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This invention generally relates to inventory
management systems and methodes that involve automatic
product replenishment thrdugh vendor-ﬁanaged inventory.
In particular, the invention relates to an integrated
system monitoring use of materials stored in tanks,
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
example, the liquified gas industry has a gas delivery
system which uses telemetry systems to monitor customerw; )

" volume. The object of such systems is to provide
.’substantially continuous product supply. _However, such

systems are not eallly adapted for use in other
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
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
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
or faxes the order to the supplier specifying délivery
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dates and amounts. The manager maintains control and
accepts responsibility for down time that is a result of
the site running out of a raw material. When inventory-
management becomes automated, that losslof control may
seem alarming to both site managers and purchasing
agents. However, in an automated_invéﬁ;ory system, such
as the invention, the software and eqﬁiﬁment ensure
~product in the tanks at all times while allowing the
customer to maintain control by establishing customized
delivery parameters for each individual site.

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. - -

It is another object of this invention to- provxde an’
‘inventory management system which maintains historical
usage data and is capable of'forecasting future usage.

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

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

It is another object of this 1nventlon to provide an
inventory management system which reduces chances of
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 an
.inventory management system which eliminates the need for
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thousands of drums and/or tote bins eiong with the
environmental 1iabilities_associated;yith container
disposal or re-use. _

It is another object of this invent1on to provzde a
continuous inventory monitoring facility having leak
detection capability for liquid storae; facilities
thereby preparing customers for futureﬁregulatory
compliance. ' :

It is another object of this invention to provide a
system which reduces the risk of in;ugy_by eliminating
the need for employees to climb laddeie, stalrs, etc. to
measure inventory and also eliminaﬁesfguesswork and human
errors on inventory management. ‘mf

It is another cobject of this invention to provide
continuously available inventory infq;mation regardless
of time of day or weather'conditions,;ﬁ9 -

It is another cbject of thisﬁxnveﬁtign to provide a-
continuous usage monitoring system'reéniting in accurate

. .usage history to reconcile against;e;'Ected product usage:. .. . .-

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

It is another object of this invéétion to provide an
inventory management system includingfuemperature
monitoring to reduce costly system doﬁnltime in extremely
cold weather. :-

It is another object of this 1nventlon to
economically deliver less than truckload quantlties of
raw materials and to process forecasted orders to
minimize the suppliers cost of repleni'hxng tank
inventory.

In one form, the system is for us with a fleet of
vehicles to provide materlal to a plur lity of tanks at
various customer locations. The sys:em?comprlsesa
central station, an inventory 1ndica=_ associated with
each of the tanks and providing a quenﬁlty signal to the
central station indicating the quantififin each of the
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tanks and a processor at the central station. The
processor collects and stores informatiOn from the
inventory indicators, monitors the«qgapcity signals of
each of the tanks to determine past ﬁeaée rates of the
contents of each of the tanks, projects future tank
quantities of each of the tanks basé@;@#'the determined
past usage rates, determines possible'icutes for each of
the vehicles to each of the tanks, optimizes 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 deiivered 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
material to a plurality of tanks at véricus customer
locations. The system comprises a fleet of vehicles to
provide materials to the plurality of tanks, a central .
station, an inventory indicator assoclated with each of
the tanks and providing’ a~quanbity.aigq§latOQ:he~central

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 quentity 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 the 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 delivery schedﬁle”for each of the
vehicles based on the projected future tank quantities

‘and the possible routes to minimize delrvered cost; and

dispatching each of the vehicles in accordance with the
its optimized route and dellvery schedu e.

It is another object of the sys;e to forecast
demand for suppliers products to optiﬁize production
selectively.
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Other objects and features will be in part apparent
and in part pointed out hereinafter.

Brief D it £ the D ir

' Figure 1 is an illustration primarily in block
diagram form of one preferred embodiment of an integrated
inventory management system according to the invention.

Figure 2 is a block diagram of phe preferred
embodiment of the central station of~€he integrated
inventory management system accord;ng ‘to the invention.

