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METHOD FOR TRI GGERI NG NMR MEASUREMENT | N AN NVR CHECK
VEEI GHI NG SYSTEM FI ELD OF THE | NVENTI ON The present

wo pwsntieon rel ates to check wei ghing nmaterial PET/ES2004/020889
contai ner, while the container is noving in a

producti o [ ne,_using nucl ear nmagnetjc resonance
(Rt e SR AB SRR RN AT DA SR EE R,

i nvention re NOR RTRE iirng when an
NVR neasur engﬁ?&\fs to@be t@?ﬁ%ﬁ%ﬁ%%ﬁﬁgx wei gh the
material in a particular contai ner. BACKGROUND The use

of NWMR techni ques in neasurenent, detection and
i magi ng has becone desirable in many scientific fields

of endeavor. The ?%%Wﬁwmuuctive nat ure

of NMR has facili ppl'rcation to industrial
instrunentation, analysis and control tasks, in a
variety of applications, including but not limted to
cos Fe¢iPEs ety eRfifgrelaigsde §h¢qkaweléglélaﬂ%%wrsql ipjagopigines) while

.nr . ..qne .- .
R e T —
(NMR) tecliiqeesadoreepaitiatlamyg thé pregemlintention delagesitd admethod for

seal ed gl ass vial during filling. The drug weight can
defgamindng fhiep ok ]\gMRr BERUEHNSE 18 §r ‘éemt“&%?aqu 40 rchgeli mesggh the

mdiQi e g\gég@@lgr%ﬁtgna{] accuracy of a few percent or
better, in a vial weighing tens of grans at a rate of

several weighings per second. International Patent
Application No. WO 999367 '"606 Application"),

i ncorporated herein b /}@?g}lﬁgﬁ]@&])a.s if fully witten

out Tel @, o BRGRI REBNiGuBNRC KiWRIreHEMRY dedet @Mah@ imaging has

sanpl es on a production Iine using NVR techniques.
beoqine dggiEabéamin mednydecsensiflisaeles of ondeavest i Ree aostieMasive, non-

[ ' e s [ I: on Q, produce. a
ao RN Sl 5L AIBNSfo - AL ARARLRD ERIE R BTG
analpdieand gahireintaglan e a aadegnofRippticationk Oinch@i gybighdANimited to
alternating magnetic field over the interraogation zone
cogmpeticguRGTIENGS) TRIFIHAl drentiseds, intpeisalaupwicdiang Toed pragucts. As

PELARHIR! §RcRly |s8d WG khe SNOMACAR LRGNV F51 AR
Onnotggll)i n tﬁe 'e([g%qéq%%ﬁlsi cgﬁi oenf? suc%élsgéul a%/g% cla]%llelglgormg
andfregragmet the amesomarficeug eqai seelsdtdias tdediwaypfiBingndElie drug
wetl g%ﬁtcartl) ge 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 (the “‘606 Application™),
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 inciudes 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 an RF coil for applying an alternating magnetic field over the interrogation

zone to cause excitation of the sample according to the principles of NMR.



10

15

20

25

30

all owed to reach substantially maxi mnum net

magneti sation before the application of any further
wez@stateson field. Failure to allow the nagnet PEHUSIIN4/020889

to first fully develop will result in a sanple reply

signal.that |s Iess X|nu and. an | nag
SRR st Be skt an t bACNMET St Bhdrrisesd 3f e B0Be Rapiicasion
su&@ssﬁﬁra?EHHt%nC&fﬁﬁé&th@ A gm%b @bt %ﬂ?;esa%ﬁaw h&der test be

under test with the triggering further field
allexed toatcadnsybssmbhllypsiaajmuh eeRmagoétisatiom befoee t&0gpplication of
icati.on, triggering occurs when the.filled vial is
ey et i B TSI PP TS Rl Th MeRRRRuR tnfirg By develop
wilk t@hit9R a sja_ﬁ!p% rebl'y §1§1‘i:ﬂ athdt Srs ﬂa@i ﬁfeﬁ‘rﬂﬁﬁimﬁﬂl 484 %ﬁﬁhd’&ufa@amd

moment in time wWien the fil vial passés an opti cal
impygsist iagnlting rvssaaght dhds,tihie 1mp@e‘dvfotfo dqahafuldy nmeq;&@ue tbfepmsmon of
the f
oot B8t 151t WSt ects N Bh i XS tioht Brh g the =P
coit.he product of tine and velocity. This does not insure
that the position of the filled vial at the tinme of
tri ggeri ng will result in a maxi mum sanple reply

tr P05 s eBERlOT Rifes B Bols MR, FE KRR i afe desived

locwgbrg i thin mys;hecm #oighBRNgdtRe. Orhig iproay it deddinlihdieby etecting
that the sanple under test is positioned to return the
theRMsinins g | ehenetbeyiiligdgial passevvARRtIcah 108itios ssRwsyi ard the

spe%g Wﬂg%bﬁvéy%ﬁ%gﬁ‘%ﬁzml‘gf t’l(}gdff e‘aerIEt ﬁL%’th‘%} rl ethE"%ﬁl%d vial

sanples I'n a pro each sanpl e Havi ng
poqigdn magiieddtsdtolely asapabiction pf tlmopsrpdmmafglmdnend;velpsn}of This
direction

oL 1psh B e BT SEHe Tt S 8L AP tgerig vl Yot in
a B aReh o ?1&}@ bMisidhall @ sanple |ocated within the
i nterrogation zone; applying an alternating nagnetic

