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'mined by measuring the pressure of fluid proximate to the bottom of the tank. The

depth of the tluid 1s then determined from the pressure and density of the fluid. Fluid volume 1s then determined mathematically or
from charts given the depth as well as the size and shape of a tank. Multiple pressure readings may be taken along the bottom of a
e tank, and an average pressure determined that may be used to calculate volume. Pressure readings may be taken at different heights
to determine fluid density used to calculate volume. Pressure readings may be adjusted for atmospheric pressure. Volume increases
or decreases exceeding a respective predetermined threshold may be flagged and alerts generated. Volume calculations may be recor -

ded for comparing against a volume of fluid recorded as being purchased.



CA 02959583 2017-02-28

SYSTEM AND METHOD FOR DETERMINING VOLUME
OF FLUID IN A TANK

TECHNICAL FIELD

[0002] This invention relates, in general, to determining the volume of fluid in a tank
and, more particularly, to systems and methods for determining the volume of a consumable,

such as gasoline or diesel fuel, used, for example, in a commercial transportation vehicle fleet.

BACKGROUND

[0003] It is not uncommon for commercial vehicle operators to use company charge
cards for purchasing fuel in large quantities. Unscrupulous vehicle operators have becn known
to make fuel charges for fuel which was not added to the fuel tank of thc approved vehicle, but
instead added to the fuel tank of an accomplice vehicle opcrator's vehicle for which the
accomplice may give the unscrupulous vchicle owner a monetary kickback. Other schemes
derived by unscrupulous vchicle operators include collusion with service station operators to
overcharge company charge cards in exchange for a monetary kickback and siphoning fuel
from the fuel tank.

[0004] In light of the foregoing, an ongoing need exists for systems and methods
which ensure that consumables, such as fuel, purchased on company charge cards 1is
appropriately used for approved commercial vehicles. It would also be desirable that such
systems and methods would mitigate or eliminate unscrupulous vehicle operators from stcaling
fuel or overcharging company charge cards. Still further, it would be desirable that such
systems and methods would optimize the fuel consumption cycle, including purchase,
verification, and performance, for not only a single vehicle, but for a fleet of commercial

vehicles.

SUMMARY

[0005] Certain embodiments accordingly provide a system and method for
determining volume of a fluid in a tank by first measuring the pressure of fluid proximate to
the bottom of the tank. The depth of the fluid is then determincd from the pressure and density
of the fluid. Fluid volume is then determined mathematically or from charts given the depth as
well as the size and shape of a tank. Multiple pressurc rcadings may be taken along the bottom

of a tank, and an average pressure determincd that may be used to calculate volume. Pressure
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readings may be taken at different heights to determine fluid density used to calculate volume.
Pressure readings may be adjusted for atmospheric pressure. Volume increases or decreases
exceeding a predetermined threshold may be flagged and alerts generated. Volume calculations
may be recorded for comparing against a volume of fluid recorded as being purchased.

[0005a] Ccrtain exemplary embodiments can provide a system for determining
volume of fluid in at least one tank, the system comprising: at least one tank mounted on a
vehicle, the at least one tank being capable of storing a volume of fluid; at least one sensor
positioned within the at least one tank, and submersed in fluid when fluid is in the at least one
tank, the at least one sensor being configured for measuring pressure of fluid proximate to the
bottom of the at least one tank; at least one vent line operably connected to the at least one
sensor, the at least one vent line having a single end through which air may flow and
atmospheric pressure may be communicated to the at least one sensor, the at least one sensor
being further configured for adjusting a fluid pressure reading by the communicated
atmospheric pressure; a first at least one processor positioned within the at least one sensor,
and a first at least one memory coupled to the first at least one processor, the first at [cast one
mecmory including computer program code executable by the first at least one processor for
generating pressure signals indicative of fluid pressure adjusted by atmospheric pressure; and
means for determining the volume of fluid from the pressure signals.

[0005b] Certain exemplary embodiments can provide a system for determining
volume of fluid in at least one tank, the system comprising: at least one tank capable of storing
a volume of fluid; at least one sensor positioned within the at least one tank, and submersed in
fluid when fluid is in the at least one tank, the at least one sensor being configured for
measuring pressure of fluid proximate to the bottom of the at least one tank and for adjusting a
measurement of fluid pressure by atmospheric pressurc; a first at least one processor positioned
within the at least one sensor, and a first at least one memory coupled to the first at least one
processor, the first at least one memory including computer program code executable by the
first at least one processor for generating pressure signals indicative of fluid pressure adjusted

by atmospheric pressure; and means for determining the volume of fluid from the pressure
signals.

[0005¢] Certain exemplary embodiments can provide a system for determining
volume of fluid in at least one tank, the system comprising: at least one tank mounted on a
vehicle, the at least one tank being capable of storing a volume of fluid; at least one sensor

positioned within the at least one tank, and submersed 1n tfluid when fluid is 1n the at least one
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tank, the at least one sensor being configured for measuring pressure of fluid proximate to the
bottom of the at least one tank; at least one vent line operably connected to the at least one
sensor, the at least one vent line having a single end through which air may flow and
atmospheric pressure may be communicated to the at least one sensor, the at least one sensor
being further configured for adjusting a fluid pressure reading by the communicated
atmospheric pressure; a dry box attached the at Icast onc vent linc to aid 1n absorbing moisture
and keeping air 1n the at least one vent line dry; a f{irst processor positioned within and coupled
to the at least one sensor; and a first memory positioned within the at least one sensor and
coupled to the first processor, the first memory including computer program code executable
by the first processor for determining volume of fluid with reference to the pressure of fluid as
adjusted by atmospheric pressure, the density of the fluid, and the size and shape of the at least
one tank.

[0005d] Certain exemplary embodiments can provide a system for confirming a fuel
event, the system comprising: a vehicle; at least one fuel tank mounted on the vehicle, the at
least one fuel tank being configured for storing fuel; at least one sensor mounted within the at
lecast one fuel tank and configured for periodically mcasuring the quantity of fucl in the at lcast
onc fucl tank, and, when the periodically measured quantity of fuel indicates that there 1s a
change 1n fuel volume which exceeds a predetermined threshold indicating a fuel event, for
generating fuel log data signals comprising fuel log data, the fuel log data including the
quantity of change 1n fuel volume, date, and time of change i fuel volume; a transceiver
mounted to the vehicle and coupled to the at least one sensor for receiving the tuel log data
signals and for transmitting in substantially real time the {uel log data signals to a data

communication network; and a server coupled to the data communication network, the server
being configured for receiving from the data communication network the fuel log data signals,
and for receiving from the data communication network fuel purchase data signals containing
fuel purchase data generated by a fueling station, stored on a computer coupled to the data
communication network, and indicative of a quantity of fuel dispensed at an indicated date and
time, the server being further configured for determining, based on a comparison of the fuel
purchase data with the fuel log data, whether or not the fuel purchase data confirms the fuel
event indicated by the fuel log data, and for generating an alert 1f 1t 1s determined that the fuel

purchase data does not confirm the fuel event indicated by the fuel log data.
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[0005e] Certain exemplary embodiments can provide a method for confirming a fuel
event, the method comprising steps of: measuring periodically the quantity of fuel stored 1n at
least one fuel tank mounted on a vehicle; generating fuel log data signals comprising fuel log
data when it 1s determined that the periodically measured quantity of fucl indicatcs that there 1s
a change 1n fuel volume which exceeds a predetermined threshold indicating a fuel event,
wherein the fuel log data includes the quantity of change in fuel volume, date, and time of
change in fuel volume; transmitting from the vehicle in substantially real time the fuel log data
signals to a data communication network; receiving by a server from the data communication
network the fuel log data signals and parsing out the fuel log data; receiving by the server from
the data communication network fuel purchase data signals containing fuel purchase data
generated by a fueling station, stored on a computer coupled to the data communication
network, and indicative of a quantity of fuel dispensed into the at least one fuel tank at an
indicated date and time; determining, based on a comparison of the fuel purchase data with the
fuel log data, whether or not the fuel purchase data confirms the fuel event indicated by thc
fucl log data; and gencrating an alert if 1t 1s determined that the fuel purchase data does not
confirm the fuel event indicated by the fuel log data.

