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mat eri a when t he scal e reading
reaches t Huringa gaerigldiagHer t o achi eve the exact desired anount of material.
One traditional approach to th| S problemuses a two-stage feed which

switches to a slow, dri b Uﬁ}ﬁ%‘ﬂh\%ﬁ@ﬂﬁh”g reaches a set

percentage (typicall gi; fl‘ﬁ ions on thjis approach
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rate, at the ?e)&gﬁt'&stﬁe Hix {5 Qt Lé f@&‘ xraégo'ﬁ sdrfe §ﬁ&n@r Qe FeS faRUsSies

significant sc nol se, el i m nat ed mechanl cal
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Furt hernore control the anount eri al
del i ve?&d aamss%e I¢ 34 taemess (B Toe AR APRCATENT g mQUiePRRIRE E&Fréi?ﬁﬂ 5 BRI EF
DESCRI PTI @Bhi&fe tHdExabBRMIdIGmount of material without reducing the product feed rate.

During the feeding of the material, the scale reading at any moment is different
from the actual amount of material fed or the final weight that would result if feed were
stopped, or cut off, at that exact moment. The difference between the final batch weight

25 and scale reading at cutoff is called Spill. For this reason, it is not possible to feed the
material at maximum flow and then stop the feed when the scale reading reaches the

target weight to achieve the exact desired amount of material.
One traditional approach to this problem uses a two-stage feed which switches to
a slow, dribble feed as the scale reading reaches a set percentage (typically 80-90%) of
30 the target. Variations on this approach use multi-stage feeds or throttling valves, but all
have the effect of lengthening feed time. Accuracy can be improved by lowering the
dribble rate, at the expense of feed time. Agitators in the process cause significant scale
noise, which can only be reduced or eliminated mechanical or electronic filtering,
increasing the tradeoff between accuracy and feed time.
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SUMMARY OF THE INVENTION
The present invention relates to a method for controlling an amount of material
delivered during a material transfer. This method includes the steps of inputting a target
35 amount for a material to be delivered from a source location to a target location, updating

the target amount during the delivery of the material using a predictive model-based
2
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order for the scale to settle in blocR 60. The flnal wei ght (FW of the
material is nmeasured in block 62. A feed error (E) is defined and
calculated in block 64 as E = FW- TW An actual spill (S) is defined and
calculated in block 66 as S = predicted spill -at cutoff point (PST) + E. In
bl ock 68, the predictive nodel paraneters, K, and K2, are updated wth the
new 30 data paint (Q S), wherein Qis equal to the material flow rate at
cutoff point and Sis the actual spill. This nethod ends at end bl ock 70.
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readr ng at any given noment and the final scale weight which would digh 2004
“if the feed was stopped at that nonent - that is, the valve was given a
.command to close at that exact nonent, ternmed the "cutoff' noment: 5 a.
Material in Suspension - a portion of the material which has assed through
the val ve W@RA8IS| | be in "free-fall" and has not yet ré’&Eﬁ@&‘P :
Decel eration Force - Force is required to stop the nmateri al Wmch |s
falling into the mx. This dynamc force adds to the scale reading until
the material flow has stopped. 10 c. ScalelFilter Lay - During feed, the
scal e reading at any nonent can "l ag" the actual weight on the scal e when
filteri ngmateridfpdd vathes.OLolderparametelarand used irdbleckt 35 adhdikithiertse mudicatidrest process
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pr actrcal cat | n wa r = K~ * Q+
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and Kﬂ) NZexghte(S%nsame&sereﬂ imblothé2.piredlockt 44y eherrmrget] weaiglhit CFWariseseit mj@qyelndent of

et eri al koW Laheonfhla 33idRe (ONT WriiR PR (Y QLREPGLIANSOD hakkchl | rove model

he 1 nit rd. vel oci.t.
O o a1 et Tplse B i ani s e Cbeng o Hm s T b DA Ae ot o
t hen the Tiod dumehingale aveight isameed arsedlen Ritered, Tasfdepictéin ¥, 232n@ s@Qo Kilker= 0
where, T Jcarewghfz ) ﬁ‘m%l??:rﬁ%“ﬁ E?lg%v' ??B?fh@%ateﬁlﬁ‘/ls IcglcRlatealay € + efv-t hr ough

factor e ownwar d

i al
vel ocil éyq\%ast)t h(g Tarehgring W‘EPH %fégé%d“z&ﬂ &FIW?@EA’E’ §1%32202
When t he dimilén edluedofion tieer ﬂrevmhncealdmgsxf Thie steptie pedbrmed ior blook tSDon'ﬁIhe to flow

rate, t heﬂe&lb@d fsﬁi 1 gﬂ'} @défﬁ‘lle&ledﬁd %El%ufdf%@qn bhockls2 by thetfoi¥widg pr3dRtifd | ter
CEQE?;S') i exa{adie”%s‘lo 2t KKV Qf SulretifkY € ah 81k HePitndias bR thf flddctitd ~
model and are independent of the material flow rate, and Q is the measured or calculated
20 flow rate of the material mentioned above. The predicted final weight (PFW) is defined
and calculated as PFW = W + PS in block 54. In decision block 56, if PFW is less than
TW, then the method exits from the circled letter “A” on the right and re-enters the flow
chart at circled letter “A” on the left, else the method continues through to block 58.
Valve 13, and the like, are closed or shutoff in order to stop the delivery of the material in
25 block 58. A sufficient period of time (e.g. 1 to 3 seconds) is permitted to pass in order for
the scale to settle in block 60. The final weight (FW) of the material is measured in block
62. A feed error (E) is defined and calculated in block 64 as E = FW — TW. An actual
spill (S) is defined and calculated in block 66 as S = predicted spill at cutoff point (PS;) +
E. In block 68, the predictive model parameters, K; and K, are updated with the new
30 data point (Q, S), wherein Q is equal to the material flow rate at cutoff point and S is the
actual spill. This method ends at end block 70.

Predicted Spill and Predictive Model
35 The theory of the aforementioned predicted spill formula recognizes the effects of

the following four components (a-d) which contribute to a discrepancy between the scale
4



K2 -+- 1 /] (32.2* p* AV), is a density of the material, and AVis a
‘cross-sectional area of a valve or other conduit through 15 .2 Whildh2Whe
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actual spi | Iparaftttess SRthOPRIRIASmAde] WU OGKeJeAlent SPmALRRE AYE HPeat i ng
o~fthe Pgedictiv redlctlvem:)e?

