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Accordingly, various non-invasive devices to measure blood glucose levels from an ocular
fluid have been described in the literature wherein an ophthalmic lens is employed
comprising a glucose receptor labeled with a first fluorescent label and a glucose competitor
labeled with a second fluorescent label. By monitoring the change of the fluorescence
intensity at a wavelength around the peak of the fluorescence of the quenchable fluorescent
label, the amount of the fluorescently labeled competitor that is displaced from the receptor
by glucose is measured and is used for determining the glucose concentration in an ocular
fluid. WO-A-02/087429 discloses a fluorescence photometer for measuring blood glucose
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This object is achieved by the combined apparatus for measuring the blood glucose level
from an ocular fluid as characterized by the features of the independent claim.
Advantageous embodiments of the apparatus become apparent from the features of the

dependent claims.

In particular, the apparatus according to the instant invention comprises

- a hand-held fluorescence photometer for determining the glucose level of the ocular fiuid of
the user

- a device for the amperometric or photometric determination of the blood glucose level of
the user for calibration purpose,

wherein the hand-held fluorescence photometer comprises:
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In still a further advantageous embodiment of the apparatus according to the instant
invention, the second detecting means comprise at least a second detector for detecting the
second fluorescence emitted by the ocular sensor and at least one wavelength selective
element for preventing light having a wavelength outside the second wavelength band from
impinging on the second detector.
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of the blood glucose level may together define at least a measurement unit and a calibration
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The apparatus may further comprise a communication and contacts unit, and the calibration
unit may be designed to provide a blood glucose measurement value representative of the
blood glucose level, while the communication and contacts unit may be designed to
communicate the blood glucose measurement value to the measurement unit. The
measurement unit may be designed to self-calibrate using the communicated blood glucose

measurement value.
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Fig. 3 shows the optical path of the pilot beam in one embodiment of the present
invention
Fig. 4 shows the optical path of the measurement beam in a further embodiment of the

present invention

Fig.5 illustrates both the optical path of the measurement beam and the optical path of
of the pilot beam with respect to a patient’s eye in a particular embodiment of the
present invention

Fig. 6 illustrates the working principle of an amperometric blood glucose measurement
device
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Detailed description of the invention

The basic working principle of an embodiment of the hand-held fluorescence photometer of
the combined apparatus according to the instant invention is shown in Fig. 1. First, a pilot
beam 1 of a well-defined wavelength irradiates the pupil 2 of a user’'s eye 3 on which an
ocular glucose sensor 4 is positioned. The irradiation causes a first fluorescence 11 ("pupil
fluorescence") comprising a first wavelength band to be emitted through pupil 2. The first
fluorescence 11 travels along a first optical path, and its intensity within the first wavelength
band is measured by means of a first detecting means. The measured intensity is then
correlated to the distance between the fluorescence photometer and the eye.



fluorescence travels along a second optical path, and
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nmeasured intensity is then correlated to the glucose

concentration in the ocul ar -f7l-uid of the user, which

gl ucose concentration is then correlated to the

gl ucose concentration of the blood of the user. The
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however, the intensity of this fluorescence can be neglected compared to the second
fluorescence emitted from ocular glucose sensor 4.

When pilot beam 1 irradiates pupil 2 of the user’s eye 3, pupil 2 becomes thus improving the
measurement conditions, since pupil versus iris dimensions vary from user to user and on

illumination conditions.

Fig. 3 shows schematically the optical path of pilot beam 1 with respect to the eye 3 and
within an embodiment of the fluorescence photometer. The fluorescence photometer
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In order to get neasured
iris 6 of the user's eye 3 measurement beam 5 is colllmated and properly focused by means

of standard lenses (not shown). Such irradiation of the iris 6 causes the glucose ocular
sensor to emit a fluorescence travelling back towards dichroic mirror 18. Dichroic mirror 18
blocks the reflected excitation light while allowing the total fluorescence comprising higher
wavelength bands to pass through and to proceed further on its optical path. Dichroic
mirror 19 splits the fluorescence into a second fluorescence comprising a second
wavelength band and a third fluorescence comprising a third wavelength band. The second



fluorescence travels towards conventional mrror 20
directing it towards filter 23 that allows only
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contidQd lodlits @pticapathconcent rati-on determ ned by the
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meafis i e I peay  Ther Rt are TR e At Gihd sequentially
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skilled in the art it wll appear obvious to nodify

t he apparatus descri bed above in the case in which the
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fluorescence intensities:

