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SPECTROPHOTOMETER This invention relates to a nethod of processing. In
parti cul &¥0Q ot/B4present invention relates to a nethod of PEDOE8EINSS dat a
froma spectrophotoneter. The present invention has particular application
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BACKGROUND ART

Near infra-red spectrophotometers (NIRS) are used in a wide variety of industries
10  to analyse the composition of various materials. These NIRS are particularly
useful in determining the composition of, and if there are contaminants in certain
materials and can provide the results of analysis within a matter of minutes. In
contrast, chemical tests often take days to provide the results of analysis, by which
time it may be too late to stop contaminated or otherwise inappropriate material
15  from being used where it shouldn’t be. NIRS are also more reliable and faster to

calibrate than standard research spectrophotometers.
However, these machines also have a number of problems associated with them.

One problem is that most NIRS have to be individually calibrated. This is because
the analysis of the data relies on determining the difference between a reference
20  spectra and the spectra received back from the sample. This is a complex
relationship and thus, anything that can affect the light path of the machine can

affect its calibration.



Unfortunately it takes a long tine to calibrate a LAIRS and the cost of
doing so is approximtely as expensive as the machi ne. However, once

cal i br at a4 01/8@241 machi ne can work inexpensively and qui ckP@T/NEofanossher
probl emcan arise in that a separate calibration is required for every 5

physi cal test unfiimey jolBGsiARD ik @REGLAD NRS 48k e Q&g%fﬁgﬁfﬁasgiigf erent

materials, a considerable tinme Tan be spent I1n calrbratin hine to
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install another nachine. Usually the replacenment nachine has to be
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is that the on-board processing Ines I's not t11as enoug

provi de real -{j e I Ihi s.-bsca problem.in that oftel LALE]S 1
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bei ng renoved B the rest of the material. 20 Wile it may be possible

to incorporate nore powerful onboard processing into the NRS, this is

expensive to so.and th ost also mounts when.multiplied by a _.nunber
of machi nes. %B%aéf’? 534 C%C%F [&%’f%‘bﬂﬁ o of Brgfiilichs having & hustber of

NIRS machines all operating independently and with separate calibrations.
10 Another problem is that if a machine breaks down, a considerable amount of time
is required to install another machine. Usually the replacement machine has to be

recalibrated while the previous machine is being repaired.

Another problem is that the on-board processing of NIRS machines is not fast
enough to provide real-time results. This is a problem in that often NIRS
15  machines are used in production lines, for example on-line sampling of oil, wheat
and so forth. A delay of some minutes before detecting whether there is say a
contaminant, or a certain quality of the material, can radically slow down the
production line, or result in the contaminated material not being removed from the

rest of the material.

20  While it may be possible to incorporate more powerful onboard processing into the
NIRS, this is expensive to do so and the cost also mounts up when multiplied by a

number of machines.



Yet another problemw th LAIRS machines is that their conpactness enabl es
them to be readily stolen and used el sewhere. There have been several

types of wpevsiephot onet er systens designed in order to PCYNaANUL0OSEr CONe
of the problens .previously nentioned, one of which was 5 disclosed in US
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optical nultiplexer Bt fiber termnals, a
spectrophot onet er operatively connected to the nultiplexer, a 10
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detector, gl ecgtr.on d | cooling system These conponents

i CS, i r
are fitted in 18018865181%%30??6 @G%tigesggli]]%ned housi ng that serves as both the

spect rophot onet er housi ng and the detector housing. The spectrophot oneter
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spect r ophot o in s th a repeatabi ity of no.mpre than _
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PCT/ NZ01/ 00088_ _These ,sections within the specjfication clearly show that
each spectr onh Bberjiermipgls, a spectrophotometer operatively connected to the mulfiplexer, a

10 programmable on-board computer with chemometric software, and, in a preferred

embodiment of the invention, at least one light source.”

“A major feature of the present invention is the spectrophotometer, which includes
precision holographic optics, a charge coupled device (CCD) detector, electronics,
and an integral cooling system. These components are fitted into a compact,

15  streamlined housing that serves as both the spectrophotometer housing and the
detector housing. The specirophotometer is mounted to the multiplexer so that any
selected optical terminal can readily be brought into precise, reproducible

alignment with the spectrophotometer input.”

“.with a repeatability of no more than approximately 5 microns (that is,
20  reproducible positioning to within 5 microns or less), attainable switching times no

greater than approximately 1 second/channel, and high total optical throughput.”



own onboard programmabl e conputer and is totally reliant upon the
performance of the optical nultiplexer. Due to the long swtching tinmes of
appr oxi mwebyse4second per channel, this 5 invention cannor/Nzel/amwssd f or
real time nmeasurenents and the fact that there has to be a physical
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into the 10 o& i cal,ﬁagath.thereby maki ng any further readings inaccurate. A
further probl 8P OPHFRMELRIEXEpect rometer within US 5, 953, 118 woul d need to
be calibrated individually and it does not have a central store of
calibration fi{gures,or, results.  US 5 701,175 disc]oses a noveable
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surface. 4 WD 01/86241 PCT/ Nz01/ 00088 _
fact that mechanical movement of the optical system can introduce debris into the

10 optical path thereby making any further readings inaccurate.

A further problem is that each spectrometer within US 5,953,118 would need to be
calibrated individually and it does not have a central store of calibration figures or

results.

US 5,701,175 discloses a moveable spectrophotometer wherein a programmed
15 computer can be used for identifying the position of the spectrophotometer at a

given time, as can be seen from within the abstract:

“A spectrophotometer mouse is provided for making color spectrum measurements
of desired areas on a surface over which the mouse is moveable. The
spectrophotometer mouse includes a housing shaped to conform to the hand of an
20  operator, and a spectrophotometer in the housing having an input (such as a light
receiving aperture) for measuring the color spectrum of the target area on the
surface. The mouse has a position sensing encoder which is coupled to a

programmed computer for identifying the position of the mouse on the surface.



