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i nvention generally relates to inventor managenent systens and
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comuni cati ons between the tanks, ‘a central station, and delivery
trucks. ' Inventory nanagenent is known in the art. For 15
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Qher systemg, deld 08 df1 808 e RS ThoeHRith Y2d¥tes to an integrated
system monitoring use of materials stored in tanks,

10 controlling and monitoring delivery d£ materials to the
tanks, and providing automated billing of delivered
materials through communications between the tanks, a
central station, and delivery trucks. '

Inventory management is known in the art. For

15 example, the liquified gas industry has a gas delivery

- system which uses telemetry systems to monitor customer”;"

"~ volume. The object of such systems is to provide -

.’substantially continuous product supply. _However, such
systems are not eallly adapted for use in other

20 industries such as manufacturing and supply of animal
feed.

Other systems define trigger poihts which require
automatic mandatory reordering when a trigger point, such
as a certain tank level, is reached. Such systems do not

25 optimize delivery routes or costs because only mandatory
orders are generated. A mandatory order is an order that
must be delivered to prevent a stockouf whereas a
discretionary order is an order that can be delivered if
economical to the suppliers. Also, such systems are not

30 flexible and do not accommodate discrétionary orders.

Without automated inventory management, a site
manager must determine when product isineeded, how much.
product is needed, when products should be delivered, and
how the tanks should be managed. The?ﬁanager telephones

35 or faxes the order to the supplier specifying délivery
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Summary of the Invention

- It is an object'bf this invention to provide an
inventory management system that réduces raw material
stock- outs, eliminates product ordering, detects line
flow failure and temperature-related flow problems, -
improves raw material delivery service and improvesw
worker safety at the site. - o

It is another object of this invention to- provxde
‘inventory management system which maintains historical

usage data and is capable of'forecasting future usage.

It is another object of this invention to provide
ihventory management system which provides simplified
billing and reduces paperwork.

It is another object of this invention to provide
inventory management system which employs dedicated
delivery equipment thereby elimlnating tank truck
washings and the associated waste dlqusal typical of
non-dedicated fleets. B

It is another object of this invention to provide
inventory management system which reduces chances of

an

spills, overfills and contamination durlng delivery and

returned heels on trucks because of inaccurate order
quantities. '

It is another object of this invention to provide
inventory management system which eliminates the need

an
for

an: - - rali



customer to maintain control by -establ i shing custom zed 10 delivery

par anet er svwpo43as i ndi vi dual site. Summary -of the | n\ROW/USAYV02381

It is an object of this invention to provide an '~ inventory nmnanagenent
system that reduces raw nmateri al stock- outs, elimnates product
ordering, detects line 15 flow failure and tenperature-related flow

pr obl ens, | nproves raw materi al deﬁlvery serV|ce and |nproves _

wor ker saf et t_he, Si 1 S invention
to prdvide a#h%%saq%e o‘?ﬁmpr%n%ﬂg(rgﬁt t???t g%gl\%n a| nsﬁ i storical
20  usage dmm@mmmbabidomltmescmmeMmmagmtainer It is
anot her objeqﬁ_ @n to prOV|de an . “inventory managenent
syst em whi ch prOV|é£% Sl ?ﬁ%ﬁ "

| ed "billing and reduces “[_)aperwotk

It is another obj ek ther, ehieck 5 & ivention £o,Rreyide a
managene st sy:ﬁxﬁmm&m!ﬁl penyorgesioniteding fadﬁ]ll:htgf yhaeingnbeakt her eby

Cypical of © GUESARE capantfiry (98- Tiqula BRiAdE FadiRieagy o0
this inventi dhexely mexaningmustqmensofpmmmeemegyhmhu ch reduces

chances of ﬂ?ﬁi éi overfills and contam nation during delivery and
ret urned heels tru s because of inaccurate order quantltles

It is another obj &t 8 ampthernehiesk of Shim dovantien to.Rrevige a
managemag  S\@isyeniuicicie! redueéssthie rigkd offorin;_ugy. by eliminating

the need for employees to climb laddété, stairs, ete. to
measure inventory and also eliminaﬁesfguesswork and human
errors on inventory management 'mf

It is another cobject of this invention to provide

15 continuously available inventory information regardless

of time of day or weather condltions.;g _

It is another object of this invontiqn to provide a-
continuous usage monitoring system re :ltzng in accurate

-usage history to reconcile against. expécted product. usage:r. ... .-

20 and detect costly over-addition or under addition of raw
materials. -

It is another object of this invéétion to provide an
inventory management system includingﬁﬁgmperature
monitoring to reduce costly system do;;;time in extremely

25 cold weather. -f

It is another object of this 1nventlon to
economically deliver less than truckload quantlties of
raw materials and to process forecastediorders to
minimize the suppliers cost of replenishxng tank

30 inventory. _

In one form, the system is for us
vehicles to provide material to a_pln:_
various customer locations. syater

' with a fleet of

each of the tanks and providing a qnan:%ty signal to the
central station indicating the quantity in each of the

35
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3 t aghso Of drunms and/or tote bins along with the

environneﬁ?g? l1abilities associated with container d.§§8§ﬁ”ﬂﬁ”"

re- use. It is another object of this invention to provide a 5
continuous inventory nmonitoring facility haV|ng | eak det ecti on
capability for liquid storage facilitids thereby preparing customers -
for future requl ator npl i ance. I't-is another object of
this inventi%#kk% an v?dBrﬁc$85°§y§FeﬁhﬁMQE¥Qﬁ§%M§§ﬁﬁlﬁn¥|§Rh©f i njury by

eI|n1natuu;proceéﬂ@rneeﬂléeﬁseﬁhH?EQ%&QEJiﬂﬂd?hd%?ﬁk”fﬁeﬁtéhézrrgﬁg 0;0
al so_elim nates .guesswork and human |,

Mventory mobvelSry fadfostolhy ThBRalisa Ml el 9ignath okl on 1o
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this invention to gOVI cont 1 nuous ~us tem

resul ting i fuUARkities of e%%hgefhpbeoﬁ?nker@@aaﬁ|qn Qﬁﬁudenerm&nndtd
product usaEmstUisars £eEEs] dé’éékﬁiﬁéﬁr PRI rurd ¥ Ul dh Faw

mat eri al s. anot b@Ct of this |nvent|on to prOV|de an

i nvent ory mﬁﬂﬁyﬁﬁﬁﬁci$§t5 % FAE uaﬁnﬁ arks,r eptimizas, the i¥eutes s educe
costly syste‘lahbmrymmoumtextandedgli’{rerycelcﬁea&a@lEbr each of the

10 vehicles based on the projected future tank guantities
and the possible routes to minimize delivered cost, and
dispatches each of the vehicles in accordance with the
its optimized route and delivery schedule.
In another form, the system is for providing
15 material to a plurality of canks at vericus customer
locations. The system comprises a fleet of vehicles to
provide materials to the plurality: of ;anks, a central - . :
station, an inventory indicator associated with each of
the tanks and providing’ a=quanbity.aigq§latOM:he~central
20 station indicating the quantity in each of the tanks, and.
a processor at the central station. The processor is
for: collecting and stoéing informatlon from the
inventory indicators; monitoring the quantity signals of
each of the tanks to determine past usage rates of the
25 contents of each of the tanks; projecting future tank
quantities of each of the tanks basedzﬁﬁ;the determined
past usage rates; determining poseiblé?ﬂbutes for each of
the vehicles to each of the tanks; opciﬁizing the routes,
delivery amounts, and delivery schedﬁle”for each of the
30 vehicles based on the projected future- tank gquantities
‘and the possible routes to minimize delrvered cost; and
dispatching each of the vehicles in a rdance with the
its optimized route and delivery schedul
It is another object offthejsysc_ to forecast
35 demand for suppliers products to optim;ze production
selectively.




It is another-object of this invention to econohically deliver |ess

than truckhead guantities of ~raw materi-al s and to procepgridynonsi ed
orders to mnimze the suppliers cost of replenishing tank 30
i.nventory. In one form the systemis for use with a fleet of
vehicles to provide material to a plurality of tanks at various
custoner locations.. The system conprisésa central station, an

i nventory indicator associated wiith 35 each he tanks and roviding a
quantity signal t&%her ob] %%E?r%?ds?SPFHEePnﬁii% R RERITSRE cach
of the . and\@rP P Pointed out hereinafter.

PCT/ US97/ 02381 4 tanks and a
processor at the central station Thé ~ 7 processor collects and stores

i nformati on Baief B L ¢ Drawgmas nonitors the quantity
signals of . t S e pd f the 5
-contents of each of e fﬁiéa%r%}ggtgg E?S?e ﬁ{?ﬁi%gqrﬁ?nlﬁ??es of each
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of the 10 tCShfﬁt’fﬁmdzoﬂse't%Yﬁ#sﬁ”ﬁe T8 O S PRSI 05 and.
t he p055|bIeemhﬂﬂ&mﬂntrmﬂluheecdntra&reuamdsh,cﬁnthe intdigaatiedhes each of
the vehi cl'es yiQ QRN ARG Yohint "Eystem according ‘to the invention.
10 Figure 3 is a flow chart in block:diagram form of
the information used by the operator'aﬁd by the dynamic
consumption class assignment algorithm routine for
assigning a consumption class to each tank based on the
past usage of the tank. :
15 Figure 4 is a vertical cross- section of a tank
illustrating various tank levels which relate to the
system of the invention.
Figure 5-.is a graphing 'illustrating an exemplary
tank inventory over time of a tank which is part of the
20 system according to the invention, showing that the
system of the invention maintains the tank level above
the minimum inventory level and below the capacity of the
cank. o
Corresponding reference characters indicate
25 corresponding parts throughout the drawings.

