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particular, to a batch delive provi di ng automatic overfill
conpensation to deliver a predeterm ned precise anount of material froma
mat eri al sour cOVERRELAALGPMPANTATIONFOBA BRATCH DELIVERY SYSTEM

PROBLEM Bat ch delivery nmethods are known in which material is delivered
froma material source to a natRrig OHeRtENALOGN by neans of aut omat ed

equi pnment that controls and nonitors the amount of nmaterial delivered.

Bat ch delivery-met:hods,. are, further 0., .ch a predeternined amount of
material is del'i”\'f’esgg%ﬁtf%{)%ﬁ%g ‘oggé‘ééélﬂcé" f’%‘rgas\f'yg{é”s'f‘i“ﬁg?'i' 6%“Wtaﬁ‘1"8r‘§‘?ﬁig‘i'on S0
as to m nggivervtsystermeihg ebitomstid dldripEompessdtidl to oklitdie: gebievarate:
material . Batch control nethods are used in industrial processes in which
t he anpunPregiseraMaural! matenal Tedn ausetepial sewce ¢ Padaigrishdpstingtionon so as to
mnimze both underfill as well as Egg%ié*ﬁfof the delivered materi al
amount. An uncontrolled 15 anmount iv‘e i1l is undesirable since it

resultg in a wasdieh ofelitdly SJRtde=p8 KIRUET irflvhidhh@atate fid ldeiiodrediefbies ed
material may be dangerou$ if the material is of the hazardous type; the
overfill cwatebel swyre Jo Boneissiasdesitration hhmedes ol ertinsztatieaquipment that

applications,in whjch the custonmer js deljyered js willing to pay only for
The. amounCoBHoMA BIANASSE FBHn LR A BHP VG 5h BRvaRebregrdtetns are
ot her appltiaabi RS AN 81 drbablORdURIING: FOSEHY IERUATLRLY B,

overfill represents an econom c waste. |In other situations involving costly
mat eri al , sanreetiea fdelstinaiion vk wrécisiontdreasvis teniofizd the amblneobat el afr

delivered materjal,  such exanpl e m ght be photographic film
manuf a& uﬂ%%‘ggr@et%%z"ﬁr i@ naterial is silver and an underfill woul d

cause an insuf fdggie of -9 h 8T it RS Sicked idenR <hhe £l so
that the enti re“%gt?: n@%fv?ﬁte%%\%%l %Aéglfe[ﬂﬁtéhe erslég%?%}r$J Istgglrlz\ntnendge‘% czpudr)Lpr{(;nse.
Underfil | dfsmalesiel dettesedablst ba owetrpllegplithc ptdcons: sThes tostinobizeonsthsuch
application js_one in which fhe custoner to whomthe material is delivered
has speci f4E@! EFé’&%f SRRV Rbusdedyerss: matelal enpiye A VRS EAIgSf or
whi ch he i fy ol : oA i Al S¢ . iIT .f.age
Wth the GRS el P e SR PR PR TR R B
Att enpts hhgeoveedih ofedisiveced ongterishtesy de tihegeroes fit the anatamdend idfl ihe

manual |y by relying on esti n%t, es based upon exgeri ence derived fromprior
Hazarddous lfer of the deliverec meaterial in

pe, the overilh can be costlyto the s
applications in vrhich the customer is delivered is willing to pay only for the amount
of material specified and agreed to in advance.

In other applications, particularly those involving costly miaterial, an overfill

20 represents an economic waste. in other situations involving costly material, an
underfill may result in the waste of the entire batch of delivered material. One such
example might be photographic film manufacturing where the delivered material is
silver and an underfill would cause an insufficient amount of siiver to be deposited
on the film so that the entire batch of film would be useless for its intended purpose.

25 Underfill is also undesirable in many applications. The most obvious such
application is one in which the customer to whom the material is delivered has
specified a predetermined amount of material to be delivered and for which he is
willing to pay. Any underfill represents a material shortage with thie custorner being
billed or charged for material not delivered.

30 Attempts have been made to compensate forthe overfill orunderfiit manually

by relying on estimates based upon experience derived from prior underfills or
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underfills or overfills. For exanple, if it is desired to deliver 100 -
gal | ons wod@dsisgssexperi ence shows that an overfill of 1 gal PERUSRRE if the
controlling valve is shut off when the 100 gallon receptacle is filled, it
is then rel ativelx easy to conpensate for this by sending a signal to close
t he val veovghtils i9dhgaipemionrivite rsiamdef oreasop!s, if § ds dbsited focdedgeddlfver ed
gallons plus the predicted 1,gallon of overfill totals the desired 100

gal | ons t¥FBESE VEF ereg s Yahgerent !‘g“&%oﬂmﬁ‘ﬁ“d‘%@ﬁak’é‘ﬁ#

5,431, 302/ EWHeptenerdthe WO 8h $6¢0R88 =3 DRRY i1 SRANSIATeSYdsgThWhi ch

m ni m zes overspill by accunul ating and storing overfill data’from previous
di spensi rpropensie dosihisThesetdnga danal it slassdieoaivehener 28 galenatizen to
calculate 10 g nore agcurate estimated overfill. However, the techniques
Chown by oRAN TS 55 BT S ek SriPTE 5P TR PITIe St GRS RS Her o al |
condi ti ons: copst.ant «d 4 Lhesmaberd a ) rAL§ tofr¥ALLatd-gn in
any of tR’éé%gggF?N%E%Fs@dsqg%wg&ngggo%B%“f abg,(he&%%l%}?tﬁeiépxgeﬁéra?e

undesi r edsatiegzdibhl ordy irvindee BithdtiorEhilsee ! pantitiout ard yorgiphi icalbbing the
situations in which the mass flowrate is not constant and 15 varies as
gravity | DEtAE oY f#iansh SRTRRRMT PV IG IAPEE MR dskon MRUIF ST gangrafe

destl nat! Ofuedifod?ALANIBF BhOLRIDEnRAE DN AL -2 518 RrORKEELR, LT RARKE! 2
preci se anount of material froma nmaterial Source to a material destination
so thao ofhleymbbeisweeidiced! cpremtniagncofarimtar grabsy isusdeltd reneidrwidthrial

m ni mum of overfill or underfill. 20

SOLUTI ON Tra@ aBeidesaitiee & AdikiGf@Pinés8Nar e sol ved by the method of the
present inventj,on-whichoenables @-prect se ampunt, of.-nat sl ale LoSDR: o
transferred froma material source to a'material destination Wth a mninmm
amount of revetdiistdm ermenrder§3drbe 125 rzznz’ 3zsinsiinThe thatdngdihef sidme sar esent

i nvention conprises the steps of: running n batches in which material is
del i ver edEaHY &1 meaeripigls §alinecas toina Mt EmAPr! gedt Ranes™ineasuri ng t he
flow rate of said material for eachong-of;said n batches during the

runni ng of each one of said n batcheS“Wwhere the neasured flow 30 rate can
be of any val ughergasyranagmthdrerobibers ak sawardinldcconatoe wWitbrtheaghiebabth of

said n batches during the runni n% of each said batch; 2 = ‘
the present invention which enables & precise amount 0f materiai to be transferrec

from a material source {o a material destinaticn with & minimum amount of overfill

or underfill. In accordance with the present inventon, automsted contro!

20 equipment, including a hiowmeter and a8 remotely conirclled vaive are placed in

series with the path cver which the maierial is deliverec to the destination. The

system ircludes further automated conirol eguipment termed a batch conuroller

which receives flow rate information pertaining to ths delivered material and

processes this information ¢ ascertain the characteristics of the flow system being

25 controlled. The batch controiler uses the processed information to close the valve

at the time required to achieve a material delivery to a destination that has a
minimum of underfill or overfill.

