APPARATUS BND METHOD FOR MEASURI NG A BODI LY CONSTI TUENT 5 Backgr @ehlt-7of®
Invention 10 It is not uncommon today for people under the burden of an
nmedi cal condition to be able to manage their illness provided they have the
capability to adequately nonitor the status of their body. 15 In nmany cases
the status that needs to be determ ned can be quantified through the
measurenent of a bodily constituent by taking a bodily sanple, usually in
the bl ood, although urine, saliva or even Elssue 20 sanpl es may be used.
One exanple is the ability of diabetics to manage their condition, either
with the use of insulin or strictly by diet, provided they can accurately
and 25 frequently quantify the |evel of glucose in their blood. Wile
much.effort in recent tines has been devoted to providing diabetics with
systens and net hods for quickly and accurately neasuring the glucose | evel
in their blOOd&ﬁﬁé§§ nom1other bodily constituent neasurenents have been

out si de the pr AP MFFHARY FAR P FORING A ( BRPBFY | CRUSDETHRNT

institutisnal participant or medical professional in order to provide a
sanpl e and obtain a measurenent. - 2-

Background of Invention

10 .
It is not uncommon today for people underatﬁe
burden of an medical condition to be able to manage
their illness provided they have the capability to
adequately monitor the status of their body.
15
In many cases the status that needs to be
determined can be quantified through the measurement of
a bodily constituent by taking a bodily sample, usually
in the blood, although urine, saliva or even tissﬁe
20 samples may be used.

One example is the ability of diabetics to manage
their condition, either with the use of insulin or
strictly by diet, provided they can accurately and

25 frequently quantify the level of glucose in their blood.
While much effort in recent times has been devoted to
providing diabetics with systems and methods for quickly
and accurately measuring the glucose level in their
blood, until now other bodily constituent measurements

3G have been outside the province of the individual and
require the offices of an institutional participant or
medical professional in order to provide a sample and

cbtain a measurement.



One such health concern, albeit a long termone, is the | evel of

chol est er ol

of bl ood chol est erol

5 ai | ment

IS I nportant

in the blood. It is well known that persons having high |evel
are nore susceptible to various heart and circul atory
s then those having a | ower blood chol esterol |evel. Because
bl ood chol esterol can be nmanaged by a person through diet or nedication,
for a person concerned about cholesterol |level to be able to

easily, frequently and accurately neasure the 10 concentration of

chol est er ol
chol est er ol
in order to

his blood or other bodily samal e indicative of the blood

it

| evel such as plasma, serum saliva, urine or skin chol esterol
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concentration of cholesterol his blood or otherébédily
sample indicative of the blood cholesterol leﬁei such as
plasma, serum, saliva, urine or skin cholesterol in
order to be able to take the appropriate actions to
manage the condition.

Blood cholesterol level is one example of a bodily
constituent, which is capable of being controlled by
individual actions through diet, exercise and the like.
It would be highly desirable if an individual could make
easy, frequent, and accurate measurements of his blood
cholesterol level.

U.S. Patent 4,059,405 to Sodickson, et al.,
describes a method and apparatus for measuring
constituents in a sample that generally requires
reaction of the sample on a porous medium with
reactants, illuminating the analysis site with
electromagnetic radiation and measuring the radiation
that is reflected therefrom. While generally utilizing
reflectance measurements, a practical non-laboratory
device is not taught.

U.S. Patent 4,935,346 to Phillips, et al.,
describes a method and apparatus for determining the



U S. Patent 4,935,346 to Phillips, et al., describes a nethod and appar at us
for determning the -3- presence of an analyte in a fluid, particularly
glucose in the blood. Wiile effective, the device described in this patent
requires the use of two |light sources and conpl ex, expensive 12 bit digital
processing. 5 It is an object of the invention, therefore to provide an
apparatus which is capable of being operated by an untrained individual and
provi des an accurate neasurenent of a desired bodily constituent. 10 It is
a further object of the invention to provide -an apparatus that requires a

m ni mum nunber of steps on the part of the individual. 15 It is
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number of conpgperhe LEBWL. edwhd 13¢ I ¢Sve NeLRE)] aew&s 8bsero¥kdi g an
easy, and accurate ma§ﬁto measyre a hodily constltuent | evel in order that

the cost of thEhdSpRREERE FEIHE aFsdhe use sof obwo liphtnPoupcestand

anot her obj ect complles,i expehsave Q 2PNt deiqitapppratussingt is insensitive

to t he mag in which the individual uses the device and does not requi re any
cal Fbration, timng or treatnment of the sanple used for the

constltuent nmeasur eff&ntis an object of the invention, therefore to

provide an apparatus which is capable of being operated
by an untrained individual and provides an accurate
measurement of a desired bodily constituent. .
10
It is a further object of the invention to provide
an apparatus that requires a minimum number of steps on

the part of the individual.

15 It is also an object of the invention to provide a
device having the minimum number of components required
to accomplish the objective of providing an easy, and
accurate way to measure a bodily constituent level in
order that the cost of the apparatus to the user is also

20 minimized.

It is another object of the invention to provide an
apparatus that is insensitive to the way in which the
individual uses the device and does not require any

25 calibration, timing or treatment of the sample used for
the constituent measurement.

Summary of The Invention

30 The above objects and others are achieved by an
apparatus which requires the user only to insert a strip.
into the test block portion of the apparatus and place a
small bodily sample on the chemical reagent strip. For
instance, in measuring the cholesterol level in a sample



Summary of The I nvention 30 The above objects and others are

achi eved by an apparatus which requires the user only to insert a strip
into the test block. portion of the apparatus and place a small bodily
sanpl e on the chem cal reagent strip. For instance, in neasuring the

chol esterol level in a sanple of blood, a drop of blood is drawn. On the
test strip, red blood cells are separated fromthe plasma portion of the

bl ood sanple by the use of two hydrophilic screening | ayers such as glycine
treated paper and pol ycarbonate 5 merbréane. Red bl ood cells are trapped
by both screening | ayers while the remai nder of the bl ood passes on to
react with a pEabhdeedreactdired wift Ibldned ebs edvdwdepodnt &lleoeslte stedpent

menbrane. The,kgs ckoitAG n | d odicode
whi ch recelvesE%OBlgbg If:Glrﬁelrzlh(eiﬁzitecf!‘by t %n{%%#t%g% ?QES%% IeriBblggd

reacted with the Péagémsam ige RYEFhe weneEt BWOt byéreehrlémc §§me@emg

control |l ed by 1ayews.r %ﬂTchr%@'gf’itﬁlr\(@'@i‘b&@@&r?&?e&-h%naubléllslcﬁfrbblﬂﬁtEED by
varyi ng ghe curr%LF source Vv The, curren

ot odi ode
W ohSs5™ CBenBlanen, ohes RSY (GRLLS TS CEEOBPRaIRY oGt reRInEG
with the reageaygrhaWha1@awm@ﬂﬁém&ﬂndéiaéfOﬂhéobubedcpa@e@brahlQa of the

anal og- to i SERSE SaTert BE R arcarervy ¥orh PhCieatareh Sropmics
The out put of onh&hgnxeagent diegihraneonvEhe ctest pﬂomdeQCﬂ@d@s a
m Cropr ocesson j WhikCRnd k2 P ifPSHhd %a photodiode which receives
10 light generated by the LED then reflected by bgpdd
reacted with the reagent. The LED is connected to a
chrrent source, controlled by a current regulator which
controls the output of the LED by varying the current
source value. The current through the photodiode, which
15 is a function of the light reflected from the blood
reacted with the reagent, has a mathematical relation to
the concentration of the blood constituent that is being
measured. This output is converted by an analog-to-
digital convertor from an analog form to a digital form.
20 The output of the analog-to~-digital converter is
provided to a microprocessor which also has access to
electronic memory within the apparatus and can thereby
calculate the concentration of the desired blood
constituent by using the mathematical relation stored in
25 the memory means and the digital input that is received.
Finally, the microprocessor provides a digital
electrical output of the calculated concentration of the
blood constituent to a display, such as a liquid crystal
display, which provides the output in a form
30 understandable by the human user.



el ectronic nmenory within the apparatus and can thereby cal culate the
concentration of the desired bl ood constituent by using the mathemati cal
relation stored in 25 the nenory nmeans and the digital input that is
received. Finally, the mcroprocessor provides a digital electrical output
of the cal cul ated concentration of the blood constituent to a display, such
as a liquid crystal display, which provides the output in a form 30
under st andabl e by the hunman user. -5- Brief Description of the Draw ngs
Figure 1 is an expl oded schematic of the t®sT strip containing the reagent
means upon which a sanpl e_of. § bl ood js plgced. Figure 2 is a cross
sectional view of the tes?rﬁfungiﬁii??%PQ#°Lhﬁﬂ%+358¥%ﬂ$§vention. 10
Figure 3 is an electrical block diagramof the circuitry of the preferred
enbodi mnent of the g t 4 nyent] L ng h_di.screet, coppopent s, and
functi onal blocks.%?§%§% L §g$¥% i%%ﬂé?agﬁg 9?e%gﬁrggsgnﬁ H*Rent
Wii |l e the des&On$ailddngf thiee neasgfent sueamdodpapnwhichl absanplecoed t owar d
the measgrememoels Rlsopdadlea. cholesterol, the invention is appropriate
not only for neasuring cholesterol in the blood but also for other bodily
constituents which, when a bodily sanple (such as bl ood, plasm, serum

saliva, urine or skFiguries 2r daCa&ross sectional view of the test
block assembly of the present invention.