del . The d, rangters an are
i ndependéﬁt of f _S%ﬁé%mcﬂ?fb regﬁﬁn%‘}'?gr%eémé‘lvﬁﬁfogcloqfnést%%r*cfeé“sIQZ R ear i al
char act er i stth iniHgingenwasd clelaity nefk thapmatarialabains fod iotditaer pyode®Szero or
phenonena. %de@énd%ﬂﬁdfﬁoﬂﬁ%e?fheﬁhfef%v@ﬁé Hiuedeudeql | owi ng routine 20 and
t

strategy is used to determ ne whether a new point (e.g. cutoff flow actual
spill) is valid for updating the predictive nodel. Referring to FIG 5, a
coordi nate system 130 ﬂs=defiﬁgdﬁﬂ®/a?§play val ues of a dependent vari abl e
versus v3 ues of at |Kast ane i ndependent variable. The dependent vari abl e
is related to the independent variable by a mathematical function which is
def ned by a predictive nodel, as previously discussed. 25 Next, a closed
reference box 132 i%hegesfi ned on coordinate system 130. O osed reference box
132 has a fixed center [yt flkDcdmsRitetmatondinges of the dependent and

i ndependent vari abl es based on predeterm ned accep!a | e material delivery

data val ues, wherein th&gisensvapstheiugh it egefdo g)cﬁr[;&mg?dtl?% are
initial I%/Shset based on predeterm table material delivery data

d acc B
val ues. These di nensi onsf’oaﬁcﬂhec‘éﬁ‘ﬁg 0“68721?& 9lagitypldhapatigl ect to a
rul e-based adjustnent using process perfgrnance data. Next, a finite nunber
of successively snmaller closed selection” boxes 134, |36 (two boxes are used
for the exanple in FIG 5, however, any nunber of boxes may be used) are
defined on coordi nate system 130. C osed sel ection boxes |34, 136 each have
a center point 138 |ocated at val ues of the dependent and i ndependent
vari abl es based on current averaged 35 val ues of the dependent and
i ndependent . vari abl es as cal cul ated from process perfornmance data. The
di mensi ons of cl osed selection boxes 134, 136 are defined by 7 2 1 JUN
2004



WO 01138835 PCT/ US00132202 successively smaller fractional rruét [ Edwez f the
'cl osed reference box dinensions. Next, at |east one decision di 00
defined by which a specific new data point (as exanpled 141, 142, 143, and
144 in FI G 5yd@Miflg val ues of the dependent and independent variables
derived from process perfornmance data can be used to sel ect Pngﬁg%ngqzC rule
by which the 5 predictive nodel will be nodified. The sel ection depends on
whi ch of the boxes 132, 134, 136 contain the data point. If the new data
point 141 is contained within both of the smallest of the selection boxes
136 and cl osed reference box 132, then at |east one predictive nodel
paraneter is updated. Else if the new data point 142 is contained within
both the | ar §étendhe inftial dewewtidor!doity @f thtateritl ischrop@tonL tLI6W eRe B thd2 but
not wi thin thgloklnsvilds@re &ghection box 136, then at |east one predictive
nodel paranmeter is reset. Else if the new data point 143 is contained

wi thin clagsed reference box |32 but not within either of said selection
boxes 134,5 136, then oﬁlffrsjff & rrence within this region no change is
made to any predictive niyek agienc®imsite fihé orsfant, e new data point 144 is
outside closed reference box 132, then make no change to any predictive
model parameter. 15 Thi s Kypistd vvedlet-thRiupB thetos el fo gt fretd g deh that initial
val ues of the predictive nodel -based al gorithm par amét ef § are automatical | y
set fromdata of a first material delivery. Furthernmore, this routine or
method is self correctandg in that the predictive nodel -based . al gorithm
paraneter;g are reset when changed process or material characteristics
nmeeting specified criteria are detected. 20 U, ndate and Reset Eguations
Separate predictive mitel=pat&fftZer B #hvand K2 are used and nai ntai ned for
each different material | e e nge. .fhe predictive nodel
paraneters Kl and 25 K2 g]exslr}p%fggyﬁé%@gtg%@’ ter each feed of the

mat erial according to the sel ection procedure described above. The
equations used to perfor#yt hils aupgdsst-sectionat esetofar ealderor \oetttr WshdGt trough
conventi ggal mat hemati ca p | led "recursive | east squares", which
for a seggence of data plcgllhir31C s{hgﬁ’l&%eﬁ‘lﬁzglgvﬁsh oWy HieofOUr e loshiog &0 die taseet

devi ati on between the aclogafiondat a poi nt and the estinate of the point

provi ded by the predictive 30 nodel. Each data point consists of cutoff

flow Q as the in rj ab and, actual spill as the dependent
variable. After, ?ﬁgﬁﬂn‘gﬁe gg,r th 4" %eijcljo%lv §Q¥b W%, Micthod ﬁé\ﬁ?rﬁﬁ’?lér‘gpﬁ‘ﬁﬁfm("@js S)

is used in t3H8 NG ghnHYiPkywateriainfsedsasingchat @ edapping feed tdvbnigne ti wwed.v Bhisodel
par amet e{zﬁ Kﬁe;%mddb_ dgthsanstan Gitickison ahe BRRBERLAL Sic etdw %@%ﬁ@%ﬁ b Gh4 BT €
used in the ypy [ : . -

PCT/ CTS00/ 32 Héoz 'llfgg%1 }‘%i%g@?lgﬁéﬁﬁh‘%fsese °. eq%a’é%ﬁ EWQF% B\XP%‘?@& geight (T}, yal
Spill, repr in FRG I desires! weight of thaimaterial tobe idalivedeat aTipoiveight bf each from
t hedfi {_st fwggﬂmpirtfhmewaignrfkai bs dithp Q@Qddfe!aatb Txg i_tn?blgék lgé.eGbetléy Ei&%,e*rd‘t,ﬂg g
predictive - | ve addj.tional par ers ngede
for the d(raE:3 aé}tefd ot?gf)lg\%?8 g? r)éh%?/eégg%&ghe .}3\%%}&%0 —{hﬁ\?éﬁ“éﬁlég%ﬁgﬁo ieferged to

=Aver ageg{)Flaé\K})‘aZn desd-staty e Alh e veriapBing Spveish f@ds oavdamgyere(Fired)h WMok The

af or ement i oridstyptimdi T, i isewainsielipoaf toPpire Kn locR 92 'KZfﬁ%*e 4 séa?tiﬁé‘@f‘ ipgah ed oL
ST e e Gl ek IPHE SR o & BB ST W Rl

eéds or dumps to complete. Target weight (TW) is adjusted by any weight errors in

overlapping prewigh dumps or feeds. The method then progresses into block 98 where

30 then the current scale weight is measured, ﬁlteréd, and set to value (W). In block 100, the
flow rate (Q) of the material is calculated as Q= (W — Wiy / (t — tias), Wherein t is the
duration of time during delivery and W, and t. are similar values for the previous

- readings. The predicted spill (PS) is defined and calculated in block 102 by the
following predictive model PS = K, * Q + K3 * Q% wherein Ky and Kj are parameters

35 of the predictive model and are independent of the material flow rate, and Q is the
. :



20 Updat eANEW AOLD +y(Q - AoLD) (Average Fl ow) BNEW BOLD ' ~~( 9 |2 -

"BOLD) CNEW= COLD "+ ~( Qi3 ' COLD)25 AANEw= AAoLD +j3( S ; - AAoLDj JUN 2004
«(Average Spill)BBNEW BBOLD '~~( Q i'S i °~ BBOLD) Then, 30 K; = CAA - BBBAC
- BKZ=ABB - BAAAC- B35 40 Initial Point f Qn.Sn & Reset: Ao =Qo0
(Aver age FWRWP1388380 =Qv2 9 , ° WD 01/38835 Co =Qo _ ARCHUS0082292( Aver age
Spill) BBo = QoS o Then, 5 K~ = AAAKZ=0 10 2 1 J U N 2004