field in a second direction in the interrogation zone

f or t}lg%{%%éag) C@l%‘%b’ﬁlenl {rll%é’}o Pef}%’_‘éﬂlﬁg g{ulﬂieg;fllqu exc1tat[10n mna
N]\lmrtihtea{ Wi EgYer® Thi b8AP1Y oh Rep@AtRic BSe bhehdighe sample
netisation of the sanple returns to its origina

um%ﬁtrg gsbisangitigand Foarefug therm sumyut sagindhEpbhagiatg a
SUMMARY

There is provided a magnetic resonance method for determining the mass of
samples in a production line, each sample having a net magnetisation capability,
comprising the steps of:

applying a first magnetic field in a first direction in an interrogation zone for
creating a net magnetisation within a sample located within the interrogation zone;

applying an alternating magnetic field in a second direction in the
interrogation zone for temporarily changing the net magnetisation of the sample
located within the interrogation zone;

monitoring energy emitted by the sample as the net magnetisation of the
sample returns to its original state and generating an output signal having a

characteristic which is proportional to the energy emitted;
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characteristic which is proportional to the energy
emtted;the step of applying an alternating magnetic
wo p@bdiiesz| udi ng the step of triggering appli cBET/082004/020889
the alternating magnetic field when the sanple is
located at a positjon within the interr tion.zope
wi th t hellSeBLRT 2P At ALGrating magnetic £ peltdie s srep of
COMPAIERE: LPSIQULRWY tBE GMhathamaEhend Held wileh thé iskRiple is
data “obtai ned fromat |east one simlar sanple of
knolwatedsd ;a2 aodtidetvéthm thegntehegatimszafe whih Bwenpltput signal
There is al.so gr ovided a nethod of calibrating a

mag B ALETSHS Bhh @ M od for determining the mass of

Sang8Saridd tRe BRBAUG &0 Bharb&t6ristRAGHH SREBAE oBBYAA TSN e least
magneti sation capabrlity, the production |line having a

onersiggnet samplesbravoempsst erd ogati on zone with a first
magnetic field and alternating magnetic field,
con%%?@?lﬂblgt%iﬁ%lngfse?ﬁg%ﬁmpg‘%rf orm ng a nucl ear nagnetic
resonance nmeasurenent on the sanple at each of a
plurality of positions as the sanple is noved through
t heThergiidalseraidedad methngt oinepliveaiimatd magnasicaepriagee mythod

r ct.ion operatd on of the pr tion |i;ne; and .

for BEREHS T BRE Y o2 P b RREELE R eppiE ol bepg e

majgetls@gal eshpabili®y, pasd tprodustiohhilinet havingt er nagatetion réwnence

. with a characteristic of an output signal proportignal

intqrgpgatien gRee gyiterd st dnegnen d1dd mydedty Rdemanpe raagaetic field,

1ef ] ance neasurenment at its maxi num BRI EF
cor B 1 sl AR T e DR Nes. H g. 1is a diagrammtic
vi eperfifrmangentélom mbgeetip resduaideonedsireenent dh tlansample at each
exempl ary NMR check wei ghing station for checkin hat,.
of EHICHTLORY B HAF SFRL HFhGUaT o e SRR PG Rg et A Hipsting
maBadictiied 88 tb o RIBENbp &htid OHHE brodutton 12nd; Sn@

lagrammatic, top view of the portion of the .
pr odefemiiomg|thevposiiqrhoti the sasxe arpihan yhaNwRpEhis dkealwsi ajhaipegition

.station sho in Fi 1. Fiag. 2 iC in rticul ar
wi i et o e M harees i R b sl B StoRA o
the@RBgy icRgttébihle@bmple uiderM@net htaghtt®) idsdanémeasurement at

. interrogation zone, a vial position detection device
1ts peg@adnng t he

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagrammatic view of a portion of a production line with an
exemplary NMR check weighing station for checking that each container passing

through the weighing station has the desired amount of product.

Fig. 2 is a diagrammatic, top view of the portion of the production line with
the exemplary NMR check weighing station shown in Fig. 1. Fig. 2 depicts in
particular the poles' of a static field magnet, RF coils for applying an alternating
magnetic field in an interrogation zone, a vial position detection device preceding the
interrogation zone, and a conveyor for moving a plurality of samples through the
interrogation zone. A plurality of sample positions, Ps, are marked on the conveyor

belt.
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i nterrogation zone, and a conveyor for noving a
plurality of sanples through the interrogation zone. A
w@bwsalicsy of sanple positions, Ps, are nmar kedPOIUS1964/020889
conveyor belt.Fig. 3 is a top level flow chart of an
exenpl ary nethod in accordance with the teachings of
the present invention for calibrating the triggering
of Fier shex 1dJ 1%%1 fRNE R d1OR éxemarary'\lh@ﬂfda% kacaf\ﬁ agﬁuerwuh the
system for sanples on a production |ine
tea@aﬁm‘l ef uhgl@resents iniestipoSor |c@lrrtafdtlmg) tln@ttuggmmlgeofmfmmmﬁeld
SCRI.PTI ON A in
exc R L RIR R ueiBEE SHST ULRIUR P 2 PR EHPR dne When
the 98ATadYr LYt it PEsifvHERR G tetdid th@m':kﬁm;?n s:!u’ﬁpl‘%rrg}ﬁ stdal.
understand best this nmethod, it is helpful to flrst
review certain of the structure of an exenplary NWR

heck i ghi i ated production
Fiﬁg. Efbg anghgaikgqg@2£¥%%§ggﬁgﬂgﬁgductPon l'ine,
which fills glass vials 1 with a drug sanple. Included