10 Figure 3 is an electrical block diagram of‘tﬁe
circuitry of the preferred embodiment of the prSent
invention showing both discreet components and
functional blocks.

15 Description of the Preferred Embodiment

While the description of the preferred embodiment

will be directed toward the measurement of blood

20 cholesterol, the invention is appropriate not only for
measuring cholesterol in the blood but also for other
bodily constituents which, when a bodily sample (such as
blood, plasma, serum, saliva, urine or skin) is reacted
with the appropriate reagent, yields absorbance/

25 transmittance/reflectance in a portion of the
electromagnetic spectrum that can be measured.

Construction of test strips and a detailed chemical
description can be found in European Patent Application No.
30 92306986.8 filed on 31st July 1992, entitled "Device and
Method For Conducting Biological Assays Containing
Particulate Screening System" and assigned to the
assignee of this application. As specific example is
given as follows.



with the appropriate reagent, yields absorbance/ 25
transmttance/reflectance in a portion of the el ectronmagnetic spectrumthat
can be nmeasured. Construction of test strips and a detailed chem cal
description can be found in European Patent Application No. 30
92306986.8 filed on 31st July 1992, entitled "Device and Method For
Conducti ng Bi ol ogi cal Assays Containing Particul ate Screening Systeni and
assigned to the assignee of this application. As specific exanple is given
as foll ows. -6- Wth reference to Figar& I, there is shown a test strip
approximately 63.5 by 19 mm The thi,ckness of the stripis .33 nmat the
handl e end to aboutm}ﬁ‘rﬁ eRetPeEiONER ﬁaké@eﬁleac‘é & it¢sas a
bl ood 5 appstrip i appsoxdimconl pi 630§ amhelye 15 wit.ch The apdiickHadsat @gy 4 nm
in diameter ang,g L ng. Si ntai pi.ng,a le 7 i ch.is .approxi mately
4.76 mmin di anet e‘%&%t% hbﬁsﬁ%ré@cghﬁep&?g eouetndl omﬁt?"r‘btmrit f® end. 10
The test stripwherehehe comantier takeecpleitcepl aghiec stape hashialbliowdl9 x 19
mm havi ngs one spbekyaisle Stk COBhERIHAAG B p 1Emyh feneath that is
paper bl ood fil %r 2,such as What man ??QET Cﬁronlgagéﬁég %?gna's 15
medi um bl ot ti nampawmaterhé baperinsdippgted BpdcGatieaging sigdeer in a
sol ution consicbéht@iRind Whdle O WALBH is approximately 4.76 mm in
diameter. Both holes are centered about 13 mm from the

end.

10 H

The test strip further comprises a piecé'gf-plastic
tape 3 which is 19 x 19 mm having one sticky side and
containing the 4 mm hole 1. Beneath that is paper blood
filter 2 such as Whatman 31 ET Chrom paper or Sigma's

15 medium blotting paper. The paper is treated by coating
the paper in a solution consisting of 1000 ml of water
in which are dissolved 250 g of glycin, 5.5 g of sodium
chloride, and 2.978 g disodium ethylenediamine-
tetraacetate (EDTA). The paper is coated by dipping

20 into the solution and drying.

The next two layers beneath the paper blood filter
is one or two polycarbonate membranes 4, such as
Nucleopor's one micron polycarbonate membrane. This

25 membrane is also coated with a solution made from 2 g of
Triton X-100 dissolved in 1 liter of deionized water.
The polycarbonate membrane is similarly dipped into the
solution and dried.

30 The portion below the two polycarbonate membranes
is the reagent membrane 6 containing a reagent reactive
with cholesterol in the serum portion of the blood.



in which are dissolved 250 g of glycin, 5.5 g of sodiumchloride, and 2.978
g di sodi um et hyl enedi am ne- tetraacetate (EDTA). The paper is coated by

di ppi ng" 20 into the solution and drying. The next two | ayers beneath the
paper blood filter is one or two polycarbonate nenbranes 4, such as
Nucl eopor's one m cron pol ycarbonate nenbrane. This 25 menbrane is al so

coated with a solution nmade from2 g of Triton X-100 dissolved in 1 liter
of deioni zed water. The pol ycarbonate nenbrane is simlarly dipped into the
solution and dried. 30 The portion 7b&l ow t he two pol ycar bonat e

menbranes is the re n rane ntalnln a reagent, .reactive with
chol esterol in the ?gguh1§§??P3nlSFe eQ&W§i§% éé %ﬁﬁﬁPQRQrFtself
consi sts of a ﬂ%PﬁYBPo@uppmbraBeodynaLBrmmsbmnmthﬁbhnessonsThn thathess
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organi ¢ sol vent solutlon then an agqueous so € orga
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sequence %0 ¢ The Dbﬁqhhhcsubﬁﬁéblec'sé&ﬁti%' BFA4S A tm( Qﬁ%)eth%%oi”fhﬁgﬁ%

Sodlun1ChoIate %5$nk gg i 5' tetranet hyl - henzi g

(TMB) in DVBQ 2 aé]ﬁebﬂs 81 &P 8&"@%&&8‘1@‘% ¥h§ 80 oLV

Dextran % (w vjulfobuaeniater agaitmml eadkarposisyht 2af.54 g of Sodium
Cholate, 250ml or 0.2 molar 3, 3!', 5, 5 tetramethyl-
benzidine (TMB) in DMSO.

10 :

The aqueous solution is made by mixing 400ml of 5%

Dextran %¥ (w/v) with an average molecular weight of
5,000,000 to 40,000,000, 85.6ml of 1.46 molar sucrose,
100 m1 of 5% solution of Gantrez AN-139 polymer

15 (available from GAF Chemical Company)}, 50 ml of 1 mol
solution of sodium phosphate buffer, 1.0 M pH of 7.2,
100 ml of 10% solution of polyvinyl-pyrrollidone (pVP),
195,870 units Lipoprotein Lipase (LPL), 100,000 units of
horseradish Peroxidase (POD), and 35,000 units of |

20 Cholesterol Oxidase. This solution is adjusted to a pH
of 7.2 with sodium hydroxide or hydrocloric acid and
water is added to obtain a final volume of 1,000 ml.

The reagent membrane is coated as follows: first by

25 coating the Pall Biosupport Biodyne B membrane with
organic solvent solution and then drying at an elevated
temperature. The second coating, with the agueous
solution, is also followed by drying at elevated
temperatures. The Pall Biodyne B membrane will now

30 produce a color in proportion to the cholesterol content
in bloods plasma. The final portion of the strip is the
bottom portion containing hole 7 in plastic handle 8

upon which the above-described elements are placed as
provided.



5, 000,000 to 40, 000, 000, 85.6m of 1.46 nolar sucrose, 100 m of 5%
solution of Gantrez AN-139 pol yner 15 (avai l abl e from GAF Chem cal
Conmpany), 50 m of 1 nol solution of sodi um phosphate buffer, 1.0 M pH of
7.2, 100 M of 10% sol ution of polyvinyl-pyrrollidone (PVP), 195,870 units
Li poprotein Lipase (LPL), 100,000 units of horseradi sh Peroxi dase (POD)

and 35,000 units of 20 Chol esterol Oxidase. This solution is adjusted
to a pH of 7.2 wi'th sodi um hydroxi de or hydrocloric acid and water is added
to obtain a final volunme of 1,000 mM. The geagent nenbrane is coated as
follows: first by 25 coating the Pall Biosupport Biodyne B nenbrane with
organi ¢ solvent solution and then drying at an el evated tenperature. The
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approximately 20 ul, is required. The strip is inserted
into the test block portion of the apparatus (which in

10 Figure 2 would be into the plane of the paper), through
an opening, and into a means for isolating the strip
from external environmental influences such as the
housing 56 and cover 57. This housing and cover serve
primarily to block out extraneous electromagnetic

15 radiation such as visible light.

The test block further comprises an emitter which
is a source of electromagnetic radiation, such as light
emitting diode (LED) 26. The LED must emit

20 electromagnetic radiation such as visible light at a
frequency in the electromagnet spectrum which is altered
by the reaction of the blood constituent to be measured
when it reacts with the reagent means. In the case of
the present example, that frequency is 660 nanometers.