As shown in Fig. 1, the 1ntegrated system 100
according to the invention successfully_manages raw
material inventory by incorporating thé}entire supply

30 chain process of a plurality of 1ocat16ﬁs, each having a
material consuming plant 102. Generally, several tanks
104 supply liquid raw materials to each plant 102 in
order to permit continuous operation. Supply lines 106
interconnect the tanks 104 supplying the plant 102 so



its bptinized route and delivery schedul e. I'n another form t he '
systemis wéorpgel di ng 15 material to a plurality of tankecpfysysbisgts

cust oner | ocations. The system conprises a fleet of vehicles to
provide materials to the plurality of tanks, a central. station, an
I nventory indicator associated with each of the tanks and providing a

quantity signal to the central st&tion indicating the quantity in

20
h of th : d rocessor at the ntral statiqn. The
o estor | otRAE epBray mat TR B0 SUSpETEN B0, BRRnd ar, Hhe
i nvent ory i nappropriateoilieveli.ng The cpnmdhmgusiguniatetruptedEﬁchfofhthe
tanks to det ' s RASt. eU . cQaLen of, of t,he
Lanks:  proj eobteaciBRTDERANH GG, o3 Wepdnds “GHbR" Ehel Lo BBNeT Y, 404 on
the deter m n@dch andpgveryssgak 404 befngrmainkgipedsepl shatoadds for each

of ~ § he geMafdssoEOeqeh plladthcdd e m&Pt | MR NgntBEraeales.
delivery anmounts.,L and deliver chedul e fo oeggh-of;the 0, vehicl es based

on the proj etPEEFELY, Fapag FHgtm 1 dthe1P¥EREALE routes to
m ni m ze delmaintainsstheatdnk inwémsyetids npofacd péxinie wabhcl es in

pocordance wileibous, phiBCORYRASY GOl pag 0ol Lery Sehedlle
products to optinfaehpraakiciodn includes cxtineeytory measuning7device
PCT/ US90 0238ich as level sensor 108 such as an ultrasonic level
detector manufactured by Electronic Sensors, Inc. to
generate quantity signals indicating tﬁg inventory in
each tank 104. In addition, each tankfis provided with
one or more temperature sensor 110 sucbias a thermocoﬁplé
15 for monitoring the temperature of the.ébntents of each
tank or the supply lines 106. Temperature signals
generated by the temperature -sensors 1&0 as well as the
quantity signals generated by the level sensors 108 are
- provided:to aﬂremote.telemetry-uniqglRSUl.llﬁ which is
20 programmed to communicate information to a central
station 114 via standard voice telephone lines or other
transmission link (e.g., cellular phoné; satellite). As
a result, the RTU 112 provides the central station 114
with level and temperature informatioﬁ:" The information
25 may be automatically provided to the central station
periodically or may be obtained by poliing from the
central station. For example, the ceﬁéfal station
includes a processor (see Fig. 2) whi¢ﬁ:collects and
stores information from the level sensbfs 108 and the
30 temperature sensors 110 by pblling'a.;énk after delivery
to confirm that a delivery has been maﬁe. The RTU may be
optionally provided with a local displéy so that the
customer at the site may monitor the_ﬁéfious levels and
temperatures. When standard voice telgphone lines are
35 used to interconnect the RTU 112 and thé central station
114, high speed modems for data transmission may be '



5 ° O her objects and features will be in part apparent and

dn part poyple9deayt hereinafter. Bri ef Description of pchaudorazsssgs
Figure 1 1s an tllustration primarily in block 5 di agram form of one

preferred enbodi nent of an integrated ~i.nventory managenent system
according to the invention. Figure 2 is a bl ock diagram of one
preferred enmbodi ment of the central station of the integrated

i nvent ory managenent, system acgording to the inventigp. 10 . Figure 3
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t ank i 1'needr bei pyoviseokhe: éﬁ&egldmapm‘énteem#@rmtti{@ to thgstem
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exenpl ary tapk i nventory over tiyre of a fank which is_part of the 20
syst em accor@®FQ 26 ERLPAEER NFING HAFHGIAFhEn: REStems thate ftArene
i nvention neanakyse,t Aad Feporty dnvditery andtdsagenipaitterne Nty ywiryel

charactors 158 Ge8ersbed phibu in dRBver detaidugnout the dravings.
Material consumption at each plant 102 is predicted

10 based on the particular site’s hiétori¢a1 consumption
pattern and available information on iﬁture changes.
Product delivery is optimally scheduled by the central
station 114 based on the site inventory and site
receiving characteristics. As a result, delivery of the

15 raw materials to the tanks 104 is customized to fit the
particular needs of the particular plant 102. The

--central station 114 provides the routes and orders

"information to a shipping terminal 116. A dispatcher at
the central station 114 supervises:a fleet of vehicles

20 118 for delivery the various products to the tanks 104.
The orders may be mandatory orders which require delivery
by a certain date in order to a avoid a tank level from
going below a minimum level or may be discretionary
orders which may be filled at the option of the

25 dispatcher. .

The central station 114 includes prediction software

(such as Bulk Commodity Dist:ibution‘?ﬁovided by
Manugistics, Inc.) to accurately predict expected usage
and required delivery dates based 6n tﬁé unique usage

30 patterns at each particular site. In addition,
forecasted consumption levels can beladﬁusted by known
changes in consumption patterns. Thié iminates the
possibility of emergency deliveries'én@fétock-outs. In
general, the central station 114 is.opgtated by the

35 material supplier who has daily accesgﬁgo the system data
for analysis and interpreting the results to proactively




Detéiled Description of the Preferred Enbodi nents As shown in
Fig. 1, ated system 100 according to the inv | on.
successfuﬁﬁ@ ﬂ%ﬁ%&es raw material inventory by incorpoﬁg%%ﬁgnpﬁ@l
entire supply 30 chain process of a plurality of -l ocations, each having a .

material consum ng plant 102. Generally, several tanks 104 supply
liquid raw materials to each plant 1028 n order: to perm<t continuous
operation. Supply lines 106 “interconnect the tanks 104 suppl yi ng the

pl ant 102 sdvarn each gustemeg,o§ potential malfunctions that can
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t he inventcwqustbmer 1zach and every tank 104 bei ng ‘naintained so that al

managemeht syst orbdoh SPPLEES, Adgnoe, patibadl Sl B aanet k& Uoni o s

104 to per nicomusmicationsneystiens 119niimadndined cq;'kﬁllatlm protected FEach
tank 104 | napyidesrdal ot eahap=gRes GMi ce rhil ¢ ?‘5 YhkesnsO"

108 such as an ultrasonic et ect or nanuﬁ*tt
Sensors, | n@dyantage ﬁﬁnﬁhatﬁlqbéﬁtﬂgﬁiﬁkﬂﬂﬂ |ﬁﬁﬁ§§m|ﬁ@ iﬂ%lcﬂQEntOry in.

a satellite system 122 (such as QTRACS{fffered by
10 Qualcomm, Incorporated) the position of ‘the vehicle 118.
This information is in turn relayed by the gatellite 122
to a receiving station 123 which is connected (e.g., by
telephone lines) to the central station7114 so that the
central station 114 knows the position of each and every
15 wvehicle 118. '
Each truck 118 is provided with a. government
““certified meter 124 for accurate delivjry of the right
- amount of product. The amount of prod:ft delivered at
~ each location is communicated ‘to the central station 114.
20 In one embodiment, the meter 124 is directly connected to
the satellite link 120 to provide suchf“nformation
automatically. Alternatively, it is contemplated that
the vehicle driver may be provided w1th ‘a keyboard (not
shown) for entering delivery 1nformation which can be
25 transmitted to the central station 114;T1a the satellite
link-up 120 and satellite 122. It is contemplated that
multiple stops by each vehicle during ‘one route would be
routinely handled and that many of, if mot all, the stops
may involve less than truckload quantities of liquids
30 which are delivered. The two-way comﬁuﬁication satellite
system providing information between‘t-f vehicles 118 and
the central station 114 ensures promp :;lling to the
customer 126 of the exact amount of p oduct delivered in
addition to providing to the central ;tion 114 timely
35 information on delzvery status and truck location. In
the event of weather, road, or equipment problems, the -




each tank 104. In addition, each tank is provi ded with one or nore
tenperat urwgsenmss® 110 such as a thernocouple 15 - for nonit BETAFHITAESSL

tenperature of the contents of each tank or the supply |ines 106.