PCT/ USO0I 32202 I n the above equations, ~ is 'a weighting factor having a

val ue between 0 and 1. Smaller values of ~ provide nore weighting to
previous data points. A value of p=0.17, which weights the 25 h nost recent
d?; a |t09i Nineftyired. &Jca&jﬁlitédrﬂi)lv@%t&pmgtma][té}ﬁ\@menﬁ&;iteﬂtaSQ\YeioTlﬁH)Qédicﬁé@&inbﬁeg used
ef fectively. e applications o i s . ria~i~.Fee

Techni gueb%%}el{lgﬁsg) {asaar?gp%)(f?ndﬁceaicg at%ir%scpe@so —_élews‘i'ar gllﬁlgg T 81[9 aba%{‘ghknrrgerﬁﬁsf‘%ct uring
systens, Blork hfiithBF Whailass dan Tihi thenethp aredifadtexits Gam tbe cirgled IepteppfResen syst ens
consi sts g rightdhd rpbrters ANK 6w Chart @Ctitil@l leftBre R’k shedleR, Sk 8@ hahste! | ver

materials_at. t sar CUr ac Thi lso 20, allo al | el

oper at Pong gt TRRREE R Bk AE Ne'ts, 10 e Qg Qo BoBid RARBRUR LI 1o

wei ghi ng tew itheedeliyery ofghe matgrialnipvhbenknk08i sA sufiicient paripdiaf tivem(atsorli QP t he
change i nsesBhdahis petitte@defasd in obdek For MRLdale @S setlY M bibcki1 @l Ehdfaiveitht MOVenent

at a time.d one tank. Refertjn .G, 6 .S anpl r QCEess
confi gur aﬁ‘g%gfl%é%mgfm%ﬁﬁﬁeéﬁm%n\Wé’f’ M%g‘;rﬁ%eﬁ@r L@& f{%eg?%ﬁ%q?%‘ﬁﬁ? anks 162,
1 d4 t hat inshlegkolld ag EraFW + AWk A actiad spilli (Bhisalefingsdndselsulated in Blopla 46 Thi s
;:pnf i gmr akd n= @hltdwtﬁi é;mlé Qt B?S%’adomt Nesgr+ &l sint tBloE]@ 1ID$,|Qﬁ6§>$@i€ic_tiivél rhdiRl }Jppfr )
iered pr n nd, del i ve .0 .t .er in tan
166, whon PRSI K% (il Rl B ANPEEER0R: (1% G0 O ELBGITEL " A0S
one ski | | g materiah dowrrate\ad ataif ppist and Sdethepetualsspilbs Thix Bethed endsdf 804 | ng
syst ens abidéior2030 controllers including, but not limted to, flowreters,
wei ghbelt feeders and/or conbinations thereof. Traditional Operations;
During the manufacturing of a product, each tank goes through its recipe
cycle '&nd 35 interacts with the other tanks as shown in the traditional
activity diagramin FI G 7 dhprive UpSamneooyPhecPrelinBvambgdli al s A, B & C are
delivered to the meav®iedhodedpirtméttrs G ahd €K, W idependent of flowrate Q but

can change slowly due to process or material characteristic changes, such as makeup in

valves or other process phenomena. After each feed of the material, the following routine
20 and strategy is used to determine whether a new point (e.g. cutoff flow, actual spill) is
valid for updating the predictive model. Referring to FIG. 5, a coordinate system 130 is
defined to display values of a dependent variable versus values of at least one
independent variable. The dependent variable is related to the independent variable by a
mathematical function which is defined by a predictive model, as previously discussed.
25 Next, a closed reference box 132 is defined on coordinate system 130. Closed reference
box 132 has a fixed center point 140 located at values of the dependent and independent
variables based on predetermined acceptable material delivery data values, wherein the
dimensions of the closed reference box are initially set based on predetermined
acceptable material delivery data values. These dimensions and center point 140 are
30 subject to a rule-based adjustment using process performance data. Next, a finite number
of successively smaller closed selection boxes 134, 136 (two boxes are used for the
example in FIG. 5, however, any number of boxes may be used) are defined on
coordinate system 130. Closed selection boxes 134, 136 each have a center point 138
located at values of the dependent and independent variables based on current averaged
35 values of the dependent and independent variables as calculated from process

performance data. The dimensions of closed selection boxes 134, 136 are defined by
7



10 .2 1 JUN ~pp~ WD 01138835 ' PCT/ C1S00132202 the activities that are
loccurri ng in the main tank. Wien the main tank is ready to rece?veJiheo0:
.pre-wei ghed internediate materials, they are transferred to the main tank,
with all other activity in the main tank suspended. This approach to batch
manuf act urWAg§L¥I vers quality product at an effective PETASIER2R2he need
for additional product increases, however, 5 adding additional

manuf acturi ng systens or increasing the nunber of manufacturing hours

t hrough overtine or nore shifts are typical options. Overlappin Prewei~h
Dunps and Material Feeds: To reduce the batch cycle time, and thereby

i ncrease Mcéuamély@;ﬂanar mctwnels@mlpl%@ofﬂﬁyelaﬁddceérefiﬁ&d BORdSmensionk ENe atusi ng a

| oad cell st e nt er i at

transt or 18 oS i B Rendd REvhisRa ARECHE, TR oS (T UREPRALE | e
product i oh420f14%wané>lﬁém RE3. o1 deding velueshefithe dependagt mmdwclmmamté@t i ons.
The decr eggfved &oﬁmb&sggadmm&ce@mrua@a& utR AN sIRY 8 kdciffcasledswhierat system
s D8 TR ol i 5 AR 1R BLRR! bBlena Sy BACH Ll bk, B 2bP N0

feed a S are coordinated with
a material34 é«’e@c@éﬁﬂl Hadatgoint. aIféh%mVﬁéataH@lé@ 4t1 as méanwémthlahkth@f thehe sane
time. Forsrhdlest éf0theelectaindbsies 136 amawiake ryfedtld ¥e¥ 131)anemian ldimt @fel al , the
prewei gh fini shes

| . d. Thi
bver pi M PRRRedel Rorferet Rhesté glﬁak ¢ PR idel By 4 lsRORAmsh Sk T ©
per f or mankah dfe largenof shesslerdordfoxeh B34and stosed refeiinge bew b2ttt inehwithingieudi ng

mat er 1@l §rhar éfedtioh 86x 136 RkenSdt &8t mqarétn@uvla rhdd@Pfararth&eCi@téde@NElsY iei ng
updated a ffsﬁ‘gt he

h
ot edi ot 1 ofts "R BeER 41,3 gg?%sw?tﬁ@ o8 ERireRE ot 410 BT Sl lBE e
timng di gﬁgqaalmebptm lmxesal AR rthemen first guewrenge withia this|regioR Y CeRIRP M t i ons
are provigieds o2y picite Modél p@raﬁ@&ﬂdEﬁaﬂdhe few@atd Palht 14ads pieldecigbal nmay