is an exenplary weighing station 3 that is provided
"i nAlnplded fig peapsdance miidicthe wessghi myewfoneisdndistted igenerally by

the él%.ll':{e?aq IY) ﬂlﬁ %Shﬂlt o3P R |% d%rs gnlar ougp I 51 ﬂﬁ]toﬁelt % Félp{lﬂ ‘,;? first

renoves Vi a

revido/ dSHﬁtauhaf/ﬂ?letshﬁc@tEf of g e)mnpazlﬂ) lNMRchhebh Qve(ﬂghi@g Ewtémehd its
product specifications. Vials 1 are transported to
“*%%W@%Pﬁﬁm§$%%h%h 3 froma filling (and optionally
sealing) station (not shown) by a conveyor belt 7
whi ch, as represented by the arrow 9, noves in the z
di rEgt il osrlnotwlsraopxgﬁom loé agobdwmioonflineptvaiidhnfilic glaseyts 1 with a

65 T AL, 2010 eeh M Lol ues, Lo

for h@l@CUﬁtﬁ&ﬁNé‘lghlﬁ@ of BREQ L @lﬁéjﬁl'lﬁf\h!ilﬁ 19 'phisecﬁeﬂeﬂn&fg% #hd a reject
W | apprecl ate, glaSS vials are useful as

statcmﬁ thiahesmovise damss eializgmdbe hio thet denat kivg rﬂafr sufﬁanent amount

L e L B e e T

ﬁrmg Aefillihg, (aid b@ﬁbl&ll@/rﬁﬂlﬂl@gjoé{at{oﬁ%qoﬁ ghdwid)Sb@Atcoaveyor belt 7
onputer control system 17 having a processor

19.
Wlnwbgwewemese@%hy dle o1 Yo ovedUsthaiz Eeaction tiengh foayction of

ield in the x direction across
Kn%%}6€§% ggﬁ%ég ?n a region that nay be referred to as

the interrogation zone 25.

Weighing station 3 uses NMR techniques to determine the mass of the drug
sample within each of the vials 1. As those ordinarily skilled in the art will
appreciate, glass vials are useful as the container, because they do not give a signal
that might interfere with the measurement process. In this embodiment, weighing
station 3 includes a permanent magnet 13; a radio frequency (RF) coil 15 and a
computer control system 17 having a processor 19. Magnet 13 creates a
homogeneous direct current (DC) or static magnetic field in the x direction across
conveyor belt 7 in a region that may be referred to as the interrogation zone 25.
Interrogation zone 25 extends the length of conveyor belt 7 through which the static
magnetic field is uniformly applied by permanent magnet 13. The sample in vial 1
contains nuclei which each possess a magnetic moment, e.g. 1H nuclei (protons), as a

result of the spin of the nuclei. Because the sample protons posses a magnetic
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Cauﬁé’ag}?eﬁ“é%l?'ﬁ &%

Interrogati on zone 25 extends the |l ength of conveyor

belt 7 through which the static magnetic field is
wariosotysty appli ed by permanent magnet 13. ThePGHIP1084/020889

invial 1 contains nucl ei whi ch each possess a

H t . | t
moffpH e SaPRIECR sardofl on MdMHEech ro0 PiedP8dmioR v Bt By’ e
mﬂﬁ@ﬁ:&&ﬁ” GraBRONRALHGIONRA, , WHee tBaBhpleiis vﬁﬁﬁﬁbﬁt@rr@%atlon zone

acquiring a net magnetisation when under the influence

25, i appliedpiatipnpgaeticlidld elcaiss 2 Whemagiedsatiompyishin shewanile

interrogation zone 25, the applied static magnetic
field creates a net magnetisation within the sanple.

I n HoslosNMRIRY S0, thdetatt atdggefi@dhRal iseddtRlidl such that the
strength is such that the Larnor frequency of the

Lalg@hﬁqe@l@l@ypﬁ thenampigiisan thega, qaﬂ}@ Aroguenegangst o the electromagnetic

e B 5O BB MO MR ML, A FLLT Bl

sanpdeipL ensor Lfsequetcyf 4nd qmﬁﬂta;edamﬂxo gonadnd tleathtiRIhhagao deld, vill

the static rm%_:;netlc field, will cause the sanple's net

fpspeisatien iheritterahouindienAgnamaeretia Grldissaxis,
f‘r&n tﬁ%@ﬁ cét(dﬁrﬁfttﬁﬁ sihit fefdl ﬂ{]th‘?% eﬁlpgdll S ggl‘rfllé #1g%egtl%;i@1d is

his e I ment I'S magneti c

genax;apddyby] gppiymgr I esppen dmchgg AC currererd the RFheoiRF5 coViaryikfs, the

amci@lrt % gﬁ&v 5 I?Yr{ragéjcgwgtf% R%Pc%glgli%aq%gh}/}g{ %?qqtgl%ﬁgjl otalt:ign %? i’dlle net
magRéBfidnsation. In this exenplified enmbodinent, an

excitation field that causes a 90 rotation is used to
excite the sanple. After the 90 puI se has been applied

tngnﬁlgglb | %@Eilp%ﬁea %ﬁlb?&llqlpeflf oarr%] ex, Wﬁl athon f? 1. tlﬁt %Flléeeg)e( Eg)\; Qtatlon

is ub@l td sxciteitigd sphplet atfer dfe B9 Wulldeltak betn Asplict tb Qh@é(s@x%ale the

