns ifosedemanminb CesiRlnidhsbe IGcaiBN e BRAtm&dnst ke d@éﬂnﬁﬁihﬁbélsed on g
ni ques an

data fron éahe gies ure sensors. fr5 g{ég@lﬁ?ris usin r(%_ ression techni .
means f of"°CORTGLETHLPHERN® FEPR¥ O P §ERSOrTPAONt al sign may conpri se
heart rate or respiratory rate. 5 )
10 A default pressure sensor may be chosen as the selected pressure sensor
when a distance between the default pressure sensor and the desired sensor

location is within a threshold.

Another one of the pressure sensors may be chosen as the selected
15  pressure sensor when a distance between the default pressure sensor and the
desired sensor location is outside a threshold

The means for determining the desired sensor location may comprise; means

- for approximating a shape of the patient based on data from the pressure sensors;

20 and means for determining the desired sensor Iocatioﬁ based on the determined
. shape.” |

. The system may further comprise means for determining a presence of the
patient based on data from the pressure sensors.

25
The means for determining the presence of the patient may comprise means _
for performing one or more of a group consisting of mean, histogram, and shape
analysis. |
30 The syétem may further comprise means for determining a movement of the

patient based on data from the pressure sensors.

The means for determining a movement of the patient on the surface may

comprise one or more of a group consisting of means for conducting pressure point



The neans for determning the vital sign may conprise one or nore of a
group consisting of mean for wavel et denoising, autocorrelation and .
hi st ogr anwpeshmiogres. 10The system may further conpri sepoeseaofomooanal yzi ng

the vital sign result with Pearson correlation coefficients. The
system may further conprise neans for analyzing the vital sign result with
I ntegrated patient information or other contexts. 15 : The system nmay

further conprise nmeans for configuring an output response in response to

the vit i u : e, W thir t _of th r esent
I nventi g%\?%{%r%ﬁ?s é&r%%/sﬁbégﬁh%ggoarﬁp@u era%r's e@bé%ﬁ&%@ apesefkobsgegg%di um
havi ng stesheigueshier eon conputer code neans for instructing a conputer to
execute a nethod for nonitoring a patient using an array of pressure
sensors, the nethod conprising the steps of: determ ning a value of a
sel ecti on par BifeYiE sigh reaycspnprisepad ratneroespifatertigater ray; sel ecting one
nore spf the pressure sensors based on the respective values of the

sel ection 25paraneter; and neasuring a vital sign of the patient based on
dat a obt ai ned'1§ BIRESi A" BREBININGINE YAl Siaremayr @RRIISE @t §bmOre BRI EF

DESCRI- PTgroti Gonbigtin@RAVNES 80 wavelet ddrtimsl, "RRbSorRiatione ahd istbgam Wi | | be
better understood and readily apparent to one of ordinary skill”“in the art
from t he®FBMAYSS ng written description, by way of exanple only, and in
conjunction with the drawings, in which: 6 Figure 1 shows an exanple
eanHJl ment OfTI?ensyllzs eGmsr%Q)§ ?thhde?tc%ms%ssteenr%ans for analyzing the vital sign result

with Pearson correlation coefficients.

The system may further comprise means for analyzing the vital sign result
with integrated patient information or other contexts. ’
15 _
‘ | The system may further comprise means for configuring an output response
in response to the vital sign resuit. .

~ In accordance with a third aspect of the present invention, there is provided a

20 computer readable data storage medium having stored thereon. computer code

means for instructing a computer to execute a method for monitoring a patient using

an array of pressure sensors, the method comprising the steps of: determining a

value of a selection parameter of each pressure sensor of the array; selecting one

more of the pressure sensors based on the respective values of the selection

25 parameter; and measuring a vital sign of the patient based on data obtained from
said one or more selected pressure sensors.

BRIEF DESCRIPTION OF THE DRAWINGS
30
Embodiments of the invention will be better understood and readily apparent
to one of ordinary skill in the art from the following written description, by way of
example only, and in conjunction with the drawings, in which:



Figure 2 shows an exanpl e enbodi nent of an FBG sensor data system

I npl emented for nonitoring of a single bed. 5 Figure 3 shows an exanpl e
enbodi merwoab11z2n08i78t er r ogat or unit. Fi gure 2Csisoesloanc2gxanpl e
enbodi nent of a sensor array |ayout. 10Figure 5 shows an exanpl e depl oynent
of a sensor array on a bed. Figure 6 shows an exanpl e sensor system
nmonitoring a plurality of beds. Figure 7 is a flow chart
illustrating a nmethod for nonitori ngeof respiratory, heart 15rate, pressure

poi nts and ocgyRANCHhIWs h %%gﬁﬁé‘tenﬁgdﬁwé}ﬁ%f ?g 'E?F:egé@g{)?gatg%ygt%mexa”pl €

enbodi nent .. Fi gure ows screensho progra rgraphically
representing and di splaying the novenent of a patient, inplenented in an

exanpl e enbodkigRat2 shews an exBinpidr Smgoaiﬁgﬁt QF aph Feld 'ééﬁsro‘?‘t&é?%.éggt@hl
detection i npl enented in an exanpl e enbodi nent . i gure 10a
shows a FRisnesnted for mgnitoAng obR 8NGIR befle supi ne position in an exanpl e 25
enbod nent . ‘Figure 10b shows a patient lying on a bed in the

r ecunbent pos'_i.t i og' in an exanpl e enbodi nent . 30Fi qure,lOc shows an exanpl e
enbodi nent of '¢#& aﬁa‘ﬁ%%ﬁ@%@? RAGENEPIANRIGTBIAOMIL | near regressi on
techni que, when the person is |ying diagonally across the bed. 7

Figure 4 shows an example embodiment of a sensor array layout.
10 Figure 5 shows an example deployment of a sensor array on a bed.
Figure 6 shows an example sensor system monitoring a plurality of beds.

Figure 7 is a flow chart illustrating a method for monitoring of respiratory, heart
15  rate, pressure points and occupancy of a patient on a bed, implemented in an example
embodiment.

Figure 8 shows screenshots of a program for graphically representing and
displaying the movement of a patient, implemented in an example embodiment.
20
Figure 9 is a graph illustrating peak detection implemented in an exampie
embodiment.

Figure 10a shows a patient lying on a bed in the supine position in an example
25 embodiment. '

Figure 10b shows a patient lying on a bed in the recumbent position in an
example embodiment.

30 Figure 10c shows an example embodiment of the shape of a person determined
by the linear regression technique, when the person is lying diagonally across the bed.

Figure 11 is a block diagram illustrating the decomposition process implemented

in an example embodiment.



Figure 12 depicts a nornalized respiratory signal with no body novenents
obtai ned froma sensor in an exanple enbodi nent. 5Figure 13 shows a signal
convol ut estowntinosive | owpass filter in an exanpl e enmbodiP®siG2010/000273 Fi gur e
14 shows the signal after undergoing high-pass filtering in an exanple
enbodi nent. 10 Figure 15 shows a sanple output after undergoing the
autocorrelation function in an exanpl e enbodi nent. Figure 16
shows a hi stogram of periodic conponénts obtained froman exanple 15

enbodi nment . Figure 17 shows anot her exanpl e enbodi nent of the present
invention for deploynent in a hospital ward. 20Fi gure 18 shows an exanpl e
enbodi nent ofFigurs et¥s depiatsr aynoohalized Sesmirgtarg esigrah withpno fbody madverenss.

Fi gure %&g&froﬁpg\g@g%iﬁéﬁm légﬂkg&}ﬁgﬁ@ti on of the sensor array on a

mattress. Figure ws an exanpl e enbodi ment of an adj ustable bed frane.
Figure 21 shows a snapshot of automated pressure profile and occupancy

moni tsori ng Prgyj ey I I RNG O, L i j on.
Figure 22 sho\/\gdrgegng%%vﬁg]ota o@gguﬁgﬁ‘@a@% v?]@sf&erlfg){vo:tré ;%/sgfggﬁﬁ Ee&%g“{ﬂﬁé
noni tor i $BPYs¥BRNtded by an exanpl e enbodi ment of the present invention. . 8

Figure 14 shows the signal after undergoing high-pass filtering in an example
embodiment.
10
Figure 15 shows a sample output after undergoing the autocorrelation function in
“an example embodiment.

Figure 16 shows a histogram of periodic components obtained from an example
15  embodiment.

Figure 17 shows another example embodiment of the present invention for
deployment in a hospital ward. ) |

20 Figure 18 shows an example embodiment of a sensor array of sensors paced on
top of a mattress. |

" Figure 19a-19c shows an example implementation of the sensor array on a

mattress.
25
Figure 20 shows an example embodiment of an adjustable bed frame.
Figure 21 shows a snapshot of automated pressure profiie and occupancy
monitoring provided by an example embodiment of the present invention.
30

Figure 22 shows a snapshot of automated respiratory and pulse rate monitoring
provided by an example embodiment of the present invention. .



Figure 23 shows historical and trend charts of pulse rates, respiratory
rates and occupancy provi ded by an exanpl e enbodi nent of the present

i nvent i orwo 2011/008175 Figure 24 is a schematic di agrampofi/SGhelorveeivd and
system of the exanple 5 enbodi nent inplenmented on a conputer system
Figure 25 is a schematic diagram of the nethod and system of the exanple
enbodi nent inplenented on a wireless device. 10Figure 26 is a flow chart
illustrating a nethod of patient noni&oring using an array of pressure

sensors in ang 9@9 T CRI PTI ON_15 ments of the
present invent on se d %%?ggp%gj%?ﬁékm%% gEﬁsgigfﬁﬁFf%FﬁgﬁﬁgF%ﬁB sly

noni t or i eeFuparCypeeMided bytanemnmfe gmaliadgnerd obthetphesent ineapieat i ve beds, in a
non-intrusi ve manner. The bed conprises an array of sensors for detecting

pressure changes, with each sensor connected to interrogators which collect
t he data obt afige@ 24 iscassherpaiicodiagremocfethei mgthadiiand sybtem ahitleyexanpgie dat a

obt a'5‘edelﬂMoo?ereﬁthﬁxpiemeﬁgéd%aat&fn@:utéf’f%gﬁgmon the analysis, a desired set of
etermn

sensors Is selected to riety of paraneters indicative of the
health status of the patients. Some portions of the description

whi ch foll OVSFigire X acslcﬁérﬁat@rd.égrainl &f fhbymeﬂheé%a%}sﬂe& b e gor i t hims
andfunctlonal ?{e olic representations of operations on data within

a conput & ‘?f%’ﬁﬁrr‘tymp ﬁ’@E@déﬂngfo‘?"TQ'?ﬁ%d@VGéscrl ptlons and functional or
synbolic representations are the nmeans used by those skilled in the data

procgssi ng ar S to, conv ffectlvel t he substance of their work to
ot hets skille€ g‘l"ﬁ' EENE %%Wn&ﬁ ARG M '?“ét had (of Patie MaeHierag I45ingdc¥hcei ved

to be a sméjemeswéeémswemmmmfe erhisgmemadi ng to a desired result. The
steps are those requiring physical manipul ations 300f physical quantities,
such as electrical, magnetic or optical signals capable of being stored,
t r ansf er DETAILEDDESGRIPTIOMar ed, and ot herwi se mani pul ated. WO
2011/ 008175PCT/ SG2010/ 000273 :
15 Embodiments of the present invention seek to provide a method and system
for-continuously monitoring the health status of patients on their respective beds, in
a non-intrusive manner. The bed comprises an array of sensors for detecting
pressure changes, with each sensor connected to interrogators which collect the
data obtained at each sensor. Processing units then analyse the data obtained by
20 the interrogators. Based on the analysis, a desired set of sensors is selected to -

determine a variety of parameters indicative of the health status of the patients.

