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PROVIDE AN ENTRY CONTROL MECHANISM
WITH A VEHICLE MONITORING APPARATUS

v

A VEHICLE APPROACHES THE
ENTRY CONTROL MECHANISM

v

THE INFLATION REPORTING ASSEMBLY OF
THE VEHICLE TRANSMITS AN INFORMATION
SIGNAL INCLUDING AN ID CODE

v

THE VEHICLE MONITORING APPARATUS
RECEIVES THE INFORMATION SIGNAL INCLUDING
THE ID CODE FROM THE INFLATION REPORTING

ASSEMBLY OF THE APPROACHING VEHICLE

v

THE VEHICLE MONITORING APPARATUS
COMPARES THE RECEIVED ID CODE WITH
A LIST OF AUTHORIZED ID CODES TO DETERMINE
THE AUTHORIZATION STATUS OF THE VEHICLE
TO PASS THROUGH THE ENTRY CONTROL MECHANISM

v

THE VEHICLE MONITORING APPARATUS
COMMUNICATES TO THE ENTRY CONTROL
MECHANISM TO PERMIT THE VEHICLE TO PASS
IF THE ID CODE OF THE VEHICLE’S INFLATION
REPORTING ASSEMBLY MATCHES AN ID CODE
ON THE LIST OF AUTHORIZED IS CODE

FIG. 5
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SYSTEM FOR VEHICLE MONITORING
UTILIZING TIRE PRESSURE SENSORS

REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 63/111,140, filed on Nov. 9, 2020, the
entirety of which is hereby incorporated by reference in its
entirety.

BACKGROUND
Field

The present disclosure relates to presence sensing systems
and more particularly pertains to a new system for vehicle
monitoring utilizing tire pressure sensors for detecting and
monitoring status aspects of a vehicle, such as presence
proximate to a point or location.

SUMMARY

In one aspect, the present disclosure relates to a system
comprising a vehicle with an inflation signaling apparatus
having at least one inflation reporting assembly, and the
inflation reporting assembly may be configured to wirelessly
transmit an information signal including an identification
(ID) code. The system may also include at least one vehicle
monitoring apparatus configured to monitor a characteristic
of the vehicle based upon the inflation signaling apparatus
associated with the vehicle. The vehicle monitoring appa-
ratus may be configured to sense a presence of the inflation
reporting assembly proximate to the vehicle monitoring
apparatus via reception by the monitoring apparatus of a
transmission of the ID code by the inflation signaling
apparatus associated with the vehicle.

There has thus been outlined, rather broadly, some of the
more important elements of the disclosure in order that the
detailed description thereof that follows may be better
understood, and in order that the present contribution to the
art may be better appreciated. There are additional elements
of'the disclosure that will be described hereinafter and which
will form the subject matter of the claims appended hereto.

In this respect, before explaining at least one embodiment
or implementation in greater detail, it is to be understood
that the scope of the disclosure is not limited in its appli-
cation to the details of construction and to the arrangements
of the components, and the particulars of the steps, set forth
in the following description or illustrated in the drawings.
The disclosure is capable of other embodiments and imple-
mentations and is thus capable of being practiced and carried
out in various ways. Also, it is to be understood that the
phraseology and terminology employed herein are for the
purpose of description and should not be regarded as lim-
iting.

As such, those skilled in the art will appreciate that the
conception, upon which this disclosure is based, may readily
be utilized as a basis for the designing of other structures,
methods and systems for carrying out the several purposes
of the present disclosure. It is important, therefore, that the
claims be regarded as including such equivalent construc-
tions insofar as they do not depart from the spirit and scope
of the present disclosure.

The advantages of the various embodiments of the present
disclosure, along with the various features of novelty that
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characterize the disclosure, are disclosed in the following
descriptive matter and accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will be better understood and when con-
sideration is given to the drawings and the detailed descrip-
tion which follows. Such description makes reference to the
annexed drawings wherein:

FIG. 1 is a schematic diagram of elements of a new
system for vehicle monitoring utilizing tire pressure sensors
according to the present disclosure, particularly showing a
vehicle monitoring apparatus and a vehicle with inflation
reporting assemblies.