25 The electromagnetic radiation such as visible light
generated by LED 26 travels along a first passage 60
through a non-diffusive glass plate 61 and on to the
reagent strip 14 where it impinges upon the chemical
reagent reacted with the blood portion that has traveled

30 to the reagent membrane. A receiver such as a
photodiode 28 is disposed in a second passage 62 at an
angle with the chemical reagent strip 14 that is
substantially different from the angle of the first

passage containing the LED. As can be seen from the



only a 'small sanple, typically one drop which is approximately 20 ul, is
required. The strip is inserted into the test block portion of the
apparatus (which in 10 Figure 2 would be into the plane of the paper),

t hrough an opening, and into a neans for isolating the strip from external
environment al influences such as the housing 56 and cover 57. This housing
and cover serve primarily to bl ock out extraneous el ectromagnetic 15

radi ati on such as visible light. The test block further conprises an
emtter which is a source of el ectromagnet Pc-radi ati on, such as |ight
emtting diode gLED) 26. The LED nust emt 20 el ectronmagnetic radiation
such as visi bl E1gPERt Bheatvpecpashagern 60hand &2 dmdeiet inrrsectmand ch is

al tered by thetneset ionnefdiheck! pREnCEBH ilikaH € HavERStE&S W{tﬁﬂ:l%

reacts with thg reaaent neans. I n the case of fhe present exanple, a
frequency is 650F RURBNRRBFEIC80 toThbeFeCOGhRARTIZE r8R1iaN] diP e as
visible |ight pbotediedebysl EDIRSteaayekhenledrgtar didgrietPis SRgE f0i ddir ough

a non-difgusiv a to reagent, stri 4 where it

i npi nges %pon ?ﬁghcﬁgn?%§#€r2%9§§ ggg@ﬁé?%%ﬁl?é%%a?ﬁ?%ﬁ#*%ﬁ?q?Nf%Wﬁﬁ has
travel ed 30 Passage fagrafleshbeifictheAchendicask readents styimtad ode 28
I s di sposed i ngpaHeE0RE S 2 angl [t &$ﬁ51 I agent
strip 14 that is subst a%f?a?légsgiéf ?g%gﬁgef ?%m%t e lgin%% 0 hée@f?{;egt
passage cont ai ARAECERR9@ 2B - As can be seen fromthe

10 Further to this end of limiting the electqpqégnetic
radiation received by the photodiode solely tozhhat
reflected by the reagent test strip, is the construction
of chamber 63. Light received by the photodiode must
exclude that emitted by the photodiode but not reflected

15 by the chemical reagent strip. Chamber 63 is
constructed by having a plurality of surfaces 64
disposed at individual angles to the first passage 60
such that any electromagnetic radiation from the LED
emitter that passes through the non-diffusive glass

20 plate 61 is reflected substantially away from the glass-
plate 61 and not back toward the photodiode 28. 1In this
sense chamber 63 with ité surfaces 64 acts as a light
trap. Another embodiment may be constructed of a flat,
non-facetted but highly light absorbent, black surface.

25
Turning now to Figure 3, shown is a schematic
diagram of the circuitry of the apparatus of the present
invention with certain functional blocks of the
circuitry identified.
30

Consistent with that described above, test block 10
is shown containing LED 26 and photodiode 28. The
current through photodiode 28 is provided to a plurality
of electrical gain devices 16 such as the network of



-9- Figure, the two passages 60 and 62 do not intersect and there is no
direct path for light to travel fromthe LED through passage 60 to the
second passage 62 and to the photodi ode 28. Instead, the el ectromagnetic

radiation 5 such as light at 660 nanoneters nust travel along first
passage 60, reflect off the chem cal reagent strip and travel along second
passage 62 and ultinmately to the photodi ode 28. 10 Further to this

end of Iimting the el ectronmagnetic radiation received by the photodi ode
solely to that reflected by the reagent- tdst—strip, is the construction of
chanmber 63. Light received by the photodi ode nust exclude that emtted by
the phot odi od@PeXiatfgbat eapetifiens 30,2 Radk ik caithRRRt e a
Chanber 63 is]£R88tT €6 LEnDYLEHAYS NagePir@hiilty, OfTHadd asRscdi¢h sposed at
i ndi vi dual ana%es éo t he flrsi pﬁgfa e 63 sucpﬂihat any el.ectromagnetic
radi ati on fro?t1Re“EEE BT RPRIY t ega§§ vesh Hu FR FheEho i f f usi ve gl ass
20 pl at e 6ghotodtdiecdetpstibst adpeahly omedy dupin fiiewr Gasand plede 61 and
not backesto % t Qdli ?e : .hi s _sens Qﬂf i its
surfaces5 64V\g{(l: géggéggﬁi ég#S }taég %%g?'%gre gn%d"ﬁ’rneq rgr}%mggc%moﬁg?ruct ed of
a flat, non-fphetediofatohtphty opghatibonalbemplifiak Furdndeit®5 Turning
now to Fi gur eadsoshapaal 81 2cL0PIRLELyIMA0LARDI Il FAELUY rehof e
apparatus of the present |1nvent| n \i/'mﬁj[v‘% ce_ratg n?unctﬁ)_nal %I ocks of the
circuitry i dephPEpddodgpooutput and operational 34 and its associated
circuitry provides unitary gain (i.e. a multiplier of
10 - one) to the photodiode output. L F
The output of the electrical gain devices 16 is
then applied to a packaged electronic circuit or "chip"
17 such as model number 75328 from Nippon Electric
15 Corporation (NEC) which contains among other circuits,
an eight bit analog-to-digital converter 18. This
analog-to-digital converter like all such converters, is
capable of accepting a maximum analog input. If the
analog input to the analog-to-digital converter exceeds
20 the maximum, the digital output from the device 18 is
not representative of the input, and will introduce

errors into the digital calculation process.

On the other hand, when the analog input to the
25 analog-to-digital converter is well below its maximum
value the resolution that can be achieved is limited
because digital bits remain unused and the analog value
must be quantified with a small number of bits.

30 This limitation in general can be overcome by
employing analog-to-digital converters that perform the
digital quantization using a much larger number of bits
than the 8 bit analog-to-digital converter used in the

present example. This, however, runs counter to one of



Consi stent with that described above, test block 10 is shown containing LED
26 and phot odi ode 28. The current through photodi ode 28 is provided to a
plurality of electrical gain devices 16 such as the network of - 10 -
operational anplifiers 30, 32 and 34, which constitute a |linear
current-to-voltage circuit. These electrical gain devices apply three

val ues of gain to the photodi ode output. Qperational anplifier 30 and its
5 associated circuitry provide a gain of elght to the photodi ode output;
operational anplifier 32 and its associafedlcircuitry provide a galn of
four to the phgh odi ode out d %ﬁgr tional 34.and htshasso% 4
circuitry provid&sPhAPfaYy é&@ﬁ ARYPRF RPN o¥RiEh 15 8)pF8 P&
phot odi ode out publodbecounspitueht madydr | tlaat ghsnidexpeesilé yett hen
applied to a pgg ggﬁq c€lectronic circuit or "chip" 17 such as nodel number
75328 fron1N|ppon ectric 15 Cor poration (NEC) which contains anong
other circuits, an eight bit analog-to-digital converter 18. This
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Therefore, with large analog signals a'uéiéary gain
40 would be applied and the larger number could be
converted to a digital format within the eight bit
constraint of the converter using nearly the entire
15 eight bit resolution. For lower analog signals, either

the gain of four 38 or the gain of eight 36 would be
selected, whichever is larger while remaining below the
maximum allowable input. A concomitant increase in
resolution would be achieved by substantially using all

20 of the eight bit resolution of the analog digital
converter 18.

Also associated with this embodiment are memory
means such as electrically erasable programmable read
25 only memory (EEPROM) 20 and in the case of the 75238
microprocessor 17, 8K of read only memory (ROM) 21
contained on the chip. Memory means may comprise means
other than traditional data storage, such as a
"hard-wired" representation of the mathematical relation
30 between reflectance and constituent concentration.
These memory means 20 and 21 contain information such as
the mathematical relationship between the blood
cholesterol level and the current of the photodiode
which ultimately become a digital value from the A/D



25 anal og-to-digital converter is well belowits maxi num val ue the
resolution that can be achieved is limted because digital bits remain
unused and the anal og val ue nust be quantified with a small nunber of bits.
30 This limtation in general can be overcone by enpl oying

anal og-to-digital converters that performthe digital quantization using a
much | arger nunber of bits than the 8 bit anal og-to-digital converter used
in the present exanple. This, however, #upg eounter to one of t he
primary objects of the invention which is to produce a bl ood constituent
anal yzer thatcosveneepehs8i velpforaatiroat esuch as the matlsemeppibeaht confli ct

bet ween perfo i r i radl
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bar code reader 54 would provide this characterization
10 information to the EEPROM 20 that is necessary fo?
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subsequent calculations.