i ntrude i Fe‘?e‘é"em?i‘iz &%H%{aﬂgné" drPangéj oeaﬂg‘f!lrﬁdf&nw%o %El{g}n% leefeed. This time is

configura an ‘engi nee %’/Iﬁ seconds. Tdt This is
the cdbcul at edhi§ ﬁ@tmmﬁr rtl%o%ﬁ selfreiereing ap Wt |initiglevalugsaglothevpiedietivy t he
prewei gh meédsased dlfuaithrh HRrdnete aedaitdmixicalty Fetbfrdmidataref a fisnmatbhins i s t he

time that ?etl'bgrﬁnalt‘tﬁ‘[hieﬂ'{lorg %gs 1¥H§1]ie I)Ie %ch%h qgg?lf Mé}eﬁf?[:rg 1r991¥1t eﬁ‘!@ﬁlgpv‘ﬂﬂt erial

comng into ner this
feed al on’é‘O‘thlT‘Pésetdhé‘gﬁﬂ‘th@rlpéfaW%ﬂ w IGS%eW§a%p€ﬁa&f& propess or mgtegialy N 2004
WO 01/ 388&ardefeiktidSiet B ép2cifibd critktiamreidsteted)f i gur abl e by an engineer and is
gener%ly set to 15 seconds. 5 10 15 20

Update and Reset Equations
Separate predictive model parameters K1 and K are used and maintained for

each different material in the batch sequence. The predictive model parameters K| and
25 Koy are updated or reset after each feed of the material according to the selection

procedure described above. The equations used to perform this update or reset are
derived using a conventional mathematical approach called "recursive least squares",
which, for a sequence of data points, minimizes the sum of the square of the deviation
between the actual data point and the estimate of the point provided by the predictive
30 model. Each data point consists of cutoff flow Q as the independent variable and actual
spill S as the dependent variable. After the material feed is completed, the new data point
(Q, S) is used in the following equations to update or reset the predictive model
parameters K| and K and additional parameters, defined below, which are used in the

predictive model.
35



25 30 Tnf This is the tine that the material feed into the main tagk is
"expected to take. Tovl This is the overlap tine that the preweigh haUN 2004
.material will both be feeding into the main tank. Tpw This is the greatest
time that any sel ected preweigh(s) are expected to take to deliver the
contents tWQH888¥ki n tank, Additional descriptions: Mct PTHUS00{32202 he act ual
flowrate at which the naterial is being delivered to the receiving tank.
This is |live data and is updated every second. Mavg This is the materials
average feed rate. This is updated at the end of every usage of that
material. Metc. This is the nunber of seconds that the material is expected
to take t def(Qi,sh)l vhe@eQi; weCytoff Wranardh S it dtmbleSpillsreprest dgressdatd his is
devel oped fng live process data. Msp This is the amount of material that
is to be gg@ed during the overlap operatiagn. Pact ThIS |% the actual flow
rate at whH@niHgal g\mrarﬁlqsfr%me aytiferg of the paterial). F ongthatis 9 ReBpdi ng
tank. Thi $o resetltheseediatia astitl,i(Q (LPlat ed every second. PWavg This is the

hi storixal average flow rate at which a preweigh will deliver its nmaterial
to the regrhivé fige iddittonallfirsindtérs nidad RdtheimddBEasgoltoved: every prewei gh
transfer. 35 12 WD 01/38835 PCT/ US00/ 32202 2 ~ JUN 2004 pWetc. This is

t he nunbeq;:ehve&g Mds that the preweigh is expected to take to deliver its
mat eri al . AMhenyé egﬁlgnsfer is in progress, this is devel oped using live
processg d%tﬁAve'ia SIS 1S the mass that the preweigh is expecting to
deliver tggt ﬁver%ﬁf‘l&v&‘gsgﬁ It is determined at the tinme the receiving
tank request W h to deliver its material. 10 During the overl ap
feed there are ny process checks made to reduce the possibility of any
process upset Fol lowing are the steps and the sequence in which they occur
when perf rl feed e 2 [ est ed
prewei g gﬁn?erﬁf ?1% fg‘FF“VC ?d\?}l §/J§;n é%ﬂ% dd H{Ah %’ ?%Jﬁds rér?&'tr' hei r

mat eri al fa%cof(ﬁ e f‘awt?g preV\/el ghs are eval uat ed to determ ne

whi ch wi | t la; PWR | R 3. Th
malt gri\g: fe %V‘fe“lc ¢ g‘r’tgz’f’@u %t’gd)’ ﬂerteﬁi g’i‘tﬁ%’?'zqw‘f% S*%ﬁ”a/l 5 \\58 4 The ©

total gnount of material expected in the main tank is determ ned by

combi nf'fhg 2 1 t he expected prewei ghs' amounts, PWm , and the nmaterial
feeds setpo I\/Isp for atotal. 5. The tine to deI ay the start of the
mat eri al feédsw s =cdioul aﬁedB(@m@owhe Gheragedtlow)Tpwl as: Tdt - ~ Tpwl - Tnf

+ Tdb + TrmaBleWwM t=FBJgt nevep(Qél.ng)Lb)ess t han zero.

Cvew =Cowp + PB(Q7 -Cowp)
25 AAngw =AAoip + B(Si-AAoLp) (Average Spill)
BBnew =BBowp + B(QiSi-BBow)

Then,

30 K; =C-AA - B-BB
AC-B

K; =A'BB - B-AA

AC-B
35

" 40 Initial Point (Q o.S q) & Reset:

Ay =Qo (Average Flow)
By =Q.%



6. Ali requested preweighs are instructed to begin their transfer. 25 7,
“When al | prevvm ghs have started their transfer and the, Tdt |, had bhe¥N 2004
.satisfied,"the material feed is started. 8 The feed alone tinme, Tma , is
noni tored to nake sure that no preweigh's transfer will violate the

mat eri al s, V#OH3835 using the fol | owing nethod: Tra ~ Met SCT/USHRER 30 Based
on the results of this conparison one of two things will happen. a. If the
feed alone tinme is not violated, the preweighs will finish transferring.
The material will finish its feed and at the end of which all system dat a,
i ncl udi ng but not Jimted to information fromthe independently neasured
feeds, wlIChe “uQGat ed to reflect the current operation of the process. 35
b. If the fged-ad g@vetrgg]@g,g violated then the follow ng occurs: 13 ~1
JUN 2004 WO 01/ 38 SO0l 32202 1, The feed is stopped. 2. The

prewei ghs fBBjshQdRdr transfer and update their process data. 3. The
under wei ght,of the material feed is determ ned and the operator is inforned
of the_.sho j{hF M| so that corrective action can be taken, 4. The next usage
of the”mat |al An an overlap feed is inhibited so that accurate system
data can be coFfected. 5. Normal overlap activity resunes after accurate
data is collected. 10 The present invention may be inplenented, for

exanpl e, %gzage atl ng a conputer systemto execute a sequence of

machi qg readable instructions. These instructions nay reside in vari ous
types 'O0f signal bearing nedia, such hard disk drive and main .

