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METHOD FOR MAGNETI C FI ELD TRACKI NG | N A NVR CHECK
VEEI GHI NG SYSTEM FI ELD OF THE | NVENTI ON The present
wonentias rel ates to check wei ghing materi al PATAIS2004/020882
contai ner, while the container is noving in a
production |ine, using nuclear nmagnetic resonance

(NVR) t echiirgiRSD FEN B AGKETAY FEELY TRACKRIES ent

invention relates to a nmethod for maintaining the
magneti c fi el AUSBIR CHEMMVW BiEEENG@ YN EMIbst anti al |y
constant. BACKGROUND The use of NMR techni ques in
nmeasur enent, detection and i magi ng has becone
desirable in many scientific fields of endeavor. The
non-i nvasi ve, nondestructive nature of NWVR has
facilitated appl iIHELDoOF{IélH RVENAI@N i nstrument ati on,
anal ysis and control tasks, in a variety of
applications, including but not limted to cosnetics,

pPer THIBRsert HEkERtibh Allated ﬁ‘ﬂ‘,}fé@]k %el%lﬁ%&gie%ﬁi inS28RtESeA Q\%ﬂe
food products. As one exanple wei ghing i s uséd

thebgonttztmerphanmmgum aa}brsduq’n@ushqu fsorg mogletroniagyetan desonance

ol it Mt TRl te et eSS gRE e fudtpa o

malnt ki @ Bhgetig R\ usd dorl NMREAFAFEHN dr® st taneia O} e6nstirith
an accuracy of a few percent or better, in a via

wei ghing tens of granms at a rate of sever al wei ghi ngs

per second. Internati gﬁhjﬁppllcatlon No. WO
99/ 67606, incorporate %ﬁéﬁgln by reference as if fully

MWiTh@nmeuﬁ'NEHDWkdﬂmﬁEBnbeﬁaﬂuﬁhﬁmK Mﬁe@hmngusymhgnglms

or sanples. on a productlon li S|n t echni ques.
bGCPmeSd@sy@tﬂ@mm ReRY Fesn Bl frelgist of grd V%fat. %O%tnéﬁai"l?ée non-

desTRAGRR! hituld 6 SVARY Gfas FilifAleRl & géétioqantozaassthgl RisBEE R aflon.
magneti sation wt |n as ocated wthin the
analymsamd)g@ttrab raskenia, a aamuetn oﬁ?[épphnaltloﬁs; ringlpging i g nah limited to
cos?rlaattlgé%tééug%é“ ]{lglllsi teli.}cchfmlmecla S, 810?rg1£at11%arlnglteg o gatdl Igrg)duc%].eAs
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 samp]é 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
wobosshelesanpl e by the alternati ng magneti c fi ePdy/Us1ve4/020882

sanple emts a signal induced in the RF coil, called

thefree induction decay ("FID'), fromwhich nuch

fred DdEH®! Hedy (HFRE")S&0R! FhiBRSHUEID infdRhivh) likaBa@@le mass (or
| earned. The FID is directly proportional to the net

weighi rrani beatepmgd appPia B i dirpidlyspioppiaiondotes g st trpggneligagion
ariation jin.th [ net k. safi-on. pr ometicat
onf B 0T BB, TN | T BNESSosncsin
pro@xads | dblangdsi @Nthat F1on, inelndingf it degudnbe atdt gatihinatieantiaf, and
san&lﬁe wei ght, obtained fromthe FID, Wien_a single NMR
effgetadigr INGHoN i SHIPHEE18hA ORfpracd per riBerdtiar ﬂgyﬁnt?esmgle
e T R L
andomepert riestdts aabievad. t Howease whbre muligilg MR heedsimregieafs are being

%Egntai ners in a production. Li e | nh caontinuous.
ma 1

BYHt B, 25t 1A NrETeY R FPIBNHISNEKINGL OTHRACHRES & @ production

lind SHPSHALHER }6@&5@&},0{}& hiehdie TRURCHSAUSEDuIL FeRalRRure
those magnetic fiel'ds. Thus, in such applications it

variagionsrpertiad imegnets useditd cgenamate dwse extgntioe Heddsi aflhossini such

tl.he.rmg.net i.c fiel dff} Ad'.usti(?% thet %)II\/F{ magnetic.field y
PRSP a BT ¥s I SOTREADT HETPEsShAREET et Bifcy 28netic
field§ RE;ASHAL theheMResABARc fiél8 GH eRis nfnet RRUSAARIt Ghe 28tdnance