FIG. 2 is a schematic diagram of elements of the system
for vehicle monitoring showing a vehicle monitoring appa-
ratus and a wheel assembly of a vehicle, according to an
illustrative embodiment.

FIG. 3 is a schematic diagram of elements of the system
for vehicle monitoring showing details of an inflation sig-
naling apparatus and a vehicle monitoring apparatus,
according to an illustrative embodiment.

FIG. 4 is a schematic diagram of elements of the system
for vehicle monitoring showing a vehicle and multiple
vehicle monitoring apparatus, according to an illustrative
embodiment.

FIG. 5 is a schematic flow diagram of one implementation
of'aspects of the system for vehicle monitoring, according to
an illustrative embodiment.

DETAILED DESCRIPTION

With reference now to the drawings, and in particular to
FIGS. 1 through 5 thereof, a new system for vehicle moni-
toring utilizing tire pressure sensors embodying the prin-
ciples and concepts of the disclosed subject matter will be
described.

The applicant has recognized that vehicles, and in par-
ticular those vehicles of recent manufacturer, may emanate
wireless signals with one or more unique identifiers which
permit identification of the vehicle through the wireless
transmission of information regarding the unique identifiers.
For example, tire pressure monitoring systems (TPMS) have
been required for most vehicles since approximately 2007,
and many TPMS utilize wireless transmissions between the
individual wheels of the vehicle and a central monitoring
element on the vehicle. These wireless transmissions for the
TPMS contain highly unique identifiers that may be used to
identify the vehicle, without requiring any modification or
addition to the vehicle other than the original equipment
TPMS.

The applicant has developed systems and apparatus that
take advantage of the unique identifiers wirelessly transmit-
ted by the TPMS on many vehicles to identify the vehicle
wirelessly, such as for monitoring the presence (or absence)
of the vehicle proximate to a point or location of interest.

In one aspect, the present disclosure relates to a system 10
which may broadly include a vehicle 12, such as automo-
biles or trucks or even motorcycles, which includes a frame
14 and at least one wheel assembly 16, but typically include
at least a pair of wheel assemblies 16, 17 and often include
four wheel assemblies 16, 17, 18, and 19. The wheel
assembly or assemblies may be rotatably mounted on the
frame 14 of the vehicle 12 to rotate with respect to the frame.

Each of the wheel assemblies 16 may include a rim
element 20 which may be mounted on an axle of the vehicle
in order to be rotatable with respect to the vehicle frame 14.
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An inflatable element 22 may be mounted on the rim
element 20, and may at least partially define an inflation
space which is configured to receive and hold a quantity of
a gas, such as air. In many embodiments, the inflatable
element 22 comprises a tire and defines the inflation space
in combination with the rim element 20 (in, for example, a
tubeless tire). Optionally, the inflatable element 22 could
solely define the inflation space, such as in the case of an
inner tube of a wheel assembly. Each wheel assembly 60
may include a valve element 24 which is configured to
control movement of air into and out of the inflation space,
and the valve element may include a valve stem in commu-
nication with the inflation space and in some embodiments
may be mounted on the rim element 20.

The system 10 may also include an inflation signaling
apparatus 30 associated with the vehicle 12, and more
specifically associated with the one or more wheel assem-
blies of the vehicle, for signaling the presence and aspects of
the status of the wheel assemblies of the vehicle.

The inflation signaling apparatus 30 may include at least
one inflation reporting assembly 32, and may include a
reporting assembly 32, 33, 34, and 35 for each wheel
assembly of the vehicle 12. It should be understood that
functions of the system of the disclosure require a minimum
of one inflation reporting assembly 32, and the presence of
additional reporting assemblies (e.g., assemblies 33, 34, and
35 associated with wheel assemblies 17, 18, 19, respec-
tively) are not required for the essential functions of the
disclosure, but the presence of additional reporting assem-
blies do not necessarily detract from the functionality. More-
over, with the presence of multiple inflation reporting
assemblies, signals from one or more than one of the
assemblies may be utilized. For the purposes of this descrip-
tion, one inflation reporting assembly 32 will be described
with the understanding that additional inflation reporting
assemblies may be present and may or may not have similar
characteristics to the described reporting assembly.