The system comprising the present invention functions by delivering a

number of trial batches o ascertain the operational characteristics of the controtfled

30 system. Inthese trial runs, the batch size of the delivered material is specified as

is the number of trials {0 be executed. Following this, statistics are collected for the

trial batches with these statistics including the material flow rate and the
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accunul ati ng and recording datja i he asured flow rate for each
of sai d wolsaisedzes and t he neasure fill anouCTuRIsBRSh of
sai d n batches; running at |east one subsequent batch; 5

specifying a target anount of material to be delivered for said at |east
one subse@(RIAl/UBEEEH, achisvediPhEpaEat luew HEethespesiipd nurmbas ftriadmere
subsequent _bat ch.during the running of .said at _|east, one subseguent batch
wher e sai rg“‘ﬁ?‘a%u’r’%gg‘?fgwa?’é’t’égggérégé‘gi"d’@%%segehénst&ts?gt th' B8 BeEOFS ity

val ue; 10ssiimziion io be medei N SAILHINE69S HReh Habaands f@ivdrippasyeediokkow rate
for said n batches to deternmne an estimated material overfill anmount for
sai d neastasdtigliow rate for said at | east one subsequent batch; subtracting
said estimted.npterial, overfill anmpunt .for said at. | east one subsequent
bat ch Prom sai ﬁgg%r%‘é‘t“"érrﬁ%?"ﬁ'os HEFYSEC & REREIGAT DEGIFS R EAGR PEF L5
signal anpahy ARGCIRESWAM it R85 3hEcRBS il OWHENABRRGNRE dbf/drBSs
deriving of said termnation signal anount to deliver said target anount of
mat eri al instremeahtaigst incatdirnne Mategal dowdaaterinihe bietivery fine $entmits et toon,
automated_contyrol equi prent, 20 including a f|owyeter and a renotel
control | e8 Q/%F{)e"%‘g)“ﬁ ackd® | HF-SeriPaE ofFt gfs??‘lél"ﬁ\ggg‘ao udArg dRensifEad al i s
del | veredetiinaudiesk ihald Ry Fheetdied of; 2 e eRld eBSBRALA! £5,iAY! MRt ed
control equi prment termed a batch confroller Which recerves f1ow rate

i nf or at i pregpdutaisaualid hetdrecdelidasired vabieoi ik Bich.pr ocesses this
information to,ascertain the characteristics of the flow nmethod being
control | ed. 25*STHE SBHYEN TEohtFEl1I8iN BESEETha § PBKELSEH Ol Bt BCRESIWW o

cl ose the yalyg abiihe bi peorequiredsta-achieve,a mabesial odeligeryfhat
has a m ninmum of underfollf or overfilf. The et hod of the present 1 nvention
functi onsgby-adetiwer ng: g nuohier = of it idakedaitehies id enaakcey taiiphre: the
operational characteristics of the controlled equipnrent . In these trial
runs, thePEESEEGTISW T6ie PhEedetirer @ rRRIVENAITMESOSHECIE Ped T B RI9CER® 30
nunber. cof _trials to.be executed.  Followi.ng,this,  stakistics. a | Lected
for thé tf'l&éﬁ'r‘?1 yat 'éﬁéé"(\:mﬁ?‘ﬁ' t'hese’ gt“éaltl‘l §f?%s”'i’!rjicln‘)8§é ng‘“?h}é‘" r“r‘ﬂt"%ﬁg\%bp?ow
rate and theizoyesifs be/denderdd bt t-adhbieved: g tiraacinctudiah cottroliohficet tide
speci fied nunber of trials are run, the trial datla i s accunul ated and
stored. THEIBREICRMAT HFIEFRSE € 7P faimeantiphy ey @ shwd! hashert time

over i 11/ yndetd td akRaRf SPGFLEInE Un MBFIA LinORA" SLHANRL S ORI i, that 3

vaive takes a finite amount of time io shut off after receiving the clocure signal from

HEET HAS BEEN |

20 the baich controiler. Also, afier the valve is shut off, a finite amount of material is
in the delivery path to the destnation. The cumulative effects of this remaining
material and the ciosure timz of the valve is compensated for by the cverfill
gsiimation data so that by the iime the control valve is finally closed and by the time
the material vet in the delivery path reaches a destination, the total amount of

25 material delivered for the batch will be close to that of the target amount with 2 high
degree of precision,

As priorly mentioned, the system comprising the present invention performs
a number of trial batch runs befare heginning the processing of production batches.
The purpose of performing the triai batches is to derive information that enables the

30 system to estimate with precision the overfill information that is subsequently used

on the processing of production batches. The process of running a plurality of trial

batches involves specifying the number of trial batches to be run, storing flow rate
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can be simlar to or significantly different fromthe conditions pertaining
to the twbals/saases. Subsequently, material is delivered i nPEFOSWLASLIIN

bat ches with each batch having associated with it data specifying the size
of the batch to be delivered. 5 |Instrunmentation that includes a nateri al

f 1 owret er ang othes n@fermaté@ryfqria@éhttm%tmemtt en@atfcanthe gtopegeaf tbmnfatmaéxpn The

batch con IIe_r scthis dat X red est.i f
overfill/ hgéTP‘t #ﬁﬁdjg’é%ﬂ%\fg e% “ g h%“ REFTTDIP ﬁa\tﬁ%% 02’ tﬁﬁgnl t ude
equal to thezspeehéi eglhge%-régénval ue of the batch As the delivery for a

batch is in progress, the batch controller receives flow 10 rate
i nformation frohi ar::fremmet’eahsarthle amamn‘atree u:t"ht@atmgm't\wdeﬁmt stohed fret eri al

del d t.h t ' ,d t d b | tiplyi
The mescutedie GREheS ech%eehém Sl ATETRAEhars e ABRS: Sonhielh Thi <
process Copid ALESoHil. rtheertt@toﬁhaﬁ@ft %rdét‘lveBW\fncﬁ\%“héﬁ%Q@QLH%Prﬁtftﬁﬁ es the

target anount of material to be delivered for ‘the batch. At this ti t he
bat ch conthedfidwerz tagedetzheamﬁsmearamenteacercrﬁatIblatajat'ﬁtstxofwmadoaﬂsnttgﬁral to

the control valve to shut ff a short ti iqQr,top.the t ual |

Heri cory " Breludhs BrcCamPiletion Mt St ath S e S ioP dT D8 i dses a

finite ampupls @lddter kach Bulerd findfy @he KR7EN YHBANLAS, Fldk ifucangle rom

t he batch controller SO ter e valve Is s t off, a |n|te amount of

mat eri1@  useioh ttdheverebevetiy apatinesofache xddstmngtamstinﬂ'atmndunnﬂtcat whehef f ect s

of this renaining (f material and the ¢losure brre of the valve is
conpensat EdS4REREFE PR&SEY & 16 RTOEREFRALT 6ntué 'P‘a‘c 8Sthat by the tine the

control valve P'S f%es \.Eg +qg$te|§%ﬁ m¥ﬁﬁ% té %ﬁ&%%leiﬁl @éteyrﬁ 'I‘% % i vered

delivery path reac st| e total ampunt of maferial
for the batehi \mhlauzbrectmhcmmm;met\thae furfctivhef tey gettrcdmeivat Foi éxerapl, gte degr ee

of precision. rlog y nentloned the nmet hod of the present
i nvention Cpe?f)otfrttée%uﬁﬁﬁﬁelth%?" YU ISYBIT 19T Hom SR o FPEEN ARG ke