I nproves the accuracy and precision of the determ ned

frequshghtemains 4tsheesoneabirequegcy pbilie gamalenetdigapre s the accuracy

i nsurin t he .acteristics of the magnetic
andf}?rgi%aloﬂgggﬁﬁﬁeteﬁmr{%{%g@k wei ghi ng system for sanpl es

on a production line track deviations fromthe

resonant frequency of the sanple. SUWARY There js

pr o¥fi 18 desisbifetorrRzaVids 2 meof donmsaigieinat ﬂ}@é@?ﬁéff@éms of the

heckaug el SR AL 89wl Br PHAFMCH Albroduct
magll ne, ‘The rrag%%?\iyl\?kr esonance ¢ e%sk Weirghing%i syst (rabr]rr]o Heten
lindasdkndgvetioag freti the fésehaht fienednggionthetsampdt eps of :

obtaining a free induction decay signal froma

magneti c resonance

SUMMARY

There is provided a method for use in a magnetic resonance check weighing
system for samples on a production line, the magnetic resonance check weighing
system having a magnetic field, including the steps of:

obtaining a free induction decay signal from a magnetic resonance
measurement of the sample,

monitoring from the free induction decay signal the deviation of the resonance
frequency of the magnetic resonance measurement from a preselected resonance
frequency; and

adjusting the magnetic field to maintain the preselected resonance frequency.
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measurenent of the sanple, nonitoring fromthe free

i nducti on decay signal the deviation of the resonance
w0 e@quersy of the magnetic resonance neasur enePCT/US1903/620882

presel ected resonance frequency; and adjusting the

magnetic field to maintain the presel ected resonance

frequency. Bk ER: DESERIPTICRIOPFTAEDIORMNNGS Fig. 1 is

a perspective view of a portion of a production |ine
with an exenplary NVR check wei ghing station for

checking. that each cont ai ner ssing thro :

vveieféﬁi 9'Ss £ RTTRREs Ve O e%ipfogt nar??) dht r%‘#l%g?%g ﬁngt with an
exefbfiry NMR 8hdcRPwéieMal didtow fhahkciohg alfat exeloatayner passing

method in accordance with the teachlngs of the present
through &ret Weighihg stagrag has the desieadpmqua i IRt a NMR check

wei ghi ng system for sanples on a production |ine.

DETAI LED DESCRI PTION A nethod in accordance with the

pr esient is Awepnéved fllovschiantdif adegemplanemathby ibycdondance with the

numeral 10 in Fig 2. This method js used.in. a
teaghigrgscefn thec PresppvRNFeRIOR {Rsi FRERGCsHed e‘i*i%fgiélgt Hae DR Kkeheck
e ( | f tent of a container
“eﬁﬂﬁggﬁﬁ%ﬁggﬁﬁb %%gﬁﬁ%@Pﬁgnﬁﬁqggbroduction line. One

exenpl ary application requiring such check weighing is

t he packagi ng of r ' order to
under st and best tﬁggﬁﬁgﬁﬁg§$§§%dﬁlgbﬁglpful to first
review certain of the structure of an exenplary NWR

check weighing systemand its associ ated production
| i né. m&kedpl acoprddvEe Ghdsctke Wetsghi ingerssipst isindippted generally by

Ph ti kagi ng. Fi g, .1 sh i .
e R B Fi e RO o BORURaPSI Pl ning
sys@ht 20SRAP LBeckd NBe SXRFRbARMEI @GP OK tHeicghienid of taatdrmingd while

is provided "in-line" for noncontact weighing of each
congifugusdy frioingdn i pipductinatinga$netaremplany apRjicatigh Epagirng such

reject, .station . 1 al ;
e PABSIBL RLp R haF, RETRIFPEIESE ool A i
method, it is helpful to first review certain of the structure of an exemplary NMR

check weighing system and its associated production line.
Exemplary NMR Check Weighing System for Pharmaceutical Packaging