[0005f] Certain exemplary embodiments can provide a system for confirming a fuel
event, the system comprising: a vehicle; at least one fuel tank mounted on the vehicle, the at
least one fuel tank being configured for storing fuel; at least one sensor mounted within the at
least one fuel tank and configured for periodically measuring the quantity of fuel in the at least
one fuel tank, and, when the periodically measured quantity of fuel indicates that there 1s a
change in fuel volume which exceeds a predetermined threshold indicating a fuel event, for
generating fuel log data signals comprising fuel log data, the fucl log data including the
quantity of change in fuel volume, date, and time of change 1n fuel volume; a data
communication network; a transceiver coupled to the data communication network and
mounted to the vehicle and coupled to the at least one sensor for receiving the fuel log data
signals, the transceiver being configured for transmitting 1n substantially real time the fuel log
data signals to the data communication network; a fueling station configured for generating
fuel purchase data signals indicative of a quantity of fuel dispensed into the at least one fuel
tank at an indicated date and time; a computer connected to the data communication network,
the computer being configured for receiving and storing the fuel purchase data signals; a server

coupled to the data communication network, the server being configured tor receiving from the
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data communication network the fuel log data signals and the fuel purchase data signals, the
server being further configured for determining, based on a comparison of the fuel purchase
data with the fuel log data whether or not the fuel purchase data confirms the fuel event
indicated by the fuel log data, and for generating an alert 1f it 1s determined that the fuel
purchase data does not confirm the fuel event indicated by the tuel log data.

[0005g] Certain exemplary embodiments can provide a system for confirming a fuel
event, the system comprising: a vehicle; at Icast onc fucl tank mounted on the vehicle, the at
least one fuel tank being configured for storing fuel; at least one sensor mounted within the at
least one fuel tank and configured for periodically measuring the quantity of fuel in the at least
one fuel tank, and for generating fuel log data signals comprising fuel log data, the fuel log
data including indicia of fuel quantity and the date and time of measuring the fuel volume; a
transceiver mounted to the vehicle and coupled to the at least one sensor for receiving the fuel
log data signals and for transmitting in substantially real time the fuel log data signals to a data
communication network; and a server coupled to the data communication network, the server
being configured for receiving from the data communication network the fuel log data signals,
and for receiving from the data communication network fuel purchase data signals containing
fuel purchase data generated by a fueling station, stored on a computer coupled to the data
communication nctwork, and indicative of a quantity of fuel dispensed at an indicated date and
time, the server being further configured for determining, based on a comparison of the fuel
purchase data with the fuel log data, whether or not the fuel purchase data confirms the fuel
event indicated by the fuel log data, and for generating an alert 1f 1t 1s determined that the fuel
purchase data does not confirm the fuel event indicated by the fuel log data.

[0006] The foregoing has outlined rather broadly the features and technical

advantages of the present invention in order that the detailed description of the invention that
follows may be better understood. Additional features and advantages of the invention will be

described hereinafter which form the subject of the claims of the invention. It should be
appreciated by those skilled in the art that the conception and the specific embodiment
disclosed may be readily utilized as a basis for modifying or designing other structures for
carrying out the same purposes of the present invention. It should also be realized by those
skilled in the art that such equivalent constructions do not depart from the scope of the

invention as set forth in the appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0007] For a more complete understanding of the features and advantages of the
present invention, reference 1s now made to the detailed description of the invention along with
the accompanying figures in which corresponding numerals 1n the difterent figures refer to
corresponding parts and in which:

[0008] FIGURE 1 is a schematic block diagram exemplifying one embodiment of a
system for managing inventory of a consumable 1n a commercial vehicle fleet, according to the
teachings presented herein,;

[0009] FIGURE 2 is a schematic block diagram exemplifying a remote inventory
management server depicted 1in FIG. 1;

[0010] FIGURE 3 exemplifies a tractor depicted 1n FIG. 1;

[0011] FIGURE 4 1s a schematic block diagram exemplifying an onboard
management subassembly utilized on the tractor of FIG. 3;

[0012] FIGURE 5 1s a flow chart exemplifying steps in a process for managing

inventory of a consumable, according to the teachings presented herein;

22 -
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[0013] FIGURE 6 18 a graphical block diagram depicting one embodiment of
operational modules, which form a portion of the system for managing inventory of a
consumable exemplified in FIG. 1;

[0014] FIGURE 7 1s a screenshot exemplifying details of a Dashboard report
depicted by FIG. 6;

[0015] FIGURE & 1s a screenshot diagram exemplifying details of an event
depicted 1n the screenshot of FIG. 7;

[0016] FIGURE 9 1s a screenshot exemplifying details of a User Access
Configuration form depicted mn FIG. 6;

[0017] FIGURE 10 1s a screenshot exemplifying details of a Fuel Purchase
Reconciliation Report depicted 1 FIG. 6;

[0018] FIGURE 11 1s a screenshot exemplifying details of a Real Time Fuel
Inventory report depicted in FIG. 6;

[0019] FIGURE 12 18 a screenshot exemplitying details of a Fuel Loss Events
report depicted 1 FIG. 6;

[0020] FIGURE 13 1s a screenshot exemplifying details of a Daily Fuel Logs
rcport depicted m FIG. 6;

[0021] FIGURE 14 1s a screenshot exemplifying details of a Fuel Purchase Logs
report depicted i FIG. 6;

[0022] FIGURES 15A and 15B 1s a screenshot exemplifying details of a Fuel

Probc¢ Configuration form dcpicted 1n FIG. 6;

[0023] FIGURES 16A and 16B 1s a screenshot exemplifying details of a Fuel
Purchase Report Configuration form depicted in FIG. 6;

[0024] FIGURES 17A and 17B 1s a screenshot exemplifying details of a Report
Configuration form depicted m FIG. 6;

[0025] FIGURES 18A and 18B 1s a screenshot exemplifying details of an Alerts
Configuration form depicted in FIG. 6;

[0026] FIGURE 19 1s a screenshot exemplifying details of a product
configuration form dcpicted in FIG. 6;

[0027] FIGURE 20 1s a screenshot exemplifying details of a Firmware Updates
form depicted 1n FIG. 6;
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[0028] FIGURE 21 is a graphical schematic diagram exemplifying one embodiment
of fuel optimization application of the system for managing inventory of a consumable;

[0029] FIGURE 22 exemplifies a single fuel volume sensor configured for insertion
into a fuel tank of the tractor of FIG. 3;

[0030] FIGURE 23 is a schematic block diagram of the fuel volume sensor of FIG.
22;

[0031] FIGURE 24 is a cross-section of a tube taken along line 24-24 of FIG. 22;

[0032] FIGURE 25 exemplifies a dual fuel volume sensor configured for insertion
into a fuel tank of the tractor of FIG. 3;

[0033] FIGURE 26 illustrates the dual fuel volume sensor of FIG. 25 inserted 1n a
fuel tank of the tractor of FIG. 3; and

[0034] FIGURES 27 and 28 exemplify a mechanism that may optionally be

employed to stabilize the dual fuel volume sensor of FIG. 25.

DETAILED DESCRIPTION

[0035] Refer now to the drawings wherein depicted elements are, for the sake of
clarity, not necessarily shown to scale and wherein like or similar elements are designated by
the same reference numeral through the several views. In the interest of conciseness, well-
known elements may be illustrated in schematic or block diagram form in order not to obscure
the present invention in unnecessary detail, and details concerning various other components
known to the art, such as computers, workstations, data processors, databases, pressure and
temperature sensors, data communication networks, radio communications, and the like
necessary for the operation of many electrical devices and systems, have not been shown or
discussed in detail inasmuch as such details are not considered necessary to obtain a complete
undcrstanding of the present invention, and are considered to be within the skills of persons of

ordinary skill in the relevant art. Additionally, as used herein, the term "substantially” 1s to be
construed as a term of approximation.

[0036] It is noted that, unless indicated otherwise, computational and
communication functions described herein may be performed by a processor such as a
microprocessor, a controller, a microcontroller, an application-specific integrated circuit
(ASIC), an electronic data processor, a computer, or the like, in accordance with code,
such as program code, software, integrated circuits, and/or the like that are coded to

perform such functions. Furthermore, it is considered that the design, development, and
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implementation details of all such code would be apparent to a person having ordinary
skill in the art based upon a review of the present description of the invention.

[0037] Referring to FIGURE 1, there 1s depicted a system for managing
inventory of a consumable, which 1s schematically illustrated and designated by the
reterence numeral 10. The system 10 includes a remote inventory management server
(“RIMS”) 16. As shown m FIGURE 2, RIMS 16 includes a processor 202 and memory
204 interconnected via a bus 210. Memory 204 1s effective for storing a database and
computer program code executable by processor 202 for pertorming functions in
accordance with principles of the invention, preterably as a web application, discussed 1n
further detail below. RIMS 16 further includes capacity for a number of mputs and
outputs (“I/0") 206, also discussed below.