The digital output of the analog-to-digital

converter 18 and information from memory means 20 and 21

15 are then provided to a 4 bit microprocessor also
contained on the 75328 chip 17.For this particular chip
a 4 bit micropfocessor is utilized to calculate
digitally the blood cholestercl level using
characterization information from the EEPROM 20, the

20 mathematical relationship stored in ROM 21 and the light
reflectance value supplied in a digital form by A/D
converter 18.

The microprocessor provides the results of its
25 calculations to a display means such as liquid crystal
display 58. This allows a presentation in a human
understandable form of the calculated concentration of
the blood constituent that is measured. In the case of
a cholesterol measurement, the output would be in the
30 range of 100 - 450 milligrams per deciliter.

The use of gain stages in combination with the 8
bit A/D converter provides as equivalent of higher
resolution at lower signal levels, for example, by using



20 of the eight bit resolution of the analog digital converter 18. Al so
associated with this enbodi nent are nenory nmeans such as electrically
erasabl e programmabl e read 25 only nenory (EEPROM 20 and in the case of
the 75238 m croprocessor 17, 8K of read only nenory (ROM 21 contained on
the chip. Menory neans may conprise neans other than traditional data
storage, such as a "hard-wi red" representation of the mathematical relation
30 bet ween refl ectance and constituent concentration. These nmenory neans
20 and 21 contain information such as the ymthematical relationship between
t he bl ood chol esterol |evel and the current of the photodi ode which

ultimatel y becorgain dbgi 4ahnaalaugaf1|rpra tie A/dAt of thk -A /DNYEHVEFrtd:sS.
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I S necessary for subseguent calculatlons The digifal_  out ut of
anal og-t o- dlglngaln o} can be used and the equivalent resolution is

11 bits. This approach is especially beneficial for the
meter of the present invention because nearly all of the

10 measurements fall below 1/4 of the full scale,;bht on
rare occasions extremes of strip characteristics,
cholesterol level and ambient light levels can be
accommodated.

15 In order that the selective electrical gain device
16 does not produce a voltage at or near 0 which may
interfere with the appropriate calculations, a bias
voltage may be applied by buffer 42. This voltage is
summed with the output of the voltage multipliers 36, 38

20 and 40, in order that accuracy and linearity be
maintained at low levels.

Power to the light emitting diocde 26 is provided by
current source 44 which causes the LED to emit
25 electromagnetic radiation.

The current source 44 is connected to a current
control means 46 which regulates the electromagnetic
output of the light emitting diode by providing a number

30 of different current source current values. The current
source 44 is regulated by the current control means 46
so that the output of the LED 26 is within a
predetermined range calculated by the microprocessor
so that the electromagnetic radiation reflected by the



converter 18 and information fromnenory neans 20 and 21 15 are then
provided to a 4 bit m croprocessor also contained on the 75328 chip 17. For
this particular chip a 4 bit mcroprocessor is utilized to calculate
digitally the blood chol esterol |evel using characterization information
fromthe EEPROM 20, the 20 mat hemati cal relationship stored in ROM 21
and the |light reflectance value supplied in a digital formby A/'D converter
18. The m croprocessor provides the results of its 25 calculations to a
di splay nmeans such as liquid crystal displigy -58. This allows a presentation
in a human under standabl e form of the cal cul ated concentration of the bl ood
constituent tihenicaerRAIRNt IMeane tasveattedcitbstberobloedsiemndt, the
out put woul d heddivdie the 'PHE€o 0 O, mebLLgra r Lliter.
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en the sign of .t he. maxi juminput o converter, the gain o
stage is Sdeegj'.hé %I%Odrrecaonrés h%‘fe’gggnal s in this range still have 8 bits of
5 resol ution equivalent to a 10 bit A/ D converter. Wen the signal is

bel ow 1/8 ful | scallyd %P 8V IShtnBsd2bE BheBLEBN B0 sused and the

equi val ent resol ution
exercised to assure adequate dynamic range of the

photodetector sensor 28 across all required test .

10 conditions. The microprocessor 22 controls theilight
level by a digital output through the current c;ntrcl
means 46 and LED current source 44. The current control
means 46 in this embodiment utilizes a digital-to-analog
converter 48 that receives an input from the

15 microprocessor 22 and a voltage input from a fixed
voltage source 50. The current control means 46
provides a voltage output converted to a current output
by the current source, which in this embodiment utilizes
a voltage to current converter circuit 52 to change the

20 voltage input from the current control means 46 to a
current source to power the LED 26.

This brightness circuit is required due to
variations_from LED to LED in manufacturing, changes in
25 temperature, and aging of the LED. At the beginning of
each test, if the reflectance does not fall within a
predetermined voltage range, the digital-to-analog value
is adjusted to bring the value to within a desired
range.
30

Photometric data from the test block 10 is
collected once per second in a sequence that is repeated
every second as follows:



11 bits. This approach is especially beneficial for the neter of the
present invention because nearly all of the 10 nmeasurenents fall bel ow
1/4 of the full scale, but on rare occasions extrenes of strip
characteristics, cholesterol |evel and anbient |ight |evels can be
accommodat ed. 15 In order that the selective electrical gain device
16 does not produce a voltage at or near O which may interfere with the
appropriate cal cul ations, a bias voltage nay be applied by buffer 42. This
voltage is summed with the output of the ¢8| tage multipliers 36, 38 20

and 40, in order that accuracy and linearity be, maintained_at |ow.levels.
Power to the |ight B tREhglsli Bened $8- prdvPEEHCHy Of udr BAL 1S6GPRESAASwhi ch
causes the LERXYnwad ttapass etipot ranbgaeing hLadtakeanwithether LEDL ofour ce
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is within a predeterm ned range calc € M _Croprocessor so that
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within a rang%ﬁMg¥ézr to determine electrical ambient light effects
by reading each photometric input 44 times in 16.6
10 milliseconds. Again the 44 readings are added fo; each
gain level. After this is completed, the electrical
offset readings from the proceeding procedure are
subtracted from the readings taken with the LED on for
each gain level. The resulting answer (i.e., with the
15 electrical offset subtracted) is divided by 44 to get an
average value.. The LED remains off until the start of

the next 1 second period.

When a user wishes to begin a test, the function is

20 initiated by pressing a TEST button. If a strip has not
been inserted, the reflectance of the testblock will be
below a predetefmined voltage level, in this embodiment
0.1 volts, and the LCD will prompt the user to "INSERT
STRIP." When the dry chemical reagent strip is in

25 place, and a steady véltage is measured (greater than
the minimum expected strip voltage of 0.1 volts), the
display then prompts the user to "ADD BLOOD." The unit
will monitor reflectances off the strip continually once
the dry strip is in place, thus detecting the

30 application of a blood sample by an accompanying drop in
reflectance. When the reflectance drops 5% or more
relative to the initial voltage value, a sample is
indicated as present and the word "TESTING" will be
displayed. The test is then conducted and a result is



t he phot odi ode produces an el ectrical output having an accurate

mat hematical relation to the concentration of 5 t he bl ood constituent.
Control over the brightness of the LED 26 is exercised to assure adequate
dynam c range of the photodetector sensor 28 across all required test 10
conditions. The mcroprocessor 22 controls the light |level by a digital
out put through the current control neans 46 and LED current source 44. The
current control neans 46 in this enbodinment utilizes a digital-to-anal og
converter 48 that receives an input from fliée =15 m croprocessor 22 and a
vol tage input froma fixed voltage source 50. The current control neans 46
provi des a vol $3§elavedvhenthe treprsered cuefdactancpuhasy reachedr ment
source, which minihis eabes) ment utilizes a voltage to current converter
circuit 52 to change the 20 voltage input fromthe current control neans
46 to a current source to power the LED 26. This brightness circuit is
requi red due to varThéivwobtddomdhi:tatLthei nighastagksblogionhdrges in 25

o oct arse dosstASHER Fro i vaLuft SERF RNl S8FPadePRRRE. Berdod.
di gi tal -t 0- andTg eniterien fihmsteliecbitni g theevaluateothiet vadua desired
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second in a seguence that Ts repeated every second as fol NOWs:

12.5% of the maximum analog input of the

analog-to-digital converter, the voltage value fropm the

10 stage of the gain of 8 is used; if not,. but the}vélue is
less than 25% of maximum input of the analog-to-digital
converter, then the stage with the gain of 4 voltage
value is used. Otherwise, the voltage value of the
stage having a gain of 1 is used.