. Some portions of the description which follows are explicitly or implicitly

presented in terms of algorithms and functional or symbolic representations of

25 operations on data within a computer memory. These algorithmic descriptions and

functional or symbolic representations are the means used by those skilled in the data

processing arts to convey most effectively the substance of their work to others skilled in

the art. An algorithm is here, and generally, conceived to be a self-consistent sequence

of steps leading to a desired result. The steps are those requiring physical manipulations

30 of physical quantities, such as electrical, magnetic or optical signals capable of being
stored, transferred, combined, compared, and otherwise manipulated.

Uniess specifically stated otherwise, and as apparent from the following, it will be
appreciated that throughout the present specification, discussions utilizing terms such as



9 "conputing", "calculating", "determ ning","selecting", "generating",

“anal yzing", "configuring”, or the like, refer to the action and processes
of a conpwbenigwsizem or sinilar electronic device, tharcrsc2pulades and
transforns data represented as physical quantities within the conputer
systeminto other data simlarly represented as physical 5quantities within
the conmputer systemor other information storage, transm ssion or display
devi ces. The present specificat®on al so discloses apparatus for

erforman h petat i of Lthe nethods, Such,apparatus may be specially
gonstruct%ﬂ'ﬁr‘}ug?go hecaaﬁééjga&%ed geiFpyang . 169'8&'%y O6RPAIG a'gelendl pur pose
conput er “‘configuringt, cddhe tike, gefee ¢t ithaahgtioacaﬁovaﬁoedslseg qfeﬁwmip@trﬁgteh?{ o
conput er _pt: ol ter.. The a I thnms an | ays
present eaﬂﬂ@?é@@%ﬁcﬁééﬂ?fgﬁe, ?‘ﬁ&ﬂ‘%&%@ [%E%r %qda&r%rg?qr@s% rﬁgfe[sfe%ﬁgﬁ p@gﬁ?%t er or
ot her apgeariifies withinthe aempdercsystenp intp other rdataréiméarlynaprebentﬁd; ed phiididal pr ogr arr}s
I N acgor LMDt ogﬁ&,tfgn rei | e _construction o
nor e gpegj a ﬁgwt?gaﬁgaér at'us rt %éhéﬁfograrar??ﬁgkr?@gﬁnr étgtéré’gt EFSBS'E'F%B% oﬁay be
appr opr i dselay #gvicest ruct ure of a conventi onal general purpose conputer will
appear fromthe description bel ow In addition, the present

specification _also inplicitly discloses a conputer program in that it
V\Bul d be appaf@hprepentispeciisatian alseidisclosgs mpparatys dertperfoaning the opsdtionslual 20

steps of of fhe metidueds athsdppui@sh M8y 86 BpdBly R8ndtkctddtbng FdRifrbd BYrpboLmPUt er
codg Thg conmput e(r%égo rgm IS ng{ in‘t)endgd Po be Iim'teddatgo Enrf/) particul ar

pr ogl &nmPh B3y SRER Sl BHPRER COMPHIET Ohothepdevice selertivelycactipaied or at ed

that a vescosfiguref bpra@omplicn prograals@fsd #dhs @empotet. NeRe RigoithimdPandised to
i mpl enent,. the teac ' ont ai ned herein. Moreover, the

: I ngs of the, disclgsure ]
comput er S5PE %W‘F?'Ee¥ 8?relnn?r8 r?&éﬁ‘h{e'f?"ﬁ\é “?'?tﬁg {REMt BAHFHETBHTRVST @ eHer cont r ol
fl ow. Thepmaraiue Marigusotgeaeral aLirpotes nm‘chtnbef @RJPbE Clisell W@th APlogkdMsC fin C ?nt Ese
differen " i W) .t hqut .departi.n omthe spirit or scope o e
i nvent i o%‘.m%%%?’% ?O]gv FF‘ hre\ééagoﬂﬁ%gggr}er%'r@%g?a 'f’%'é’ é’? §B’§sqr(5‘Ft"{)'h%f "&%ﬁﬁﬁ?cé?'gﬁﬁ* ogr am
may be apparatus to perform the required methqd steps may be appropriate. The structure of a
conventional general purposé computer will appear from the description below.

In addition, the 'present specification also implicitly discioses a computer

program, in that it would be ‘apparent to the person skilled in the art that the individual

20 steps of the method described herein may be put into effect by computer code. Thé
. computer proéram is not intended to be limited to any particular programming language
and implementation thereof. It will be appreciated that a variety of programming
languages and coding thereof may be used to implement the teachings of the disciosure
contained herein. Moreover, the computer program is not intended to be limited to any

25  particular control flow. There are many other variants of the computer program, which
can use different control flows without departing from the spirit or scope of the invention.

Furthermore, one or more of the steps of the computer program may be

performed in parallel rather than sequentially. Such a computer program may be stored

30 on any computer readable medium. The computer readable medium may inciude
storage devices such as magnetic or optical disks, memory chips, or other storage
devices suitable for interfacing with a general purpose computer. The computer readable
medium may also include a hard-wired medium such as exemplified in the Internet

system, or wireless medium such as exemplified in the GSM mobile telephone system.



performed in parallel rather than sequentially. Such a conmputer program may
be stored 30 on any conputer readable nmedium The conputer readable nedi um
may i ncl wsle 28twegs devi ces such as magnetic or optical pdirsae10veens y

chi ps, or other storage devices suitable for interfacing with a general

pur pose conputer. The conputer readable nedium my al so include a

hard-w red nmedi um such as exenplified in the Internet system or wreless
medi um such as exenpl i f i ed in the GSMOnobil e tel ephone system 10 The
conput er am when e d on s ch_ a ner al ose
cogguter Y og%rfmer f?’Bé"b Pio d%ggﬁégéf) ed rssy aﬁgq'}?%?BH@ﬁfi tgrt eps of
the pr efaﬁacmwmsdntsdn ab Bpparates that inopismants meestmseofehimmdfemtedtmenﬁodan FBG
sensor -data system 100 deployed in e.g. a hospital ward of a plurality of
patient beds. The system 100 has a distributed hierarchical topol ogy,
wher ei n conti nuous streams of observations froma plurality of sensor

arrays 102, lh}eolf SHOW e%\ g%mfﬂbse‘?ﬁbcﬂhrﬂgﬁ{&ldr{[ ¥B& seRENSH:S s%tgl% on a

si ngl e bed, at a correspondi ng |n errogator e 1 f Sensor
data fr odﬁpdwcdloeg r@t@%@'a\e@ﬁdsoﬁﬁowuﬁﬁhé' efrratienbbews: (ﬂad svsiela 1F0|0chae$5| ng Unit

106. Th t QYARF
Confi gu?jéﬁflgﬁéﬁﬁﬁﬂgiggél t,g\é]tgggy)ger Uéf{ﬁs:% nﬁ’rfuoﬁs? otélﬁéréﬁdr?lgfgélbﬁ% athﬂn

Pr ocessi Rigraiiit serse’ arays 487, 9agh &fWhish comprisesssrlerality ef ssnserstriared 98 asensor
obser vat duﬁyl'é b@@taﬁ’é B@Hécﬂcefi%td@)ﬂ'es;fﬂn@fn"gQﬂéFr%a?orl@é RI4€ SBRr Yaktrddi the

pr oc, ssed sensor selection and configuration unit 108

corrp | Ségtegpg%{oubs r%&'e H‘&Mm&’@fﬂﬁjé? giFsacessiagLnit196. T’lﬁpré"é%ﬁsmgri-éﬂ'ﬁ 8 the

client pohgpriess ofadSdnaer SBIbEtierQrﬁi ConfguatiohOdnit %@Wseﬁejnﬁcﬁboéhdm)dm e
riate lnterro ation, ng on

114 for ggelectin h ensor for endi
the si tLPitt’? o‘H"tSa H%hﬁqpsrg c%'Htf %@P&P%r{“m&m@"ﬁ&fe PS5PS HP ef%ﬂ:’ 4i ng
f eedbac karfdr eemsoheobsae/layasr obmrtedlilramaﬂ@ fiterreyandrs 9104 rage tarRilysed Sdhds
accordi rbq{)gess e anal yzer unit 110 conprises the nonitoring nodules 118 for
all theargorithns to performe.g. heart rate nonitoring, respiratory rate
nmonitdori ng, pressure points nonitoring and occupancy nonitoring. The

o ovet he daTs SHEST SSAPR{aR Boralahilh (kB Gl WP bl Bl € ¢
be gr aprAcguisition dnasiyleay i fasreoardinatipg dye glignt ,prww’ns @ad gherimeragator e.g.
| 104, a sensor selection module 114 for selecting the appropriate sensor for
interrogation, depending on the situation, and a sensor configuration module 116 for
20 ~ receiving feedback from the analyser unit 110 and for configuring the sensors
| accordingly. The analyzer unit 110 comprises the monitoring modules 118 for all the
algorithms to perform e.g. heart rate monitoring, respiratory rate monitoring, pressure
points monitoring and occupancy monitoring. The analyser unit 110 also comprises a
data visualization module 120 which allows the data obtained from the sensors and its
25 derived parameters to be graphically displayed on a display unit, such as a monitor,

which may be connected to the processing unit.

