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METHOD FOR COVPENSATI ON OF NEAR NEI GHBOR SAMPLE

EFFECTS IN A NVR CHECK WEI GHI NG SYSTEM FI ELD OF THE
WORMBENTISSB The present invention relates to check/us2004/020884

wei ghing material in a container, while the container

IS nmoving in a production |ine, using nuclear magnetic
MEGHaRJOR KRYIPENSATIGHeQF NiAR NIIGHBOR SANPLERFFECTS

of “tho of foct D! M EHEE I RucTRN R E R TR TR

sanples at the tinme of aNVR check wei ghi ng
nmeasur enent. BACKGROUND The use of NMVR techniques in

measur enent, det eddEbR GhdHERGYENYTHAN becone
desirable in many scientific fields of endeavor. The
non-i nvasi ve, non destructive nature of NWVR has

f aci Thd pregsht aRRhiiGREdl R8s fochiefle Wetdhi! mbREAN MPnddih@Nwhile
anal ysi's and control tasks, in a variety of

thementaseer i@n@ovmgcmu@nmgdmxpn nldfte, |Using: BUCleas wegRASIci tesonance
O\@gfég lf'egrgﬁ%le dN/FotAés 'pgtltlcﬁﬂﬁg"h%ﬁ% é)sf‘ese 8{}/81%0 Gl RAR £ ﬁleﬁ‘g)qi for

one ex welgnhning I's use

cdﬂ&pehbﬁloﬁhﬁ'fﬂﬁéﬁwts 6Bhedr nBighbér dontadiersrand thetrisagiphisdit the time
ul at| n the amount of drug in a sealed glass vial
ofe] MRgcheck weighingrmeaskaigeihei ght can be as smal |l as a
fractlon of a gram and is required to be weighed with
an accuracy of a few percent or better, in a vial
wei ghi ng tens of granmsBACKGR@UNIDf several weighings
per second. International Patent Application No. WO
99/ 67606, incorporated herein by reference as if fully

vvr | thgn u?éjtof b[@f\/ﬁi’vftec‘ﬂg\ﬁ]géé k?l‘?sl‘tqi@ag&téﬁfeht V@ét&%'oﬂgmﬁyﬁhé:gﬂég has

for sanples on a producti on e usiig NVR technique
bething dogibldm 1nnmhm15d ememlﬁmgﬁeb:ls éoendeaeat i rT@e encmt-mtzas:ve non-

magnetic fie I.nterrogation zon roduce
AR sy <ol N et R ated o og i BEUE b pghtation,
adapfs{%r {9 QD tARE Ein aa%jrléi‘y BF a gﬂhéatlgﬁg iARRAME Mt Bt limited to
ternating magnetic fi el r the interrogation zone
casmeties) perfemes, tindustmal chemlcals blologlcal samples and food products. As
one example, check weighing is used by the pharmaceuticals industry for monitoring
and regulating the amount of drug in-a sealed glass vial during filling. The drug
weight can be as small as a fraction of a gram, and is required to be weighed with an
accuracy of a few percent or better, in a vial weighing tens of grams at a rate of

several weighings per second.

International Patent Application No. WO 99/67606, incorporated herein by
reference as if fully written out below, describes a check weighing system for samples
on a production line using NMR techniques. This system includes a magnet for
creating a static magnetic field over an interrogation zone to produce a net
magnetisation within a sample located within the interrogation zone, and a RF coil for
applying an alternating magnetic field over the interrogation zone to cause excitation

of the sample according to the principles of NMR.

As is well known in the NMR art, after pulse excitation of the sample by the

alternating magnetic field, the sample emits a signal induced in the RF coil, called the
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of the sanple according to the principles of NVR As
is well known in the NVR art, after pul se excitation
wo@tosshelssanpl e by the alternati ng magnetic fi ePdr/Us1ve4/020884
sanple emts a signal induced in the RF coil, called
t hefree induction decay (FID), from which nuch
fréenfndnetied degayl (HB).sfoml & ldasmu(slmrmfmngmn), likgnsapeple mass (or

weiEgen Lt eomedp it § i ABRRORIe P ref fuaffriacion

appl8d tPRR RPN, € HoSvel QS &t @breORah Be BirREIEGE 1ddatedi di0thkipreduct
Wthin the i nterrogat| on zone, and particularly wthin

filling liner within ithey intergegation zqnél @ndvmaﬁmall@bhml@nm she giltagating

e addlt an I e
b G514 P E5Rinbis30 Pring ARRD, P ARNERAP s of siotes vl
alw\dfev’élc?hélﬁ dueattt hiaghéiBafidn, @ad lemitGheie @Wlhelﬁﬂs)dndttcb& 1rFtHE RF
i nduced in the RF coil in this circupnstance is an

coilg g Cepseaiently, FibesF I inghiced ip Hbe d&l geHol Hus sipyngiance is an
g%e%%féc ﬁg)s tlgtrmrﬁ}]ﬁéh {h?glﬁfggﬁ& r?éga?rr?ﬂplgso@ghﬁ&gane%{e?f&?nc@%r Cross

coﬁﬁi@ effécgs tArsastite deetmingtior dsfam«e mass gorceeipht)) o the single test
ects, be minimzed, or elimna course, spacing
sagRifpleauireshel a0 couring eé??cr% h?em@anvﬁ or gipiatde sanpl e

is located within the interrogation zone at a tine

woul d elimnate the potential for cross coupling. This

i s uDflesirsegispacifig samalesram tieaprodudtiog l§teasodpat ortly bae aarsple is

educe the rate at .which L e y be..

logatesl BB S ctosiou PG P L proINd AR Ae{PR g ergeL for cross
cd'ugﬁlhlg Mehiflis %ﬂé‘é‘ilﬁ@l‘é' ﬂ&ntat‘%ﬁlfufa%ﬁfr ﬁoitaﬁtﬁ)@[nt NI R Off would

sanpf es on the NVR neasurenment of e mass of a sanple
reflucecth®ie athwelrikh sanplhs mgy by praassedr sanpl es on a

production |line. SUMVARY There is provided a nethod

for conpensation of proximte sanple effects in a

nmag nﬁtlé Bedi@BRNANGBviER ACKethBH FH féﬁu&ﬁéfo@'&hﬁﬁ‘f{dﬁﬂg tRe bEf8dts of
sanple in a container on a production |ine and