Figure 3 is a flow chart in block .diagram form of
the information used by the operator aqd by the dynamic
consumption class assignment algorithm routine for
assigning a consumption class to each tank based on the
past usage of the tank. :

Figure 4 is a vertical cross- section of a tank
illustrating various tank 1evels 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
system according to the invention, showing that the
system of the invention maintains the:;ank level above
the minimum inventory level and below the capacity of the
cank. o

Corresponding reference characters indicate
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
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
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that each raw material may be suppliedion demand at the
appropriate level. The continuous, uninterrupted
operation of each plant 102 depends upen the inventory in
each and every tank 104 being maintained so that all
demands of- each plant can be met. The:integrated
inventory management system 100 of the -invention
maintains the tank inventories 104 to.permlt such
continuous, uninterrupted operation.

BEach tank 104 includes a inventoryfmeasuring device
such as level sensor 108 such as an uiﬁrasonic level
detector manufactured by Electronic Sensors, Inc. to
generate quantity signals indicating tﬁe inventory in
each tank 104. In addition, each tankfis provided with
one or more temperature sensor 110 sucbias a thermocoﬁple
for monitoring the temperature of the.ébntents of each
tank or the supply lines 106. Temperature signals

generated by the temperature -sensors 110 as well as the

gquantity signals generated by the level sensors 108 are

- provided:to a remote telemetry uniQH(REU).llz which is

programmed to communicate information to a central
station 114 via standard voice telephone lines or other
transmission link (e.g., cellular phone; satellite). As
a result, the RTU 112 provides the central station 114

with level and temperature informatioﬁ:" The information

may be automatically provided to the central station
periodically or may be obtained by pollzng from the
central station. For example, the central station
includes a processor (see Fig. 2) whxgn;collecte and
stores information from the level sensors 108 and the
temperature sensors 110 by polllng a tank after delivery
to confirm that a delivery has been made. The RTU may be
optionally provided with a local dlsplay so that the
customer at the site may monitor the_ﬁéiious levels and
temperatures. When standard voice telgphone lines are
used to interconnect the RTU 112 and thé central station
114, high speed modems for data transmission may be '
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employed as is well-known in the art. Where hard-wired
phone lines are impractical, wireless communication
technology in conjunction with high-speed modems may be
used to provide the level/temperature information to the
central station 114. At the central station, telemetry
data is collected using information . systems that store,
analyze, and report inventory and usage patterns, as will
be described below in greater detail.

Material consumption at each plant 102 is predicted
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
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
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
dispatcher. )

The central station 114 includes prediction software
(such as Bulk Commodity Dist:ibution‘pﬁovided by
Manugistics, Inc.) to accurately prediq; expected usage
and required delivery dates based 6n tﬁe unique usage
patterns at each particular site. In'gddition,
forecasted consumption levels can be'a&justed by known
changes in consumption patterns. Thls“ellmznatel the
possibility of emergency deliveries and ‘stock-outs. In
general, the central station 114 1s.op§:ated by the
material supplier who has daily access;to the system data
for analysis and interpreting the results to proactively
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warn each customer of potential malfdn?tions that can
cause production problems. The central station 114
routinely provides invoices and usage,iﬁformation to the
customer 120. ;

Each vehicle 118 is equipped with a satellite
communications system 119 including a dish 120 protected
by a radiotransparent cover 121. The sy
advantage of the global positioning system to indicate to
a satellite system 122 (such as QTRACS o
Qualcomm, Incorporated) the positidn.Qf;the vehicle 118.
This information is in turn relayed-byfﬁhe satellite 122
to a receiving station 123 which is coﬁéected (e.g., by
telephone lines) to the central statioﬁ7114 so that the
central station 114 knows the position of each and every
vehicle 118.

Each truck 118 is provided with a;gdvernment

““certified meter 124 for accurate deliﬁefy of the right

amount of product. The amount of produft delivered at

- each location ‘is communicated ‘to the ceotral station 114.

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
transmitted to the central .station 114 via the satellite
link-up 120 and satellite 122. It is contemplated that
multiple stops by each vehicle during oe route would be
routinely handled and that many of, if:mot all, the stops
may involve less than truckload quantities of liquids
which are delivered. The two-way communication satellite
system providing information between‘t7; vehicles 118 and
the central station 114 ensures promp f
customer 126 of the exact amount oﬁippoduct delivered in
addition to providing to the Centraiﬁ tion 114 timely
information on delivery status and truck location. 1In
the event of weather, road, or equipment problems, the -
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central station 114 is notified so tﬁgt immediate action
can be taken to ensure safe, on timeﬁpﬁoduct delivery.