[0038] Returning to FIG. 1, the system 10 further includes at least one fueling
station point of sale (“PPOS”) 20. POS 20 1s configured for supplying a consumable,
referred to herein as “fuel”, to at least one vehicle, such as a tractor 24 pulling a trailer 26,
or any of a number of other types of vehicles, such as trucks (e.g., large-transport-on-
highway wvehicles), automobiles, trains, boats, ships, airplanes, railroad locomotives,
clectric transport vehicles, construction vchicles, municipality flcets, vehicle-imdependent
applications (e.g., o1l & gas drilling rigs), and the like, referred to collectively herein as a
“tractor”. By way of example, but not limitation, fuel includes gasoline, diesel, electrical
energy, oil, urea, or other fuel or fluid, and the like. POS 20 1s further adapted for
rcceiving payment of fucl by way of a charge card, such as fucl cards, credit cards, and
debit cards, in exchange for providing fuel, and for generating from such sale, fuel
purchase data 30. Fuel purchase data 30 preferably includes an invoice number, an
identification of who and/or for which vehicle fuel was purchased, a location, date, and
time of a purchase, a quantity (e.g., number of gallons) and cost of fuel purchased, the cost
including total cost as well as price per unit (e.g., gallon) of fuel purchased. Mileage of
tractor 24 1s optionally provided as well with the fuel purchase data. Fuel purchase data
30 preferably excludes any proprietary information, such as the number of a charge card
that could bc uscd to commit fraud against the lcgitimate holder of the card. POS 20 1s
coupled via the network 28 for transmitting fuel purchase data 30 to at least one electronic

bank server 18 adapted for handling charge cards. Bank server 18 1s coupled via network

28 for forwarding fuel purchase data 30 to RIMS 16 via I/O 206.
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[0039] As discussed 1n further detail below with respect to FIGURE 3, tractor 24
preferably mcludes a fuel sensor 104 positioned 1 each of at least one fuel tank, and 1s
cffective for measuring characteristics of fuel, referred to herein as fuel log data 32,
discussed m further detail below with respect to FIGURE 4, and for transmitting that fuel
log data to an onboard management system (“OMS”) 102, mounted on the tractor. OMS
102 1s coupled via network 28 for transmitting fuel log data 32 to RIMS 16 via I/O 206.

[0040] At least onec work station 12 1s also coupled to RIMS 16 via network 28.
Work station 12 preferably includes a processor and memory (not shown) configured for
storing computer program code executable by the processor for providing an interface
between RIMS 16 and a user. While not shown, a “user”, as the term 1s used herein,
includes, by way of example but not limitation, a transportation fleet administrator or
manager, or a transportation carrier or logistics provider responsible for managing a fleet
of tractors, such as tractor 24, to haul various goods on trailers. Work station 12
preferably also includes conventional computer mput devices, such as a keyboard and
mouse, and output devices, such as a display monitor 13.

[0041] FIGURE 3 depicts in greater detail a tractor 24 equipped for functioning
in accordancc with principles of the invention. The tractor 24 includcs an c¢nging
compartment 40 housing an engine and other components, as well as a cabin 48 positioned
behind engine compartment 40 and above a vehicle chassis 50. Two storage tanks,
referred to herein as fuel tanks, 64 (only one of which 1s shown) are typically mounted to
the vehicle chassis 50 antcrior to cabin 48.

[0042] In one embodiment, the system 10 components associated with tractor 24
include, but are not limited to, an inventory management assembly (“IMA”) 100 having an
onboard management subassembly (“OMS”) 102 coupled via a data communication link
120 to at least one sensor 104 positioned within each of at least one respective fuel tank 64
for detecting fuel volume, as discussed 1n further detail below with respect to FIGURES
21-28. In one implementation, the OMS 102 may be partially or totally integrated with an
onboard diagnostic recorder (not shown) of tractor 24.

[0043] As shown most clcarly in FIGURE 4, th¢ IMA 100 and, 1n particular, the
OMS 102, includes a processor 172, a memory 174, and various mputs and outputs (“I/O”)
176 interconnected via a bus 180. Memory 174 1s preferably flash memory, effective for
storing computer program code executable by processor 172. At least one sensor 104 1s

preferably coupled via link 120 to /O 176 for providing to OMS 102 data signals



CA 02959583 2017-02-28

WO 2015/066387 PCT/US2014/063266

indicative of fuel volume, such as pressure and temperature. Further mputs to OMS 102
include data indicative of mileage of the tractor 24 received via line 136 from an odometer
134 located within the cabin 48 or equivalent component on tractor 24. In one
implementation, OMS 102 I/O 176 optionally includes an accelerometer 138, such as a
three-axis self-orientating accelerometer, which may provide data such as the motion,
degree of incline, and event-related activity of tractor 24. Various compensational
adjustments may be made to the data based on the accelerometer readings, discussed
further below with respect to FIGS. 15A and 15B. In the illustrated implementation, the
IMA 100 preferably also includes a Global Positioning System (“GPS”) 190 coupled to
the OMS 102 through I/O 176 for facilitating the generation of data relative to the vehicle
location and date/time. Data generated by OMS 102 may also include access to a
controller area network (“CAN”), a vehicle bus standard designed to allow
microcontrollers and devices to communicate with e¢ach other within a vehicle without a
host computer. In another embodiment, a sensor may optionally be provided to measure

fuel quality, such as BTU-values or other quality characteristics that would assist in

determining the quality of the consumable. Data mput, such as fuel volume, fuel
tcmpceraturc, fucl quality, milcage, accclerometer data, location, tractor identification, datc
and time, are referred to collectively herein as “fuel log data”. OMS 102 I/O 176 includes
a transceiver 182 coupled via a line 137 to an antenna 60 (FIG. 3) mounted in the cabin 48
for transmitting fuel log data wirelessly via network 28 to RIMS 16.

[0044] FIGURE 5 1s a flow chart of prceferred steps performed by system 10 for
managing the inventory of a consumable, such as gasoline or diesel fuel, used, for
example, 1n a commercial transportation vehicle fleet. Beginning at step 502, execution
proceeds to steps 504 and 506. At step 504, a driver of tractor 24 adds fuel purchased
from a fueling POS 20 to at least one tank 64 of his/her tractor. At step 512, the tfueling
POS 20 generates and transmits fuel purchase data 30 (e.g., invoice number, vendor, date
and time, location, vehicle or driver identification, quantity of fuel purchased, and total
and per unit cost of the fuel) to bank server 18 which, 1n step 514, forwards the data to
RIMS 16 which, 1n stcp 516, saves the data to memory 204. Rcturning to stcp 506, the at
least one fuel sensor 104 of IMA 100 generates a data signal indicative of the fuel
pressure, density, and/or volume and optionally, of fuel temperature also, and transmits
same to OMS 102. OMS 102 then generates fuel log data, including fuel pressure,

density, and/or volume (and optionally temperature), vehicle and/or driver identification,
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date/time, and location. In step 508, OMS 102 transmits the fuel log data to RIMS 16. At
step 516, the fuel log data 32 18 saved to memory 204 of RIMS 16. In step 510, OMS 102
waits a predetermined length of time, such as thirty seconds, and execution returns to step
506.

[0045] It may be appreciated that there may be hundreds of transmissions of fuel
log data 32 from IMA 100 for cach transmission of fuel purchase data from fueling POS
20. Furthermore, 1in an alternative embodiment of the invention, fuel log data 32 may be
accumulated in OMS 102 and not transmitted to RIMS 16 until a predetermined quantity
of data 1s accumulated, until there 18 an increase 1n fuel volume (e.g., a fill-up), or until the
accelerometer 138 (or alternatively, the GPS 190 or speedometer 134) indicates that the
tractor has stopped long enough (e.g., 30 seconds, preferably a configurable time) to add
fuel to 1ts at least one fuel tank. Because fuel levels may vary due to motion, vibrations,
sloshing 1n the tank, and the like, 1t 1s preferable to use rolling averages of fuel volume
calculated from averaging a predetermined number of the most recent volume calculations
cach time a new measurement 1s taken. It may be preferable in many instances to reduce
the increment of time between measurements (e.g., from 30 seconds to 1 second) when
fucl 18 bcing addcd to a tank (as may bc dctermincd as described above using an
accelerometer, GPS, or speedometer) so that more accurate measurements may be made
during fill-ups.