15

When the value measured (adjusted for using the
output of different stages of gain) changes less than a
predetermined amount in a given period of time the
apparatus stores that data as test end-point data..

20 These values are then used to calculate the level of the
blood constituent such as cholesterol. The
calculational process utilizes 3 constants which are
characterization parameters of the test strip and are
placed ipto the memory of the apparatus. This is

25 accomplished either by scrolling through a display and
entering the appropriate values from a menu on the
display with keyboard switches or reading the
information directly off the test strip and into the
memory using a bar code reader.

30

Entry of characterization parameters for a given
test strip, which will be common to any given lot of
test strips, may be accomplished by momentarily
depressing the SELECT key. Each successive momentary



- 15 - The LED is turned on. A period of 2 mliseconds is allowed to pass

then a reading is taken with the LED on and in the next 16.6 mlliseconds
each photonetric input is read 44 tines for each of the gain levels 1, 4
and 8. 5 The 44 readings for each gain | evel are added together and the

LED is turned off for a period of 4 mlliseconds. Areading is then taken
with the LED off in order to determ ne electrical anbient |ight effects by
readi ng each photonmetric input 44 times in 16.6 10 mlliseconds. Again
the 44 readings are added for each gain Fe¥él = After this is conpleted, the
el ectrical Off%ﬁ readlngs Qﬁﬁ%th roceedln g&ocedure are iubtracted
fromthe readi ng&EaRFWth GeF ntheveisPFR¥ £8sul ting
answer (i.e.,\nnﬁ$emheth5 nexﬁenpti@m]t@fﬁéespsubfieﬁtedMeaasdEwkded by 44

t t r f th tart t ext 1
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in this enbodi nt "0.1 volts, and the e use
STRIP." Wen t edr%‘i’téﬁéms@éﬂ“%é?ﬁ m#qmﬁti%m nb255‘1009$§é€e and a steady

voltage is rreasiﬂpefés(sglbﬁab&‘r tHRArs BIeCT e sk %[{g)eﬁsfelﬁgrfarvab&agen?fl 0.

volts), the displa he pronpts the user to "A CEP he unit w
noni t or reflecfﬁﬁb Sehdhen ithe PR AYEPRAcEcally terminates
paramnter entry. In this way, the characterization
10 parameters of the test strip which constitutes ;

coefficients for the formula used to calculate the end
numeral result are entered into the memory of the
apparatus.

15 The internal workings of the apparatus are not
apparent to the user. When the unit prompts the user to
"INSERT STRIP" the user inserts the chemical reagent
strip. When the unit prompts the user to "ADD BLOOD"
the user opens the door, which acts as an isolation

20 ' means from light and other electromagnetic radiation,

and adds a drop of blood to the test strip which remains
inserted in the meter.

The measurement block will reflect some light back

25 to the photodetector even if no strip is.in place at
all. The amount of this reflection (Rblack) can be
determined at the factory or immediately prior each test
and then stored to the non-volatile memory. Since
Rblack voltage is proportional to the intensity of the

30 LED light and since the actual test could be performed
at a different light intensity, the Rblack value is
ratioed as shown in the following formula:

ratioed Rblack = (test light intensity/factory



the dry strip is in place, thus detecting the 30 application of a blood
sanpl e by an acconpanying drop in reflectance. Wen the refl ectance drops
5% or nore relative to the initial voltage value, a sanple is indicated as
present and the word "TESTING' w Il be displayed. The test is then
conducted and a result is - 16 - di splayed when the neasured refl ectance
has reached a m ni num val ue. The voltage value at the highest resolution is
5 selected fromthe values stored in eagh 1 second period. The criterion
for selection is to evaluate the val ue Frg§1fhe stage of gain 1. If the

value is |ess yl 2 5% of, 1he, | fjpm anal og i nput of the
analog-to-digif' cé%ygﬁ%iggf%iugqxé age value fromthe.10 stage of the

gain of 8 is used; if not, but the value is |less than 25% of maxi num i nput

of the anal og-to-difgid &latGURERARcK N E8eist gt ¥akhelNerga Qvﬁi 4
vol tage val ue_i s used. %E—erw,se, t he vol tage val ue of the stage avi ng a

gain of 1 is FEEFUEAP Q yald Feuracet LacEdusted for using the

output ofs different stages of gain) changes |ess than a predeternined
arount 112 9L Ve BT SutiTe e SRRAIALUS ShaLE Bt ndeL B cR Lest
t he bl ood condhe wadtcuwhadticms ofhdllextdkeraioldbterol level, the formula
for calculating the concentration of cholesterol in
blood uses the three characterization parameters from
10 the test strip and solves a second order equationé

After the number is calculated the result is
displayed on a liquid crystal display or by other
appropriate display means.

15 |

Error conditions which can be displayed at "ToO
LOW" where the result is too low for the device to
accurately measure, that is cholesterol is under 100
mg/dl; and "TOO HIGH" where the result is beyond the

20 range of the apparatus that is cholesterol is above 400
mg/dl. In this instance the test is aborted because it
would yield inaccurate results. In lower levels of
ambient light, however, the resulting ambient light
level is subtracted as described above and does not

25 interfere with the test.

If the newly inserted test strip is too dark
because of prolonged exposure to humidity or because
blood was added to the strip before the strip was

30 inserted in the meter, an error message will also be
displayed.

Finally, an error will be displayed if the output
voltage does not stabilize to within a predetermined



cal cul ati onal process utilizes 3 constants which are characterization
paraneters of the test strip and are placed into the nenory of the
apparatus. This is 25 acconpl i shed either by scrolling through a display
and entering the appropriate values froma nenu on the display with
keyboard switches or reading the information directly off the test strip
and into the nenory using a bar code reader. 30 Entry of characterization
parameters for a given test strip, which Il be common to any given |ot of
test strips, may be acconplished by nonentarily depressing the SELECT key.
Each successi 2o ldis ression of the SELECT key advances

t he displ ay t%ﬁp%%ﬁ%et%xéi? éﬁﬁugﬁgt'o be specified. Means for changing
a display option such as by pressing the TEST key allows the display to
advance to the next option. 5 Entry of a paraneter is term nated by
advanci ng through the entire sequence of paraneters by successive
depression of the SELECT key or by waiting for nore than six seconds, when
the neter automatically term nates paraneter entry. In this way, the
characterization 10 paranmeters of the test strip which constitutes
coefficients for the fornula used to calculate the end nuneral result are
entered into the nenory of the apparatus.



15 ' ‘The internal workings of the apparatus are not apparent to the
user. When the unit. pronpts the user to "INSERT STRI P' the user inserts the
chem cal reagent strip. Wien the unit pronpts the user to "ADD BLOOD' the
user opens the door, which acts as an isolation 20 means fromlight and
ot her el ectromagnetic radiation, and adds a drop of blood to the test strip
which remains inserted in the meter. The measurenent bl ock vmlii“‘

ce at

sonme |ight back 25 to the phot odet ect_or daven |f n ﬁ““\“u‘

all. The anount of this reflection (Rblac can dal

factory or inmmedi ately prior each test and then stored t& the non- volatlle
menory. Since Rblack voltage is proportional to the intensity of the 30
LED |ight and SihE¥Sthe actual test could be perforned at a different |ight

intensity, the Rblack value is ratioed as shomn in the follomﬁng formul a:
rati oed Rblack = (test |]ght |nten5|t facto |nten5|ty)
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par anet er s froamd adapted to recelve chemical reagent means reactive

with the constituent desired to be measured, said test

block producing an electrical output having a

mathematical relation to the concentration of sa%?

3

10 constituent,
a plurality of electrical gain devices operably
connected to the test block to receive said test block
electrical output,
an analog-to-digital converter capable of accepting
15 a maximum analog input, operably connected to the
electrical output of said plurality of electrical gain
devices, said electrical gain devices applying
electrical gain to said test block output and said
analog-to-digital converter selecting the largest device
20 output which is less than the maximum acceptable analog
input, _
memory means containing characterization
information for said chemical reagent means and for said
mathematical relation, A -
25 a microprocessor operatively connected to the
output of said analog-to-digital converter to receive
the digital output of said converter and cperatively
connected to the memory means to read the contents of
said memory means, said microprocessor adapted to
30 calculate the concentration of said constituent, and
a display means operably connected to said
microprocessor to receive said calculated concentration

of said constituent and display said concentration in



10 the test strip and solves a second order equation. After the nunber
Is calculated the result is displayed on a liquid crystal display or by
other appropriate display nmeans. 15 Error conditions which can be displayed
at "TOO LOW where the result is too low for the device to accuratel
nmeasure, that is cholesterol is under 100 ng/dl; and "T ﬁ\
result is beyond the 20 range of the apparatus that i

above 400 ng/dl. In this instance the tjﬁ? is aborted becaus% |& mould
yi el d inaccurate results. In |ower |evels of anbient Iight, however, the

resul ting anmyhgiin b HErd€Vhath Pe SERRACt €ed as described above and does not
25 interfere wth the test. If the newy inserted test strip is too dark

because of prol onged exposure to hum dity or because bl ood was added to the

strip before the siipriy@sapgaratihiBseitt edaimh tlherh@i'b@h, safidekegt nessage
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t hree m nutessaid portion of constituent reacted with said chemical
5 reagent means to electromagnetic radiation and a
photodiode adapted to receive the electromagnetic
radiation generated by the light emitting diode and
reflected by said bodily sample reacted with said
chemical reagent means and wherein said photodlode
- 10 produces the electrical output having a mathematlcal
relation to the concentration of said constituent.