Thi s programred conputer may be internal or external of the housing. The
conputer is used for locating the target area on the surface with reference
to a poiwoersam t he nouse, and then detecting when an opRCHNZN/6vass noved
the nouse such that the input of the spectrophotoneter is substantially

coi nci dent wi td.t t rea. The conputer. autonmatica
actuates the g%ée@?’égﬂ%’ﬁg‘%? %P{;%%% hg? I%ﬁ@agﬁécef(?%?ﬁlo?f &ﬁeg]?ﬁus’fnlgomlrk’%e
target area is. recejived at.the i.nput of the spectrophotoneter and is
measured. In S44PYFol ’t‘%’f%pﬁ%\}‘?c&hﬂgl{%eo?aﬁgetﬁ@c?‘ﬁ?ﬁ S"PEE‘SE O’Ylgﬁéerf?@n‘@f t ar get
areas on a surface, ttﬁe ositiqgn sensing features of the nouse can also be
operated as aPPV Ot %%ﬁ?’ﬁdtt%d%’é‘é Whsin aovReEater hasguevetohe snause
graphi cal user interface. Thus, the operator can use the spectrophotoneter
nmouse to neasSiSinigat e aptoe! g speqiipphoometer jo substantislly soinbiesuwithcbe or as
a typical conputer-type nouse.” This patent only deals with a single

spect r ophot ontacaied dtrgetrasea. W ehcoanpsieri agtonesiticalip ecvatespihe speritophstoimictel sa.
centralized processing unit. 15 It is clear fromwthin the specification
that this spethat éighepeststeof tight éons the tatgndech tsorebeived ad theipustoinge al one
system and not as part of a group or an array, but if a nunber of these

m ce were usespdcagglidtemetchend tibeyeasnrddd i iadhitibavie povideng ealok Rpadiagn
i ndividually. Therefore they would still suffer fromsome of the major

probl ens descrichaflerganth iofrtargdOales on GOdurfhtd, @E%Sf?%ﬁsseﬁﬂngg%ﬁﬁg Ug @pd

met hod for calibration of a spectrophotoneter.  However the disclosure
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shows (as can be seen in thgé encl ose 1excgr tueggpoe %aﬂfpﬁﬁé&gg&hﬁj%
10 to a graphical user interface. Thus, the operator can use the spectrophotometer

mouse to measuring the color spectrum of target areas on the surface, or as a

typical computer-type mouse.”

This patent only deals with a single spectrophotometer and not with a series of

spectrophotometers with a centralized processing unit.

15 It is clear from within the specification that this spectrophotometer mouse is
intended to be used in a stand-alone system and not as part of a group or an array,
but if a number of these mice were used together then they would still have to be
calibrated individually. Therefore they would still suffer from some of the major

problems described earlier.

20 US 5,691,817 discloses an apparatus and method for calibration of a

spectrophotometer.

However the disclosure still exhibits major calibration problems as the

specification clearly shows (as can be seen in the enclosed excerpt below) that the



WO 01/ 86241 PCT/ Nz01/ 00088 calibration nust be perfornmed on each

i ndi vi dual spectrophotoneter which is not only costly and tine consum ng
but is alwoodsdiii cult. "A spectrophotoneter apparatus (20B3T/NZos@ags ed to
provi de spectral reflectance neasurenments of object sanples. The apparatus
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conprises a side sensor (276) having a fixed spectral responses
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with 10 the light intensity emanating from anp. For purposes

cal ibration, feg&émsnts 8F objelEsRRALENGHRE PHAZME Efﬁr(?ﬂtc% rﬁeg?lc}gut(%g d%ht

reference sanple. Utilizing these neasur nts, e appar
provi des conmppisat i.q[s, Qf e i i chentsfor. each spectral
segment. The gios eénsat ?ofrll&gggf |1?:°; ea(rgl énbg :&%Jh ?@éd?lgn\%}st IFPESTET e %S ensor
measur enent s, f, QV | noryral i zat i,on_of . t&te refl ectance 15 nmeasurenents
for each seg rrree%(:tg%glgkl gf%eea%ﬁ%?ﬁe%‘{ﬁj%ﬁgﬁ{“ﬂsﬁ Riak PRELRY lﬁB’iﬂ’S@g@H’tﬁeﬁé ® For
each segnent, a ale factor is.then_determned. The scale factors
conpensati on 5%38?1 i 'EPRATES Cgﬂﬁc@il%’és %%?o‘?bﬁfﬁasé“ﬁl’]@n@ﬁ@s Theapnwtey €90 o
conpensate acfual reflectance neasurenents, wi_th further conpensation
provi ded by HTESE TAMBIRES of Y t ERPEr 42 (e hovag 1 ¢ clizet spectpd resppsesbvi ous
fromthe above excerpt that this patent discloses a device that is only
meant to be ugkdgaqteristic JprAempnsHEngsihe rafl¢ctince WS asutOONtE I8 adtadimsesitia
portabl e spectrophotonmeter which has a data nenory in which a sequence of
gener al i zZEY ctherteghti sntensity tepramdtinghfromdibe larhmt Fohpurposes of calibration, a series

of time-sequenced measurements are made of a reference sample. Utilizing these

measurements, the apparatus (200) provides computations of compensation

coefficients for each spectral segment. The compensation coefficients are utilized,

with the side sensor measurements, to provide normalization of the reflectance

15  measurements for each segment and for each measurement within the timed
sequence. For each segment, a scale factor is then determined. The scale factors,
compensation coefficients and side sensor measurements are employed to

compensate actual reflectance measurements, with further compensation provided

by a determination of temperature coefficients.”

20 Tt is obvious from the above excerpt that this patent discloses a device that is only

meant to be used in a stand alone situation.

US 5,400,138 discloses a portable spectrophotometer which has a data memory in

which a sequence of generalized commands is stored in order that the



6 WO 01/ 86241 PCT/ NzZ01/ 00088 spectrophotoneter is able to performthe
correct sequence of commands when used in a renote |ocation necessitating
it bei ngwidsvenmected fromthe host conputer. "A col our PERSANT/NY8EYSt em
i ncl udes a portabl e spectrophotoneter connectable to a general -purpose

conputer. The L.t LRe a.mcroprocessor with a 5 read-qnly
progr am nenor 58/19%'51 %?]? ‘%tgm%&&:%% Arlljgg dé);i)%gf?fr% eecqrrﬁg{sreggﬁchﬁg CYBmAR ¥ ’t‘segdat a
processing fort | or asurenent. purposes and i nput/output functions

i ncl udi ng key™ %ge&?oﬁ'&ﬂ%ﬁ Olhﬁ?cgsst‘ﬁaﬁﬂ%ﬁg’lemﬂdﬁs&??%ge%é[ﬁ(ﬁn eﬁ}ﬂswommﬁert-i ons. A
random access data nenory is used to tenporarily store process data for

| ater transfeip E&oﬁﬂﬁezgﬁﬂﬁ% gj;(]s't&ﬂ Frﬁz‘ﬂﬁﬁs gg)lgp[%lg rsmc’taf%pﬁcgt;bﬁlg{er RLD E{%lgiegnd a