[0046] Subsequent to saving fuel purchase data 30 and fuel log data 32 at step
516, cxccution procceds to step 518 whercin a determination 1s madce whether there 1s an
auditable fuel event. An auditable fuel event occurs when there 1s a non-trivial increase or
decrease 1n fuel volume, that 18, an increase or decrease mn fuel volume which exceeds a
predetermined threshold. This can happen 1n at least the following three scenarios:

[0047] 1. A decrease m volume reported by fuel log data 32, which decrease
exceeds by at least a predetermined threshold amount a decrease that would be expected
from the consumption of fuel by an engine, that 1s, that would be attributable to mileage or
miles per gallon (“MPG”); this would 1ndicate a fuel loss typically resulting from fuel
thett (c.g., siphoning of fucl) (whercin cxcecution would proceed to steps 524 and 526,
discussed below) or potential leakage from the fuel tank and/or fuel system which could

result in economical and environmental impacts (wherein execution would proceed to step

526, discussed below).



CA 02959583 2017-02-28

WO 2015/066387 PCT/US2014/063266

[0048] 2. An increase in volume reported similarly by both tuel purchase data
30 and fuel log data 32, i.e., a normal fill-up (wheremn execution would proceed to step
526, discussed below).

[0049] 3. An increase in volume wherein the volume reported by fuel purchase
data 30 exceeds a volume reported by fuel log data 32 by a predetermined threshold, 1n
which case an alert 1s gencrated. This alert would typically indicate that a fueling station
20 ran up the number of gallons on the transaction and gave a driver a monetary kickback.
This could also occur when a fueling station 20 up-charged a customer on a per/gallon
basis (wherein execution would proceed to steps 524 and 526, discussed below).

[0050] Accordingly, a non-trivial fuel volume increase may occur when there 18
a fill-up, rather than motion, vibration, and/or sloshing of fuel 1n a tank. A non-trivial fuel
volume decrease may occur when there 1s a theft by the siphoning of fuel from a tank,
rather than for reasons attributable to miles per gallon (“"MPG”) of fuel. If, at step 518, a
transmission of fuel log data 1s received that does not indicate a non-trivial increase or
decrease 1n fuel volume, then no fuel event 18 deemed to have occurred, and execution
proceeds to, and terminates at, step 520. If, at step 518, a non-trivial increase or decrease
in fucl volumec 1s dctected, then an auditable fucl cvent 18 deecmed to have occurrcd, and
cxecution proceeds to step 522.

[0051] At step 522, if a non-trivial increase 1n fuel volume has been detected,
then there should also be corresponding fuel purchase data having substantially similar
datc and timc stamps for a rcspective tractor 24, RIMS 16 attecmpts to identify such fucl
purchase data. If such fuel purchase data cannot be located, a report of same 1S generated.
If such fuel purchase data is 1dentified, then the volume of fuel purchased 1s compared
with the volume of fuel logged and a difference 1s determined; execution then proceeds to
steps 523 and 526. In step 523, a determination 1s made whether the difference
determined 1n step 522 exceeds a predetermined threshold, such as a fuel loss greater than
ten gallons, or a fuel temperature that drops below 32°F. 1If 1t 18 determined that such
threshold has been exceeded, then execution proceeds to step 524; otherwise, execution
from stcp 523 tcrminatcs at stcp 520. In step 524, the fucl purchasc data, fucl log data,
and difference 1s preferably transmitted via email to the workstation 12 display 13 and/or
via text (e.g., Short Message Service (“SMS™)) to a user for instant notification.

[0052] In step 526, upon login to workstation 12, a user 1s notified of the fuel

cvent, preferably by a report on display 13 (discussed 1n greater detail below with respect
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to FIG. 7), or alternatively by a hard copy printout. In step 528, the user preterably
reviews the report and determines whether any action 1s necessitated, marking the report
accordingly in step 530, the marking preferably including the date and time of review, as
well as the 1dentification of reviewer. By way of example, if the difference between the
volume of fuel purchased (per tuel purchase data 30) and the volume of fuel logged (per
fuel log data 32) indicates that the quantity of fuel purchased was greater than the quantity
of fuel logged in the at least one tank 64, then fraud 1s suggested, and appropriate action
may be taken against the driver to resolve the situation. Similarly, 1f a non-trivial decrease
in fuel occurs, suggesting that fuel has been siphoned off by way of theft, then appropriate

action may be taken against the driver to resolve the situation. In step 532, the report,

including any mark-ups, 18 saved in memory 204 of RIMS 16. Execution 1s then
terminated at step 520.

[0053] FIGURE 6 1illustrates seven categories or modules 220 of forms, reports,
and functions 222 available from RIMS 16 upon execution by processor 202 of computer
program code stored in memory 204 for managing inventory of a consumable, such as
fuel. The modules 220 are preferably accessible via menu buttons such as exemplified
proximatc to thc uppcer right portion of the forms and reports described here. As discusscd
in further detail below, the modules 220 include a dashboard module 224, a user module
226, a reporting module 228, a logs module 230, a configure module 232, a help module
234, and an 1nstant notification module 236. These menu 1items are preferably accessible
via softwarc ‘“buttons” provided on thce forms and rcports described hercin, and
cxemplified proximate to the upper portion of each form and report described herein.

[0054] More specifically, and with reference to FIGURE 7, the dashboard report
238 1s preferably the first screen a user sees when he or she logs onto RIMS 16, and
preferably provides up-to-date, real-time mformation about the system 10. By way of
cxample and not Iimitation, the dashboard module 224 preferably supports the generation
and presentation of a dashboard report 238 that includes date/time, recent fuel events (e.g.,
fuel tank fill-ups), real time 1nventory, fuel loss events, graphical trend charts, and a
numbcr of frcquently uscd, pre-defined reports, as discusscd 1n further detail below.

[0055] Recent fuel events, also referred to as fuel purchase reconciliations and
discussed above with respect to steps 518 and 522 of FIG. 3, present both fuel purchase
data 30 with tuel log data 32, related by common data including date, time, and preterably

unit, or tractor, ID. Fuel purchase data 30 preferably also includes invoice number, the
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number of gallons purchased, and the retail price per gallon (“PPG”). Fuel log data 32
preferably further provides gallons received. Then, as also depicted by step 522 of FIG. 5,
discussed above, gallons purchased 1s compared with gallons received, and the difference,
also referred to as a reconciliation, 1s presented. If a user clicks on a row, or record, of the
fuel purchase reconciliations, an e¢vent details report 239 pops up, as exemplified 1n
FIGURE &. It 1s considered that the information depicted in FIG. 8 18 self-explanatory
and, therefore, does not warrants detailed discussion. While the dashboard report 238 as
exemplified only displays recent fuel events, fuel event data for any date range 1s available
from the Fuel Purchase Reconciliations Report 242, available under the reporting module
228 and exemplitied by FIGURE 10.

[0056] The dashboard report 238 further preferably includes recent Real Time
Fuel Inventory data, which provides current information about the status of fuel in fuel
tanks 64. Such mformation preferably includes not only current gallons of fuel available
for cach tractor 24, but also the temperature of the fuel in each tank 64 of tractor 24. Fuel
temperature 1S 1mportant to monitor because, as fuel gets cool under cold-weather
conditions, 1t may begin to approach a gel state, wherein the viscosity of the fuel begins to
changc which can havc a significant dctrimental impact on the performance of an ¢cnginc.
As such, RIMS 16 notifies a user when the temperature of the fuel 18 approaching a gel-
like state so that the driver can take proactive steps (e.g., add an additive to the fuel or
switch to a different fuel) to prevent or prepare for such a situation. While the dashboard
rcport 238 as cxemplificd only displays recent fucl inventory data, fucl inventory data for
any date range 1s available from the Real Time Fuel Inventory Report 244, available under
reporting module 228 and exemplified by FIGURE 11.

[0057] Still further, dashboard report 238 preferably also reports recent fuel loss
cvents, that 15, a non-trivial decrease mn fuel that 1s not accountable by use of fuel by the
tractor 24, but 18 possibly due to fuel theft, such as siphoning of fuel from a fuel tank. If
there 1s such a fuel theft event, then the user will be notified by the dashboard report. As
discussed above with respect to step 524 of flow chart 500 (FIG. 5), a user and respective
driver are notificd immcdiately of such theft via cmail and/or SMS text messaging. Whilc
the dashboard report 238 as exemplified only displays recent fuel loss events, fuel loss

data for any date range 1s available from the Fuel Loss Events report 246, available under

reporting module 228 and exemplified by FIGURE 12.
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[0058] The dashboard report 238 preferably also mcludes graphical trend charts,
including charts showing the average number of fuel events 1n recent months, what
proportion of fuel events are considered normal, of moderate concern, and of critical
concern. Charts are preferably also provided showing fuel expenses for recent months, as
well as average price per gallon of fuel for recent months.

