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(57) ABSTRACT

A method of reporting fuel consumption, the method com-
prising: providing a vehicle having a fuel level monitor;
repeatedly measuring fuel consumption by the vehicle with
the monitor; providing a server operable to generate fuel
consumption reports, and transmitting the fuel consumption
measurements via a communication channel between the

fuel level monitor and the server.

216,
\\‘: COMMUNICATION
'\ g7 MODULE .
216 i FOELLEVEL | 2¥
CONTROLLER
07
ANTLTAMPERING
UNIT




Patent Application Publication  Aug. 9,2018 Sheet 1 of 2 US 2018/0224312 Al

100 ~

110
affixing a transmitter of a first signal to a vehicle

I
affixing a sensor of 2 gas:m;{i% signal to the vehicle 120
; 2. .
repeatedly transmitting first signal into fuel tank sensor
_and recelving a second signal from the fuel tank 130 )
calculating fuel consumption data for first period of time
from chanee in secand sigmi over first time period 140
[ storing the calculated fuel consumption data over the

first period of fime in 8 memory device 150
% »

[ T e N | N x
verifying whether there is a wireless connection

between the memory device and a server; 160
% .

Sending calculated fuel consumption from memory

device to server if there is a wireless connection 44
\ . y
7 A
generating a report of the fuel consumption comprising

Lt&e calculated fuel consumption 180

D

tamper proofing the reporting 196

k.

"ﬁ

Figure 1



Patent Application Publication  Aug. 9, 2018 Sheet 2 of 2 US 2018/0224312 Al

210 =

Y
\P COMMUNICATION
sq”T  MODULE

116 - FUEL-LEVEL | 2%
T MONITOR "
MEMORY T

‘-" }:.§.§4 }m-w,:f.l" i
DEVICE CONTROLLER

119 27
Y

TOCATIONT  [ANTETAMPERING
TRACKER | uNIT

Fig. 2



US 2018/0224312 Al

MONITORING FUEL CONSUMPTION

TECHNICAL FIELD

[0001] Embodiments relate to monitoring fuel consump-
tion, in particular the monitoring of fuel consumption of
vehicles from on-board fuel tanks. Still more particularly
embodiments relate to the monitoring and reporting fuel
consumption in excise movement and control systems.

BACKGROUND

[0002] Gasoline (or petrol), as well as diesel fuel and other
fuels, have excise tax imposed on them in various jurisdic-
tions including countries such as Australia, Israel, New
Zealand and the United States. This excise tax is sometimes
used to raise funds to support transportation infrastructure
and the cost of cleaning the environment from pollution
caused by consumption of the fuel. Some users of the fuel
may receive tax refunds for providing a report of fuel usage.
Accordingly, employers and owners of company vehicle
fleets may need continuous reporting of the fuel usage of the
vehicle fleet for accounting purposes as well as to monitor
the proper use and/or condition of the vehicles.

[0003] Tracking fuel consumption of a vehicle by mea-
suring the amounts of fuel that are dispensed at filling
stations is a common practice. Fuel dispensers at the stations
are equipped with meters to measure the dispensed fuel. The
dispensers commonly require the vehicle’s driver to provide
identification means related to the vehicle and/or driver, and
to provide documentation of fuel refilling amounts that
essentially correspond to fuel usage by the vehicle. How-
ever, monitoring only at filling stations does not provide any
data between fillings during which some fuel may be stolen
or otherwise fraudulently withdrawn.

[0004] Furthermore, in some situations station-based
monitoring may not be applicable, for example when a
vehicle is used in a remote location, such as a tractor in a
large field or building site, where taking the vehicle to a
filling station is not practicable. In such contexts, a large fuel
tank may be provided near the remote location from which
the vehicle may refill. Such situations may be even more
vulnerable to fuel tampering yet harder to monitor.

[0005] There is therefore a need for a method and system
to improve the accuracy of the reporting of fuel consumption
by a vehicle and to prevent tampering with fuel consumption
reporting.

SUMMARY

[0006] In the discussion unless otherwise stated, adjec-
tives such as “substantially” and “about” modifying a con-
dition or relationship characteristic of a feature or features of
an embodiment of the invention, are understood to mean that
the condition or characteristic is defined to within tolerances
that are acceptable for operation of the embodiment for an
application for which it is intended. Unless otherwise indi-
cated, the word “or” in the specification and claims is
considered to be the inclusive “or” rather than the exclusive
or, and indicates at least one of, or any combination of items
it conjoins.