Fig. 1 shows a portion of a production line, which fills glass vials 22 with a
drug sample. The exemplary check weighing station 24 is provided "in-line" for non-
contact weighing of each of the filled vials that pass therethrough, and a reject station
26 that removes those vials from the line that do not have the sufficient amount of the
drug to meet product specifications. Vials 22 are transported to check weighing
station 24 from a filling (and optionally sealing) station (not shown) by a conveyor
having a conveyor belt 28 which, as represented by the arrow 30, moves in the z

direction through the action of rotating conveyor wheels 32.

Check weighing station 24 uses NMR techniques to determine the mass of the
drug sample within each of the vials 22. As those ordinarily skilled in the art will

appreciate, glass vials are useful as the container, because they do not give a signal
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drug to neet product specifications. Vials 22 are
transported to check weighing station 24 froma
wo pdositngsg and optional ly sealing) station (notPGHUS2UP4/020882
by a conveyor having a conveyor belt 28 which, as
represented by the arrow 30, noves in the z direction
that tiRfDUQhtetBR acthi BR Bbadutdngint NGoeAV efrpthivheeb®liment, check
Check weighing station 24 uses NWR techniques to

weighingriiting e Miekiles of RFERAGHGMSEHR ewihiiORack dFhown
iaot ' i F4 S Y; b 38.
diagfglfip B 1883 35 SRR SRR 1 TRl Podor
Magen3Aatmetes alhemagaeothéyecd oumnatt (DY er state graghttivafieldiigHte x
. Interfere wth the nmeasurenent process. .In this
direghifth AFIPEHCONYHIOE KOSHe P hilng LM Gt 783y he a%‘gg edy to as the
integgéz{m)ﬂ%he B 1*r§c4'ati'9BonH€ 28&x3nd{ 8RAWRth of conveyor belt 28
ragrammticalTy Tm Fig. 1), and a conputer contrtol
throsyls tvainh3Be biatic g gaetiorfodd s fodaly dpliné by Pérsansat megaet 34.
honbgeneo direct current or static net i
Thef Bt M1 A 8 CRMAITS SBE PO Pst OLuP RO GBI HT Fogi e & 1
nucle€BirBdnENak MRYuIPSr RS ik 8d thdnddeil NBeddube iKeOgMB10Mrotons
zone 40." Interrogation zone 40 extends the |length of |
posses raveygietisahomad, ther suyhe whiapablehed aagairing araghewgastisation
field is uniform y applied b n 4. :
whegafiufes e, henc Y oBRP RlerRle R Penc e B i Hin
inteFBHRRIN LoD Rhe afplid dtdtioniab@itic(HElOtodesds, a ast Mmapeatishtion
~of "'the spin of the nuclei. Because the sanple pr@%ons
witljndkesamapigaghetd oossnBriictectipe dswApItd RTECEH Tt ¢ BF start of
. L - he i
POl A A0S BB b by el e haiie il YRR R0
accurte®y naypiccalyzduetddhert hial appeichds stkabiva piggicel pasition on
field creates_a net nagnetisatiog within the sanple. A
conygy4r bplh 2P PresRdiag chedki Brieles i8Boms4precedi ng or at the
start of interrogation zone 40 (such as the optica
position sensor 44 having a light beam 46) accurately
andnpmesti &M syetems) shewktatic viaghetd? fielsh sihengtln ik sosin that the

hysi cal position on copveyor .belt 28 pre ' ck ..
vanfid) GrvigcRoniteonat Is ok ume S Fafbe L gy e
spefRARCIAS1Yihg a&%ﬁﬁﬁﬁ% Burrént YACH) rhildletit Held-@r thersample at the

frequency of the sanple is in the radio frequency )
sampégigyearofor ttequericy end onagfaied jogthogonal to the static magnetic field, will

cause the sample's net magnetisation to rotate about the AC magnetic field's axis,

away from the direction of the static field. In this embodiment, this magnetic field is
generated by applying a corresponding AC current to the RF probe 35. Varying the
amount of energy delivered to the RF probe 35 can vary the angle of rotation of the

net magnetisation.