Figure 2 shows an example embodiment of an FBG sensor data system 200
implemented for monitoring of a single bed. The sensor data system 200 is a simplified

30 version of the system 100 illustrated in Figure 1. instead of mcnitoring a plurality of beds,
only a single bed 201 is monitored. As such, there is only one sensor array 202
comprising a plurality of sensors e.g. 203. The sensors e.g. 203 are connected in series

to an FBG interrogator 204 which is in turn coupled to a PC/Laptop 206. It will be
appreciated that the PC/Laptop 206 functions iike the processing unit 106 of Figure 1,



whi ch may be connected to the processing unit. Figure 2 shows an
exanpl e enbodi nent of an FBG sensor data system 200 inplenented for

moni t or i ngoah11wosizegl e bed. The sensor data system 200 ipeT&GINPLIN3 ed 30
version of the system 100 illustrated in Figure 1. Instead of nonitoring a
plurality of beds, only a single bed 201 is nonitored. As such, there is
only one sensor array 202 conprising a plurality of sensors e.g. 203. The
sensors e.g. 203 are connected in sefliles to an FBG i nterrogator 204 which

isint t t 206. 1t wll be appreciated that the
ey Lapt aestR W, BB 705, naHE8 15< Bareliont t1ing SeBR A0 fptesor 11
wher ei n artay 202/ arapnajysedibe wateasptsnadfeoro trer iateirogaton?204 he sensors 203 in the
sensor array 202, and anal yses the data obtained fromthe interrogator 204.

FBG sensors e.g. 203 are understood by a person skilled in the art and are
not 5 descr iAFédsensotfes ai 20hareaindgrstded dyi ppeéreon okillgdB6 theeag @nd armyotbe f ound
inthe R | Cadithi / Q;(%zﬁ: ~E ' nsor",

t he contcgr%?id%f hm%t%:lﬁrﬂgrr{cérr??% gg{ag’ gd ersg.fér?rg?/TEI ar’EF g%g%@;ﬂ H%?F ﬁgr, it

wil | al stppiatiohdy BBE68A08/ARR08E: tither ByaaasCating Spnserdrtbe contaty ofisdithi n pl ace
of the RREIRemMeASd hdrBfi tUeRrehcs EMheR H wif 2R 1R GHHAFIIRRS diferdfbes

interrogator unit 300. The interrogator unit 300 perforns center wavel ength
measur e §t% SYIFOIBN8dIA Plage ALHR EBE $pnso83 (Figure 2). Powered by a high
out put power swept |aser, the interrogators are capabl e of perform ng

si myl t aneous Jreasyyepents on hundreds of sensors repetitively within a
segglr(?d. Depe dﬁ“ﬁ%%ﬁn&ﬁ% O S¥RRRe o1 Phoan ietefregaior WAk ?yOQt dPesensor 15

count cantetregdtor drite300i mfb_&ﬂ§eﬂwterTWavléreagmeééw%rﬁ@if@l&hitﬁéf o%@bﬁsdén@&%, the

i nt errogat its cap maintain intern ata ers_of backdate

wavel eng '%O%Jgtl(g'ggr& g): B?Wsrelgrﬁyear big QP@F?B?W? Wlfj " E’ée BB} Cand

moni t or edpatdeof pérfortningosimhltamecesx neasuirsmaensts tondfunBtdae ron eénsoenitepeitvelpnd
comands,,.20 . i a "caommand and, res se" approach
oo iy 8 bebolf. BRIy BNALLABRES elins B RS Al i R XEadioP L 0%
dat d3r ecpousttdandoedumirarintréased el preventany potehtial mataAGss thg intelregatooaretssi ng uni t
106 (Fi r; p | i r. e.g. 300
(Fi gur o 3y kel bt e RERRLr IdcalecPlibbicront Baty e, HEMERAARY 1
met hod Uit OB ¢an b cnntsqlledﬁng iongpred nemotelyi thtosgh ap eixtensive setLofiEternetn i n 25
the exarghgoieahPebimatds. | n other interrogators in alternative enbodinents,

e.g. data stream ng nodes are supported. The data stream ng node can reduce
the overall comuni cation overhead which in turn alleviates the

trampgni ssi on |4 grRdex@npleMBodiBME! § ‘@mAdiPand RIEpbMR” iaBEr%E&PQaJd‘abt%dtlo the
client. 30 nbodi mrent of a sensor array |ayout 400

igure 4 shows an, exanpl e en !
for a séﬂrstg?%@"?lﬁg}gtﬁﬁtatmutsﬂpﬂE}é"hthgi"'r‘f@[r@g%g& ATIRE SoHSYINg cammagde
a][ r anlgeds séntdrorr thei i@ POBAl the prodBsBRG funk 1 ]QEA(FiBur% 1)ep RS PO/LIap@ptdoe number
of colunps a reresentin~B nu r aof ro ..Intgeexa e
enbodi nahpuRLer begRerasdioney BB THarEch wich ey anstes diie SAGRR 453 event y
spaced dokhenciisntaiMbis 4neth@hisyusse &ur @tbst otbe chent-to-interrogator communication in
25 the example embodiments. in other interrogators in alternative embodiments, e.g. data
streaming modes are supported. The data streaming mode can reduce the overall
communication overhead which in turn alleviates the transmission load of large amounts
of data from the interrogators to the client.

30 Figure 4 shows an example embodiment 6f a sensor array layout 400 for a
sensor array for monitoring a single bed. The sensors 402 are arranged in a 2-
dimensional n x m matrix, with n representing the number of columns and m
representing the number of rows. in the example embodiment, there are a total of 12

sensors e.g. 402a arranged in 3 evenly spaced columns and 4 evenly spaced rows. For



12 ease of identifying a particular sensor wwth the array, each sensor may
be denoted by its columm and row nunber. For exanple, the sensor 402a |ies
in the thwodocwlostvs and second row of the 2-D matrix, ardtiss20thevefsre
identified as sensor S2,3. S5Each of the sensors 402a are pressure sensors
whi ch provide a continuous value of anplitude phase shifts in accordance
with the pressure detected by the sensor. In the exanple enbodi nent, the
anplitude of phase shifts can be divilded into 256 different |evels. As
such, t !ﬁﬁ’tﬂ'ﬁ r f e

pr essurgga Eurﬁ% @'?% sen%lg)rges g‘tgghge é(}(P:)Jl % gg% '%%’ﬁtgé géen%\é%drgy 1?3

confi gur%@ﬂlilrom auﬁlrtDWItD@bEO Fqr ﬁxgm\p@ the B@S@a#ﬁEaa lies lratheathed cbiugh &ixl

Ther ef or garray, the processing
uni t 106@9(:):}99&}( @?@hﬁQ%a@gcﬁﬁ\}%ﬁg@%% ‘?é}m é@%%%mriggdzl ngs fromthe sensors
e.g. 302a, over a period of 10 seconds. Figure 5 shows an actual depl oynent

of the SensorEé%:W@thhé%nQ&s%d‘Zé% &éssturl:'e sBRghrs mﬂwgﬂbﬁd@ aSE@r% udlfs exanpl e

sensor system 600 noni torlﬁggsa plurality of beds, whereint syst em has

been ext¥aHeef ARRiHgenRrse in SCUHBRGS W'FY‘ e prrss U, detertedsr b8 52805t em 600

conpri seg taeéba@h@mednblfcﬁﬁehtntﬂ% BAPRLAE o@%&ag@lsﬁiﬂslcﬁnwahld%d%to 256
i fferent channel s e. iven tine

|nterrog 16
channel ‘i &HF@?%rAsG% hj the ?ﬁ?ﬁ?rédar?ﬁ paple #f Eﬁa?fﬁ'ég %Q@'ﬁ?ﬁ?’ér'?‘@ﬁat’fm 602 to
mul ti pl epressuee. rﬂmberr tieef séi'&orscik'aiﬂét@é‘ontrﬁllédrbyﬂﬂﬁtééﬁs&%ohh@réhdhmnf% FBG

1o U TRl €16 P alAak Yo He TRRalS: opeb B RiskAceass ¢ heoa, 1o

doubl e ts#aesd)roaraaiy thenprecessfngsgitstDe afifgarell an.rgeeivel 2 tdtol @”1’2300044ad?1|i’g3 sensors,

e.g. 61 t C r .C neI 612 riall I n the
exanpl eﬁéonr@o *%%L - %gfage%ggggﬁ eg'.o 8.0?61 %ﬁogd%sFé%’"?és %b 'i/agtéfélh bed, a
t ot al ofd%yn@m@féhlssemyrareayrﬁmianHMn@nftbabhdsensor channel e.g. 612.

G ven that there are 32 sensor channels, a total of 384 beds may be

moni tored concurrently. It will be appreciated by a person skilled in the
art that at dngurgibyehvwsi areexanipie semsor sysjamof00smRnitaning rar plgelitysofebeldsr st set

of 4 di &Rt tné s ﬁE@gB?AO pded GSRARMRnds. AY P rfore BVRR .

sufficient tinme has | apse esucc ssful T nterrogation of t
sensor cIFARPTeTYStenn 60 cempemnﬁér@amnelﬁq?ntarmam 602hwhighyig Fapablecef 606 and

SWi tCheSnt@ﬂr@gﬁiﬁbelcdlﬁér@ntachghrﬁélﬁé@néoﬁﬁta @ftefﬂtuﬁ@”ﬁﬁftoﬁbﬁﬂﬂrﬂé{;nﬁltl lexér 10, 18
and 26 for jnterrogatlon nt er r ogat or . Over tine, all sensor

channel £, §. cURiaThE §1el4tcgar§1el Tz S |"|‘T?'§‘P936‘§{a§% t° aritiniexe they pyrebers of epeat ed,
the Zoi r Sdhaﬁnéleme?l‘ogai@am?%§4iéﬁamﬁl FBG@rﬁté@ @CBOQGQHGmuItib%xed channefg gure 7

|saflowc ustrat or noni t ori ng respiratory,
hear t ra%‘% Lé) ﬁtlssgf Wﬁ\%ﬂ%&n e soypiaq ?mtheoﬂgd“ g

i npl ememhadnem e@l GG&abmoablertb@Chtamﬁinbeﬂ'bEséﬁsbh6I€hri°nlers$é g.lBQi tBSSZ&HIBtt ep 702.
At step of d s acquired from each sepsor . .203 (Figure 2)
of the s%éngslgﬁ%o??ay eéqgff1 aﬁ)fof‘g‘?dgi? 39 SRYISgT Spawe ﬁtgetﬁﬁ%%ﬁf'%g'smef . 104

( Fi gur e ekpmplet embadipentc es $2 sgnsoms e.gebty atDésed to momtouﬁéac&ttmm &Q6tal bfased on

t he szensEr,dat I ne t. s I t he

pr oczg)ssﬁ(r%g eﬂ%'ﬁ %%q‘ﬁﬁg'&rae°“1‘%£§es ?‘ g?rnéﬁéﬁ%%ﬁ&b hi st ogr 5&9& § h%\rsgzanal ysi s

to det ersens@ channelsr ¢e tgialr ain3Bériedst magalpe rhonitoegr amcarrdntathapawll THeese three
appreciated by a person skilled in the art that at any given time, the interrogator 602

interrogates a first set of 4 different sensor channels e.g. channels 1, 9, 17 and 25. Once

sufficient time has lapsed for the successful interrogation of the first 4 sensor channels

30 e.g. channels 1, 9, 17 and 25, the multipiexer 606 and switches 610 select to a different
set of 4 sensor channels e.g. 2, 10, 18 and 26 for interrogation by the interrogator 602.
Over time', all sensor channels e.g. channels 1 to 32 are interrogated, and the cycle is
repeated, the first 4 sensor channels being interrogated again.