Product consumption is predicted based on a
particular site’s historical consumption pattern and
available information on future changes. Product
delivery is optimally scheduled to each site based on
site inventory and site receiving chggéc:eristics
employing software such as Bulk Commpﬁity Distribution
(BCD) available from Manugistics.

Fig. 2 is functional block diagram of the central
station 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 functional block diagram
illustrates a separate clock 204 and'éeparate~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 Coe e

temperature of each of the tanks 104. Thls inventory
ihformation is stored in inventory memg;y 206 so. that the
present level and temperature of eachftank is immediately
known and accessible by and through the processor 202.
In addition, as the inventory memory 2§6 is updated by
the processor 202, past usage information 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

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
indicated by memory 206 and which evaIﬁates the past
usage as indicated by memory 208 to project future tank
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quantities of each of the tanks based on the present
inventory and past usage rates. The instructions 212
further take into account any specific7factors which have
been stored in the future use projectioﬁs memory 210
which may affect future usage of the: prcducts within the
tanks 104. FPFor example, such software’ may take in
account the following: seasonal shutdowna' periodic
maintenance; weekly demand patterns; or competitive
rotation (customer rotating supply frcm ‘more than ore
supplier). The processor 202 uses the forecasted
information to optimize total delrvery cost. This is
accomplished by applying optimizing algorithms (e.g., the
BCD problem solving algorithm) which evaluates various.
scenarios for routing and scheduling and determines the
particular scenario which would resnltfin the lowest,
total delivered cost while maintaining all tanks

replenished with minimum inventory and . meeting all- other o

constraints of the sy-tem In other words. forecasted

' ‘orders are processed to minimize the cost of réplenishing

tanks. )

In order to forecast future usage, the processor 202
may employ software which classifies consumption from the
various tanks in different categories depending on usage.
For example, the invention uses a dynamic consumption
pattern routine to create, on demand and with varying
parameters, a consumption class de81gnation for each
tank. __1
The dynamic consumption pattern routine allows
assigned classes to be generated based cn actual
telemetry data looking backwards a preset number of days.
The daily and weekly usage is calculated and various
defaults and calculations are used to derive a
consumption class key or pattern of the form "nnnnnnn.*
Bach ‘n’ represents a digit from 0 to 4 which
symbolically represent the estimated nermalized product
usage on the basis of a 24 hour productibn day by 7 days
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per week. A value of ‘4’ signifies ﬁhat fegardless of
how-mény actual hours the plant operetes. their typical
average usage for this day compared to an average week is
roughly a normal full day of usage. hLikewise, a value of
‘1’ would indicate roughly a quarter- day s production, a
value of ’2’ would indicate roughly a half-day’s
production and a value of '3’ 1nd1cates a three-quarter
day’s production. '

These values are normalized so that multiple sites
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 |

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 1n production 7 days .

per week on a level basis. Ind;vidual ‘spikes, or unusual
circumstances, or too short of a sampling period could
all account for the apparently erroneous ‘3’ in the
pattern. In the case of a high ﬁolumefcustomer with
known production plans, it is possible ‘to pre-code their
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 consumptio ; However, taking
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
clasgses may be established:
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CONSUMPTION | CONSUMPTION

DEFAULT M-F 4, SAT 0, SUN 0

9999999 S-S 4 |

4444444 S-S &

4444442 S-F 4, SAT 2

4444440 8§-F 4, SAT 0 .

4444421 S-T 4, FRI 2, SAT 1

4444420 S-T 4, FRI 2, SAT 0

2444444 M-S 4, SUN 2

2444442 M-F 4, SAT 2, SUN 2
2444441 M-F 4, SAT 1, SUN 2

2444440 M-F 4, SAT 0, SUN 2

2444420 M-T 4, FRI 2, SAT 0, SUN 2

1444444 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 0, SUN 1

1244444 T-S 4, SUN 1, MON 2

0444444 M-S 4, SUN 0

0444442 M-F 4, SAT 2, SUN O

0444441 M-F 4, SAT 1, SUN O

0444440 M-F-4, SAT-0, SUN O

0444420 . M-T 4, FRI 2, SAT 0, SUN 0

0444400 M-T 4, F-S 0

0442440 - M-T 4, WBD:2,-T*F-4, S-8 O

0244440 T-F 4, SAT 0, SUN 0, MON 2

0222220 M-F 2, SAT 0, SUN 0

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
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
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
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a printout to the operator of any conspmption class
changes which have been implemented.
In addition, processor 202 has.