The inflation reporting assembly 32 may be configured to
report an inflation condition of the inflation space associated
with the inflatable element 22, and the inflation condition
may be reported as an information signal. The information
signal may include an identification (ID) code which is
associated with the particular inflation reporting assembly
32 and may be used to identify the particular wheel assembly
of the vehicle for which the inflation condition is being
reported. The ID code may be highly or even entirely unique
to the particular inflation reporting assembly 32 in order to
differentiate the reporting assembly from other reporting
assemblies on the vehicle and from other reporting assem-
blies on other vehicles. The inflation reporting assembly 32,
as well as the wheel assembly and the vehicle with which the
reporting assembly is associated, may thus be uniquely
identified using the ID code of the reporting assembly 32.
The information signal produced by the inflation reporting
assembly 32 may also include an inflation value correspond-
ing to the inflation condition of the wheel assembly with
which the particular inflation reporting assembly 32 is
associated. Illustratively, the inflation value may comprise
an inflation level of the associated wheel assembly, such as
the air pressure in pounds per square inch or kilopascals.

In some implementations, the inflation reporting assembly
32 may be mounted on the rim element 20 of the wheel
assembly 16, which is a common configuration when the
assembly 32 is part of the original equipment of the vehicle
from the vehicle manufacturer (OEM). In some implemen-
tations, the inflation reporting assembly 32 may be mounted
on the valve element 24 of the wheel assembly 16, which is
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a configuration which may be used as a part of an aftermar-
ket installation of the reporting assembly 32.

Iustratively, the inflation reporting assembly 32 may
include an inflation sensor 40 which is configured to sense
the inflation level in the inflation space, and the sensor 40
may generate a signal that corresponds to the sensed infla-
tion level. The inflation reporting assembly 32 may also
include processing circuitry 42 which is configured to com-
municate with the inflation sensor 40 to receive the inflation
level sensed in the inflation space, and may be configured to
receive the signal from the inflation sensor 40. In some
implementations, the processing circuitry 42 may store the
ID code. The reporting assembly 32 may further include a
transmitter 44 which is configured to wirelessly transmit the
information signal, including at least the ID code. The
transmitter 44 may be configured to receive the 1D code
from the processing circuitry, or optionally may be pro-
grammed with the ID code. The information signal may
further include the inflation condition of the inflation space
associated with the reporting assembly 32, such as the
inflation level. It will be recognized that the elements of the
inflation reporting assembly 32 may be physically integrated
together, and may be distinguished only functionally.

The system 10 may also include at least one vehicle
monitoring apparatus 50 which is configured to monitor a
characteristic of the vehicle 12 based upon communication
with the inflation signaling apparatus 30 associated with the
vehicle. In some implementations of the disclosure, the
vehicle monitoring apparatus 50 may be configured to sense
a presence of the inflation reporting assembly 32 when
proximate to the vehicle monitoring apparatus 50, and by
extension sense the presence of the vehicle 12 associated
with the inflation reporting assembly 32. Typically, the
vehicle monitoring apparatus 50 is separate of the vehicle
12, such as in a physical sense, and the vehicle monitoring
apparatus does not move from geographic location to loca-
tion along with the vehicle. In some of the most preferred
embodiments of the disclosure, the position of the vehicle
monitoring apparatus may be stationary in a geographic
sense, and may be associated with a physical structure such
as, for example, a parking facility or structure like a parking
lot or a parking ramp (and, in some case, the entry control
mechanisms used to control entry and utilization of the
parking structures). Proximity of the vehicle monitoring
apparatus 50 to the inflation signaling apparatus 30 for
successful wireless transmission and collection of ID code
information may vary, but may, as an example, be approxi-
mately 100 feet or less. In some implementations, the range
of vehicle monitoring apparatus 50 may have an effective
detection range that is significantly more limited, such as
approximately 50 feet or less, approximately 30 feet or less,
or even 10 feet or less, depending upon the degree of
precision of location monitoring is desired.