this respect, lafs #hove sapsions, Bfis v heeighting &revori heyasta ekt wesn b “g})br ogram

pr oguct SHAATRE 'v§1h£t~gofsﬂ ﬁ@?l'delﬂ%w&ghtmdb%@rﬂiﬁl distan@irds. pAaghszqB#O 17,

machi ne-re gtions exec { rnpcessor,
such as av @dﬁ egh ?x%(%gsgnoat reéeng‘?at ﬁ?%}aPO? agxft}?e 58%51% Cfﬁttl?onpc l&clz'he
machi ne- r @e@bhas heﬁrstheéeffﬁqﬁwglyrmvveréhwils%wam tBisanshoda nunber of

progragm ng | anguages known in the art (e.g., Visual Basic, C, C++, etc.).
I't should be understood that the present, iwent Lgn may be |rrpl errent ed on
any type of conputer system ? nputer s aﬁ{;ﬂ
conprises a meh§reols 200WElde &F PrcsTedsiang farnbetcfeemyw‘eﬁ sy€eByntect ed to
a mai n efdving thér Gwn ufiigidbde e C 0as oMhesimpldsRAN)ens candsts pf ayubighpesr , an
auxi | | ary r2Hi %rﬁgeec'f}x%gﬁlﬁ ate s@%ﬂ tﬁdé?%é’\%%xﬁ?%ﬂhgﬁeceﬁﬁgﬁ%mﬁx& eFH1§Q§H)0nent S

may be interconne system for
exanpl28, #lomsperallgh W@@é%ss*@rm‘ﬁ%%thﬂ?}lghﬁ‘ite ITh%rtb‘H?sé’f‘? B‘H“m?-‘ﬁ%(t%qdna%/l shoul d
be under sieighing hiavicthend heseial nioneredt i iorohsolledt by inminiterdng theachangmen 25 nake

of procesgary tf‘f’]lrlg 'bg%g&al' BY SRS TRY PEnfL %Hrﬁ?glo':)éthé}g B9 Bheqh ARy ohype of a

processor €h processor oOr an auxiliary processor. An auxiliary
st or age a@&lﬁ)ter may be used to connect nass storage devices (such as a hard
di sk drive) tdleffemngpmt ﬂGsySsttblm exBhplep oopessncosfighratom 16¢ esfs ar batgh al |

si mul tAne f,&g Aégﬁ-r %h (ﬁasot'avot;? HkL625 Y64 BT suw&?%alﬁ fah® 166t @HicBcenari o

woul d e case |f. uter system we co ter, and
t her ef or e? fipdd g &rde-u B‘ﬁc ‘gHtha’é \ioy @Fﬁ”BE) %G W?g%ﬁgsﬁvgﬁproce%&l

in the upper txered prcwelgh tanks 162, 164 and delivered to the lower tiered main tank
166 when required. While FIG. 6 depicts a system having two preweigh tanks, one
skilled in the art would appreciate the use of alternate measuring systems and/or

30 controllers including, but not limited to, flowmeters, weighbelt feeders and/or
combinations thereof.

Traditional Operations:

During the manufacturing of a product, each tank goes through its recipe cycle and
35 interacts with the other tanks as shown in the traditional activity diagram in FIG. 7. In
this example, the materials A, B & C are delivered to the preweigh tanks in parallel with

10



for: access to mechani sns or portions of mechani snms that resided on a
"server. A display adapter may be used to directly connect a displ zin &N 2084
.to the conputer system A network adapter may be used to connect the
conputer systemto other conputer systens. It is |rrportant to note that

whi | e the WPAY3$8S i nvention has been described in the 35 COMR2%f a fully
functional conputer system those skilled in the art will appreciate that

t he nechani sns of the present invention are capable of being distributed as
a program 14 WO 01/38835 2 1 J U N 2004 PCT/(1500/32202 product in a
variety of fornms, and that the present invention applies equally regardless
of the pathe inctisldes thatpes odcusing athe megzem tanky Wb sheunain tank isceadintol pcedvd ry out

the distry % h%mhﬁéla&fmﬁbﬂmlmaﬁ%lt&asﬁﬁéd & ih@QhaHﬁIQankr eg@rdabl e type
di sks, hard rives transm Ssi on

medi a, suc
type nedi %he’s?ﬁEﬁ‘%g‘ tﬁ? ﬁ‘ia'c“é?nkasr‘l‘épe&ﬂ%d i‘g“%apé’ﬁq%mab@g%”& TR hv Wi r el ess.
VWi | e par duatity podestrbiooi effective rate. Ahthe pecslfernadditionalmrodat nhatvesebé@wevqri ustrat ed

and deg;%@ﬁgroéa@umak ImaRAGraglaMA lg§sténgs b @RBeadibly | the SuinBert BE ndhifadthatg vari ous

change | cati.ons ma% 1t hout "departing fromthe spirit and
scope of BHES thFRHEA OV FHME PHMAFFF lfFaf%WPﬁf&RH%‘E to cover in the appended

clainms all such nodifications that are within the scope of the invention.
15 Z i v 2~0~ V\HATIS CLAI VED 1 S; A nmet hod for overl apping a

delivery € ghFeggsasured material with a delivery of

a min materi a’l'% ?%me tte aetEh cgcqgtqn% a%‘ flé?goaﬁm'gpera%r bx%huétiroﬂnrx{ eChrefnPCESS,

wherein the ﬁtl on and not
measurléd mveralogoé‘?lt}’érsl éc@%tf-‘ltbﬁﬂ using 'Fh@aﬁe‘ieﬂoéb’stﬁn & éh"msimevﬂ'fé?é % &fjnal

target bafnedimp@h@hinaictialdef ira@derRd frbm 5 Wrewdigia t Thigetpperohunignifirantai d i n

material and an [ te sum : ndent |y
neasur ed Wﬁ'fegsrelséﬁgg{ogg%oncfelaflveg}sg gs %ﬂ# ?nr?fz(a@étp @ngia ltng ﬁp&l ght is
updat ed aThedearease del dygler ymefis é@l@ﬁdﬁmﬁd@@érﬁé@mll factaisa s %VSFFH’t éHSh whil e
mai n mat eédaﬂlatddstoSi%tehhmb@t’s']ﬁteﬁiﬁﬁll vy @dwntin tHe&fdeﬂQiplr@Wﬁeediedtivwrdyagva ation

from the oriel oab, LAJSRENASAL LY EARMIGC P! Sheah A Gha@BANL BeindS 3. The

methodl rte at atinme

a Tat af t@ﬂideﬁ trithsamate Fnk gt Wéé%fﬁ? daes eydisga gyopk a‘&fhﬁt%ltﬁcﬁ‘fréﬁﬁfb P o1 | owi ng

equat i ONSmain material, the preweigh finishes its delivery before the material finishes its feed
This overlapping feed technique works by maintaining information on the
performance of most aspects of the process. This information, including material flow
20 rates, tank sizes and drain times, is constantly beihg updated as the process is used. The
information is then used to make the predictions necessary to perform the overlap feed as
described in the timing diagrém of FIG. 9. Referring to FIG. 9, the following definitions
are provided:

25 Tap This is a "Dead-Band" time that the preweighs may intrude into without

causing a problem with the material feed. This time is configurable by
an engineer and is generally set to 5 seconds.