- a distance between the photometer and the user’s eye;

- an ocular glucose concentration in the ocular fluid of the user according to a predetermined
calibration table or calibration curve;

and a means for converting the ocular glucose concentration determined by the calculating
means into a blood glucose concentration by referring to a predetermined correlation
between blood glucose concentrations and ocular glucose concentrations. Also, the
combined apparatus may comprise a display panel for displaying the blood glucose

concentration so determined.
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that the pilot beam has a sharp focus. To reduce the
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ectroc optica arenmen ni-que an

meagaremenhbéarg may lwthlsletrbedrfﬂambbeéﬁ‘ence i nt enS| ty

measured in the ocular fluid of the sanme patient. Both

the el ectrochem cal and optical devices known in the
In orglet tofagpe aéthdherretuirgd ismall dinensians of repphojoraeter, fise pilot beam and

) [ r "

the r;qggéu?@rtl%:%(tnbegrrr{jﬁfegir?@y gvgaggtse?? gghfaczﬂ o%h@@ Tfo aQ:mJlIaHeGFy position the
photometer with respect to the user’s eye it may be advantageous that the pilot beam has a
sharp focus. To reduce the effect of eye movement during glucose measurement the

measurement beam may have a more diffuse focus.

An initial calibration process correlates the blood glucose concentration with the ocular
glucose concentration. The most reliable and accurate calibration method comprises
determining the blood glucose concentration in the blood with a known electrochemical or
optical measurement technique and correlating it with the fluorescence intensity measured in
the ocular fluid of the same patient.



on a strip. The strip contains an enzyne that reacts
with the glucose in the blood, thus causing an
wenmgnmissL reaction. Depending on the type of BOERPBDFY06316
i nvolved different reaction products are rel eased.
El ectrochem cal devices makeigfirect use of electrons
or other charged reaction products while optica
devi ces neasure the presence of reaction products
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rIC evi ces nal stri |
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enzy reduce a col orant I as consequence -
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gl ucose neasurin evice 1s sc emati ca
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betvmom@ogg an@ the ergyme reduce a colorant which - as a consequence - changes its

color. In this case the strips do not include any electrical circuit. A typical photometric blood
glucose measuring device is schematically illustrated in Fig. 7. The photometric strip 50
comprises a capillary 37 through which the blood reaches a chemically reactive area 38 of
the strip where the reaction between glucose and the enzyme takes place. When the
photometric strip 50 is introduced into a photometric glucosimeter 60 a light source 39, e.g. a
light emitting diode, illuminates the chemically reactive area 38 of the strip 50 and the
intensity of the reflected light having the changed color is converted to a current that is
proportional to the glucose concentration in the blood by means of a photodiode 41.



light emtting diode, illumnates the chemcally
reactive area 38 of the strip 50 and the intensity of
wo b@snefBect ed | i ght having the changed col or PGI/EP2005/006316
converted to a current that is proportional to the
gl ucose concentration in thetdl ood by neans of a
phot odi ode 4 1.Fig. 8 shows schematically an
enbodi ment of the conbi ned apparatus according to the
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neasur enment val ue réepresentative or the ood glucose

to measwrement unit 70 which uses the communicated blood glucose measurement value to

self-calibrate as already outlined above. A battery 704 may be contained in measurement

unit 70 which also supplies calibration unit 80 as long as measurement unit 70 is docked to

calibration unit 80.