t
Pt ched | eraBe VS R R R p e SRR R RSB TR R,

preci si oniz ktee ovead ofl H-1iCnfaromasi oThé badcassxr@uhfs'emu‘enat bytchesdkrfabieptioeessi ng
production batches. The process of runni %a pluraljty of trial 30Q_ batches
i nvol ves Spelent 9@%@&&@%@%@1«0@pcwntéhe LHdimeohidierspntrotvaiveng™e ow

rate and QiNelo tsP{ “?x trf ‘Pfr.?s@? r{v"o\ﬁz-'d nﬁ% t—‘w: P&Kyert i 9ch *}'?atéhgf age of
this information ur a ) rlaI deri Vi ng the overfill
i nfor mat i gt Birbegiutedvane fd?&h@&tlméemmhﬁﬁv&meb&rem o étss ealve 4o closs.
20 Thebaten controlier of the present invention accumutates this information regarding
the characteristics of the valve so that if the valve shouid subsequently change
characteristics and take a far longer time 1o close, this can be determined by the
befch controller since the overfill will be substantially more than it was before when

the valve was operating properly. Fromthis information, the batch controtler is able

[\N]
(8]

tc determine that the centrol valve is taking longer to close foliowing the receipt of
a closure signal. From this, the batch controller is able to generate an alarm, or
other appropriate signal, to alert the system operators of a possible malfunction of
the system control valve.
DESCRIPTION OF THE DRAWINGS

30 The above and other advantageous features of the invention may be better
understood from a reading of the following detailed description thereof taken in
conjunction with the drawings in which:
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Still more specifically, |tHE SHEERHASNBBENTRti on that is derived and stored
for thewobsbkassat ches ingl udesREFﬂ.&CEDovv_ rafe for each bat BETARPARE deri ved

orconput ed anount of over rmation is derived by dividing
the overfill amount by the flowrate to derive and store a ratio for each
trial batEls. Msea blockdiagreoroffaibaicbmobsyateitudes t he conput ati on of the
average apd, standard deviation of the various ratios derived for each

bat ch. Fi rn'%i%);s ‘It:ﬁ%c"‘sg@??dmiogf‘m FBW"%G‘#ther i ncl udes the use of the
average Iad.G @% fokidBAlofAE SRl d’f_éjgfréfé'rr%% G GAMIRLE B LG on vhi ¢h

i s subsequently used in the processing of actual batches. The process of

t he preseriG Anyentavonhas of ambétbod dsedeteretinglatseeiani ng a 10 possi bl e

mal function or. incipient malfunction of the control valve. For exanple, the
controb valGes 'Suéé'@e”l fhahe’ adIrERErap MELR B OeGBIRNEAN VT &FIMEOT ake a
finite ar%Hn{ioRf time to close following the receipt of a closure signal.
This tine nay be in the order of 5-10 seconds. The processing of the trial
bat ches epeEd!&® 4 fiew aharof 4 ehdtRod far Uskiketherdverficaninmitot iwctdbospevehie of
the control valve. The closure 15 tine of the control valve is involved in
mat eri al @V&THiof B batelee material can flow through the valve forthe 5-10
second i nterval, & i Qf. 1 v i |l er of
the pres e‘ﬁt% [ ﬂ/se?l? %néhggc%%u’rﬁ ‘é{{bgggﬂﬁ @e}ﬁc%ogéﬁa “fg‘%gb?teelggg?%{l}’nt%%}h{e’ﬁe afl

char agper gstimatordindtlte:; val ve so that if the val ve shoul d subsequently
change characteristics and take a far longer tine to close, this can be

det er m nell®y8 ishe flow cheat eleddinnad staps isithe erefpeed vegthpt o @eneradec an

substantial | v, not.e th it S. he ve was operating properly. From
this inf opﬁ%%ﬁflorg’r%,tm}a&i%ra{f}g%%%ﬁ/\@oolwgp?%F’“T’ré%gbl e to deternmine that the
control valwegisat akbAtthengshot Gociassafind bawagitdiniasefpluef: angl osure
signal. Fromthis, the batch controller is able to generate an alarm or

ot her appF&pr 1 @iz dlapkatizgrem af e detzgiv grehtor stwingt ieskdale. a possibl e

mal functian.of.the 25 control valve, SCRIPLON_OF THE DRAVN . The. above
and ot Rer "Ravahinaeaeet FERIAIPES Tt THhoSHAION TRy DE oo BeveIeider ot ooq
from a regadtBg:Houk Beni-@ldrowi ng detail ed description thereof taken in
conjunction with the drawings in which: 30 FIG 1 is a block diagramof a
bat chi ng equi pment control | edDEFAILEDNBESSRIBTI@Ne i nvention. FIG2 is a

bl ock diagram of .a hatch controll|er. FlG 3 s | ow chart of. the steps of
a preferred embodr ﬂe‘ﬁ‘fﬁfﬁte? he ﬁ@tﬁoﬁe{f}'fﬂf ﬁéStFm/Zﬂ{J i“(b\ril\{;“:3 present invention.
Wizterial is received from fluid source 101 and applied 1o flowmeter 102 over path

N
Q

102. Valve 107 receives the material from flowmeter 103 via path 106. Eiement
107 may aiternatively be a pump. The material flows from valve 107 to fluid
destination 110 via path 108. Batch controller 10E menitors and controls the flow
of material through batch delivery system 100. Flowmeter 103 sends flow
information to batch controller 105 via path 104. When batch controlier 105
25 determines that the specifiad amount of material has passed through flowmeter
103, batch controller 105 sends a signal over path 109 to close valve 107. The
present invention is a method for generating an overfili estimator function, which
determines the amount of overfill material that will flow through vaive 107 between
the time that the terminate flow signal is transmitted by batch controller 105 and the
30 time that valve 107 closes. Batch controlier 105 uses the estimate to determine
when the terminate flow signal is transmitted to valve 107 to prevent overilling

destination 110 past a target amount.
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FIG4 is a flow chart of a nethod for generating test data, FIG5 is a flow

chart of wa gyksy red nmet hod for determ ning an overfill e®dmesssosdsuncti.on;
FIG 6 is a flowchart of a nmethod for using the overfill estnatorfunction
to prevent 5 overfill of a batch. FIG 7 is a flow chart of an alternative

met hod of obt aiBﬂtngcoekolIaiéﬁé i3 Iﬁuﬁr&tedﬁebiankélagramt’m MUAGL Roffroddd8or8 is a

flow chart, of add % al, st eps Ln.the E) rre,qﬁmet hod of generatl ng an
overfill & Frﬁftg? e tPn® tB-@t‘?ﬂﬁ ofePaCBUISGT Fistem GI0gDY Exgrulig

al ternati veg tﬁf?éél agr'EQB f@?ﬁ%@&lmv%ﬂe-ﬁgﬁf Rf‘be/)QS IcYBf Qs banct 'rPBW"I‘ g FG