[0059] Access to other pre-defined reports that are frequently used are also
provided. By way of example, pre-defined reports may include reports of critical, or
auditable, events by city, state, driver, and/or truck for the past month, year, or other
selected time period. Pre-defined reports may further include reports of the percentage of
fuel purchases (by vehicle) resulting in a critical (i.e., auditable) event, or of fuel
purchases made the previous day, for example. An event report may be generated to show
fuel purchase reconciliations for a pre-determined time period, such as year-to-date, or a
rolling previous period, such as the previous six or twelve months. This would allow a
user to easily access all such transactions rather than having to wade through the reporting
menu and search for them.

[0060] Under user module 226, a user, preferably limited to an administrative
uscr, may acccess a Uscr Access Configuration report 240. As shown most clcarly by FIG.
9, the user access configuration report 1dentifies all users who have access to RIMS 16,
preferably including their respective user name, email address, access group or privilege,
and the last time they logged onto RIMS. Through the User Access Configuration report,
a uscr with administrative rights may control who has acccss to RIMS 16 by adding uscrs,
removing users, and establishing and modifying user profiles, including their security
rights, also referred to as privileges. By way of example, two security profiles are
depicted in FIG. 9, a “system administrative” profile, which has no restrictions, and a
“viewer” profile, which 1s Iimited to viewing forms and reports, but not entering or editing
any data on them.

[0061] Under the reporting module 228, three reports 242, 244, and 246
(FIGURES 10-12) are available, which report similar data as discussed above with respect
to dashboard 238, but which covcer any datc rangc sclcctable by a uscr. The substance of
these reports has been discussed above, and therefore will not be discussed 1n further detail
herein.

[0062] Under the logs module 230, two reports are available, a raw tuel log data

report (entitled “Daily Fuel Logs™) 248 and a raw fuel purchase data report (entitled “Fuel
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Purchase Logs™) 250, exemplified by FIGURES 13 and 14, respectively. The raw fuel log
data report 248 reports fuel log data 32 that 1s received from the OMS 102, and the raw
fuel purchase data report 250 reports fuel purchase data 30 that 1s received from the bank
server 18. Data in reports 248 and 250 1s used in other reports, such as the dashboard
report 238, the three reports 242, 244, and 246, as well as the process depicted 1n flow
chart 500 discussed above with respect to FIG. 5.

[0063] Configure module 232 preferably includes at least six forms 252-262 that
enable users to configure various aspects of RIMS 16. A Fuel Probe Configuration form
252, exemplified by FIGURES 15A and 15B, enables a user to configure and customize
the settings of individual fuel probes, or groups of probes, also referred to herein as fuel
sensors, 104. These configurations are then sent to the unit (e.g., tractor 24) wirelessly
(i.e., over-the-air), allowing for real-time updates to be made to sensors 104. As shown on
FIGS. 15A and 15B, some of the settings constituting the configurations include the
following:

[0064] < IP Address: for the tractor 24

[0065] < Status Update Time: how often (preferably in hours) a tractor 24
transmits a rcport to RIMS 16, the report including fucl log data accumulatcd subscquent
to a last transmission, fuel log data preferably mcluding pressure and temperature
readings, GPS data, accelerometer data, and date/time stamps

[0066] < Pressure steady count: number of counts (i.e., units of measurement
arbitrarily choscn for convenicnce m using the mvention) 1n pressurc that arc considered to
be slight variations that are not taken into account when assessing whether or not there has
been a fuel event (e.g., a fill-up or fuel loss)

[0067] < Log time interval: how often (preferably 1in seconds) fuel log data 32 1s
written to memory 174 of the OMS 102 (i.e., sample rate)

[0068] <« X,Y, Z change: the threshold amount of change allowed 1n the X, Y, or
Z directions of the accelerometer 138 before it 1s considered to indicate movement of the
tractor 24

[0069] < estartrig: thc thrcshold for number of incrcasc or decrcasc counts that
will trigger the start of a fuel add or loss event, respectively

[0070] < estoptrig: the threshold for number of increase, decrease or steady
counts that will trigger the end of a fuel add or loss event

[0071] e~ esamples: thc numbcer of pressure samplcs 1n the cvent averaging bufticr
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[0072] < echangetrig: the pressure change threshold that 1s considered to result
from a "change 1n pressure” rather than random movement of fuel, such as sloshing

[0073] < esteadyclear: the number of times a pressure change less than
"echangetrig" that will clear the up/down change counters

[0074] < esloshcount: the number of seconds to wait atter movement of the
tractor 24 has been detected before starting all event counters, that is, configuration
variables that have to do with how the fuel events (e.g., fill-ups or fuel losses) are detected
and processed

[0075] - geltemp: the temperature at which fuel begins to gel

[0076] -« Tank Size: size of the tank (e.g., 1n gallons)

[0077] < Pressure when full: total pressure reading when tank 64 1s full

[0078] < Pressure per inch: reading from the sensor 104 that will be considered
an 1nch of fucl

[0079] < Pressure adjust: a value always added to pressure readings from the
sensor 104 to account for pressure sensors being slightly off the bottom of a tank 64

[0080] Tt 1s considered that the use of the above-identified variables and settings
in the systcm 10 of the mvention would be apparent to a person having ordinary skill 1n
the art upon a reading of the description of the invention herein, and therefore will not be
described 1n further detail herein.

[0081] A Fuel Purchase Report Configuration form 254, exemplified by

FIGURES 16A and 16B, cnablcs a uscr to configurc the fucl purchasc reports, which arc
used for fuel event reconciliations against raw fuel log data. The user may manage how
fuel purchase data 30 1s 1mported from bank server 18 to RIMS 16 by configuring
automated data downloads from bank server 18, either 1n real time or periodically (e.g.,
nightly), or by manually downloading charge card data in spreadsheet format from bank
server 18 to workstation 12 followed by upload (via form 254) of spreadsheet from
workstation 12 to RIMS 16.

[0082] A Report Configuration form 256, exemplitied by FIGURES 17A and
17B, cnablcs a uscr to configurce customized reports, mcluding the content thercof, using
data collected and stored by the system 10. Such reports may preferably be generated on
an ad hoc basis or may be scheduled to be generated on a recurring basis.

[0083] An Alerts Configuration form 258, exemplified by FIGURES 18A and

18B, enables a user to configure mnstant notifications, or alerts. A user preferably has the
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option to configure at least fuel loss and/or temperature alerts which can be sent to the
user, such as by way of email or SMS (e.g., text) message. Alerts may be grouped by
units (e.g., tractors 24) and sent to one or more email or SMS recipients, including, by way
of example but not limitation, the workstation 12 and the OMS 102 of the subject tractor
64, which OMS could display the alert on the tractor’s dashboard and/or instrument pancl
(e.g., by 1lluminating the fuel gauge light)..

[0084] A Product Configuration form 260, exemplified by FIGURE 19, enables
a user to configure difterent product types of fuel sensor 104. This form enables a user to
set a product code and description for each product type which 1s then used to further
ogroup and configure individual fuel sensors.

[0085] A Firmware Updates form 262, exemplified by FIGURE 20, enables
firmware updates to fuel sensors to be sent globally to fuel sensors 104.

[0086] The help module 234 includes About Us function 264 and a Help Menu
function 262 which provide various support to the user. Such functions are considered to

be well known 1n the art and so will not be discussed further herein.

[0087] The nstant notification module 236 includes Email form 268 and SMS

form 270 which cnablc a uscr to configurc how cmails and tcxt mcssages arc sent,

preferably 1n real time. By way of example, but not limitation, such an email to display 13
or text to a cell phone may be sent in step 524 of the process depicted by flow chart 500 of
FIG. 5, or when a fuel loss event has been 1dentified.

[0088] It should bc apprcciated that although a particular architccturc 1s shown
and described 1n FIG. 5§, other architectures are within the teachings presented herein. By
way of example and not limitation, additional modules may be included. For example, a
data input configuration module may be included to provide further capabilities to a user
to set-up data inputs, which will allow various reconciliations to occur. Various fuel data
and purchase data functions may be configured. Specific software handling characteristics
such as file handling, parsing, and file formatting may be handled by this module.
Mapping functionality may be incorporated into the various modules presented herein
such that information 1s ovcrlaid onto a map.