[0007] This summary is provided to introduce a selection
of concepts in a simplified form that are further described
below in the detailed description. This summary is not
intended to identify key features or essential features of the
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claimed subject matter, nor is it intended to be used to limit
the scope of the claimed subject matter.

[0008] According to one aspect, a method is provided for
reporting fuel consumption, the method comprising:
[0009] providing a vehicle having a fuel level monitor;
[0010] repeatedly measuring fuel consumption by the
vehicle with the monitor;

[0011] providing a server operable to generate fuel con-
sumption reports, and

[0012] transmitting the fuel consumption measurements
via a communication channel between the fuel level monitor
and the server.

[0013] Insome preferred embodiments the method further
comprises securely storing the repeated fuel consumption
measurements.

[0014] In some embodiments the communication channel
is remote from the vehicle;

the method further comprising:

[0015] providing a removable memory device;

[0016] storing the repeated fuel consumption measure-
ments on the removable memory device;

[0017] securely connecting the removable memory device
to the remote communication channel; and

[0018] transferring fuel consumption measurements from
the memory device to the server via the communication
channel.

[0019] In some embodiments the method further com-
prises:

[0020] aflixing a transmitter of a first signal to the vehicle;
[0021] repeatedly transmitting the first signal into a fuel

tank of the vehicle,

[0022] aflixing a sensor of a second signal to the vehicle,
[0023] the sensor repeatedly receiving a second signal
from the fuel tank;

[0024] calculating fuel consumption data by the vehicle
over a first period of time from a change in the received
second signal over the first period of time;

[0025] storing the calculated fuel consumption data in the
memory device over the first period of time;

[0026] wverifying whether there is a wireless connection
between the memory device and a server;

[0027] sending the calculated fuel consumption from the
memory device to the server if there is a wireless connec-
tion, and

[0028] generating a report of the fuel consumption com-
prising the calculated fuel consumption.

[0029] In some embodiments the method further com-
prises tamper proofing the reporting by performing one or
more of the following:

[0030] retaining on the server a reference frequency of
the second signal; comparing the reference frequency
to a measured frequency of the second signal measured
over the first period of time, and

[0031] generating a tamper-alert if the reference frequency
substantially differs from the measured frequency;

[0032] securely storing a first memory device identifier
on the server;

[0033] reading from the memory device a second memory
device identifier;

[0034] sending the second memory device identifier, along
with the calculated fuel consumption data, to the server;
[0035] comparing the second memory device identifier to
the first memory device identifier, and
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[0036] generating a tamper-alert if the second memory

device identifier and the first memory device identifier are

not identical.

[0037] In some embodiments the method further com-

prises:

[0038] providing the vehicle with OBD (On Board Diag-

nostics);

[0039] verifying whether there is a wireless connection

between the OBD and the server;

[0040] sending calculated fuel consumption from the

OBD to the server if there is a wireless connection;

[0041] generating a report of the fuel consumption, and

[0042] tamper proofing the reporting by performing:

[0043] retaining on the server a reference frequency of

the second signal; comparing the reference frequency
to a measured frequency of the second signal measured
over the first period of time, and generating a tamper-
alert if the reference frequency substantially differs
from the measured frequency.

[0044] In some embodiments the method further com-

prises: sending a geolocation of the vehicle to the server, and

reporting the geolocation in association with reporting the

fuel consumption.

[0045] In some embodiments the first signal and second

signal are ultrasonic;

the method further comprising modulating the first signal to

reflect from a surface of fuel in the fuel tank;

wherein:

[0046]

surface;

[0047] the amplitude of the second signal is proportional

1o the level of the fuel in the fuel tank;

[0048] the fuel tank has known dimensions, and the fuel

consumption is calculated from the known dimensions and

the amplitude of the second signal.

[0049] In some embodiments the method further com-

prises providing communication modules, and transmitting

the data from the memory device and\or the sensor via the

communication modules to the server.

[0050] In some preferred embodiments the method further

comprises further comprising tamper proofing:

[0051] securely storing a first communication module

identifier on the server;

[0052] reading from the communication modules a second

communication module identifier; sending the second com-

munication module identifier, along with the calculated fuel

consumption data, to the server;

[0053] comparing the second communication module

identifier to the first communication module identifier, and

[0054] generating a tamper-alert if the second communi-

cation module identifier and the first communication module

identifier are not identical.