10 is a bloc am of a data structure’ storln t est -dat a. 11 is
a bl ock dicagrat tiesa netbot:b'fsorprdeetﬁmrlm aamscsatbl*e:m'tdjmtegmm ta
materi?é flowcotro . DETILE}E)DESCRIPTI ON 15 FIG 1 illustrates
a bat ciP ddraRas rléqﬁ "“O'I L PV <t he- mh@d'%tof%'%r-é%ﬁt

i nvention. gﬁg&%@hﬁtanbﬁ CEA¥E T Bhathll ot RRMGE 181200 3ppl 1 ed o

fl owret er over pat recei ves he“mat ert al from fl ownet er
103 via path 10?6rocElsemrE2ﬁ0 dfshsnans abtes valte v eF yvhimrsmiting sidies mteveal
flows fromyvalve 107 to fluid destination 1 10 via path 108. Batch

control | er1G08iEmRAN ]S BrRFesEOr 29 ErBIeneraedigur of 2 rasRodidnetant @’UQE bat ch

del i very s = .0 ch fL.QW. 1 1 QIIC;BLIOELIQ
control i efﬂ’%g&\??g“‘ “%tolﬁr{i: \Mﬁﬂo é% bﬁ coh?\r,éol et T D5 deteFHEA 4 'Eat t he
speci f i@d amuoHitor er amiesicdl dbase pasisesh timagkhd bawemt e4t aleémerié@éccb

control ler 105 sends a signal over path 109 to close valve 107. The present
i nventi on IP REPBRRILOR. NBIERGES KOF IgaheraRarAerain s veETh CrVice dhatripsr 6ser

function, qu(gg%gérgrgeﬁshhgggggg a%)EPﬁverfl I I mat eri al t_hat W I | flow

t hr ough vatl ween t e termnate flow signal is

transmitted by P@.chceontrald-er2106za8€ ot-beidvi o8B thatz val e :30Exeb@sEs.
Batch controller 105 uses the estl mate to dete}rm ne Wnen t he term nate fl ow
si gnal is Byamesapseedl 6. Val veleler embgtc*mﬁéﬁp‘b'wﬁﬁmu ngem@et iCherview 110

past a,target a t .30 ste -~Batch, contt 105 |§, illustrated |n bI ock
o atbf oreee R BRI o siep et S band ot et ot fuik el $id BFG

bat ch del | fORlrE LRRUH BERI: 'JIQQahbv@m@éﬁxiﬁwmfDﬁé‘Id#PtStQﬁSDB%@ésH@I@s?@é‘t@ Only
Memory (ROM) 211 over bus 201. In order to execute these instructions,

processor Q@ErAteisnNd stcded inneRrdAid cabeulaigtan overgii estimaior function. Step

304 uses the estimator function determined in step 303 o run 2 bztch and estimate
the proper time to close valve 107 tc prevent overfill. Each of the steps 302-304
20 are describad in datail beiow.

A flow chart of the process of step 302 isiliustrated in rlG.4 Process 302
starts in 401. in step 402, a user inputs the volume ol the trial batch. The input
volume is a target amount of material that pracessor 200 atternpts to deliver to
destination 110. The user inputs the target batch volumne with interface 215, The

25 input volume is sent to processor 200 over bus 205 and stored in RAM 212 for
future use. Step 403 receives a user input of the numbar of trials to run which is
also siored in RAM 212 Jor fulure use. in siep 404, processor 200 initializes all of
the values in an overfill data structure 1000 (FIG. 10) to zero. The initialization
assures that no unwanted values are used in calculating the overfill estimator

30 function. Step 405 sets the number of trials run to zero and batch system 100 is

prepared to perform the trial batches.
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Random Access Menory (RAM 212 over bus 202. Data that is stored for use in
future esbiggmusons is witten to and read from nenory 213 POTAIS968/092203.
Processor 200 opens and cl oses val ve 107 by transmitting signals to valve
107 via path 109. Processor 200 can generate di splay data about the
batching 5 prdé&esdatarmdlieeigadmmn the&ialaeichas & sigrey irndataostarctyiadedlbus
204. Display, 214 is-a npnitor or.equivalent device that can display the
di spl ay dd éitégeer‘fe‘t“a'f‘g:d By 'p?‘ﬁcrg'stgdr'HZ'GO.E’_"l’n‘f"e'rT"g'c‘fé:"2%51“1 kY% REyYBEArd or
ot her suchfdeyiiee tThatficil tavsiahdsehietd thiwh fat andier PLogessRIH200 jover
bus 205. FIG 3 is a flow chart that gives an overview of all of the

pr ocesses rexedat ad cotumn B\p2pr ot Sseri. 200cum o cpraitens etbredbodomem  of
the present.inuention. OQverview process 300 starts at step 301l |n step
302, tést ‘éa_r‘a IS Fenet at'ed tard” ¥'6red- o Futiire ST S e AT an
overfill estoiimfof4nahi Maragd AR IdSEACBRD BSTrosadA3EPaRE 3tREagnd
stored in step 302 to calculate an overfill estimator function. Step 304
uses t he é80bmaile sfamdetd cavidétechtrethaesusteEti®d3raro tharvardgst cHicand
estimate 15 t,help\rgper time to close valve 107 to prevent overfill. Each
of the st &f¥e802-1884 are described in detail below. A flow chart of the
process of step30dsd §03 LoMFALRG: IhaF G4 Br ocess 303 4sd AlihSq ) tAdd- In
step 402, a user |anuts tllﬁue vol ume of the trial batch.a#ﬁéeﬁl n\puté]v[ﬁ;Tqune is
a targdet anthefollofingahenisl FrhasigraiEssmmeie tid hempessitiosdelnversitp 20
destination_110. The user inputs the target batch volume with interface
215. The iMPutt yeISERE 208 SERE & 6°pF0CESEET V0SBV e Vand st ofed in
RAM 212 f o future, us Lefe 408 cI-EGRIYES: A Ysar -l pRput, of rinben s of
trials to%ﬁ”ﬁ“" |'€Vﬁgi“§mg§rs"6' st Ssé'd'ictﬁéa}/% y l’2'13 for fu u'r‘%'uiigsnfgé'St' €p 404,
processor 298 -8t thafitzesical khofdbé viadwes “howgnbaeentidysietat atst Tugt ure
1000 (FIG 10) to _zero. The ini}i alizati On,.2.-5,< assures that no unwanted

val ues ar dngEBdeT AOWIREUP ARFHES REPGFEFF 114 BTN SEUNeS PO .PaSE 6p+405
sets the nunber.of trjals ryn,1.0.z6(0-and..batch equi pnent 100 s prepared
to perfor r’h'?ﬁg‘"\ t%’al‘ r%(g%“é’ﬁé‘sﬁugl“%ééggct ‘a""(":b’T“I“é‘ét“cé'g“f"r‘b'rhgghmé‘“%’?%aﬁ‘&b%t' Ches is
stored in gakacshoughitevdi0O 4:bpusr &t gdpian 1 FGceifhr Ao efmitbeirpes 1001
contains the data fromone trial run 30 of a batch. The flow rate of the
materi al -t(NWBERNFINAR ARSSEF TIOICH 67= YHee B QP! FStedeRi idelma OEBIHATC002.
The overfijt|ARLDL, Al e DALONLT S Sloredal D colum, 1003, The ratio of

overfill/flow rate’rs ¢a t Fater in process and stored in colum
1004. An aver ag&/-eatihe \ickurat siezicad Cilh atedhraugh teessv8dScang stiaeathimn 7

20 batchwgoiume, processor 220 exscutes olen 412 and fransmits & ierminaie maiernz!

[U]

fiow signel o velve 107 via path 128, Valve 107 closas when the termnination

signa!l is received and the overiiii amournt 15 measured in step 413. Processor 200

execuies step 414 {o sicre ihe flow rate and overfill of the trial in the overfil data

structure 1000. Step 415 determines i the number of {rials is eguai to the input

25 number oftriais. I the two numbers are equal, the process is completed and ends

in step 416. Otherwise, another triai is performed starting with step 406. The batch

trials should be run a2 number of limes 10 improve the accuracy of the fit of the
estimator function.