3. The apparatus of Claim 1 wherein said plurality
of electrical gain devices comprises operational
15 amplifiers.

4. The apparatus of Claim 1 wherein said gain is
set to be less than or equal to said maximum input of
said analog-to-digital converter divided by the test
block output.

20

5. The apparatus of Claim 1 wherein a buffer is

operatively connected to said selective electrical gain



- 20 - CLAI M 1. An apparatus for neasuring the concentration of a
constituent in a bodily sanple conprising: 5 a test bl ock adapted
to receive said bodily sanpl e and adapted to receive chem cal reagent neans

reactive with the constituent desired to be neasured,
produci ng an el ectrical output having a mat hematlcal rejm,"ﬁmumﬁﬂm”m
concentration of said 10 constituent, a plurali of electr gal n
devi ces operably connected to the test bl%%k to recelve said test block

el ectrical output, an anal og-to-digital verter capable of accepting 15

a maxi mum anahgglc@puts,aigp%r %gﬂew ; gﬁﬁt %ﬁ 3]{&6 {é eé%;é%ﬁ%ei%rpm of said

plurality of el ectri‘'cal "gain I'Ces appl ying
el ectrical gaidevieesdind Otrdytr Hhadk tie rnntmmj feoml swbd ogrin-degicalto

converter s¢l 8aNa;hech8dtNoI9d G qUIRLE HAAN LS IS8 D the

maxi num accept abl e anal og i n Menor ans contai ni ng ¢ aracterlzatlon
i nf or mati on f QUtP HFdPER&%Q%ﬁ qﬁﬁiﬂ%ﬂQ%ﬁﬂﬂﬁ?%ﬂﬁFf%ﬁ $3dd nmat hematica

relations 25 mlcroproa:e@s@rorirsp(teﬁ(yunpﬂﬂf AHe R PR NeEt €4id gdfie out put
of said analo% { Q- dlgv}al %ﬁ? er receive the digital output of said
converter and°§yéFst ARE Fh& eé'd‘? %38€ remory neans to read the
contents of said nenory neans, said mcroprocessor adapted to 30

calculate the ConC%Qtriy'Qﬁﬁg}éﬁﬂéjf%¥“§é§é§¥§ng€¥52 concentration of
a constituent in a bodily sample comprising:

10 a test block adapted to receive said bodlly sample
and adapted to receive chemical reagent means reactlve
with the constituent desired to be measured and
producing an electrical output having a mathematical
relation to the concentration of said constituent,

15 said test block having a light emitting diode that
radiates electromagnetic radiation onto said bodily
sample reacted with said reagent means and a photodiode
that receives electromagnetic radiation reflected from
said constituent reacted with said reagent means,

20 said light emitting diode operably connected to a
current source, the current from said current source
causing said light emitting diode to emit
electromagnetic radiation,

said current source operably connected to a current

25 control means, said means regqulating the electromagnetic
output of said light emitting diode by providing a
plurality of current source current values,

said photodiode adapted to receive electromagnetic
radiation emitted by said light emitting diode and

30 reflected by said chemical reagent means reacted with
said constituent, said photodiode producing said test
block output having said mathematical relation to the
concentration of said constituent,

an analog-to-digital converter operably connected



a di splay neans operably connected to said m croprocessor to receive said
cal cul ated concentration of said constituent and di splay said concentration
in - 21 - human understandable form 2. The apparatus of Claim1l wherein

said test block conprises a light emtting diode adapH m“ﬁ“ﬁﬂmmﬂd
portion of constituent reacted with said chem cal
el ectromagnetic radiati on and a phot odi ode adapted to feceiVe t"he®

el ectromagnetic radiation generated by the_lLight emtting di ode and
reflected by said bodily sanple reacted W €A Said cheni cal reagent neans

and wherein sa 0 produces the eleciric out ut. having a
mat hemat i cal rtlta: Pg?]i g’ q‘%dlgﬁc&ﬂ‘f&’f%cﬁ“%ﬁn%aq Jc%h a* ake“trh%g
appar at us of CﬁaﬂﬁlIewhebdpwksmutgutu%ﬂity of electrlcal gai n devi ces

conpri ses operati onglamd 'fgﬁf ‘ﬁtafﬁi i HAai gyl wherein said
gain is set to,be |ess than or nBX|nun1|np of said

anal og-t o- di gi £REoFBArdePNe o \ﬁad&j qiyamrreal azragpnk kneanpand 2005, saide
appar at us sof ChatﬁbaathQQ|QeanH§ﬁpr is operatively connected to said

sel ective electrlcal %1cro
processor operatively connected to the out
put of said analog-to-digital converter to receive the
digital output of said converter and operatively
connected to the memory means to selectively read the

10 contents of said memory means, said mlcroprocesspr
adapted to calculate the concentration of said
constituent, and

a display means operably connected to said

microprocessor to receive said calculated concentration

15 of said constituent and display said concentration in
human understandable form.

7. The apparatus of Claim 6 wherein said
microprocessor is operably connected to said current
control means and said current source is regqulated by

25 said current control means such that the output of said
light emitting diode is within a predetermined range
calculated by said microprocessor so that the
electromagnetic radiation reflected by said chemical
reagent means reacted with said constituent and received

30 by said photodiode is within a range that the photodiode
produces an electrical output having an accurate
mathematical relation to the concentration of said
constituent.



- 22 - device, said buffer applying a voltage to said gain device in order

that the output fromsaid gain device to said m croprocessor is al S
greater than zero and the output provided by the gain devj MS_
m croprocessor is the sumof the output of said gain \m\wum e ouf f er
vol tage. 6. An apparatus for neasuring the concentra va ‘tonstituent
in a bodily sanple conprising: 10 a test bl ock aaapted to receive
said bodily sanpl-e and adapted to receive chenical reagent neans reactive
with the constituent desired to be neasurpggd and produci ng an el ectri cal
out put having a mathematical relation to the concentration of said

constituent, 15 g, Tisai dppesathkoek awing 4 wheddirensdid ek xle t hat
radi ates el ec | adi ation onto .sai, odily s | e reacted with
sai d reagent %ré’gﬁgggﬁédé %n%hg?ngéfﬁﬁsst ﬁaf“?é%&g\r&?‘é“@?@%r%%‘éﬁﬁ%ﬁ adi ati on
reflected froneceivirpnani input fraovt edidi micsaiptocssyent amehns, 20

sai d light enpéd i oder@PeRaP! YnpARNEEHG ol ¢ 1% e Sifk he
current from saj ctﬁent source cggs?'ngﬂs)gxl.g ?ilg‘ﬁwe\{r@ﬁr{%a}(%%gl o.cFeé'to em t
el ect r omignet FR1% aTHEX$%, CRAFROLURLBAE BAYA®Y @fecatfippte oitnech o tana
current 25 ofOAtpDhrAEBES, o561 8BEBS vheaklsat i ng the el ectromagnetic
output of said light emtting diode by providing a plurality of current
source current val ues, said photodi ode adapted to receive el ectromagnetic
radi ation emitted Dy sdiie! apgparatust bfgcdiadte anetherein said current

source comprises a voltage to current converter circuit
10 which receives a voltage input from the output offsaid
current control means.