. neat ucxghbqr;samplqsrmﬁhna{MRsamu@me@a@ﬁtherm%ss ©b msammer inghNMR

el wP Iy Bt el PRE PR S et o € for

plurality of sanples in
SUMMARY

There is provided a method for compensation of proximate sample effects in a
magnetic resonance check weighing system having a test sample in a container on a
production line and a plurality of proximate samples each in a container on the
production line, comprising the steps of:

determining cross coupling weighing factors for a plurality of samples in
proximity to the test sample;

magnetic resonance measuring of the test sample and proximate samples, said
step of magnetic resonance measuring of the test sample and proximate samples
providing data representative of each measurement; and

applying weighing factors to the data representative of each measurement,

compensating for the proximate sample effects.
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proximty to the test sanple; nmagnetic resonance

measuring of the test sanple and proxi mate sanpl es,
w@200d/1st56p of nmagnetic resonance neasuri ng of PEEUSHES1/020884

sanpl e and proxi mate sanpl es providing data

representative of each neasurenent; and applying

wei ghi ng f acBRIEF DESCREPTEI M OFe BHESHAMINGS of each

nmeasur enent, conpensating for the proxi mate sanpl e

ef fects. BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a

per SPect]i ke, Vh&¥pefivd vRAY tdfoR Rfitiéh RIFOAYRSdRAcA | IR with an
wi th an exenpl ary NVR check vvela‘ggl ng station for )
exehptdy NMRh elheckawtigbingt Hiativar foyasherking tthatotagh cohtiner passing

RSB ER SRRl 1o

nmet hod in accordance with the teachings of the present
i nvention for conpensation of proxinmate sanple effects

i n aFigMRischiopleved fighi ehgrif ensremiplanngethod diy eeqosdancength the

3.,Ls at | evel. flow chart of th - uct i .
s e Rt i) oS iR B B A sftvtyn o
NRR 6HeRK wWeRdienS arne defidesbsudiona NVR check wei ghing

system shown as a top level stepin Fig. 2. Fig. 4 1is

an internediate | evel flow chart of the pre-production

steps iR cal cyl atin Lahi f i : ‘o

cal | DEaci B Cn AT BoWER Sl 2rausRHbh Bbps iy defgrmining
wéighinigafaciofs &srneshhsdnsaticavef pfdximate haniplokffedte istae P8R ncheck

appl yi ng the wei ghing factors during production, shown
weighingsyyieneshomwnsasaop fevel gep m FIBEF Al LED DESCRI PTI ON A

nmet hod i n accordance with the present invention is

i ndi cated generally by the nuneral 10 in Fig 2. This

met hibig. i4sisusedniermediaenieeelnflawt chaMVR ¢ie pke-pmidgétiang steps in

ystem 2Q that checks the, mass (or weight) of the _.

cl AV NS Bt THBRE SRR CB oSS AP B TtHY a3
production line (also known as a "product filling
line"). This nmethod conpensates for interference from
sanpFigs5 isar\MRrmkéiate lwetl dloivnghart of the steps in applying the weighing

factors during production, shown as a top level step in Fig. 2.

DETAILED DESCRIPTION

A method in accordance with the present invention is indicated generally by
the numeral 10 in Fig 2. This method is used in a non-contact, NMR check weighing
system 20 that checks the mass (or weight) of the content of a container while
continuously moving in a production line (also known as a “product filling line”).
This method compensates for interference from samples in NMR check weighing
system 20 that are proximate to a NMR test sample. One exemplary application
requiring such check weighing is the packaging of pharmaceuticals. In order to
understand best this method, it is helpful to first review certain of the structure of an

exemplary NMR check weighing system and its associated production line.
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system 20 that are proximate to a NVR test sanple. One
exenpl ary application requiring such check weighing is

wao b@spaskagi ng of pharmaceuticals. In order toPCT/US2004/020884
understand best this nethod, it is helpful to first
review certain of the structure of an exenplary NWR
check Bsehghirp WMRCleok vieghihg SastsmdbaPleadmpcardical Rackaging
i ne. Exenpl ary NVR Check Wi ghi ng System for
Phar maceuti cal Packaging Fig. 1 shows a portion of a

pr octtigt i Q{ib\*lé ?_E)ort%' &y g tddusid BeS WHidl §1241a4 VRi@22 with a

dru e exenpl ary check weighing Station 24
drug sapnpim e eXemplb:méieclt wweightngsiaticnci4 iserghidedyindlinebédy non-

of the, iIIdV| t herthruh and a. .
copigrbb el Ao at e e o el Do SieTRghe S figst staion
20 thA€refddbs BBsdMAkls TS theleStHid dotid? 'ﬁﬁve’iﬂ‘i@ @ﬁfﬁcszefnt bRBunt of the

drug to neet product specifications. Vials 22 are

drug dospest treaducd spcﬁeﬁkatms ghVialy 82 ard Gransparted dencheck weighing

B Ao, B0, v

harvﬁ@r @%smegz@r Byt tzisewnfch OMg EdreseBee Dyl the tdi@>w 3d| FReEd GNnthe z
rougi the action of rotati ng conveyor wheels 32.

dn@h@@lk ightthe getioneafiretiating copys¥omwirelsethni ques to
determ ne the mass of the drug sanple within each of
the vials 22. As those ordinarily skilled in the art

Wi | |Cl§’éél2rv%i% he staBbid 345 uvdsNBRatehrligess Wb dasrrhine the mass of the
cont ai ner ecause they do not gl ve

drug gﬁmplen‘ﬂ?éhlfléaéh Wt the vials Feadsrt %rﬂrd@%g’eﬁgueq 1 thjagt will
ap?g%? rgi?éts VleﬁF ekuégﬁhgalg't J céét@ltn}alo rﬂ)ega‘*hé %yggoeﬁotaglve a signal