In some embodiments, the vehicle monitoring apparatus
50 may include at least one receiver 52 which is configured
to wirelessly receive the information signal transmitted from
the inflation reporting apparatus 32 when the apparatus 32 is
within wireless transmission/reception range of the moni-
toring apparatus 50. Significantly, the receiver 52 is config-
ured to receive the ID code of the information signal
transmitted by the inflation reporting assembly. Optionally,
the apparatus 50 may include a triggering transmitter 54
which may transmit a triggering transmission, or “ping,” to
proximate inflation reporting assemblies 32 to cause one or
more of the assemblies 32 to respond by transmitting a
signal which may include the ID code of the assembly. The
triggering transmitter may be separate or integrated with the
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receiver 52 of the apparatus 50. The vehicle monitoring
apparatus 50 may also include a processor 58 which is
configured to receive information from the receiver 52, such
as an ID code received by the receiver. The processor 58
may be configured to store the ID code received by the
receiver 52 and a location of the vehicle monitoring appa-
ratus at substantially the same time that the ID code was
received from the inflation reporting assembly to create one
or more records containing ID codes detected by the vehicle
monitoring apparatus and corresponding timestamps for
those instances of ID code detections. Optionally, the pro-
cessor 58 may be configured to ignore or discard informa-
tion in the information signal not related to the ID code, such
as, for example, the inflation level.

In some utilizations, the vehicle monitoring apparatus 50
may have a stationary installation in which the apparatus
does not move when detecting the presence of vehicles. As
an example, the vehicle monitoring apparatus may be asso-
ciated with a point of entry through a barrier, such as a gate
in a fence or wall, to detect and identify and determine the
authorization of the vehicle to move through the point of
entry through the barrier. Such utilizations may be useful in
controlling access to secure facilities, parking lots and
ramps, or other suitable utilizations where controlled access
by vehicles is desired. Optionally, the vehicle monitoring
apparatus 50 may be located adjacent to a parking stall or
space of a parking facility so that the apparatus 50 is able to
detect the ID code of at least one inflation signaling appa-
ratus associated with a vehicle in the parking space to
identify and determine the authorization of the vehicle to be
located in the parking space.

For example, a listing of authorized ID codes associated
with inflation signaling apparatus associated with authorized
vehicles may be established and maintained, such that a
comparison may be made between an ID code emanating
from an inflation signaling apparatus of an approaching
vehicle with authorized ID codes in the listing of authorized
ID codes, and a match between the received ID code and one
of the authorized ID codes may be required in order for the
vehicle to be allowed through the controlled point of entry.
As a further example, the vehicle monitoring apparatus 50
may be utilized to detect and record ID codes associated
with vehicles moving through or past a point for potential
future reference, without necessarily checking the ID code
against a list of ID codes. Optionally, the exit of vehicles
from a controlled space (e.g., parking lot) may be monitored
in addition to the entry of vehicles into the controlled space.

As a further option, the vehicle monitoring apparatus 50
may be configured to receive information signals from more
than one inflation signaling apparatus associated with a
vehicle (see, e.g., FIG. 1) to receive and collect more than
one ID code associated with the signaling apparatus of a
vehicle for an enhanced degree of identification, particularly
if a match of more than one ID code associated with a
vehicle is required for authorization to, for example, pass
through a controlled point of entry.

In some implementations, a plurality of the vehicle moni-
toring apparatus 50 may be utilized in the system 1 (see, e.g.,
FIG. 4), and the monitoring apparatus may be geographi-
cally spaced or separated from each other to provide detec-
tion of movement of the vehicle 12 to some or all of the
locations associated with the individual monitoring appara-
tus. Further, the plurality of vehicle monitoring apparatus
may be communicatively linked, such as through a data
communication network, to provide coordinated informa-
tion regarding movement of the vehicle.
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It should be appreciated that in the foregoing description
and appended claims, that the terms “substantially” and
“approximately,” when used to modify another term, mean
“for the most part” or “being largely but not wholly or
completely that which is specified” by the modified term.