10. A apparatus for self-testing to determine the
concentration of cholesterol comprising:
a test block adapted to receive a of a bodily

20 sample containing cholesterol and adapted to receive

chemical reagent means reactive with cholesterol,

means for entering into said apparatus a .
characterization value associated with said reactive
chemical reagent means,

25 an emitter and a receiver which comprise a portion
of said test block, the output of said emitter impinging
on the reagent means reacted with cholestercl and said
receiver receiving a portion of the output after the
output has interacted with the reagent means reacted

30 with cholesterol,

means for isolating said bodily sample, said
reagent means and said receiver contained within said



30 reflected by said chem cal reagent neans reacted with said
constituent, said photodi ode producing said test block output having said
mat hematical relation to the concentration of said constltuent an

anal og-to-digital converter operably connected mﬂ“mt“ﬁ“ﬂmqm odi ode
and producing a digital equivalent of said test blo means
contai ning characterization information for said chem cal teallent neans and
for said 5 mat hemati cal relation, a mcroprocessor operatlvely connect ed
to the out put of said anal og-to- di gitalm &nhverter to receive the digital
out put of said conve ter and operatively connected to the nenory neans to
sel ectively reb@th erﬂnﬁ%ﬁﬁ%n%?u§aﬁﬂvmﬁﬂﬂﬁFﬂﬁﬁﬁnﬁ°%ﬁﬁ(Pnd

m croprocessorcanliamhchﬁts,cal cul ate the concentration of said constituent,
and a di spl ay neans ongerabl connect ef g sai Cr opr ocessor to receive
eShF

sai d cal cul ated contemtPaiionr 15 °F 9 acegﬂ‘é't W S said
concentrati on Fecéivemn andleirsteommioh fcdtion withheheppdraatarstexfi @Atdion 6

her el 1O, IELOTORSSAR L JRELAR! XpBaRgeeed LS GUT ARl o

nmeans and said current source IS regu curre ol
means such t hath® HeeRRRPHa oo nf ¢hgh@5§ﬁrpt1| i@ &heddddily tsample

predeterm ned d@p@eited in the apparatus, and
a display for presenting said calculated

concentration of cholesterol in a human understaqdable
10 form. :

i
-
s

15 11. The apparatus of Claim 10 wherein said
chemical reagent means reactive cholesterol comprises a
test strip coated with a chemical reagent and adapted to
be inserted into the test block portion of said device.

20 12. The apparatus of Claim10 wherein said means
for entering into said device a characterization value
comprises means for scrolling a menu of values on said
display means and a means for entering one such value
into the device.

25

13. The apparatus of Claim 10 wherein said means
for entering into said device a characterization value
comprises a bar code on said chemical reagent means and
a bar code reader comprising a portion of said

30 apparatus.



cal cul ated by said m croprocessor so that the el ectromagnetic radiation
refl ected by said chem cal reagent neans reacted with said constituent and
recei ved 30 by said photodiode is within a range that the photodi ode
produces an el ectrical output having an accurate nath ' [ to
the concentration of said constituent. - 24 - 8. fﬂnulmm)mmﬂl“m
Claim6 wherein said current control neans conprises a*di gitial - osanal og
converter receiving an input from said_ngroprocessor and receiving a
further input froma fixed voltage source, 5 said current control means
havi ng an output which is one of a plurality of voltage val ues. 9. The
apparatus of Claim 8 wherein said current source conprises a voltage to
current converter circuit 10 whi ch receives a voltage input fromthe
out put of said cugrent nt,r.al S., ¢lQ.y . - aratus. for_self-testing to
det ernine the COI‘_](EJgﬁt r;??o%pgfargﬁg:gegtfer%oal@oﬁprb?iwsh%nrge:ma T bl ock adapt ed
to receive aP8Ftaopoaifl y:h2ooutpusawdl &heommitrtieny mhod iesderind @anel adapt ed
to recesve chembgabrr aRgeRt nAGANY RAGLINSG M LN GhO) i8St ol freans for
entering into said apparatus a characterization val ue A T h sai d
reactive cheﬁfﬁﬁkepeggéﬁtSﬁé§n§}°29 portion ign reflactredindightr ecei ver

whi ch conprise a portion

10 15. The apparatus of Claim 10 wherein said :
microprocessor is electrically connected to said ]
receiver by having the current output of said
receiver pass through a current to voltage converter,

the voltage of which provides an input to said
15 microprocessor.

16. A method for measuring the concentration of a
constituent in a bodily sample comprising:
taking said bodily sample and reacting said sample

20 with a chemical reagent reactive with the constituent

desired to be measured,

producing an electrical output having a
mathematical relation to the concentration of said
constituent,

25 producing a plurality of voltage values each of
which is a multiple of the voltage associated with said
electrical output of the test block,

providing the plurality of voltages to an
analog-to-digital converter,

30 selecting for digital processing the largest
voltage of the plurality which is less than or equal to
the maximum input voltage of the analog-to-digital
converter,

providing the digital output of the



of said test block, the output of said emtter inpinging on the reagent
nmeans reacted with cholesterol and said receiver receiving a portion of the
output after the output has interacted with th aﬂmﬂmeans react ed

with chol esterol, nmeans for isolating said bodily S mﬂjﬁﬂ “tl iﬁm

means and said recei ver contained wthin said
extraneous environnental noise and contami nants, a m croprocessor

el ectrically connected to said receiver_ Ln comruni cation with the
characterization 5 val ue entered into said apparatus, adapted to

cal cul ate | Neafgegntsaalencol ehalvesdroled {16 0060 d e S5 | 1 HEROSI t ed

in the apparatus, for presenting said calculated
concent rati oncah aABFEsE e CRERATY REARS FRISMEMEMITATREters zation s

11. The appar@hgerﬁétgael foROsuhar ehensidal Ghalgearl Meagept means reactive
chol esterol conpri sei test strip coated with a chem@?i reagent and
adapted to be insefftgul %bnshénté@BQuWiﬂF?RﬁQQ%ﬁF%ﬁ Fd device. 20

12. The apparabueeﬁtrﬁtabﬁiaﬁ shddeicorss it ueran st fon e edigitabt fosmi d
device o ohar g6 gL preLLenYALYS S U 58, TR Angoagh ! L0 o, reny of
t he devi ce. characterlzatlon 1nformat10n for said chemical reagent
means, and
displaying the calculated concentration of saiad
10 constituent in human understandable form on a visﬁble
display output. 2

17. A method for measuring the concentration of a
bodily constituent comprising:

15 storing in a memory device characterization
information defining a mathematical relationship between
the concentration of said constituent and
electromagnetic radiation reflected by a chemical
reagent means reacted with said constituent,

20 receiving in a test block a bodily sample and said
chemical reagent means reactive with the constituent
desired to be measured in the bodily sample,

producing electromagnetic radiation and directing
it to impinge upon said constituent reacted with said

25 reagent means, -

measuring electromagnetic radiation reflected from
said sample reacted with said reagent means,.

producing an analog electrical output from said
electromagnetic radiation reflected from said

30 constituent reacted with said reagent means, said analog
electrical output having said mathematical relationship
to the concentration of said constituent,

converting said analog electrical output to a
digital equivalent, controlling the amount of



25 13.. The apparatus of Claim 10 wherein said neans for entering into said
device a characterization value conprises a bar code on said chenic

reagent means and a bar code reader conprising a porti “ﬂ“&lﬂmﬂg &ﬁmb
appar at us. - 26 - 14. The apparatus of Caim 10 wamm! n of
the output of the emtter received by the 5 recei ver dftér HaV|ng
interacted wth the reagent neans reacted with said blood portion is
reflected light. 10 15. The apparatus of Claim 10 wherein said
m croprocessor is electrically connected t28 sai d recei ver by having the
current output of said receiver  pass through a current to voltage
converter, thelstTapagIetir chagietiass lapingdng Lpoaisdifs
mcr ?p{ OCGfSQrcorﬂeg:\it%}éfﬂ! ﬁ%hlé@éd”ﬁii_ﬁﬁ_r 's:@gd: lir%_a@@m&em;ragisﬁ? of a | .
constituent in a bodily s e conprising: taking, sai odi sanpl e an
reacting said %‘H’lﬁ%)‘z%‘g % tlﬁ°‘éggh8ﬁ°é’ Fiefdeﬁeﬁper ERULSFe At SR he
constituent desigcttrdnadreettbashadilatibadte pgoducel ari mnadlogout put having a
mat hematical rel atJ.on. 10 the conceptration_of id.co j tuent, 25
pr oduci ng§a pltglregﬁﬁycao < Y’?Iégew&g}‘ﬁgs aeggﬁdgﬁz%\%’llﬁﬁ%ls?ag‘ Al ti pl e of the
vol t age associ at ed efiedtweniically calculating the concentration of

said constituent by using the mathematical relation of

the digital equivalent of the electrical output of the

test block to the concentration of said constitqut, and

10 - displaying said calculated concentration of -
constituent in human understandable form.

18. The method of Claim 17 comprising the
additional steps of:

15 measuring the ambient electromagnetic radiation
within said test block when no electromagnetic radiation
is produced,

converting an analog output from such measurement
into a digital value,

20 subtracting said ambient digital value from said
digital equivalent of radiation reflected generated by
impinging with electromagnetic radiation, and

performing said calculation of said constituent
concentration.