IC mane suc

thed gﬁghtoﬁmfb@é voith ahqomdata[remtenmgmeﬁs 34n thls anbhdimBht, check
and a conputer control system 36 having a pr sor
waghingngfalien 34 dnclugessa aSOHEfﬁo@Er?eéE?élCdmaé%?ﬁcc kb e as an

e1&dfond Bets LAG y]gernq:%ﬂ%}ﬁ Hgggrfe't glyd gn rp(})(;r})%t ﬁadéﬂdeﬁtdogibuter control

acros conve Inareg t may
sysefreB6 édvihg aaprotdssorl I8 eMaggett Idocrezione h@(ihogeneous direct current

I nt t the | .
(Tl S0 EHEB0in ol 1 et ran PORHEIEY o Telt SR g i Sion that
my,ﬂ inE %1]'311%%%% 'tl?éjlrf?éﬁo%%ﬁ&? RERM 40RIRREoSfion 2R SABténds the
Vi a cont ai ns cler which each possess a
lengneft canveporebeli 28. @lrodgl‘i whrchethe(smtm magyl¢tlca§e]d isewnifarmly

ap@@gég %oﬁ'b{r{agr? e' §am_.p ause ];Ef gg’l%g%gﬁlpglel LARR each
possess a magnetic moment, e.g. lH nuclei (protons), as a result of the spin of the
nuclei. Because the sample protons posses a magnetic moment, the sample is capable
of acquiring a net magnetisation when under the influence of certain magnetic fields.
When the sample is within interrogation zone 40, the applied static magnetic field
creates a net magnetisation within the sample. A vial position detection device 42
preceding or at the start of interrogation zone 40 (such as the optical position sensor
44 having a light beam 46) accurately and precisely detects when vial 22 reaches a

known physical position on conveyor belt 28 preceding check weighing station 24.

In most NMR systems, the static magnetic field strength is such that the
Larmor frequency of the sample is in the radio frequency range of the electromagnetic

spectrum. Applying an alternating current (AC) magnetic field to the sample at the
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of acquiring a net magnetisati on when under the
i nfl uence of certain nmagnetic fields. Wen the sanple
WO 2008111553 i nt errogati on zone 40, the applied BCHUSM04/020884
magnetic field creates a net nagnetisation within the
sanple. A vial position detection device 42 precedin
samplest Lartwer §equencyfind ntientated arthogonzabteethg @taps mﬂgnatsc figlg, will

0 cal pstlon sensor 44 havin .
caf.{uf el e B SR i o tiile 2Bafoie oG, REBE Hogg wxis,

aviy KROMAhPEYSHISA lof RIRSithti ORelaNTICAMYEMBIdikehd t@@m netic field is
precedl ng check wei ghing station 24. In nost

geagratedrhy, appheng aaprrcsmémem@ cuprenigtosthe &Fg]?lﬁb@ § 5s(Ngying the

an}oé‘&% %Pli%égﬁ rgﬁ &‘ﬁ?r? ﬁ)qt egg.y P]ﬁ% égegﬁ Q}g%gne r? %ftpljécatuon gf the

nefRiRbdtIREtiAN al ter natl ng current (AC) magnetic field to
the sanple at thesanple's Larnmor frequency and
orientated orthogonal to the static magnetic field,
Wi | I e
abou P%@E Se%gréBﬁ%ec‘cﬁgﬁtgdl eﬂf (%ms%ﬁg%ﬁfsohsf?etl& %% trc%ur%EQ h% rotation
is d‘f]dde@tdx@ﬂe e sIahﬁ)f lélifjAlftbf:tHeI%b(jmulslemaE bea thedlltm%m sample, the
this, netic fie is genegrated by _a
sa@@}eﬂé ?J%Hbﬁ highzocreyy Paneq bR siafe. &Pgﬁwﬁ@g% Wi} gpiappack to

1ts f%/@ap%'fh@é of F%Lﬁg@ilgﬂ oel it Y& o)%gi ﬂ@ctf'd?ﬁagﬁgtl@ EQREy 3Pthed hrmor

he ang rotation e net nagneti Sation.
frdqueﬁdyl i3 emitted ithef ineghetinivontipoment of aﬂmcémndmcas ancampleakply signal

that causes_a 9Q r ti [ exctet
kngamadhe peee Srcehipn SsTes P ik Bl gifFanal RE peobe 35

sanple, the sanple is left in a high-energy,

non-equilibriumstate, fromwhich it will relax back

t 0 iRB peotiedi Snmbnidratenergf cetied by theusamplsag thermnst a)agsetlsatlon

ectro netic e t the Lar f
A i g A LR
ch%f’a@{%lrﬁtlé QBlich §'pﬁ}6‘ﬁdrt15ﬁbﬂ’%‘ tigSedeh®y EmaRd Mduké bRRBedaxample a
(F In the formof current inthe RF probe 35. RF

chpra@tmsGG ofrthei induesd ey i. @nﬁmpbﬂldby\’a(ﬂﬁé withnpmeng gthep things,

thg PP%HB%I%(P t o7 aélc %ﬁgleél&sﬁgﬁgqs %a%’pé arﬁcF I%elﬁr ﬁ%elt Iglrrlljgfe? ﬁf molecules in

th€ Ravmn fét e’fhesirdcglvwlslféﬂal 5 thE® @@s[stadi @dﬂ@ﬁe tempiher @ﬁﬁfogyystem 36,
em t In the present exa a characterjstic of

whikle cpmm:ttee dlecamplénde of the signg wm@owafa ugknayyn pample, with
no t.hi
th? uu };\"}%I %naﬁ g%‘?é‘; {aefr(m{ %EIP%PHBS%@ Y%ltﬂ%{]ﬁf&% thBss (or

he " nu 0
weight), to determme the mass (or weight) of the sample being tested.