ccess to a truck

routes memory 214 which stores informa ion indicating the

various possible.truck routes for ea;flof the vehicles to
the tanks of customers which are part: ‘of the system.
Processor 202 executes optimizing ipstructions 216 (such
as the BCD optimizing algorithm noted above) which
evaluate the various projected usage stored in memory 210
in combination with the truck routes stored in memory 214
to provide dispatching information whiéh.minimizes total
delivery cost. In particular, instructions 216 optimize
the routes, delivery amounts, and delivery schedule for
each of the vehicles based on the projected future tank
quantities and the possible routes to;m;nimize 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:vehicles: 116 in'accordance
with the optimized route and delivery schedule. In
addition, the processor is connected to ‘the individual
vehicles 118 by a satellite link 220 so ‘that processor is
aware of the truck location and delivery information for
each vehicle. '

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 memorY’ébB. The processor
then projects future tank quantities of ‘each of the tanks
based on the determined past usage rates and stores such
information in memory 210. Next, the processor optimizes
the routes, delivery amounts, and dellgery schedule for
each of the vehicles based on the projected future tank
levels and the possible routes. Finally, such optimized
information is stored in the dispatch: memory 218 and
provided to the shipping terminal 116 fgr dispatching
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each of the vehicles in accordance withrits optimized
route and delivery schedule. Since it_is contemplated
that the system of the invention may be used with a
dedicated fleet of vehicles, the proceasor 202 minimizes
costs of delivery based on a fixed number of drivexs and
equipment which comprise a set of fixed resources. By
taking into account various discretionary and mandatory

- orders, as noted below, the précessor selects a delivery

route and schedule which minimizes cost while maintaining
inventory levels. As a result, the processor 202
minimizes delivered cost based on fixed resources of
drivers and equipment while maintainingrall tanks with a
minimum inventory level.

In one preferred embodiment of the inventmon, the
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

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 iink the amount of
material delivered to a particular tank at a particular
customer location by each of the dispatched vehicles. Aas
a result, the processor generates bill;ng information by
executing billing instructions 222 (such as the ROSS
Distribution Series) for generatlng invoices and usage
information based on the amount of material delivered to
a particular tank as indicated to the central station.
The 1ntegrated software and hardware of the system
100 of the invention may interface w1th a client service
system that uses a central relational database so that
multiple users can have real time access to core
information. It is also contemplated that the projection
instructions 212 may include additional’ forecasting
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sdftware (such as BCD) to predict usage trends as well as
product consumption. Also, optional routing and logistic
software (such as BCD) may be provided which incorporates
customer delivery preferences, eliminates the need for
manual routing and sche&uling, and optimizes the
supplier's delivery equipment.

Optionally, the ultrasonic technology employed as
level sensors 108 may be configured to achieve tank
readings regardless of the tank geometry or raw material
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
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. '

Historical/forecasting software (such as BCD) .
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
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
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
customer’s multiple, custoﬁized specifications. 1In
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addition,'routing and scheduling software (such as BCD)
determines the best way to route the trucks.

The billing software which is a part of billing
instructions 222 reduces effort and paperwork while
maintaining timely and accurate billing. Accurate
invoicing becomes even more of a challenge with multiple
deliveries or limited availability of material. However,
certified, metered trucks solve this problem when
integrated with satellite technolbgy'that transmits
delivery information instantanecusly. ‘invoicing can also
be consolidated to simplify the accounting process. It
is even possible to obtain automated inventory management
services for all liquid raw materials at the plant 102,
under one umbrella, which provides one ﬁonthly invoice
for all liquid raw material deliveries -- a substantial
time and cost savings for purchasing and accounting

~departments.

When raw material inventories are between the

maximum order level and the minimum inventory level, .

order scheduling software can schedule delivery to ensﬁre
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
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
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.