Calibration unit 80 may comprise means 800 for contacting the measuring strip, an analogue
measuring circuit 801, a digital processing and error detecting unit 802 and a code



Communi cation and contacts unit 90 communi cates the

bl ood gl ucose neasurenent val ue to neasurenent unit 70
wokiosh2033€s t he communi cat ed bl ood gl ucose neaBCT/BPBN$/006316

value to self-calibrate as al ready outlined above. A

battery 704 may be contai nedign neasurenent unit 70

whi ch al so supplies calibration unit 80 as |ong as

nmeasurenent unit 70 is docked to calibration unit 80.
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actions, for scrolling through a nenu to select a
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glucose concentration of the ocular fluid is determined using fluorescence photometer D1,

the actual blood glucose concentration is determined with the aid of a measuring strip 32 or
50, respectively. Then, the glucose concentration of the ocular fluid is correlated with the
actual blood glucose concentration, thus calibrating hand-held fluorescence photometer D1.
After calibration the blood glucose concentrations can be determined by solely using hand-
held fluorescence photometer D1. The so determined glucose concentration is displayed on
a display unit. The keys 711,721 may be used for performing various actions, e.g. for
scrolling through a menu to select a specific function.



corresponds nore or less to a disk that may be easily
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devi ce D3 concept, calibration unit 8 1 does no | onger
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code rea
concentration by control unit 712 of measurement unit 71. Accordingly, the structure of

digital processing and error detecting unit 812 is simpler than that of the embodiment shown
in Fig. 9, thus reducing the expense for the electronics belonging to calibration unit 81. In
case no measurement value can be determined, an error message is forwarded to
measurement unit 71, and buzzer 713 may be activated. Also, calibration and start
messages may be interchanged between calibration unit 81 and measurement unit 71.
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digitaladontyoletridaprocesisingdmit 788 afrpreaseremenhunih?2,dhusamaking a digital
proc%%%{i@%{ﬁ gﬁgﬂﬂetécﬁme dﬁﬁ%m@h?&ﬁor& g?ﬁg?ﬁlﬁﬁﬁ%@ﬁﬂ% é‘\ %&}ttg&y d724 may
also dleLoootainedidn creasuLemeant uhip ¥ 2-whickiatag %Jpphﬂ%@haratlewhtt 82.

D3. Since the electronics of both devices D1.D2 can be

integrated to a higher degree because of the single
CalikretiorcenitiR mmf@iefore:mmmsmm @asange onlyanegqnsi §20foeeontiacting the
meagﬁ’ﬂ%gtmp BRY LA %nglogbé’ﬂ\%a uit B3P, %@é&%ﬂﬁ ﬁilt Y& Hﬁt}tcomprlse a

nicates a e ana neasur enent v
digitalagontolt unite’@?. pnd@@@ys@ﬁ 7t26 l@ﬁysaeﬂl § buzaer ég%rﬁ batteéy B24band a code
read?“?'ﬁé’se | evel to neasurenent unit 72. The conversion
romthe pure anal ogue neasurenent value into the
bl ood gl ucose neasurenent value is done by digital

The %Qﬁé Fe%gef"'?éis H\%g ‘?é‘aﬁﬁrﬂﬁmﬂmﬁ prévidedbh li}ﬂe,nstF@F’eSg rtﬁQWHe of strip, the

Subsequent neasur enent unit
manyfaswer@tq@wa@hmaﬁsamﬂdwﬂl peocessipg: arg ﬁﬁrWefaft@Qsmg unit 722 in

deteﬁﬁ‘nfn:g"’lhé Bl Fé"c&ﬁc%%’raﬁﬁﬂ frbh ek é‘lpr@‘ﬁﬁ’ea e?ﬁenttslb%al provided by

erro etecti'ng function 1s now perfornmed by digit
the anginguelmeasyring ékf@étsﬂaigAa Alreadyopentiongd aboyes rtlammeawrf‘-ment value