FI1G. 5 illustrates process 303 which generates an overfill estimator function

30 from the stored flow rates and overfili amounts. The foilowing generates a linear

function. However, any cther method for generating a function from trial data can
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1005. The standard deviation of the neasured ratios fromthe average rati os.
IS storedwowsglfd®. Process 302 continues as illustrated inpElrasododay;
running the individual trials in the following manner. First, step 406
increnents the nunber of trials run. In 5 step 407, processor 200 sends a -
begi n mat ebiealiséd. owStsingh@l begirspeocess 363107in Stee 508, erbedssor @09 fdisaugh
the valve to destinatian 1 10.in step 408. Flowreter 103 measures the flow
rate of thé‘”ﬁﬁfrr‘i’éﬁf‘c‘fl oW A TR0 HRED I CHEAGINB fiNSHrREREeSEoE 3 IFpempaisdr ed
flowrate is reegiyegs PRSI c20%t EOM; ter.. 10 3 oV 104 in
step 409. Pr oceﬁo‘?{e%og%ﬁgaﬁ&?ﬁzﬁél ogvlckre a?‘gﬁ%ééggﬁﬁm Xé“trég%%\?v?)éﬁéﬁﬂgrg%sri al

10 has passsénthoeingicarhEeiedl vie step 504 prddéssol B0 regr b foplreees5®he200

determnes if the volynme that haz assed through the valve is equal to the
i nput vel uR¥EEH aRRIIHaPTRINE Pt OF'%A%G atasturige P80 focessri200stiepes #es- 411

t 1 ; | i |t
the | nput. aeTf oty Bl (8840 A3 DRTSE BB UOLAT A tiie il s 1°
term nat e B@eehalihdFeiiblisvhsh ghededt @ Mrhvery iR 7steép Bamt I HeSrmiedien 07

closes when the termnation signai is received and the overfill amount is
measur ed i NREHRR heFouptes @sslrthe dotabrembers! Kielsismada by sranesson20® irow

d ' fothe trial i . overfill dat, 1 S
415 det er morgt S07- dhitenBanie? gpb P Sl e R i RpbE Shdnae o

trials.10f répestedo nunbers are equal, the process is conpleted and ends 20
in step 416. O herwi se, anothertrial is performed starting with step 406.
The batch trial Vaapilteichenieuand naorassof Hials iane equal, stepr dWehehpremsssoacy of

the fit of imatqr fuaction FlG 5 LL1ustrates proc 303 whi ch
gener at es aztr? Bg'r\?grﬁ%ial%e‘éf it Fré "oﬂh“P Uﬁ}:‘% iSh DF?Brﬁaf%éaatgFolt”eﬁe? I%@w PRESSSNnd
overfill ammgandcinpdiBe :fok\-owBb aenesa RFiod. MHaeRler2Ge bUNG!aQ8s jONRYE

r,
any other nethod for generating a function fromtrial data can be used,
Step 501 béyilR9omigtais st3E8:re 1090st €he 502Tagy iscesabic 200psts theasmodatedrt o

zero. The nter .5 used to determ ne when cess. 303 is, c | eted. Ste
503 | nc‘roerrg’%'td‘satt‘ghec' %8;5'%%9 't qupn"?j'i:((:n%rfip'fol‘fgs? Béggf‘PbFF YEPORL- %@é@éage P
currently bgid eREALEE SstihBicORtRMn sférpomﬁﬁ;%sti(.'-;r@cﬁe ke@EdmoLRfof c&l\%”gﬁ ate

and the 30 overfill anpbunt for a trial batch fromdata structure
Processor 200Nngia/pales. t he overfill anount by the flowrate to find a ratio

of overfill amoupt~/, £l ow rate in,.sten 505 and the Lo.is then stored to
menory in step 506 Bﬁﬁ'd‘%{sétrm&%ea?ggﬁo @%%"’Fﬂ%" é@%h?aérca&ﬂ?a@s&t‘ﬁ total
number of tyigbsedsor a0 MIORIVRARE $8EUARY of theSdRPnaBY funkhn MHEPSECRhC i al
runs to be run is entered into el enent 507 from8
is improved by adding & bias factor to the average ratio. The continuity of FIG. 5
in FIG. 8 is shown by FIG. 8 containing steps 509 and 510. Processor 200
receives an input of & bias fector, b, from the user in step 801. Step 802 muitiplies
the bias factor, b, by the standard deviation computed in step 510. The product of
step 802 is added to the average of the ratios in step 803 to find the estimator
25 {unction to be used in step 304 to run a batch.
FIG. 9 illustrates another embodiment of step 303. The process in FIG.
8 finds the estimator function by determining the best polynomial fit of the data. A
polynomial function is typically more accurate than a linear felation as shown in the
first embodiment. The second embodiment of process 303 begins in step 901. In
30 step 902, processor 200 sets the values in data structure 1000 to zero. Step 903
has process 301, illustrated in FIG.4, assign flow rates to the trials batches that are

spread over a range of flow rates to be used in production batches to produce data
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el ement 403 on Figure 4. If the counter and nunber of trials are not equal,
steps 50809844z e repeated. Wien the counter and nunber oPCEUSES/8928K e
equal , step 508 has processor 200 reads all of the ratios that have just
been cal culated. In step 509, processor 5 200 conmputes the average of the
read r atitbst witheroguet ageaasiirataovitaras! fits  stincedss 30BoBHtipledas &6t Buct ure

1000. The average is,) 1o _conpute the standard deviation of each ratio
in step S‘ib"a'n%‘gsp’r“dcggé KR érPd)g;’RH{mg{ gbt_'@l(i‘.c“ﬁ'f?éﬁg&@sggﬁc raT 67 §9Wsed as
an esti meLars f1netdRqi AndlLeR i3%ed 00£SEEBRE SolherAaTHY 1 gvarf Lih during
a batch. 10 FIG 8 illustrates the additional steps of process 303

t hat can & excuties tby pestess@re 2@oror efithprpalgnahii! décufamesebr 208
estimator_function. The accuracy.is lnproved by addi ias factor to the
ver age v EEFUESAUBR ERTAN, 8 TEMNSBISPE Toats by Tre00g Mt Be500. and
510. Proc HROBL VS, I, Loy, @ B d ot B gof ] cqser in
step 801@%&§ Z%C%gg)'rﬁil L’? P\Sﬁ?e@g?lﬁéﬁgi a@fac@ﬁ rog’ﬁﬁﬁcgfsl%;? tO Zég)s@t&adrﬁ]a@d

devi at i onthearmstad témn & exd tHel folyibenig irostiept208f Trcepo!@0@mias isagkberiad thet he
average of the ratios in step 803 to find the estimatorfunction to be used
in step 30¥ITaor PERIRPROCESSE0% || ustrates anot her enbodi ment of
process 303. Theg: ( I s Is t i Lo i

determning t hg%'ﬁﬁﬁg@%flﬁgb&g%% f%ZI \gﬂgﬁﬁéngS%E%ﬁﬁ@AS%ﬁé?%ﬁéﬁlgﬁmincti on

i s typgcabhpunbtezandwhadverfibag of rateeial destiratioon 18@s RBlogess 304 tderts i st
embodi ment of Figure 5.. The second enbodi ment of process 303 begins in
step 901.SER %{1egﬂ9©92>, E0¢. ERcassEr 200 re@ e f SN Pl iatataat amaUNiEeGY e 1000

to zero. §t:r§rpa?9eoﬁ’:§sos\jeg %%lsf%d%’v ﬁ‘ﬂ%qgt'll ?’r?US]rQ% %'? %rai 8%@:%12&?&'%‘&3%@%% & 58-500 read