25

19. An apparatus for measuring the concentration
of a bodily constituent comprising:

a test block adapted to receive a bodily sample and
adapted to receive a chemical reagent strip reactive

30 with the constituent desired to be measured and
producing an electrical output having a mathematical
relation to the concentration of said constituent,

said test block having an emitter that radiates
electromagnetic radiation onto said constituent reacted



el ectrical output of the test block, providing the plurality of voltages to

an anal og-to-digital converter, 30 sel ecting for digital proceSS|ng
the largest voltage of the pIurallty which is less th ﬁ“ﬂt@ ‘

maxi mum i nput vol tage of the anal og-to-digital conve @i\m \ﬁm

digital output of the - 27 - analog-to-digital co cer tto"a

m croprocessor which can address a nenory means contai ning characterlzatlon
i nformati on for said chem cal reagent neans, calculating in said
m cr oprocessor the 5 concentration of 2% constituent from the digital

formof the tesé bIoc% electrlcal out put. and the characteri zation
i nformation fOFRaFAIARERREENT [ SEEERt 2RBaAs Festd Vers fhaf Fgaeidesal cul at ed
concentrailcwerécsnoﬂaéﬂetlcCﬁmdiatueﬁtrbﬁlb@ﬁ&ﬂ ey shdadable formon a

vi si bl e di spl measuring the concentration of a
bodi | y constf?% Q?ig%%%F e%§€é€Engg saldsfﬁ?lﬁﬁtl tt5lﬁbrmry devi ce

characterization |ﬁﬁbdnﬁesbnbheéknhaglagnaebamammcahonaumuemsdmﬁid@etmeen
oy Sor ", gk hisginstidicalott! 5 BCTBIGN ALl ths
the emitter and terminating at sa1d chemical reagent
strip and a second passage containing the receiver and
terminating at said chemical reagent strip, said
passages forming substantially different angles with

10 respect to the surface of the chemical reagent s}q&p,

said test block further having a chamber with a
plurality of surfaces, said surfaces disposed at-
individual angles to said chemical reagent strip such
that electromagnetic radiation from said emitter passing

15 through said chemical reagent strip is reflected '
substantially away from said chemical reagent strip,

said emitter operably connected to a current
source, the current from said current source causing
said emitter to emit electromagnetic radiation,

20 said receiver adapted to receive electromagnetic
radiation emitted by said emitter and reflected by said
chemical reagent strip reacted with said constituent,
said receiver producing said test block output having
said mathematical relatlon to the concentration of said

25 constituent,

an analog-to-digital converter operably connected
to said receiver and producing a digital eqguivalent of
said test block output,

memory means containing said mathematical relation,

30 a microprocessor operatively connected to the
output of said analog-to-digital converter to receive
the digital output of said converter and operatively
connected to the memory means to selectively read the

contents of said memory means, said microprocessor



20 , receiving in a test block a bodily sanple and said chem cal
reagent means reactive with the constituent desired to be measured in the
bodi Iy sanple, producing el ectromagnetic radiation a ‘ﬂu

i npi nge upon said constituent reacted w&h said 25 yﬂm" &Im
measuring el ectromagnetic radiation reflected from sai “d Sanpl e re d wth
sai d reagent neans, producing an analog electrical output fromsaid

el ectromagnetic radiation reflected fromsaid 30 constituent reacted
with sai d rdagded woanslcsdirtteabhkogoskentriatdlonopifpetidacongti&uent,

mat hemat i calngrel ationship to the concentration of said constituent,
converting said analog electrical output to a digital equivalent,
controlling the dhwufisglay -means eI@R@I@h&ﬁnet¢Qﬂ¢%@?%@|oﬁxinpSﬁgdng

upon saigl m@&tdptmatssr&a%toedcé/&élméaééiuﬁ CAQEBL 1 §BaAS chceaRtRelibihng t he
power provi degi to the, source of said el ectronmagnetic radiation to produce

an anal og % FUE T e buR Pt AHitHHiIaY aSPEEdECHGRTER Fiyeln human
el ect r oni candgrealanidadiliengFdrde concentrati on of said constituent by using
the mat hermatical relation of the digital equivalent -of the electrical
out put of the test block to the concentration of said constituent, and 10
di spl ayi ng2%ai d &< dritaat: bonedhilatiitod Sofvhegedmn saddt cumrremtasource

under stiandall epb@hy connected to a current control means, said means
regulating the electromagnetic output of said emitter by

providing a plurality of current source values.

21. The apparatus of Claim 1, 6, 10 or 19 wherein said
15 bodily sample is blood.

22. The apparatus of Claim 21 wherein said constituent is
cholesterol.

20 23. The apparatus of Claim 10, 19 or 20 wherein said
emitter is a light emitting diode.

24. The apparatus of Claim 2, 6 or 23, wherein said light
emitting diode emits electromagnetic radiation in the
25 visible light spectrum.

25, The apparatus of Claim 24, wherein the light emitting
diode emits visible light of 660 nm.



18. The nethod of Caim 17 conprising the additional steps of: 15

nmeasuring the anbient el ectromagnetic radiation within said test bl ock when
no el ectromagnetic radiation is produced, converting an anal og output from
such nmeasurenent into a digital value, 20 subtracting said anbi ent
digital value fromsaid digital equivalent of radiation reflected generated
by inpinging with el ectromagnetic radi ation, and performng said

cal cul ation of said constituent concentration. 25 19. An apparatus for
measuring the concentration of a bodily Tbnsti t uent conprising: a test

bl ock adapted to receive a bodily sanple and adapted to receive a chem cal
reagent strip reactive 30 with the constituent desired to be neasured
and producing an el ectrical output haAbstgractat henatical relation to the
concentration of said constituent, said test block having an emtter that
radi at es el ect r oneARPARATUS: AVR HETHID 6AR MEAGVRINGoA FHODLLE FONFHIUERY - 29 -
with said reagent strip and a receiver that receives el ectromagnetic

radi atien reflectqdh Hrpmsaid GARSHANIYE FOAGhEsYERgSal BodipRgent strip,
said test block having separate, non-intersecting
constituent such as glucose or cholesterol by taking the

sample taken from the body such as blood, saliva or
urine. The sample is placed on a test strip inserted
into the test block portion of the apparatus where the
10 portion of the sample containing the constltuent d251red
to be measured reacts with a chemical reagent. Products
of this reaction have an absorbance/reflectance
characteristic which is mathematically related to the
concentration of the constituent in the bodily sample.
15 The reflected light is absorbed by a photodiode and the
output of the photodiode converted to a digital form
where a microprocessor can calculate the concentration
of the constituent using the mathematical relationship
between the reflected light and concentration stored in
20 memory means of the apparatus.

{figure 1)

25

30



5 passages in said test block, a first passage containing the emtter
and termnating at said chem cal reagent strip and a second passage
containing the receiver and termnating at said chem cal reagent strip,

sai d passages form ng substantially different angles with 10 respect to
the surface of the chenical reagent ¥8rip, said test bl oFfQﬁgr havi ng a
chanber with a plurality of surfaces, said surfac di spdse I ndi vi dual
angles to said chem cal reagent strip such that electr netic radiation
fromsaid emtter passing 15 J3through saNd cherical reage tripis
reflected substantially away from-said ¢ r strip, §aid emtter
operably connected to a current soEZE" the cwyent gfp>sai d cyrrent
source causing said emtter to em"t S ctromgnaﬂi on, 20

sai d receiver adapted to receive el ectromagnet be~Tadi ati ol em ttjed by said
emtter and reflected by said chemcal reagey trip reacted wth said
constituent, said receiver producing said _Lep ﬁ!‘r'aﬁ.l- put havijng said
mat hematical relation to the concgntrati@®§Q T8l g consti tijuent, an

A

anal og-to-digital converter operally conne ai d recefver |and
produci ng a digital equival ent of |said esf bl ock ouEgst, aknory neans
contai ning said nat hemati cal raWkatio % 4/’/ opr ocesgor

operatively connected to the output orSsai d ang#s A gi tal cqnverter to
receive the digital output of said c&® sAn f @ cornjnected to
the nenory neans to selectively read 3 5 of SHai d menory neans,
said m croprocessor N

56<




adapted to cal cul ate the concentration of said constituent, and a display
nmeans oper ably connect ed to said 5 mcroprocessor to receive said
cal cul ated concentration of said constituent and display said concentration
i n human under st andabl e form 20. The apparatus of Caim 19 wherein said
current source 10 is operably connec&géj to a current control neans, said
nmeans regul ating the el ectronmagnetic tput of said emtter by providing a
plurality of ecurrent source values. 21 The apparatus of Claiml1, 6, 10
or 19 wherein said 15 bodily sanple is blood. 22. The apparatus of Caim
21 wherein said constituent is cholesterol. 20 23. The appar at us of
Claim10, 19 or 20 wherein said emtter is a light emtting di ode. 24.

The apparatus of Claim2, 6 or 23, wherein said light emtting diode emts

el ectromagnetic radiation in the 25 visible Iight spectrum 25. The
apparatus of Claim 24, wherein the%' h{,_emit t. ode emts visible Iight
of 660 nm < S 38 ——— | ——
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