Tenperature signals generated by the tenperature sensors 110 as wel |

as the guantity signals generated Qy the | evel sensors 108 are
_provided to a renote telenetry unit, ( 112 which is 20 programed to

comuni cat e iyl 'sﬁéhé:poﬁ ceptyal noufiahabb%nw imﬁﬁwaa&mxce
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central statamallablerﬁnimmmabignoonsfutu@eeehamgesz)\Hraductﬂlects and
stores |nfongg| g#] éé?%ﬁg?i sggﬁﬁaﬁlégs @n@ahﬁ?éi e ﬁégggﬁéﬁure
sensors 110 by 4#% gr o lrmthat a
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PCT/ US97/ OZB%atlon 114. A processor 202 or other computer controls
the operation of the central station- 114. Although it is
contemplated that the processor 202 may have an internal
clock and internal memory, the functiomal block diagram

15 illustrates a separate clock 204 and'eeparate~memories
which will be described in more detail below. The
processor 202 receives the qnantity/temperature s;gnals
generated by the monitors 108, 110 80 that the processor

, A8 prov;ded with data indicating the level and SIS

20 temperature of each of the tanks 104. Thls inventory
information is stored in inventory memory 206 so. that the
present level and temperature of each tank is immediately
known and accessible by and through the-processor 202.
In addition, as the inventory memory 206 is updated by

25 the processor 202, past usage 1nformatlon is stored in
memory 208 so that the usage pattern for each tank 104 is
monitored and available to the procesé&f 202 for
evaluation to determine past usage rates of the contents
of each of the tanks. 5

30 Memory 210 includes future use_pfpjections which are
generated by the processor 202 by thefgrojection
instructions 212 employing algorithmsf(e,g., BCD
forecasting algorithms). These instruétions 212 are
software which evaluates the present iﬁ?entory as

35 indicated by memory 206 and which evaIﬁates the past
usage as indicated by memory 208 to project future tank



7  enployed as is well-known in the art. Were hard-wired phone

l.ines are jgpractical, w reless comrunication technol og conj unction
with hlghvggggﬂ“#bdens may be used to provide the IeveI%FEﬂﬁ@@@Fﬁﬂe
information to the 5 central station 114. At the central station,
telenetry data is collected using information systens that store,

anal yze, and report inventory and usage patterns, as wll be descri bed
bel ow in greater detail. Mat eri al consunption at each plant 102 is
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Manugi st i CSinfomhtﬁ.orﬁwrdptﬁhuﬁ eﬂbe&leaaﬁ{reﬂy%ése. Thignd g equired

del i very da&SEGR%i ggaﬂﬁfyfhgsogtlmlzlng algorithms (e.g., the
BCD problem solving algorithm) which evaluates various.
scenarios for routing and scheduling ana determines the
15 particular scenario which would result 1n the lowest,
' total delivered cost while maintaining &ll tanks
replenished with minimum inventory and . meet;ng all- other o
constraxnts of the sy-tem In other words. forecasted
' ‘orders are processed to minimize the cost of réplenishing
20 tanks. o
In order to forecast future usage;;the processor'zoz
may employ software which classifies coﬁsumption from the
various tanks in different categories depending on usage.
For example, the invention uses a dynamic consumption
25 pattern routine to create, on demand and with varying
parameters, a consumption class de81gnat10n for each
tank. :

The dynamic consumption pattern foﬁtine allows
assigned classes to be generated based on actual

30 telemetry data looking backwards a preaet number of days.
The daily and weekly usage is calculated and various
defaults and calculations are used to derlve a
consumption class key or pattern of the form "nnnnnnn.*
Bach ‘n’ represents a digit from 0 to 4 which

35 symbolically represent the estimated nermalized product
usage on the basis of a 24 hour produc:ibn day by 7 days



30 patterns at each particular site. |In addition, f orecast ed

consunpti oolegmMedss can be adj usted by known - changes in GOTASHIORIA
patterns. This elimnates the possibility of energency deliveries and

stock-outs. In general, the central station 114 is operated by the 35
material supplier who has daily aceess_to the system data for analysis
and interpreting the results to proactively - WD 97/ 40459

PCT/ US97/ 023

%_ tns st omer
of potenti algérﬁl Yﬁﬁ%t’l oﬁsvlaﬁlé‘}e c%% 4 s:.gn%.glsrso ucat | oné%{fhnfégg SHThe
central stathow many actuadutiowsts ghevplasti apsresesandheiaysypieakation

to the &VELQ4B" usdle for this &sﬁpalcédl%% iah %ﬂﬁéﬁ?@ whék $s

satellite coimuni catio 553¥5te T |nclud|ng di sh 12 rof ecte
s9§

by a radi ot r5PN@RL¥NE BOFIR t BRAFS wise, 5e°gf
t he gl ob&l posttwonldginddiontd crouyhlpta t;uarter-ﬁa:}atsalprdcm&y:!s&nm az22

(such as Qr red,b QQ§|t|on of the
vehicl e 118R6§§u8T§?s |gnf g'r"#@'td Q@#gggﬁgt %‘?ﬁ&%@&; Sggyft [% satellite 122
to a.receuvupgoduatmon and whivailus Qﬁnhéétendésageplg/threefquﬁtmne

lines) to thgs e E@ i) 114 so that the central station 114 knows
e

the position O very
These values are normalized so that multiple sites

10 can share the same pattern even though.their absolute
hours of usage may vary. The hours of operation are not
nearly as important to the processor as knowing the
relative usage patterns day by day and by day within a
week. i |

15 Bven though this designation can be dynamically
computed, it may vary from a standard7va1ue that we wish
.to assign to a particular tank. For example, the dynamic
computation could identify a '4344444"pattern for a -

. site, even though they are normally 1g¢productiqn 7 days .

20 per week on a level basis. Individuai?spikes, or unusual
circumstances, or too short of a sampling period could
all account for the apparently erronebus *3’ in the
pattern. In the case of a high ﬁoluméfcustomer with
known production plans, it is possible ‘to pre-code their

25 standard consumption pattern so that it overrides the
dynamic pattern thereby assuring that BCD will generate a
more precise demand forecast.

Due to the many variables 1nvolved it is not
possible to perfectly model consumption However, taking

30 this approach as a first step avoids relying on plans,
hearsay, or myths about customer’s prdahct usage, and
instead derives the needed data based on the same data
that is used to manage customer 1nventory -- the daily
telemetry readings. For example, the’ following 28

35 classes may be established:



15 vehicle 118. Each truck 118 is provided ﬁith a gover nnent

certified 4 for accurate delivery of the right )

- product . v@ﬁe an%ﬁnt of product delivered at each | ocat’i #E?égsl
communi cated to the central station 114. 20 I n one enbodi ment, the neter
124 is directly connected to the satellite link 120 to provide such
I nformati on automatically. Ated®atively, it is contenplated that
the vehicle driver be provided with a keyboard (not shown) for -
entering deliveryF Nﬁ&hﬁﬁié&WlMMICh can be 25 transnittcCONSUMBRIONNtra
station 114 via tHASSerite link-up 120 and satel | iRRTEERN |t s
contenpl ated tha I tiple stops b each _vehi cl e_during one route
woul d be r ol A handl ed and t §A5'f 0, SYB0all, the st ops
may inveglve |ess s iuckload guant f e of I|qU|ds 30 mhlch are
delivered. The QMEE comuni cation s t system provi di ng
i nformation bet vehicles 118 @ central station 114
ensures pronpt bigdgdggapst o the cu L ngf gxact amount of
product deliveredgqaqzp0 addition tOspTO!Idp § bé ntral station 114
tinmelyi85 I nf oryumggsay on delivery spagug, ag QUCk ocatlon I n t he
‘event of weat her 244@aa®2 or equi pnent ntpbhengggtbe SUN 2
PCT/ US97/ 02381 . maz(140459 M-¥ 4, SAT 1, SUN 2 9

2444440 M-F 4, SAT 0, SUN 2
2444420 M-T 4, FRI 2, SAT 0, SUN 2
15 . la44444 M-S 4, SUN 1
1444442 M-F 4, SAT 2, SUN 1
1444441 M-F 4, SAT 1, SUN 1
1444440 M-F 4, SAT 0, SUN 1
1444400 M-T 4, FRI O, SAT O, SUN 1
20 . 1244444 T-S 4, SUN 1, MON 2
0444444 M-S 4, SUN O
0444442 M-F 4, SAT 2, SUN O
0444441 M-F 4, SAT 1, SUN O
0444440 M-F-4, SAT -0, SUN O
25 0444420 . M-T 4, FRI 2, SAT 0, SUN O
0444400 M-T 4, P-S 0
0442440 M-T 4, WED-2,.-T*F-4, §-8 O
0244440 T-F 4, SAT 0, SUN O, MON 2
0222220 M-F 2, SAT 0, SUN O
30 0000000 UNKNOWN CONSUMPTION PATTERN

In the past, consumptlon classes were manually -
ass;gned by the operator using the data illustrated in
Figure 3. However, manual assignment can become a time
consuming task in large scale systems. Therefore, it is

35 also contemplated that the system may include a dynamic
consumption class assignment (DCCA) routine as
illustrated in Figure 3 which may be executed by the
pProcessor to assign classes automaticaily The routine
would be used by the system to dynamlcally assign classes

40 by analyzmng the historical telemetry data stored in the
past usage memory 208. The system may be programmed to
periodically reevaluate (e.g., weekly batch processing)

- each consumption class of each tank and may also provide




central station 114 is notified so that i medi ate action can be taken

to ensure 43 #ya09ép ti Me product delivery. Product @CTAISIMO238D i S
predi cted based on a particular site's historical consunption pattern

and 5 available information on future changes. Product delivery is

optimally scheduled to each site based_gn site inventory and site

recei ving characteristics enploylﬁ softmare such as Bul k Cbnnndlty
IabIefron1Nh Fi 21is

Di stribution .

functi onal bPoQEiE&&§E;ﬁ qﬂu?&ﬁﬁﬂ?%ﬁ éﬁﬁgﬁﬁﬁiaon CAASFssor 202

_or other conphhagesoﬂhmdnshave héenc#mpl@momted the central station 114.