10paranmeters can be used to determ ne the occupancy of the bed, i.e. if
there is a person |lying down on the bed, at step 708. To cal cul ate the nean
par amet erwormeamosxtal ysis i s performed wherein the nmean eCTaIG20®®pE&08 dat a

readi ngs on the bed are cal cul ated using the follow ng equation: - 1 " X
=xi n 1=1 For histogram analysis, a histogramis conputed to map and count
t he nunber of observations that fall into the different and disjoint

cat egories of sensor data readings. 13 For shape analysis, a string

mat chi ng t echgi i.S . ri eeks .to defermne if the
oresent 1y det CEtay 5 40 bR 700 MM BT 1 e Bl (oS’ per son
| yi ng onhedrerate chresiiify ppiotseartchatcupancyr afga patidnd wnda bed simplenszendedBin ame coded

into strj : s v refer
_ idenBb&rherl. 37 BbdyR% . d4
(D1 SLr EPARESBbANA The eyl RO ey HESRECIOA!Ehkor By 1!
profil e atsuiipd&ampach Bensopagor@3 (Figure R} ofdpe sensor arayee. gutiZe(Figure Hatizhes
bet ween {Hagntbioatdrs ERI%04 WARIE 17 2l GRoQEEH] Bnit o it kth position if ak=bk.
The nunber ofﬁ\g%/nbol srbgt hat do ngt match 1's go Q g mx(' Al,1 B- M 14
At step 706, based on the sensor data obtained at step 704, the monitoring
module 118 of the processing unit 106 (Figure 1) performs mean, histogram and shape
analysis to determine the three parameters of mean, histogram and shape. These three
10  parameters can be used to determine the occupancy of the bed, i.e. if there is a person
lying down on the bed, at step 708.

To calculate the mean parameter, mean analysis is performed wherein the mean
of all sensor data readings on the bed are calculated using the following equation:
15

For histogram analysis, a histogram is computed to map énd count thé number of
observatidns that fall into the different and disjoint categories of sensor data readings.
20 , |
For shape analysis, a string matching technique is used where the algorithm
seeks to determine if the presently detected sensor readings match a set representative
of a person lying on the bed. \

25 Suppose that two region boundaries, A and B, are coded into strings denoted
a,3;....a, and bsb,....bm, respectively. A can refer to a template pressure profile while B
can refer to the actual pressure profile obtained by the sensors. Let M represent the
number of matches between the two strings, where a match occurs in the kth positidh if
ax=by. The number of symbols that do not match is

30
0 =max(|4]| B) - M



where largl is the length (nunber of synbols) in the string representation
of the argunent. Qw Il be equal to O if and only if A and B are identical.
The si m Iwoi2oy/doetrdeen A and B i s neasured by the rati opreTRGZOM00203 max ('
Al,1 BM Hence Ris infinite for a perfect match and 0O when none of the
synmbols in A and B match (M= 0 in this case). 10Wth the mean, histogram
and shape anal ysis perforned in step 706 vi sual i zati on usi ng |nterpolat|on
can be performed at step 705 (conparé Iso VI sual i sati on nodule 120 in

bed 18 1‘32%85'9%&9%‘%% nyfbet 80 f% i B SRl Ak b br b e O, 1
det er ni n@!ﬂuraf-’nts@eftﬂ b@equﬁhtﬂﬁ t anf eglydhds epd Braneidenticat JeetsinitarityHrabuden d

val ues. Afanagléﬁegﬁﬁggwmgqaﬂgtat there is nobody |lying on the bed, the
met hod returns to step 7 If it is determ ned that there is a

person |ying on the bed, the met hod proceeds to 20step 710. At step 710,
pressure poijat anal yg\,[s i's conducted by the analyser unit 110 (Figure 1)
usi n@ i k detection and Euclidean di stance SNR

The | i near r”egress@ FL roach can identify large patient novenments, such
as tot aI body novenents, on the bed. The preV| ously cal cul ated nmean of the

sensor r I a e, coor di as of se r h readj ngs
exceedi ng thg%r%'ean '{f%iﬁ o aeoaer%ﬁt rga%h n e&n’éﬂ“)@%%’ﬂ?@ﬁ PARN  be
appr eci aB ewtdh(M = Ohethse:ase)tl vity of the p0| nts can be tuned by adj ust i ng
the threshold reading | evel. For exanple, for reduced sensitivity, the
threshol d readi ng | evel can be adjusted such that only sensors with
readilhgs excedfth rthe emgan,a histdgramp| endf shape @palysiv aperformed ipl steped0630

visualization using interpolation can be performed at step 705 (compare also
visualisation module 120 in Figure 1.

Based on the mean, histogram and shape analysis in step 706, the bed

15  occupancy (i.e. whether the person is lying on the bed) can be determined at step 708

should they exceed their respective threshold vaiues. If it is determined that there is
nobody lying on the bed, the method returns to step 704.

If it is determined thét thereis a person lying on the bed, the method proceeds to
20 step 710. At step 710, pressure point analysis is conducted by the analyser unit 110
(Figure 1) using linear regression, peak detection and Euclidean distance SNR.

The linear regression approach can identify large patient movements, such as
total body movements, on the bed. The previously calculated mean of the sensor
25 readings are used. The coordinates of sensors with readings exceeding the mean are
plotted on a 2-Dimensional XY graph. It Will be appreciated that the sensitivity of the
points can be tuned by adjusting the threshold reading level. For example, for reduced
sensitivity, the threshold reading level can be adjusted such that only sensors with
readings exceeding e.g. a multiple of the mean value are plotted.
30

With the plotted points, a linear regression with the following equation:



15 nE(. 10- EXEY NE (x2 HE x)2 ,where n is the nunber of sanples,
X,y are the correspondi ng coordinates, is perfornmed to obtain a |line of
best fit woemidoeirset of plotted data points. The gradi egtr/sahomobées
obtained line is then calculated. As the patient noves on the bed, a
different set of plotted points result and a new line of best fit is
obt ai ned. By detecting the change in the gradi ent value, the magnitude of

t he nmovenent made by the patient can %e cal culated. Figure 8 shows
screenshots QQ )Ob of a programwitten to graphically 10 represent and
di spl ay whe “aov Qivhére Ptid &g nuinBBd @FRAIPMRs! X yaBreCaNBdriesp ment .

The elllpses 02 %OZb give visual indications of the result of the linear
regre55|%ﬁ”'mﬁ@5p0|nts e.g. 804 displayed are the points relevant to the
linear regression calculation. The novenent val ue shown 806a, 806b gives an

i ndi cat i §RedPrmeddo RN 3 liRfeofPestii framdhe sptri@lalipd dala Reits dhe orasiamebd to t he

pr eVlSJUSthbldﬁ%méaSInén@&\eMd’élollfatéd"%% the® Patieoht nﬁﬁré@@ﬁ%@&e@@%ﬁé‘r@ﬁ%’c gr di spl ay
where no nmovenent is %ﬁb?e screenshot. 800b. shows a display where

a novenePlPiedPqnis é?ﬁ“gc?"d Shenline 11t isAbtIeRt: By dstecting Bechangedr dhuser ' s

MoV ement gradiehth@lueethierraghitudls 6fthel MRvéra&it)matiel Bygh&patenbedress ¢adatddli s
approach is based on the COP of the patient's weight 20 on the sensor
array. The notion of patient's body can be seen as a function of the notion
of the centr eFigire P8 ashows ecredastts 8064, 800bpof aopregas afitteraad grapaRaly e

I t d t | the bed t hat
morerd . esSodt  Apay it RGieNert 38 bnbBieky EOYPERRL i FeEBe and i s
reI at ed erobadimeqodhe etipsest 8Q2ae 8@& gleatviwalcledrbaﬁonsfof pireesesult of the lepr oporti on

f the dj f ' .
erbod: meysp e Ipp HediBicts £, BE LGPl 1k oS By e Indal eI Z ol 1y
and vert¢ai<allatiyn The Bereentpralus lshown e8dFag80Rr gives samyriedication gbit ¢het o fi nd
the COP ﬁb&ﬂ@d%Bfemwamerﬁwao%odgm@5at.eﬁhean.%5re%g98fowo% tm%n%@éeggfe of the

pat i ent' fromt rence rows an ums nmay
not bt ovﬁh&eresﬁféoﬁwegnsjwhﬁg%ﬁepvvﬁay digplayovksre ne mgvereenios dhtegledi while fil ter

can be lmé@ﬁﬁ&ta@dbrsﬂomLagbnapmeféagmaberﬁaﬁt% d&ectd® fromthe centre of
pressure along rows and col umhs, as the frequency response of the filter is

maximal Iy flat in the passband. The bandw dth can be chosen based on
practical considiadraippfsagh fd>rndétét$hn§ B DR sARDRATE R! the (ihtrb &JF \Wosdshire

coeffici order | ter d cut-off frequency =

0.015 Hz&rg”}é‘s'“g(?’eagﬁ]%i#\n ‘AR &Fa?&ﬂf%a" rﬁ)h [\l& %?P e pefisnt s WaiIgbhat t he

occluag engre thef seli?.yr anayermﬂat mofiort bEpﬁt&thlbbd)C ha:m@esse‘eh&svmfuuﬁ:tlﬁfﬁ of ltee centre

of . pressu t hat produce F fﬁ%?F 902 in.t nal 900 as_ shown in
It

Figure 9. ot%)rbog 8%‘1*'&:? p6?15557 S, m?BTeé‘FPe te(?ﬁ'l" gﬁaé?”rﬁc? St f?osm bl e
posi ti vesummertgad idivdedeak the tataﬂ pressgrerdrr thlel gt Btythat moment. This result is

referred to as the Center of Pressure (COP) and is related to the position of the patient's
center of pressure as a proportion of the distance from a reference point on the bed. In

25 the example embodiments, the reference is taken as centre of the bed, both horizontally
and vertically. The sensor pressure readings are assigned weights to find the COP along
the rows and columns. Thus, the COP gives the distance of the patient's weight from the
reference. As the COP of the rows and columns may not provide smooth signais and
may be noisy, a Butterworth digital filter can be implemented to filter the signal obtained

30 from the centre of pressure along rows and columns, as the frequency response of the
filter is maximally flat in the passband. The bandwidth can be chosen based on practical
considerations. In the example embodiments, Butterworth coefficients were found with
order of filter N = 2 and cut-off frequency = 0.015 Hz.



