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METHOD AND SYSTEM FOR MEASURI NG A COVPOSI TION I N A
BLOOD FLU D FI ELD OF THE | NVENTI ON The present
WO pooen2d78h rel ates to a nmethod and system f or PEESGROOPEV0135
a conmposition in the blood fluid. The invention is
particularly suited to processing a set of bl ood
METHOD AN S¥STEM FOR MEEASURENG: g GOMPQOSTBHON
neural network to obtain an overall blood gl ucose
l evel and will be INABLIOODFLRUID cont ext .
BACKGROUND TO THE | NVENTI ON The fol | ow ng di scussi on
of the background of the invention is intended to

FIELL: OF THEINVENAdONst andi ng of the present invention.

However, it should be appreciated that the discussion
is not. an ackn mﬂedanE t.or adn1s¥|on t hat an

tReo i PEFRR Bt or dgrPogton in

e priority date of t application. A traditional

gluamae}y nEhsuTeAsnis |qu1 perpey Swongh 4| least! oge neersknptaxpsk t¢ gbtag an
oveliiuSod i FaSieL o bR Bstetiod) e S Fom the

person's veins to be drawn through the incision caused

BACKGROUMNS 4G THIR IR VENAON S then placed on a strip

contalining reagents that react with glucose to forma
chromophor. The strip is subsequently read by a

Ther i@ﬂbﬁﬁtg&h@@ssllﬁh ofithebakgiwivnt odnhainakbytser is(ietegdedato facilitate

glucos nete to determne_the | eye | ucose
an Plgnsian itk ot dealen Hayservd g‘b‘gﬁé’gé‘ﬁg"sﬁ‘”ﬁfe@ that the
dxsdﬁE‘sQ&?' isrffmlaﬁ dcRnGwled

%érhéiﬁ %r%ﬁﬁs%lc;nhﬁaﬂoﬁfymhe St @Sl irEReed
nmoni tor hi s/ her blood glucose | evel "several tines a

to Vd’@)pubh'dheé ko vehuer paot aftthe cczmmon lgamernldﬂmmgedgmm iy @risdiction
as agﬁlaespli!lro%%‘fage{tg o% {116 appﬁcartrl%ﬂn er-

A traditional way of measuring a person’s blood glucose level is to use a fine needle
to prick the finger of a person. This invasive technique then allows blood from the
person’s veins to be drawn through the incision caused by the needle. This blood is
then placed on a strip containing reagents that react with giucose to form a
chromophor. The strip is subsequently read by a reflectance colorimeter with an

analyser (e.g. a glucose meter) to determine the level of glucose present in the blood.

Such invasive approaches are undesirable in situations where the person is required to
monitor his/her blood glucose level several times a day. This is due to the fact that

taking multiple measurements in this manner:

- can cause unnecessary pain and hassle;

- increases the risk of contamination in situations where needles are re-used.

Conversely, if needles are not reused, the cost of needle disposal is increased
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can cause unnecessary pain and hassle; - increases the
risk of contamnation in situations where needles are
w0 2009428187 Conversely, if needl es are not reuseRCT/SGE09/000135

cost of needle disposal is increasedjn_ line with_t. .
nuniBdine 3ithnibe SHMERe @%S@Eﬁw%%reﬂwﬁewths&élﬁw %\dﬁg%e'i’%?ls;
basisi AND - Bi o-waste products are increased in |line
wi th the nunber of neasurenents required to be taken

on a daily basis which nust then be appropriately

deaBio-whstd protiners carp ridybA88 iWilink witly dlsé Membecof npagsements
have | ed to the devel opnent of_ non-invasive techni ciues
f orregreizesuto; brytalseb ol agiailyonsis) whish gnusbiffendre appEoRtAtely sealt
nonwhﬂvasive nonitoring techni ques, the optica
absorption technique for the quantification of glucose
has denonstrated to be a prom sing approach for non

Thds@Yblass WiR aflasiv e eRbRiqaed T veaédthe aevdlghmeof api-isakive
absorption technique principle centres on the use of
techmiques dordmensuiing blapd @lucass Bveldn source of a certain
wavel ength being delivered to a neasurenent site

t hrough optical fibres. Th I th of the.inf
Out, 57 581 wits R HEHEG ooy GHERE oSy BTG Bpbiion
teclHif\fO RS 1R Gidtiabaes bF Withosd H4s, dedsorkti@ed ntbr B @dpromising
radiation i S directed through the neasurenent site

apppeach fof nethinvesivé Blopd eludoss sasingtisenivssmeor] ieatnticat dhgomjion
l.ucose .1yt ' . | '

oD SR 9L L L ARUOR3 B AT o

cera@N @K clesgth Meving 1 delivdrad o puicasiaenbntcsitee throvgh opfical fibres.

elimnate error. in this process, additjonal tic .
The pgvelcashedbe faferet mpdiahien thaidefiebit SHoRs MnAeRiY by
oluldde h B¥SodY fii@f rared radiation each receives to the

mai n sensor for inclusion in its conputations.

Thus, as the infrared radiation is directed through the measurement site, part of the
radiation will be absorbed or reflected by glucose in the blood fluid to an optic fibre
sensor. The amount of infrared radiation measured by the sensor is then used to
compute a glucose level. To eliminate error in this process, additional optic fibre
sensors may surround the sensor and communicate the level of infrared radiation each

receives to the main sensor for inclusion in its computations.

The problems introduced by non-invasive blood glucose measurement systems are
many. In the case of the optical absorption technique described above, the problems

include:

- differences in the pressure applied by the optical fibres affect the blood
ghicose measurement obtained. Accordingly, it is possible to obtain differing
blood glucose level measurements from the same measurement site at different
times. It is also possible for variations in sequential blood glucose
measurements to arise as a result of variations in pressure between the two

measurements,



10

15

20

25

The probl ens introduced by non-invasive bl ood gl ucose
measurenent systens are nmany. In the case of the

W@piova2i78absor pti on techni que descri bed above, PETI8G2009/000135

probl ens include: - differences in the pressure

mhpéﬂa vijengths spd icamber PIgRedo gpfidissus HECFTSRI gYtich ey
e Pl SR Oba 9035‘}5 GRaly, 1t is possible to
l u

obtain erlng cose [ ével neasurenents from
the sane neasurenent site at different tines. It is

2l 9 RRESHVPE 61 fHRpeymi Mhy affectithe abilitieof thelinbhred dadiation to
gl ucose neasurenents to arise as a result, of

va n)ﬁlmttaéﬁlrfessllﬁ opmes sbosb Hre indarediradiation, ageinedyandnpifecting
\Az}’ac\ée racy g% i ré%‘?ﬁﬁgl Cbe}f;]oci3 gluﬁés%qgea%&e ht tissue

|nt bl ood gl ucose
nmeasurenents; - The skln type of the person may aff ect

theg k’blfe{xﬂete)ﬁgﬁhf cHoBéh ma? HRrgend adiRbighontty Gbaecslemess in the
tissue or may absorb the’infrared radiation, again

ad\bémsleﬂwd,@nﬁle@& Weg Waer, gt iraddiiiopsto bipodralaese-i ng
bl ood glucose nmeasurenent. - The wavel ength chosen may

on BB S oL Bl R, S ST 85
impRhHEP §Fsterd Sel gﬁfgh&g aOpIufFteRy iofdnftbrch &Hﬁtl@ﬁnﬁeﬂhﬁb@ different

precedlng probl ens has been to inplenment systens
wavelehgths go omeasups] EhEablOD;l giticosef leseled ThesHl mepBpepetfwire fthen

diff
proqegsfgﬁlrs%%é)\éa\ghaﬁe u%re etﬁligg‘cf&r lc'i.lm?m ltf?é)lﬂo&h gfﬁ??}% lgvel.

&har et cessed
partial |east- square nethod for calculatlng t he bl ood

TheghﬂrHGl@ﬁlewitﬁ\fﬁE sitdADNP hEREEHR W thht thei secaby aF kiR blood glucose
owever, is that the accurac%hof t he bl ood gluco

measwamente fre neliahs opethe awmben affy fﬂquméffa‘@%enaihﬁf@ﬁ rig take the
wavel e gtgﬁ% g% ‘?ﬁ h h
e UGHEP, STl e N TR RRer
accuracy, they do so at increased cost. The end result has seen a situation where
accuracy corresponding to that of invasive techniques has not been able to be obtained
through non-invasive measurement techniques based on the optical absorption

principle at a cost effective level.

It is thus an object of the present invention to develop a system capable of measuring
and determining blood fluid composition such as glucose, while ameliorating the
above-mentioned problems thereby attempting to achieve a balance between cost and

accuracy.
SUMMARY OF THE INVENTION

Throughout this document, unless otherwise indicated to the contrary, the phrase

9% &

“comprising”, “consisting of”, and the like, are to be construed as inclusive and not

 exhaustive.
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accuracy, they do so at increased cost. The end result
has seen a situati on where accuracy corresponding to
w0 baw/128787 nvasi ve t echni ques has not been abl eP€DSGE09/000135

o S L DR A RO S e
cofpdiEdn YEa bl fluid ompribing st RAstUNetehrahelwiik B6:L5808dssing a

invention to devel op a system capabl e of neasuring and
plugaliti rofi IReasyramantrdtakem by acaerpBWRsive messeingasniy ty dewanine an

why, | |iorating the.above-nentiagned probl ens
°V?%%P§agﬁgF?%Hﬁﬁb%gnﬁ%“§EWﬂ%@¥ﬁ§°§%ﬁﬁ te between cost

and accuracy. SUMMARY OF THE | NVENTI ON Throughout this
In SQEHBBE with' RPHeCIPEE YR IPEGR! Bbrelif als)§emODBE hRbHming a

the phrase "conprising", "consisting of, and the like,
compesitien pLa blond thuirk coraprisime nei-uevasive nreasurgxgranits for weasuring

d ith g first t of the i tion t
e BT ik e T b B Bt (P En B Bl of
mehsuitefe e NBkénS b 4h8 indnBiasdsiveN feBGiHng! ufie tyfkerffe an overall

process;&% a plurality of neasurenents taken by a
mepgemptpdithecompesiiiondd thahleod Buidet er ni ne an overal |
measur enent of the conposition in the blood fluid. In

accordance,wth.a furth aspect of the invention .
In SEBRREE Wit bt P R JaC PR THepe€iEF B Bf Mgasuring o
cotp&@ort ik & WISTHrfiusd NGndbridRY- tHeY 8&bY SMBRGMINdG YRirdlity of
for measuring the conposition; and at |east one neura
MeABE YBERES i fy BerdlyRpye anqssuing ey aof preeessingtbptpivrality of
meh @K ER Y bﬁr ne 1A% brle MR hEtwEE B HordnidE h ol &afl &isuleltiEnt of
an overalt nmeasurenent oOf the conposition n the bloo
thefdomipdsition imdedlcahfieidwi th a further aspect of the
invention there is a nethod of neasuring a conposition

in a blood fluid conprising the steps of obtaini ntIzl a
Prefergbly) theyat kgast one neural network implements a back propagation algorithm.