Al .t hough it is t S h

i nter ngl cl oclléx an %ﬁng}énﬁsréiaezﬁéeogﬁﬁc?%gﬁgﬁ I ogk%g:%a ram 15
i || ustrates EOYESS MEMOTYo AL Which & 8t dnherpaEion ndiﬂ%ﬁﬂﬂﬂm@hebe

desc[| :Je?ltl nvameuéewdszlvla.le)\hu&bemutes gf%ﬁe?éﬁh aﬁzcnecefmmtléﬁ to
uant i e signal s enerate y ors SO

?hat thg prggg Fn§§ ﬁ&g §é1ék&ghlﬂﬁ?c%??ﬁgg?hghﬁe9gp

tenper at ure ProeasBox 202 ebadutddoptiimizingvingoructionsi Gf:usr n(wuom is
stored in L'¥8"EReY s 86 'IlokEhn porBiCaBRYe) CYRL AN

t enperature O €ach cessSible by and
t hrough the pvaduster thep various rpmﬂ:ﬁﬂ:gﬁ usagehstrreénin: pememr RXW6 i s

updat ed%gxé 28n ﬁbﬁ&nﬂh‘%&%‘iﬁth@@zhhé’a?i:uéﬁaﬁ@utééOéﬁagea”n.hsuéhﬁiﬁdtz:ﬂ

0% o Bot Dol AR P Plrsa ol "l 16 md s rpa R

usage rates delikveryoiomy.s In paftibeulanf ihsttackion80216 optikmsy 210

ool udes Tl Uhe YRR St ey UidufitS, ana SEDEVELGsBhell P REPSSO"

' each of the vehicles based on the projected future tank

15 quantities and the possible routes to!@;nlmize delivered
cost. This information is stored in ﬁeﬁory 218. This
information in turn is provided to the shipping terminal
116 as routing or ordering information which is used by

: the dispatcher to .control the vehiclés: 116 in accordance

20 with the optimized route and delivery'éohedule In
addition, the processor is connected to ‘the individual
vehicles 118 by a satellite link 220 oo ‘that processor is
aware of the truck location and delivery information for
each vehicle. '

25 As a result, the processor 202 moﬁitors the quantity
signals of each of the tanks 104 to degérmine past usage
rates of the contents of each of the ﬁéﬁka, which usage
rates are stored in past usage memoryyébb The processor
then projects future tank quantities of ‘each of the tanks

30 based on the determined past usage rates and stores such
information in memory 210. Next, the.p;bcessor optimizes
the routes, delivery amounts, and deliﬁéry-schedule for
each of the vehicles based on the proj ted future tank
levels and the possible routes. Finally, such optimized

35 information is stored in the dlspatch memory 218 and
provided to the shipping terminal 116 fgr dispatching




i nstructions 212 enpl oying algorithnms (e.g., BCD forecasting

al gorit hmeo 97/4passe i nstructions 212 are sof t war e whi crCrarsowe13ss t he
present inventory as 35 i ndi cated by nenory 206 and whi ch eval uates the
past usage as |nd|cated by nmenory 208 to project future tank

- WO 97/ 40459 PCT/ US97/ 02381

10 guantities of each of the ta%ﬁs based on the present

[inventory AgdcRAde WHAOSJAOes ﬂ;beaaﬁé%agﬁ&éomglgts optiiiAY take

i nto account any spec nthe future

use proj ect FeRsenangk ﬁej.jorerar schedwleny Sineetituisr eonsegpleteche
products w thaa Eh% systenf i il 1nf@ﬁtf6ﬁnﬁ£§ béUﬁBeaoivti‘éW% may take in

account the Eﬁ§.seasonal shut downs nance;

f
weekl y denaﬁ& hicles. thgrBFSFPSﬁ°Fc39?oWEP Z88 ng
supply §r oncosnaeorhmwverw basmppdmea)fixiﬂemmbetssﬁr d&&%eme&ddwe

;ggg(r:rglsfgﬂegqu apgﬁ ;Pﬁ‘g%ﬁﬁ%“%g a esé ﬁk 9 é&e&.&F%{ﬁ%es' gg pr obl em
sol vi ng al gbaking) mccrammﬂ@rmsaaiscret gggyraandsmdam;m ng and
schedul i ng éﬁée%t e%@ %‘?céd‘%éﬁ:wpaﬁﬁé C#kééeéﬁ&i‘aééﬂe%hca &‘éﬂ'i@e&"ygu' tin
t he | owest, del | vered cost e maintal nipng_all tank
route and schedule which minimizes cost while maintaining
10 inventory levels. As a result, the processor 202
minimizes delivered cost based on fixed resources of
drivers and equipment while maintainingiall tanks with a
minimum inventory level.
In one preferred embodiment of the invention, the
15 satellite links 120 and 220 each 1nclude a transponder
which communicate with each other to allow the central
station 114 to monitor the position of the dispatched
vehicles 118. This link-up indicates to the vehicles
- instructions from the central station and indicates to
20 the central station the position of the dispatched
vehicles. When the meter 124 is directly connected to
the satellite link 120, each of the vehicles indicates to
the central station via the satellite link the amount of
material delivered to a particular tank at a particular
25 customer location by each of the dispatched vehicles. Aas
a result, the processor generates billing information by
executing billing instructions 222 (such as the ROSS
Distribution Series) for generating invoices and usage
information based on the amount of material delivered to
30 a particular tank as indicated to the central station.
The integrated software and hardware of the system
100 of the invention may interface w1th a client service
system that uses a central relational databaee so that
multiple users can have real time access to core
35 information. It is also contemplated that the projection
instructions 212 may include additional’ forecasting



repl eni shed with mnimuminventory and neeting all other constraints
of the sys{gdYyadeSe Ot her words, forecasted orders are prReEesSENdzIsi

m nimze the cost of replenishing 20 t anks. ~ In order to
forecast future usage, the processor 202 may enpl oy software which
classifies consunption fromthe various tanks in different categories
dependi ng on usage. For exanple, the%invention uses a dynanic
consunption 25 pattern routine t create,ighdenand gnd th varx&ngs

paraneters, SVIERFPt (8ACR| a8sBFDI; HeaBRGd usage trendg,ps we
The dynam ¢ caedut | @onpainpeion. oudlss ,aldptional rostingeandl 2egdsttie be

-gener ated ba t 0 of I, | t
nanber of dajervafl tBhatiag eSS A HE ra PSR RIGK TharRobRER
defaul ts and qustomeridaiivesyupreferenaes,c ¢liminagessthptneadcfars key

or. pattersn ofmddieai OFSUut PAGNAAA. "schedﬁl'-i%qq, 'dhd repEBRLRES €ndigit fromO
to 4," which 35 _synbolic represent the estimated normalized product

| |
usage on the TRPLICT 8 Qﬁil?ﬁérryp SR day by 7 days WO 97/ 40459
PCT/ US97/ 02381 Optionally, the ultrasonic tddhnologpeempkoyed dsval ue

O vt o) O 116561 "84nb 588" 108°8ay ve cdif¥iia A UebnigUL schlif P! ant
readings regardless of the tank geometry or raw material
10 characteristics. This is accomplished by appropriate
programming of the RTU. '
The system may alsc be configured to allow customers
- to specify minimum and maximum inventory levels in each
tank 104 and to allow the customer to specify acceptable
15 days and times of receiving delivery at the plant 102.
In addition, the system may adapt to the customer’s daily
shifts or allow the customer to change any scheduled
plans. o

Historical/forecasting software (such as BCD) .

20 generally identified as projection instructions 212
offers various benefits to the customer. Site managers
can pinpoint usage levels from any day or portion of the
day, or for any raw material monitored hy'the system.
This data may be used for formulation verification and

25 other analysis. In addition, software which is sensitive
to historical usage detects increases or decreases from
previous patterns. As a result, customers can be

- notified of these variations long before they would have
noticed an equipment problem or inventory anomaly on

30 their own. ' '

More than simply recognizing a need for inventory
replenishment and scheduling shipment, the order
initiation software (such as BCD) which is part of the
optimizing instructions 216 plans delivery based on the

35 customer’s multiple, custoﬁized specifications. 1In



- week on a Ieve aS|

average usage for this day conpared to an average week is roughly a

normal fuh{o9fyessd Usage. Likew se, a value of 5 "1 wo ,@g&
roughly a quarter-day's production, a val ue ,of '2' woul |Ag|ca

roughly a hal f-day's production and a value of '3 indicates a
t hree-quarter day's production. These val ues are nornalized so
that nultiple sites 10 can share thel&ane pattern even though their

absol ute urs of us may var The hours_of operation are not
nearly as |ﬂﬂdi§%ﬂn¢d“Fh d%é@s&F q%%ﬂﬂrﬁ? tpare (sughapyBCD3age

patterns dayletemanesdc iy ldestvwaﬁrl koA route \Aﬂﬁé( thicks. Bven t hough

his desi i f

Standar d val ue t RS HH RS "s8E phos, iR BE o pate Y SfiYang 0 °
exanpl e, thdngomattions 222npeducesn effant |ami1tpaipemcﬁ84m4:ﬂlé pattern
o ona”| BBt h it {lnd 1Y aR® alRlTRlre) Il AN AR a QY 20 Per

dual spikes rcunst ances,
or too shortnﬂp ieinghesrmeRr PYENCBOTS of a ghaldengewith maltipderent |y

erroneous ' Yelivddies or Phhieea. a&raltlbmqels-.ej Qiff fméwbiazpl UNBogédbp e

W th known .pr.oduction pl SSI to re co their 25°
standard cof&H péﬁ%ﬁ’g él éFH&i‘s am c pattern
t her eby assimtegrdtad BAThisatgihdteat eea:hnologyortfhanr ecraesmibrand

posel 1Y 1 o dskivemt it Sl 1 0A Nk B RAREUN, ! Mthvodells "Yn, a1eo

appr oach ash@'ﬁqgﬁokiﬁﬁﬁ%@dﬁﬂssi@P}Pﬁy GNQNﬂﬂﬂﬁuntinngN@@QSlor Ept hs
about cust oY ‘e YBEHiBEE o aséam ah&%&m%dieirﬂméff ameat 2

3:;5|e3 on t?e sane datt_(e;%{'{j ?‘Pgihf ig)tgsed tggtg%ga e c%%tﬁbe |nven ory -- the

' under one umbrella, whlch provides one monthly 1nvoice

15 for all liquid raw material deliveries -- a substantial
time and cost savings for purchasing and accounting
~departments. L : N

When raw mater1a1 inventories are between the
maximum order level and the minimum 1nventory level,

20 order scheduling software can schedule del;very to ensure
customer needs are met while optimizing routing and
scheduling.. Figufe 4 illustrates the various tank levels
which affect the system decisions. Each tank 104 has a
capacity and the processor 202 assigns a maximum order

25 level for each tank which maximum order level is less
than the capacity of the tank. The processor 202 then
optimizes the routes, delivery amounts and delivery
schedule for a particular tank based on .a delivery that
would not be made unless the tank level is below maximum

30 order level L; of the particular tank and the tank level

- is above the minimum inventory level (see Figure 5). The
processor 202 also assigns (or defines) a heel level L,
for each tank such that a minimum inventory level for
each tank is greater than the heel level of the tank.