5 a threshold value. The threshold value dictates the degree of "peakiness"
that is allowed for a local maxi numto be considered a "genui ne" peak

resul ti ngwbronvowemenent s. Based on peak detection al gor ipCmcaiiotobe7£€0P

al ong the rows and col unms, exanpl e enbodi ments can classify the patient as
noving fromside to side (left to right or right to left), sifting up or

| ying dowmm with a degree of accuracy. 10 Based on the pressure point
anal ysi s using regression and peak detect i on techni ques above, the exanpl e

enbodi nment s can theen di rnﬂ}'pe < Iperes re mvﬁ%ﬁ% which are lLarge
enough to makd VReTXRANRLE AMPAIMS St WS4 PP %rch'r%ﬂcef? ﬁr“f Step
712 of timeveredrh@fthelpmtientichahgegihe value bf thnetdeanresf prossure b6 that it ipsodiieéser m ned,
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sel ected for perform ng the actual nmonitoring is also the sensor at the
maxigg¢ym EDSNR from t he i deal sensor. Fi gures 10a and 10b shows
exanpl e sl eepi ngwgostur es of a patient lying on a bed with an
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vital sign e.g. heart rate or respiratory rate. EDSNR is defined as the inverse of the
Euclidean Distance. Hence, when the Euclidean Distance is equal to zero, EDSNR will
be infinity. The purpose of the sensor selection and configuration process is to select an
optimal set of sensors or sensor which can provide data of sufficient quality to perform
30 the monitoring of vital signs.

If it is determined at step 712, that the patient is not moving about, the method
proceeds to step 713. At step 713, the EDSNR of a default sensor is compared with a
threshold limit. If it is determined that the EDSNR of the default sensor is within the limit,



15 nonitoring are marked 1006a, 1006b in Figures 10a and 10b respectively.
The ideal sensor |ocations e.g. 1004a, 1004b, 1006a and 1006b are

cal cul at estousimmgsdat a from t he regressi on techni que ear lpcerscpenfoos2red i n
step 710 (Figure 7) to determ ne the posture of the patient presently on

t he bed. The proportions of the patient are estimated wth a nodel of the
Vitruvian Man by Leonardo Da Vinci. In this regard, Euclidean distances 20
bet ween each sensor e.g. 1002 and thel7 deal sensor position 1006a, 1006b,
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Sensors 1002a and 1002b may be the default sensors, described in step 713 of Figure
7, for measuring respiratory rate. As such, since the EDSNR of the default sensors

25 1002a, 1002b are within a threshold EDSNR, they are selected at step 714 of Figure 7
as the respective sensors for respiratory rate monitoring.

Figure 10c shows an example embodiment of the shape 1008c of a person

determined by the linear regression technique performed in step 710, when the person is

30 lying diagonally across the bed. The shape 1008c is representative of the body of the
person lying on the bed. ldeal sensor locations for monitoring the heart and respiratory

rates are marked 1004c and 1006c respectively. In this example embodiment, the
default sensor for monitoring respiratory rates is referenced by reference numeral 1002c.
However, as the EDSNR of the default sensor 1002c is beyond the threshold limit, a



t he know edge of reference wavel engths for each FBG sensor, wavel ength data
received fromthe FBG sensors are mapped into pressure change signals. This
data can weweweswmed in real-tinme fromthe interrogator pamgcaen/ be73
processed wi thout nuch delay to derive the respiratory rate or heart rate
of the person lying in bed. The pressure 25 change signals are in tine
domai n, which can be represented as signal intensity changes as a function

of time. The signal, if plotted, wll|18have axes of tine and anpl i tude,
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filtering processes repreSent b-sanpl i ng
pr oc¥ss. from thigctaw sigepl, Tie signal received has components related to respiratory

movements, movements caused by the heart e.g. the pulse, and components related to
other movements of the patient in bed. To calculate respiratory rate, heart rate and to
plot the signals, the desired monitoring signals have to be separated from movement
related signals.



20 high-pass filtering processes 1108a, 1108b, 1108c produce detail ed

I nformation d[n] 1112a, 1112b, 1112c, while the | ow pass filtering
processeswdb0fimositi06b, 1106c produce coarse approxi mat ipomscajmjoodktisa,
1114b, 1114c. Wth every level of deconposition, the detailed part or the
hi gher frequency conponents 1112a, 1112b, 5 1112c, are separated fromthe
approxi mation or |ow frequency conponents 1114a, 1114b, 1114c.

Approxi mation parts 1114a, 1114b, 111%® are further deconposed to renove
t he hi gh frequency noi se. The deconposition process can be repeated until
desired signal can be separated fromthe rest of -the unwanted signals. In
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applied onto the deconposed signal 25 and filters' inpul se response, the
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20
V Embodiments of thé present inVéntion apply wavelet principles, wherein the time-
frequency resolution and separation of desired signal can be improved significantly. For
a practical approach to wavelet transformation,b wavelet computations are performed at
discrete scales, referred to as Discrete Wavelet Transform (DWT). Based on DWT a
25  signal (with noise) can be broken down to different components based on their scales.
For the DWT computation, the discrete time-domain signal is passed through successive
low-pass and high-pass filters. Such a methodology will be appreciated by a person
skilled in the art to be a Mallat-tree decomposition.

30 Figure 11 is a block diagram illustrating the decomposition process 1102
implemented in an example embodiment. x[n] 1104 is the signal obtained from the
selected sensor to be analysed. g[n] 1106a, 1106b, 1106¢c each represent high pass
filtering processes, hin] 1108a, 1108b, 1108c each represent low pass filtering
processes and “|2”, e.g. 1110 each represent a sub-sampling process. At each ievel, the



5For respiratory and pul se signals, even after wavel et deconposition
(denoising), there may still be random noise due to the intensity of snal
nmovenent swonotiestred. Through an aut ocorrel ati on procesecTisiceommmoe7peri odi c
respiratory and pul se signals can be enhanced while attenuating the nore
random noi se. I n the exanple enbodi nents, an auto-correlation is perforned
on the 5th deconposed signal, 1500 as illustrated in Figure 1015. A sanple
portion of the auto-correlation outpugois shown in the zoonmed-in portion

n -the auto-correlation function, the resg;ration rate
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bi as, t hdesiied|sjgniascdrube hmaratad; Ifrade’@eaasthﬁﬁim viawardeh agmis Ihdhe emmpie er val of
hi ghest

| ghes eﬁsw.&@n@egﬂs&r% %ﬁn@w{g@&s%@y Bhed i0oortii the BbOfifodslin ZREHST,

I nterval s span ove medr an va
respi@ at eﬁgaratar%spﬁatﬁrytaf@rputs@ sighaisiftam ubwyante@ndisg. | owi ng equat i ons:
(counti* mediant) + (count2 ntedian2l) Period - counti + count2 30 22
As each sanpl e del a1y s inversely proportional to the sanpling rate (sanple
del ay = 1/ sanpBVig§ Watbellustiair theaWpyeleidecamposition processeimpiementer, iy an t he
period i gkngi®aémbddifenteBf Qﬁ@%r@één@ﬁnvéﬂﬂﬂﬁ' IFYgurd N2 Tepidts! & ofiized! 1 €d by
60 to Cope\églf'attorlynél(g)na;[l hvslthSE\g nb%%{/ dmgvnelngengs og?amed from a sensor in an example
15 embodiment. The respiratory signal is then convoluted with the analysis filters, which
comprise a péir of Iow—péss and high-pass filters. Figure 13 shows a signal convoluted
with the low-pass filter, e.g. 1108a, which has some high frequency components
" removed. The drastic drop 1302 at the end of the graph is due to the non-overlapping
area between the signal and the impulse response of the filter.
20
'. Figlne 14 shows the signal after undergoing high-pass filtering. The signal
hovers around the x-axis as the zero-frequency component is removed. Having obtained
the filtered signal, the redundant sample removal is deemed unnecessary and thus no
sub-sampling is performed. When convolution is applied onto the decomposed signal
25 and filters' impulse response, the convoluted signal will be longer than original.
Therefore, some samples are trimmed off from both ends of the signal. As the
decomposition level increases, the filter's impulse response is zero-padded, where “0’s
are inserted between adjacent samples. The zero padding can be useful in
reconstructing the wavelet. '
30
in the example embodiments, autocorrelation techniques can be implemented to
discover the presence of periodic components within any signal. Autocorrelation is the

cross-correlation with shifted versions of the reference signal and a measure of similarity



Returning to Figure 7, with the conpletion of step 716, the nethod proceeds
to step 718, where the result is further anal ysed using Pearson Correlation
Coef fi ci enb20amsit® Logic., Many paraneters e.g. the neagr/sshepmpoysessure
poi nts, histogram novenent index, left right novenent, EDSNR, heart rate,

respiratory rate and occupancy have been obtai ned from previous steps, e.g.
steps 706, 710 and 716. To enhance robustness of the calculated heart rate
or respiratory rate before it is disflayed at step 724, further analysis

and cross validation can b erf d .using Pearson Correlation

15Coef f 1 BtRen observationgunich g sdls 10.dPe UM, JGHAIE 48R 75 GVERY SHHBHAD i es i n

t he rel athowisdioyp of t he paraneters can be detected. For exanple, it is
known that there is a direct relationship between respiratory rate and the
nmovenent indexg (g g:aﬁ Wienet arggetermne the 20plausibility of a reading
by cal cul ati ng fhe covati ance and correl ation of respiratory rate and
novenment i ndex. A rul es based engi ne can al so be inplenented to
determ ne the state of the nonitoring systemusing sinple rule-based |ogic
reasdni ng baskeat respirmtoDRAEL Sules gignals, S/enfder wavaigtl decompesitionstiemoising), be

confi gur f 201 Ve ! termned that the
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trigger 230, ; | ed’, LS egat ure( mean
<107, Y EnEora o FRenGatndIe FRRs BAolABlRe R MAL A BEaaHE RS
Qccupanc#g-patrelatian iy pgrormedpn the 5™ decomposed signal, 1500 as illustrated in Figure

10  15. A sample portion of the auto-correlation output is shown in the zoomed-in portion
1502.

Based on the auto-correlation function, the respiration rate can be derived by
studying a histogram of the auto-correlation function. Pulse/heart rates may also be
15  derived in a similar manner, with minor adjustments made to cater to the relatively higher
frequency of pulse rates, as would be understood by a person skilled in the art in the
context of this description. Firstly, the positive triggered x-axis intersections are tracked
down. Thereafter, the time intervals (in terms of sample delays) between each trigger
are computed and tabulated as a histogram. Figure 16 shows a histogram df periodic

20 components obtained from an example embodiment.