The number of nodes in the input layer preferably matches the number of
measurements in the plurality of measurements taken by the non-invasive measuring

unit. Further, preferably the hidden layer comprises at least four nodes.

A linear equation associated with each output node may be determined from a
controlled source prior to training of the at least one neural network. The linear
equation associated with each hidden node may be determined through automated

processes.

The output value for the hidden node can be a summation of weighted measurements.
The output value for the output node also can be a summation of weighted normalised

hidden node output values.

The adjustment to the weightings for each link between a hidden node and an output
node may be calculated with reference to an output gradient error. The output

gradient error can be calculated as follows:

4



measurenents froma non-invasive neasuring unit and
processing the plurality of neasurenents by at |east
wWor@InzsIsal network to determ ne an overal | neRGUS@IIOND00135
of the conposition in the blood fluid. Preferably, the
at | east one A&dr ‘”ﬁéﬂ%ﬁrﬂ”)nplenents a back
propagati on al gorithm The nunber of nodes in the
i nput | ayer preferably matches the nunmber of
Kurements in the plurality of measurenents taken by

t he non-invasive neasuring unit. Further, preferably
t he, hij | our nodes. A
|iH@§§ﬂ%g@&??%%hé§gg§?Q?gg”ﬁﬁﬁﬁﬁggé koutput node may
be determned froma controlled source prior to
traj, né Age BfrgdthQutplt V26 forof@pitentd! & Retdsriinedhigy the linear
l'i near equation associated wth each hidden node may

5 be empEemissediated rotiytptatedtted processes. The out put
val ue for the hidden node can be a summtion of

wej.ght ed surenents.. Th tput value.for the qutpu
The e Pal WS T o PEURACD B Rt P ttput
noddiHeleNc e a8l PHp 1/ BleUsmuldhe adj ustment to the

wei ghtings for each Iink between a hidden node and an

out put node may be cal culated with reference to an

out put gradi enwwrer ( pr-1) e soyf(pas) ‘grnadusal, (Y ror can
be cal cul ated as folloms:-nk) where: nk is the
normal i sed out put val ue for output node k. tk is the
twieget out put val ue for output node k as determ ned by
the linear equation associated with output node k. The
adjustrment to the weightings for each |ink between a

10 hi duldenatesdbe dgathingiradert put
m denotes the momentum composition.
0y 1s the output gradient error.
Awhoj(p+1) represents the updated change in weight.
Awhoj(p) represents the previous change in weight.
15 [f(nety is the normalised output value for hidden node ;.

The adjustment to the weightings for each link between an input node and a hidden
node are preferably calculated with reference to a hidden layer gradient error. The

hidden layer gradient error is calculated as follows:
Y

81 =(f(net).(~ f(net)))> . &.whou(p)
k=1

20 where:
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node are cal cul ated according to the fornula: AwhoJk p
+\) =h -dk -f(netj) +m Awhoj k (p) where: h denotes the
WO 2@PN28Tg7 rat e. m denotes t he nonent um conposi PECDBG2069/000135

s th { [ of.. I k(pxl) r t
t e TS A0Y SR nEhAE Fbefbinl o R oL BRTRARD Bework
pr evogmedhange in weight. f (n e tj) is the

nor mal i sed out put val ue for hidden nodey . The

adj ustment to the weightings for each |ink between an

i npfitesi dsithe antmaliskil @utmut Mdde farliddsnebde Abl y cal cul at ed
wth reference to a hidden | ayer gradient error. The

hi dden | ayer gradient error is calculated as foll ows:
Y d klétl?e(%’éﬁl}t)g.f%ﬂ@n’fﬁ{fﬁétj))) & whoJk{p) Ar=l where:Y
Is the total nunber of neurons in the output |ayer of

t he u I r el dr) 1 d . .
nor HAPHET RS i SRBGRARAR, hh BR' 1adpdef b e idggpnode
out pit thgloathuenddesf.r or . whoj kf) represents the current
wei ght for the |ink between the hidden node j and the

out put node k. The adjustment to the weighti ngs for
The aémstmenk thBeweeiahtingsi fap gechniddebetgem an imfué mode and a hidden

node may be calculated as follows:
Awihi(p +1) = n.9.xi +mAwihi(p)
where:
1 denotes the learning rate.
m denotes the momentum composition.
0;1s the hidden layer gradient error.
x; is the value of input node i.
wihy(p+1) represents the updated change in weight.
wih;i(p) represents the previous change in weight.

The learning rate (n) and the momentum parameter (m) may be automatically adjusted
during training. Preferably, the learning rate (n) is a value in the range 0.01 to 0.1 and

the momentum parameter () is a value in the range 0.8 to 0.9.
Ideally, the at least one neural network comprises at least one bias.

The output value for the hidden node may be a summation of weighted measurements

and at least one weighted input bias.



node may be calculated as follows: AmMhij(p +1) =

h.dj.Xi +mAMdhy(p) where: h denotes the |learning rate.
wonw@enza7es t he noment um corrposi tion. dj is theP(tir/SIdmﬁ9/000135

| ayer gradient error. is the val ue of

Thewphippt Majuer &pr theepptaut ﬁ\ed‘a B droc Rarfy éu%nﬁla\%@flgﬂ Wwejglied
e s L .
be automatically adjusted during training. Preferably,

Thet Et?uétﬁféﬁt@'t@gthé ab@glithps i of eachalinlebitiveti @acinogtpud btk dmd an
and the nmonmentum parameter () is a value in tf}ﬁeany

outmﬁ mgde anay bocaledated e referengrotogthe) auuyt gupHer oK
. cQ one bias. The output value
> thmﬂ%ﬁ“?ﬁ%“ﬁ nggﬁﬁﬁ%ﬁﬁ&ﬁaﬁaﬁe a sunmation of weighted

measurenents and at | east one wei ghted input bias. The
out put vgh%? fﬂra he out put node may al so be a
summat i on of "wei ght ed nornmal i sed hi dden node out put
val ues and at | east one wei ghted output bias. The
adietest rtents to the wei ghtings of each |ink between
each out put bias and an output node nay be cal cul at ed
with reference to the output gradient error. ldeally,
t hiwisithe tearmugtataise of the fol | owi ng equation: where:
his the learning rate. d is the output gradient

err

r. .
¢ is the output gradient error.

10  The adjustment to be made to the output value for the output node (nefor) can be

determined by the following equation:

X
neto, = who i - bor + Z who ,, -f (net ;)
=1

where:

X is the total number of nodes in the hidden layer of the neural network

15 concerned
whog is the weighting applied to the output bias for output node £.
boy, is the output bias for output node £.

whoy, is the weighting applied to the link between hidden node j and output
node £.

20 f{nety is the normalised output value for hidden node .

Ideally, the at least one neural network comprises a first neural network and a second

neural network, the first neural network configured so as to pre-process the plurality

7
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The adjustnent to be nade to the output value for the
out put node (netok) can be determ ned by the follow ng
weowati2zgss? X neto k = who Ok bok + who Jk -fi neE€T/pG009/000135
' he total nunber of nodes in the hidden

wh X
of}nggsél?e%?nt% ﬁ%tIOFFeRﬁS%}Pg st REE PRO 857 JRGASHEEIs B0 e sepend neural
net%klg i dGerdRtiofh it §ealPHeRiireRbRSo (1AL cQﬁthéiﬁorp Offe first

is the output bias for output node k. whojk is
and momé inghial ngt\mmbﬂ meu bloth nmdemuenﬂ(b@ktpmmgahom digorittone The

u ne s.the no ed out
oad fiReeAtb R HleRT imSuiept ik b o1 RetRl AU a0 S ' same
as thetinddleEAt¥Db¥ (HeQRBIHdSREra nbtwosk. neural network and a
second neural network, the first neural network
configured so as to pre-process the pluralityof
Theretakeast eme miesrab eéteoek pag derigpinddeunpil enpobtesbawing occurs: the
neasurenents to t.he second .neural network,for
el SRPHE AL O IRE G P L R4S BFSRIGHESH s the synaptic

Wefg%f@ﬁﬁlbi‘lﬂs@ Nthe H‘% fe'vélsﬁtalﬁﬁgess QO R QAL é?l%trV&Ttlﬁé s@f'ﬁﬁm is
enment bac géopaga ion algorithns. The bacCk
Wltbmop @g%@musﬂdgr@ngq, H mqaneqqﬁmee@mmweh dhef enty@ trpdningset is

t S
will AT RhiRe biGee R P fier R a0Re S R edrafoms, e
becimeyerfoemed. almeprefupied enodirdént | the af Rhit@nk AguraLeetivdik ishtiined
nmean square error per tralnln set is wthin a
untﬂrﬂé%lpéﬁlrﬁi??éloﬁ%rﬁgeémrpﬁ@ewﬁ%@m tesydiag 90908+ abi | i se;

the bias |evel stablllses the nean square error of

Aﬁté?g % % F 1.Jh§ é@" l%;;yt one l%u%ﬂeﬁ WO kn ngeg{qa?i;ne Workﬁ may be

rror over the Tralni
verified by comparing the results of the trained neural network against measurements

of the substance obtained through invasive measuring techniques.