conpiler 10 programin the eral - purpose conputer € use 8ner at e
a program for ! r r 4sin tre? h-.| evel eneral i zed commands.
After such a Brg%g%%ﬁ &rhgge ‘gOgEeﬁﬁ %iﬁee%‘%gi ?f‘g [&6) Cf"léfﬁs i%rfnltch%’r&‘?ﬁ%)rra‘?l%r pose
conput er, é’t isd'_tr nsferred to a conmand.buffer area in.the random access
data nermory, OFTHe RIOSF YR ERYE SHOMNE FRE AT SHT ARG JRTICLPRS fotEmigBgam
menory, incluges a command interpreter 15 including a predefined sequence
of nachi ne ex8¥gt BIPCessiigs (o1 CPIop nesyFenesit nourpesse r 401G Herptionipyhrfunctiymen
executed, the compand interpreter reads a eglen(.aral i zed command fromthe
data menory aHWluding keyesadipg andpdate eisanster efpaetions daitda dspiayt &mstiamsd eXecut es
the predefined sequence of machi ne executable functions in the program
menory corr espaddinnascess daie nopanay ab iused! te demporaril@Osthei prgegss adnes SedlateA user
usi ng the general - purpose conputer, may specify any desired sequence of
measur ement opensditn tnshebgerspagivipdsagoinpnttri oAn dditoberogen' aidradcediypitdae
m croprocessor, including the display of pronpts to the operator
10 program in the general-purpose computer may be used to generate a program for
the microprocessor using high-level, generalized commands. After such a program
has been written and compiled in the general-purpose computer, it is transferred to
a command buffer area in the random-access data memory. of the microprocessor.
The microprocessor, in its program memory, includes a command interpreter
15  including a predefined sequence of machine executable instructions for each
generalized command. When executed, the command interpreter reads a
generalized command from the data memory and, if necessary, updates relevant
data pointers and executes the predefined sequence of machine executable
functions in the program memory corresponding to the generalized command
20 being processed. A user, using the general-purpose computer, may specify any
desired sequence of measurement operations by specifying functions to be
performed by the microprocessor, including the display of prompts to the operator

of the portable spectrophotometer to instruct the operator to perform various

specified operations.”



of the portable spectrophotoneter to instruct the operator to perform
various specified operations.” 7 WO 01/86241 PCT/ Nz01/00088 US 5, 400, 138
not only we®bi/sdael unabl e to performreal -ti ne measur ement SPCDONZOE@O$8 Of

t hese spectrophotoneters would need to be calibrated individually and are

designed to b N7 g@b,;gg;};?&gjr%hgvﬁ? 0 Elrpa%leht%S ter P@%—?i%%%@@%z%e%@se Bgtr c%apgg t 2 d

spect rophot onetry ar e device w thi

inits abilit d applicability in hat .it has to be .pre:programed with
a set of com‘ré%gﬂ?sﬁsﬁoplgﬁ%?ﬁ%ho %E%fa ‘F%ul{’ HERd tai@CBﬂ%@F‘gdg@’Bﬁ?ﬁ%@nﬁo@F
conput er whic reatly limts the applications in which this device would
be suitabl e. %H%S@/@@Guﬁ stemoiedy fg‘?{nég? diest icempaier Hndt RYnasspatt eth for use
on a 10 spectrogthotomater, however this device has severe limtations in
that a cal i br 8RSCHRPhISMEHBRYaYrUst be fitted to each spectrophotonmeter that
needs to be calibrated. As can be seen in the follow ng excerpt fromthe

speci fication,.the .core,of -th i ntion.is the.in ration of permanent
ref erence %t ands AqEeRiTRH, Y‘@a%’ﬁ()d’g%it?ﬁe%m@ﬂéfléﬁs.E&)%ﬁ&aé‘dra@@éﬁ‘a@ﬂéé n
standards are use&ito ;}gl ibrate the 15 spectrophotoneters. "The automatic
calibration apfhtihdido eGP @romamed muth fvemf qupandyesiysiions eed ethen

enpl oyed in a conventional spectrophotoneter such as those disclosed in the
Landa U.S. Pafliscpgnectedofsamoths kst wpmpater viclpgreatiyolimits 96 apgcaticentinal t o
the invention, is the integration of permanent reference standards in the
20 spect r ophot'digt this devismwitnld be stit@blspect r ophot oneters are calibrated.”

US 5,251,006 discloses an automatic calibration system for use on a
10 spectrophotometer, however this device has severe limitations in that a calibration

assembly must be fitted to each spectrophotometer that needs to be calibrated.

As can be seen in the following excerpt from the specification, the core of the
invention is the integration of permanent reference standards within each
spectrophotometer.  These reference standards are used to calibrate the

15  spectrophotometers.

“The automatic calibration apparatus according to the invention is designed to be
employed in a conventional spectrophotometer such as- those disclosed in the
Landa U.S. Pat. No. 4,264,205 or McGee U.S. Pat. No. 4,969,739, Central to the
invention, is the integration of permanent reference standards in the

20  spectrophotometer from which the spectrophotometers are calibrated.”

US 5,251,006 uses a somewhat costly way of calibrating a number of
spectrophotometers as each spectrophotometer would need its own set of reference

standards permanently within its structure.



US 5, 251, 006 uses a sonewhat costly way of calibrating a nunber of
spectrophot oneters as each spectrophotoneter would need its own set of
ref erencavost/emdar ds permanently within its structure. 8 WO/BZIB@RASKL
PCT/ NZ01/ 00088 This systemhas little advantage over those previously

avai | abl e as h ctro toneter still has to be calibrated

i ndi vi dual |y. ?@% Ziys?glﬁ h%séﬁglﬁ% cﬁfglétég% Qe oS, Pé?vrlﬁ'flﬁ% paevé'flf?%f)hﬁﬁ el er
which uses different |ight.sources wi.th overl.gppj ng spectral
characteristi& ecifﬂf’]‘b‘?ta@ff%f 6“1?‘9%'%@’80 ateglrtfé‘éfa\?@ybandw dth of the
spectrophotoneter. This patent does not disclose any nmethod of calibration
of the spectr grhpy : e t 1 i ch r.ange of. vel ength
can provide data t %%Itggfglsf fre)g% 515 %a%ﬂ]ﬁgba}?rggfs% géntg%ﬂgto\éﬁ'ert%rvgﬁlf ﬂgxgesv\éléﬁé\%n?
originate fro h r of. _each scan.ﬁgi ce this i.s only a.problemin a
spect r ophot one }tétr Eo\ﬁlegh&gléaorygﬁ PRI 8P, §H%?Cte'iﬁlcﬁé9e‘?rgﬁ%f°né‘,ﬁprp8? tg]?\st ance
from 200 to 850 paqnoget(&ﬁs it vvoulg therefore be irrelevant to any
spect r ophot onBtRIC RAEFIdER Of the $PEiOPRAORISH about 390 to above 900
nanoneters as this can be achieved froma single tungsten halide |anp. US

5,035, 195 sl 058t ! ks NSRBI GO RUoHERRRLRLS, o

drilling nud, IS I's out OW ng.

i 10 i | at drilli whi i nal.yzed continuqusly_.b
Dt g i s holt el g et el et o S Fa oS B R i Y g
b d and mxed with a carrier. gas and are conveyed to gas
anal yai g dev BB PSUONAGIH SRt "ol Raingt From Ge pyies B frhpem . °

hydrocarbon conponents of the gases in the nud are continuously neasured
and the signakg, e sis is only a problem in a spectrophotometer which scans a wide range of

10 wavelengths, for instance from 200 to 850 nanometers, it would therefore be
irrelevant to any spectrophotometer that will only scan from about 390 to above

900 nanometers as this can be achieved from a single tungsten halide lamp.