For illustrative purposes, but not by way of limitation, the general operation of
the NMR check weighing system 24 as shown in Fig. 1 will be described. First,
check weighing system 24 is initialized, including installing a RF probe 35
appropriate for the sample to be tested. Once production is begun, conveyor belt 28
continuously transports vials 22 whose sample mass (or weight) is to be determined.
As each vial 22 reaches a position detected by optical position sensor 44, optical
position sensor 44 generates a signal accurately establishing the position of that vial
22 to computer control system 36. Computer control system 36 then tracks the
motion of conveyor belt 28 as vial 22 advances to the position Py within interrogation

zone 40 where the sample in vial 22 is measured by magnetic resonance.
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the sanple. The received signal is then passed to the
conputer control system 36, which conpares the
wa@epbittsse of the signal received fromthe unkPOIS2004/020884
sanple, with the anplitude of a signal received froma
calibration sanple with a known mass (or weight), to
determ ne the mass (or weight) of the sanple being

| iR Rk i A Y B2 R R R P, Bkl of

prowd misﬁﬁggﬁéﬂ,&dﬁp%ﬁin sn Sha@wingmbgr@tic fieM id ink@rogation zone 40
descri bed. First, check weighing system?24 is,
supththat dhe et anagnatisatian of thonspmple ihyiah2Res fsmpeeardy changed. RF

pr(‘?lpem ﬁg .o%’tgrsf e tgeﬁ@rg?"’lgimtfedt Byb e: ?%gﬁg OV 22 as the net

pro I'On I's begun,” conveyor - be conti nuously
mdgnafisapion tof thid &nspl@ Zetwdne € its aripinal smaiesof(equiliveiightid generates
to be determ ned. As each vial 22 rea(;heairsatpositi on
?i

anqapEtségnab Pavipe AcARrasEEsts Bl wpparionab ie thegnergy emitted,
Lt 4 ' ur At

B 5y BP g4 CBAREP B3 SBRFLGAGHA LR proe 53

outntsignal. s yRoeess@638 Canparte thecomteno hmgpliside ror 3Bhdr emput signal

tracks.the tion Qf .conveyor belt 28 ial 2
ChaRG EREU WH1b R SABRAATSN TSt PR e Sl LS Bffnpgypamass,
and Qetiflfs Eﬂkem?sﬁ'gflﬂfe dafhpYd Bbm3Re eulfESTHE ESPHisBRINEt i C

resonance. At e instant in tinme when vial 22 is in
position PM a brief energization of RF probe 35 is

nt orr ogat | on 2 HETRGREHT RGPS L RUBHEL | sati on
of the sanple in vial 22 is tenporarily changed. RF

probe 35 nonitors the energy emtted by the sanfEI ein
vi alPragesser I&hperfrems magaletite salcwlation of the masses of thesynples in

to Lts,original state of uil i.bri d

vigl2puOSrigx R stnily aonEely Tl GRS S 8t 28

anB'sBERNdrit9NAbselsAch ARt BRI AIRtIvESdy RFUCHL IBrestlty @ Gust from
anpl i tudé. Conputer control system 36 receives the RF

thpsabple3Bhesgtipass isibgingl investigeied B 189 womlalr but alpe from other

current .a | tude,or ;other o t S .
sofplit witeed A el Bitenblihoh (e moinagg or near
ne@iBos kdfp18s). SEHIPler@iredd@@ffecnBSsterrad to detidEstOPIing Aad must
mass of the sanple fromthe results of the corrgari son.
8

beCelimpintedt arovprRIFenRRiRy irabBIISABF A RE fBRASUTCPICHE O6 SPPIggmass.
Clgg%fﬁﬁ?&é)gﬁlgﬁmg}? bt bd WinkRlfed 2R Plestifls pBBEASE DeQusd Ynples

may have different net magnetisations (due to different times and locations in the
permanent magnetic field and /or NMR alternating magnetic field, i.e., different

magnetic histories).

Method 10 also compensates for two other effects. First, a position on the
conveyor line may be empty, i.e., without a sample or vial 22. In order to compensate
for such events, as will be explained below, method 10 processes the signal from all
samples, irrespective of mass, including empty spaces with (zero mass). Second, part
of the NMR data signal received comes from noise and part comes from sources other

than the sample, e.g., from the rubber top of a vial 22 or from conveyor belt 28
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vials 22. Generally the sanples are substantially

equal | y spaced on conveyor belt 28 and sufficiently
web@seissxh that the signal received by RF coi PCBBES2004/020884

results not just fromthe sanpl e whose nmass i s being

investigated (the test sanple), but also from other
caggimgl e vialsv2al sMethodhid vei lsmch\dVeampffaetn@ptor which may be

h
oA iR b e TR Bal bt BB T o as

cross coupling and nmust be elimnated or conpensat ed
to obtain an accurate neasurenment of sanple

Cr o¥etbodipl 0 sgnivaplatest defermipatien of cyhatamaytba ﬁéﬂed weighing
s R PR RGP B PRERAL L0 sampt

antd @B@bihensoted effbets.p Gheanmber dSIfB@ﬁqﬂesOorf ¢ited sidla df tige tebi\dAmple
alternating nmagnetic field, i di fferent magneti.c

for wdichr gomapensajionypest by pipyded é?ﬁ?@ﬁ% ap 88Vl Isgus 18¢inding how

'qugcfnlgrljf?}?e (I:r.ogé. ,E&WIIPEO%%l HEQBasp ﬁ%ﬁ?tlﬁgqéyt%d%ﬁ i 4R i8Yackacy

a sanple or vi n order to
requirgdesisthe epf)lﬁ)dFatlsﬂC Wehsartfoundthaiviwhén beng a2l ml naddme drug vial
bel ow, math 10 prqcesses the signal from all
22 Hinpd agth grélgp@dw igusk Pﬁ@éﬁ st lioﬁgl (RARBFA iR mppRagae for
sal {dd ahd Sﬁaﬁs Q?%\ﬁ% os?&&%@thelpﬁgé ofthe 18 SM dRl Jia3 29 @)@ésently
ceiVed ‘cones T Fom noi se an part cones from sour
pratuﬁesr alt hamptd’mebe s b compensatidir umhehpharmbmhcalapamffacaurmg