The non-invasive measuring unit may comprise a plurality of laser diodes each
emitting light at a unique wavelength absorbable by the composition, the

measurements taken by each laser diode forming the plurality of measurements.

The composition to be measured is preferably blood glucose and the wavelength of
the light emitted by each of the plurality of laser diodes falls within the range 1600nm
to 1800nm.

Alternatively, the non-invasive measuring unit comprises at least one laser diode able
to emit light at varying wavelengths absorbable by the composition, the measurements
taken by the at least one laser diode at each of these varying wavelengths forming the

plurality of measurements.

The non-invasive measuring unit may further include a control laser diode which

emits light at a wavelength not absorbable by the composition.
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within a predeterm ned range; a predeterm ned nunber
of training iterations have been perforned. In a
wee@barsa7ed enbodi ment, the at | east one neur al POESGEOK000135

is trained.,untjl.the glob nmean re error of the
In aheidid SHbE oI B Sg 0 A APt Qe gt gPpist Agadable
medl BB Shava{iereBeded khA&InPhKans thereB&Yng!a P8BS & BdasiRYneRR of
verified by conmparing the results of the trained

a comppositiomeiatprd dyid, asd atleest onenenelsnediorkiie psedsst the plurality

obt ai ned t hr h invasive ur i ng techni gues. . The
of RRG el 1HE oPRGR: §F TR T, REL S s [ gveret
mefurdA&R b BieQdBgHosiion i fhettlld JHOfhlill gdetdimifedni que
wavel engt h absorbabl e by the conposition, the
measurenents taken by each |aser diode formng the
BRIEFDRESCRIBTIONQE (13#E NRAWINGS onposi ti on to be
neasured is preferably bl ood glucose and the
velength of the light emtted by each_ of the .
Th%?qllpmm& ipveptiqnaw gl beydlesgrtedr with sefggenes e the @lfogﬂ@s’edrawmgs of
whitB0Onm t o 1800nm Al ternatively, the non-invasive
neasuring unit conprises at | east one | aser diode able
to emt light at varying wavel engt hs absorbabl e by the
FigaepBsd écheihatit Fpreseamtioe oea btémkenmbasuting aabnipesisibn in the
one | aser diode at each of these varying wavel engt hs
blopd flidhg the plurality of measurenments. The
non-invasi ve nmeasuring unit may further include a
. trol Laser. di I.Ch ] We] .
il koot BB 055 tFne T ST sl pl of O Ny i
Fights 1.her aspect of the invention, there is a
conput er - r eadabl e nedi um havi ng recorded thereon a
_nmeans for receiving a plurality of measurenments of a
Figsemnpdst s¢tées of slacase sodceniraiion seapbs fom whiph liear peugkigns are
t r S R .
AR tsb a5 b iSeB bE G Amlnfig ErdERM] RABRLE oFthown in
Figowe2.al | measurenent of the conposition in the bl ood
fluid is determ ned.

m

)

Figure 4 is a schematic of a second neural network forming part of the system shown

m Figure 1.

Figure 5 is an isometric view of one version of a non-invasive blood glucose

measurement setup.
DETAILED DESCRIPTION OF THE INVENTION

Figure 1 illustrates the first embodiment of the system 10 for measuring blood glucose
in the blood fluid 42. The system 10 comprises a non-invasive blood glucose
measurement setup 12, a data collection module 14, a first neural network 16 and a
second neural network 18. In the context of the invention blood fluid is composed of
blood cells suspended in a liquid called blood plasma. Plasma, which comprises 55%
of blood fluid, is mostly water (about 90%), and contains dissolved proteins, glucose,
mineral ions, hormones, carbon dioxide, platelets and blood cells themselves. The

9
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_BRI EF DESCRI PTI ON OF THE DRAW NGS The fol | ow ng
i nvention will be described with reference to the

wo 2000024787 drawi ngs of which: Figure 1 is a scPEnsG2009/000135

representation of a systemfor ' iti
bloofi néel PSR PIaPd P gEREIY PG bIORL KElmdrEe RIET ABEY br
t ' . of i
ey A R eGP B (b called
thromibogess).r Blobd rlugt @pihs rhaiormedinmhiot exeeoregresiurionansppration

withy YA o pod duian o sy tn 5 iy o o

mayheSKRETEE bt BAbasBredSA AApIIREF Al vipgt wor k form ng part of
the system shown in Figure 1. Figure 5 is an isonetric

vi ew of one version of a non-invasive bl ood gl ucose
The MBASHIEHE Mloozlegitn se DEhAhleFBNDEBERI PTo 10N IEHE aTidErce disc 22, a

| NVENTI ON Fi 1.1l t the fj di
ek s B b TS GPebit 4 AP e able
sour]:;% His8249nd QAR YR1Y. CORROhSAP s eHGhd BMask\HecaRhreddnt

gl ucose neasurenent setup 12, a data colléction nodul e

setufi 42 issshoimnsh Fipme &l net work 16 and a second neura
Pftmgrk 18. In the context of the invention bl ood
uid is conposed_of blood cgells suspended.in g.l.quyid
Soursg G PG oSS HRICPEE A EAREROC ot 1 desC iy 28 are
unif%ln‘ﬂg%Pgée Iafloutl the TRSLAIErMRE QT thokRMe ARY2. BAch Bodt@IdE28
- dissofved proteins, glucose, mneral ions, hornones,
is ordentdabin thié savicddirecpbmpe bahotbardasst diode 881 | s t hensel ves.
Thebl ood cells present in blood are mainly red bl ood
cells (also.called RBCs qr . . )
Each laser diode 28 is configured to emit a single infrared wavelength in the range of
1600nm to 1800nm. No laser diode 28 emits an infrared wavelength identical to that

of any other laser diode 28.

Selector disc 24 is rotatable about axle 38. Selector disc 24 has an aperture 32 oifset
from axle 38. In this manner, when rotated, the aperture 32 in the selector disc 24
allows the infrared beam emitted by each of the laser diodes 28 to pass therethrough.
The aperture 32 is sized such that only one infrared beam emitted by a laser diode 28
can pass therethrough at any one time. A securing means (not shown in the figure)
maintains the position of the selector disc 24. The securing means in this embodiment
takes the form of a releasable clip. Thus when the clip engages the selector disc 24,
the selector disc 24 can not rotate, but when the clip is released from the selector disc

24, the selector disc 24 is free to rotate about axle 38.

The detector disc 26 has six fibre optic heads 34 mounted thereon. The fibre optic
heads 34 are arranged in an identical fashion to the laser diodes 28. This allows for
axial alignment between each fibre optic head 34 with its corresponding laser diode
28 To elaborate, fibre optic head 34a is axially aligned to laser diode 28a, fibre optic
head 34b is axially aligned to laser diode 28b, and so on.
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releasable clip. Thus when the clip engages the
initipdlysett @r-ldi sc 24, the selector disc 24 can not rotate,
but when the cI|p is released fromthe selector disc

The connections between each input neuron 206 and each hidden neuron 208 is
weighted . As shown in the accompanying figures and equations, this weighting is
designated wih; with i representative of the input neuron 206 connected and j

representative of the hidden neuron 208 connected.

The invention will now be described in the context of its operation. Additional
features necessary to the operation of the system 10 may also be introduced in the

context of the following example.

A set of forty (40) glucose solutions each having a known concentration of glucose in
water are prepared. The glucose concentration between each solution differs. Each
glucose solution, in turn, is irradiated by each of the laser diodes 28. This creates a

set of laser diode measurements for each glucose solution.
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108 in the hidden |layer 102. Each hidden neuron 108 is
“in turn connected to each output neuron 110 in the
output |ayer 104. In addition, there is a bias input
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18 co rls s. an i nput |ayer hi dden | ayer .20
Once e AMESTIEAIE o APEFSAOBeFRar %i‘Pé Hova) Esemsenthe i g the
sele%for%l'ls)& Janpite d}ﬁ%ﬂt&r’tﬁe@gﬁa’ceﬁﬁl@@ele@ﬂ% WisB @4 r@fil ﬁﬁ@pbﬁuﬁerm is
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fibre optic head 34. The fibre optic head 34 then provides a measurement reflective

of the amount of infrared light received by it to the data collection module 14.

Once an infrared light measurement has been received by the data collection module
14 for the particular laser diode 28, the selector disc 24 is manipulated such that
infrared light measurement for another laser diode 28 can be received. This process

repeats until infrared light measurements have been received for each laser diode 28.

The whole process is repeated on the person at regular intervals a further fifty-nine
times until a training set of sixty measurements are obtained. Each element of the
training set comprises a set of six infrared light measurements. Each such infrared
light measurement relates to a laser diode 28. To ensure that the training set does not
include elements having substantially identical infrared light measurements, the
person is required to consume a liquid that raises the blood glucose level over time

prior to initiating the process that establishes the training set.
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skilled| intthe artdi These sixtEsohresponding éngasivet bload glusosameasurgments
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or%ﬂéea‘fé IRtof | aser di ode neasurenents for each
gl ucose sol ution. Once | aser di ode neasurenents have

As BRERodaKSRvE Vhe Ejlldodt &caoglé Hﬁ’fé&&ﬁ‘eﬁ%ﬁﬂétt%lﬁ%nnttfri]@tr?ﬁhgoget and

nmeasurenents taken b aser diode for each glucose
verifioattoen seta tiieo nomswbiveied ploothee date ncadlegriaip mastfuley [ldc oJde data

caoncentrati.qn versus |.aser. di ode yoltage asur enent .
collft o fflh dpigptis S Finsratied o bRET PTG R g the
veridic gidH REHCREMANEhiSN A TRlaBscAl. BHSH rélodd s irf (BE tha@iiig database

| aser di odes are shown in Figure 3. A manual reviewis

44 comaisetider t aken in respect of each graph and a "line
of best fit" assessnment nmade. The |inear equation

represented bhy. the "li.ne of best fit" is then
le cu eg?fn?‘glﬂoé’%ﬁ‘r‘?tﬁaﬂ%.se%‘g@gr esult is a set of six
linear equations which are recorded with the data
9! | Cok bR clPRAMnE clndiPln ME Gefificdiofisel, N0 the f i st
rk 16. the

neural net In order to train neur al

networ ks, a person 42 is requested to place his/her
In this eg@nple] foriyretdrds 4@ gf thie trhéling) dathbabelsy drdrehoseh efctandom and
ﬂidc,c 24 .and the_ detector di.sc 26. .
marked as training samples. The remaining twenty records are marked as testing

samples.