From the histogram, the analyser will search for the time interval with the highest
occurrence 1602. To prevent any result bias, the analysis further inciudes an interval
adjacent to the interval of highest occurrence with the higher count e.g. 1604. Since the

25  time intervals span over 5 delays, the median value will be considered. The respiratory
rate can then be computed by the following equations:

. (count, » median,) + (count, » median,)
Period =

count, + count,

30
where count1, median1 belong to the interval with the highest occurrence, e.g. 1602,
and count2, median2 belong to the adjacent interval with the higher count e.g. 1604.



23 occupancy. set Unoccupi edSt at e() ;

systemout. Configured("Re-Initialized"); system out.SendMessage("No one on
Bed"); emsl02011/008175 The robustness of the system can be ptusthen/emhanced
through the integration of e.g. patient history/profile data 726 or through
contexts fromother nodality 728 (such as proximty PIR (Passive |nfraRed)
sensor which can detect presence of a human patient). 10 Using the

rul e-based engine, int egrati on of suc2 further data e.g. 726, 728 can be

i npl emented to further enhance the reco ion rate of the system and the

r obust ness/ acgfneﬁ‘éh SBTpth‘zzg?Vafs Inversgl - gﬂq{ \R%%%S?rﬂ@'f" e?é%%ﬁa@pé?‘rbodl nent
of the pdelayenﬂ/sampen‘g Faes), ﬂhEOQam'i;mng tdte cdﬁmleqmaaem cdnveatﬂiwwlddahtoweald ltd
icted to

will be er o ) per be

1 the AREEEFErELeh al dfs NTRE mllrGaky Urp BRterig tars Aeap v €
mat t r ess(t@m): bed being used. It will also be appreci ated that the nunber of
beds to be noni L, vary and the systemis flexible and can
change acgords Stt%mn 1639 of channel s provided and the type of

mul tipl exer used. | A€TH% exanpl e 20 embodiment, a total of 12 beds e.g.
1702 are rmnitored, wherein each bed is equi pped with 27 FBG sensors e.g.
1704 for nonitoring. The Integrator 1706 may be connected to the
controller/anal yser 1708 via a Ethernet/IP network 1718. ft wll be

appr eci at ed t ReturrfirfgetoFaguire g1, mh/tmwad»m;a@tronlaweﬁ wmtth@m%trﬁ;urﬁré@@lﬂytdo t he
pr ocessi exampl e enbodi nent, the

t 106 Fi
control | g@? gﬁ WheLs th'f?%%’"ﬁ%{}""ﬂ@' %@ﬁ'ﬁ%‘i’:pﬁ' argo? '@t'%ﬁ igris akr 1710,
whi ch0 cabogid.| Mamyf mararhétersae. gethe méart, vhapd, Airessund p@ﬁ& buetdgfaaq beovenved or

controll [ over th ernet/ | P networ m | arl data such
as pati eﬁs e’ﬁiqrg? {}tyng%?eéH EF?E&EY lﬁéatga{?gggtgrysgzq,gpd f‘fi‘?aa%%é\i a web
server 1Bdeh ohtnedefrarncpreviobs estepsa ¢.pe skEpher0it 710P andt W8, kT4 7érhandéhe
controll t sucgh. that it
can sendPusfes Fe 850:8 L FAELERRY [IF pile RRLUBBESLT TS,

nur ses i 24, Hlerﬂ@venalys:ss angnsrage rvelidatios wem ba&wfnemed tsing Rearsont Cogelation i n hi s
bed g gff} ciggdition to the sensor array illustrated Figure 4,

al ternatl vely or additionally, a sensor array may be placed above the
mattress. For exanple, sensors placed beneath the mattress (or bottom| ayer

sensors) may @anfmrédar OSSO BSefhcfié‘ntPra’ﬁéﬁnufé”s m@ﬁé 'raaﬁa}ghfacsuwcy of

the patient, e sensors pl aced the mattress (or top- Flei/ﬁ(r sensors) 5
may be URHAMEISFS gangbe P%‘Eﬁ??a‘?%@‘a’é‘ﬁﬁ tSuﬁ krowngthat there 'F@rq'rﬁgt ionsR oved

accur acybetwbén Tréﬁbrrbtawefaté 8RS AKS MBVEMBAL m@ﬁe@ﬁ@@aﬁ PhdrbBred@étbMThe YT
sens&;s throumc’glﬁ ﬁﬂﬂeCt or with ope end of the sensors connected to-the

fi bef® wi Pausy 9:RY Faigilatingdheuspyariapes and, FrFRiatiop o ResPITRI9RY @& h t he
e. g. i ntarnd @egaintent index.

A rules based engine can also be implemented to determine the state of the
monitoring system using simplie rule-based logic reasoning based on a DROOLS engine.
25 For example, the system may be configured to send an alert to the caregiver when it is
determined that the bed is not occupied, as seen in step 720. As an exampie, the |
following algorithm/rule may be used to determine that the bed is not occupied and to
trigger the alert.

30 Rule “Unoccupied”
when
#condition
pressureFeature(mean < 10.0, histogram delta > 2.0, shape similarity<1.0)
occupancy: OccupancyByPatient()
35 then



10Fi gure 18 shows an exanpl e enbodi nent of a sensor array 1800 of sensors
e.g. 1802 paced on top of a mattress 1804. The sensors 1802, are carefully
posi ti onewlot201imoyes the full width of the bed such that peirtsaghomiogiass can
be detected even if the patient change their |lying positions. Figure 19a
shows an exanple inplenentation 1900 of the sensor array. The sensor array
1900 is placed near an approxi nated chest area of a 15 patient and
fastened to the mattress 1904 as sho@3 in Figure 19b. As further shown in

Fi gure 19 bed ht Egc | aced over the mattress 1902, such that the
sensor ar %p oln [%edalt wi |l be appreciated that nodern

hospi t al i .can be 20 adjusted into numerous
confi gur ons‘;tﬁg%ﬁ% %&ng @“a e%.?l%?‘l | ying on top of the bed to be noved

accorgli ng y Figure 20 shows an exanpl e enbodi nent of an adj ustabl e bed
frame 2000. In the exanple enbodi nent, the sensors e.g. 2002 placed on top
of the bed frane are packaged into three different sections 2004a, 2004b,

2004c to fit fHEQ'oaﬁgthbcsrs?? ki %@%gi %a‘%gﬂne fl:lgtﬂgr erhah&d tﬂ% gt‘?tﬁehgtfggﬁgﬁpt s_of

the different sections
snaps hoteéfpaééﬁﬂfd?ﬁi{’w@"?fﬂ%éﬂaﬁés OF trqugl Cﬁﬁ@md@upathewmﬁﬁﬁﬂmm(ﬁgcmsow ded by

an exanph8xiffth P (@é&”slv@flana'P{%d%&‘é@mhlbﬁ‘l{éWHétQ& prédefbe 6f azlzu gfﬁ[‘ﬁﬁleﬂt yShapshot

of automated respiratory and pul se rate nonitoring provid y an 30exanpl e
enbotfl nevgingthe Hée‘BP%%deﬁ't‘g'P?w'éﬁSiaBﬁ" of such furtheg:i36R)PidbrTZS. 678 AB Rsr esent

i nventi Olﬁ"npfeﬁféﬁtédD ter fHhee éhhaREY |tAe OktogMiflorN OBtd NI thel \49staPaRaCihd O
noni t or r(gﬁs I ra rat eart rate, pressure pOI nts and occupancy of

pati ent i CF fd%%g? manner. It will be appreciated that with

cont i nuous m)nl tori ng, hi storical and trend charts may be plotted as shown

in Figure 23, an_ 25 be va abI e ors for . diagno Peri odi c

but i nf requerﬁ'g%ﬁ ?fﬁ\oggﬁpgtpﬁre%aggp ?%qt‘r@ %f&ttﬂf?eprﬁ??’gr'""ﬁl” ﬁgﬁrf%

continuodeplgyneéntiinya hdspitalfware wi $>etdpﬁracim theff the husibsr ef\senéas pErTHSHii

enbodi ne t ven utilise a pluralit rocessi ng
Qtngt :%Emﬁ%ﬁ 16 HE SHe'n n‘ﬂ) ¢ ft se s<(3]r%1 g%glo%demﬂsvg epe%cﬁ %’Jh

technlques Wwh Femove ol S ser's
rmverrentofamltregascanddxed beingdisad Kt \blﬂstsd berapreciatattthat the stmhercof SRS (oEBBSNR) for

o or oo Red e Y i1l et AL RN BhECRodnk BOUE, | o,
i nfor rratnllﬁmbeeran'taﬂ'@eBsEﬁOV'éﬁd a%ftﬁiutheed'meh@blngﬁlmﬂxhewseqwbdm|wartplm al so be
usetd 0 drhilirhetCa tdif P Y5 el BY. $A0REE bliordd) Whalein AL Qipped €

with 27 FBG sensors e.g. 1704 for monitoring. The Integrator 1706 may be connected to

the controlier/analyser 1708 via a Ethernet/IP network 1718. it will be appreciated that

the controlier/analyser 1708 functions similarly to the processing unit 106 in Figure 1.

25 in the example embodiment, the controlier/analyser 1708 may be connected to a
remote manager/viewer 1710, which can allow for the access of the status of any bed to
be viewed or controlled remotely over the Ethernet/IP network 1718. Similarly, data such
as patient history, stored in a remote database server 1712 and/or a web server 1714,
may be accessible via the Ethernet/IiP network 1718. The controller 1708 may also be

30 connected to the GSM network such that it can send text messages via SMS to intended
recipients e.g. doctors or nurses in the event of emergencies such as when the patient is
not in his bed etc.