e BTSSR hSERE W A o5 o
trdedfNsbS (‘ffecﬁe SampIEL fn a deP cALEOIPRAR Basl fBllow &t er nal  and

external noise. Method 10 coftenpl ates determ nation

d; ofc what e becalv.dunwei whimig: Matmer s~ va*menpensat ...
for the cross coupling of sanples proximte to the

whie26 tm;Sianthé enasand thé eesvtshaplen af;gdis ehé exdss .of ine sampie position

foloWpeBR LIS Tow ipiheyraTear tuperaie SRBEpwnE i tos
sa{rﬁasf gli?l ) dé B! ek g IHQ%m% 18'HoSiibY folRvin Qﬁestegt%é&iglél Om;, is the

ecreases fromthe test position and
m@sscafrﬁﬂysmpiaipoeﬂlohy fd)lltmmag phe ¢est isample\d; fsathe MRy theasured

sigpat gy W™ g 1 o 8 Paree ot dmserthey e Sl 10 test
saﬁﬂnﬁﬁﬁ%‘a{ﬁ n8t %@dﬁ&" %P{oe $), 34 \fheajw'%lg%%g]t PRioPISI theQBst sample,

er side o e test sanp e and vial 22 presently
and the remaining terms with w are weighing factors for the position indicated by the

subscripts, and wgris the offset factor noted above to accommodate for internal and

external noise.

If sufficient accuracy is obtained with only one sample cross coupling either

side of the test sample then this relationship simplifies to

di* SC = Wogr + W Mg+ Wormy+ WiFmMinle e 2

During the calibration phase d; and m; are known and w; are unknown,

whereas during production d; and w; are known and m; are unknown. Method 10
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provi des an acceptable | evel of conpensation in the

phar maceuti cal manufacturing industry. In this
w@Rasatisen the rel ati onshi p between the data sPQHEE2004/020884

obtai ned and the true nmasses of the sanples in a set

can be expressed as follows: dj *sc + W*nj +2 1 where
pravides amhdecrayelutibn tpnecese perforared| itsratiely 1o defetrhise rthe yalues of

one sanple position following the test sanple, nj+2 is
th?H@%' of two sanple positions following the test

sanple, Hj- 1 is the mass of one sanple position
followng the test sanple, mis the mass of two sanple

positions follow ng the test sa{ggl,e, dj is the NWR
neasUrB@gsiogiial 2dattap fehilove chakis skawn depigiing gn gxemplary

: V. . dat ' .
358y 61 hcd QORI Bl Q5! 5 B frsaton o
pro<iataty sdngple tefifectsciata MR checlamadighivez system R4nduringr p@duction.
with w are weighing factors for the position indicated

Mgihod H iwghides pispss ,ﬂ?aa@al foerformed PHPY Kb Pradietist ongplden of

X e i i R
NROYeck W AEEATTIRARECS S whil B e AR R0 Bre Bk tion or
calibuatibe phases and eteph ity aes porfornsildiring froductios topsaiphe In the

then this relationship.sinplifies . to dj *sc = wOF +
PrégProduyetipn ste mwe}gwf%&'}?%pw% tIOBPCRTASR apteapipted
r 0 r.eas ' :
by U retP Ay it fhe MR Wotopy 76 SRASICINSOR, the respective
proditchion stePp pHNMIR sneasurdmentimidhel tesbsanlo ek the proioatessamples,

iiteratively tq.determ pe the val ues of t unknowns..
et gpRpig 6 W G Tclon Byfop dia oot of e Sigrcsived by
RIEIRBI1 33, ohAlbyeHRMRRS Yor Bt NAFhpl RGOS B@RE&hsWell ok & cross
teachi ngs of ‘the present invention for conpensation of
coppling mralt the stheplieetefibaveffecisnaedReioheck wei ghi ng

system 24 during production. Method 10 incl udes steps
that nust be perforned prior to production operation

of NNR gheGkiopeledli NGw ahsktedh B8 (ir-pydtrictiom ¥teps idld@@rmining

cal l ed the g;e- production or calibration phase, and
weighipg fastars Forecomenensationdoldpioxigatp rseapla PBerts peraaNIMIR . check
welighi%E esystem, shown in step 50 in Fig. 2. Step 50 includes making an NMR
measurement of sequences of sample filled vials 22 all of known mass and open
spaces in step 52, calculating the weighing factors in step 54, and, in step 56, saving

the calculated weighing factors 54 such as in computer control system 36.

This is an iterative procedure. An initial estimate of m; is found in the first
cycle of the iteration by ignoring cross coupling i.e. m; = (di*sc — woff)/wy from
equation 1 above. This is C in the table below. In addition the values of the 1
iteration estimated masses of a number of samples either side of i are also set to be
equal to m; These are A, B, D and E in the illustration. The number of samples is
determined by the number of iterations required, as explained below. In subsequent
iterations the estimated masses are corrected by subtracting the cross coupling from

adjacent estimated masses in the previous iteration.