The records 46 marked as training samples are then used to train the first neural
network 16. Training of the first neural network 16 will be described with reference

to Figure 2, where:
x; represents the light measurement value representative of the i input node.

wihy; represents the weight of the relationship between input node i and hidden
node j. The weighting of the relationship between the bias node bh; and each
hidden node j is designated wihy;,.

bly represents the bias of hidden node ;.
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Wihl4=0.1038 Wih34=-0.0814 Wih54=-0.1205

Wh001 =(0.0466
WhOoz =-0.0551
Wh003 =(.1946
whoo4=0.1213
WhOos =0.2948
whogs=-0.4568
Wh011 =-0.1972
who 12 =(),0417
whoi3=-0.3491
who 14 =0.1979
who5=-0.1216
Wh016 =0.3600

Wh021 =0.3537
whoy,=0.0936
whoy3=-0.0034
Wh024 =(.3998
who,5=0.3216
whoog=0.1449
Wh031 =0.3180
whos,=0.1602
Wh033 =-0.1580
who34=-0.2103
who35=-0.1588
whos¢=0.0341

whoy4; = 0.2271
whoy4, =-0.1907
who43 =0.3385
Wh044 =0.0681
Wh045 =-0.1296
Wh046 =(0.2027
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training da e 44. chorgagerd 46 ixntlerskpai ni ng
dat abasgq 445%??%” ses: (i) An el enent X?r omthe

traini ng,se0.8120d (ii) xtEs-00866espondizag -€1288nt in
the verification set; In this exanple, forty records
46 of the training database 44 are choseq a(i@{ ando

Bhese rigites daxe besm PHiagd soifg| RASONTH e Al AY Wyl of
£ 850" ggir, ?1} ulfiﬁgnsaﬁ)rtsﬁt?ﬁlg Qgrgét?ﬂgg{lc%s(ti) FeedcRGOVAlBe 4R as

nmar ke arning sanples~ar n used to train the
follbsis: neural network 16. Training of the first neural
network 16 will be described with reference to Figure
2, where: X represents the |ight nmeasurenment val ue
represent at i ve=of-0 &1 h39%put node. wi hy represents
the weight of the relationship between input node i
and hi dden ndge-§.01308he W0t i ng of the relationship
bet ween the bias node bh- and each hidden nodej is
desi gnat ed withgL0.0B$0x;HemBgeXeNt S t he bias of hidden
node/ . hoj k represents the weight of the relationship

bet ween hi ddgp=ng@deséx,anglakih out put node n. The
wei ghting of the relationship between the bias node bo

and ts = -0.0079xs + 0.5377

tg = -0.0264x¢ + 0.6863

Using these equations the target values t; for each x; value in this iteration of the

first neural network is as follows:

t; = 0.410 t2=0.510 t; =0.920
ty=0.440 ts =0.540 ts=0.700

3. The output value net; for each hidden neuron j is calculated according to the

following equation:

6
net; =wihy; -bhj+ Z wih,x;

i=1
In this example, the resulting net; values are as follows:

net;=-0.3646 net,=-0.2075 net;=0.1466 net,=0.0371
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each out put node n is designated whootbo k represents
the bias of the h output node n. y,- represents the
wee@moassed | i ght measurenent val ue representaIPQBSGﬁmwmmLﬁ

the zth out put node. These notations r n consi t.
4. mety msethmmpmlwgd tq ebtainy(pedcels. fie ’r?é pelpg ds ?i‘i%ﬁ“%

[ 1. Each
el b QRN R SRR O 19 SR i ze

The initialization process involves assigning a random
nunber in the range -0.% to +0.5 to each wei ght val ue.

For this exaﬂﬁﬂ@j%fpgjggr_?r val ues after
initialization are as I 0«5 2. Each bias val ue bh
and bo are set to 1. This exanple wi |l now conti nue
W val ue T TR
Hjﬁefg eg)mf’g“e)?éhus %(??Olf?éél Yahe ]otfhg fé’%@t‘{(ﬂ- 0. 2866 X

5 = 1R Rl viiiese yatdIBwshave been obtained of f a person
havi ng a bl ood gl ucose level of 5.95. Further, the

equations for setting target values (t,-) for each x, -
val ue afereayG4%ows: t i =/@FR4RB + 0.3996 X2
=-0.0130x2 + 0.5072 t3 -0. 0380(3 + 0.8920 t4 =
-0.0159X4 + 0.4271 t5 = -0.0079 S935377t6=

- 0. 0264X6%)T- 5963 ety 0.50

5. The output value netoy, for output neuron ny is then computed according to the

following equation:

4
10 neto, = who gk - box + Z who ,, -f (net ;)

=1
This produces the following neto; values:

neto; = 0.4106 netos = -0.0072 netoz = 0.1376
netos = 0.3035 netos = 0.2379 netos = -0.1288

6. The value of netoy is thereafter normalised to obtain a ny value. Ni is computed

15 to a value between 0 and 1 according to the following equation:

1
1+ exp(—neto, )

x =

The resulting values are thus:

n; =0.6012 ny = 0.4982 nz = 0.5343

ns=0.5753 ns=0.5592 ng = 0.4693
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Usi ng these equations the target values t for each x, -
value in this iteration of the first neural network is
W@200002478Ts: X1= 0.410 X2 = 0.510 X3 = 0.920 XECT/SG249000135

t 0.540 X6= 0.700 3. The output. value netj for each
i @eeenthregkiesh ptWosk eBIPBLiatsbt2iBedh e W&PF‘-Jo%TPﬁlSm Srror Oy for

£ ol : R R g b Bowin

t ndh€ B SRR oBEkL 168k Rlamitl Becontin By AL B ine
netedeatidh: 2075 net 3=0L466 net 4=0. 037\ 4. netj is then
normal i sed to obtain a.f[netj) value. Theb jietj)
value is attained in accordance with the foll ow ng
equation: f idneff-yrdl—exp(-net | ) The flnetj)
val ues thus becones a value in the range O to 1. In
this exanple, thefinet j ) values are as follows:

5 f 1 mighis Byalts B3be ofloizgutputsyyadien errpy éﬁkgﬁ%lbft?f val ue

netou for output neuron n is then conputed according

to the f LJQﬁkgﬁiequatg%gé%69 tok = wha ghofpk + who

jk -f{nét’ 7"~ S pro e foll owi’ng net ok
val ues: netoi 0.4106 neto2 = -0.0072 neto3 = 0L376
neto4 = 53.13%3@& 05 = §l.23/Ghanet 06 = 50- 3.08%

8. The output gradient error & is also required to compute the hidden layer
gradient error 8j to be used in the current iteration of the first neural network.

10 This is calculated by the following equation:

5= (f (ne).(~ f (net)))Y &whos(p)

where:

whoji(p) represents the whoy value used in the current iteration of the

15 first neural network.

This produces the following set of values:

61 =-0.0023

02 =-0.0056

63 =-0.0049
20 6 4=0.0079

17



10

15

6. The value of netok is thereafter normalised to
obtain a rvalue. Nk is conputed to a val ue between 0

wapwa2&i8cording to the foll ow ng equati on: ThRCT/SG2009/000135

resul ting values are thus: m= 0.6012 n2 = 0.4982 n3 =
§: SBw3oWRUL epdiept prigs o 19, rsGYEdnty compuegBy chargsein Weight

neupal, n tput rik . s .,obtainped he out put .
ar e e ter e st b e bt efee B L=t fth nBiepl This
| ay@angsiscalpitarbpihe % hwidg bqudiidg: f ol | owi ng equati on:

d k (tic - 7te).n/c.(l -Ti k% his results in the

foll ow ng output gradient error (d/ values: d
-0. 0458 d2 0. 0086 ,d8+3) 870960 (ddy)= mOADES, (p)d
-0.0047 d6 0.0574 8. The output gradient error dis

al so required to conpute the hidden |ayer gradient
errwhere) to be used in the current iteration of the
first neural network. This is calculated by the
follow ng equation: i = (/( )-0 -/ ()) ) Sc.whojk(p)
k=\ wherdengficsthe Jearning ¢®ent s t he whoj k val ue used in
the current iteration of the first neural network.

This produces the foll ow ng set, . of values: d 2 =
- 0. 0056 "4 dgnates fegppmentum composition.

Awhoji(p+1) represents the updated change in weight.
Awhoj(p) represents the previous change in weight.

This produces the following set of values:

AWh011=-0.0019

AWh021=—0. 0021

Awhos31=-0.0025

AWhO4 1=—0.0023

Awho 12=0.0001

Awho3,=0.0001

AWh032=0.0002

AWh042=0. 0002

Awho15=0.0039

Awho,3=0.0043

Awho33=0.0051

Awho43=0.0049

Awho14=-0.0014

Awho,4=-0.0015

Awho34=-0.0018

Awho44=-0.0017

Awho15=-0.0002

Awho,5=-0.0002

AWhO35=—0.0003

Awho45=-0.0002

Awho16=0.0024

AWhO?_s:O. 0026

Awho36=0.0031

Awho46=0.0029

It is noted that this formula is a recursive function. In order to facilitate this
recursive function, each whoy value is stored in an array for reference by

future iterations of the first neural network.

The terms v and m, will be used throughout the remainder of this specification

to denote the learning rate and momentum composition, respectively.