'35 The processor 202 optimizes the routes, delivery amounts
and delivery schedule for a particular tank based on a




35° classes ‘may be established: WO 97/ 40459

\PCT/ US97/ 033Bdmranaso 12 PCIFERIISRE! ON
CONSUNPTI CLASS PATTERN
DEFAULT MF 4, SAT 0, SUN.0 9999999 S-S 4
5 4444444 S-S 4 4444442 S-F 4, SAT
2 4444440 S-F 4,18AT 0 4444421

S-T 4, FR 10

2444444 def verywsghgdu§9V€;at prevent§4gq§4§an; ievé% éiqw g;ngmx
2, SUN 2 less thifdthél heel level oflthd, psdtitulabiNtank. In

4520, persculhl dneboiloptll hocioions att fibpmigaty M

1444442 . 1. MTfhestigdng ofs\ delivery is desesmined by: a) MF
4. SAT 1 SUpbtecasted usay&?4¥th the tank; bM AvAilapid). SUN 1
capacities/usages of neighboring tanks/truck availability
and utilization; c) a delivery may be made whenever tank
level is in the "delivery zone;" and d) a delivery will
be made before tank level reaches mini@um inventory level
10 Iy. :

2. The amount of the delivery is determined by: a)
available capacity of the tank (e.g., the capacity I
minus the ending inventory L,); b) miniﬁum delivery amount
for tank; c) maximum delivery amount for tank; and d4)

15 available capacities of neighboring tanks/BTc truck
utilization.

For example, this system may be used with such _
liquid feed raw materials as methlonine hydroxy analogue
and ethoxyquin, and:will generate_invsntory levels as . = .

20 shown in Figure 5. |

"Billing instructions 222 link the system to the
accounts receivable of the supplier. Thls allows the
supplier to consider customer credit when making
deliveries. FPor example, what effect would a delivery to

25 a particular customer have on the credit status of the
particular customer? If a delivery wouid cause the
customer to exceed its credit limit, the supplier is
notified to determine how to resolve the problem.

Because of the link, the supplier has ¢p line access to

30 the credit records of each client and één immediately see
future impacts of planned deliveries. fAlso, the system
allows the supplier to specify and access one or more
contacts via a site contact memory 224f£or each location
for each customer. For example, a cusﬁémer may have

as separate contacts for delivery, for bacﬁ-up delivery, for
purchase orders or for questions regarding usage



1444400 MT 4, FRI 0, SAT 0, SUN 1 20 1244444

T-S 4, SUN 1, NMON 2 0444444 MS 4, SUNQ

0444442 WOSTM4S9 — \1c 4 SAT 2. SUN O 0444441 FPCIMUSITN23B \,
4, SAT 1, SUN O 0444440 - MF 4, SAT 0, SUN 0 25
0444420 MT 4, FRI 2, SAT 0, SUN 0O 0444400

MT 4, F-S 0 0442440 . 18 MT 4, WED 2, T-F 4, S-S0
0244440 T-F 4, SAT 0, SUN 0, MON 2 0222220

M F 2, SAT deviathions3i0 This meg@oyO@Llows the supphNKeIOVEio CONSUVPTI ON

. PATTERN a

assi gned bypeﬁ%°%%%?gtihe$§§%3ihe tal;#kp%éﬁff%t@BéBnEQEE kb% 3
However, ne®ReR GUSEOMBENt FAXtheIFALS (9YRYY C°“%%ﬂ§uﬁ$nglthsﬂ |n | ar ge
scal e SySteéﬁstofnréef Qé@bi'detit sos tHat aaiﬁhé%@r@éaé i-ﬁabft Eﬁesystem may

T B st SRR A b SR e Eaheleced) Rl

assi gn classcmmanioaaionahﬁyh EhccmhacUNand thewxe hn Bordthg t he system

to dynam c asses by anal yzi ng the. historical telenetry
dat a storegé&‘m‘?ﬁibggiBh usage menory 208. The system may be

progranmmed to Thepél’ﬁ&@ﬂ'c@ﬁl Ehe- dpyentiion amay algeibyveaacdepiverysi ng)

each ConsUmﬂéigﬂtChﬁﬁio@ﬁleéﬁﬁlb%ﬂk*ﬁﬂid“ﬁbéﬁéﬂ’j ;ﬁﬂﬁes and keeps

10 track of order quantities, origin quantities, meter
quantities and customer weighed quant_ﬁ_es. This system
can be used to insure that an invoice fcr material is
generated based on the quantity agreed- upon with the
customer, eliminating costly credits, debits and rework.

15 The invention also includes a method for using a
fleet of vehicles to provide material to a plurality of

tanks at various customer locations comp;ising the steps

of:

collecting from an inventory indicéfor associated
20 with each of the tanks a quantity signa_fprovided to a
central station indicatlng the quantity in each of the
tanks;

storing information from the inventory indicators;
monitoring the quantity signals of each of the tanks
25 to determine past usage rates of the contents of each of
the tanks; :
projecting future tank guantities “f each of the
tanks based on the determined past usag ‘rates;
determining possible routes for each of the vehicles
30 to each of the tanks;
optimizing the routes, delivery amcunts, and
delivery schedule for each of the vehic based on the
projected future tank quantities and tn 'possible routes
to minimize delivered cost; and kS
35 dispatching each of the wvehicles in‘accordance with
. the its optimized route and delivery schedule.
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13 awpo7bes9t to the operator of any consunption cl assPCT/USIZ0238iges
whi ch have been i npl enent ed. ' In addition, processor 202 has
access to a truck routes nenory 214 which stores information
indicating the-5 various possible tr;acr: routes for each of the vehicles
to the tanks of custonmers which e part of the system Processor
202 executes optiJg Zi i gt t] 216 .( t ‘optim zing
al gorithm not ed a%%)\%?gﬂ&lghéﬂg hsésrﬁ‘ugtte%}g' \Pa‘:’r-i':soeﬂeé‘1 pér}gaj‘gg?é usage
stored i n mafyeral] Phdects nofohbeninventiionh ane aghigved ant otherd in
nenory 214 agvarthdéds (Besiu2Rat 4Btadnedl.0r mati on ‘which nininizes total
delivery cost. | artigcular, instructiQns,.216 %ot-.i','m' Zr& t he routes,

del i very anount s A HRTAPRS FHaBFRE(GORPe made, i1 the AROYRAXFE-Mbased
on the Proj edtdibuttdematriiig 1fromqthet skope @fd thee imesvitilon,r dt ebst o

m nim ze delsi _ 0 Ls.L.nfar i 1S, Qb i, menory 218.

Thi s i %?‘\égn’%%n%et%ir% ﬁ%fére%v?ﬁ’é‘ﬁl?%ﬁnﬁs%fh?p%% Lrmi nal 116
as routing cessui@tiopiatdrahownnin Whiecaccompanying drawings dshald cher
to control U&Ei‘fﬂéﬂfétﬁélés' ﬂlﬂgﬁﬂﬂ%&% a%a ndd i Iﬁe.lqmﬂﬂﬁd route
and del i veryé schedul™e. n addition, the processor is connetted to the
i ndi vi dual S®P8&ehjcles 118 by a satellite link 220 so that processor is

aware of the truck location and delivery information for each vehicle.
25 As a result, the processor 202 nonitors the quantity signal s
of each of the tanks 104 to determ ne past usage rates of the contents

of each of the tanks, which usage



rates are stored in pas The processor t hen
proj ects Wfoaksink @ E‘E@ Egmﬂm‘%“ h of the tanks 30 baﬁ?ﬂu@é’u&ﬁﬁ

det er m ned past usage or es such informati on 1n nmenory 210.
Next, the processor optin zes the routes, delivery anou -5 :
delivery schedule for each of the vehicles based on thej HI§ SHEEBHAS BEEN
future tank | evel.s and the possi B® routes. Finally, sug¢h optREPLAGED35
i nformation_jis stor%gjj1t£e di spatch nenory 218 and provi ded Totie
shipping te is gayredi t®at ching V\D 97/ 40459
PCT/ US97/ 02381 : ' each of the
vehi cl es in accordan t pLi e e very schedul e.
Since it is cont é'h’pl gfe#épe‘h f‘ﬁ u?%é g [fgﬁe& cﬁv%q nay be used
with a prodticie aeatiexdal dtovahptuwalitlye ofr maeﬂm)ra&()&rimsri zes 5
costs of del .of drivers and equi prrent
~ whi ch conpn€g§€?@§£ﬁ¥§bégié¥é 8ﬂ€?§§2ﬁ§ taking into account
vari ous dlscretléhé?%n orders as -noted bel ow, the '

processgr sel ect am ﬂﬁ}emry 1nd:|l.éﬂtl|b£‘ a&éo%filawd ‘QriMH Eéhcm Nb£1 €RE gogt
i i zes o SRR aRaL RACVELLAE Ya @iShhry pifred o the pdiEral oy *
equi prent whﬂazﬂunrnnﬂznagﬁnglthan@aamtuhyain each of the tanks, and
a processor at the central station for:
collecting and stdring information £rom the
10 inventory indicators;

' monitoring the quantity signals of each of the
tanks to determine past usage rates of the
contents of each of the tanks;

_ projecting future tank quantities of each of
.15 the tanks based on the determined past usage
rates; o
- .-determining possible routes for each of the
vehicles to each of the tanks;
optimizing the routes, delivety amounts, and
20 delivery schedule for each o£ the vehicles
' based on the projected future tank quantities
and the possible routes to minimize delivered
cost; and -
dispatching each of the vehlcles in accordance
25 with the its optimized route. and delivery
' schedule.