US 4,635,735 discloses a method and apparatus for the continuous analysis of

drilling mud, this is outlined in the following.

15 “An oil well drilling rig (10) recirculates drilling mud which is analyzed
continuously by pumping it through a gas separation unit (72) where the gases in
the mud become separated and mixed with a carrier gas and are conveyed to gas
analyzing devices (196) where the concentration of the different hydrocarbon
components of the gases in the mud are continuously measured and the signals

20  representative of these measurements are processed together with mud flow rate,
and the carrier gas flow rate or the sample gas flow rate signals in a signal
processor (64) to provide a continuous log of gas component concentration during

drilling,”



20 representati ve of these neasurenents are processed together with nud
flowrate, and the carrier gas flowrate or the sanple gas flowrate
si gnal s iwoal/gi2gnal processor (64) to provide a conti hnuoRET/Nagl/@08yYas
conponent concentration during drilling," 9 WO 01/86241 PCT/NZOl/00088

This system degg ¢ gg@ﬁll d%e§ ﬁcl 2 7ol e%&%?ﬁ%%ys?&@ 1t & 1c he e 125:1333

results are 0gg In or 0O ascertaln erlia

d. Th t d th f I br at f
the sensi ng ee%%%%ﬁgv&gﬁrm@%e i Pl T Bt o(r)rregla i aso

appears that only a single 5 sensing unit is connected to the conputer. US

3,847,486 di S¢ho$aRNnAMoALIG RIS ho? Rﬁ&?&s@pﬁﬁte?rﬂﬁ[ &f c ﬁ?ﬂ%{(ﬁ% Flﬁ' ﬁ’l@dseﬁ%lﬁ%npm er

systen1for si mul taneous neasurenent o ty o I C reac

Thi's invent i O%Jlﬁﬂn@ﬁte& if arfbr G £'Th n%er ek f%rrHéscht 1188 ! afhs F‘Ei"e‘%a‘t oy 2 5ingle he g

spect r ophot one samples i
di fferenc be% ween nmeasured. The excerpts fromw thin

ensmeg nt} 0 tecrlrp @ e nt%
t he speci f7 cati on detdi f rfnﬁ(é ThVENPT8A™Es di scl osed. "A spect r ophot onet er
apparatus for the autonatlc positioning of multiple sanples and sanple

bl anks for neasuy s/101sd Ac16268 AR ko %%@@ﬁmgpgﬁ&%@% gg an%%@ﬁggﬁpu&hat

is, sanple absorbance with respect to b ce an The

P eapparatus SARRHISIARRLOR! ALRLELEGELONL IR BVBRGI. LR ENATP € Sl tadle

el ectronic er and printo ces AT di gital
printout of multiple analytical reaction rate results.” "The present

invention rel #hRSn{éhtRA reRR¥s Y @0syTRh At 3 Esc@PRARAIMe sctrophotometer to
measure a number of samples in order to determine a difference between the
10 samples being measured. The excerpts from within the specification detail the

invention as disclosed.

“A spectrophotometer apparatus for the automatic pbsitioning of multiple samples
and sample blanks for measuring, for example, double differential absorbance, that
is, sample absorbance with respect to both blank absorbance and time. The
15 apparatus contains appropriate electronic hardware, for example suitable electronic
computer and printout devices to generate a final digital printout of muitiple

analytical reaction rate results.”

“The present invention relates to an improved method and apparatus for
determining multiple analytical reaction rate results, particularly for clinical
20  enzyme reactions. More particularly, the present invention is directed to a method
and apparatus for the proper positioning of a plurality of samples and sample

blanks for simultaneously making a plurality of rate measurements on each sample

10



determning nultiple analytical reaction rate results, particularly for
clinical 20 enzyne reactions. Mre particularly, the present invention is
di rect ed woonsdret hod and apparatus for the proper positi oRPCTVYZof/00a88
plurality of sanples and sanple blanks for simultaneously nmaking a

lurality of gent s on 10 WO 01/ 86241
IF:)’CT/ NZz01/ ooosgi%g gﬁ’gﬁguparaﬁa@ﬁ?ﬁ?” a ‘}: s%ét"ﬁaﬁtwgruaré@ré%rrr Lo BiRAtEcEe ~
har dware to prodtég a quh rlntout of, the reaction rate results.
obj ect of t he ¥ @SERROP ?f%ﬁ?qqfqﬁ5eﬁ#§V|de an inmproved nethod and
apparatus for nmeking autonmated kinetic measurenments for clinical enzyme 5

reactions. Anaﬁgegb el §€tnd %retsgr?t H{vgr?t%}lt cY eﬂ}{)wge anﬁgé}(%)ﬁ?g%m% n% ﬁngach

linearity of t actlon y of

sanpl e. StiII re obj ect of the r invention is to, vi de an

i mpr oved spec Egt%ﬁe nﬁp%ﬁ?ﬁ?ﬁ ggngh@m%ﬁF%WEYﬁ3bbdgmgﬁgﬁ3ﬁ§“%f
mul tiple sgrrpl es,. and 10 sarrpl e bl anks for neasuring for exanple, double

differentinl 5% ance, that is, sanple absorbance with respect to both
bl ank absorbance and tinme. A further obj ect of the present invention is to

d differe es of
eact i on rat cb ey oerd neRserR AR bR Dok pEieRts it oot
of the presené i Y{entl 13 I‘OVI de an | rov d met hod and apparat us
for automaticdl Y EiFSY Bat]l%%ﬂg HPEEOS edurl ng an analytical run

which is essenti aI for clinical enzyne anal ysis if rapid and error-free
results are &QiibgndiRd Ibfdt of the present invention is to provide an improved

" "An

spectrophotometer apparatus for the automatic positioning of multiple samples and
10 sample blanks for measuring for example, double differential absorbance, that is,

sample absorbance with respect to both blank absorbance and time.