10. The weightings of the output bias values whoy; are then revised by first

determining the correction values according to the following formula:

18



d4 0.00799. The output gradient error d is required to
conpute the change in weight whojk to be used in the
Wmeo0v/12478T at i on of the first neural network. TPECESG2009/000135
change is calculated by the follow ng equation: Awho b
z (p + )Awhos&nf Pnetj) +m AwhoJdk (p) where: h denotes
the learning rate. m denotes the nonentum conposition.
D whqj kf _+1) represents the updated change in weight.
D ViSTRSUILINERNMEECHOR ¥aPERABr evi ous change i n wei ght .
Thi s produces the follow ng set of values: It is noted
that thi ormul a 1s a Recursi ncthon. 1n r to
facilita }é’i?‘ﬁi_s”(?%(z%r Si éé‘ﬁzf"@n—cﬁl%géy ea%ﬁ&\%foj Oliﬁo\g/gl ue
is stored in an array for reference by future
i terati ohwhof: =t HBOO3F st Amdassat-0090%or k2 whaes T 80987 h
and m wll be used throughout the renainder of this

specification to denote the._learni.ng rate and nonentu
IbiEas pominied S Sty bl possis B FCatedhe g e R s o
out,pyt i a8 MBLLGhoBARKaAr € then revised by first
determninhg the correction val ues according to the
follow ng formula:whoo k =r\ . d The resulting

correct i amiiveh wep=atdkx: HrAwWhs(@)0046 who02 = 0.0003 D

who 03 0.0096 DWQ04 = -0.0033 Dw ho0O5 =-0.0005 D who
O = 0.0057 11. Having calculated dj it is then

g ISLEVI& ll%ééﬁgﬁlo\(/ lAlW %zblbﬁ?gor r&&,ﬁmgb_(y(ﬂj4ues &\9&53\&-6%1)06

10

15

us| M Ng for mu
Awihy>=0.0000 Awihy4=0.0001 Awihs;=0.0001 Awihss=-0.0002
Awihy3=0.0002 Awih3;=0.0004 Awiha3=0.0004 Awihg;=-0.0006
Awih14=0.0002 Awihz,=0.0005 Awihs4=0.0004 Awihg=-0.0006

Awihz 1=0.0001

AWih33=0.0002

Awihs;=0.0001

Awihg3=-0.0002

Awih22=0. 0001

Awih34=0.0003

AWi.hsz:0.00(B

Awihgs=-0.0004

As this is also a recursive function, each wih; value is stored in an array for

reference by future iterations of the first neural network 16.

12. The bias weighting correction values wikg are then determined using the

following formula:
A Wihoj= n. 5j
The resulting correction values are:

Awihg=-0.0006
Awihys=0.0008

Awihg;=-0.0002
A W‘ih03=-0.0005

13. With the correction values determined, the weightings whoj are updated

according to the following formula:
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the following formula:

K Ildb CTT1

ralned
manner, the weightings wih; are updated according to

wihi(p +1) = wihy (p) + Awihii(p +1)

rained—the—s

Once
econd

This equation also applies to the bias weighting values, thus resulting in a new

set of weightings as follows:

wihp; =-0.1956 wihy; =-0.2278 wihy; = 0.3464 wihg; = 0.3319
wihg, =-0.3109 wihy; =-0.3011 wihgz =0.0257 wihe, =0.0031
wihg; =-0.3071 wihy3 =-0.4846 wihy3 =-0.2970 wihgs =0.2098
wihgs=0.1830 wihy4 =0.2466 wihys =0.1715 wihgs =-0.0715
Wﬂ’l11 =-0.3609 Wih31 =-(0.0547 Wih51 =(0.3382

Wﬂ’llz =-(.2967 Wih32 =0,4322 Wihsz =-0.4802

wih;; =-0.3009 wihz3 =-0.0336 wihs3=0.1814

wih4=0.1032 wihz4 =-0.0820 wihss =-0.1207

Processing then commences again at step 3 with a new set of x; values taken from the

training set.
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an identical fashion, with the exception that there is
only one output node n\. As such, a description of the
Weer@easssng needed to train the second neural PEU/SGIKY/000135
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P S CBE L6y S R T BB e

ural net s have been trai ned

0.0008. Tgpitiity, thiaisrittaged aftsr savhrl tpssaads afiteatsl e i s

tested using the values contained in the verifi cati on
set. If the systemas tested using the verific

Once the fitovesiral ingtwark banbecgrtragied, theesRoandencytps Pt is fPalned in
an 1%@}&1{:%1' ﬁgﬁpﬁ Si, g e @?(Y}ég:u[)ﬁ‘ Aﬂé‘c ncﬂel%g& eﬁ%@n& Sﬁl:pﬁts ﬁG&@%l.Vg\s

IPfrcatron s

suchs Y degeriptdnfafithe pricgssingynesdad o mm]nms sefond mrqi@stwwr&nmll

of bl ood fl
a 00 uid, where |ike nu refai%}ﬁ%%

tilg S‘ﬁrst

secon neura network 18. The invention wll now
be described in the context of analysing neasurenents

Onc@hott eedaldletit@ke hhey/Bien thaihdieudihptid tfdining sess tﬂnetsly@em as a

obj ective of determ ning. an overall. r
1 9. asu e?zfg% Séfgtem as

wholso Hpigsied {sHEi the Ao BT dF dbe KERFETER AF!
testegl“:“&s%%s ﬂfe)/vetr %’eﬁ%ﬁ@&zb QpnPcahh Sy $he@Nthd Qyste i8lr&i@ained

roduce e context of the follow ng exanple.

usm@hmed@ﬂrmmglsbtan@neaapnmltdtefeMthesvem@nﬁhlcgmeéd to receive

the following information. a. A set of sixty

non-i nvasj ve bl ood gl ucas t bt bl [
S 1) e G0 S EPUTEHRLS RbARuTPdon

trai ning set . A set [inear equations.

systEaCH) bompmeseqdaa|ooﬂeqm mpéult: He, raeﬁl‘é’t ngrehneiwiosk dbetnd 2
Secqglar%‘?é]é%uﬁlezvel ?%{Pl{leﬁ%%ﬁﬂhg& gv‘ci n%%lf Ht Id% %‘lb%gqnttﬁg cldﬁie&t of

analysing measurements of blood glucose level in the blood fluid with the objective of
determining an overall measurement of the composition in the blood fluid. Additional
features necessary to the operation of the system 10 may also be introduced in the

context of the following example.
The data collection module 14 is configured to receive the following information.

a. A set of sixty non-invasive blood glucose measurements obtainable via any non-
invasive blood glucose measurements means. The set of sixty non-invasive blood

glucose measurements forms the training set.

b. A set of linear equations. Each linear equation depicts the relationship between
varying level of blood glucose solutions and the unit of measurement of the non-
invasive blood glucose measurements means. In the context of this embodiment, the

non-invasive blood glucose measurements means is the blood measurement setup 12
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i nvasi ve bl ood gl ucose neasurenents neans. In the
context of this enbodi nent, the non-invasive bl ood
wW@bkmenssssheasur enents neans i s the bl ood nmeasupPErneG2009/000135

t 2 ibed ip the.f t di t, t B X .
o ietBed B o0 Ao gment BRaPn e e HEoss forsbetHE KhE sx
las8f o8&tk BBdineg. A correspondi ng benchmark bl ood
gl ucose neasurenent for each el enent of the training

set, that neasurenents are taken using an invasive
C. Meccbnbs;madmgd:iendﬁnarh dfoadhglotoseuedsuement forkdaniy eleneent of the
person and nmeasuring.the bloaod,so

i. nger t he
tfamgaﬁﬂeﬁwagn%w’aw% %% SR B IE E)%rl%"éﬁlvg Kpenpiye; sichips that
whidh mva_lmgsc'ﬁliu?&u’fé bhe G E@@ipﬂ’l@ bfi0n Y ARb YR |tﬁQQlo%H%8%@amed

nmeasur ene formt e verification set.
as pobldehs krerwmpduparsoskitia lplihatués Tihhee Edefa:ou@.moadmgdnvaswe
the traini ﬁe verification set to form

blogdghuofi wga%ﬁ?la%ﬂ%,ﬁmﬂﬁe ESIORCHIBRST 46 in the training

dat abase 44 conprises: (i) An elenment fromthe

Thé rin'aonlﬂg%tﬁﬁlt mod¥1€ 14 'n){a)mﬂlﬂefte§@1rer(ﬁ§ao&%ﬁgdlﬁ§1 & fotE B thdining set

he verification set; I'n this exanple, forty records
anmﬁieafernﬁhetlcm wit i fogmdetrsibmgelatebasy 44. chasdercat! 46andberiraining
rked as training sanples. The remaining twenty

d
datlgﬂacgsqgémg’rpéls?ﬁar ked as testing sanples. The records 46

mar ked as training sanples are then used to train the

fcuq)st Rﬁ'éfeﬂ{e FﬁBl‘Pﬁﬁé‘trQﬁn sret""/!ﬁidng of the first neural

network 16 w be descrl ed wmth reference to Figure
2, where: Xi represents the |ight neasurenent val ue

r@pr eskentadtdspendadg ¢lb@ent in tiNerifeeidon sdt;h / represents
the wei ght of the relationship between input node i

and hi dden node j . The wei ghting of the relationship
In thés gusarple. Hertpreserdssido fivhg trainmealagabase 44 are chosen at random and

marked as training samples. The remaining twenty records are marked as testing

samples.