[0055] In some embodiments the method further com-

prises measuring the fuel consumption at predetermined but

irregular intervals.

[0056] In some preferred embodiments the the fuel con-

sumption measuring is at intervals of between 1.5 and 2.5

minutes.

[0057] In some embodiments the method further com-

prises calculating an expected fuel consumption from the

measured geolocations; comparing the expected fuel con-

sumption to the calculated fuel consumption data, and

the second signal is a reflected signal from the
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generating an alert when a significant discrepancy is calcu-
lated between the expected fuel consumption to the calcu-
lated fuel consumption data.

[0058] According to another aspect, a system is provided
that is configured to allow the fuel consumption reporting
according to any one of the methods defined above.
[0059] Insome embodiments the system further comprises
a cloud based device capable of receiving the reports and
calculating refunds.

[0060] In some embodiments the system is configured to
allow any of the fuel consumption reportings defined above.

BRIEF DESCRIPTION OF FIGURES

[0061] FIG. 1 presents a flowchart outlined selected steps
of a method for reporting fuel consumption in a vehicle
according to one aspect, a method mainly for a car not
having OBD (On Board Diagnostics).

[0062] The block diagram of FIG. 2 schematically repre-
sents a system for reporting consumption rate of fuel from
a fuel tank as described herein.

DETAILED DESCRIPTION

[0063] The present invention generally relates to measur-
ing fluid level and, more particularly, to a system and
method for repeatedly measuring a fuel level in a vehicle,
heavy duty equipment or an external fuel storage tank, and
reporting the fuel level measurements. The system may store
the fuel level measurement values in an internal memory
and/or send them to an external server for future reference
as required. Accordingly, fuel consumption may be moni-
tored for excise movement and control systems.

[0064] According to one aspect, a fuel measurement sys-
tem is provided comprising: at least one fuel level monitor;
a server operable to generate fuel consumption reports, and
a communication channel between the fuel level monitor
and the server.

[0065] Some vehicles comprise On Board Diagnostics
systems (OBD). OBD systems typically include a fuel level
monitor. In some embodiments the OBD further includes at
least part of the communication channel as either an add-on
to the original OBD or as part of the original OBD.
[0066] Other vehicles do not comprise OBD systems. For
such vehicles a fuel level monitor and optionally at least part
of the communication channel may be retrofitted to and/or
installed in the vehicle. For example, the fuel level monitor
may include an emitter of a first signal that sends the first
signal towards a fuel tank in the vehicle and a sensor of a
second signal. The second signal results from an interaction
of the first signal with the fuel tank, and the fuel contained
therein.

[0067] For example, the emitter may be an ultrasonic
emitter operable to emit an ultrasonic signal directed
towards the fuel contained within the fuel tank. Accordingly,
the sensor may be an ultrasonic sensor operable to detect the
reflected signal from the surface of the fuel contained within
the fuel tank such that a comparison of the emitted and
detected signals indicates the level of the fuel.

[0068] Differences between consecutive measurements of
the fuel level may be logged to indicate fuel consumption
between those consecutive measurements. These measure-
ments may be collected to produce a record of the ongoing
fuel consumption by the vehicle. The record may be gener-
ated locally and uploaded to a remote server. Alternatively,
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individual measurements may be uploaded to the remote
server and the remote server may generate the ongoing
record, as required.

[0069] According to another aspect, the fuel monitoring of
a vehicle in a movement and control system may include
providing a vehicle with a fuel level monitor;

[0070] using the fuel level monitor to measure the fuel
consumption of the vehicle; providing a server operable to
generate fuel consumption reports, and transmitting fuel
consumption measurements from the fuel level monitor to
the server. The transmission is typically via a communica-
tion channel.

[0071] Itis noted that the communication channel may not
always be available for data or signal transmission, espe-
cially if the vehicle is sometimes in remote locations.
Accordingly, embodiments of the fuel measurement system
may comprise a local memory device that is configured to
allow storage of the monitored fuel consumption measure-
ments. In some embodiments the communication channel
may itself be remote from the vehicle, for example when the
vehicle is confined to a remote location. In such embodi-
ments the memory device may be connectable to the remote
communication channel, so that the data may be uploaded
when convenient to do so.

[0072] Optionally, a removable memory device may be
provided which may be removed and connected to a com-
munication channel, to allow periodic transfer of the fuel
consumption measurements via the communication channel.
Alternatively again, a removable memory device maybe
connected directly to a remote server to upload data such as
fuel consumption records and measurements directly
thereto.