A further object of the present invention is to provide an improved method and
apparatus for measuring different types of reaction rates during the same analytical

run.

15 A still further object of the present invention is to provide an improved method and
apparatus for automatically substrating a blank measurement during an analytical
run which is essential for clinical enzyme analysis if rapid and error-free results are

to be realized.

Still another object of the present invention is to provide an improved method and
20  apparatus for making multiple, discrete measurements on a plurality of samples
‘and sample blanks to affect simultaneous reaction rate analysis on all of the

samples.

11



Still another object of the present invention is to provide an inproved
nmet hod and 20 apparatus for making nultiple, discrete neasurenents on a
pl uralitwobysampl es and sanple blanks to affect sinultareDNZove@ass i on
rate analysis on all of the sanples. 11 WO 01/86241 PCT/ Nz01/ 00088

Anot her obj ect he, .pr.esent, inventiaon is. to.cqmbine wth.the abqgve
spect r ophot Onéngﬁhegpglg%tt uog, hléappnrr %Ss}r“!i dfl%e@%cfsr Ri 801ﬁgﬁn8vv§'r1é{ tp‘?lc‘f?tl?df’ng
el ectronic cq and gri nt out devi ces enerate a _final djgital

te 0 ) . !
printout of t %scgmpé?tﬂﬁ‘ﬂe ﬁ%%%tuwpﬁom%t%?ﬁ%g% LT andndias esetrenien cal
enzyne reactions." 5 This .cl earlz_ shows that this patent has limted
appl i cation i FOPRYET jqndyPURicYl gleviges 4o rgpnerate ac fipglp Higlgharrdiouihefc ihdss used
to measure a nunber of sanples. Even if it was wi shed to gang a nunber of
t hese syst ens SYHY@neRIs P@tiplslinciic mapurgments ferclinical przymegpestionsphot onet er s
woul d need to be calibrated individually. The previous disclosures all

attenpt to.overco 0 of .t .probl e ssociated . 1Q with the use of
spect rometer s 8\A‘g§a§fy %ﬁ"e“iﬁ g‘lapﬁ&?ipﬁ emsgﬁ?sf ﬁ‘imtﬁ?(?ﬂ?lé‘?é‘\t}g? én Shpf disslases at hat
they need to be jndivi d%zll calibrated and that the majority of them would
not  be appr o4t ®CEP Gieratiighs uRRdfoomeasyre.a pueber 06 samEReHr e needed.

Even those that are capable of providing sonme formof real-tinme analysis
suffer from i r i bration.problens. 15 None, of the discl osures
are capabl e oﬁ%%#fqmpﬁﬁseg'ésrh [% &%f ] %‘H*E%%F 8?%565V§¢%t%e§heréo tf%gh’t“} Arahub
connected to a nu r of ectroneter senpl ies d wthin which results
and calibrati SFICWE%% SB%%%B@O@F’SF%%WO‘F “ieg‘P'é’rPe ﬁg@fev‘\jndfld’tvhjé‘a%}‘-esent

invention to address the above problens, or at |east
The previous disclosures all attempt to overcome some of the problems associated

10 with the use of spectrometers however they all still suffer from severe problems in
that they need to be individually calibrated and that the majority of them would not

be appropriate for applications where real-time results are needed.

Even those that are capable of providing some form of real-time analysis suffer

from the inherent calibration problems.

15 None of the disclosures are capable of forming part of an integrated system with a
central hub connected to a number of spectrometer assemblies and within which

results and calibration values can be stored.

It is an object of the present invention to address the above problems, or at least

provide the public with a useful choice.

20 Further aspects and advantages of the present invention will become apparent from

the following description which is given by way of example only.

12



provide the public with a useful choice. 20 Further aspects and advantages
of the present invention will becone apparent from the foll ow ng

descri pt ivodowkizeh i s gi ven by way of exanple only. 12 WO PAT/882Yd0088

PCT/ NZ01/ 00088 DI SCLOSURE OF | NVENTION 1. According to one aspect of the
present invention there is provided a nethod of processing data fromat

| east one neaDISCUGSURE GPENVEND@INNeter, utilising a central processing
unit that is physically renote fromthe spectrophotoneter, characterised
by the steps of a) transferring the data fromthe spectrophotoneter to a

central  processi n@cugtidingttb@he BBcRIRS frebcdt ifvehiYorate i§ Btdvleatd ABGof 0"
each of the spectrophotoneters fromwhich it receives data to process, and

b) processing the gatpodbsitdAateitbiaht Ma@CESnpg Hid red@ctGhotd erring
t he processed data tg@%n %u pat device.aWhiIenit ?ngﬁVl aééﬁﬁphéﬁg%%e

present invention Gap;pe aagptjlt}a?dprbgesﬁhg%nit ek : gct&ﬁgflte%{o%d f%ogittpgn to

applicant feels that the present” inventi on has pa aple

solving the proble i i 1ear infra-r 5 spectrophot oneters
(LAIRS). Thus, ref§$§%§§%§‘?@%ﬁﬁ@%%a%”ﬁaéﬁé@?ﬁﬂ%aﬁﬁon shatl now be made to
t he spectrophotoneter as being a NIRS. The transfer of the data fromthe

LAIRS to the central progassking wai Hatﬁraﬁfoﬁegqesmﬁgéc@é??%tg%e%ﬁnﬁﬂm?xey:evﬁffal ways.

For exanple, this transfer may be via a har one |1 nes,

across the Internet, m grovaye |niMKar Hak BERsOR tnfivERRI Ear@lartihY S 8L o 10

data transfer nethod.

the spectrophotometers from which it receives data to process, and
b) processing the data at the central processing unit, and
c) transferring the processed data to an output device.

While it is envisaged that the present invention can be applied to other
spectrophotometers, the applicant feels that the present invention has particular
application to solving the problems associated with near infra-red
5  spectrophotometers (NIRS). Thus, reference throughout the specification shall

now be made to the spectrophotometer as being a NIRS.

The transfer of the data from the NIRS to the central processing unit may be
achieved by a number of ways. For example, this transfer may be via a hard wire
link, phone lines, across the Internet, microwave link, fibre optic cable or any other

10  data transfer method.
The central processing unit (CPU) may be in a number of forms.