over a rahgeé o I'ow ratesS 10 be Us uctt es 0 produce data
25 that wiilcpripduegimninateysase pol ynomal fit. Process 303 continues in
FIG 9 with processor 200 fitting a polynomal of the order of at |east two
fromthe flow PaewEsseb20hérapseitsa pegimmaicyalillovs signadbmyvalee (187 \aa péttynoni al

has been found,. step 905 ¢ es. the nea r.ed- r.of the l.ynom al
fit. F"r‘oce'sgg}gfo' ”Feg'e‘i%\?%gajgg)brﬁbh%e‘%ﬁgéigftgg%l%r‘,?‘g%%%ggﬂg% he' Tﬁgg?"ﬂ%n step
906. St eppRiseut LOPLERS tier k¥ asofl TBkaimerdPincbembyicbhe stRABOS eHAaEsh error.
The product of step 907 is added to the constant term"a" of the polynom al

in step 9667 duterpies JoBeuiasr isneqyrlligibmeasuipieentdimends Bt wme nPlnct i on
e eSS BT e el Uy o ocese 304 ubioh runs,
destination 11Qyhd¥ eqeSmed@4usistieSmeBs$rement time, process 304 continues o
20 siep £08, which measures the flow rate. Flowmeter 103 measures the flow rate of
the material flowing to valve 107. The measure flow rate is received by processor
200 over path 104. Processor 200 multiplies the fiow rate and the measurement
time in step 609 {o determine the amount of materiai that passed through the valve

during the measurement time. The determined amount of material is added to the

N
o

total volume of the batch in step 610 to indicate the current amount of material in
destination 110. Step 611 determines the amount of overiill using the estimator
function determined in process 303. In the preferred embodiment, the average
ratio found in step 508 of process 303 is multiplied by the measure flow rate. Inthe
second embaodiment, the flow rate is placed in the polynomial to determine an
30 overfill estimate. The result is the estimated amount of overfill at the present flow

rate.
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step 601. In step 602, processor 200 receives a user input of a target
anount fywoggiskisar f ace 215 over bus 205. The total vol une sETaisesAsatich is
set equal to zero before filling begins in step 603. Processor 200
transmts a begin material flow signal to valve 107 via path 5 109 in step
604. Val ve 107 opterstt2sperstinetdédoveditivaoded ket ghalvolbmestSpp @IS,
processor 200 sets a tinmer to,zero. The tinmer is |r’1_‘creme”nt ed in step 606
and step G6ETTHRST WIREST| “Fef‘ge‘i‘ifoﬁ%'r\’or%mééﬂales Baé”dnce’ﬁé‘b'r%ﬁtﬁﬁ?"*"i"% I f the

two are ngf o B%:hé‘iﬁpﬁzéﬂﬁ @07'faarsﬁr{~ gt z«a fpe enBE jequal s
ng % ‘fo 1 60

t he nmeasure proceéss contl nues Whi ch nmeasur es

the flow mm:ezhdjﬂaugmremu&%npeaeaxﬁss greeepbaedr af FneOés e daiveriiadnd | owi ng
to valve 107. The nmeasure flow rat € is received by processor 200 over path
104. PPocé&sbyolpnts aig &f tﬁﬁ%@%%eﬁf hévﬁFﬁt@”&?}ﬂ‘ t FOCRBER U EhERTSTEE i n

step 609 sl I passed. val ve
during thté"%ﬁ‘é’asurerr@%tm {E’Vﬁ\“ ﬁ‘}v r“‘é‘r‘m nde‘gl St%’ggh% 3 ?\ gl’l gﬁ%% &rgbg‘ded to
the 15 tehakioselvame signkhe récdiedt bid @tmsﬁmftmdbnﬁlsmts ghe current
amount of material in destination 110. Step 611 determ nes the amount of

overfill using#A ﬁéc@@i ﬁﬁﬁpdﬁ%‘mirﬂftm@rpfﬂ%@@rlﬁvmt@'\l lﬁﬁé}ir*@@efé’-ﬁ”ms oveffit he
preferred_.enbodi gbﬁs st i mat etao erflt g nrgd when_ the average
ratio found T m’ EY‘%S@@ e‘ﬁr%e&%‘s 0 ‘?%arﬂﬁ‘tdle §l t e reRs e | ow
rate. 4 tHE-tROLOPIG eTHRGELERR thetdtRohl QWS iRiehS ?Qace@,lsa@ﬂoﬂaﬁ.t iR&tep

pol ynom al to determ ne an overfill estimate. The result is the estimated

anount of 7&ﬂer fni $tepat02 M@Pmméﬁ‘@ iFitenzeathe overtid espraly, funtigorest remt ed

overfill adde to the to vol.une,. S% eg 613 det ¢ Q‘rrT{.ngest\/qﬂet her the
added t ot aI I$ ArBHCEM4 ‘é%"ts t‘e‘& T EPET ¢ ECHt &3t B Yira®or” équafto the

I nput tar gelo1RedBEondtie @§$¢.%§»eql.:%%éhbla 28det ot al-ypl-upe.are lesg 25
than the target anobunt, steps 605-613 are repeated. If the esfimt ed

overfill and tditab 03 wre avetcat usieaste eyedll! esintdier fmeg'ev dnoiar,”

processor 200 tragggﬂs 3 gl ose, val ve signal . v‘% b éO? Vi a path 199 in

step 81, RAPRTCIEPYCPEREE TARER S Fa cPolca TUaiNBeR 1 Grancitie Peedr FacPAhd

process 304 1gadE: émm%sﬁm%ﬁ tnAwse&@@%@rm%hmw&mbhe 1RE @8RVerd BYENt i ON

uses the flow and overfil from previous batches to generate the data

needed t o aerfit ainoant A sﬁetacnatdata Stuatt reoMOOMF(FES. 70) inlths totantsesf thadeasicond
n step 702, roc ssor, 200

hi t1 ol 2d8SPRESBetr FIPPosaty Terere Tander oty B BibreoiiS "3 sancis:
constant overfithe @ehi /id @n8itn@ @R erfliororth8e fdhslielatisdicH lén -@ﬂ"ﬂ 1388k Ber
reasonabl e estimator function can be chosen as a matter of design choice.
20 compute a new estimator functicn in step 705. in the preferrec second
embodiment, step 705 is compieted by applying process 303 to the date structure
1000 containing the newly recorded data. The esiimator is constantly recaiculatec
to keep the estimation as accurate as possibie. A user is alerted immedigtely of
a problem if the estimator function rapidly changes. Step 706 determines if ancther
25 batch must be run. If another batch must be run step 703-708 are repeated.
Otherwise, process 700 ends in step 707.
The present invention also provides for the deteciion of a possible
malfunction of the flow valve 107 or other flow control means such as a pump in
lieu of valve 107. A possible malfunction would be an increased closure time of a
30 valve or an increased response by the flow control means following the receipt of

a flow termination signal.
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10 Step 703 runs a batch using the overfill estimator function. In step
704, pr o®EsBE45300 records flow rate of the batch run in SHSPUFEHIZA t he

overfill amount of the batch in nenory. In the preferred second enbodi nent,
the flow rate and overfill. anpunt ar&heﬁt ored in_data structure 1000 (,FI G
10) in the pl acd'efrOpRes |ipliupirater by Moy caRt opF Gus LT Bhera@eperddiq f or

only the nbgl He8eRHYHbEBsDatiches: 1 Thef)-owsat.e and theqpuertill from the
conpl eted batch are then used to conpufée a new es |mator“¥unct| on In step