2. The system of claim 1 wherein;éach tank has a
capacity and wherein the processor a581gns a maximum
order level for each tank which maxlmum order level is
less than the capacity of the tank and: whereln the

5 processor optimizes the routes, dellvery amounts and
delivery schedule for a particular tank based on a
delivery that would not be made unless ;he tank level is

This Sheet Has Been Repl
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ninfnun1inventory | evel . I n one pref r odlnent of the
Lnvention, wb97dbyse satellite Iinks 1;“‘ cm‘ﬂ m&‘ cl ude pciiigomeasder
whi ch communi cate with each other to station 114 to
nmoni tor the position of the di spat ched’ vehlcles 118 Tht=S=4-nk-1p

i ndi cates to the vehicles instructigns fromthe central sTtHiS ISHIEEAMAS BEEN
I ndi cates to 20 the .central station ?Fe positiondoI t he dijspat cREH AQEP

vehi cl es. he nmefer 124.is direct nnect e tne-sateH

ok 150, eadiEA™ REELERR PEQSF nirual ok, ERe Barficulan LAtk andoRhe o

the satellitddninklievsl ahsualbové the m:tah.mmahndeht:wyed.é\fe]_a. particul ar

tank at a particular 25 custoner |ocation by each of the dispatched

vehicles. As a result, the processor generates billing information by
executing billing 3nstThetsystemoof (glapma3 wherrdsseach tznk rhamtaon

Series) for GRSy Adwal | an@ weeradd HRAY rocessbﬂ'f ae@a w&g&&?mgmt he
anount of naterlal deI ver 9 Icated to the

r ta as in
central statigHven 13V§ﬁhé°¥n?§§PaF Eaﬂ“ﬁ% IAMaREG¥Y t he
system NeHredf idm;:;realmltmanauhenheéftl)aﬂ.emt tbﬁattqie eiaméleetwalcg users
sygt em t hat LQn t abase, so
cgn have real rfe;i rgeqc%és?f%?%%%é83§i’tgﬁﬁF8Fn§PFoﬁ°u ald 3%'1’3 n?
contenplatedaﬂﬂﬁnﬁﬂuﬂqﬂcﬂﬁkAVQ#V sche@uiler fori anpa2ticular rnEdnkdcbased

addi tional f@recaddTBrery schéufd/ #R4E%revents the tank level from

PCT US97/ 0238 61ng 1ess than the heel level of the particular tamk.

4. The system of claim 1 wherein the processor
genexates discretionary orders and mandatory orders and
wherein the processor optimizes the routes, delivery
amounts and delivery schedule for a particular tank based

S -, on a delivery schedule that takes into account both
' discretionary orders and mandatory orders.

5. The system of claim 1 wherein the proceésor
minimizes delivered cost based on fixed resocurces of _
drivers and equipment while maintaining all tanks with a
minimum inventory.

6. The system of claim 1 further comprising a
satellite link including a transponder on each of the
vehicles communicating with the central station, said
satellite link monitoring the position of the dispatched

5 vehicles, indicating to the vehicles instructions from
the central station and indicating to the central station
the position of the dispatched vehicles.

7. The system of claim 6 wherein each of the
dispatched vehicles indicates to the central station via
the satellite link the amount of material delivered to a
particular tank at a particular customer location and

[‘ his Sheet Has Been Rep laced
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15 software (such as BCD) to e trends as well as

pr oduct consu tion. Al so, optional mﬂ m MHH, tic sof t war e

(such as BM9? W’oe provi ded which i#c cust onBETUSPTA3BY
preferences, elimnates the need for 5 manual rbdutfng and sch ¢HiS BHEEPAAS BEEN
optim zes the supplier' delivery equi pnent. [ onaFﬁ

ul trasoni ¢ technol ogy .enpl oyed as 2bevel sensors 108 nmay b

to achi eve tank readi ngs regardl ess of the tank geonetry or raw

m eri al 10 wheneincthe prpcesso‘fhlmilts.mrqﬁe sg'aﬁbtqcmproﬁrbmging

programi ng hesbfablbh provided cH%abip! el 50l CRNLAIULES LD

al | ow cust ome S m ni mum and naxi nu nven eTIPYRE,
each Qeﬁiiiélt Qe&ﬁ-V@N%@Q:Lﬁsmﬂﬁrindéup&ﬂn& mcmdabat‘edS days
and times oftds eglpé VeadL g8l ¥earidn .t he plant 102. In addition, the
system may adapt to the custonmer's daily shifts or allow the custoner
to change any schedul ed pl ans. Hi storical /forecasting

sof t war e (such ase BCOrh@0sysgemeofl lolaiden: iffnchding ran eifri\'k@ﬁ'téﬁft ructions
212 n h | t can

pi npoi nt usage iig;i?&i?ﬂiﬁ\ g%yggahgt% i@%i%@%% tﬁe %.everﬁa?é or for any
raw nat er i a™akR¥id} einppacheofyt tanks, Bhipastatusagsy semased for

formul ati on gresrfng apase ﬁBQggE’datQ.t '1%1@&?:' é:g the 'paiildiyd é g%%%vaeases

S I ncr ea

V\/:gl ch is sen tive ; hi,stori cal usage
f Pom ithR Paterial. inseach:of t"—hecﬁﬁ%r§ drure usagenot ified of
t hese vari almemm:y osgobihgr futhey wedge data indidatiiide dirbroARkt PR Nt

probl em or i ged LYo SPPHE! ¥ullrdOusahl®or e material in each of
the tanks, and a truck route memory storing routing data
indicating the routes to be taken by the vehicles for

10 supplying materials to each of the tanks.

9. The system of claim 8 including projection
instructions projecting future levels of the tanks based
‘on the level data, the past usage data and the future
usage data, and including optimizing algorithms selecting
5 the optimum routing data based on the ptojected future
levels.

10. The system of claim 9 including billing
instructions executed by the processor for generating
invoicing and usage reports for each particular tank:
corresponding to past usage and delivery of materials to

5 each particular tank.

11. The system of claim 1 wherein the processor
assigns a consumption class to each particular tank based
on past usage of the material in each particular tank and
wherein the processor projects future tank levels based

5 on the consumption class. |
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More than sinply recognizing a need repl eni shnment and
schedul i ng ve§opa®zdb, the order m’iﬂﬂrﬂ %,ﬂlﬂre ( suchecruS¥For3sshi ch
€

is part of the optim zi ng |nstru del i veryhased on the

35 custoner's nultiple, custonized specifications. In THIS SHEET HAS BEEN
97/ 40459 PCT/ US97/ 0238 REPLACED

16 addi ti an, routlng and schedul?ﬁg sof twar e (suc?hasb II) o

det ' t he be te t e.bi.lling software
whi ch i a part oR%bi| PRy SyBEh ol diafiCL susthen cowEifipe A,

paper wor k mhmeeer5onnaanhamehﬁyharﬁgrrmaabum:??aan dinbunbgof mafemahe

I nvoi ci b f | yeries or
Iinited svariabieryoof opeact sRaeaTLEle bl A Boler paviPe, 1 ks
sol ve this pFedpami éﬁeﬁ for transpHiitengito the crentralcshablioyy theat

transnits l0amodati m:rmalte&%aauelrivéﬁé&ra@r@@éﬁlﬁarti&ﬁ@hfl Benkan al so
be consolidated to sinplify the accounting process. - IS even

possi ble to obtain automated inventory managenent services for al
liquid raw materi 3Bs aTheheystam cifdZlaim 1LEuEthemecumprﬁthg Phlch

provi des on ahp v f I rial deliveries --
a substantia e'l: E%)ﬁurg gbggggﬁtsae\%cr%‘gséafﬂk% %“sﬁ%}‘i R Rccounti ng

' temperature corresponding to the temperature of the

material in the tank and a link interconnecting the

5 sensor and the central station and providing the

indicated temperature to the central station.