The records 46 marked as training samples are then used to train the first neural
network 16. Training of the first neural network 16 will be described with reference

to Figure 2, where:
x; represents the light measurement value representative of the i™ input node.

wih;; represents the weight of the relationship between input node i and hidden
node j. The weighting of the relationship between the bias node bh; and each
hidden node is designated wihy;.

bh; represents the bias of hidden node ;.

whoy, represents the weight of the relationship between hidden node j and K
output node n. The weighting of the relationship between the bias node bo; and

each output node n is designated who,,
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hi dden nodey is designated w hg/. bhj represents the
bi as of hidden nodey. whovt represents the wei ght of

W@ b@9on2d78t i onshi p between hi dden node j and f PCDBGI09/000135

node n. The vei ht| g of the relationship between the
beu repragerte thedi lghO‘BB‘t‘ thodedode n is desi gnated whoO
. bok represents the bi as of the h output node n. vy, -

repres s the cessed I|

SgBieeet e B TSP RRAS YRRk £ outpue
nb@ai n consistent in the follomnng trai ning process

for the first neural network which invol ves the steps

1 to 14 as described in the first enbodinent. The
Thest haiatibRgrepraic essistdne m @oﬁmﬂémi@g t@egl@ing] pegcesst fapthy fgpteusal
of X v s take i
e EenBed Prosiey B B e L B At e
tramﬁ%%&&@ tﬁé@b&hﬁgn&@tagb)ﬁ' a[t%t@tssdwﬂii arewisg bfas vames éaken
until such tinme as the gl obal nean square error of the

ﬁonsbst@mmngﬁetess than 0.0008. Typically, this is
attai ned after several thousands of iterati ons. Once

the first neural network has bee
This st IR DRV W e FReh g e GinBrRe ine
usedV\QII h e £x6RAE Qntit fah fiR6TR the Kébay MNe QutpuérraodEthe
such, a description of the, processing eded to
systaom s essitbars S, nEvpiballndbinoikAIN HOF SUCRD HeaEgs of
iteral here. Once trained, the output |ayer val ues cal cul at ed

9% he first neural network are used as the x val ues
for the second neural network. Once both neural
Onc@ﬁ‘fe WO KSuRa REvRER Mad bedinMREnddS tiRGetbdirl deufd] Mceprk éd t$ained in
e systemas a
an 1dentlca1 fashion, with the exception that there is only one output node . As

such, a description of the processing needed to train the second neural network will
not be repeated here. Once trained, the output layer values calculated by the first

neural network are used as the x; values for the second neural network.

Once both neural networks have been trained using the training sets, the system as a
whole is tested using the values contained in the verification set. If the system as
tested using the verification set shows significant error, then the system is retrained
using a new training set more representative of the verification set. The trained neural
networks verified by the verification set provide an overall measurement of the
composition of blood glucose representative of the blood glucose level in the blood
fluid.

Tt should be appreciated by the person skilled in the art that the invention is not
limited to the examples described. In particular, the following additions and/or

modifications can be made without departing from the scope of the invention:

e At least one control laser diode(s) may be added to the wavelength source disc

22. The control laser diodes(s) may also replace either one of the six laser
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whol e is tested using the values contained in the
verification set. If the systemas tested using the

W@ 000128781 i on set shows significant error, thehcnheﬂmwmmnﬁ

st.emi ai ned u ing.a.n trai set.
 Aioin st | The ol sy ARCEG! 6 uBEe G ¢ig; fp dpfrared
n € U\F‘Vﬁl'el WA S fcr dtfsbBab1R Yyt %lﬁcd/s%r ' Eés@@toh%n%ﬁtt knowledge,

prOV|de an overal | measurengn he conposition of

bl cweh giavelsseths efmt dalemithin the rafge H®Obinoto290umas ebsorbable
IeveI in the blood fluid. It should be appreciated by

t he?pEPERF- skilled in the art that the invention is

not limted to the exanples described. In particular,

h I d / d : .
WerfOLbaRNdsd &Mé@g&@%@ egfgcg%g&&;& PSR ity of
I nvigftdedn: Wa@&blehgast meatrabntwitdn | aser ghicoxte ( aje mapsdoked.
added to the mavelengﬁh source isc 2 The contro

| asePITEPendiagyy) aneRptial slocinical Yelags readingomay e ghtamed pnd
| aser diode(s) is

ﬁﬁ%g%s?gcgﬁsf%ésel ?%gﬁ&gr?ffrqgr ed wavel ength that is not

absor babl e by gl ucose. Based on current know edge,

sucthaveghanat ihs vidialenftal delestor ise 24 taydrgrer HHREd Mahoally,

2200nm as absorbabl e by glucose. The control |aser

di odfepay beraytometedaisimetior SRarisriaePPREMBEe i nt ensi ty

of infrared wavel engt h neasured when no gl ucose are

abs r be

T P60 e SoBY W 28 AR it s B 26 g pe. 280

Si g@@é 2Bf %ﬂﬁﬁ%% ﬁk%d mf'ﬁ!&ed ik 8lchgth, @fsidghelav@\dBd® Giphible of
sel ector disc 24 may be perfornmed nanuall , or may be

aut enitiegia pbirslgy pbvargingripiracd s yelepgds megtbgused. | nst ead
of using six |aser diodes 28, with each Iaser di ode

28a, . 28b, 28c, 28d, 28e, emttin fixed infr
e EifBigire s oy lasey Jindett) B b 3anrs by temoved Rk ‘e

wavelength source disc.

Instead of the fingernail bed, the region of diagnosis may be any part of the
person 42 known to be suitable for diagnosis by a person skilled in the art.

e The system 10 may be used for the measurement of other compositions in the
blood fluid besides glucose. In such alternative setup, the infrared
wavelengths emitted by six laser diodes 28 is required to be re-calibrated and

optimized to the composition’s peak absorption wavelength.

e The non-invasive blood glucose measurement setup 12 may be replaced by
any alternative configuration for non-invasive blood glucose measurement as

is known to a person skilled in the art.

o The stopping criteria for stopping the training process of the neural networks
16, 18 may be any which is known to the person skilled in the art. Some

examples include the consideration of absolute rate of change in mean squared
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emtting a plurality of varying infrared wavel engt hs
may be used. Either nore or |ess |aser diode(s) may

wheooadekss? or renoved fromthe wavel engt h sour cCRCHEG209/000135
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my TEE Bty R S BTG oW A, MRS Gogeb 8L ORE) o
f orglhRERASE SvithSelBE BaMirpet, | BEd nindbBEo Bk drationt Nc.
system 10 nay be used for the ‘neasurenent of other

conpositions in the blood fluid besides glucose. In

suchhealdaging trat¢en S04 Upomédtem edrsahe o b ehdnghdeh p may be
emtted by six laser diodes 28 is required to

b
r e- Ceiprpnagt agedo amptet AT Hde kngvind obii9us te théﬁkﬁleéeaqéon-

absor pti on wavel ength. The non-invasive bl ood gl ucose

measyr enent set e repl aced b n

¢ BHrae e ag i e b el RoRSErad: S pggon mey be
9l ULRPRAINRISHAEIRM 0B fhd SpkSiaWNad:RaBo irefon.S Holweodt, kiibse
the art. The stopping criteria for stopping the

t r adctivatgprpfunctiers sbould he diféerentiableet wor ks 16, 18 may be
any which is known to the person skilled in the art.
Sone_exanpl es i nclude the consideration,of absolute

Pat WhElP CRalege ThEaMds RPMEHEP HIPRSTIGS aF 4T AG AW Yalue
st il bdy OOJndSV,nﬁQfe' colBkdsStafdvdbash h&y&led WEAR there is

squared error over the entire training set, flxeq_
nunsvene whdd oErtwtwomsthe dearning The dnslamomegtunacemhosieh. The

pasth B B ea S ek TR M BUF e 4 Egecior

ski dddesl1 pekisOthe moMdn@i dbiny6siAsi iswaithif fhd 14Agd 0.8%4 6.

wel | known by a skilled person may be adopted in

repl acenent of the signoidal activation function.

loviEhe tearitiine sete aot imahemamf comgiostios whp be dndmally adjusted at

diffe ti SI . . [
Comw; S{;glaﬁ g ntr\égllng)?tfcgﬁl{?gatﬁmgl EI%t roart gec%pl neral nrtlel{work.
Typically, the learning rate is adjusted in situwations where the error is

oscillating.

e To ensure the greatest accuracy in training of the neural networks, the training
set should provide representative samples from varying ranges of blood
glucose measurements. In order to do this, some manual intervention may be

required.

e The number of nodes in the hidden layer included in either neural network

may be any number in excess of four.

e The number of decimal places used for determining the weightings of each
link in the neural networks may vary. However, for accuracy reasons, it has

been determined that a minimum of three decimal places should be used.
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WO 2@pn28Tg7 rat e and noment um conposi ti on.

betyveen 0 and 1, nore accurate results have been
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results have been achi eved where the | earnin [
n Vilediestrdyiian Weletingsernober climalcd: (R SHSTrd isfpieved that

cor(rlp03| §o| y 1ﬁeé{'ﬂ hﬁ't d pﬁm o RREE th FalPa Gredral néRfork will be

| earn g rate and nonmentum conposition may be manual Iy
agljmk%@ddat any stage during training of either the
first or second neural network. Typically, the
learning rate is adjusted in situations where_t

er r1§he weightingd Inzayi ﬁi@l Wltb@n aﬁ@r@ng%ée@rh%?éétthﬁc@ér P>
intr
T LR T e

r angese®f bl ood gI ucose neasurenments. | n order to do
this, sone manual intervention may be required. The
nunber of nodes in the hidden | ayer included in either
meUWaile tetinoeritioney dleecrﬁn;i im thib sgecifivatioe basbesh iftestrated with

The nunber of decgi used for deter,m ni.n
vveirﬁf?f‘?nt‘fﬁstoofonéagoﬁfq i fahacghgrqu%@t%ﬂn r?gg( s g %hm?ﬁ be
v ar%}})r E’o thb ‘ﬂ{veﬁﬁ&y {3 1iSa8 @he ust ohass ﬁh@ﬁdfhlar variant.
determned that a m ni num of three deci nal

shoDiher barians ddck iﬁmagattam algerithing gnagebey Nﬁfrdqui gugh 1Bl within

el i m nat ed....Howev i s believed that doing so may
tﬁ] ?‘f?é’teolfﬁ}éelfre% H‘é’glatedlto train a neural network

vv|II be increased. The weightings may fall within

Qt Netis '3_5] g)%ss?lﬁﬂésto Ry sk tREyatdnofuh&idhsTo RO @REbed above
a ove. Instance, a weight value range of -0.25 to
0. 2&ithmy depating efrars e}je scope of the present invention. It is understood
that any activation function that limits the resulting values to the range -1 to 1

may be used.