705. I n mhetepaeflewreliostooited erbidiofent pvsicenirkObni sigsainfor et pdirélity appl yi ng
process 303 to the data structure 1000 contain ing the newly recorded data.
The esti méeéNaSs2T hRsHaRd 9 FISEER ¢ atSd AP ehb T Keephelféeesia Hafsbhows
accurate as.possible: A user i alerted immdiately. of a.or i fLhe
oot i mator FERA TR BPY e e R S AR P s e R b
nmust be riuralify cidetdiess, [EEeRNU4 HScttmastR: rElat 0thaadreiyRpeathether

Q herw se, process 700 ends in step 707. The present invention also

provi des fadrnaiHeedeattee onen ofing PhEsky miccaishamhEdh@n BiFresith@mIbw dal ve

R T o e

possi bl e ‘be'an ure' TPhe 'of ‘a vl
i ncreased grRgponse hvchbe 4 exsperkreliharansriiobiowbneibhe 1eceept 106 a
flow term nation signal. The process is illustrated bythe fl owhart of

Fi gur e1Q1 gereraieslamenpuldigiazepresenting asicastblefnalhecprnotds ok epene! 1 102
stores data_representin x.é;.f‘&,L':hQW rate and material flow follow ng the

recei pt of 2P oWG BFH hatd on SIPRAFF PG Pl urality of batches as
i11ustrated on filguss,desdiel in@d@idRNkizled Qe APl 2a8: bhe-storedid]gw rate
and material flow data following the receipt of the ™| owermnation signal
forthe pl urakétyeofzsbateisds! rEremem -3 164sdet 6rni mres.cast. Altfesighteeicifiche
anal yses, Wnst her 25 or.not the latter ones of the plurality of sga}} ches
have an i riePeASTHY amoG S ST SaPEERAT I BRI bIN SUa G- PEREYRE Stieche
flow tesmipatd 9A cahenalwil BesizHaEheuearliesdLRRE - 9f: LiRE sRAL AR stilior
response to the determ nation of step 1104, step 1105 generates an out put
si gnal repiesiéon theg imwpoisshebeopmbiinaésliosnngtizirhe sfthaviterahy pothroeginthe
Element 1 106 .ter i hat o3 the process. 30 . .~-1ne above descri bed

i nvent i on FAERe SSRGS | WY PRMYGePIAMENI0 AT IR] B & BB A hPUBKcess
material fyapnheings dehidded daridie AgséidIglon. Al though specific

enbodi nents are disclosed for exanple herein, it is expected that people
skilled in the art can and will design alternative nethods for generating
an overfill estimator
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function that is within the scope of the following clains either literally
or througly dshgsshl doctrine of equivalents. For exanpl epcegspmesl07 may
be a valve or a punp which can be controlled to start/stop material flow
12 mE CLAIM 1. A nmet hod of operating a material delivery system (100)
er|n material froma material source (101) to a materi al
dest ﬁﬂ"ﬂwﬂnl d system conprising the steps of: running n batches
(403, terial is delivered fromsaid 5 source to said
destlnatlon neasurlng (409) the flowrate of said material for each one of
said n batches during the running of each one of said n batches where the
nmeasur ed ftowirAte can be of any val ue; neasuring (414) the nmateri al
overfill anount for each batch of said n 10 batches during the running of
each sai d bat ch: ace:u"ﬁat“@tdum@pamsm@@xatﬁr@oaﬁ@ysm&m:ﬁ@\méemm ed

flow rate for agh_of ] f.ch n ur ed. rial rfill
amount (50§ %%Ofm'fnoﬁ figd rL:zbféjog' ?‘d?rﬁoﬁ) ?c gnqg‘u %sdm 'Oﬁ'eaélf‘l }Léem

subsequentcRrghd$@4tepd of speci fying a target anount of
material (602) to be delivered for said at | east one subsequent batch;

measuring the friowngatei¢Be8y08of Dat which melesie!l isdeliversd gaesaidisatcte duri ng
the running of. said ﬁta I east one subsequent batch where said neasured flow
B

rate for Saff-stbLBGHENt batch can be of any val ue; 20 usi ng

sai d recorded @%Tté}-nﬂﬁiq g5808) PRARMF %q?fd«@yﬂrabﬁa fa@Buﬁﬁé Ehe”rd?ﬁﬁ EFedh

determ ne an esti mated mat erial over anount for sald neasured
fl ow rateteteh;said at | east one subsequent batch subt racting said

estimated material oyerfill anmount for saj 0 ubseguent batch
from said tar gECCHAMNAG F Q"8 SRtz é‘? @I'”T'F%‘\Ngtsté? r‘?iré('3 m*%%ﬁeggw "al§ gnal
amount  (613),:n@8Nhount of materia! ove: icr sach balch;

,:_nl , . « s ; ]

1Sing said recordsd daiz for determining an estimated material ovedfili
amcunt (508, 51C) for any fiow rate;

running at ieast cne subszouent batch (604);

specifying a target amount of material (602) to be delivered for said

subsequent balc

e
R

measuring the fiow rate {508) and determining the estimatied material overfill

o
—N
—
—

emount for said measured flow rate for at least one subsequent batch;

o

subtracting saic estimaled material overdill amount from said target amount
to derive 8 material flow termination signal amount (613); and

terminating (614) said material flow in response to said termination signal

™~
(@)

amount to deliver said targst amount of material to said destination.

2. The method of claim 1 wherein the step of running at least one
subsequent batch further comprises the steps of:

accumulation and recording data (704) including the determined flow rate

and a post termination material amount comprising the difference between the final

5 amount of material delivered and the material flow termination signal amount of

material;
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termnating (614) said i in_response to the deriving of said
t er m natwonssignal amuﬂﬁ]ﬁ&(ﬂ%"‘ﬂ%mhﬂlp target anount oPCEHAISE$PIF1to said
destination. 2. The I Y wherein the step of running said
at. | east one subsequent batch further conprises the steps of:

accunul ati on arsing sezidrdcongedaiate (7134 jorideteénmuning sseddinmdas ovedillfdrovuntat e and
a post termnation material anount for said subsequent batch conprising 5
the diffeFeAc¥d'6ét"\Wen the final amount of material delivered for said
subsequent batch and the material flow term nation signal anmount of
material; using said recorded data (705) for determ ning an esti mated
overfill amouri. forTsamgisubsedgient whatah sbigrstapy? fdroing apairaiBy of saifihe

met hod of claim1 wherein said step of running said n batches further
conpri ses! PHENSEAPSNT COMBPEES YErfgeRhat n bat ches (403) are to be run;

speci fying a batch size.(402) e 8 i.d.n batches to be run; 5
running a fi rs‘t(agcgf}féﬁglfﬁgéﬁgdhc%gt(éﬁgggif%ﬁe;ahﬁ]éasuri ng the flowrate (409)
and material oyeidifdn; £ 38h digs (0@ dod éacH ofaged afbasehab fo hatehes; and
running the remai nder of said n batches (415; whil e neasuring the flowrate
and material owWEnind & ffgronefbaikndatehay GREs of said n batches. 4. The

yechod of o1 o B WIS PR Sl LT IRIR SR AR T BIEL b aroun

of: dividisg the material overfill anmount for each batch of said n batches
5 by the nmeasured flow rate for each batch to determne a ratio (505) for
each batch; stomining Theemaiiosr 0688y nibgichesdht bavile determpiningige flae ralger age
of said stored +£§,ltli o,s___”(.,,5p9) hr\ﬁ/rggrei n said rrﬁt h,gdh Oit g%er m ning said

esti mat ed? I AFFFTF 61 557 FSUbTLFIUPY OBEF PhSE8ipr a8t he step of using
said average (61 1) to obtain said estimated nmaterial overfill 1 0 anount
for said subsequent batch by nultiplying the average of said ratios by a
measured fl ow fate Toe rsairgcseibsaiqudnthbainisies ol dceterminingtaodsisnatddai m 4

wherein sai d pethod of running.at .| east, on ubsequent Bhatch further
conpri seso‘f%gg‘t' ot ”&%t‘%‘\‘}&% g ”gb%S‘ﬁ?sr&”%ﬁé&R PI8BAT S 5'SE &t the flow

of said materi g d4cPMbf saic n bawches, dividing the material overfill amount for each
baich by the flow rate for each batch to determine a ratio (505) for each batch;
5 storing the ratic (806) for each batch; and
computing the average of said stored ratios (502} to obtain said estimated

weterial cveriil! amount for each baich by multiplying the average (611) of seid

3

5. The methed of claim 4 wherein said method of running a subsequent
batch further comprises the steps of:
activating a control means (604) to start the flow of said material from said

source to said destination;