In one embodiment, the CPU may be a dedicated computer which can receive data

from one or more NIRS. For example, the CPU may be in close physical

13



The central processing unit (CPU) may be in a nunber of forns. In one
enbodi nent, the CPU nay be a dedi cated conputer which can receive data
from one voo ongi2e¢1 LAI RS. For exanple, the CPU nay be in cl peeNghyawgsal 13
WO 01/86241 PCT/ Nz01/00088 proximty to a nunber of machines in use. The

CPU th : L Kee ! d_enbodi t f th
or osent | nventranay A e EEBmadhdh s fHPEP DAL ER ot 11

spectrophotonggeros. For exanple, the CPU may include a nunber of 5
processors whi & 5]f'e part of a large conputer network able to receive data
fromthe spectrophotoneters, regardl ess of the physical |ocation of the

spect r ophot ongf gfe%;r}éal érﬁﬁ@&if-nggts tf thd? reg%:r)lr‘t#in\’:eﬁ{i?&xtﬁmﬁj i }511316%]?\6 E{%%{%t? g part

of a server which I's connected via the erne 0 spect

whi ch I -wide. 10 i ts .of th t

vent con, ¢ paoinE ki iered” St SRRRICTRY CERF RS 180l & By dia
calibrati ops for each of jthe ?@egtrg%rlgotoneters frgrgg which it receives
data to proceBSCHRE %B’ﬁplaﬁ%ﬁ Of P AtEe SOMRREEF &tk 2l Woctereivel dotal fpent

for near infrg-red spectrophotoneters is the feature of having

transferabl e E%l i Bﬁ’eﬁfrBBlP&t‘?m?*ﬁfss Fegdlessy 5 of pdhe orpbiysisal ofocgen brodt i as (f or
each physical substance) can be used for a | arge nunber of near infra-red
spect r ophot on8ResHephotpisters i relatien rtboEPMent s of the present invention,
the central processing unit will contain or have access to a standard set

of calibrations which can used in the processing of data froma nunber
of individual %Rxé%arrf ef:,rtag F%SJ g)ﬁ% FrPB‘Bﬁ’ ASHYER vaich 18 connected via the Internet

to spectrophotometers which are logged on world-wide.

10 In some embodiments of the present invention, the CPU may contain or be able to
readily access individual calibrations for each of the spectrophotometers from

which it receives data to process.

The applicants are also aware that a recent development for near infra-red
spectrophotometers is the feature of having transferable calibrations. This means
15 that one set of calibrations (for each physical substance) can be used for a large
number of near infra-red spectrophotometers. Thus, in some embodiments of the
present invention, the central processing unit will contain or have access to a
standard set of calibrations which can be used in the processing of data from a

number of individual near infra-red spectrophotometers.

20  Thus, it is envisaged that an aspect of the present invention is the provision of a
data repository of calibrations for a number of physical substances which can be

used to process the data from a number of spectrophotometers.

14



20 Thus, it is envisaged that an aspect of the present invention is the
provision of a data repository of calibrations for a nunber of physical
subst anceawOwhs@im can be used to process the data from a POVINED1/@08S

spectrophotoneters. 14 WO 01/86241 PCT/ NZ01/ 00088 The output device to

whi ch the pro i nsterred y..he. the original -

spect r ophot oneﬁﬁgr%ﬁﬁwgtﬁ E?ﬁ%?ﬁ it\‘)tiaIgCht thg PEEE %Sggéiﬁgﬁﬁﬁraﬁg%gg?r@%’t Profrequiginal . For
exanpl e, the t put. device y be.a printer, conputer screen, control
system all gé"""%ﬁ?%‘ﬁ"’??ﬁ&‘ff 6@3&“88%?%/%% 3?}81' 5t SYYWPE HOPRCBHET RS hhdi% et er
or distant 5 therefrom It should l%g seen that the present invention

of fers consi dEFABIE hePHRUL §BYCE 118y DerfePrinies, SPmBYIEr sqregns control shsemy allent

i nvention obvi ates the need for having a separate processor associ ated
with each indPlivdiish Baeche sisslyontsoeiatedTHIS Heasreativabotameienversdistant 10
can be made in the processing power of the CPU which can be nore powerful
than the Protesdeme previously used. Thus, it may be possible to have a
real time processing of the data. This provides great opportunities wth
control and art gr@ti on en&?l ing materials with contam nants or having a
speci al qual i {hpRPEdbe seethabiie pegsentdnyeption offsrs|qongiderable aguaniagen gvet the
present invention allows the provision of effectively "dunb”

spect r ophot onBE@r&t-whi ch act nerely as peripherals and do not have
processors to analyse their data. This results in considerably cheaper

machi nes as they. have | ess. conponentr, ssoci at e ith t hem
Elrg/tly,a%e present mvention obvidtes ?he need %or qxa\\%ng a separate processor

associated with each individual spectrophotometer. This means that an investment
10 can be made in the processing power of the CPU which can be more powerful than

the processors previously used.

Thus, it may be possible to have a real time processing of the data. This provides
~ great opportunities with control and automation enabling materials with

contaminants or having a special quality to be treated accordingly.

15 It can be seen that the present invention allows the provision of effectively "dumb"
spectrophotometers which act merely as peripherals and do not have processors to

analyse their data.

This results in considerably cheaper machines as they have less componentry

associated with them.

20  Of particular benefit to users of NIRS is that the present invention removes the
need to calibrate each individual machine. Thus, the considerable time taken to

calibrate machines and the associated expense is saved. This is especially so when

15



20 O particular benefit to users of LAIRS is that the present invention
renoves the need to calibrate each individual machine. Thus, the

consi der abbe1/gi2zwe t aken to calibrate nmachi nes and the asBOTINZbE@IgXpense
is saved. This is especially so when 15 WD 01/86241 PCT/ NZ01/ 00088 a

o p S o o SRR LS LR forbble R A0S, AN Fordd BT B Ay LR Gt il A7, V3o

with a nunber hi nes it can
be readily re éed%fblﬁ not her machi ne Whl ch can then send its data to the
CPU. Agai n, GHEntime in 5 having to calibrate the spare

machi ne. Even |f t he spare machi ne does not have transferable calibrations,

it is envisageds Jrr@(famtph.@ arm&ﬁ'l'lﬂeels?ahﬁ 't\.’fﬂefi“i?l:a a1 rg%ﬁlér %g%ce& a0 zisnto%hr% be

stored on the IS envl sage erre

t hot fer . ies. This neans that
he data my Bacane Mty dffen %%@ hr ?;Pﬁﬁﬁ%% CEfaEo EhEPUTEdT

t b kdo h| n and_the CPU. Anot her advantage

of the E?eigﬂrarlﬁé‘m areﬁemare macﬁ AFRGH 1§ S magiph 09 noidier be

used i ndependent | pr.ocessor i s envisaged that each nachine
will havepan Pﬁﬂié?%% Pﬁ@@ﬂ?ﬁFﬁ%ﬁmv¢ﬁ§ﬁéﬁﬁﬂéeF@mhﬁﬁsﬁﬁ@vﬁ@mp6§ braioasi n
some enbodi ments of the present invention to have a security alert when a
st ol en nachi néay Hilkkecwpisd onde €BUt he central processing unit without

aut hori sation. While one aspect of t he present invention is having a data

[ r fro ri ous Si subst ances, anot her
;gggz; t iogyth/F rllé%léllvgageéf HaF in pre erre embodn% 1¥ts t%e spectrophotometers will have

data buffering capabilities. This means that the data may be stored in the machine
10 in the event that there is a communication breakdown between a machine and the

CPU.