[0089] It can be appreciated that RIMS 16 1s able to accumulate substantial data
from the system 10 about travel between various routes between points, such as cities.

Such data may iclude vehicle performance, such as average miles/gallon, average speed,

and average travel time. Data about the various routes may also include current
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price/gallon of fuel at various fueling locations. With this data, RIMS 16 may propose an
optimized route based on an optimization characteristic or a weighted combination of
characteristics, such as length of route, time to travel a route, and the cost and quality of
fuel along a respective route, as exemplified below with respect to FIG. 21. Additionally,
RIMS data may be used to provide a database of all fuel and travel data from a tleet of
tractors. For example, 1if a user (e.g., an auditor, manager, attorney) needs to research
characteristics of a truck at a given point in time, the database could be searched for that
information (e.g., fuel level, GPS location, temperature of the fuel, and truck
characteristics such as MPG, mileage, and the like). Likewise, the RIMS database also
stores all the fuel purchase reconciliation data which may be of use to an auditor who
performs quarterly or yearly audits on fuel purchases.

[0090] FIGURE 21 exemplifies one scenario of a fuel optimization application
of RIMS 16 of system 10. Tractor 24, employing the systems and processes presented
herein, 1s hauling a load 26. As shown, city 384, fueling location 386, city 388, city 390,
city 392, fueling location 20, and fueling location 22 are interconnected by highways 394,
396, 398, 400, 402, 404, 4006, 408, 410, and 412. The transportation carrier frequently has
tractors hauling frcight on the routc between city 384 and city 390. As a result, RIMS 16
has collected data about the various routes between city 384 and city 390. For example,
one route may be city 384, which 1s the origin, on highway 394 to fueling location 386, on
highway 396 to city 388, and on highway 398 to city 390, which 1s the destination.
Anothcer routc may be city 384 on highway 404 to fucling location 20 on highway 402 to
city 392, and on highway 400 to city 390, which 1s the destination. Yet another route may
be to city 384 on highway 406 to fueling location 22, on highway 412 to city 392, and on
highway 400 to city 390. While there are thus a number of routes that could be taken,
using data that RIMS 16 has accumulated, an optimized route may be proposed for tractor

24 hauling freight 26 from city 384 to city 390 based, for example, on the price/gallon of

fuel or, if the quality of the fuel i1s known, the price per BTU (British Thermo Unit).
Therefore, as shown, tractor 24 utilizes highway 404, fueling location 20, highway 402,
and highway 400 to city 390.

[0091] FIGURE 22 depicts a side view of the tank 64 described above and
configured for storing fluid 1001, such as fuel, such as diesel fuel or gasoline. Except as
described herein, tank 64 1s generally a conventional fuel tank, including a fuel supply line

96 extending from an outlet 98 to an engine (not shown) and, for fuel such as diesel fuel, a
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fuel return line 94 entering an 1nlet 92. To the extent that tank 64 18 a conventional tank, 1t
will not be described in further detail herein, except to the extent deemed necessary to
describe the invention.

[0092] As shown by way of a broken-away portion of a side wall of tank 64, an
opening 1016 18 formed 1n the top of tank 64. A cylinder 1002 extends through opening
1016. Cylinder 1002 includes a ring plate 1020 configured for extending across opening
1016 and supporting cylinder 1002 1n tank 64. Plate 1020 1s preferably secured to tank 64
in any conventional manner, such as by fasteners, such as screws and/or bolts, or welding,
and preferably with a gasket to act as a seal effective for preventing leakage of fluid 1001
from within the tank. Cylinder 1002 1s preferably configured with vent holes 1003 for
equalizing pressure between the mterior and exterior of tank 64 as fuel volume changes
and/or as altitude and atmospheric pressure changes. A tube 1004 extends through
cylinder 1002, and sensor 104 1s attached to a lower end of the tube.

[0093] As shown in FIGURE 23, sensor 104 preferably includes electrical
circuitry 150 including a processor 152 and a memory 154 effective for storing computer
program code executable by processor 152. A bus 160 is provided which couples together
proccssor 152 and memory 154, as well as an mput/output (“I/O’”) 156. Scnsor 104 further
preferably includes a pressure detector 112 and, optionally, a temperature detector 138,
both of which detectors are coupled to processor 152 and memory 154 via /O 156 and bus
160. Processor 152 1s effective for recerving signals from pressure detector 112 and,
optionally, tcmpcraturc dctcctor 138, and gencrating signals indicative of pressurc and
temperature, respectively, onto I/O 160, for transmission via respective electrical signal
lines 1010 and 1012 to OMS 102, which transmits the signals to RIMS 16 for use in step
506 of the process 500 depicted in FIG. 5. Tt 1s noted that the term “sensor’ as used herein
may comprise a single detector or multiple detectors.

[0094] Sensor 104 preferably also includes a vent line 1014, which runs through
tube 1004 (FIG. 24) and outside tank 64 to a dry box 1018 for communicating atmospheric
pressure to sensor 104, so that processor 152 can account for the effects of atmospheric
prcssurc on the pressurc of fluid 1001 1n the tank 64. Dry box 1018 includcs desiccant to
ald 1n absorbing moisture and keeping air in vent line 1014 dry so that atmospheric
pressure may be accurately communicated. Dry box 1018 may be located in any suitable
place that 1s convenient and protected from water 1 the environment, such as precipitation

(e.g., rain) and water that splashes up from a roadway. Dry box 1018 may, for example,

_ 17 -



CA 02959583 2017-02-28

WO 2015/066387 PCT/US2014/063266

be located 1n cab 48 and/or integrated with OMS 102 (which may also be located 1n cab
438).

[0095] Sensors that detect pressure and temperature are considered to be well-
known and commercially available from manufacturers, and so will not be described 1n
further detail herein, except insofar as necessary to describe the invention.

[0096] As shown most clearly in FIGURE 24, 1n a cross-section of tube 1004
taken along line 24-24 of FIG. 22, tube 1004 carries the lines 1010 and 1012 as well as the
vent line 1014. As shown in FIG. 22, the tube 1004 extends through cylinder 1002 to the
exterior of tank 64. Outside of tank 64, clectrical signal limes 1010 and 1012 are
preferably carried with the data communication link 120 1n any suitable manner, such as
by way of split loom tubing, to processor 172 of OMS 102. In one embodiment, depicted
by FIG. 22, outside the tank 64, vent line 1014 1s separated from tube 120 carrying
clectrical signal lines 1010 and 1012, and 18 directed to dry box 1018. In an alternative
embodiment, dry box 1018 is integrated with OMS 102 and vent line 1014 1s carried by
tube 120 with signal lines 1010 and 1012 to dry box 1018 in OMS 102.

[0097] In a preferred embodiment of the invention, a compensatory pressure
dctector 1005 1s positioncd above scnsor 104 by a spacc 1007 to morc preciscly determine
density (or an analogue therecof) to thereby obviate errors that may result from a change 1n
density due to, for example, varying grades of fuel, or the effects of temperature on fluid
1001. Additional electrical signal lines 1010 (not shown) are preferably provided from
compcensatory pressure  detector 1005 to proccessor 152 for processing and then
transmission via bus 160 and I/O 156 to OMS 102. Alternatively, additional electrical
signal lines 1010 may be provided for carrying signals from detector 1005 in tube 120 to
OMS 102. In the preferred embodiment, memory 174 m OMS 102 1s preferably provided
with computer program code for comparing the pressure measured by pressure detector
112 and the pressure measured by compensatory pressure detector 1005, and determining
a difference, or delta pressure. The delta pressure may be used to determine density (or an
analogue to density) of fluid 1001, and thereby determine more precisely, with the
prcssurc mcasurcd from pressure detector 112, the height of fluid m tank 64, from which
height the volume fluid in tank 64 may be determined. In one embodiment of the
invention, such calculation may be made using the following variables:

[0098] W comp = compensated liquid weight value per inch of liquid
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[0099] C distance = compensation distance setting, designated by reference
numeral 1007 in FIGS. 22 and 26.

[00100] T distance = calculated total liquid height in tank.

[00101] P primary = pressure reading from primary sensor, exemplified by
sensor 104

[00102] P comp = pressure reading from compensating pressure sensor 1005.