(8]

repeatedly measuring (608) the flow rate of said material at predetermined
time increments;

determining an incremeantal material delivered flow amount by multiplying
said flow rate by a saic time increment (609);

adding said incremental material delivered flow amount to a totalizer (610);
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sai d source to said d(% ﬂiu ”wt“ Il 5 repeat edl y
nmeasur i ngo(e8Bsysst he fl Al \ mat eri al at predet erParT/SeR/1R5te

increnents; determning an increnmental material delivered flow anount by
multiplying said flowrate by a said tinme increnent (609); adding said

i ncrer®nt al naeetimatindeltitiertse matevizdnoverll for aatdotedaseed Ifbw GELQ)y,
estimating (611) the material overfill for said measured flow rate by

nul tiplyi %d’gl?ﬂ’%?nﬁéﬂgli’?%%suf'?%\ﬂp\“'e{?ie BY SeigiqyemRRs Qg%“%f'a%‘eﬁ'd ratios;
subtracting (6 & toh 3B Bidbtetuebiddh rbrranmaldidiat el
target amount t% %%ﬁﬁ@e@zﬁgtgf&éw‘% G e F'c')ﬁlfq'rsﬁ? glr‘fgilarh‘étr‘r’or‘r%?ﬁ ; o8
cont i nui ng{dabd Xo saride deidenaienat fiow {emdnstodsigddi argount,i | said totalizer
equal s or exceeds said paterial flow termnation signal anount; termnating
(614) said mat @Pﬂfé\mu‘ﬂﬁﬁ%ﬁa*d deiRErRALIRBaRA SEICaRRT MOV 55T dGicliz8t ep of
det er ndgzni j ~AVeLfl ; o] . said n batches
conpr mssesggﬁggf(ﬁf Jﬁgrghggggj\s%éédal(‘:ganvg’ﬁgﬁlag?éqg%?'?h%&gflggﬁdar d devi ation of
sai d ratios; i nguihbigy 661)asid meteral Bow801); 5 mul tiplying (802) said
bias factor B by said standard deviation to obtain a product val ue; adding
(803) said product value to said average of said ratios to obtain a sum
val ue; multiplying (804) said sumvalue by said neasured flowrate to
obtain 10 an estimated material overfill anobunt that deviates fromthe

target amount ig) pr opRIthe®Rdlod clira fiteredrsai stép of cefEhginiet BRdsofagdai m 6
wherein said step of determ ning an anmount of material overfill further

conpr i ses avRgilsaepenigomppses heitughel $ape afes of different magnitudes
(903); fitting a polynom.al, %9()4 of, an.arder. of . at. |l east 2 fromsaid
measured 5 fICSVr\T/PprLg%gs(glt"@’ % e %@Jf%vaaq&?&t%ﬁ% 'V&rfill anounts where
sai d pol ynom alinﬁ&ti@%ﬁ athes tnsa @ (gbx; tex[err] +dx[err] +...; conputing the
mean squared-error of the polynomal fit (905); 15
5 multiplving (802) said bias tactor E by said stancaru dzviation to obtain & procuct
value;
adding (803) said product value to said average of said ratios to obtain 2
sumi vatue;
muttiplying (804) said sum value by said measured flow rate to obiain an estimated
10  material overfill amount that deviates from the target amcunt in proportion to bias

factor B.

7. The method of claim 6 wherein said step of determining the amount
of material overfill further comprises the steps of:

specifying flow rates of different magnitudes (953);

fitting a polynominal (804} of an order of at least Z from said measured fiow

5 rates to said measured material overfill amounts where said polynominal is of the

form a +bx +cx? +dx® +...;

t‘;omputing the mean squared-error of the polynominal fit (905);

inputting said bias factor B (806);

multiplying B by said mean squared-error to obtain a product (807);

10 adding said product to the constant term a of said polynomial (308);
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product to the constaht term & of said poI ynom al (908); using said
pel ynom al to estinate sajd mat ?I‘I al overflow (909), with increased

preci si on for BSipg BRidsRPYNePEE ficegstiTaiR seitdnagrial oygdioneBBR) ofithcl ai m 5
further d 1St ¥ ,f wrate and material flow
(1 102) foI ovﬁélr(;J ok ow‘?%%mﬁﬁa?%gﬂeﬁgﬁﬁ#k ngl urality of batches;

anal yzi ng (1103) sa| d flowrate and material flow for said plurality of 5

bat ches; det erm ni n% (1104) that Iatter ones of said batches have an
i ncreasi ng amo8int o m‘ﬂ%@pawffshmq GI'W@V\P%"PS&I“& FESIPRSPH nation si gnal

for a conparab Wik ahe, han do pri.gr -ones e, said. batehes. and
generating an Leﬁt,[ thJJ ?at %trfl]aJ (T105) "' cW)'ca m‘é“é“'b@gé”l'hr*e“ el ?‘Ur?@‘?

of said fiignactntrsibs m@aasbgf@@égsentl ng an increased operation tinme of sal d
flow control nmeans following a receipt of said flow term nation signal. 9.

The met hod of &halymng (WhHESkHaic %cavcatgﬁep"mteaéltﬂ%h ﬁ@*"'@‘n&)’@ht\’mbcm?‘@ﬁs

i ncl udes the step of. n 107) thod_of claimb5
wher et i sai d P ABriy B et 3G bPET et e sane s e BPEEUTe
activati ngrr@uwapm(ei&?é'ﬂo\J«:thomesaetﬂ&theﬁhr@u@hréi-ﬂr»v%%eq»w_%%g.c%ep of
termnating includes the step of - cl osi ng a val ve (107) to termnate said
mat eri al fatewhan 2o priienestdicdicofziches;a™™ wherein said step of term nating

:‘IngLVUdiZ t he SteReratm%oanntcr)SlpU \qgﬂ g pu gl 07)_to termnate said ﬁatgrl al

gicain no & pCasimie Maiiintuon of said
flow conirol means representing an increased opearation iime of szt fow coniro

10  means following 2 recsiz? o7 22l fow termination sigre..
8. The metncd o c.aim 5 wherein said step of eclivating e corniro, means

inciudes the step of opening & valva (107).

10.  The msthod of ciaim 5 wherein said step of ectivating a control means

inciudes the step of activating a2 nump (1C7).

11.  The methad of ciaim 1 wherein said step o7 ferminaling includes the

step of clesing a valve (107) {o terminate said materiai ficw.

12.  The method of claim 1 wherzin said step of terminzating includes the

step of controlling a pump (107) {o terminate said material flow.
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