Another advantage of the present invention is that if a NIRS is stolen, then it

cannot be used independently without a processor.

It is envisaged that each machine will have an individual identifier. Therefore it
15  may be possible in some embodiments of the present invention to have a security
alert when a stolen machine is reconnected to the central processing unit without

authorisation.

While one aspect of the present invention is having a data repository of
calibrations from various physical substances, another aspect is having a data

20  repository of the processed results.

One example whereby this data storage may be useful may be in a plant that
wishes to compare historical data from a number of its machines over a period of

time. This way trends can be tracked or past anomalies identified.

16



20 repository of the processed results. One exanple whereby this data

storage may be useful nmay be in a plant that w shes to conpare historical
data frowaonsaber of its machi nes over a period of tinmePCThNizsl/aw@ss trends
can be tracked or past anonalies identified. 16 WO 01/86241 PCT/ Nz01/ 00088

However, this { the. present invention .has nore significance if the
data recei vec}]i% gﬁgglprt@%eassg%% 0633? ﬁ@esffgdn?’%m’f)f’o}?ﬁssl?l?lgss%lghg‘?“ﬁﬁﬁfg’aﬁl a1 enot e
to each other, Thys, .the stared data can proyvide val uabl e information sone
time after t héece’lvﬁ#taihglprﬁcfe&“? S iy @?Utlﬁ IO, 54 %e%&?gw@%d?msteﬁarea@hanm e,
it my be desirable to llgnowin whi ch parts of the world wheat has a
certain char alt%8Fi gl{hiué’.t astolglata eAnpreyidp valualls deformatipncseme: thae afier thor t ed
with regard to this characteristic to provide the infornmation required.
Havi ng regar ditiBaltiiecesspgbibada@iasgnpletelt i s envi saged that in some

enbodi mrents not only will each of the spectrophotoneters have a uni que
identifier, byt 10 associated w that identifier may be addijti onal

i nf or mati on sﬁ%e’%@l %ﬁg{néﬁltbe%faﬂﬁ%’?q@ P ioEhigh gasty %%St"%ﬁ@t\éh@at has a
Alternatively, or in addition, it is envisaged that the raw data sent from
the spect r opRTtBMENFRACIEHSH N e ACPPORSLY HisProPessed datai epanthen yienspried withmt i on
such as the source of the material being analysed and so forth. 15 BRI EF
DESCRI PTI ON OregarRApitNeshmgetenigic tg ppaddesthe informeatipngegritedi nvent i on wil |
becone apparent fromthe following description which is given by way of

exanpl e onl d with reference to the acco nyi ng draw ngs in_which:
P y ﬁgwmg regaré to t%e oregoing example?it (i:s emrr%?saéed t%at in somegembodiments

not only will each of the spectrophotometers have a unique identifier, but
10 associated with that identifier may be additional information such as physical

location of the spectrophotometer.

Alternatively, or in addition, it is envisaged that the raw data sent from the
spectrophotometer to the CPU may also include identifying information such as

the source of the material being analysed and so forth.

15 BRIEF DESCRIPTION OF DRAWINGS

Further aspects of the present invention will become apparent from the following
description which is given by way of example only and with reference to the

accompanying drawings in which:

Figure 1 is a schematic diagram illustrating the present invention in use on a
20 localised network; and
Figure 2 is a schematic diagram illustrating the present invention in nse on a

remote network.,
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Figure 1 is a schematic diagramillustrating the present invention in use
on a 20 localised network; and Figure 2 is a schematic di agram

i |l ustratwoagl/sdel present invention in use on a renpte neP@ONKO1/WASIND

01/ 86241 PCT/ Nz01/ 00088 BEST MODES FOR CARRYI NG OUT T:—IE _I N(\j/_EI\I'I’I O(;I EI gure 1
is a schemati iagran f-a.l ocalis, & i ndi cate y
arrow 1) in a% !L%'v Aemvia vention. The
network (1) consists of a nunber of near infra-red spectrophotoneters (2),

5 f whi . d cessin bil.ities. The spegtrophotoneters
(2)n0tn r6a(r)15f erI ﬁ%@?\iegtagts%f%%ﬁadﬁ%m r%a{) Ocﬁil gn‘i“i‘ﬁf’% é%%@ﬁ%i“ﬁ}?ﬂiﬁ £y(3).
Th I I, it (3).,h et of calibrations ich are

t r:ngfgﬁ ;gl eprﬁﬁﬁgc Iﬁlg]g(é‘%g‘izé‘ﬂé ?‘)ﬂfhroggégﬁgghgﬁt © PRECIYATEDERN ng from each of

the spectrophotoneters (2). In some embodi ments of the present invention

cach of the - ABEdERERE (18 ctitil o AR e A (i SreEmndl B gt et Mg
it (3) h ta, this is.then transferred to an output

ggi/i c(e %4)§SI ﬁ&%ﬁﬁz@g’lﬁ%ég\?@n%%?fofﬁsémézﬁfmhlﬂ%eévi ce (4) may be a control

system whi ch can operate the physical processing of the material being

anal ysed 15 Bye tdRc2HtdRRAA OYCL S sFer( al)eir'bp é[g\(,:\lg}? "AA0GE Wikt B, Lhe prgcessed

data received. Figure 2 illustrates a possi I g-WI de networK géaneral |y
i ndi cated by - - n 5 nne to it o

spect r ophot orrg{({gfg%lz% un@R@l nhlgu\%:é ﬁilalﬁm%’gﬁfl%%g? i @51%??1 PR &S g%‘égflkpéﬁm&]ﬁt a
portion (7) O(Vh‘icrflearecggns(fgl)abfesan'dsc%rq bg ¥1setdh1% rqutllJoS tsc} the data coming from each of

the spectrophotometers (2). In some embodiments of the present invention the

10 central processing unit (3) may have individual calibrations for each of the

spectrophotometers (2) as well.

Once the central processing unit (3) has processed the data, this is then transferred
to an output device (4). In this embodiment, the output device (4) may be a control
system which can operate the physical processing of the material being analysed

15 by the spectrophotometers (2) in accordance with the processed data received.
Figure 2 illustrates a possible world-wide network generally indicated by arrow 5.