In this exemplified embodiment, an excitation field that causes a 90° rotation
is used to excite the sample. After the 90° pulse has been applied to the sample, the
sample is left in a high-energy, non-equilibrium state, from which it will relax back to
its original state of equilibrium. As it relaxes, electromagnetic energy at the Larmor
frequency is emitted, the magnetic component of which induces a sample reply signal

known as the Free Induction Delay (“FID”) in the form of current in the RF probe 35.
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spectrum Applying an alternating current (AC)
magnetic field to the sanple at the sanple's Larnor
wo e@quersy and orientated orthogonal to the stBECT/US2004/020882
magnetic field, will cause the sanple's net
magnetisation to rotate about the AC magnetic field's
axifsF pAwaY3 st memitdrh endy eslittedbyothetsampdd ad ihe et elagnetisation

this enbodinent, this magnetic field is generate
of theSEWPHGTCAITBS Y &5 BT @9%@36@ BERHRICE G1t %Jéplﬁﬁﬁ?agb‘@\cmg a
] v
chaff o EhTE 15 D (Sl AR e N bkt ipte 2
charmegrieti¢ sAthednduckd ctibe®, exeamplithde d'aaﬁd{)wﬂuhnmmbng ather things,
excitation field that, causes_a 90 rot |on i S y
the ByBpereofimprEng G Io@Ienigsip dhe %aﬁ@lfgﬁﬁdpl&ﬂ“g% BRELR ng‘?‘iu & in
e
the tsﬁnf)fél,q u’?l?é"‘gér Igialreﬁﬁ Isgt?ggtﬁlzmp& h?ss!:c?g&h tlile?cﬁmnﬁﬂt&?ceclﬁg%ﬂ ggsgim 36,
whitlo compares kigi amaplitsdeofthekigeejuictdibed from the uhknaven seregle, with

the GippLic Ol B P GHETE BORIOHOREOBR SRP LY T hd g Tpmass (or
welgﬁtgﬂlo%efeﬁﬂ né 1B Qﬁ?ﬁ (oK Wéi@ﬂt)&ﬁ tﬁé‘ﬁnﬁﬂ@@elh%@éé%dl on Del ay

In the formof current in the probe 35. RF
probe 35 nonitors energy emtted by the sanple as the

t ti f,th
el e
he NIARBEALK] WibRinvH¥ystn 34 RE GROWH llﬁJlTaé t @vﬁlhﬁ: aeveripyd. Flrst

emtted. In the géhesent exanple_ a characteristic of
cheglhewpighingedysemr ¢htis nitgalizegmindudinge 04alings awkfh probe 33
a - ot ' n
e, ROTSL R RER e I TR O ARAIE L ey By o
condiatiphsty triiporte @aily el whosnsmpls ntaheforpa@glﬁbi ISt t@ behdetermined.
conmput er_control system 36, ch co
As @t MAIG2 BROARe SPgHal e GO GhPOHE S iR optica
pos‘?‘tﬁ#}) efsorMd frehdy e@%k%ntapgc%u&ftelﬁ eSthBINRing @6 Qlovigidn for@mat avial
ca ration-sanp known mass (or weight), to
22 detoenputes ctoln&oha&ﬁemo% wéiogipuyerofoniak syap| @@qnngacks the

t.est d. For St ratl e ose
moppxgno SRTvEHer l%e{l]t legl\é 618 Eff trs;lé ggy % HQ9M’\%¥I ﬁ@[tﬁl%gatlon
zonWRIOGHILAE t1feYsahpre %QIQQZSﬁhﬂwetuhnthElngaxnimm damplxereply signal.
described. First, check weighing system24 is

initialized, i ncl udi ng installing a RF probe 35
At the instant in time when vial 22 is in position Py, a brief energization of RF

probe 35 is triggered, applying an alternating magnetic field in interrogation zone 40
such that the net magnetisation of the sample in vial 22 is temporarily changed. RF
probe 35 monitors the energy emitted by the sample in vial 22 as the net
magnetisation of the sample returns to its original state of equilibrium, and generates
an output signal having a characteristic which is proportional to the energy emitted,
such as current amplitude. Computer control system 36 receives the RF probe 35
output signal. Processor 38 compares the current amplitude or other output signal
characteristic with like data obtained from at least one similar sample of known mass,

and determines the mass of the sample from the results of the comparison.