For example F=B — (w_i *A)—(w1 *C)
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pre-production step 50, weighing factors to provide

t he conpensati on contenpl ated by the present invention
wa@e@sdetsss m ned. Steps 70 and 90 present the rPSpPES100vE20884

producti on steps of NVMR neasurenent of the test sanple

and the proxi mte sanples, and applying the wei ghing

factors to the data representative of the signals

recei.,ved by. RF coi|l 35. whereby the mass for test

sa IESR%§&B%eE%Hfgﬁggﬁgﬁig%%@%ﬂgngross coupl i ng and

the other deleterious effects noted herein. Fig. 3 is

a tgg | evel flow chart of the pre-production steps in

det dpaerwierry the cesiss Aoplingtediest, ﬁ%ﬁh%dhﬁé’ﬁ@aﬁﬂl@ﬁte the mass of

Coxi mat . C Lo

sBpRE SATROS GHLERL ol Bl RyAGHE LA Aampls v

alsveliden GecdivdiMircaBRSitiEe Ml iconiibaru ehe dBVIRfsigafdresample i and
filled vials 22 all of known mass and open sPaces in

2 _al : ,_and : .
the; prapung of thexpanizibations Wilh densed grither mastesr dhe Hlusiragonshelow is
' odsB i t | L ghi : -
fof B, o 1y AIE R g IRt BRETHORH o it of it
sides. dlowéveraini thés gsededsigaal dta ifoint sahpledt? ivheedetl tefore the
) is found in the first c¢cycle of .the Lg rat.j on, by, .
masg b @@m@led ,cag be @S‘iﬁﬁmnﬁé’ 2}Il:d& r.n}ﬂm_nuy.(no? At e_1t%1|op¥ }Sd§quired by
th«% r&%&ﬁ@ﬂﬁﬁhoﬂ%&iﬂﬁfvﬁﬁs Tl SenbSre GhbiNiHeNQIEARI R BEHRWmass of
n addition the values of the 1st iteration estinated
samphksiess bised anlyrivar estifnagsimplasses éhdthaiovs fatecrofs toupling, and to
al so set to be equal to These are. A D _and E in.
engyie b theps SHITRHEY THESHBBERILS S prLs Dben HEPd: o Fbimeted
4 {8 INERAEwWAS fdrlcedsabb@lmg! equi red, as expl ai ned
In%%?om?ﬂ?“subégqueﬁt Fterg?igns the estinmated nmasses
are corrected by subtracting the cross coupling from
adj acent| esti mat ed nadESiReleAMaE® previous iteration
Infleyr |Batg fﬁtéﬁeﬂaﬁ@ B - ( iyl It:erahgn - (\\ quﬂeﬁ?pﬁ procedurs
i-zonéeged after a few|iterations. Because of the cross
i-coupl), ndsef fect, findimg the best estimte of the nmass
of —9gnpl[g 1 can be onfy done when thg data signals

.+f|“0| SN sthsetgtent olﬁu:pi es—tave—atsobeenTtecerved

! drige ha\J/ will contribute-to the i

+3amfie ilBand the anoumnt of the contributions will
depend on their nasses. The illustration belowis

In the above table: I is calculated from F, G and H; F is calculated from A, B and C; G
is calculated from B, C and D; and, H is calculated from C, D and E -

If the number of samples which cross couple is greater than one either side of
sample i, then the number of iterations required increases and the number of values of
data d also increases. This means that the number of samples beyond i which must

have been measured before the mass of i can be determined also increases.

It will be appreciated that the size of the data array depends on the number of
samples on either side of sample i whose cross coupling must be taken into account.
If two samples either side of sample i are required to determine cross coupling, then

the data array will contain eleven values from the center sample whose mass is being
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for the case in which sanple | cross couples with only

the sanple on either of its sides. However, in this
wW@2®e/111363 si gnal data from sanple i +2 i s needePCHESNE020884

the 'mass of sanple i can be determ ned, and a m ni mum

of three iterations is required by the deconvolution
calaulgtndL thrthis Tistance the vaniehle Soffset wilhee ssilte alvalup @ sixfto select

53 ba ed only on estinated nasses

thq??gferg?a}sﬁg@l? {{EP%ds@’ lﬁg, and to ensure that

t hese estimated nasses thenselves al so have been based

on estimated masses that have allowed for cr

couplig.ng.is|an iemedinre levgbflow chpg Qi‘aﬂ’@uprét%ﬂd‘fqt@ﬁq steps in

calgg‘aglﬂg gs{eé%m'%g‘f’ fa%%ééz (lﬂ%?n 2 ¢ ll%l[a%g}l ?hoﬁn?ag % étg? le@ ee%mfFlg. 3. In
ste@ 5PN thitkal | incbMperbdted emagf oﬁﬂi&pdaﬁﬁal&shmajﬂ bar«fl:ﬁ&ned)tﬁmhte the
greater than one either side of le i, then the

NyiRrenal gata (NPKALRGH ety eatrod inifincyeghes f%“ﬁ%rstm\aé’ fvgpated
t T

fox? fisd % u%ftla?é tﬂ@ f@ll(ﬁg@%sa y% rk%r %WC% %21% ave tglghons are

peffBﬂﬁeui’ ﬁﬂdételfn@he vieli@nm@feﬁ:tcﬁé iln cap @ea detision inachdaleleether a

increases. |t will be appreciated t e e of t
presglesicarqoairoli st C%verg'%@ Wu%é?cesﬁag m& iy &g Wé}g%mg

facibidCarBT saS8IRA & éfp ?@oéfd ﬁﬁ?gﬁe Eaﬁ%’bﬁé‘c did {?gésts Qﬁleﬁakﬁnnot the

MAto" account . s either s of sanple |
weﬁlglﬁng daubmsedte tupdated eo nhafse jostoststained;pdsi shgpwnt imestep 166, and the

data _array wll_contain eleven values fromthe center
degopmolutiopisecesyelsen %Uﬁﬂ ©OLPERI%4 B8 ¢ hi s
i nstance, the variable "offset” will be set to a val ue

of six to select the center mass to be returned by the
f und@neonf oEdiigary4ski1=l shouldnnewnaireciase | thatewheh dhe shof initial
of .th

weahin fackireRieg S chopgt SR pteistn cae: b o IR dthg need
to 'b? egi &: TRe dllffére?l'i:@ Bet@&eh hige dsfiintalted mHé%@@Eﬂ?ﬁﬂéQﬁﬁ%rﬁ%&nasses
e sanpl es may be obtained fromthe NVR si
Wlﬁaﬁeanlmmmed With @pﬁ preddion of dre dsconveiluticnl algenithm. g’t}he procedure
st(;pgf\%/ é{fg%nggtu? :%rlafm(%r% f d‘g%sgﬁ@%rgucir{él %er??llo& ‘}ﬁ ﬁao e next falls

beﬁfv@aeﬁersa@éte&%ﬁl@ 1Q:E‘tc@f1{76r§@s wei ghing factors. In step
a decision is made whet her a presel ected control

varlable converged to an acceptable level. If so, the
el qp ISHgllld also now be evident that because the calculation of the mass of

sample i requires data from samples which are in front of and also behind it, the mass
of sample i can only be calculated after data from a later sample has been received.
For example, to determine cross coupling from two samples either side of sample i, a

data signal first must be received from sample i+35.