It should also be appreciated from the foregoing descrip-
tion that, except when mutually exclusive, the features of the
various embodiments described herein may be combined
with features of other embodiments as desired while remain-
ing within the intended scope of the disclosure.

Further, those skilled in the art will appreciate that steps
set forth in the description and/or shown in the drawing
figures may be altered in a variety of ways. For example, the
order of the steps may be rearranged, substeps may be
performed in parallel, shown steps may be omitted, or other
steps may be included, etc.

In this document, the terms “a” or “an” are used, as is
common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated.

With respect to the above description then, it is to be
realized that the optimum dimensional relationships for the
parts of the disclosed embodiments and implementations, to
include variations in size, materials, shape, form, function
and manner of operation, assembly and use, are deemed
readily apparent and obvious to one skilled in the art in light
of the foregoing disclosure, and all equivalent relationships
to those illustrated in the drawings and described in the
specification are intended to be encompassed by the present
disclosure.

Therefore, the foregoing is considered as illustrative only
of the principles of the disclosure. Further, since numerous
modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the disclosed subject
matter to the exact construction and operation shown and
described, and accordingly, all suitable modifications and
equivalents may be resorted to that fall within the scope of
the claims.

We claim:

1. A system comprising:

a vehicle with an inflation signaling apparatus having at
least one inflation reporting assembly, the at least one
inflation reporting assembly being configured to wire-
lessly transmit an information signal including an iden-
tification (ID) code uniquely associated with the at least
one inflation reporting assembly to differentiate the
inflation reporting assembly from other inflation report-
ing assemblies and differentiate the vehicle from other
vehicles in proximity to the vehicle; and

at least one vehicle monitoring apparatus configured to
monitor a characteristic of the vehicle based upon the
inflation signaling apparatus associated with the
vehicle, the at least one vehicle monitoring apparatus
being physically separate of the vehicle such that a
location of the vehicle is movable independent of the
vehicle monitoring apparatus and a location the vehicle
monitoring apparatus does not move from geographic
location to geographic location when the location of the
vehicle is moved, the at least one vehicle monitoring
apparatus being configured to sense a presence of the
inflation reporting assembly proximate to the vehicle
monitoring apparatus via reception by the monitoring
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apparatus of a transmission of the ID code by the
inflation signaling apparatus associated with the
vehicle.

2. The system of claim 1 wherein the at least one inflation
reporting assembly of the inflation signaling apparatus is
associated with a wheel assembly of the vehicle.

3. The system of claim 1 wherein the at least one inflation
reporting assembly of the inflation signaling apparatus com-
prises a plurality of inflation reporting assemblies, each of
the inflation reporting assemblies being associated with one
wheel assembly of a plurality of wheel assemblies of the
vehicle.

4. The system of claim 1 wherein the at least one inflation
reporting assembly of the inflation signaling apparatus is
configured to report an inflation condition of an inflation
space of a wheel assembly of the vehicle with which the
inflation reporting assembly is associated, the at least one
inflation reporting assembly being configured to transmit the
information signal with the ID code and an inflation value
corresponding to the inflation condition of the wheel assem-
bly with which the at least one inflation reporting assembly
is associated.

5. The system of claim 1 wherein the at least one inflation
reporting assembly comprises:

an inflation sensor configured to sense an inflation level in
an inflation space of a wheel assembly of the vehicle
with which the at least one inflation reporting assembly
is associated; and

a transmitter configured to wirelessly transmit the infor-
mation signal including the ID code and an indication
of the inflation level of the inflation space.

6. The system of claim 1 wherein the vehicle monitoring

apparatus further comprises:

at least one receiver configured to wirelessly receive the
information signal transmitted from the inflation
reporting apparatus associated with the vehicle with the
ID code associated with the at least one inflation
reporting assembly.