Tdt This is the calculated time that the main material will be delayed while

30 the preweigh feeds so that the required (Trma + T4b ) is met.
Tma This is the time that the material feed must feed alone, without any

preweigh material coming into the main tank. If any preweigh feed will
interfere with this feed alone time the material feed will be suspended.

11



if (TpW -Tmf +Tnma +Tdb) is greater than zero, then Tdt =(TpW -Tg\{ +Tma
"+Tdb), else Tdt. =0. where, 20 Tdb is a dead-band tine that the JUN' 2004
J ndependently neasured material delivery may intrude into wi thout causing a
problemwi th the main material delivery, Tdt is a calculated tine that the
mai n mat er V03B very will be del ayed while the i ndepentfe¥§%3 R sur ed
material is delivered so that the required (Tna+Tdb) is net, 16 21 (U
N 2004 Trma is the tinme that the main material nust be delivered al one,

wi t hout any independently neasured material being delivered, Tnf is the
expected tine to conplete the main material delivery, and TpW is the

largest time that amg:partd QULAE-LA6ERENEERELiNCARAS UE gdndrllekbalo 15
expected 5 to be di g%helgr:zlé% 4. 'Ilﬁe ne?ﬁhygd ofécl aim 1,%$/herei n said steps
are contained withi °8%snput er - r eadabl e medium io 5. The nmethod of claim
1, wherein said steps are contained within a digital control device. 6. The

met hod of clmim 1, WAL &l e dledntEPFafliS £ANR Hetnith thikns exgeormus er data
si gnal enbeddéd in a carrier wave. 15 7. A method for overl apping a

deIiveF& of at | easttafhe i ndependently neasured material with a delivery of
a main material to a target location during a material transfer process,

sai d method TOPri sifygs heSERPSp Yme that the preweigh and material will both be

feeding into the main tank.

10 prl This is the greatest time that any selected preweigh(s) are expected to
take to deliver the contents to the main tank,

Additional descriptions:

15 Madt This is the actual ffow rate at which the material is being delivered to the

receiving tank. This is live data and is updated every second.

Mavg This is the materials average feed rate. This is updated at the end of
every usage of that material.

20
etc. This is the number of seconds that the material is expected to take to

finish its delivery. When the transfer is in progress, this is developed
using live process data.

25 Msp This is the amount of material that is to be added during the overlap

operation.

PWact This is the actual flow rate at which the preweigh is delivering its

material to the receiving tank. This is live data and is updated every
30 second.

PWavg This is the historical average flow rate at which a preweigh will deliver
its material to the receiving tank. This is updated at the end of every
preweigh transfer.

35
12




inputting a target anount for a main material to be delivered frogwa ﬁgurce
“"destination 20.to a target destination, wherein the main nateri al i 's JA%:2004
.measured at the source destination and only neasured at the target
destination, and delivering the main material while sinmultaneously

del i veri ngv@01/3883st one i ndependent|y neasured nateri al .PCIUS00/2208 JUN 2~4
8. A nethod for controlling an anount of material delivered during a
material transfer, conprising the steps of: inputting a target anount for a
material to be delivered froma source |ocation to a target location; 5
updating the target amount during the delivery of the material using a

predictive padel baseg;alsa0e hiMHr-#ReoHBIRE! MO phdetbiPis@ttbédiddve takedel - based
al gorithm baséd’ on process performance data using a reckhr si ve |l east-squares

procedure, wherein slivergisanatenialy &Vhepdes Uasleds W RBFEEN AL FSYEPEhe tar get
anount to equal a diwpgnsegdroesRdak. pl us a predicted spill to anount,

wherein said predicted spill anount is defined by the follow ng predictive
nodel : Ki * *Qa where, KI and K2 are paraneters olf, sai%e?redictive
model Whi ch” ames i nd e di mese thehthepresieizhss sXRsaIMELe Selivi P BF FE*Y 8easur ed

or calculated flow nafe af i{ etefRh&l aflthe AmeTihe revdiviag tafk edqaess &e where
initial downward vel ocit. f,.t.the.material is equal to zero or independent
0 4ol S Rl

of flow rate, such R ViR 32.2 K2 =0 where, Tf is a filter
conposite tine constant,

10 During the overlap feed there are many process checks made to reduce the possibility of
any process upset. Following are the steps and the sequence in which they occur when
performing an overlap feed:

1. The system waits until all requested preweighs have finished all activity and are

15 ready to transfer their material to the main tank.
2. The preweighs are evaluated to determine which will have the greatest, prl , by

PWia /PWayg

3. The material feed time is calculated by the formula: Trnf= Msp / Mavg

The total amount of material expected in the main tank is determined by combining

20 all the expected preweighs' amounts, PWina , and the material feeds setpoint, Msp )

the formula:

for a total.
5. The time to delay the start of the material feed is calculated using the greatest, T
, as: Td'c =( prl - Tmf + Tdb + Tma ) with Tdt never being less than zero.
6. All requested preweighs are instructed to begin their transfer.
25 7. When all preweighs have started their transfer and the, T4t , has been satisfied, the

material feed is started.

pwl

8. The feed alone time, Tha , is monitored to make sure that no preweigh's transfer
will violate the materials, Tha , using the foliowing method:
Tia> Metc, - PWetc,
30 Based on the results of this comparison one of two things will happen.
a. If the feed alone time is not violated, the preweighs will finish transferring.
The material will finish its feed and at the end of which all system data,
including but not limited to information from the independently measured
feeds, will be updated to reflect the current operation of the process.
35 b. If the feed alone time is violated then the following occurs:

13



Kv is a valve let-through factor equal tois 2 1 J UN 2004 J'° ofq [signVooby
)] dt , 0O vois the initial dowward velocity of the material. 10. The

.met hod of claim8, where initial downward velocity of the material is 5
proportional to flow rate, such that: K =Tf+Kv. Tf is a filter conposite
time constwagi/388ss5is a valve let-through factor equal topdrmwsdozzez(t)~. dt ,
0 to and K2- _ 1/(32.2*p*Av), pis a density of the material, and Av is a
cross-sectional area of a valve or other conduit through which the nmaterial
noves fromthe source |ocation to the target location. is 11. The net hod of
claim8, wherein said K1 and said K2 are updated from process performance

data using said recyrgie. ehgstaﬁ(g-gguares procedure. 12. The nethod of claim
ection a

8, wherein an adapt|ve se |l gorithmis used to deternine 20 whet her

at | east one previ ofts 19¢ BEfeighy nish Hsir gagferand|ugdats theimpprsesidetter shoul d be
19 z fi ,rug 200 Befhacaderweighe: @tthd mastialfoa] 8 deteiige id tueopapsiel sbased

al gorithm parameter i f,@LOaror shortfall so that corrective action can be taken.
5 4. The next usage of the material in an overlap feed is inhibited so that
accurate system data can be collected.
5. Normal overlap activity resumes after accurate data is collected.

10 The present invention may be implemented, for example, by operating a computer
system to execute a sequence of machine-readable instructions. These instructions may
reside in various types of signal bearing media, such hard disk drive and main memory.
In this respect, another aspect of the present invention concemns a program product,
comprising signal bearing media embodying a program of machine-readable instructions,

15 executable by a digital data processor, such as a central processing unit (CPU), to perform
method steps. The machine-readable instructions may comprise any one of a number of
programming languages known in the art (e.g., Visual Basic, C, C++, etc.).