[00103] The above variables may then be used in the following equations to
calculate T:

[00104] W comp = (P primary — P comp)/C distance

[00105] T distance =P primary /W _comp

[00106] Exemplitying with specific values, such as P primary = 5 psi, P_comp =
3 ps1, and C distance = 4 inches, then:

[00107] W Comp = 5ps1 - 3ps1/ 4 inch = 0.5ps1 per inch

[00108] T distance = 5ps1/0.5ps1 = 10 mches of liquid 1n the tank.

[00109] It 1s considered that such equations to effectuate such calculations and
determinations would be apparent to a person having ordinary skill i the art upon a
rcading of thc present description hercin, and so will not be described i further dctail
herein. The density 1s preferably calculated only when tank 64 1s filled up, and then stored
in memory 154 until a subsequent fill-up, thereby avoiding errors in calculations when the
level ot fluid falls below the level of the compensatory pressure detector 1005.

[00110] It may bc apprcciated that fluid 1001 1n a moving tractor 24 will slosh
around, vibrate, and move from one end of tank 64 to the other as the angle of the tractor
changes, such as when traveling up or down an incline, such as a hill. As fluid 1001
moves, the pressure sensed by pressure detector 112 may change, potentially resulting 1n
crroncous measurements. To obtain a more accurate measurement, the pressure 18
preferably measured frequently (e.g., every 30 seconds) and a rolling average 1s generated,
representing a more accurate measurement of fluid pressure and, hence, fluid volume, as
discussed above with respect to steps 506-510 of the flow chart 500 of FIG. 5.

[00111] To obtain furthcr cnhanced accuracy of fluid prcssurc and volume,
particularly when fluid shifts from one end of tank 64 to the other, in an alternative
embodiment of the invention, multiple pressure sensors are used proximate to the bottom
of tank 64, and measurements from the multiple pressure sensors are averaged.

Accordingly, FIGURE 25 exemplifies an alternative embodiment of the mvention 1n
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which two pressure sensors proximate to the bottom of the tank 64 are utilized, preferably
in addition to the compensatory pressure detector 1005, described above. In addition to
pressure sensor 104, an additional sensor 1006 1s utilized to measure fluid pressure, and
hence, volume, more accurately. Sensor 1006 mcludes a pressure detector 1007 preferably
substantially similar to pressure detector 112, and includes circuitry similar to circuitry
150 of FIG. 23. It 1s not necessary that sensor 1006 be provided with a temperature
detector as the sensor 104 was optionally provided with the a temperature detector 138.
Pressure detector 1007 1s preferably coupled to a processor via lmes running through I/O
and a bus, and then onto an additional set of electrical signal lines 1010 to OMS 102. In
an alternative embodiment, all electrical signals indicative of pressure and/or temperature
are combined by a single processor and transmitted via a single pair of lines to OMS 102
using conventional serial communication technology, as 1s well known 1n the art.

[00112] Further to the embodiment of FIG. 25, tube 1004 1s replaced by an upper
tube 1024, a splitter 1026, and two tubes 1004a and 1004b, with remforcing tubing 1030,
terminating in sensors 104 and 1006, respectively. Tubes 1004a and 1004b are preferably
of disstmilar lengths so that sensors 104 and 1006, when together as shown in FIG. 25,
maintain a smallcr latcral (or horizontal) profilc so that thcy may bc passcd morc rcadily
through opening 1016. A spring 1052 18 preferably positioned on the two tubes 1004a and
1004b for spreading the two tubes apart, preferably by an angle of about 180°, as more
clearly depicted in FIGURE 26. In operation, when pressure measurements are desired,
fluid pressurc 18 mcasurcd from both pressurc detectors 112 and 1007 and prefcrably
averaged, and the average value 1s used, for example, 1n step 508 of FIG. 5, as well as 1n
determining the density of the fluid 1001 in conjunction with the compensatory pressure
detector, as discussed above. Operation of the embodiment of FIGS. 25-26 1s otherwise
similar to operation of the embodiment of FIGS. 22-24.

[00113] It may be appreciated that when tubes 1004a and 1004b, as well as
sensors 104 and 1006, are spread apart, it would be desirable that they maintain a
relatively constant position and orientation with respect to each other, to facilitate
consistently accurate and rchiable fluid pressure measurecments. To that end, FIGURES 27
and 238 exemplify a sub-assembly of linkages 1042 and 1044 which are preferably adapted
to the embodiment of FIGS. 25 and 26, pivoting on the splitter 1026 and each of
reinforcing tubes 1030. FIG. 27 demonstrates how tubes 1004a and 1004b are

substantially parallel, 1n solid outline, and move to a spread position in which tubes 1004a
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and 1004b are substantially collinear, in dashed outline. The latter position 1s shown 1n
solid outline in FIG. 28.

[00114] It may be further appreciated that by knowing the depth (or height) of
fluid 1001 1n a tank 64, and the size and shape of a tank, the volume may be calculated 1n
any 0f a number of different ways by OMS 102 processor 172, RIMS 16 processor 202, or
any other suitable processor. By way of ¢xample but not limitation, the sensor 104
pressure output allows fluid volume to be calculated mathematically using well-known
equations, given the size and shape of a tank for a given fluid depth. In another example,
fluid volume may be calculated mathematically for a number of difterent tluid heights and
a chart generated correlating height to volume; then a specific volume may be determined
from the chart for any specific depth. In another example, volume may be determined by
manually pouring fluid mto a tank, one unit (e.g., gallon) at a time, and measuring the
pressure or depth with each unit added and gencrate a chart from that. In another example,
if tanks can be categorized into a few fundamental shapes, the only variable being size, a
chart may be generated for each category of shape, and scaled for the size of any particular
tank of that shape. Volume may also be scaled or adjusted for the density and/or
tcmpcraturc (which affects density) of the fluid. It 18 considerced that further dctails
exemplifying such methods, as well as alternative methods, for determining volume of a
flmd from variables, such as pressure or depth of the fluid in a tank and density of the
flmid, would be apparent to a person having ordinary skill 1n the art, upon a reading of the
dcscription of the invention herein; thercfore, 1t 1s decemed not neccssary to discuss same 1n
further detail herein.

[00115] While this invention has been described with reference to illustrative
embodiments, this description 1s not intended to be construed 1n a limiting sense. Various
modifications and combinations of the 1illustrative embodiments as well as other
ecmbodiments of the invention, will be apparent to persons skilled 1n the art upon reference
to the description. It 1s, therefore, mntended that the appended claims encompass any such

modifications or embodiments.
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CLAIMS:

1. A system for confirming a fuel event, the system comprising:

a vehicle:

at least one fuel tank mounted on the vehicle, the at least one fuel tank being
configured for storing fuel;

at least one sensor mounted within the at least one fuel tank and configured tfor
periodically measuring the quantity of fuel in the at least one fuel tank, and, when the
periodically measured quantity of fuel indicates that there 1s a change in fuel volume which
exceeds a predetermined threshold indicating a fuel event, for generating tuel log data
signals comprising fuel log data, the fuel log data including the quantity ot change 1n fuel
volume, date, and time of change in fuel volume;

a transceiver mounted to the vehicle and coupled to the at least one sensor tor
receiving the fuel log data signals and for transmitting in substantially real time the fuel log
data signals to a data communication network; and

a server coupled to the data communication network, the server being configured
for receiving from the data communication network the fuel log data signals, and for
receiving from the data communication network fuel purchase data signals containing fuel
purchase data generated by a fueling station, stored on a computer coupled to the data

communication network, and indicative of a quantity of fuel dispensed at an indicated date

and time, the server

being further configured for determining, based on a comparison of the fuel purchase data
with the fuel log data, whether or not the tuel purchase data confirms the fuel event

indicated by the fuel log data, and for generating an alert if 1t 1s determined that the fuel

purchase data does not confirm the fuel event indicated by the fuel log data.

2. The system of claim 1, wherein the at least one sensor comprises circuitry
configured for receiving the fuel log data signals and generating a fuel event start signal
and recording a first quantity of fuel when a detected rate of change 1n the periodically

measured fuel quantity exceeds a first given value, and generating a fuel event stop signal
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and recording a second quantity of fuel when a detected rate of change 1n the periodically
measured fuel quantity is less than a second given value, and determining the change 1n
quantity of fuel equal to the difference between the first quantity of fuel and the second
quantity of fuel.