wn
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appropriate for the sanple to be tested. Once

production is begun, conveyor belt 28 continuously
W e@nspwss s vials 22 whose sanpl e mass (or wei BE/PS1084/020882

to be determ ned. As each vial 22 reaches a position

detected by optical position sensor 44, optical

position sensor 44 \gghefiaFrid Braskignal accurately

establishing the position of that vial 22 to conputer

contr ol system 36. Conputer control system 36 then

VEYR', I i

ncv iR 2 o5 RO IaE IR Ao xer Pty b 1% socordance

with @hel\ﬁt&blemgh ef sSharpteRentninvéraion 22r whdghetie tfigtdh trablengax i DR
nple.reply signal. At the jnst in time when vial

ChteQW%‘%hi“"r% %réémfo(gﬁarpm}psgngp}@pc a‘riﬁ zation of RF probe

35 is triggered, applying an alternating magnetic

field in interrogation zone 40 such that the net

magfied skshed amisof wilhendeastpldethatnmostafMR2sriestrometsos digitiag and

sorfRaDaHiH £ Rl G 33098 THE e HAgHED FREL| B SaF Ui the

firs® @f@l 80 IBbWANS R, it SreOfd@hRRFIS takL fRfn QUach&id Whonance
and generates an output signal having a characteristic

meashiaphent sofpthe pumipilonal vizlo22 he obtrétegy beriroeasslr 88ichucisas by
tude. Conputer control system 36 receives

retr{eﬁ’éngﬁlgfrﬁpﬁggm@? out put signal. Processor 38 conpares

the current anplitude or other output signal
characteristic with |like data obtained fromat |eas
oneNektail gteps Shppresessor IdomAnitels drom fhe ddbethsi %éa“loﬁe"f the
ICS%%??% I'%Ie 15%1% gn %%14%@%2 I&J&?ﬂd’n% lljlllégaglll_llgg]ehgﬁgl’enp? é)tressegcted or
bast (i?asdnelml fréduenc; hing tesOfﬁanalﬁrequ(eenplodrtb(e Bmmlriedlnﬂcr test. Step 52
accordance with the teachi n of t lpre nvent |4S) d
incuggs, r?agh@tqgcthﬁﬂ%ﬁoaartqeéaam& o aN&QS ) iy RERgH) an

calﬂ&ﬁ@lf@ﬁeﬁm Q% B0 RsPhAGUGh®hc i st thel hfighktid k@dnance

artisan will understand that nost spectroneters
me@hugerrnq:nzefrcamdhespms@eﬁt®r®pgamb frbquencyaldh siep ) a QaviRnally, in

ordgli @)S léé‘%:rﬁraetﬁgﬁﬁs (ftg f:p%we d' A%t? g)ftrgr%é %nq:llngxll GAI Ilgm‘rpeé’ $4 step 58

resOREI0E UG uERS0 AR CE1IABRE Ur@BAE FaDstiigy $angheothéd ‘suc&i as by
22 is obtained by processor 38, such as by

averaging values over a plurality of magnetic resonance measurements of the sample

under test. Of course, smoothing resonance frequency values must occur after such

data is obtained and before deviation of the resonance frequency is calculated.

Deviation of the resonance frequency may be calculated from the rate of change of the

resonance frequency, as known to the ordinarily skilled artisan.