el ectromagneti c energy at_the Larmor frequency is

sampig Itlefy In ¢ Righnsigrays pet-egHiibrien stags Sam Whichribwelbeelax back to

its iiggfﬁélisé{(tg %@ég@l?lﬁﬂ%@ 'A‘s ﬁpaa{egr gﬁ'e&?orﬁ%g{%%ﬁ@te%ér ¥ta¥' ﬁxéeﬁfannor

noni t or's” ener gy
freanpt B eastted) elmeﬂacmmlgmetnpsaént offi woiclt inducza aphmpieeteplynsgnal
\[ﬁ its original %]%? d generates an out put signal
int eafonl’i‘g"fa‘?“g gl §?’i1 which is proportional to the
energy emtted. In the present exanple a
characteristic of the induced current, i.e., peak
anpRF tcadd 5 memitoes elwirg)hf;m'mwrbg' th¢ banple has tlysnet egnatisabien of

e R

chatReRisRes&fch is%lbfi’cﬁ‘[ﬁmb”ﬂ?er erfePff Eltted. In the present example a
characteristic of the induced current, i.e., peak amplitude, varies with, among other
things, the number of magnetic moments in the sample and hence the number of
molecules in the sample. The received signal is then passed to the computer control
system 17, which compares the peak amplitude of the signal received from the
unknown sample, with the peak amplitude of a signal received from a calibration
sample with a known mass (or weight), to determine the mass (or weight) of the
sample being tested. The check weighing station 3 may be able to generate and
receive signals at different Larmor frequencies needed to be able to excite different
NMR responsive elements in samples. If the computer control system 17 can store

calibration data for each of the different samples, then the check weighing station
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system 17, which conpares the peak anplitude of the

signal received fromthe unknown sanple, with the peak
waopbiliwde of a signal received froma cali br aP€DNS2004/020889

sanple with a known mass (or weight), to determ ne the

i.aht. | ' d...Th
wolJB A B Ohe 96 108 SIBRG: PSS bA5E 8l RRabE Gt e
NMR gizgahls fim diefdigfeent NMR iforkiveguengies needed to be

able to excite different NVR responsive elenents in
sanples. If the conmputer control system 17 can store

cal { ti.0 . j les, ...
caL Bt 3950 oL U S M TR vcin
statiet 2ishowee it ARy, mag8g of depadts GusarSautpl 8 posdsid sétic field magnet
characteristic of the NVR signals fromthe different
13, SOPORETIRYed T g tWarvgrtically goaniadaRY el cand g for
i f . . \ i i t i . s
i R ADE S IRLA St 2! P yosion
detpmioasdayices? Apiacedingladt arabmn etart 1, intemroREti@0 zbnea8S gy as the

29 havi.ng two verti.cally unt RF coils 2 1 and 23 .
OPticg} PO FIEOTaD BRH PUER T Rtk oqver e it Lfor moving a

lubdMe6f PER BP%ANReRBeatBn VoAt 2D 03 I |20
pudev):ace 27 pr ecuggi nge o%a atn \éltoﬁéé stérl?{l% t}?ﬁ%‘ggltr%%gﬁn%nps’ are

magkgA @nz8nyeyiec helad withenumprals ahe puosighi twentyethsssr 50 havi ng
a light beam 52), and conveyor belt 7 for noving a
plurality of vials 1 through interrogation zone 25. A

pl uvad ipbsitieh detedtonPRsidei2NBay RSanyddRhERAKEY 0PPosition sensors
conveyor belt 7 with nunerals one through:

knawietp (hetditled, artjpag) fopgseurtely anétpsetisedn dgteeiine when thy dpsred
Let [:1] § t h .
san‘gﬂ'(iy lp?éelaaigg Ged ek eaf Xn&):/n @g%ﬁa{l Fﬂ%sﬁl%gsgr{ %orlf\peg/\ﬁ@ bag t'}e é)?eicrqgmg

artisan tor ac el'y and precis
cheskeveighieg stesonr 8.d Fsaeynglgdtk 2glustrats haspacki@wition sensor 50

hysj.cal, posjtion on conveyor belt 7 precedi ng check .
havjd Y slﬁg})egwai% et s brosgp b&%«h{eﬁﬁgpg Filgr %pf Vit e tagoves nto
posPRin B2lanBasd tiRBr %ﬁﬂé&ﬁteé%ﬁmln;}& oPir}téx% (B YThe st MRk 1

is broken by the leading edge of via en It noves
depiiats @npagicel posiféy samdr t¥easiefigltr béasn duarddedt the Bepraring of

..of interrogation zone 25. Fig.,1 depicts_an optical

0RO fO R0 Ador 8 AMREPR R B AP BieRbe orafopRC or other

reafd@] RAhA\EhOthe BEIBHEQIRAGWR h9BBaI2BosiSME bodld BEakikPocation
may be preferably for economic or other reasons,

preggdingoihgHoeaten dlneatimam senpinrephysizeall Iposettiionokibupakition,

.locat i recedi,ng the | ocation .of X1 mum
op Q8 ARG S B 5 el ST PG R e 1 when
liglopbéaad! SPASi feSabisBE0r THs dh&®PmABON dBhe e RB&SABE ifprove
the trailing edge of vial 1 when .
measurement by determining more accurately the center of vial 1 and reducing sensor

intolerance to the diameter of vial 1.