In the example embodiment illustrated in Figure 4, the sensors 402 are placed on
35 the frame of the bed, but beneath the mattress placed on the frame of the bed. In



The, method and system of the exanple enbodi nent can be inplenented on a
conputer system 2400, schematically shown in Figure 24. It may be

i mpl ementwo 206/@817sof t war e, such as a conput er program lpeirsg2ensoetad

wi thin the conputer system 2400, and instructing the conputer system 2400
to conduct the nethod of the exanple enbodi nent. The conput er
system 2400 conprises a conputer nodul e 2402, input 20 nodul es such as a
keyboard 2404 and nouse 2406 and a pld4rality of output devices such as a

di spl t ut 2402 i
connoct e on Bl Bebedh Sref bBess P 4. 2lShRFAT o SRR Referiay ce
2414, t oareayalmiap becplecesl élove.the mdteedsntFer redmole, sedmrskafécembmdth $hyest _?_rr]n;

h t i e
conput er A ?éﬁ’&@* R Setelln ebiﬂﬁ; 5 BB TP w5 e prptie,ng, o
Access Megeupanay e paiEnt, awhile seReerd dvictive myattré¥SMVjor MQIayerTshaesmehput er
odul e 244 588 19495 BRI Pk OBLAHADHY rhlfdl JBBI SRS T 0
t he keyb@griayepseasors p@y be connecte@ tq;mpm*:@m layerf sanisersctbraugh @r canpecibe 2402
typi cal | it gRaTHR Sﬂh@ sléhé'bré‘@orin@&t@& wmeﬁae%@%d %ﬂ%ﬁe @A of hedvdFBNIBLT Known

to the person skil he relevant art. e application programis

typi cal I@‘”Eﬂﬁﬁﬂﬂ%‘"@f’ﬁ&"thﬁﬁQj%é'i‘teiﬁ?g%t‘l’fe corrputer syst em 2400 encoded on a
data storage nedi um such as a CD-ROM or flash nenory carrier and read
utiljsing a co res ond| n dat a. storage nediumdrive of a data storage

devi b 2430. Epa P\ﬁ’% SFP'BP"SgF&’Rg'F?"F ghisensar aF 1890 o gensers e

execut i OTdeypatobe oprop & &Q‘hat&éés% 804ntTee %ﬂsdﬂz €186t Oéragﬁré?ully%déﬂbﬁéa gat a maybe
10 acco cgrren

arrange E‘&ﬂ“'g‘g'dﬂﬁ‘fﬁ@%ﬂq SFhShatyvit) ?'8"%% §a'BE?/gEt§°t?§GGe” dhehatental |y
shown i ncHangel thesirdfing lpbsitians. Elguner@aaﬂmml‘s@w @?nﬁrﬁ Wmmmmh% al tiggonput er
rogram peij e e i thin W rel ess_device 25 |ntruct|ng
Phe i r eTR0eR o abSSati el il ot lefe Riengh “BinE L AL 38a U b o500
conptd semat@nipanstiasteoed toottle ImattEs8 2,904 rasi shpwh in Figure 19b. As further shown in
Figure 19c, bed sheets may be placed over the mattress 1902, such that the sensor

array 1900 is not visible.

It will be appreciated that modern hospital bed frames are fiexible and can be
20  adjusted into numerous confi guratlons to allow for a patient lying on top of the bed to be
moved accordingly. Figure 20 shows an example embodiment of an adjustable bed
frame 2000. In the example embodiment, the sensors e.g. 2002 placed on top of the bed
frame are packaged into three different sections 2004a, 2004b, 2004c to fit the
adjustable bed frame 1900, catering to the movements.of the different sections of the

25 bed frame.

Figure 21 shows a snapshot of automated pressure profiie and occupancy
monitoring provided by an example embodiment of the present invention. Figure 22
shows a snapshot of automated respiratory and pulse rate monitoring provided by an

30 exampie embodiment of the present invention. .

Embodiments of the present invention seek to provide a continuous and non-
intrusive approach to monitor respiratory rate, heart rate, pressure points and occupancy
of patient on a bed in a robust manner. It will be appreciated that with continuous
monitoring, historical and trend charts may be plotted as shown in Figure 23, which can



nodul e such as a keypad 2504 and an output nodul e such as a display 2506.
20The processor nodule 2502 is connected to a wireless network 2508 via a
sui t abl e woansemwswer devi ce 2510, to enabl e wirel ess cowrgwsiceatioose7and/ or
access to e.g. the Internet or other network systens such as Local Area
Net work (LAN), Wreless Personal Area Network (WPAN) or Wde Area Network
(WAN). 25The processor nodule 2502 in the exanple includes a processor
2512, a Random Access Menory (RAM) 2854 and a Read Only Menory (ROM 2516.
The processor duI 250% al so includes a nunmber of- I nput/Qutput (1/0

i nterfacksV 'PB piodiagnesis- ateriogie) ut mireauerd; dgeksy petmmed by |1/ O

i nterf aC@s&ﬁ'@oﬂtﬁe tpher &enreadotm&nuo’ﬁ@ and may thERSore OB ARNGSsePbf s
processor dul e 2502 typically communicate via an interconnected bus 2522

and in a&®fRner known to the person skilled in the relevant art. 27
The application programis typically supplied to the user of the wreless

devi 2500 ode dat.a stor diumsych as a fla nory nodul e
or rrecserrory car %%P TRU° 023 P BEsPy g?‘ﬁ‘ad‘ n @EPr"gﬁ?)%ﬁcﬂ"H@"tY‘n?ﬁBWess' g
r eader - vmebnrequeefwmhd:ahaembm sy signaicaue?ioXfnall Bnd larpe Lsaratrhaven@hdgidam i s

o o rrpBte Redilcsdd 6h BidiLad BichoB SN BN IR g b cud 4t [P0 2L

storage 0 rogra acconp SnCemed Figure
26 is a ¢qnﬁwrarmwntmeoen$qrmaydon nogusl narithong, efhighatanesignificentyt redicey usi ng

an arr aYtthfa%Ese Fate © BRIt 'nﬂorﬁ%tr?r)\( 3O GnéTREAIER urrég‘t th?f%lﬁ?hgtﬁglz a

val ue of ection paraneter of each pressure s e array is
det e¥hi naedalif cagy alpo Peised dadingdune the synerrptOesmﬁnee élamgmrsll fesognitiarct ed
based ongtde respective val ues of the selection paraneter. At step 2606, a
vital sign of the patient is neasured based on data obtained fromsaid one
or nore selected pressure sensors. 15lt will be appreciated by a person

skilled in thﬁrearhéthbb%Tnd@ygiéhpdﬁthé%rxbﬁ\tplé)&ﬁb&mﬁ/eﬁf cafPeé irhSiahkRias dry be
made to the 8resent r&f@ntr on as. shown t he specific enbodi nents w t hout
i

depart i riyCPPBIEL ASIPiZAPP %qhegr?é'ﬁe"vo%hoe'rren Fr*ﬂ}eﬁtzi“or\t R3Y B JARPPMESLr i bed.
The 18 esmbomh@dlsﬁelﬁlta& ar eompuler (ibf'dgrém b&ing eexerlRddRItRH th8 crhpdtéspects to

I tricti 20
be 111 USt ? \5308 dq mstruce’tﬁwg the computer system 2400 to conduct the method of
the example embodiment.

The computer -system' 2400 comprises a computer module 2402, input
20 modules such as a keyboard 2404 and mouse 2406 and a plurality of output devices
such as a drsplay 2408, and printer 2410.

The computer module 2402 is connected to a computer network 2412 via a
suitable transceiver device 2414, to enable access to e.g. the Internet or other
25  network systems such as Local Area Network (LAN) or Wide Area Network (WAN).

The computer module 2402 in the example includes a processor 2418, a

Random Access Memory (RAM) 2420 and a Read Only Memory (ROM) 2422, The

computer module 2402 also includes a number of Input/Output (I/O) interfaces, for

30 example I/O interface 2424 to the display 2408, and /O interface 2426 to the
keyboard 2404.



It will be appreciated by a person skilled in the art that while the
exanpl e enbodi nents show the use of FBG optical sensors, other sensors e.qg.
el ectri cavoensmsss i ntensity-based optical sensors, di stmiscaoi®soo273
reflectonmetry optical sensors may al so be used. 25 28 CLAIMS 1. A
met hod for nonitoring a patient using an array of pressure sensors, the
nmet hod conprising the steps of: 5determning a value of a selection
paranet er of each pressure sensor of 26he array; sel ecting one nore
of the press sensors., b ng Ee [re hues of th sel ection
par anet er ; deqe Eomponents or il ggm é"éo‘f)'ﬁ‘? 2%6% &Fa ¥C?W5"‘15‘é°ta EHE Based on
dat a obt raternmmmmb@armza raed dr a biarmer knewerh ecthe ghepsonsskilied irs thaselevant

2. The hod as clained in claiml, wherein the determ ning a value of a
sel ection paraneter conprises: determning a desired sensor |ocation; and
15determ ning a distance of each pressure sensor fromthe desi red sensor

| ocatg on. The ?plrcgtron tb?od@%h@dtlyagg@[ %hﬁ'ﬁ% |3 h2dBr 2t AN,

choosing a default' pressure senso PRIEALIE & pressuré se 2o mhen a
di st ancesYstamedR0t encoded edmal datpreierege emedingupuch@st h CREV err Bashsor

| ocat i onpkgmoly Eé'l'hgr and LP 0Risthg a corresponﬁm Tista GRr894! ristiirh riTB G igh ¢l ai m

2, conprisi ngQfC 00sI ng anot her "one_ of pressure Sensors as the sel ected
pr essur ef&a PQQ\W@M'CG 2138 ahbe %”El""o%’éﬁ Rrﬁ@raﬁefsa[ﬁqd M senralleddndtsr and t he

desired SeREMN bPaAL iPBcdsBoP th$8. dantrhbEigtN8lofage of program data maybe
10 = accomplished using RAM 2420.

The method of the current arrangement can be implemented on a wireless
device 2500, schematically shown in Figure 25. It may be implemented as software,
such as a computer program being executed within the wireless device 2500, and

15  instructing the wireless device 2500 to conduct the method.

The wireless device 2500 comprises a processor module 2502, an input
module such as a keypad 2504 and an output module such as a display 2506.

20 The processor module 2502 is connected to a wireless network 2508 via a
suitable transceiver device 2510, to enable wireless communication and/or access
to e.g. the Internet or other network systems such as Local Area Network (LAN),
Wireless Personal Area Network (WPAN) or Wide Area Network (WAN).

25 The processor module 2502 in the example includes a processor 2512, a
Random Access Memory (RAM) 2514 and a Read Only Memory (ROM) 2516. The
processor module 2502 aiso includes a number of Input/Output (I/0O) interfaces, for
example /O interface 2518 to the display 2506, and I/O interface 2520 to the
keypad 2504.

30

The components of the processor module 2502 typically communicate via an
interconnected bus 2522 and in a manner known to the person skilled- in the relevant
art.