It should be understood that the present invention may be implemented on any
type of computer system. One acceptable type of computer system comprises a main or

20 central processing unit (CPU) which is connected to a main memory (e.g., random access
memory (RAM)), a display adapter, an auxiliary storage adapter, and a network adapter.
These system components may be interconnected through the use of a system bus.

The CPU may be, for example, a Pentium Processor made by Intel Corporation.
However, it should be understood that the present invention is not limited to any one

25 make of processor and the invention may be practiced using some other type of a
processor such as a co-processor or an auxiliary processor. An auxiliary storage adapter
may be used to connect mass storage devices (such as a hard disk drive) to a computer
system. The program need not necessarily all simultaneously reside on the computer
system. Indeed, this latter scenario would likely be the case if computer system were a

30 network computer, and therefore, be dependent upon an on-demand shipping mechanism
for access to mechanisms or portions of mechanisms that resided on a server. A display
adapter may be used to directly connect a display device to the computer system. A
network adapter may be used to connect the computer system to other computer systems.

It is important to note that while the present invention has been described in the

35 context of a fully functional computer system, those skilled in the art will appreciate that

the mechanisms of the present invention are capable of being distributed as a program
14



.adapt the predictive nodel -based algorithmin response to a pr oce?ﬁ Wg&e,
“sai d* determ nat.ion is based on process performance data. 13. A netho b
.controlling an amount of material delivered during a material transfer,
conprising the steps of: inputting a target anount for a material to be

del i ver ed WPOH383S0urce |l ocation to a target |ocation; KRSTHIMNE2e t ar get
anount during the delivery of the material using a predictive nodel 1 o
based al gorithm wupdating said predictive nodel -based al gorithm based on
process performance data using a recursive |east-squares procedure, wherein
an adaptive selection algorithmis used to determ ne whether at |east one

p[ e}/i Outs ProRfétGh h\v@rifjfydefoﬂaa,%g ﬂifdt g@rﬂr%slaﬁrt:iwgdtsm}@nliggs&qwludrdgerdne_epbfacgd vvlt th
at |eas ne new pr.edi cti.ve el -based al gor m .er. order to
adapt theﬁ’ﬁr%aﬁtilcé’%q?\%pen%d%?q%gggﬂ?gaﬁngﬁ? Ralt iaﬁlura&ﬁcaq”n%gg{ %’gg&l%%dé{égs change,
sai d det eEndmples ofisignal beasing madipineludes geqoedablsrtypemedigagugh ag 8ppny Hgsa

coor di nat gag\Edkadnves) adil P RPMéahE @Sndissordepene@nisuntasd épita aveamdisy val ues

of at |east one itﬂ)dseﬁﬁpsdae tw'r\éerssi abl e, said dependent variable being rel ated
to sai iﬁ%ﬁ‘%ﬁ%ntﬂ variapre y"a mat hemati cal function defining a
predictive nodel; 20 defining a closed reference box on said coordinate
system said chideaarictler embadiments hbihe mgesentfinveation bavedreep diustratpdent ed at

val ues of q5@lifed!SPSARSHY oMt RFBRS0ARHRA R hE N C B A3RALOBAERIGAP! M nEd

acceptabl e natefia very data val ues, wherein di mensions sai d cl osed
r ef er ence nodificatians inmythieahddg vatoubdepeting firopr thel egtisit aridrreope2d the MventuN 2004

22?1? 2? pl)??‘l 1 tisfa {rfte%lclecsj 1%' doVEl tﬁlef:al g;%e}xlc?elduc?aslfns MSLE Ho 1ﬁc':a(éiogé {B?ip§xlc%§1ir9nd sai d
the scope of the invention.
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Jbeing subject to a rul e-based adj ustment using process perforgance data;
defining a finite nunber of successively smaller closed selec i lodU bdggss on
sai d coordi nate system said closed sel ection boxes havi ng each a center
poi nt | ocated at val ues of said dependent and independent vari abl es based
on current averaged val ues of said dependent and independent vari ables as
cal cul ated from process performance data, wherein dinensions of said cl osed

sel ection bo j y successively smaller fractional nultiples of
sai d cl osed ﬁgééﬁgﬁéﬁﬁégaﬁﬂﬂ nsions; and defining at | east one decision

rule by which a specific new data point having val ues of to said dependent

and i ndependent vari abl es derived from process perfornmance data can be used
to select a specific rule by which said predictive nodel will be nodified,

sai d sel ect i dnAdegkertifongventapphigehdeadiveryaifcit lbaxtame dadepandentigintbagibd mairial -

14. The method of claim 13, further conprises the steps of 15 defining two

sai d cl osed sgthecddli®bryluDaasain Mehtdril o §@r%et‘l’&ﬁtl§ﬁ kg ﬁl%te%ﬁl tfrﬁ'{sk‘é?‘ﬁocebg
said new data point is contained within th of the smaller of said

sel ecti ons boxgareanthe Saifl nﬁlté?ﬁ?ﬁ sBﬁ:fl)eﬁl%E%?edoﬂ)fh Ploldgtgc?}f ad¥hot e(ASured at

predictive nodel pararret ers se IT salrd new d pornt  I's co ai néd

w thin both ge [Og of said selection boxes and sai d cl osed reference
box but not PHFR gi%P smal | er sel ection box, then reset predictive 20
nodel paraneters, else if said new data point is contained within said

cl osed reference box but not within either of said selection boxes, then on
first occurrence within said region make no change to said predictive nodel
paramet ers, @l Ble methed of elaiin pr whi¢reini a/fnaitmigdt bpwharsgleisdefRied as thelsudd b 2004
else if new data point is outside said closed reference box, then nmake no

change to sataiggraamdunt fov eaidadil mpriiah@idemsaggeidpate i méﬂg@@r@cﬁmﬁé flr 52id 3,

wherein said dependent variable is an actual spill anount. s 16. The nethod

of clai md3, indBsskRly ARadinRkeAls 38 ddINARREAMER D HAT AR R dSwaEHA
updated after the delivery of each independently measured material, while main material

is still being delivered, to reflect any delivery variation from the original independently

measured material target amounts,

15 3. The method of claim 1, wherein said main material delivery is started at a time a Tq
after independently measured feeds begin, calculated by the following equations:
if (Tpwi -Tme +Tma +Tap) is greater than zero, then Ty =(Tpwt Tt +Tma +Tap),
else Tq; =0.
where,

20 T is a dead-band time that the independently measured material delivery may intrude
into without causing a problem with the main material delivery,
Ta is a calculated time that the main material delivery will be delayed while the

independently measured material is delivered so that the required (Tmat+Ta) is met,