3. The system of claim 1, wherein the at least one sensor comprises circuitry
configured for receiving the fuel log data signals and generating a fuel event start signal
and recording a first quantity of fuel when a detected rate of change 1n the periodically
measured fuel quantity exceeds a first given value, and generating a fuel event stop signal
and recording a second quantity of fuel when a detected rate of change in the periodically
measured fuel quantity 1s less than a second given value, and determining the change in
quantity of fuel equal to the difference between the first quantity of fuel and the second

quantity of fuel, and wherein the first given value 1s equal to the second given value.

4. The system of claim 1, wherein the transceiver 1s configured to transmit fuel log
data signals 1n substantially real time, and the server i1s configured to generate the alert in

substantially real time.

5. The system of claim 1, wherein the at least one sensor 1s at least one pressure
SEeNnsor.
6. The system of claim 1, further comprising a global positioning system (“GPS”)

mounted to the vehicle for determining the location of the vehicle, wherein the fuel log
data signals further comprise data indicative of the location of the vehicle as generated by

the GPS, and the fuel purchase data signals further comprise data indicative of the location

of the fueling station.

7. The system of claim 1, wherein the fuel log data further includes at least one of fuel

temperature, fuel quality, mileage, accelerometer data, location, and vehicle 1dentification.
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3. The system of claim 1, further comprising a temperature sensor positioned on the
vehicle to measure the temperature of fuel in the at least one fuel tank, and wherein the tuel

log data further comprises the temperature of fuel measured by the temperature sensor.

9. The system of claim 1, further comprising:

a temperature sensor positioned on the vehicle to measure the temperature ot tuel in
the at least one fuel tank, and wherein the fuel log data signals further comprise the
temperature of fuel measured by the sensor;

circuitry coupled to the terminal receiver for determining in real time whether or
not the temperature of fuel measured by the sensor 1s below a predetermined temperature
which would constitute a frost/treeze event of the fuel; and

if a determination 1s made by the circuitry that the temperature of fuel measured by
the sensor 1s below a predetermined temperature which would constitute a frost/freeze

event of the fuel, then generating an alert in real time.

10. The system of claim 1, wherein the computer 1s utilized by a financial institution.

11. The system of claim 1, wherein the at least one sensor includes firmware which

may be updated with updates sent globally.

12. A method for confirming a fuel event, the method comprising steps of:

measuring periodically the quantity of fuel stored 1n at least one fuel tank mounted

on a vehicle;

generating fuel log data signals comprising fuel log data when it 1s determined that
the periodically measured quantity of fuel indicates that there 1s a change in fuel volume

which exceeds a predetermined threshold indicating a fuel event, wherein the fuel log data
includes the quantity of change 1n fuel volume, date, and time of change in fuel volume;
transmitting from the vehicle in substantially real time the fuel log data signals to a
data communication network;
receiving by a server from the data communication network the tuel log data

signals and parsing out the fuel log data;
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receiving by the server from the data communication network fuel purchase data
signals containing fuel purchase data generated by a fueling station, stored on a computer
coupled to the data communication network, and indicative of a quantity ot fuel dispensed
into the at least one fuel tank at an indicated date and time;

determining, based on a comparison of the fuel purchase data with the fuel log data,
whether or not the fuel purchase data confirms the fuel event indicated by the fuel log data;
and

generating an alert 1f 1t 1s determincd that the fucl purchase data does not contirm

the fuel event indicated by the fuel log data.

13. The method of claim 12, further comprising steps of:

receiving by the at least one sensor the fuel log data signals;

generating by the at least one sensor a tuel event start signal and recording a first
quantity ot fuel when a detected rate ot change 1n the periodically measured fuel quantity
exceeds a first given value;

generating by the at least one sensor a fuel event stop signal and recording a second
quantity of fuel when a detected rate of change in the periodically measured fuel quantity
1s less than a second given value; and

determining the change 1n quantity of fuel equal to the difference between the first

quantity of fuel and the second quantity of fuel.

14. The method of claim 12, further comprising steps of:

rece1ving by the at least one sensor the fuel log data signals;

generating by the at least one sensor a fuel event start signal and recording a first
quantity of fuel when a detected rate of change 1n the periodically measured fuel quantity
exceeds a first given value;

generating by the at least one sensor a fuel event stop signal and recording a second
quantity of fuel when a detected rate ot change 1n the periodically measured fuel quantity

1s less than a second given value;
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determining the change in quantity of fuel equal to the difference between the first
quantity of fuel and the second quantity of tuel; and

wherein the first given value 1s equal to the second given value.

15.  The method of claim 12, wherein the transceiver is configured to transmait fuel log
data signals in substantially real time, and the server 1s configured to generate the alert n

substantially real time.

16. The method of claim 12, wherein the at least one sensor 1s at least one pressure

SCIISOT.

17. The method of claim 12, further comprising a step of determining the location of
the vehicle, and wherein the fuel log data signals further comprise data indicative of the
location of the vehicle, and the fuel purchase data signals further comprise data indicative

of the location of the fueling station.

18.  The method of claim 12, wherein the tuel log data further includes at least one ot
fuel temperature, fuel quality, mileage, accelerometer data, location, and vehicle

tdentification.

19. The method of claim 12, further comprising a step of measuring the temperature of

fuel 1n the at least one fuel tank, and wherein the fuel log data further comprises the

measured temperature ot tuel.

20. The method of claim 12, further comprising:
measuring the temperature of fuel in the at least one fuel tank, and wherein the fuel

log data signals furthcr comprise the measured temperature ot fuel;
determining by the server in real time whether or not the measured temperature of

fuel 1s below a predetermined temperature which would constitute a frost/freeze event of

the fuel; and
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generating an alert in substantially real time 1f a determination 1s made by the
circuitry that the measured temperature of fuel 1s below a predetermined temperature

which would constitute a frost/freeze event of the fuel.

21.  The method of claim 12, further comprising the step of utilizing the computer by a

financial institution.

22. The mcthod of claim 12, further comprising the step of sending updates globally to

update firmware on the vehicle.

23. A system for confirming a fuel event, the system comprising:

a vehicle;

at least one fuel tank mounted on the vehicle, the at least one tuel tank being
configured for storing fuel;

at least one sensor mounted within the at least one fuel tank and configured for
periodically measuring the quantity of fuel in the at least one fuel tank, and, when the
periodically measured quantity of fuel indicates that there 1s a change n fuel volume which
exceeds a predetermined threshold indicating a fuel event, for generating fuel log data
signals comprising fuel log data, the fuel log data including the quantity of change 1n fuel
volume, date, and time of change 1n fuel volume;

a data communication network;

a transceiver coupled to the data communication network and mounted to the
vehicle and coupled to the at least one sensor for recerving the fuel log data signals, the
transcetver being configured for transmitting in substantially real time the fuel log data
signals to the data communication network;

a fueling station configured for generating fuel purchase data signals indicative of a
quantity of fuel dispensed 1nto the at least one tuel tank at an indicated date and time;

a computer connected to the data communication network, the computer being

configured for receiving and storing the fuel purchase data signals;
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a server coupled to the data communication network, the server being contigured
for receiving from the data communication network the fuel log data signals and the tuel
purchase data signals, the server being further configured for determining, based on a
comparison of the fuel purchase data with the fuel log data whether or not the fuel
purchase data confirms the fuel event indicated by the fuel log data, and for generating an

alert if it 1s determined that the fuel purchase data does not confirm the fuel event indicated

by the tuel log data.
24, A system for confirming a fuel event, the system comprising:
a vehicle;

at least one fuel tank mounted on the vehicle, the at least one fuel tank being
configured for storing fuel;

at least one sensor mounted within the at least one tuel tank and contigured tor
periodically measuring the quantity of fuel in the at least one fuel tank, and for generating
fuel log data signals comprising fuel log data, the fuel log data including indicia of fuel
quantity and the date and time of measuring the fuel volume;

a transceiver mounted to the vehicle and coupled to the at least one sensor for
recerving the fuel log data signals and for transmitting in substantially real time the fuel log
data signals to a data communication network; and

a server coupled to the data communication network, the server being configured
for receiving from the data communication network the fuel log data signals, and for
recerving from the data communication network fuel purchase data signals containing fuel
purchase data generated by a fueling station, stored on a computer coupled to the data
communication network, and indicative of a quantity of fuel dispensed at an indicated date
and time, the server being further configured for determining, based on a comparison of the
fuel purchase data with the fuel log data, whether or not the fuel purchase data confirms

the fuel event indicated by the fuel log data, and for generating an alert 1f 1t 1s determined
that the fuel purchase data does not confirm the fuel event indicated by the fuel log data.
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