For illustrative purposes, but not by way of limitation, the general operation of
the NMR check weighing system as shown in Figs. 1 and 2 will be described. First,
the check weighing system is initialized, including installing RF probe 29 appropriate
for the sample to be tested. Once production is begun, conveyor belt 7 continuously
transports moves vials 1 whose sample mass (or weight) is 10 be determined. As each
vial reaches position Pe, its leading edge interrupts light beam 52 causing optical

position sensor 50 to generate a signal accurately establishing the position of that vial
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light beam 52 is reestablished. This information may

be used to i nprove neasurenent by determ ning nore
waecaanatesd y the center of vial 1 and reduci ng BENES2004/020889

intol erance to the diameter of vial 1. For

illustrative r poses btnotb way Qf |imtation, .
1 QST O bOBIRt L or BT RE oA SHAER Mehghirtasheimation
of @BvENRWRYL '7nasF\h%lsl advaB B 18 tMd hsifeh g‘ﬁ%ﬁﬁinpﬂgerrggdﬁhzone 25

t he chec wei ghi ng systemls Initialized, 1ncludi ng
whe:rnihalshmpkg iRFvipl bbvall2@tuap pho praxatenf ampid eep%ﬁmgnalt At the

ested. Once praducti.on conve
1115%%W]| 0o d"é’leg} Ass ?aln@darﬂoé‘,]t%\#és "’5? gell%@]i T8i48e °§ ﬁqfﬁP@be 29 is
tri g?'gxgé,h gfyu‘@ b Me)métﬁl gtlﬁaé?l%tléj ﬁ%ﬁflmxﬁ%% gdonSBAN2Y sl thﬁt the

position , 1Us [eading edgelnterrupts
net bemeﬁ%tmausﬁ thg nptpl@axh szdsl tis merm}suauskyr clofged gé]ﬁqxalbee 29
nal accur {fﬁ st abl | shln s ition of that
mofidth IS rer i WofiE Bl B L3S BOR mimheRertdiope e

sanﬁﬂ’@ §&0nd totiReBrifhar Ktﬁtet & edBlibAin Ofnd Qé‘ﬁfe@é’t@f aR€ddtpuft @gnal
vial 1 advances to the position PM wi £hin

having @ chygeleiigic wbish 125)1W@éfﬁ@ai ﬁretl@am@ry bmltt,adalsucil @4 Furrent

aml?lett@‘ %otmc%eué%a cﬁ%ﬁﬂ’% & }ves egili_r p(so tput éatfe Pposc’:%s%g% 19

congiedsgiheatunent ahpRndpro? ttﬁhe&%dtﬁuttsf st () @hﬁdcteﬁﬁiﬂ withglile data
alternating magnetic field in interrogation zone 25
obtaipedh fipreat leamboifetimpbapsrstnie ot kenyipmaghend defireinehthirgass of

the $ath letfﬁotﬂpﬁ{eQ'E%llltb o‘?hﬁeﬂ%ﬁﬂ;am . probe 29 nonitors the

ene gy emtte ein vial 1 as the net
rragnetlsatlon of the sarrple returns to its original

e of equilibrium _and ner at es an, out ut Si }
hav Py ey 1&@%@:1? Sl s m%ﬁﬂcqugs b‘ﬁ“&B&P‘? iS6 a‘ied %P‘Hemgnal

chaBRETEYc 8ARitI R is AMGHuAS VAL T €0E pRYSK Al bdBon QPW&WI &lhen the
control 17 receives the RF pr obe out put signal .

chaFacmmss echig@sgsnpayiesint haucomay émtfomrqaby pedernsng @tdaébratlon
out ' characteristic. Wit kedta bt ai n
of PightG: D IRy Grabliiriidion & ' WhoioRa 08 R hs e
exeﬂ@‘lﬁ’& NbRESrotit@ioNBRsbatioh hﬁetﬁ@d@%}lﬁc{eﬁ amthé elows@n;irt §h&fn in
he conpari son. The maxi num sanpl e reply signal occurs

Flgv\hen the sel ected out put si gnal characteristic
achi eves its maxi mum val ue. The physical position of
vial 1 when the characteristic achieves its maxi mum

val Bigstmyd forfeqirodudipnie bé@myimgen 6¢ aiohlbfoﬁtaicoﬂhaak weighing
ocessor (19 prior to production gQperation of the
SYSE% duést inkaliZE@dn 1y CASaRaph @ 2EREnpRargng she 1BHelaiion; ehan

app?@dlla?é' HF Bbegeid"ggltﬁ?@'f&J af éﬂ%cmecédtﬁi%rcaﬂfcﬁu %hPWQn& Mthe

sample whose mass or weight is to be determined. In the present example the

container may continue to be the glass vial 1 noted hereinbefore.

Next, in step 63 a filled vial 1 is positioned at a preselected calibration starting
position, Pg. This is accomplished by several steps including step 65 where vial 1 is
placed randomly on conveyor belt 7 at any location preceding vial position detection
device 27, say P;. Computer control 17 operates conveyor belt 7 in step 67 to
advance vial 1 a predetermined increment, and, in step 69 checks for a signal from

vial position detection device 27 whether or not vial 1 has reached its known position.

" If not, the position of vial 1 is again incremented.