fomé%edtﬁl?)%? aﬁ@géJ@m@aéﬂrﬂnb%ﬁkunﬁé@ﬁﬁ%ﬁbé&sﬁ@%n@rern‘?fr detectlng unit 722 of
etecting unft within-calibration unit 82 0Ssi b
meagutegient kit 32 1p gigijal control unit 722 of measurement unit 72 is a pure analogue
measurement signal that must first be converted into a digital value by digital control unit 722
of measurement unit 72, and which must then be converted also by digital control unit 722
into a digital value directly representative of the blood glucose concentration. Accordingly, a
digital processing and error detecting unit can be completely omitted within calibration

unit 82, thus even more reducing the expense for the electronics belonging to calibration

unit 82. Also, in case no measurement value can be determined an error message must no



al so be contained in neasurenent unit 72 which al so
supplies calibration unit 82. Calibration unit 82 nay

w0 besatsse conprise in essence only means 820 POI/EP2005/006316
contacting the nmeasuring strip and an anal ogue
measuring circuit 821 . Meastging unit 72 may conprise
a digital control unit 722, a display unit 720, keys
721 , a buzzer 723, a battery 724 and a code reader
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unit p2 and dedstrentenéuaihd®.ogue nmeasuring circuit 821. As
al ready nentioned above, the neasurenent val ue
forwarded from anal ogue neasuring circuit 821 to
In aqufittonete shis galimatiosy, B standatdizatiom rayrbiet don@ negsurieg ther fluoeescence
mten%qi/ %:)f %%f&%ngé g ér gkhéﬁpwag ﬁév%@%%nu%ﬁﬁ%o%{edqﬁﬁﬁﬁc%ﬁ giucose sensor,
wherairssuchi a dyte :b@oofmm withirespect ta thei glucaske. theoevejyhe ocular sensor
i gjt ' f i .
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be dgge Byﬁ]e% Qr‘ﬂ% &HW@S %RPIQS&W@E 'e%\ mgﬁ‘gr‘? ﬁép J}\%l 5|‘h|*§@vould
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compensatesioe the \ariatior df wyl) il intepaity ¢frtbe pitot b@nmtwm\ thelgistance from the
\, nse for the electronics
eye Eeﬁﬁghtgqfa?ie &@g &%P{g o(ﬁé% it 82. Also, in case no
measur enent val ue can be determ ned an error nessage
t
As WL Bper S ARAEN whf o QlelB} FiRe  ReliaR drtiithonts he Eombifby
appmtummmﬁg%m irviention mBy fakerseveral eanfigutalinng &referably, an integral
ove?‘fﬁ[ *r%@iﬁggt er ?ég:(t) }]r{ér Oqtlgﬁlaetlérﬁé}géﬂg egéé?rtcg E?gsg?ﬁﬁle aJ)paratus in
frontd theeeye, e pilot heamris mwdtat@m@mtbe Wﬂalbgfrtbﬁ“@ﬁtleﬂi metyemd the pupil
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one neasuring t uorescence | ensi t
beam étadiatng &m@ﬁélentmem pnﬁyrahb{vre thﬁereg'oembémaa in nrdeméo excite the

ocul u@Jse%'eHg&S‘Fﬂé 86telled |N@ﬁ§|l?'o?th%lm&é’sc% in§ensnt¥ e?wﬁtgd by the

non-active W th respect | ucose eneve
oculgycssinger is dirsororiatated Isibe ghspee perar anskoritlanstcensemtration.
| abel , one could serve as an internal standard in the
determ nation of the glucose concentrationinan
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one. Thrs woul ensate for the variation
as, fPhexaﬁTlFé%ﬂaﬁ?Woﬁfta‘Pﬁ %i | ot beam when the distance from
t he

Further, the measured blood glucose concentration value may be transmitted to another
piece of equipment via wire or cable, or wirelessly, such as via radio frequency or infrared
transmission. Also, it is conceivable, that a telemetry signal can be transmitted to an infusion
pump, which can provide the proper amount of insulin in order to maintain suitable levels of
glucose in the body. The telemetry signal may be analog or digital.



eye is slightly varied (order of mcroneters). As has
been explained with reference to the descri bed
wendedrazent s, the conbi ned apparatus of the prBSEBRP2005/006316

i nvention may take several configurations. Preferably,

an integral cover is providetizto protect the optical

el ements. In order to exactly position the apparatus

in front of the eye, the pilot beamis irradiated into

, [
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functions such as, for exanple, battery status etc.