7. The system of claim 6 wherein the vehicle monitoring

apparatus further comprises:

a processor configured to receive information from the
receiver including the ID code received by the receiver,
the processor being configured to store the ID code and
a location of the vehicle monitoring apparatus at sub-
stantially the same time that the ID code was received.

8. The system of claim 7 wherein the processor of the
vehicle monitoring apparatus is configured to compare a said
ID code received by the receiver with a plurality of autho-
rized ID codes to detect a match between the received ID
code and one of the ID codes in the listing of authorized ID
codes.

9. The system of claim 7 wherein the at least one receiver
of the vehicle monitoring apparatus is configured to receive
a plurality of information signals from a plurality of inflation
reporting assemblies from a plurality of vehicles with
respective ID codes.

10. The system of claim 1 wherein the vehicle monitoring
apparatus is associated with an entry control mechanism
positioned at a point of entry of a parking facility for
authorizing passage of the vehicle through the point of entry
of the parking facility.

11. A system comprising:

a vehicle with an inflation signaling apparatus having at
least one wheel assembly with an inflation reporting
assembly, the inflation reporting assembly including a
transmitter configured to wirelessly transmit an infor-
mation signal including an identification (ID) code
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uniquely associated with the inflation reporting assem-
bly to differentiate the inflation reporting assembly
from other inflation reporting assemblies and differen-
tiate the vehicle from other vehicles in proximity to the
vehicle; and

at least one vehicle monitoring apparatus including a

receiver configured to receive a said information signal
from a said inflation reporting assembly, the at least one
vehicle monitoring apparatus being physically separate
of the vehicle such that a location of the vehicle is
movable independent of the vehicle monitoring appa-
ratus and a location the vehicle monitoring apparatus
does not move from geographic location to geographic
location when the location of the vehicle is moved, the
at least one vehicle monitoring apparatus being con-
figured to sense a presence of the inflation reporting
assembly proximate to the vehicle monitoring appara-
tus via reception by the monitoring apparatus of a
transmission of the ID code by the inflation signaling
apparatus associated with the vehicle.

12. The system of claim 11 wherein the vehicle has a
plurality of wheel assemblies, a said inflation reporting
assembly being associated with each of the wheel assem-
blies.

13. The system of claim 11 wherein the inflation reporting
assembly of the inflation signaling apparatus is configured to
detect and report an inflation condition of an inflation space
of the at least one wheel assembly of the vehicle, the
transmitter of the at least one inflation reporting assembly
being configured to transmit the information signal with the
ID code and an inflation value corresponding to the inflation
condition of the at least one wheel assembly with which the
inflation reporting assembly is associated.

14. The system of claim 11 wherein the vehicle monitor-
ing apparatus further comprises a processor configured to
receive information from the receiver including the ID code
received by the receiver, the processor being configured to
configured to compare a said ID code received by the
receiver with a plurality of authorized ID codes to detect a
match between the received ID code and one of the ID codes
in the listing of authorized ID codes.

15. The system of claim 14 wherein the processor of the
vehicle monitoring apparatus is further configured to store
the ID code and a location of the vehicle monitoring
apparatus at substantially the same time that the ID code was
received.

16. The system of claim 11 wherein the vehicle monitor-
ing apparatus is associated with an entry control mechanism
positioned at a point of entry of a parking facility for
authorizing passage of the vehicle through the point of entry
of the parking facility.

17. The system of claim 1 wherein the location of the at
least one vehicle monitoring apparatus is stationary in a
geographic sense, and the location of the vehicle with the
inflation signaling apparatus is movable in a geographic
sense.

18. The system of claim 1 wherein the at least one vehicle
monitoring apparatus is associated with a parking facility
and an entry control mechanism used to control entry and
utilization of the parking facility.

19. The system of claim 11 wherein the location of the at
least one vehicle monitoring apparatus is stationary in a
geographic sense, and the location of the vehicle with the
inflation signaling apparatus is movable in a geographic
sense.

20. The system of claim 11 wherein the at least one
vehicle monitoring apparatus is associated with a parking
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facility and an entry control mechanism used to control entry
and utilization of the parking facility.
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