7
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Fig. 3. First, and before production is begun, in step
6 1 non-contact check weighing system3 is initialized
WO poostis166ust onmary manner, includi ng the instalPer/usw00620889
an appropriate RF probe 29 suitable for the specific
contai ner which will cany the sanple whose nmass or
weight is to be determned. In the present exanple the
contfayiael HIRYedQ0d '\/ﬁ‘}'%oﬁlﬁo@@leieﬁﬁorg H@\%ée vi7aln Q{eﬂoﬁle&mputel
herei nbefore. Next, in step 63 a filled vial i's
conbiod 1t7 | agadorerates pcvre@wrebftlbg te eﬂurtlhmadnv@lmes‘tlalri umgementally a
RN SR N A
PIEFRET I&F JUEPEL OB 8RR LV PiespigCig 4@ %&Eﬁlﬁl&b Qﬂsmon
Thé prese¥aed bglvratiortdtar@ny pbeiaah bl Héra%?%sﬁi@n\’wlﬂhn interrogation
posi tion detection device 27, Sa Conputer contro
ZONE72y p@p‘avgstowamelwr stﬁbuust mtitmd@tthfp reggion owhm auhc ealtarmdting

mag'ne%c%e“? st %E)WFEEH] Séprgglt Q)ﬁ Fg’afﬁ%\ﬁ Hb@igc ﬁnce vial

1 lmmhafe mﬁsdﬂ&tewst@;&mg ﬂmaﬁloﬁea@ﬁ@deﬂ EsntioN QM5 HRSIMbL@Rent of
If not, the position of vial 1 is again increnented.|f

viay{.al 1 has reached vi al position detection device 27,
in step 7 1 conputer control 17 again operates
conveyor belt 7 to further advance vial 1
I ncAemenpaink,yinatqpr Elet IR mechsmeniear isoferfobaps witiwaad! in a
t he Eeselected calibratigon starting.position. The

PIUAIEY Of SRCRtT P IsPS PO RO EARS: ARG SHESHIR SiF RggSUBem e yresults
are%@&b& i ’801%&1'8f BortR1 67 Q88 112N 1 228 ‘?ea%ﬁed@}’do@ﬁwh%ﬂg away

but still just outsidé the region where
frow), bvetrJnatqutHQdMQ megioe whers|the léerngpig reagnstic REldais abgheﬁgqy RF
. P ' 1 .reac
L T e A R e

incBidaRSsteP Ve RERte Af NWIRImehsurBinehNisSePRimed, stdp Bt fBert3hdNial
NVMR neasurenent is performed with vial 1 in a

Posiqlr and trgsudis afudebdrdageremaet airesioead, sispi 19 dnsyhighdvial 1 is
1nc?e(flr?é11t i nﬁob&? rqﬁegiéiqr § {Helré NN *:151 enﬁr %s1§1‘619 r(ﬁ'dvdal 1 is checked

conpu r con S reac

whgxhsd iti a3 eeelet gy P{sonllf 1bl111tls jnogtanothes INMR! ﬂﬁasﬁ@@h@ﬂ is
where the alternating nmagnetic field is applied by RF
perfgmed otpr sy NEWaRPIIBOTR] BS dMpsikeni Anditgsulty . stqygdsands™a further

mc%‘fe%ﬂ@ 'ah%@g eRYctSE VR @las fi}xﬁﬁér d R"Qﬁééﬂieﬂgoﬁf v\iﬁpl i€ %%.e

MR nmeasurenent Is pe orne ere
V|aI position and results of that neasurenent are

stored, .step 79 in whi.ch vial | S :
{’\ﬁlen mcrel%entmg trﬂe position of vial :l' fjor successive NMR measurements,
the movement interval or step size should be preselected so as to provide acceptable
resolution in the sample reply signal. For example, where glass vials having a volume

of 2 ml are to be used, a step size of 0.05 mm provides optimal resolution.

Upon completion of step 81, processor 19 then examines in step 83 each
stored reply»‘signal and determines the position of vial 1 at which the sample reply
signal is at its maximum, Py. One exemplary method by which this position may be
determined is by plotting all saved data as a graph with position on the x-axis and
signal amplitude on the y-axis. A range of positions then may be identified in

association with an acceptable range of maximum sample reply signals, and its center
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15

incremental |y noved, and step 8 1 where the current
position of vial 1 is checked whether it has reached

womsiiws Pi5. If it has not, another NVR neasPCEIE2U4/020889
is perforned for this nem1position its position and

T SRR T A TR -

ac@p@bmdetllmelrcbrid&ﬁﬁﬁﬁ@gﬂﬂﬂe@@smbﬁmomtl on of vial 1 for
successi ve NVR neasurenents, the novenent interval or

step size should be preselected so as to provide

acc FQ%? L€ utgn%vnv&;, g0 oréaam&nfe@{]g%ﬁggﬁg'éﬁaﬁg;gset

exanp &t e Mgi*ass avin
Wiea, kae des@d)edahe‘r‘émbefsfez eccafdify A rgemmowp@leﬁmmtflmﬁz check

resol utjon, Upon conpletion of _step 81, processor 19
WeighEie SR ﬁe%omwt@tf@ptrelssyé@@hI%Gréwl@dhp @mtwnsquavem delt 7

as ?‘i@f Ffs”d(ﬂf@ 143he ggﬁﬁbﬁ %’ r%Ees\é&a %f\l;l?et\ éﬁlﬂhsc gfféé? ansc’ia{nggels the

AC]Temﬂncmli tbyRMpurm 2hivhepake tsamplemaylomecﬁet a{d’rpcﬁbetﬁbﬂ sithyn the
| ott.ing all %ved data as a graph with position on
int T\%ga?o’é%’%e ‘Hﬂﬁ the; QRHT signal ShATAGEPTISHC flHES PadUWn. A range
of positions then may be identified in association
wi th an acceptabl e range of maxi nrum sanple reply
si gitahsl] Endnddrsocknbar hei ehbedikentsadesthisedp siein ane Phdrely

The ordi ily skill tisan will appyeciate other
exchiitag: ) ahdret matiens ShIHhird PG nEebogPENoNkons and
moTRR1iBRS WithOR dBphrdink T spikit ah® s&dpe’d¥dhd hveRHRH €he various

control 17 as an offset. %% as "descri bed
emhedigicnisanay be rpw@m@n ngthtewéteg@nw,a?r io pemmdinagionofs MiRopriate.