16



to one and said independent variable is a cut-off flow rate of saig 1 JUN
“material. 17. The nmethod of claim 13, wherein said nunber of close 2004
sel ection boxes is 2. 10 18. The nmethod of claim 13, wherein said nunber of
cl osed sel ection boxes is 3. 19. The nethod of claim8, wherein said nethod
is self starting in that initial values of said predictive nodel - based

al gorithm paraneters are automatically set fromdata of a 15 first nmateri al

delivery. .. The . .net of claim.8, whereif sajd nethed is self correcting
" thatsard e A 08 the haft Bahie i B ARVl Aol MRSl eset “whon
changed prqocess or material characteristics nmeeting specified criteria are
detected. 2 epgr_ldepﬂgnppggwg@]n@fer@flaqmgéghwﬁgp ein said Qis equal to the

maxi num nmeasured or calculated flowrate of the material. 22 2 1 JUN 20p4
22. The netThoth thé expeaterhtidne tatvomplate theinhis netsriabdeliveontaadned within a

conput er -readabl e medi um 23. The nethod of claim8, wherein said steps are
cont ai ned W} thedargegitingd thadnlyrpatticulal éivdependertly measuredmatdiabis egpeitdd 8,
wherein saié) steps are contained within a conputer data signal enbedded in
a carrier wgyedispéhsé®@. A method for controlling an anpunt of materi al
delivered during a material transfer, conprising the steps of: inputting a
target anount for a nmaterial to be delivered froma source |ocation to a

t ar get

4. The method of claim 1, wherein said steps are contained within a computer-readable

medium.

10 5. The method of claim 1, wherein said steps are contained within a digital control

device.

6. The method of claim 1, wherein said steps are contained within a computer data
signal embedded in a carrier wave.
15
7. A method for overlapping a delivery of at least one independently measured material
with a delivery of a main material to a target location during a material transfer process,
said method comprising the steps of:
inputting a target amount for a main material to be delivered from a source destination
20 to atarget destination, wherein the main material is not measured at the source
destination and only measured at the target destination, and
delivering the main material while simultaneously delivering at least one independently

measured material.

17



location; delivering the material to the target |ocation, wherein t]1 Na%z
“of 'said delivery need not 15 be controlled; updating the target am)ur’ijtU 4
during the delivery of the material using a predictive nodel based

al gorithm and updating said predictive nodel -based al gorithm based on
process performance data using a recursive |east-squares procedure. 20 23
CAY. ACAR(. AL A L AA L Aa. A5 AY. Al a. Al AU AL AY. A(. AL. AU% A9. A% AAY% As, % A9. Aa

wyzup) e 1 8 Adpatipd S eapiolipe s mpunof B ATk RAFOR P oo
] ca] c”a] ca] c”a caUca]Jcaljcaljca MEHhu %RV ++,,,,----
.N. P.. //0(99{“?% eps\ﬂl)‘n ~aV] ca] caV] ca V] c*aV] ca] caV] ca V] craV] ca] cal ca

\/] c’\a] ca] cajca]c"al] ca]ca

V] c~a] ca] canfungalargst eapuntadpramatdriohtd] keadplivered fopma 305595 BEBTE G-1arg66 <==SA
VAA2Hzuoj e*Y] cMaV] ca

V] cMa] ca] cdddatiap;cal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C
aU] ca] ca] ca] caV]ca] ca] ca

2H3HGH BWKNY ar@]ﬁ BiReasiiihg e delibeh! dthe miRRiaisth/h pRdl R hfdlel-

UV] ca] caV] ca] C ca] caV] ca]caV] ca] caV] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca
V] c”a] ca] Nﬂ}h%%ﬁhﬁ%q TKT] TTTTTUU U2U5Y;
U? UCUFUKU UUUUUUzt oi d*YSI e_YSoj e”*Y] U] ca] cal] ca] cal] ca] cal] c
al cal ca] cavl,cal catd §2Eavd ShGA A IS G2l E & hitless it G5 ¢2
using a recursive least-squares procedure, wherein said predictive model-based
algorithm updates the target amount to equal a dispensed amount plus a predicted spill
10  amount, wherein said predicted spill amount is defined by the following predictive
model:
K1 *Q+K; *Q?
where,
K, and K; are parameters of said predictive model which are independent of material
15  flowrate, and

Q is a measured or calculated flow rate of the material.

9. The method of claim 8, where initial downward velocity of the material is equal to
zero or independent of flow rate, such that:
20 K;=Ts+Ky-v¢/32.2
K,=0
where,
Tt is a filter composite time constant,

Ky is a valve let-through factor equal to
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WV] caV] ca] caV] ca 1

V] ¢aUUUUUUUUUUUUUUVMWY2V3V7 VNVPVSVWVAVR VWA oj d_ZUoj e~ Y] U] ] c&] e PR A0k
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cal] ca] ca
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Ko= - 1/(32.2*p*Avy),
p is a density of the material, and
Ay is a cross-sectional area of a valve or other conduit through which the material
moves from the source location to the target location.
15
11. The method of claim 8, wherein said K, and said K, are updated from process

performance data using said recursive least-squares procedure.

12. The method of claim 8, wherein an adaptive selection algorithm is used to determine

20  whether at least one previous predictive model-based algorithm parameter should be
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inputting a target amount for a material to be delivered from a source location to a target
location;
updating the target amount during the delivery of the material using a predictive model-

10  based algorithm;
updating said predictive model-based algorithmn based on process performance data
using a recursive least-squares procedure, wherein an adaptive selection algorithm is
used to determine whether at least one previous predictive model-based algorithm
parameter should be replaced with at least one new predictive model-based algorithm

15  parameter in order to adapt the predictive model-based algorithm in response to a
process change, said determination is based on process performance data;
defining a coordinate system to display values of a dependent variable versus values of
at least one independent variable, said dependent variable being related to said
independent variable by a mathematical function defining a predictive model,

20 defining a closed reference box on said coordinate system, said closed reference box
having a fixed center point located at values of said dependent and independent
variables based on predetermined acceptable material delivery data values, wherein

dimensions of said closed reference box are initially set based on predetermined

20
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14. The method of claim 13, further comprises the steps of:
15  defining two said closed selection boxes and four said decision rules as follows:
if said new data point is contained within both of the smaller of said selection boxes and
said closed reference box, then updating said predictive model parameters,
else if said new data point is contained within both the larger of said selection boxes and
said closed reference box but not within said smaller selection box, then reset predictive
20 model parameters,
else if said new data point is contained within said closed reference box but not within
eithér of said selection boxes, then on first occurrence within said region make no

change to said predictive model parameters, else reset said predictive model parameters,
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20. The method of claim 8, wherein said method is self-correcting in that said predictive
model-based algorithm parameters are reset when changed process or material
characteristics meeting specified criteria are detected.

20
21. The method of claim 8, wherein said Q is equal to the maximum measured or

calculated flow rate of the material.

22
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23. The method of claim 8, wherein said steps are contained within a digital control

5 device.

24. The method of claim 8, wherein said steps are contained within a computer data

signal embedded in a carrier wave.

10 25. A method for controlling an amount of material delivered during a material transfer,
comprising the steps of:
inputting a target amount for a material to be delivered from a source location to a target
location;
delivering the material to the target location, wherein the rate of said delivery need not
15  be controlled;
updating the target amount during the delivery of the material using a predictive model-
based algorithm; and
updating said predictive model-based algorithm based on process performance data

using a recursive least-squares procedure.

20
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