Fig. 5 is an intermediate level flow chart of the steps in applying the weighing
factors during production, shown as a top level step in Fig. 2. During operation NMR
measurements are made of the test sample and the proximate samples, all of unknown
mass, as shown in step 92. Next in step 94, and optionally, a temperature correction
may be applied to the NMR measurement signal. Finally, in step 96 the same
deconvolution iterations used in the calibration phase are performed to determine the

weighing factor compensated mass of the test sample. During operation the weighing

10
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factors are saved in step 68, and this pre-calibration

process ended. If not, the weighing factors are
wapaatiedsi o t hose just obtai ned, as shown in sSPEpPUSHIN4/020884

and the deconvol uti on process of step 62 and test of

step 64, repeated, .One of ordipary, ski shoul.d now
factors sed %‘ieéﬁ&‘ﬁgflf’%éwl% © SaibIaon RRasP-o ThGsnigftigtion process
is&ﬁﬁ%@E]E@%& fe hSs&hosen based on previ ous experience,

t he va?ues 0 not need to be exact. The difference

bet ween the estimated nmasses and the true known nasses

wll.be m.nimzed,,Wth.each | ration of .th .
decoo P%Pa&ﬂqy afelﬂg%/gf tmanTﬂ?eouéff oCeuUr& LY Sp gha\% g mefhed in
acirfiARECRER the piaber Hveatbnass dalibrtion enidt &litaingom tfiract the
the next falls below a presel ected val ue, i.e,,
relgwani edage out |of ah eggrag%tpg signghy byedetoinyaing theastfest ofuthe two

c ti (=9 [ :
el U ADRLOGE, O ok TR pily SR Bl SUHATS o i
reduisivéipasicodndhutiohe i can only be cal cul ated after data
froma |l ater sanple has been received. For exanple, to
deternmine cross coupling fromtwo sanples either side
of %f%hlegé L@d@ﬁ‘é@d?”[h%f‘ Fhe fehibolintsd doSrib8E YA ArkOfkrely
sample 1+5. Fig. 5is an internediate | evel flow chart
exofpiang antlethat ianpapgl wkitlgd tinethwedrt ihay niaket mesy diariptieps and
pr.ducti on,, shown as top.level step.jn.Fig.. 2. .
mesifiFiipns geihett eepakie fmsiring i ssons O (b dvetiofin Iheagrious
e &t?ﬂgagtlgéeplﬁl’:t@éﬁqﬁttﬁe aRdRALRR, oRld chbiBEALWR aFiFﬁ)%riate.
as shown In step 92. Next in step 94, and optionally,
Alh stdnpedificatienscod vedation anminténsed pp be intludsdtwihinthg scope of
neasurenent signal. Finglly,.in step 96 the sane
the IVERNRR qgﬂa?FE$8?P%ﬁ@e%§@Hn%n the cal i bration phase
are perforned to determ ne the wei ghing factor
conpensat ed mass of the test sanple. During operation
t he wei ghi ngfactors used are those found during the
calibration phase. The sane iteration process is used
to calculate the nasses. The ordinarily skilled
artisan shoul d now recogni ze that a nethod in
accordance with the present invention uses calibration

and filtering to extract the relevant data out of an
aggregated signal by determning the effect of the two
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nei ghbors on both sides of the vial that needs to be
nmeasured, and by perform ng recursively a
waewonyisbution . It will be understood that theCT/US2004/020884
enbodi nents descri bed herein are nerely exenplary and
that a person skilled in the art may nmake many
variations and nodificati©h8IMBt hout departing from
spirit and scope of the invention. The vari ous
enboﬁhﬂ§£h§ may be practiced in the alternative, or in
conbination, as appropriate. Al such nodifications
and variations are intended to be included within the
scope of the invention as defined in th pended

Lol ai s MEtQOVEEOTEPISAION Of APIREIHGE SR 1o SHEEA <A P JHagnetic
reg naﬂ 51’1&%%1%@9@ lsfs &aw altBst 3 QQSE' c%nfaﬁ%? Bﬁ'&cﬁoductlon

()

wel ghi n gat sanple In
linmmdaa phnalaty o ppoxithatet saonpldsi eaeh anmd canfaingr ahithg pm‘ductlon line,
r oXi, ma s es each in a container on the

Rﬂﬁﬂﬁﬁ QP?H conprising the steps of: deternining

cr Osﬁet&‘ﬂﬂﬁ rlg n&o!‘se colH1Ag %@%hfﬂ"gsfat:%s @otpla Widdalityy onsamples in
sanples In proximty to the tést sanple; °, nagnetic

progiuitatecibe tstisumplelg of the test sanple and proxi nmat e
sanples, said ste

e’ BEBteEHran St ERE e el SREE BRI AT Sdulcs said

stEI? W%ﬁ@kﬁ&'r&%nﬁﬁc@ﬁféﬁsﬂ?ﬁ@sw tHeeRkt safsle PRl MoRBnate samples
hing factors to the data representative of each

pmaimg@;tempr@omp‘em@ﬁqan@meewrcmentpamu mat e sanpl e

ef f ect dac or,di ta cl ai eln_the

ot ep TIsing uFaRE o B0 e e R odihveng P e uRiment
cdiisendsiass foPehe &ﬂn@fe PefpiosfdcRg nagnetic resonance

measur ement of a sequence of filled containers of

known nass. 3. A nethod according to claim2, wherein

t he step.of, det er. n |
2% act g‘r gl%m?dt ﬁgco(%iﬁlg% In"Jﬁ’ dglsa %lt’1 he sf‘ g%mo D& o%dg&rmmmg Cross
cApUALt WeighREORRAES includes the step of performing magnetic resonance

measurement of a sequence of filled containers of known mass.