14. A system for providing material to a plurality
of tanks at various customer locations camprisingz
a fleet of vehicles to provide materials to the
plurality of tanks;
5 | '~ a central station; _ _
an inventory_indicatpr associated with each of the
tanks and providing a_quantity signal to the central
- station indicating the quantity in each of the tanks; and
a processor at the central station for:
10 ' collecting and storing information from the
inventory indicators;
monitoring the quantity signals of each of the
tanks to determine past usage rates of the
contents of each of the tanks;

15 projecting future tank quantities of each of
the tanks based on the determined past usage
rates;

determining possible routes for each of the
vehicles to each of the tanks, _

20 - ' optimizing the routes, delivery amounts, and
delivery schedule for each of the vehicles
based on the projected future tank quantities

Thls Sheet Has Been. Reilaced
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departnents. When raw materi al w‘m\l‘gg ‘are bet ween t he

Maxi mum orger, | and the m ni rum I 20 or ' ling
sof twar e c‘gﬁgg)gﬁaéggul e delivery to eru!mgrm L ! OdTRr needs%@%i l e
optim zing routing and . scheduling. Figure 4 illustrates the various
tank |l evels whi ch affect the system decisi-ons. Bach tank 104 has a
capacity and the processor 202 assigng24a naxi num order 25 | evel for each
tank whi ch maxi mum order level is |ess than the capacity of the tank.
The processor 202 the@nd the possiblet soures: 5o, mdolimige, deldwerednd
delivery schedul edgtf; a@rticul ar tank based on a delivery that

uld not be made unless the.tank |level is bel ow nmaxi num 30 order |evel
%ferr] of the particu%@ﬁmf .l ?%%htaﬁktg@vgﬁhgglesi§naﬁﬁﬁ934%?¢ﬁninum

inventory level (see MWiglr ¢l .itdecoptimipedceonee and deldvags gns (or
defines) a heel Ievelé&ﬁg&d e - for each tank such that a m ni num

i nventory | evel for each tank is greater than the heel |eével of the
tank. 35 The processor 202 optim zes the routes, delivery anounts

and delivery schgeul e af ffethdifl£ds K doen s WO 97/ 40459
PCT/ US97/ 02381 © ¢f Wiin "Rk PEE000 véhicles £o'C edul o

that preverPEOVAEe: JRtardfd 49 AnBeFRlity of tanks at various

customer locations comprising the steps of:
collecting from an inventory indicator associated
5 with each of the tanks a quantity signal indicating the
quantity in each of the tanks; '
storing information from the inventory indicators:
monitoring the quantity signals of each of the tanks
to determine past usage rates of the contents of each of

L0 . the tanks; .

projecting_future tank quantities of each of the
tanks based on the determined past usage rates; '

determining pcésible routes for each of the vehicles
to each of the tanks;

15 optimizing the routes, delivery amounts, and
delivery schedule for each of the vehicles based on the
projected future tank quantities and the possible routes
to minimize delivered cost; and

dispatching each of the vehicles in accordance with
20 the its optimized route and delivery schedule.

This Sheet Has Been Reilaced'
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| ess than the heel level of the particular tank. In particul ar, the
foll ow ng }pEowseuss are determ ned: 1. The timng of peTASOTEB8Y | S
determ ned by: a) 5 forecasted usage fromthe tank; b) avail able

capaciti es/usages of neighboring tanks/truck availability and
utilization; c) a delivery may be made whene t ank level is in the
“delivery zone;" and d) a delivery wll e made before tank | eve
reaches m nimuminventory level -10 L[err]. 2. The anount of the
delivery is determ ned by: a) ~avail abl e capacity of the tank (e.g., the
capacity L[err] - mnus the endyng inventory leNerr]); b) m ninumdelivery
anount for tank; c) maximum geMN very anmount Tor tank; and d) 15
avai |l abl e capacities of neighboring}tanks{BTC truck - utilization.

For exanple, this system may | Sed|w t h liquid feed raw

mat eri al s as mnet hi oni ne hydro hoxyquin, and wi ||
generate inventory |evels as Billing

i nstructions 222 link the sys ecei vabl e of the
supplier. This allows the ier to consiflePclstoner credit when
maki ng deliveri§}. For px@psre ef f ect Uul[d a delivery to 25 a
particul ar cust r frave on the_cred parti cul ar

cust omrer ? IEZa§§§ to exceed its credit

.limt, the s 0 resol ve the
pr obl em gBE '

the credit

;
i npacts of p
to specify a
224 for each

INVOICES / USAGE INF

3 ' 8| \%
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for each customer. For exanple, a custonmer may have 35 separate contacts

for del i veigyordoase back-up delivery, for pur chase or der s PER/S9Y702381
‘questions regardi ng usage WO 97/ 40459
PCT/ US97/ 02381 _ Z{? 18 deviations. This
menory allows the supplier to personally interface with the
appropriate contact for each custoner. Furthernore, every contact is
with a .custonmer recorded so that anyone who is a part of the 5
supplier's system may detern ne who conducted the last . comuni cati on
with a contact and the reason for the conmmuni cation. - ' The
system of the invention may al so have a delivery wei ght approval
option. This option eval uates and keeps. 10 track of order quantities,
origin quanﬂﬁ;i%:;. r guantities and customer wei ghed quantities
This system ~ can be used to g at an invoice for material is
gener ated based on the quantity {agkes on with the cust oner,
elimnating costly credits, debitgA ﬁlvwwk 65 : The invention al so
i ncl udes a hod for using a k et_oﬁ’Vgglcles to provide material to
a plurali t;;l tanks at varlaus . cusfoner |ocations con'pr% ng the
steps of : - | TRUCK DELIVERY
QUANTITY | QUANTIY LOCATION INFO
MONITORS | SIGNALS l [ Clock
2 | I
206 . _ 212
INVENTORY PROJECTION
MEHORY - INSTRUCTIONS| 14
208 (
PAST USAGE |— ROCESSOR FORECASTING,
MEMORY , 1 DCCAAND
1 —210 - {7 | OPTIMIZING
ALGORITHMS)
FUTURE USE
PROJECTIONS | |
N I ™ INsTRUGTIONS
2 | | N—202 T
TRUCK |~ 222
ROUTES |- DISPATCH [\ _ INVOICEY
MEMORY MEMORY| ~ 218 USAGE INFO
ROUTES/
224 SITE CONTACT ORDERS
N oy !
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col'lecting froman inventory indicator associated 20 wth ﬁgi_ }&gf
tanks a qumsw«w& gnal provided to a central station indi g he
‘quantity in each of the t anks; storing information fromthe
i‘nventory indicators; nonitoring e quantity signals of each of
tthe tanks 25 to determne past usage rates of the contents of each of

t he tanks; projecting future tank quantities of each of the
tanks based on the determ ned past usage rates; determ ni ng

- possible routes for each of the vehicles 30 to each of the tanks;

optim zing the routes, delivery anounts, and delivery schedule for
each of the vehicles based on the projected future tank quantities and
the possible routes to mni gp-ze—delivered—cqst; and 35

~ di spat chi ng eaF g@e icles In DATAIRMR W tth the its optim zed
ed

route and deliver . 7 .
PCT/ US97/ 02381 ' l\_/RSSi. IIQO@EKS In view of the above,
it will be seen that the sSeveral objects[of the Invention are achi eved and

- ot her adva@&g&wlﬁﬁlﬂts attai ned.- 1
CONSUMPTION

_ CALCULATE 1§
RECORDS CALCULATE AVG.

} DALY CONSUMFTION POUNDS BASED
~ ON CONSUMPTION
FACTOR

DETERMINE

CURRENT | ASSIGN DALY
FORECASTED GASS 1 ANDCOMPOSTE

TANKS | ASUIGNMENT CONSUMPTION PATTERN

1 | -
DELETE UNNEEDED/ \ CALCULATE

RECORDS AVERAGE INCHES
Y

CONCATENATED DAILY
CONSUMPTION PATTERNS

SUMMARIZE CONSUMPTION
PATTERN RECORDS

ASSIGN CONSUMPTION
CLASS
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As-various changes could be nade in the above system w thout .deé)ar%:ifsgg
fromthe sgep®assot he invention, it is intended that all mRGEYSHIEY ned
‘in the above description and shown in the acconpanying draw ngs shall be .
interpreted as illustrative and not in a |igyging sense. .
1. In a systemfor using a vehicle to provide _ material to a ‘
plurality of tanks at various custoner | ocati ons conprising a -
central station, an inventory i ndi cat or associated with each of the
tanks and provi di ng a quantity signal to the central station

I ndi cating the quantity in each of the tanks, and a processor at

t he central station for collecti ngh?nd storing information

fromthe inventory indicators to provide MN&fill service,
characterized in that: 10 ' the s \emisf‘(qr usiig a fleet of
vehi cl es; and - t he processor %rforms ge foI&wi ng steps:
. nmonitoring the quantity signals of each ofgthe N tanks-to

“ determi ne past usage rates of th&%y cont s of each of the
tanks; 15 pr oj ectMg futur titie
t anks based on the determned p X usage
determ ni ng possi ble routes for ch of t

Z
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u of each of the
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vehi cl es. to each of the tanks; optim zi ng tes,
del i very aXowmassse.and 20 delivery schedul e fo#%’%%?ﬁt he

* vehi cl es based on the pra,ected future tank quantities
ahd the possi bl e rout es %8 ni ni-ni ze delivered cost; and
di spatching each of the vehicles in accordance mﬁth t he
i.ts optim zed route and delivery ﬁfhedule
2. The systemof claim1 wherein eac an¥Yhas a Qg acity and:

_wherein the-processor- assi gns .a naxi order - 'ﬁevehlfor each tank
whi ch maxi mum order level is less thal® Qg the;g) i {ypof the tankiand

- wherein the processor opti m zesNtW G Ny anounts and
del i very schedul e for artic :dellvery t hat

21
nk level is
claim?2 wherein

"3

woul d not be made unl ess the §ghk Ievqg'
bel ow maxi mum order |eve| _of the paril

above the m ninmuminventpry | eyel.
each tank has a

N
o em—— : N
-
f— N
) - | /9//*7 3&_§§_
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.t

heel 1evél and wherein the processor assigns a nrnlnunrlnventory | evel for
each tank which m nimuminventory IeveI is greater thtm,wmmm ”mm,
t'he tank and wherein the processor. optimzgs. the route E ts
and delivery schedule for a particul &0 tank based ona eIrvery cHeddl e

t hat- prevents the tank level fiom being |ess than the heel level of the
particul ar tank.l.: In a gysthw fpstusiang |wshnclevisy grovive pr ocessor

gener at es %a%‘éﬂdlorif%{‘)é %ﬂ%a‘l 3:3}61 JENAAIAY Yo tORABISS dﬁ‘dgi el the

processor optimzes t out es |1 very anmounts an |very schedule for
a particul drodaFfonFa GOMRKL HLNEE|§ \RETF Leoh thiA td Qthatah ARSEeIERTY account bot h

di scret i oNamE A4S a@%dm WIS of the tanks HI Prdva@iedlg claim 1
wherein the processor nlnl zes 3 I|vered cost based o flxe sources of
drivers an@® Y} 8CARdOT Qnﬁ%q nventory.