[0073] According to one aspect, when the fuel consump-
tion is monitored for excise movement and control systems,
an important feature of the monitoring may be to ensure that
the monitoring is secure from the threat of data tampering.
[0074] FIG. 1 depicts possible steps of a method 100 for
securely reporting fuel consumption by a vehicle, according
to some embodiments. The method comprises:

[0075] 110 affixing an emitter of a first signal to the
vehicle;

[0076] 120 affixing a sensor of a second signal to the
vehicle,

[0077] 130 the emitter repeatedly emitting the first
signal into a fuel tank of the vehicle, wherein the fuel
tank contains fuel, and the sensor repeatedly receiving
a second signal from the fuel tank;

[0078] 140 calculating fuel consumption data by the
vehicle over a first period of time from a change in the
received second signal over the first period of time;

[0079] 150 storing the calculated fuel consumption data
over the first period of time in a memory device;

[0080] 160 verifying whether there is a wireless con-
nection between the memory device and a server;

[0081] 170 sending the calculated fuel consumption
from the memory device to the server if there is a
wireless connection;

[0082] 180 generating a report of the fuel consumption
comprising the calculated fuel consumption, and

[0083] 190 tamper proofing the reporting.

[0084] Various methods of tamper proofing may be used
as required. In particular, the performing of one or more of
the following are considered:
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[0085] a) retaining on the server a reference frequency
of the second signal; comparing the reference fre-
quency to a measured frequency of the second signal
measured over the first period of time, and reporting a
tamper if the reference frequency substantially differs
from the measured frequency;

[0086] b) securely storing a first memory device iden-
tifier on the server,

[0087] reading from the memory device a second
memory device identifier;

[0088] sending the second memory device identifier,
along with the calculated fuel consumption data, to the
server;

[0089] comparing the second memory device identifier
to the first memory device identifier, and

[0090] reporting a tamper if the second memory device
identifier and the first memory device identifier are not
identical.

[0091] In preferred embodiments the storing on the
memory device may be secured against tampering, i.e. the
fuel consumption measurements are protected from unau-
thorized alteration and/or access. For example, in some
embodiments the measurements may be stored on a ROM
(Read Only Memory).

[0092] Referring back to FIG. 1, steps 110 and 120 may be
performed during a set-up phase of a reporting system. Such
a set-up phase may precede a monitoring phase during
which fuel consumption measurements are generated and
reported. The set-up phase may not require repeating unless
a tamper is reported. Nevertheless, in some embodiments,
periodic inspections of the system may be recommended.
[0093] Steps 130 to 190 may be repeated periodically.
Thus a first fuel consumption measurement may be collected
following a first period of time, and a second fuel consump-
tion measurement may be collected following a second
period of time, and so forth.

[0094] Data from each fuel consumption measurement
following each period of time may be retained on the
memory device at least until after being transmitted to the
server. Where required, the fuel consumption data may be
deleted from the memory device once the fuel consumption
data has been transferred to the server. Optionally, in some
embodiments, later data from subsequent fuel consumption
measurements obtained since the last transmission to the
server may overwrite earlier data. In other embodiments, the
earlier data is retained at least until actively removed,
possibly only by authorized administrators with the requisite
permissions. In some embodiments earlier data is retained
until after the earlier data is inspected and confirmed to be
free of tamper and/or corruption. In some embodiments an
alert may be issued to indicate that later data is being
transmitted and/or inspected and/or confirmed and/or erased
from the memory device. The system may be designed such
that a unique alert is issued indicating each action or state.
In some embodiments the system is disabled until the later
data is confirmed.

[0095] In some embodiments the emitter and sensor are
affixed directly to the fuel tank.

[0096] For example, the emitter and sensor may be affixed
with an epoxy glue. It is noted that in some embodiments,
the glue may be selected to have characteristics such as
being rigid and the like so as to ensure efficient transmission
of ultrasound.
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[0097] According to various embodiments, the record of
the ongoing fuel consumption by the vehicle may be gen-
erated either locally or remotely as required. In order to
enable remote generation of fuel consumption records, raw
sensor signal data may be sent to a remote server and then
the server may calculate fuel consumption by the vehicle.
[0098] Periodic fuel level measurements may be gathered
at regular intervals. It is noted that regular periodic fuel level
measurements may be a strong deterrent and/or impediment
to attempts at system tampering. For example a sampling
rate of one measurement every 1-3 minutes may be preferred
or perhaps between 1.5-2.5 minutes. In still other embodi-
ments, predetermined but irregular intervals between mea-
sured may be used, which may be particularly difficult to
mimic by tamperers.