I

Ina glﬁf&#&f emfa%gmtgﬁgtﬁgmg??rg d&P% tgé g@ﬂﬁlﬁeg Qggférggx%%egﬁﬁb once a month,
prefenaa!ywnceadvee@mr@ preferably enicessday, such as via radio

frequency or infrared transmssion. Also, it is

concei vable, that a telenmetry signal can be
A suitable opular eenspoman fq>rrﬁx@mp¢mbq;e|mrpphtmimleoanorppwngie dlunsse
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of tinme. Such punps are well known and are descri bed,

for example, in U S. Patents 5,957,890; 4,923, 375;
Fluogessemy Iaapls, syphy as fivaresceig indocyaniae pfe@nema@ehmr@enn@m
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The sensitivity of the ocular glucose sensor can be controlled by varying the concentration of
the quenchable fluorescent label. Increasing the concentration of the quenchable fluorescent
label in the ocular glucose sensor increases the range of fluorescence intensity and thereby

increases the sensitivity of resulting measurements.

The glucose receptor moiety comprises one or more binding sites for glucose. Each binding
site may, however, also bind a moiety that competes with glucose for binding, and is



second fluorescent |abel. The two fluorescent |abels
are selected such that while the conpetitor is bound

wo ooosheossecept or, the fluorescence of one of tMOI/EP2005/006316
fluorescent | abels is quenched via a fluorescence
resonance energy transfer byjsg he other fluorescent
| abel . By nonitoring the change of the intensity at a
wavel engt h around the peak of the fluorescence of the

uenchabl | uorescent | abel he ampupt of the . .
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thereby increases the sensitivity of resulting

nmeasur enents. The gl ucose receptor npiety conprises
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which the second group is a quencher that decreases the fluorescence intensity of the

fluorescent group.

A suitable ocular glucose sensor may in addition comprise a reference dye, e.qg. for
standardization or calibration purposes, which upon irradiation emits a characteristic

fluorescence, wherein such a dye is non-active with respect to the glucose.



rhodam ne-concavalin A and fluorescein dextran. In
alternative a suitable ocular glucose sensor may be an
wopdvshai3sd ¢ | ens conprising a protein sensi ng POI/ER20&006316
capabl e of binding glucose and having the property to
emt - upon irradiation - a {d uorescence that changes
inintensity or decay tine in a concentrati ondependent
manner when said nol ecule is bound to the gl ucose. If
t he Iucose i s glucose, . preferabl rotein is
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sensor may in addition conprise a reference dye, e.g.

for standardi zation or calibration purposes, which

upon irradiation emts a characteristic fluorescence,

wherein such a dye is non-active with respect to the

gl ucose. An ophthalmc lens may, for exanple, be a

renovabl e | ens such as a contact lens, or a

permanently inplanted | ens, such as an intraocul ar

| ens, a subconjunctival lens, o r an intracornea

| ens. Permanently inplanted | enses are particularly

wel | -suited for use in individuals who have

conprom sed ocul ar function (e.g. cataracts) and al so

di abeti c di sease. Ophthal m c | enses can be corrective

| enses or can be constructed so that they do not

affect visual acuity. Contact |enses optionally can

conprise a tint and are preferably disposabl e, which

reduces the risk of infection for the user. As used

herein, the term"ophthalmc lens" may also refer to a

shunt or inplant that may rest in the subconjunctival

part of the eye.