e Training of the systems described above are examples of a sequential training
mode. However, it is equally as possible to undertake training in batch mode.
In such a situation, weightings are adjusted after the entire training set has

been presented to the neural network being trained.

e In a further variation of the above embodiment, the glucose solutions may be
omitted. In its place a linear equation set is established out of the training set
of blood glucose measurements. Ideally, this linear equation set has forty
clements. The linear equations are then determined manually by plotting a
graph for each laser diode of the signal voltage reading against the known
blood glucose level (as determined by the invasive blood glucose

measurement system). A “line of best” fit is then determined from the plotted

graph.
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While the invention as described in this specification
has been illustrated with reference to one formof a
Whawk/1ga78pagat i on al gorithm it shoul d be appreCI/aGzd9/000135
that the inventiqn is nQt limt d tp.the e.of .this
It slaasfl@ eigher, @rssitied dphie ARG, Hﬁfx&% B s and
mocﬂjlfi&ﬁ oht B¥B. By aﬁlﬁ/euﬁ&doeﬁ{gdalfeﬁ%wfa@bf substiftikdd, EdEbeSERREned
e present Invention. It Is also possible to use
to fartrhpat oftetr ewhodiorentsithatt falb msthirothelsoss afdlbe nvbaipradssebed.
wi t hout departing fromthe scope of the present
invention. It is understood that any activation
function that limts the resulting values to the range
- 1to 1l may be used. Training of the systens
descri bed above are exanples of a sequential training
node. However, it is equally as possible to undertake
training in batch node. In such a situation,
wei ghtings are adjusted after the entire training set
has been presented to the neural network being
trained. In a further variation of the above
enbodi ment, the glucose solutions may be omtted. In
its place a linear equation set is established out of
the training set of blood glucose neasurenents.
Ideally, this linear equation set has forty el enents.
The linear equations are then determ ned nanual |y by
plotting a graph for each | aser diode of the signa
vol t age readi ng agai nst the known bl ood gl ucose | evel
(as determ ned by the invasive bl ood gl ucose
nmeasur enent system). A "line of best” fit is then
determined fromthe plotted graph.It should be further
appreci ated by the person skilled in the art that
features and nodifications di scussed above, not being
alternatives or substitutes, can be conbi ned
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noA%inVa8H@S imeasurizgs unitntp ukdterntine det everialemeasuweaenf jof the

measur enent t.he .conposition in the blood fluid. 3.
CAWﬁﬁlﬁ%Weﬁkﬁét}ﬁ%l‘%g a conposition in a blood fluid

conprising: Obtaining a plurality of measurenments from
non- i.nv.asi [ i r i t he
2 Kol G ERd B bloS BRI QERIRLAS
network to determ ne an overall neasurenent of the
LRAPASAS T ORedstrihd Gnid frQfedshithgthedomposiyistemdor  met hod
for neasuring a conposition in the blood fluid
according to any one of claiml1l to 3, where the at

4t dast onneeurelunaivorke fomgrrecassipg @rmpntadityao hEERsusPBeS Hkie by

| gorithm 5. A syste [ t hod r SUL
o gpehtibr PrReREEoTEbd (R oy R Hbfeon of he
&Qﬁkﬁﬁﬁﬁ%lﬁ@m%ﬁaﬂﬁmﬁodes in an input |layer of the at
| east one neural network matches the nunber of
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3. Ahetiohof mesasiivea peapoesitionyinmblpod Buid/cosipsBEYE or et hod
for measuring a conposition in the blood fluid

according ta. . . . « and
Obtaining a plurality of measurements from a non-invasive measuring unit, an

processing the plurality of measurements by at least one neural network to

determine an overall measurement of the composition in the blood fluid.

4. A system or method for measuring a composition in the blood fluid according to
any one of claim 1 to 3, where the at least one neural network implements a back

propagation algorithm.

5. A system or method for measuring a composition in the blood fluid according to
claim 4, where the number of nodes in an input layer of the at least one neural
network matches the number of measurements in the plurality of measurements

taken by the non-invasive measuring unit.

6. A system or method for measuring a composition in the blood fluid according to
claim 4 or claim 5, where the at least one neural network comprises at a hidden

layer of least four nodes.
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claim4 or claim5, where the at | east one neural
network conprises at a hidden |ayer of |east four

W@ omes28787 A system or nethod for measuring a PCT/SG2009/000135

7.

10.

11.

12.

conposition in the bl ood fl uid,acc,orgi{; é any one. of
S lers oa maHhcs] TR SPEITENE 4 PRAEPOERRANIB PREd JHho6EP e
aglgt%rﬁe %?Elggﬁsf E?od& Wherd F%n?%reé&ﬁ%n BSiNEY AL A6k vabkt hadle

erm ned from’a contro source prior to training
offthé Beleast ohe asirabnewosuisaleteratingr koma, cotreiled sonreg prior to

met hod for neasuring ? conposition in the blood fluid
traieipe Af fg at kpagt o el RFIESt he | i near equati on
associated with each hidden node is determ ned through

ut gnat ed oresses. d t ing t
RSP S ahRER33EFpmdhe £ O YRoSIin TG Hoi according to
d1ginenywisnetieflinchedqimtidn hwsodiatediveitieedch didsieh pode isaletemined
for the hidden node is a summati on of wei ghted

raEtoBiftel Preeesses: syst em or method for neasuring a

conposition in the blood fluid according to any one of

lains 4 tg,9, -where t.he o Al f : OMLBiiin
%gé{%te{nsorgn%}}%qri R iitei aicéhﬁ)ggméfgﬂ el i lssié%é Elﬁléldégr? no .eto
At phd o¥ ali4ies . 4 1d. 8, Avhatst hen artputetdiod férothenbidden inode as a
conposition in the blood fluid according to any one of
sianaonpfivpiglied pgaTECHeES-adj ust ments to t he

wei ghtings for each |link between a hidden node and an

ut put node.are cal cul. LR ef: QUL t
88 0 B p ) TRl Ftohlobik R RENAR0A BuRL QBN o
SBTBAS idfi lmisn4 ttheg bivbe fileubwipaic ealneifoy the ootpait mods,is a
wher e the output gradj en{ﬁ error_is cal CP| ated as
swhnafijer ofyeighipd permalised hidden node output values.

A system or method for measuring a composition in the blood fluid according to
any one of claims 4 to 10, where the adjustments to the weightings for each link
between a hidden node and an output node are calculated with reference to an

output gradient error.

A system or method for measuring a composition in the blood fluid according to

claim 11, where the output gradient error is calculated as follows:
'5 k= (t —ni).nx. (1 — nk)
Where:
6;is the output gradient error
ny, is the normalised output value for output node £.

t; is the target output value for output node £ as determined by the linear

equation associated with output node £.
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d/ is the output gradient error Hk is the nornalised
out put value for output node k. tk is the target
wW@oiopn2s78al ue for out put node k as determ ned BYT/86GE09/000135
| i near equation associated with output node_ k.13. A,
13. Ayystem armethodBd messuTiRss (PMARSTHOR Bhibhe dilaaddhud racepiing to
. f i C i kML . .
0L el R ER hrtnd oRieb, SNGHE 0 Betiocn o bdden
fdddan anedsuanetexte caltyluied poctadmpeo drl forthelted
according to the formula: Dwhojk (p + ) =h -dk-f(netj)
+m Awhoj k (p) where: h denotes the learning rate. m
denot es the nowent(pn Denmpodi i (a) i-e thveioguipput
gradi ent error. whqj k(p+l) represents the updated
change in weight. whojk ) represents the previous
5 whawege in weight. f(netj) is the normalised output
val ue for hidden nodey. 14. A system or mnethod for
measuring a conposition in the blood fluid according
t o TedepotsAshedparaingirae- 4 to 13, where the adjustments to
t he wei ghtings for each |ink between an i nput node and

a hi dden Ede are calculaﬂgd wth reference to a
hi d4 WKF%Q ¢ TGRSR EOBRYEO™ 15, A system or net hod

for measuring a conposition in the blood fluid

ac ' i where the hidden | ayer gradient
er?g%q%lgg‘étg\%c%%“g%‘g] as follows: dj = dk.whajk(p)

wher e:
who(p+1) represents the updated change in weight.

10 whoj(p) represents the previous change in weight.
f(nety is the normalised output value for hidden node .

14. A system or method for measuring a composition in the blood fluid according to
any one of claims 4 to 13, where the adjustments to the weightings for each link
between an input node and a hidden node are calculated with reference to a hidden

15 layer gradient error.

15. A system or method for measuring a comiposition in the blood fluid according to

claim 14, where the hidden layer gradient error is calculated as follows:
Y
81 =(f(net).(1— £ (net)))Y. &-whos(p)
k=1

where:

20 Y is the total number of neurons in the output layer of the neural network

concerned.

f(nety is the normalised output value for hidden node ;.
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Y is the total nunber of neurons in the output |ayer
of the neural network concerned. f(netj) is the

wmorosatd782d out put val ue for hidden nodej. dt iBCT/B&2009/000135

16.

17.

18.

19.

output gradient error. whoj f ) represents the current
wedrghthefogtput Beadionh®@rqfet ween t he hi dden node j and the

out put node k. 16. A systemor nethod for neasuring a
conposj tion i he bl ood fl ui ' hai ;
RS S R T R M e
befWe8B odfput AR L. Node and a hidden node are cal cul ated
as follows: Awhij(p +'1) = h.dj.Xi +mAw hu(p) where: h
denotes the learning rate. mdenotes the nonentum

/C OyERas ok inethoddfor nwatthimghi cicewpsitinein the blapeé fiide peerdingjto

i th I foi i. whiij. f +1).
e 1 e heradinsahants (g mreisiiings for' sadf ik BBTERE Mhitnpu
RUEVLOYRiGBARIE 48 HRLERN. as K Hovis: Syst em or net hod f or

nmeasuring a conposition in the blood fluid according
to claim13 or claim116, where the learning rate (h)

and the nonent wipaipanidtey.g(ny mdmeéhidp) omat i cal |y
adjusted during training. 18. A systemor nethod for
measuring a conposition in the blood fluid according
wierel ai m 13, claim 16 or claim 17, where the | earning
rate (h) is a value in the range 0.01 to 0.1 and the

nmonent um paraneter (n) is a value in the range 0.8 to
0. g.denotes the learning rate.

m denotes the momentum composition.

d;is the hidden layer gradient error.

x; is the value of input node i.

wihy;(p+1) represents the updated change in weight.
wiky;(p) represents the previous change in weight.