[0099] Itis noted that where the system suffers a malfunc-
tion, the malfunction may mistakenly appear as a tamper to
the system. Accordingly, embodiments the system may
include a malfunction filter operable to distinguish between
benign anomalies in reporting which are caused by malfunc-
tions and to malign anomalies which are caused by tamper-
ing. For example, replacement of an emitter may be indi-
cated by a characteristic change in the frequency of the
second signal. This change in frequency may be distin-
guished from changes in the signal as a result of loose
attachment of the emitter and/or sensor to the fuel tank, for
example.

[0100] According to another aspect, a method is provided
for reporting fuel consumption by a vehicle with an onboard
diagnostics systems (OBD), the method includes:

[0101] providing a server operable to generate fuel
consumption reports;

[0102] providing a communication channel between the
OBD and the server;

[0103] verifying whether the channel has a wireless
connection; sending calculated fuel consumption from
the OBD to the server if there is a wireless connection;

[0104] generating a report of the fuel consumption, and

[0105] tamper proofing the reporting by performing one
or more of the following:

[0106] a) retaining on the server a reference frequency
of the second signal; comparing the reference fre-
quency to a measured frequency of the second signal
measured over the first period of time, and reporting a
tamper if the reference frequency substantially differs
from the measured frequency;

[0107] b) securely storing an original identifier on the
server; reading from the OBD a contemporary identi-
fier;

[0108] sending the contemporary identifier, along with
the calculated fuel consumption data, to the server;

[0109] comparing the contemporary identifier to the
original identifier, and

[0110] reporting a tamper if the contemporary identifier
and the original identifier are not identical.

[0111] A high consumption of fuel can be associated with
a high mileage. Therefore, a further indication of tampering
may be provided by tracking the location of the vehicle. The
location tracking may be used to calculate an expected fuel
consumption which may then be compared to a reported fuel
consumption to serve as a check value to validate the fuel
consumption report. Accordingly, where appropriate, in
some embodiments the method further comprises a location
tracking report along with fuel measurement report. For
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example the geolocation of the vehicle may be sent to the
server at the first period of time, together with the report
comprising the geolocation in association with the fuel
consumption. An alert may be generated when a significant
discrepancy is calculated between the expected fuel con-
sumption to the calculated fuel consumption data, for
example a discrepancy of over 20%.

[0112] As mentioned above, the first signal and second
signal may be ultrasonic. In some embodiments the first
signal may be modulated to reflect from the surface of fuel
in the fuel tank; the second signal may be a reflected signal
from the surface; and the amplitude of the second signal may
be proportional to the level of the fuel in the fuel tank. In
other embodiments the level of the fluid is proportional to
the time lapse between the emission of the first signal and
the receipt of the second signal.

[0113] Where the fuel tank has known dimensions (such as
height, widths, and length as well as their variations with
respect to each other), the fuel surface may be used to
indicate volume contained therewithin. Itis noted that the tilt
angle of the vehicle may also be considered in order to
calculate the fuel volume. The fuel consumption may then
be calculated from the known dimensions and the amplitude
of the second signal or the time lapse between emission and
detection of the signal as discussed above.

[0114] At present I believe that this embodiment operates
most efficiently, but the other embodiments are also satis-
factory.

[0115] The memory device may comprise a memory mod-
ule for storing measured data and may further include a
microcontroller for computing the data. Alternatively, where
the memory device does not comprise a microcontroller, the
raw data may be uploaded to and processed by the server.
[0116] Typically the memory device, as well as the emit-
ter, and optionally the sensor as well, are provided with
electrical power by a battery. The battery may be backed up
or rechargeable by a “direct” power supply, e.g. the vehicle’s
battery.

[0117] The system may further comprise communication
modules, e.g. RF modules, for data transmission from the
memory device and\or the sensor to the server. The server
may receive logged or streamed data from the wireless
communication modules.

[0118] The wireless communication modules may com-
prise unique identifiers. In some embodiments the method
further comprises securely storing a first module identifier
on the server; reading from the communication modules a
second module identifier; sending the second module iden-
tifier, along with the calculated fuel consumption data, to the
server; comparing the second module identifier to the first
module identifier, and

reporting a tamper if the second module identifier and the
first module identifier are not identical.