6. The syss;t:ﬁnmftwlfn rsah}f wi h:efe ammcrs sra‘rgi & spﬁcﬁiésscﬂ: aiu ndhd ncl udi ng a
transponde ch. .of_.the I cl ammuni cating wth t ntral station,
o Do o e e IE SR S SO U DRGSR 5L
i ndi cat i ng fxtom tthe \iethieritaxy: rmdmnatroms Ho gnahide arefiidll stertviiare, and
|ndlcatlngéﬂégéy%éyggééﬂlﬁnggééNIthe position of the dispatched vehicles.

10 ' the system is for uSing a fleet of vehicles; and
the processor performs the following steps:
-monitoring the quantity Signals of each of the

-l

= 5 tanks to ‘determine past usage rates of the
. i_ contents of each of the tanks;
15 '-é prOJecting future tank quantities of each of the
E “tanks based on the determined past usage rates;
._determining possible routes for each of the
vehicles to each of the tanks;
: optimizing the routes, delivery amounts, and
20 é delivery schedule for each of the vehicles based
: _on the pro:ected future tank quantities and the
poss1ble routes to minimize delivered cost; and
dispatching each of the vehicles in accordance
with the’ its optimized route and delivery -
rschedule

veoi d
Y]

2. The system ©f claim 1 wherein each tank has a -

capacity and wherein"'he processor assigns a maximum order

level for each tank hich maximum order level is less than
the capaCity of the ‘tank and wherein the processor
optimizes the routes, delivery amounts and delivery
schedule for a particular tank based on a’ delivery that
would not be made unless the tank level is

AMENDED SHgr
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7. The system of claim6 wherein each of the dlspatche S |nd|cates
~to the central station via the satellite link the anoun '! ﬂﬂﬂ%’ l
delivered to a particular tank-at a @articul ar custoner *

22 "5 - wherein the processor i fiat'és the generation of b||||ng

i nformati on provided to each .-custoner based on the anount of materi al
delivered tiekowatdximbhmrotded besvehbf atlesl particulat heamerdndiltisd at i on.

8. The systen1of C ' ry storing |evel
data’ i ndi car? Jt%‘Leadr g}\_/%léﬂ'(%-ﬁgﬁ@ ﬁhiﬂmr&%é/n%%w ojfé?%&e) t anks, a past
usage nenory storlng past - - usage data indicating the past usage rates:

of the material 3, : ThdMg Qb £t R K Suhdrd 1 W £chISELRA: 4RIy Stori ng

future usegg dat a indlcat|n Information for projecting future

usage of tHeHatkITHl ABA ERIFID (T (RFRISSIPR PFIIRE @ MNiTYhte nenory
storing rm&mr&;ﬂ%;a iesbratonoeddie tank ashich mmlmlhﬁe imkeitdwy t he

vehicles far - %rfop:b%/ nat, ert%al s to %}ﬁ%ct}r%‘f?l 1 e t%ettar.]rﬁg and

9. The syst¥y
whereln the processor optlmlzes the routes, delivery

amounts ‘and deliv ry schedule for a particular tank based
on a dellvery schedule that prevents the tank level from
being less than He heel level of the particular tank.

4. The system of claim 1 wherein the processor
'generatés discrat .iary orders and mandatory orders and
whereln the proce sor optimizes the routes, delivery
' - schedule for a particular tank based
dn;e that takes into account both

7 and mandatery orders.

amounts: and dels
on a dellvery S
dlscret;onary Q' er

5.5 The sy'{em'of claim 1 wherein the processor
mlnlmlzes dellver d'cost based on fixed resources of
drivers: and equlp ent while maintaining all tanks with a

mlnlmum:rnventqf
i . The sys of claim 1 further comprising a
satelllte link
vehlcles communl at ng with the central station, said
satelllte llnk'monltorlng the p031t10n of the dispatched
ng:to the vehicles instructions from the
,_1nd1cat1ng to the central station the
_patched vehicles.

'}1ng a transponder on each of the

5 vehlcles, indice
central statio
position of th

7. The syi em of clalm 6 wherein each of the
es_lndlcates to the central station via
the amount of material delivered to a

dispatched veh
the satellite

particular tank a particular customer location and

AMENDED SHEET



rnstructtons projecting future |l evels of the tanks based

evel data, the past usage data and the future o‘sf.aﬁtmmttlm ttttll\

based on the projected future - ° 34évels. o - 10. °Thé system
of ¢laim9 including billing I nstructions executed by the processor

f0r5genergﬁh@ﬁe1n the bPYekEEsy bnitiavgs théogéﬁefwtleaobfﬂhilltugar t ank
cort Ssponal & PESL 138964280 deLly dud é :§ &8 the amof:
PR 59, k37 ? he

parti cul arig Ai T 1" WheT 8rn
processor of mates$abndehlvenednpc|anparassulareeankpastln@ieatednkobased

on past us e of I n each particular tank and wherein the
processor %J%%?gggﬁP%%§£ g%k | evel s based on the consunption class.

23 The systemof claim1l further conprising a neter
on each vehicl eg for ét@ﬂ 88 éﬂaﬂﬁtloinaﬁﬁ&ih§|an inventoggl i vered to
each particul ar tan net er, havi n

memory storlng level data 1n81cat1ng the level of material

in each_of the tanks, a past usage memory storing past

usage data indicating the past usage rates of the material

in each of the tanks, a future usage memory storing future
usage data indicating information for projecting future

usage of the material in each of the tanks, and a truck
route memory storing routing data indicating the routes to

be taken by the vehicles for supplYing materials to each

of the tanks.

9. The system of claim 8 including projection
instructions projecting future levels of the tanks based
on the level data, the past usage data and the future
usage data, and including optimizing algorithms selecting
the optimum routing data based on the projected future

levels.

. 10. The system of claim 9 including billing

gﬁt : instructions executed by the processor for generating
invoicing’ and usage reports for each particular tank
correspondlng to past usage and dellvery of materials to
each particular tank.

" 11. The system of claim 1 wherein the processor
a591gns a consumptlon class to each particular tank based
on past usage of the material in each particular tank and
wherein the processor projects future tank levels based on
the consﬁmption.class. | -
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transmitter for transmitting to the central station the

materi al delivered at each_partlcu4ar t ank. l"ﬂ u" em
of claim1 furthersconprl ng a - - - -temperature sen

for indicating a ~ - “enperaturzscorrespondlng to The tenperature of

t he- mat er.i ~the tank and a link interconnecting the sensor
and,the central 18 aydtpmoofdchglmhm fuﬂtheredompr?s1ng aem@@é?fur? f
to the centra or.using a fleet o
vehi cl es éﬁ éaéﬁa{réﬂgc%/edféﬁa SFPUriRg 4 p?ﬂ?%ﬁ?t?? ?a?%ﬁkifat vari ous
cust oner I@@b%V@ﬁgdceﬁp?§§hngarhecelepst@nk, said meter harrmge@tlng from .
an 'nvent0E¥ah§ﬂi€@é9rféfsefaﬁéﬁﬂtténg ao &héhcéﬁfpaff tétfbé

uantity signal in in I n eac anks
gerfor mynga‘g?n‘én\‘o? o ﬁré‘f‘ep@et’y"ﬁrﬁﬁio%’és%%?hoﬁaétlcﬂar t%@lﬂtral station:
storing informtion from-he: |nventory |nd|cators lod moni t ori ng
the quantity signpal . ‘eachiof to determ ne past usage
rateg of the coﬁ?éntggﬁfsgﬁtﬁmo?£ &1afm 1tﬁ%r¥%9RsG°mPrlsln9 &  projecting
future tantempensthressehsencdit cdadhetank for iz@dtkéa@ﬁigtchop t he dﬁt e][mt Rgd
ast usa et erm ni.ng poss e routes for each o
\F/)ehl cl esgetén%g]'sa%%é%a% rrespozh:g IR the Pemperatur% #E % ng the routes,
del i very amuuﬁrsalamm Uh¢|bamk and a llnkkmmhércdmmectinéltﬁetéEny@ﬁlcles

based on tlyes prigé: e@é' : _.-al‘ S%a‘flé,fgﬁ edg,- %ﬁl&%téﬁé g, f e possible

routes to mnimze:
. _the central statlon

temperat r'

14.. A method.for using a fleet of vehicles to
provide material to a plurality of tanks at various
1 ons -comprising the steps of:
) collect' g“from an inventory indicator associated
5 with each"f -he'tanks a quantity signal indicating the
quantlty;-“ﬂeach of the tanks;
perfzrmlnghthe”follow1ng steps by a processor of a

10

15

to each of the tanks,
Optlml_ n__the routes, delivery amounts, and delivery
schedule for ach of ‘the vehicles based on the progected

future tank quantltles and the possible routes to minimize
20 dellvered and& '

dlspatchlng each of the vehicles in accordance with
the its optlm zed route and delivery schedule

AMENDED SHEET
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d| gpat chi ng each.of the vehicles in accordance with POS cpqe

k opt| m zed route and delivery schedul e.
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