As explained above, method 10 causes the magnetic field to track deviations
in the resonance frequency. Consequently, at least one characteristic of the magnetic
field must be adjusted. The adjusting device may introduce an electrical signal gain
factor into the adjustment of the magnetic field. In step 60, any gain effects are
removed before the magnetic field is adjusted. This may be accomplished by any of
the recognized techniques known in the art, such as extracting the resonance
frequencies for operation at maximum and minimum field strengths, calculating a

“full scale” resonance frequency difference, and applying to each magnetic field
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retrieving it fromnmenory. Next, in step 52 processor
38 nonitors fromthe FID the deviation of the
wo e®onase frequency of the nmagnetic resonancePCT/US2004/020882
nmeasurenent from a presel ected or base resonance
frequency, the resonant frequency of the sanple under
adjiseaént aStoeeciich fanek tde s, a ratit pAtkichgngehe resesemanfteguency with
frequency from at Iea_% two FIDs (in step 54), and
the &} aledefongne ecﬁ’é(}?ya&' {676 t he resonance frequency
of the magnetic resonance neasurenent fromthe
presel ected resonance frequency (in step 56).
OptInasted b9 thé previcdiely mentionddidreckihg adfusbrerd affa megsesic field
fromboth external. and . nternal sour.c i.n step, 58
Chapag IR 145 GHEHH PO A A0 T ACTRICHT dRbHE TR ly The
skili® SARGAL hed] Siphecte QY vaMesyaef NEeedU®y WHEh dnagnetic field
plurality of nagnetic resonance nmeasureéenents of the
adjstmpitenagnte actoagtlishek. Berbapsethe srasdsinine 1y wsahagi @ae or more

f requency. val ues st _occur after da i I
so-sl Rt et b erePe ey i opna S nbers by varving
the bu@ALOANGY ot Gl sttt EnalbRVirdkitantypicallf @rovédain@naatrol the

frequency may be cal cul ated fromthe rate of change of

magitiaide of dhameangticefield raeperaisd inibashing clasBomagndtarafigring the
illed. .arti e ' :
spaiflonsibint W apdfo S Rh il BRa sy FF IR AR RE RRRS aio
caphifis @fi prsedihs eguesteysaryGangrd €isld adjusahehte 3ot evmaple, the poles
characterjistic of the magnetjc fiz%ﬂ nmust beﬁggiust?d.
of Fraeg} wighih§e daovedeclptsy PATRG AR BMEIST éPatt r fAdgftionally, the
| ' ' t LisalizRRkieR] 20 BRNTRATLLHE 35
loc%iog]lr@ Ot?%l %tllg%%%lgg ogr;NyM%;p %Clg\?}fagctls" arg renoved before
mighhbemaynétic field is adjusted. This may be
acconpl i shed by any of the recognized techni ques known
in the art, such as extracting the resonance _
fr equan Geesdéilood RS atd Qiboim SR HERdAbekerBinnireHiddly el d
strengt hs, calculat]ng_a "full scal e" resonance
exefnpdayyend yhata frbeerakided anide apphay maka BasarHiavgghatd c
fi£l dadj ust t a.co ct. r is:-a Fati Q.
mop oG R e R S Bt A b e

emb&ENBAN ¢enyf Hegtaitey ndiltfatemnt ee, of h sinelinédrt, heappropriate.

reviously nentioned _ trackjng adjustment. of  a. netic
AllPsp@lp glodiﬁc%tions and variations are 1ntegnded Jto be mc{l]ldeé) within the scope of

the invention as defined in the appended claims.
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characteristic, such as magni tude of the main magnetic
field, is carried out. The skilled artisan wl|
wa@ppsaeciest e a vari ety of nmethods by whi ch nagne€T/US2004/020882
field adjustnment nay be acconplished. Perhaps the nost
sinple is to adjust one or nore so-called shim
el ectromagnet s comonl y GInkIM8led on NVR spectroneters
by varying the output value fromthe digital to anal og
COQ¥ﬁ“5¢r typically provided to control the nmagnitude
hagnetic field generated by the shim
el ectromagnet. Altering the spatial orientation of the
position of the sanple under test to the magnetic
1. fi ehangtkodafos @S%ma@w@p rfﬁﬂ@@lﬂ@. hgck Wélgﬁélgeﬁéjéféwfor samples