Opht hal m ¢ | enses according to enbodi nents of the
i nvention can be worn continuously or over extended
w@etosaes3of tinme to provide repeated nmeasur emeEPCHFERZ005/006316

can be worn for a single neasurenent only. Both

qual itative and quantitativepgeasurenents can be

perfornmed. Cains 1. Conbi ned apparatus (D1 , D2; D3)

for neasuring the bl ood glucose | evel froman ocul ar

fluid of a user, conprising - a hand-held fluorescence
Claigg ot oneter (D1) for determ ning the glucose |evel of

the ocular fluid of the user - a device (D2) for the
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of thgrutameﬂor ﬁgnbadt@ng:uq%dslgerst opt i gﬂ pat h; gb% hgi 1[|S|trst

e
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(a) fipst nrrddlétlngonme(nma O)Mifdriproviding afpilotsheana(ie femgadiatiemaf; the eye (3)
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waveléndgth banid, eslald pupdl rﬂderesbmoex-ivemgaaiomg:al ffiest optiaat path( 4)
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interisihaof the efrtitespupil Slec@sderfdewvdthirsthe ricst wawetengthibagda second

() s§$oéﬁ ﬁgagangﬁgg%sp@?b%,f‘ggé’rﬂ)%\?{i];k@ ;agﬁt(%aﬁsn Fegn%l‘g?);éghll (%9for irradiation
of theege 3)(df $hel @562 @21;32@) extite Eﬁ oaulapsaysdr {(4) whivh is er:cmmlact with the

ocul r‘}umfgtl gﬂ%& Jn%r whict t 6rpq'aalg r{\%ﬁPaQ’HW%aggremde%tiggﬂndemltsa

['uor secon wave
secontdiueresceroe don‘rpssmgradse@eow wavelengthl iband rayldm:nsd $luerescence

travﬁ%hé%&&g%ﬁ&&%ﬂgg% Qﬁ neasur enent beam (5) irradiates

untder a predeterm ned angle (a)
(d) sacmhdadetectpgewmr(ma ne@0P2A3:2:26)farangedh i the Isecoriskaptical path for
meai&r n’gr Lrge il lo?tél%as)ec?rg& ﬂ%r@?&eﬁ@g \g\ﬂpmqggs?%hd%vavelength band;
wheqerretuetflm’t wndedcmwgrredlem)g mednsiarstaranged sechtthatting reeasiurement

t. £ i
beantia 'r?%rnrg@gt%g:tﬁge%é %’fgégﬁgié‘r‘;@gﬁg&e‘ BrULRrfinddZhgle (of and at a
predetermined distance from the pilot beam (1), said angle (a) being between 0° and 90°.

2. Apparatus according to claim 1, wherein the predetermined angle (a) and distance are
chosen such, that once the fluorescence photometer (D1) is arranged at a proper distance
and orientation in front of the eye of the user, the measuring beam (5) impinges on the iris
(6) while the pilot beam impinges on the pupil (2).

3. Apparatus according to any one of the preceding claims, wherein the first detecting means
comprise a first detector (13) for detecting the pupil fluorescence or first fluorescence and at
least one wavelength selective element (8,9,12) arranged in the first optical path for



and orientation in front of the eye of the user, the

measuri ng beam (5) inpinges on the iris (6) while the
w@rdosti2d3eam i mpi nges on the pupil (2). 3. ApparErt/BB2005/006316

according to any one of the preceding clains, wherein

the first detecting neans cosporise a first detector

(13) for detecting the pupil fluorescence or first

fluorescence and at | east one wavel ength selective

oS it PR i ShnS B P binons on e

first 8étestor yi@y.el engt h band frominpinging on the first
detector (13). 4. Apparatus according to any one of

the preceding clainms, wherein the second detecting
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vel ength outside.the second wavel ength pand . .
for VB B GFVIES M RENgDAUERAR e SRr0T WA enadh an 3 impinging
on thdreoAl deteae@4)j ng to claim4, wherein the second

detecting nmeans further conprise a third detector (25)
for detecting a third fluorescence emtted by the

5. Amﬁwétaé aamdlﬂg td dipinaadwiadreinahs becnel detestihg natahs further comprise a
irciiay 4581 B DUA st e G BRI dshBy nofitige) and 2
leasf drmrnva\mtérigm sejeclive teleendrit ( 18]19]20,28) for p(eﬂébtmgﬁlght having a
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(D1) and the device (D2) for the anperomatrl c or
otonetri
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prefdyhblpdetyyaendsand €oml are separate devices, that can be
connected in order to be in comunication with each
other. 9. Apparatus according to claim@8, wherein the

8. Apfevatoe a¢c@ajiing do amhenenofipdaimsdt toiSc wherein the hand-held fluorescence

photometer (D1) and the device (D2) for the amperometric or photometric determination of
the blood glucose level are separate devices, that can be connected in order to be in

communication with each other.