A]lcﬁgﬁ l§n \Q@!I:lcgalﬂoﬁg ngsn s yqu%n%thO ntgél%{d/?(g%f?t%leqntb%zcope of

theaﬁlvamadsHeﬁmvdsnlthduppa&dedwlmﬁssor 19 retrieves this
of fset, and triggers the AC current to RF probe 29

when the sanple is |ocated at the position within the
interrogation zone wth the output signa
characteristic at its maximum It will be understood
that the enbodi nents descri bed herein are nerely
exenpl ary and that a person skilled in the art may
make many variations and nodifications w thout
departing fromspirit and scope of the invention. The
vari ous enbodi nents may be practiced in the
alternative, or in conbination, as appropriate. Al
such nodi fications and variations are intended to be
i ncluded within the scope of the invention as defined
in the appended cl ai ns. CLAI M5
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| claim 1 . A magnetic resonance nethod for

determ ning the nass of sanples in a production |ine,
weawlh/1ssapl e having a net nmagneti sati on capabi PCT/¥$2004/020889

conprising the steps of: applying a first magnetic

fieldin a first directigﬂ ;gﬁan i nterrogati on zone

for creating a net magne é’ ion wWithin a sanple

| ocated within the interrogation zone; applying an

al t egaghi ng magnetic field in a second direction in

the interrogation zone for tenporarily changing the

net magnetisation of the sanple |located within the '

interr ton e; [ ' . i.tted t he .
> ganfy SRR OB RRs RAbY S5t MR T o et n @
prold@ctidrS1ifd, | @t 3hmp i ing n_@ﬁﬂﬁ{gﬁétis@ﬁorﬁﬁaﬁ%ﬂﬁ?‘} céth g the

having a characteristic which s proportional to the
stepielt gy emitted; said step of applying an alternating

¢ figld including.th a4 [ :
ppuie s Bsf meBict e 7 i B en ML WP AR Siion e o

creStaiiPh fetirBadretadted vithia paspitileuated withiA thd@terrogation zone;
i nterrogation zone with the output signal o _
chaPRRlYBEi &b altgmating mesachanficldodpari aeporAe dbestipm in the
e Cen o : q . ¢
LISy ARCSEF REEBLEL MDA Bl AR BF R S
locatet] evithimilregntehe gamszoné; t he sanple. 2. The net hod

according to claim 1, erein said step of applying an
't BrRLPTRG %&@Me%m%tefiw& e gar%r??gaﬁgfﬁlsdﬂ%yn%\%pr&lsaﬂo% of the

sarRy1OCRAFRE oS hridiel Qhtet 51&(9%%5&&911% N WeiRe SH8 Sifkhg a
of calibrating the processor “prior To production

chappaeragticovhicf istprepqutiomhl ¢t theenéngnemi®ed; The met hod
according .to, claim2, wherein.said ste f..calibratin
the pr pcg‘?éé?@piaﬁépﬂé@]@ PeREpg n@ﬁ“ﬁé&?%ﬁ rlﬁcﬁ't;dl the'step of
mag B‘@é%eﬁng QHENANEE JreMS WRfRhe GRadnfc SRIP Wheattheaehple is
of a plurality of positions as the sanple is noved

t hr &¢giedt Hea mogition Withinhiae dpteaeaaiomgormynidt fhe eytpnigsignal

and de 0Nl . jtion of the sanple when the

sanﬁ %gﬁég%%éggééngggggbosition within the

I nt eshpgaig the onpue sivhdlthhdaeteristiqowith $ikgdata obtained from at least
one similar sample of known mass; and

determining the mass of the sample.

2. The method according to claim 1, wherein said step of applying an alternating
magnetic field is triggered by a processor, said step of triggering including the step of

calibrating the processor prior to production operation of the production line.

3. The method according to claim 2, wherein said step of calibrating the
processor includes the steps of performing a magnetic resonance measurement on the
sample at each of a plurality of positions as the sample is moved through the region of
the alternating magnetic field, and determining the position of the sample when the
sample is located at a position within the interrogation zone with the output signal

characteristic at its maximum.
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characteristic at its maxi num 4. The nethod accordi ng
to claim 3 wherein during nagnetic resonance
worr@sutwrent the sanple is noved through the regl/o82004/020889
the alternating nmagnetic field froma first side to a
second side, and said step of calibrating the
processor further includes the step of positioning the
4. sanghe AetRdPa&pediget ®d chdhi Br aheRm Shdinkl AthgBOSd tie®@hance
outside of the first side of the region of the ]
meagureiperttthe sanmplg irempeeds thequgh e regiva ardhhdtpraaiograagngtic dield
cl aizm.4. erein_sald st af . DoskL1,9ni.h e | e
oy O IR faeS Rt abg Sl Wl B DRl B er
inchRiRENBS Ak BOWDHsRRSIH: B} amthladmangragidchd saMRhieor Qtarting
the preselected calibration starting position. 6. The
posydeTheifside o6 thei fivgt 1ids ofithe raspn offiBe eltsinatiiegnagnefic dield.
perform ng a nmagneti c resonance measurenent on the
sanpl e i ncludes the step of perform ng magnetic
5. r esOhanoehseasurdmneot daitind, | whdrbia saainqidreof Sositasiitg theedmple
Qut si de_of the second, side of the Tegion of  the