[0119] Although the claims are directed to a vehicle, the
invention may applied mutatis mutandis to big fuel storage
tanks, to oil tanks and other fluid containers which have
content that needs continuous and frequent monitoring. The
report may serve for refund of excise tax paid on diesel fuel
for example.

[0120] Some embodiments further comprise a cloud based
device capable of receiving the reports and calculating
refunds.

[0121] For best results, the system is first tested before use
for a strong, measurable and stable signal. The test should be
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carried out when the vehicle is on a flat and even surface.
Before affixing the emitter and sensor, they can be tempo-
rarily attached to the fuel tank with sticky tape etc. It is
important to maintain a medium between the emitter/sensor
and the tank during measurements, such as spreading a layer
of ultrasound-trasmitting gel commonly used in ultrasound
tests.

[0122] In various embodiments of the disclosure, one or
more tasks as described herein may be performed by a data
processor, such as a computing platform or distributed
computing system, for executing a plurality of instructions.
Optionally, the data processor includes or accesses a volatile
memory for storing instructions, data or the like. Addition-
ally or alternatively, the data processor may access a non-
volatile storage, for example, a magnetic hard-disk, flash-
drive, removable media or the like, for storing instructions
and/or data.

[0123] Tt is particularly noted that the systems and meth-
ods of the disclosure herein may not be limited in its
application to the details of construction and the arrange-
ment of the components or methods set forth in the descrip-
tion or illustrated in the drawings and examples. The sys-
tems and methods of the disclosure may be capable of other
embodiments, or of being practiced and carried out in
various ways and technologies.

[0124] Alternative methods and materials similar or
equivalent to those described herein may be used in the
practice or for testing embodiments of the disclosure. Nev-
ertheless, particular methods and materials are described
herein for illustrative purposes only. The materials, methods,
and examples are not intended to be necessarily limiting.
[0125] The platform, methods, systems and architecture
described hereinafter, are made purely by way of example to
better illustrate various aspects of the current disclosure.
[0126] Reference is now made to the block diagram of
FIG. 2 schematically representing a system 200 for reporting
consumption rate of fuel from a fuel tank 230 as described
herein.

[0127] The system 200 includes a fuel-tank monitoring
unit 210, a remote server 240 and a database 250 intercon-
nected via a computer network 270 such as the world wide
web. The fuel-tank monitoring unit 210 may be integral to
the fuel tank 230 or mounted thereto so as to monitor
ongoing fuel consumption therefrom

[0128] The fuel-tank monitoring unit 210 includes a fuel-
level monitor 212, a controller 214, a memory device 216,
a communication module 218.

[0129] The fuel-level monitor 212 is configured and oper-
able to measure the volume of fuel contained within the fuel
tank 230. Fuel-level measurements may be communicated to
the controller 214 which may store the measurements on the
memory device 216 and when appropriate, communicated to
the remote server 240 via the communication module 218.
[0130] The communication module 218 is operable to
transmit fuel consumption data 220 to the remote server 240.
Variously the fuel consumption data 220 may comprise raw
data measurements directly from the fuel level monitor 212.
Alternatively, the fuel consumption data 220, include pro-
cessed data indicating calculated values of fuel consumption
as described herein. The fuel consumption data 220 may be
communicated as individual records or as record arrays as
appropriate.

[0131] Optionally the fuel-tank monitoring module 210
may further include an anti-tampering unit 217 for authen-
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ticating fuel-level measurements. Various examples of the
anti-tampering unit 217 may function by communicating
characteristic fuel level signal frequencies, sampling rates,
which may be compared with validated values stored in a
database 250 in communication with the remote server 240,
as described herein. Additionally or alternatively, the fuel-
tank monitoring unit 210 may include a location tracker
which may provide geographical tracking which may enable
measured fuel-consumption rates to be compared with cal-
culated values.

[0132] In various embodiments, the system 200 may be
operable to use fuel consumptions measurements to calcu-
late tax rebates, fuel refunds and the like. Accordingly, the
remote server 240 may harvest further data from secondary
sources 260 for example data relating to tax-rates, fuel-usage
and the like.

[0133] The scope of the disclosed subject matter is defined
by the appended claims and includes both combinations and
sub combinations of the various features described herein-
above as well as variations and modifications thereof, which
would occur to persons skilled in the art upon reading the
foregoing description.