3. A method according to claim 2, wherein the step of determining cross
coupling weighing factors further includes the step of performing magnetic resonance

measurement of a sequence of filled containers and empty containers of known mass.

4. A method according to claim 2, wherein the step of determining cross
coupling weighing factors further includes the step of calculating the weighing

factors.

5. A method according to claim 4, wherein the step of calculating the weighing
factors in accordance with one of the following relationship and a multiple of the
following relationship: d; * s¢ = Wogr + W *mj; + Wo*m; + wi*mjr, where m; is the
mass of the test sample, m;y; is the mass of one sample position following the test
sample, m;.; is the mass of one sample position following the test sample, d; is the

magnetic resonance measured data representative of the test sample, sc is a scale

12
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nmeasur enent of a sequence of filled containers and
enpty containers of known mass. 4. A nethod according
W 00shaisns 2, wherein the step of determ ni ng cPOBES2004/020884
coupling wei ghing factors further includes the step of
cal cul ating the weighing factors. 5. A nethod
fagtoc by cinvgrttdotaciignahtoitestsasypls masshavods ty wfighing Gagtartfphhe test

t he wei ghing factors in accordance wth f s
sof oMb PR KB A o i TGy PERa® ol M nggition
intRhRHIBNBB isFbschptss SndrwiiPisthe dfivdl giomdted bi®enBsBcéthmodate

the test sanple, nij+ is the mass of one sanple
fop irgemploandfepterpalingiget he test sample, Hj- 1 is the mass

of one sanple position followi ng the test sanple, dj

Is the magnetic resonance neasured data representative

of the test sanple, sc is a scalefactor to convert
6.dat aAsh@aald heotdifg toacping Iyashereito thes stepeofrdeghhingng cross

factor for the test sanple, and the remaining terms . .
canpHpg weaghinguEcs Fytherdichidss fhsrstemel sukie the salHlatedaveighing
fa@%urst he subscripts, and wOf is the offset factor noted

above to accommodate for internal and external noise.

6. A nethod according to claim3, wherein the step of

determ ni ng cross coupling wei ghing factors,.further
7 ncl HdEsthode ae n%ftosglem%g“ Ve s sierdohdFiGHHRgRe cross

c@@gg@g cigling PR e Re %El%&%ﬂe%t@é\é%f%&foﬁfﬁl?g’ §i Prutdigy of

etérm ning cross coupling Ing factors
décontdietion ierhtiolesofttivesasd wpatiohslgpr f orming a plurality of
deconvolution iterations of the said relationship. 8.
A nmet hod according to claim7, wherein the step of

gdet eAM DG GEQSENS AYPLILRY TeivEbeRd tﬁea_‘é,fe?réf faetetdBing cross
i ncludes the step of obtaining an initia

cauptiogperighing factess ffortherhendl $lzepitep fafopbtaidng an initial

magnet i esonance neasured.data representative of th
wpedpetsied BAGlO R et e HBMdRR R TS pifar i date
re#:fh%eﬁﬁt@% &Sfindekedampl.ng cross coupling wei ghing
actors further includes the step of estinmating
initial weighing
0. A method according to claim 8, wherein the step of determining cross
coupling weighing factors further includes the step of estimating initial weighing

factors.

10. A method according to claim 9, wherein the step of determining cross
coupling weighing factors further includes the step of determining whether to repeat
the step of deconvolution iteration, including the step of comparing a preselected

control variable to a preselected level.
11. A method according to claim 10, wherein the step of determining cross

coupling weighing factors further includes the step of one of updating the weighing

factors and saving the weighing factors.

13



factors. 10. A nethod according to claim9, wherein
the step of determ ning cross coupling weighing

wo awso1s53 urt her i ncludes the step of determ nP@IyUS2004/020884
whet her to repeat the step of deconvolution iteration,
including the step of conparing a presel ected contro
12ari a’btnethod aaccprdiﬂrlgdb ebiirad , Méerslin tlm]stepéoﬁ'appbmmg weighing factors
a ordl l.aim10 V\/nerelnthe ete i nin

1 50 05% pleberia st sy ettt GriER P cFspugh Pprgiing o

pRirSiRyObf afagn&ic WRERNCE IndABrefRineNbNhd &t QampRNEnd prox1mate
savi ng the weighing factors. 12. A nethod accor ding't
sghplesrpfiunkposnanasst he step of appl yi ng wei ghi ng factors
to the;data representative of each neasurenent
i ncludes the step of performng a plurality of

18RgNeY infeth®b Qb@Rdig 't a8l bt MTRN tvthefdin ttﬁ@ ste;ps bf %p;ﬂlpi@ ¥etbhing
proxi mat e sanpl es of unknown nmass.

fwé rtelithey date teprgpentative Qﬁnwbumeash@wné ﬁn’dfer appudasrige step of
e each
291% t238 é?ﬁ# cﬁoxlti npoc ggﬁe?lc c%%%,s ﬁ{/ i ng

tenperature correction to rragnetl c resonance
measurenent. 14. A nethod according to claim 13,

10 Igher & maiped gecosding tapdin Ag. wdicrnn e kot of spplginghweighing
f&%r l}% Zgé tﬁ%ﬁ € e%)éﬁg?tﬂfeecﬁr faé:ao ?}rhqﬁga%we it z%ﬁrlﬁté%/ tul(i}?ﬁdes the step of
pdtémnngl artphanalityt of aiebmlmmndeémﬁmsna) wietepnineg wielpditry factor

ensat ed of the test sanple.
comp nsatea mass o she test sample. P
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