furghet ghohades ibe HapRédPiectingehen e stReloEratsg adeosrapRiarpand

advehein@le sa‘mcﬁé?d letpp%e%l:‘t%&’ Wk ib%ht%l?étaﬁﬂ%?@ﬁh&ﬁ.! stic is
currént anplitude, and said step of ermning the
position of the sanple determ nes when the sanple is

o o Bt B e A B PR
resBB4IRE OnBfe fdntin Grt theClaRhple InclWIET BleNst§Riod [r@PmAlg magnetic

calibrating the processor further includes the step of
resgnayIcE moeaawrenfehtsatnti dre samipde ey pastionke onfsirlel efahe spcantl sade of

al ternating nagnetic fie when the sanple is | ocated
the&Fblgnﬁgi}fet e}q%ﬁlla%flgﬁl?aﬁn?thceﬁ%%t errogati on zone with

output signal current at its maximum 9. A nethod of

calibrating a magnetic resonance nethod far o
7. det dhgimethed ﬁ%@rq%ﬁg do gl dppyhegem gheyonppieianal gharapieaistic is

cul%?hg H@.@tﬁ‘il'ﬁgclne‘? FH&‘XA@ Gre og %gteﬂng%@ e 3bbiA8n SAARNMRIY dethiBines

I ne navtn I'C ' resonance
whientte¢ sagplei iorio@ostk ate phsidoi iwigtin nieg me¢rragafive [zdnandthaoutput

_alternating magnetic field, conprising the steps of:
SIZHRlrUEIeRT HgBdNFIE B ar nagneti ¢ resonance measurenent on

the sanple at each of a plurality of positions as the
sanpl e is noved through the region of the alternating
8. magidti mefliod| acqprding to oclpimo dlicwheminopadastep rrfofalibaging the

roducti,on.line; .anddetermnin h sition. pof the .
oS S 0 ARSI B LD B oh¥aion o
an alternating magnetic field when the sample is located at a position within the

interrogation zone with output signal current at its maximum.

9. A method of calibrating a magnetic resonance method for determining the
mass of samples in a production line, each sample having a net magnetisation
capability, the production line having a magnetic resonance interrogation zone with a
first magnetic field and an alternating magnetic field, comprising the steps of:
performing a nuclear magnetic resonance measurement on the sample at each
of a plurality of positions as the sample is moved through the region of the alternating

magnetic field prior to production operation of the production line; and

n
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within the interrogation zone wwth a characteristic of

an output signal proportional to the energy emtted by
WO b@saarspd e under nucl ear nmagneti c resonance PCT/US2004/020889

measurenent at its maxi num 10. The met hod accor di ng

to claim9, wherein during the step of performng

nucfegrminEgRe pesii@sefian sumpe éﬁéﬁpéﬁwﬁﬁl%lﬁ%&t%ﬁ Rosition
; LG G
w1th{\eté1‘r§ %ﬁgaﬁﬁ)n%\ﬁ?q\ ity Ql}rbggbft rlj(l}ﬁl]ca ; bl?cglttﬂft sg%ﬁl 8rogortlona] to
thespeyycersitde byahe saapld mﬁapnu:cﬂeap endonetit frgomantd ch@atrement at
magneti c resonance neasurenent on the sanple further
its PRENYIBS t he step of positioning the sanple at a
presel ected calibration starting position outside of
the first side of the region of the alternating
10.maghb¢ incethode hetordiig td kekaimes, h@hieraimcdnrdigwtjpetsbepc bApenfdfining a
erein said step of 05|t|o urt he
ool e FORABEL oo BER arS BT SRR He CUABI S PG fegveh
the%éﬁ@l@%tl&oﬁieﬁa@iﬂ%fi‘iﬁﬂén@@é’ A0QifiEn BIBsSRAPs §e@oﬁcpﬁde and said
presel ected calibration starting position 12.
stepref podomiog rdiuetpat magheticrmeddnangthmeasumerseritdnsthe pample further

m n magneti ¢ pesonance neasu t _gqn_the :
incBghs M7 iskh A6 d0URking, B TRHE A OF Mg R ne pgatn starting
podi@SOHaLEe ommmﬁhw&g;dn dfiiBe SledMRAthgirBadiefit Fierned

out si de of the second side of the region of the
alternating magnetic field. 13. The nethod according
to t ' [
1112 he o g5kl U RSl Lo ASKaR St e Sapoe
furﬂrﬁﬁ irfchaies afe §tb;§3 of aeapttmgnkieen theeamphgleactes al loanesbsitionaand
osition within the interrogation zone w.th out put
adw%s@%m@%fc the Presslertak PR HIONSIariRg PRI
according to claim 13, further including the step of
storing an offset for triggering the application of an
12.al t Fheanethgd negoeiing t6 i ddich vlﬂenvltdne'nswiqblsmep of | prfredhg a
at a position within he Lnterr
mai i FESaT iR MBI A1 1S HELY i

magnetic resonance measurements until the sample is positioned outside of the second

c?es t% tep o? performing
side of the region of the alternating magnetic field.

13. The method according to claim 9, wherein the output signal characteristic is
current amplitude, and said step of determining the position of the sample when the
sample is located at a position within the interrogation zone with output signal current

at its maximum.

14.  The method according to claim 13, further including the step of storing an
offset for triggering the application of an alternating magnetic field when the sample
is located at a position within the interrogation zone with output signal current at its

maximum.
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