[0134] Technical and scientific terms used herein should
have the same meaning as commonly understood by one of
ordinary skill in the art to which the disclosure pertains.
Nevertheless, it is expected that during the life of a patent
maturing from this application many relevant systems and
methods will be developed. Accordingly, the scope of the
terms such as computing unit, network, display, memory,
server and the like are intended to include all such new
technologies a priori.

[0135] As used herein the term “about” refers to at least
£10%.

[0136] The terms “comprises”, “comprising”, “includes”,
“including”, “having” and their conjugates mean “including
but not limited to” and indicate that the components listed
are included, but not generally to the exclusion of other
components. Such terms encompass the terms “consisting
of” and “consisting essentially of”.

[0137] The phrase “consisting essentially of” means that
the composition or method may include additional ingredi-
ents and/or steps, but only if the additional ingredients
and/or steps do not materially alter the basic and novel
characteristics of the claimed composition or method.
[0138] As used herein, the singular form “a”, “an” and
“the” may include plural references unless the context
clearly dictates otherwise. For example, the term “a com-
pound” or “at least one compound” may include a plurality
of compounds, including mixtures thereof.

[0139] The word “exemplary” is used herein to mean
“serving as an example, instance or illustration”. Any
embodiment described as “exemplary” is not necessarily to
be construed as preferred or advantageous over other
embodiments or to exclude the incorporation of features
from other embodiments.

[0140] The word “optionally” is used herein to mean “is
provided in some embodiments and not provided in other
embodiments”. Any particular embodiment of the disclosure
may include a plurality of “optional” features unless such
features conflict.

[0141] Whenever a numerical range is indicated herein, it
is meant to include any cited numeral (fractional or integral)
within the indicated range. The phrases “ranging/ranges
between” a first indicate number and a second indicate
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number and “ranging/ranges from” a first indicate number
“to” a second indicate number are used herein interchange-
ably and are meant to include the first and second indicated
numbers and all the fractional and integral numerals ther-
ebetween. It should be understood, therefore, that the
description in range format is merely for convenience and
brevity and should not be construed as an inflexible limita-
tion on the scope of the disclosure. Accordingly, the descrip-
tion of a range should be considered to have specifically
disclosed all the possible sub-ranges as well as individual
numerical values within that range. For example, description
of a range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3, from
1 to 4, from 1 to 3, from 2 to 4, from 2 to 6, from 3 to 6 etc.,
as well as individual numbers within that range, for
example, 1, 2, 3, 4, 5, and 6 as well as non-integral
intermediate values. This applies regardless of the breadth of
the range.

[0142] Tt is appreciated that certain features of the disclo-
sure, which are, for clarity, described in the context of
separate embodiments, may also be provided in combination
in a single embodiment. Conversely, various features of the
disclosure, which are, for brevity, described in the context of
a single embodiment, may also be provided separately or in
any suitable sub-combination or as suitable in any other
described embodiment of the disclosure. Certain features
described in the context of various embodiments are not to
be considered essential features of those embodiments,
unless the embodiment is inoperative without those ele-
ments.

[0143] Although the disclosure has been described in
conjunction with specific embodiments thereof, it is evident
that many alternatives, modifications and variations will be
apparent to those skilled in the art. Accordingly, it is
mntended to embrace all such alternatives, modifications and
variations that fall within the spirit and broad scope of the
appended claims.

[0144] In the description and claims of the present appli-
cation, each of the verbs, “comprise,” “include” and “have”
and conjugates thereof, are used to indicate that the object or
objects of the verb are not necessarily a complete listing of
components, elements or parts of the subject or subjects of

the verb.

[0145] Descriptions of embodiments of the invention in
the present application are provided by way of example and
are not intended to limit the scope of the invention. The
described embodiments comprise different features, not all
of which are required in all embodiments of the invention.
Some embodiments utilize only some of the features or
possible combinations of the features. Variations of embodi-
ments of the invention that are described, and embodiments
of the invention comprising different combinations of fea-
tures noted in the described embodiments, will occur to
persons of the art. The scope of the invention is limited only
by the claims.

1. A method of reporting fuel consumption, the method
comprising:
providing a vehicle having a fuel level monitor;

repeatedly measuring fuel consumption by the vehicle
with the monitor;

providing a server operable to generate fuel consumption
reports, and
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transmitting the fuel consumption measurements via a
communication channel between the fuel level monitor
and the server.