The network (5) has connected to it a spectrophotometer (6). The individual
calibration in the reserved data portion (7) of the CPU (8) is used by the CPU (8)
to process the data. Once the data from the spectrophotometer (6) is analysed, it is

20  then transferred back to the spectrophotometer (6).

The spectrophotometer (9) shares its calibration values with a number of other

spectrophotometers (for example, spectrophotometers (10)). The CPU (8)

18



to process the data. Once the data fromthe spectrophotoneter (6) is
analysed, it is 20 then transferred back to the spectrophotoneter (6). The
spectropivodo onet2er (9) shares its calibration val ues w th BCTVyZbEe00sS ot her
spectrophotoneters (for exanple, spectrophotoneters (10)). The CPU (8) 18

WO 01/ 86241 PGL/INZOL/ the transfer abl i brati
Val ues in the WATS pareran (1 fnstelhs REFRIRGR AR AR BhtRede e,
t hot t 9 it i .. Th t k (12 t
possi bl 6 cont PO AR byr o Ptires it dpe SLPRGLOREFGES10) oy be

associated wth the one entity. The 5 spectrophotoneters (10) may or may

not be in phygihgaletRbaXi Myt c %@ : ver. 11 1s envisaged.that
the data from the spect r(op)h%e l(-r)ér%g?tgr?g p?& %V\EW&E{?’%"F Wéeere%F oacélggé U i ng
calibration d d portion (11). of. th U (8). However, as
spect r ophot On@%}%ﬁ%%ﬁn@%;seagﬁ? %3&0@? a%ségaz\%f%fih “@ﬁ’c hgt g?@%’ ety 5 ‘the
envi saged in soO odi men that there . be provided a single output
devi ce 10§ ( 1$e$8gﬁ?%tef%@%wys@n@§y f‘ﬂgg FoRRSLal PEIRLLY AQ Goth athef. t he
present inventjon have been described by way of exanple only and it should
be appreci at edOPRYE: HoldicPyvisasaddhat AR daidaemiten spasgphnsometaes (ARl otill
W t hout departing fromthe scope thereof as defined in the appended clains.
19 WO 01/ 8624be peagersed 1ysouD e@ibraggardane fonpihy i8a mrtim el ddthefCRIF d8kssi ng
data fromat |east one near infra-red spectrophotoneter, utilising a
central proce&®msgen rist spehtaophotomisrs i (38) laye all associated with each other, it is
envisaged in some embodiments that there may be provided a single output device

10 (13) to which the CPU sends the processed data.

Aspects of the present invention have been described by way of example only and
it should be appreciated that modifications and additions may be made thereto

without departing from the scope thereof as defined in the appended claims.
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remote fromthe spectrophotoneter, characterised by the steps of d)
transferring the data fromthe spectrophotoneter to a central processing
unit thatwbass@ecess to individual calibrations for each PET/NZNE0008S
spectrophotoneters fromwhich it receives data to process, and e)
processing the data at the central processing unit, and f) transferring
the processed data to an output device. 2. A nethod as clained in claim1l
wherein the central processing unit has access to a standard set of
calibrations which can be used in the processing of data for a nunber of
spect rophot on®WHAS: WE CAATME®d as clainmed in either claiml or claim?2
wherein the output device is the spectrophotoneter fromwhich the data has
been received. 4. A nethod as clainmed in any one of clainms 1 to 3 wherein
the data sent2to Ahemethodraf prooessgi rEtaunrdmhas Basti delt idsherinfa-rkgdentify
the spectrophotoneter fromwhich the data has been received. 5. A nethod
as clained in any gnetrophotdmésh dilishgda WREHA! Probfi8indatat SBM ist ShysicAfy
central processing unit has information about the data of the sanple

anal ysed by the spgreidi@RBREBEBRropHiloiier %ﬁﬁ@&éﬁseﬁ%}/ tPLZQt OQo88 6. A near
infra-red spectrophotoneter for connection to a central processing unit
that is physically renote fromthe spectrophotoneter, in order that the
central processingduni t tramferdngl fis eddthefrokat eher epRiropbtbineteReo a central
spectrophotoneter. 7. A spectrophotoneter as clainmed in claim6 which

includes a data buffer processing unit that has access to individual calibrations for each of

the spectrophotometers from which it receives data to process, and

e) processing the data at the central processing unit, and
f) transferring the processed data to an output device.
2. A method as claimed in claim | wherein the central processing unit has

access to a standard set of calibrations which can be used in the processing

of data for a number of spectrophotometers.

3. A method as claimed in either claim 1 or claim 2 wherein the output device

is the spectrophotometer from which the data has been received.

4. A method as claimed in any one of claims 1 to 3 wherein the data sent to
the central processing unit has an identifier to identify the

spectrophotometer from which the data has been received.

5. A method as claimed in any one of claims 1 to 4 wherein the data sent to
the central processing unit has information about the data of the sample

analysed by the spectrophotometer.
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that can hold the data fromthe material anal ysed. 8. A spectrophotoneter
as clainmed in either claim6 or claim7 which includes a unique identifier
wi th t he wiabasd2tl sends to the central processing unit. 9.P&T/NEDH@USEas
claimed in claiml.wherein a central processing unit has access to a data
repository of calibrations for a plurality of spectrophotoneters. 10. A
nmethod as clainmed in claim1l wherein a central processing unit has access
to a data repository for data processed froma pl urality of

spectrophot ongters, &éaf 1ﬁrmhk%gctgcy}ﬂ§ o%ttéraijol- Xoﬁ%cpgr{ ? cer?tg pr?%csisgg\g

reference to and as [ustra acconpanyl ng

spectrophotoneter | as_h @FSCFI referen o and
as illustrated by P ﬁ%\gc cgll%rengﬁ%%%o% e sgictropgotometer in order t%at t&]
central processing unit can analyse the data received by the

spectrophotometer.

7. A spectrophotometer as claimed in claim 6 which includes a data buffer

that can hold the data from the material analysed.

8. A spectrophotometer as claimed in either claim 6 or claim 7 which includes

a unique identifier with the data it sends to the central processing unit.

9. A method as claimed in claim 1 wherein a central processing unit has
access to a data repository of calibrations for a plurality of

spectrophotometers.

10. A method as claimed in claim 1 wherein a central processing unit has
access to a data repository for data processed from a plurality of

spectrophotometers.

11. A method substantially as herein described with reference to and as

illustrated by the accompanying drawings.

12. A spectrophotometer substantially as herein described with reference to and

as illustrated by the accompanying drawings.
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