25 5. The method as clained in any one of the clains 2 to 4,

wherein the step of determ ning the desired sensor |ocation conprises the
st eps of ;w0 2011/008&1ppr oxi mati ng a shape of the patient base®Gaomo®at2asfrom
the pressure sensors; and 30determ ning the desired sensor |ocation based

on the determ ned shape. 6. The nmethod as clainmed in any one of the
preceding clains, further conprising determ ning a presence of the patient
based on data fromthe pressure sensdr?s 29 7. The nethod as

claimed in cI erein the step of determning the presence of the
patient conpri §pFHl§WP‘B? H‘Pﬂj’a%‘nﬁ Pcﬁﬁ\‘ Sugplied & S ussh §F§tﬂ? NYre5tSSnean,
hi st ogr adavuc@rasosiamedemah ¥sdata sforage mediunBsuchhgs 8BbEIOfhedtorg hiidtdor N any

one of the rece urther co lSIn det er venment of
Ohe ot | BRrBhEEE stk AnefteTn ol & oy SR B R S e dbon e S A BREY  ae
cl ai med storagk aewic® 2524heThé appilvaticrn p@gcémdtetaﬁrarmn doptralietin dsexecutiont he

pati ent C L QUR._consi sting of
onaubt i Honeiede s MRS 3168k o Bl S R Y B R Bl
conductlwgoBAM 2Peddect i on t echni ques. 1510 The met hod as clained in any one
of the preceding clainms, wherein the vital sign conprises heart rate or
respiratory rate. 11. The nmethod as clainmed in any one of the

precedi ng cl dighse 263 Bow cliast 2608iilvishatinareemethiod lof Batient momiering ésing@® or nore
of a gr%%WQPE*&EU@%&EOY@M%@%X&QH@'E?’{nﬁddﬂge tf Q@Brie%baslﬂy]@efiah' st ogram

t echni ques hod as al rre In any one of &@ecedl ng
clai'tfs, salpatinePaappler f pgchrmieseregensRr of thel asayis a%tgmmew Ahs®Par son
correl at3apa, 6REH{dré& bBtHeSpressure sensors is selected based on the respective values

of the selection parameter. At step 2606, a vital sign of the patient is measured

based on data obtained from said one or more selected pressure sensors.

15 It will be appreciated by a perso'nbskilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects to
be illustrative and not restrictive. '

20 : .

It will be appreciated by a person skilled in the art that while the example
embodiments show the use of FBG optical sensors, other sensors e.g. electrical
sensors, intensity-based optical sensors, distributed reflectometry optical sensors may
also be used.

25



2513. The nethod as clained in any one of the preceding clains, further
conprising analyzing the vital sign result with integrated patient

i nf or mat iwo 20r1/008178r cont exts. 14. The nmet hod as cl ai med PCm/s&ag1oon@7df t he
precedi ng clains, further 30conprising configuring an output response in
response to the vital sign result. 30 - nmeans for determining a val ue
of a selection paraneter of each pressure sensor of the array; nmeans
for selecting one nore of the pressurz8 sensors based on the respective

val ues éh@‘nﬁ sel ection paraneter; and 5neans for neasuring a vital sign of
t he pati Bsed on data obtained fromsaid one or nore sel ected pressure
sensors. 16 The system as clainmed in claim15, wherein the neans

for determni ng a ff ection rarret er ses: 1l0neans for
determning a deS| edggﬁpqnﬁgé?q 8r‘?’at'§ M'Sing an a"ﬁ%ngﬂgrelsﬁwecf@f‘@?rﬁi ning a
d| st ancethefmetaodncmnpssaug thesstepof: f rom t he desired sensor I ocat i on.

The syste I 6 er.ei efault ssur sensor 15
| S chégsen as téelﬁggbg atnyagUé Bfgsg'e%&n a%% e eacg RITSnCR ﬁh

pressure Sensor %he
default arassure sensor and the desired sensor |ocation |s W|th| n a

t hreshol d. selectlng]o%e r;mree érytﬁ&ﬁé&%r& Egﬁﬁg bEQ éééﬁg@% ?’é%ge% %IU sanot her

one of the pressuré sensors is chosen as Ssure sensor when
a di stan@féhe@ebéh%@afaﬂ‘ﬁtercmdault pressure sensor and the desired sensor

l'ocation is oMbgdiffga it S§HYr the patient based on data obtained from said one or
10  more selected pressure sensors.

2. The method as claimed in claim 1, wherein the determining a value of
a selection parameter comprises:

determining a desired sensor location; and

15 determining a distance of each pressure sensor from the desired sensor
location.
3. The method as claimed in claim 2, comprising ehoosing a default

pressure sensor as the selected pressure sensor when a distance between the
20 default pressure sensor and the desired sensor location is within a threshold.

4. The method as claimed in claim 2, comprising choosing another one
of the pressure sensors as the selected pressure sensor when a distance between
the default pressure sensor and the desired sensor location is outside a threshold

25
5. The method as claimed in any one of the claims 2 to 4, wherein the
step of determining the desired sensor location comprises the steps of;
approximating a shape of the patienf based on data from the pressure
sensors; and ‘
30 determining the desired sensor location based on the determined shape.

6. The method as claimed in any one of the preceding claims, further
comprising determining a preserice of the patient based on data from the pressure

Sensors.



19. The systemas clained in any one of the clains 16 to 18, wherein the
nmeans for determ ning the desired sensor |ocation conprises; 25neans for
appr oxi mewongizo8ttape of the patient based on data fromPCHSGrownseR7
sensors; and neans for determ ning the desired sensor |ocation based on the
det erm ned shape. 3020. The systemas clained in any one of the preceding
clains, further conprising neans for determ ning a presence of the patient
based on data fromthe pressure sens@%. 31 21.The systemas clained in
claim 20, wherein the neans for determ ning the presence of the patient
conprises neans for performng one or nore of a group consisting of nean,

hi st ogram amd sharpe.a B tNod HsSclaimdd il Biiing BshRBiefbthel sie g BtudtermaRing @me -Oof
clains 15 to means for determning a noverrent of the

risin
pati ent Br5§8’a° ?lf %Stpét'ﬁ?to nﬁéseﬁrpég@ﬁ?@g%ﬁs‘ﬁrrgme of a groupepnsistipg &) st em as
cl ai mred mean| kistogizd,, andashapa ahéigsiseans for 10 determ ning a novenent of the
pati ent on the surface conprises one or nore of a group consisting of neans
for conducting pressure point analysis using regression techni ques and
means for con@luctiTige pethoddas eimed in aohringuefstheZgrecdding sismenfuathec! ai ned

in any OQ&nWisir?d aétgﬁ'ni%ﬁ'ngté) n%@em@’ptecgfethg p%ti]gnt\gatsgé on data from the preésure

sensors.

10 9. The method as claimed in claim 8, wherein the step of determining a
movement of the patient on the surface comprises one or more of a group consisting
of conducting pressure point analysis using regression techniques and conducting
peak detection techniques.

15 10.  The method as claimed in any one of the preceding claims, wherein
the vital sign comprises heart rate or respiratory rate.

11. The method as claimed in any one of the preceding claims, wherein
determining the vital sign comprises one or more of a group consisting of wavelet
20 denoising, autocorrelation and histogram techniques.

12. The method as claimed in any one of the preceding claims, further
comprising analyzing the vital sign result with Pearson correlation coefficients.

25 13.  The method as claimed in any one of the preceding claims, further
comprising analyzing the vital sign result with integrated patient information or other
contexts. ‘

14.  The method as claimed in any one of the preceding claims, further
30 comprising configuring an output response in response to the vital sign result.

15. A system for monitoring a patient using an array of pressure sensors,
the system comprising: | '



15sign conprises heart rate or respiratory rate. 25. The system as
claimed in any one of clains 15 to 24, wherein neans for determning the
vital sigwoeonpugsss one or nore of a group consisting etTseamofoos27svavel et
denoi sing, autocorrelation and hi stogramtechni ques. 20 - 26. The
systemas clained in any one of clainms 15 to 25, further conprising neans
for analyzing the vital sign result with Pearson correlation coefficients.
2527. The systemas clainmed in any onegf claims 15 to 26, further
conprising means for analyzing the vital sign result with integrated
patient i nforfié@Mofer setehaing co kit . a zglethien pamrestenof epeh weebsure any one
of cl ai nsenbbr f@h& &rrafur t her 30 conprising means for configuring an output
response in response to the vital sign result. 32 29.A conputer readable

data storage SuiRh SFIEAENS 1B IR ePTedif dBRsRUIRISeRsers Rasafs dnothe

i nstructrielsgecﬂivéﬁ)émﬁﬁGftﬁe%e@cﬁiﬁhtﬁér#néféﬁ;?‘hd for noni tﬂ]i ngta pat;ent using
an aryay of pressure sensors, the nethod conprisin e steps of:

deter% %i ng g{“%ﬂsu{@r Greagudyg 3cvftf’bﬂg’b8FH}?eP%tPe”BPa on friesehirieed &R8br of the
Sarray; said one osmbrcéeiaged peessresansotshe pressure sensors based on the
respective val ues of the selection paraneter; and measuring a vital
sign of the patient based on data obtained fromsaid one or nore sel ected
pressure sensi®s. The system as claimed in claim 15, wherein the means for

determining a value of a selection parameter comprises:
10 means for determining a desired sensor location: and
means for determining a distance of each pressure sensor from the desired
sensor location.

17. The system as claimed in claim 16, wherein a default pressure sensor
15 is chosen as the selected pressure sensor when a distance between the default
pressure sensor and the desired sensor location is within a threshold.

18.  The sysfem as claimed in claim 16, wherein another one of the

pressure sensors is chosen as the selected pressure sensor when a distance

20 between the default pressure sensor and the desired sensor location is outside a
threshold | '

19.  The system as claimed in any one of the claims 16 to 18, wherein the
means for determining the desired sensor location comprises;
25 means for approximating a shape of the patient based on data from the
pressure sensors; and
means for determining the desired sensor location based on the determined
shape.

30 20. The system as claimed in any" one of the preceding claims, further
comprising means for determining a presence of the patient based on data from the
pressure sensors. '
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21. The system as claimed in claim 20, wherein the means for

determining the presence of the patient comprises means for performing one or

- more of a group consisting of mean, histogram, and shape analysis.

22. The system as claimed in any one of claims 15 to 21, further
comprising means for determining a movement of the patient based on data from
the pressure sensors.

23. The system as claimed in claim 22, wherein the means for
determining a movement of the patient on the surface comprises one or more of a
group consisting of means for conducting pressure point analysis using regression
techniques and means for conducting peak detection techniques.

24. The system as claimed in any one of claims 15 to 23, wherein the vital
sign comprises heart rate or respiratory rate.

25. The system as claimed in any one of claims 15 to 24, wherein means
for determining the vital sign comprises one or more of a group consisting of mean

- for wavelet denoising, autocorrelation and histogram techniques.

26. The system as ciaimed in any one of claims 15 to 25, further
comprising means for analyzing the vital sign resuilt with Pearson correlation
coefficients.

27. The system as claimed in any one of claims 15 to 26, further
comprising means for analyzing the vital sign result with integrated patient .
information or other contexts.

28. The system as claimed in any one of claims 15 to 27, further
comprising means for configuring an output 'response in response to the vital sign
result.
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29. A computer readable data storage medium having stored thereon
computer code means for instructing a computer to execute a method for monitoring
- a patient using an array of pressure sensors, the method comprising the steps of:
determining a value of a selection parameter of each pressure sensor of the
5 array,;
selecting one more of the pressure sensors based on the respective values
of the selection parameter; and '
measuring a vital sign of the patient based on data obtaiﬁed from said one or
more selected pressure sensors.
10