The processor 202 optimizes the routes, delivery amounts
and delivery schedule for a particular tank based on a
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delivery schedule that prevents the tank level from being
less than the heel level of the psrticnlar tank. In
particular, the following decisions are determined:

. 1. The timing of a delivery is determined by: a)
forecasted usage from the tank; b) avsilable
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
L,. :

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)
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 genera;e_invsntory levels as . .

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
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

the credit records of each client and é?n immediately see

future impacts of planned deliveries. Also, 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
separate contacts for delivery, for bacﬁ-up delivery, for
purchase orders or for questions regarding usage
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deviations. This memory allows the supplier to
personally interface with the appropriéte contact for
each customer. Furthermore, every contact is with a
customer recorded so that anyone who i”_a part of the
supplier’s system may determine who co_ducted the last
communication with a contact and the reason for the
communication. R
The system of the invention may al
weight approval option. This option é luates and keeps
track of order quantities, origin quantities, meter
quantities and customer weighed quantities. This system
can be used to insure that an invoice ggr material is
generated based on the quantity agreed*ubcn with the
customer, eliminating costly credits, debits and rework.
The invention also includes a method for using a
fleet of vehicles to provide material tqia plurality of
tanks at various customer locations co@éiising the steps

;.have a delivery

collecting from an inventory indicéfor associated
with each of the tanks a quantity signah provided to a
central station 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
the tanks; :

projecting future tank quantities "f each of the
tanks based on the determined past usage: rates;

determining possible routes for eécﬁ of the vehicles
to each of the tanks; o

optimizing the routes, delivery amcunts, 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 inﬁaccordance with
the its optimized route and delivery schedule.




WO 97/40459 PCT/US97/02381

19

In view of the above, it will befseen that the
several objects of the invention are-éghieved and other
advantageous results attained. .

As various changes could be made in the above system
without departing from the scope of_:ne invention, it is
intended that all matter contained in the above
description and shown in the accompaﬁ 1ﬂg drawings shall
be interpreted as illustrative and not in a limiting
sense.
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What is claimed is:

1. A system for using a fleet of vehicles to
provide material to a plurality of tanks at various
customer locations comprising:

a central station; .

an inventory indicator associated with each of the
tanks and providing a quantity signal to the central
station indicating the quantity in eacﬁfbf the tanks; and

a processdr at the central station for:

collecting and stdring information £rom 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;
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;
optimizing the routes, delivety amounts, and
delivery schedule for each of the vehicles
based on the projected futuréftank quantities
and the possible routes to minimize delivered
cost; and - _
dispatching eagh"of the vehiéies in accordance
with the its optimized route §nd delivery
schedule. N

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
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
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below maximum order level of the particular tank and the
tank level is above the minimum inventory level.

3. The system of claim 2 wherein each tank has a
heei level and wherein the processor assigns a minimum
inventory level for each tank which minimum inventory
level is greater than the heel level of the tank and
wherein the processor optimizes the routes, delivery
amounts and delivery'schedule_for a particular tank based
on a delivery schedule that prevents the tank level from
being less than the heel level of the particular tank.

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
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 resources 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
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
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wherein the processor initiates the generation of billing
information provided to each customer based on the amount

of material delivered to a particular tank as indicated
to the central station.

8. The system of claim 1 including an inventory
memory storing level data indicating 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 optimnm routing data based on the projected 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
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
on the consumption class. '
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12. The system of claim 1 further comprising a
meter on each vehicle for measuring an amount of material
delivered to each particular tank, said meter having a
transmitter for transmitting to the central station the
amount of material delivered at each particular tank.

13. The system of claim 1 further comprising a
temperature sensor at each tank for indicating a
temperature corresponding to the temperature of the
material in the tank and a link interconnecting the
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;
"~ a central station; _ _
an inventory_indica;p; 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:
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;
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, _
optimizing the routes, delivery amounts, and
delivery schedule for each of the vehicles
based on the projected future tank quantities
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and the possible routes to minimize.delivered
cost; and

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

15. A method for using a fleet of vehicles to
provide material to a plurality of tanks at various
customer locations comprising the steps of:

collecting from an inventory indicator associated
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
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;

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

the its optimized route and delivery schedule.
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