9. Apparatus according to claim 8, wherein the device (D2) for the amperometric or
photometric determination of the blood glucose level is designed as a docking station to
which the hand-held fluorescence photometer (D1) can be docked.

10. Apparatus according to any one of the preceding claims, wherein the hand-held
fluorescence photometer (D1) and the device (D2) for the amperometric or photometric



photonetric determ nation of the blood glucose |evel
is designed as a docking station to which the

whandAabeBd fl uorescence photoneter (Dl) can bepdDER®AS/006316
10. Apparatus according to any one of the preceding
claims, wherein the hand-helsbhfluorescence photoneter
(D1) and the device (D2) for the anperonetric or
phot onetri cdeterm nati on of the bl ood gl ucose | evel

t oget her, defin t least a asurenment unit (70,71 i
detelmpggtiolh 56 bR sficord Bvehipactbariaine o ispst 4 mebidkiont at
(70, 2GED hidrgedlibratibaiufit {8h,81,82)t her conprising a

comuni cation and contacts unit (90), the calibration

unit (80) being designed to provide a bl ood gl ucose

11. Kﬁ?ﬁfﬁl alunetaecrdrh dimgkwaahe?p,e&mmra@bhmﬁfiagtatdem@agiggIaga@&atacts unit
vel , e Co | gatl.on an con C uni eln
(90) {58 Falheti U R o FE el 18 PADIHS? BloBa @lurhsk theasiyathent value
représdintidivé of trieaalcmwg_ %cf?cgaeéue_l,um téorﬁmhicgmdat ﬁd‘lﬁntactsl u%it (9tO) being
Jmeasur enent . uni el n esl gne 0 Se -call prate .
desiGRAt 1] COMEN AT, e lEaeL O i e eA yEaeent a8 o LipiRpasUrement uni
(70),;/agiduﬁe lrr_ile%suélﬂm it ahi_ufvoagﬁmg @igﬁigné@:jdlée_ﬂ-dﬁligﬁtte udieg eiend
e callprall.on uni |1 S esl gne (0] rovi de a
com{pURCHRE AR 9/ hsE Reastrras SEEs dad { o the. Hemsur crent
unit (71 ,72), the neasurenent unit (71 ,72) being
esi gned to,.convert e .co ni cat ed nea epent val ue
12, ARRRetlS BoosRune I Sty Bl I b GitgR SAE B SEBE ¥l o
prov'rmf; ftlhsaéllrm_dntg}aum_ at ik ahmhrdeﬂlﬁ? tﬁdmie_egaﬁsrwhém_ i (N’EQL the
s . esl ghed t Se - | brate .usin t he
meafyrBmehEiniCEl 22 BERG EREne Miiinke T e Uiiiiptitedheastiement vaiue
into ablmuc_ljlu;jogsé meabaiemehPyalué Eﬁpeés%(n;dliee ohtheli@dd glocaseilével, and the
82) and. sur enent it ave a,.c
meafitaineRf Srit (5 725 B3 SERBhed Bser Altrali o me iR pcose

measdrement vdlu&2) bei ng provided in the neasurenent unit
(72), the calibration unit (82) conprising only an
anal ogue neasurenent circuit (821) controlled by the
13. Apparatas deqirding tecdait t2, wHeesie the ¢aliBéation unit (82) and the measurement

unit (72) have a common digital control element (722), the digital control element (722) being
provided in the measurement unit (72), the calibration unit (82) comprising only an analogue
measurement circuit (821) controlled by the common digital control element (722).