2. The method of claim 1, further comprising securely

storing the repeated fuel consumption measurements.

3. The method of claim 2, wherein the communication
channel is remote from the vehicle;

the method further comprising:
providing a removable memory device;
storing the repeated fuel consumption measurements

on the removable memory device;
securely connecting the removable memory device to
the remote communication channel; and
transferring fuel consumption measurements from the
memory device to the server via the communication
channel.

4. The method of claim 3, further comprising:

affixing a transmitter of a first signal to the vehicle;

repeatedly transmitting the first signal into a fuel tank of
the vehicle,

affixing a sensor of a second signal to the vehicle,

the sensor repeatedly receiving a second signal from the
fuel tank;

calculating fuel consumption data by the vehicle over a
first period of time from a change in the received
second signal over the first period of time;

storing the calculated fuel consumption data in the
memory device over the first period of time;

verifying whether there is a wireless connection between
the memory device and a server;

sending the calculated fuel consumption from the memory
device to the server if there is a wireless connection,
and

generating a report of the fuel consumption comprising
the calculated fuel consumption.

5. The method of claim 4, further comprising tamper
proofing the reporting by performing one or more of the
following:

retaining on the server a reference frequency of the
second signal; comparing the reference frequency to a
measured frequency of the second signal measured
over the first period of time, and

generating a tamper-alert if the reference frequency sub-
stantially differs from the measured frequency;
securely storing a first memory device identifier on the

server;

reading from the memory device a second memory device
identifier;

sending the second memory device identifier, along with
the calculated fuel consumption data, to the server;

comparing the second memory device identifier to the first
memory device identifier, and

generating a tamper-alert if the second memory device
identifier and the first memory device identifier are not
identical.

6. The method of claim 3, further comprising:

providing the vehicle with OBD (On Board Diagnostics);

verifying whether there is a wireless connection between
the OBD and the server;

sending calculated fuel consumption from the OBD to the
server if there is a wireless connection;

generating a report of the fuel consumption, and
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tamper proofing the reporting by performing:
retaining on the server a reference frequency of the
second signal: comparing the reference frequency to
a measured frequency of the second signal measured
over the first period of time, and generating a tamper-
alert if the reference frequency substantially differs
from the measured frequency.
7. The method of claim 1 , further comprising:
sending a geolocation of the vehicle to the server, and
reporting the geolocation in association with reporting
the fuel consumption.
8. The method of claim 4, wherein:
the first signal and second signal are ultrasonic;
the method further comprising modulating the first signal
to reflect from a surface of fuel in the fuel tank;
wherein:
the second signal is a reflected signal from the surface;
the amplitude of the second signal is proportional to the
level of the fuel in the fuel tank;
the fuel tank has known dimensions, and
the fuel consumption is calculated from the known dimen-
sions and the amplitude of the second signal.
9. The method of claim 1, further comprising:
providing communication modules, and
transmitting the data from the memory device and\or the
sensor via the communication modules to the server.
10. The method of claim 9, further comprising tamper
proofing:
securely storing a first communication module identifier
on the server;
reading from the communication modules a second com-
munication module identifier; sending the second com-
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munication module identifier, along with the calculated
fuel consumption data, to the server;
comparing the second communication module identifier
to the first communication module identifier, and

generating a tamper-alert if the second communication
module identifier and the first communication module
identifier are not identical.

11. The system of claim 1, wherein the fuel consumption
measurement is at predetermined but irregular intervals.

12. The system of claim 1, wherein the fuel consumption
measurement is at intervals of between 1.5 and 2.5 minutes.

13. The method of claim 7, further comprising:

calculating an expected fuel consumption from the mea-

sured geolocations;
comparing the expected fuel consumption to the calculated
fuel consumption data, and generating an alert when a
significant discrepancy is calculated between the expected
fuel consumption to the calculated fuel consumption data.

14. A system configured to allow the fuel consumption
reporting according to claim 1.

15. The system of claim 14, further comprising a cloud
based device capable of receiving the reports and calculating
refunds.

16. A system configured to allow the fuel consumption
reporting according to claim 7.

17. A system configured to allow the fuel consumption
reporting according to claim 8.

18. A system configured to allow the fuel consumption
reporting according to claim 9.

19. A system configured to allow the fuel consumption
reporting according to claim 10.
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