ti.c fi.el d,adjust For e
on FadRat frbe oa SR tssetbs GARE g, RS bk «
magﬁa&tﬁeldAd&hEhQﬂgtHemepgIae | ocation of other conponents
of NMR chec hi ng system 20 such as RF coil 35
m gitaibimgnoy dige Illﬁdlwilplll Becayingignst ofemt [gatmagystic resonance
s described herein are nerely exenplary and

me R BB SREZET | "od 1 the art may make many

Varlh@ltlllt(ﬁ’n% fodidl tieEled indadtionrdecay tiealtthelépastidnngf the cssbnance
spirit and scope of the invention. The vari ohj
frecnaBOORLhY gnmytl%éewa&eu PEFIMEH oo & mgtelsrted grsopgpce

jion, as appropriate. Al such nodifications
frqulglg@\?arl ations are intended to be included within the

s c apusihgtihembgetio ticbhtoasaidefr the grdsaletied resppanrdditquency.
claims. CLAIMS | claim 1 . A nethod for use in a
magneti ¢ resonance check wei ghing system for sanpl es

2. On %&ﬁueﬁ%etabéa?dlhg@@clahm WRERET dafd §165 6NABARoENEEkIudes the
wei ghi ng system having a magnetl c field, conprising

stenshte“ emlegmg)ﬁhe resoharioni fraguencyr fsemithel free inshictier: gcaysignal, and

o R RS R )L P G
me&kQ¥nddnt Gldndh picbgedtes pR&NMEe frequency. ,

3. The method according to claim 2, wherein said step of extracting the
resonance frequency includes the step of adjusting the resonance frequency value over

a plurality of magnetic resonance measurements of the sample.

4. The method according to claim 1, wherein the magnetic resonance check
weighing system includes a shim electromagnet for adjusting the magnetic field, and
said step of adjusting the magnetic field includes the step of adjusting the shim

electromagnet.

5. The method according to claim 4, wherein the step of adjusting the shim
electromagnet includes the step of adjusting a value processed by a digital to analog

converter controlling the magnetic field generated by the shim electromagnet.

6. The method according to claim 1, wherein the magnetic resonance check

weighing system includes a plurality of magnets and other components, and said step



frequency of the nagnetic resonance neasurenent from a
presel ected resonance frequency; and adjusting the
wore@aaticss field to maintain the presel ected r eBOIHIZNE4/020882
frequency. 2. The nmethod according to claim1l, wherein
said step of nonitoring includes the steps of
of adjustiag thenmagdnletc fieklanelndes the sgp e agjubtiontherspafialesientation of
i nduct.i on decay signal, and cal cul ating the deviation
OHGSE%Fﬁﬁu?EEUHQH eﬁﬁ@gﬁ@ﬁ%ﬁ”@?“#ﬂg'wagnetic resonance
measurenent from a presel ected resonance frequency. 3.

The method according to claim2, wherein said step of
7. extTreonethgd atmrdieg cnalave 1f wheugentdy magnetid &isld lsepstatgsl by a

of .adj usti t.he respnance frequenc al ue aver a .
devige JRLIIEAR DRCTEY STPE O B DL a2 o st Shemediggic feld
furtB@PLRded the TS BEUBRENRGEHOAM Rehdvans il Faid beWies@idstep of

t he magnetic resonance check wei ghing system i ncl udes
adjustispile rekgnetie Sallgnet for adjusting the magnetic field,

and said step of adjusting the magnetic field includes

the step of adjusting the shimelectromagnet. 5. The
net hod according to claim4, wherein the step of

adj usting the shim el ectromagnet includes the step of

adjusting a val ue processed by a digital to anal og

converter controlling the magnetic field generated by
the shimelectromagnet. 6. The nethod according to
claim1l1l, wherein the magnetic resonance check wei ghing
systemincludes a plurality of magnets and ot her
conponents, and said stepof adjusting the nmagnetic
field includes the step of adjusting the spatia
orientation of one of the plurality of magnets and

ot her conponents. 7. The nethod according to claiml1,

wherein the magnetic field is operated by a device

having an el ectrical signal gain, and said step of
adjusting the magnetic field further includes the step
of determ ning and renoving the gain before said step
of adjusting the magnetic field.