A system or method for measuring a composition in the blood fluid according to
claim 13 or claim 16, where the learning rate (n) and the momentum parameter

(m) are automatically adjusted during training.

A system or method for measuring a composition in the blood fluid according to
claim 13, claim 16 or claim 17, where the learning rate (1) is a value in the range

0.01 to 0.1 and the momentum parameter () is a value in the range 0.8 to 0.9.

A system or method for measuring a composition in the blood fluid according to
any one of claims 4 to 18, where the at least one neural network comprises at least

one bias.
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19. A systemor nethod for neasuring a conposition in
the blood fluid according to any one of clains 4 to
wWaovmessse the at | east one neural network conPeT/S@0%H00135
| east one bias.20. A system or netho g r asurin X .
20. A s¥gtem aritasthed for feeaprgida FOUPRFIAL B igP EOQQEF‘E‘? Ay Ege o
s d | 8RS ch Bbde is a
g R
sBasatREEglaadimetsuranats ambatiedsgbrceseighiod ingut is. 21.
A systemor nmethod for nmeasuring a conposition in the
bl ood fluid according to claim19, as dependent on ..
21. Alsgitemnle, methed Srirheaseing,a comwaPsidon By the hlood fpd  aqpriing to

i.S. a.sumption of j [ ' i
s Yirbid T arhettall YR L g TR SR TRt node 5
2 JumMafiys be Mehts¥eidiadlif«dr hideas nedengutputcaies sind jab teasthone
the bl ood fluid according to claim19, as dependent on
weighted pptPWiABSe the adjustnents to the wei ghtings of
each |ink between each output bias and an out put node

LS calculated,with ref.erence taq. t ] :

22, b3 Ehe LA ot Bl SR STk Rl S 4 P sl Blamg o
SRRP Q5] &d 8fpehdert DA dMiBOT, fikrd the adjudinagtstto the wieightifgs of
as dg&endent on claim.12, where eacH lin %ght{n&?is

10 enschdink iestecaceel oA ties I GIEPETO aﬂfcamyf Pwijh reterence
: ' arning rate. dkis the output
%Q%é?gﬁﬁtgég%gsmt . A systemor nmethod for measuring a
conposition in the blood fluid according to claim 23,

23. Whek@nt emathbd@ Fbmedsuting Beompdsitivn i the Weddfitidy ataseding to

for the output_ node . e
claim 19, as de%endent on claim 12, where each link weighting is calculated

according to the following formula:
15 Awhoge=" . Ok
where:
1 is the learning rate.
O is the output gradient error.

24. A system or method for measuring a composition in the blood fluid according to
- 20 claim 23, where the adjustment to be made to the output value for the output node

(netoy) is determined by the following equation:

X
neto, = who k- bor+ Z who ,, -f (net;)
j=1

where:
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(neto ) is determned by the foll ow ng equation: x
netok =who 0 t bok + who jk -f{net j ) where:X is the

W@ oi0al12818Mber of nodes in the hidden | ayer of PEESG2009/000135

25.

26.

27.

28.

neural network concerned whook is the weightin
ap§| is ¢bie ttotal pambert pfinodesain ther higdep layenod gﬂﬁ .neﬁ@& nefyvork
th&)%%gggt bi as for output node k. whojk is the

wel'g Flng applied to the link between hidden nodej and
out put node k. f(netj) is the normalised output val ue

f ofynbj, @R WedRing agfliedAoIHS baFutFiag ik baghuf mydereasur i ng
a conposition in the blood fluid according to any

precepli ng claim where the at |east one neural network
COB@JlBS}&SOLﬁplfth!iEStfomupm|nOKieTk\ADrk and a second neur al
network, the first neural network configured so as to

pre-process the plurality of npasurenen bef ore
pawhpmds theewpighiigosried dg 8% é"&ﬁ? é’ﬁﬁ’i’ﬁegaftlé)‘feph%o c@é cBgoutput
neyr network for determ nation of an overal

measur énent of the conposition. 26. A system or nethod
for nmeasuring a conposition in the blood fluid

ac gk i thelrdr@hBeflodbput vhlae gort Hiédehirodt j.and second

neural networks inplenent back propagation al gorithns.
27. A systemor nethod for measuring a conposjtion jn

A lsgstbinandnéthod dravesnding g compebitipmin thefteed fideageprdigg to

%&g]ﬁ%g%ﬁ?% ﬁ?agli%g gs!rl‘:ie?eﬁ Véogtk%aistnghee g@tﬂ‘ta.l 5&%/0?19%11&?1@& a first
neural network and a second neural network, the first neural network configured
so as to pre-process the plurality of measurements before passing the pre-
processed measurements to the second neural network for determination of an

overall measurement of the composition.

A system or method for measuring a composition in the blood fluid according to
claim 25, where the first and second neural networks implement back propagation

algorithms.

A system or method for measuring a composition in the blood fluid according to
claim 26 where the first and second neural networks implement the same back

propagation algorithm.

A system or method for measuring a composition in the blood fluid according to
any one of claims 4 to 27, where the at least one neural network is trained until
one of the following occurs: the mean square error per training set is within a
predetermined range; the synaptic weights stabilise; the bias level stabilises; the
mean square error of the system is within a predetermined range; the mean square
error over the entire training set is within a predetermined range; a predetermined

number of training iterations have been performed.
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29.

30.

31.

32.

33

34,

28. A systemor nethod for neasuring a conposition in
the blood fluid according to any one of clains 4 to

until one of the follow ng occurs: the nean_sgua
Asygempermethed frigeasating 8 Cﬁmpﬁﬁlﬁ% i hecle st ﬂﬂ%e?cfcordmg to
Jl@ﬂv%?ﬁa,. \Rfﬁ&g%%ﬁﬂ WPLhd e A nifilk!ik fx%m &fﬁﬁupt b@a\l%ean
st abi I'i sés; € nean square error o e syst ent

subdei efrod of thedgiteinis edibaa@B08t he mean square error

over the entire training set is within a predeterm ned
range; a predeterm ned nunber of training iterations
Mvetemecernnpthw drrrmaerspang A ceywpsitipn i HhettHeer flaid according to

measur i |
R R
iguddl neelwolsi hret h@ifgdobyl comgmning otliar @swtsr of thd ttahmed neural
systemis | ess than 0.0008, 30. A sysoﬁjem or
nebwetly jagaingt auRpEemeRtsnof ihe HRbpRREY obfained sopel .lﬂﬁaswe
%1as PR géyg claim where after training of the at
EASt Dne n ur al network, the neural networks are
verified by conparing the results of the trained
Asyitehn Gehwbbl faoabastingeaduipeskioh sn die tloed slumsmmﬁng to
obt ai ned t hrough invasi ve nmeasuring techni ques
gyt -3 hererths n%alyafflmgleasuwﬁﬂag.%rr@ﬁlsw E%hty of
l%é?ogiotilssu!egc@%ﬁﬁ{tﬂ? ﬁtoataréyuﬂl u@lﬁé\)ae%gﬁp abshhs1& Byhehe
non- 1 nvasi ve neasu |n% uni t rises a plurality o
toammsitibing desmessatenenistthkengbyt e@lhtla@t dmdarfounpieg the plurality of
wavel engt h absorbabl e by the conposition, the
WE%?é‘Eﬁné‘%%%t s taken by each laser diode fornming the
plurality of measurenents. 32. A systemor method for
KI5 Ao TRl o kot oiioRal the ol BEPhSoRIng to.
d:ihchlglmhmrs etharr@ntpheltmvwl ba gmhasofedt tseblqoghgluecrﬁet presh the

nge?ength 8% the rilghp zlanl'{lrttaeli byyeagh 0% I'lura 1ty 0 aser dloﬁes%ails \Within
the range 1600nm to 1800nm.

. A system or method for measuring a composition in the blood fluid according to

any one of claims 2 to 30, where the non-invasive measuring unit comprises at
least one laser diode able to emit light at varying wavelengths absorbable by the
composition, the measurements taken by the at least one laser diode at each of

these varying wavelengths forming the plurality of measurements.

A system or method for measuring a composition in the blood fluid according to
any one of claims 30 to 32, where the non-invasive measuring unit further
comprises a control laser diode which emits light at a wavelength not absorbable

by the composition.
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t he range 1600nnto 1800nm 33. A system or nethod for
measuring a conposition in the blood fluid according

wa eoangs7ehe of clainms 2 to 30, where the non-i PUESGUO9/000135

35.

asuring un| conprises at | east one | aser diode able

QQEFFQPB@H@EHPC rEhaxeiscatehidersetabsor babl e by t he
conposi tion, the neasurenents taken by the at |east

[ s n

F ottt nEeRt: SPhEDS b iRTR ¢ P9 BGE R A pod
neumﬂaghﬂr nmeasuring a conp03|t|on in the blood fluid
according to any one of claims 30 to 32, where the
non-i nvasi ve measuring unit further conprises a
cehtleast ohegiewraliineieriattp ciroesss tthe Ipluyhlity aof messmvarhenig olf the

not absor.bab onposition.35. A
coﬁﬁgggﬁmvgghﬁﬁﬁ%(ﬁgﬁ?§N1having recorded thereon:

Means for receiving a plurality of neasurenents of a
GREPER tdn0Bv&hIl %@alsﬁl%%efnlt U dined gasnko%a% R0 G148 rﬂ%ﬁd is
network to process the plurality of nmeasurenents of
tétermivaposi ti on of the blood fluid, such that an

overal | nmeasurenent of the conposition in the bl ood
fluid is determ ned.
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