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[0002]

[0003]

[0004]

Method and Apparatus for Tire Pressure Monitoring

BACKGROUND

Field

The present invention relates generally to sensor systems, and more
particularly, to a method and apparatus for tire pressure monitoring.
Background

There are two fundamental goals that a tire pressure monitoring system (TPMS)
should fulfill for the management system of a vehicle--accuracy and speed of
measurements of tire pressure.

Most tire pressure losses result from slow leaks that have a deleterious effect on
vehicle handling, fuel consumption, and tire life. When the pressure loss is slight,
however, there is generally no immediate danger of catastrophic tire failure. Therefore,
although it is important to measure tire pressure with a high degree of accuracy to be able
to detect slow air pressure leaks, the timing of these accurate measurements is not critical.
In contrast, if a tire loses pressure rapidly, it is important that a driver be warned as soon as
possible. In these cases, it is not critical that the rapid tire pressure loss be measured with a
high degree of accuracy--an error of measurement of up to 10% of the original pressure is
probably acceptable. Thus, in certain circumstances, even an inaccurate but timely
pressure measurement will increase the overall system functionality at detecting significant
events, thus improving the safety of the system.

Typically, the tire pressure monitoring device 1s a battery-powered, self-
contained sensor device that is mounted inside a wheel. The device transmits measured
pressure to a receiver inside the vehicle via a wireless signal. Because the pressure sensor
in these devices requires a significant power to operate, many existing systems

compromise performance for battery life. For example, to reduce the power utilized by the
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sensors, the frequency of measurements is decreased when the vehicle is not in motion.
Typically a roll switch, which is a switch that is operated by a rolling motion, or an
accelerometer is used to detect whether the vehicle is in motion. The inclusion of these
types of motion detection devices to provide this functionality increases the cost while
reduces reliability of the system and, even with this functionality, conventional systems
only measure pressure about every 30 seconds, meaning that a rapid tire pressure loss
could still result in an accident before the driver is warned.

[0005] It is desirable to be able to provide a TPMS system that has reduced power

consumption while improving reliability as compared to current TPMS systems.
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[0006]

[0007]

[0008]

SUMMARY OF THE PREFERRED EMBODIMENTS

The present invention is directed to a tire pressure monitoring system (TPMS)
that is configured to provide rapid detection of a severe loss of tire pressure while still
being able to provide accurate detection of a slow loss of tire pressure. Specifically, the
mventive TPMS increases vehicle safety by providing the timely warning to a driver of
severe tire pressure loss from such catastrophic events as a tire blowout. At the same time,
the inventive TPMS can also detect the minute loss of tire pressure over time from such
situations where there is a slow leak in a tire. The inventive TPMS thus addresses both the
need for being able to accurately measure tire pressure, which is not urgent, and the need
for providing timely warning of a catastrophic event, which does not carry with it the
requirement for accuracy.

One preferred embodiment of the present invention is provided in a method for
monitoring pressure including the steps of performing an accurate measurement of
pressure and performing an approximate measurement of pressure. Then, providing a
notification signal if the difference between the approximate measurement and the accurate
measurement is greater than a predetermined value.

Another preferred embodiment of the present invention is provided as an
apparatus for monitoring pressure having a pressure sensor. The apparatus includes a
processor coupled to the pressure sensor; and, a membry coupled to the processor, the
memory configured to cause the processor to perform an accurate measurement of pressure
using the pressure sensor; perform an approximate measurement of pressure using the
pressure sensor; and, provide a notification signal if the difference between the

approximate measurement and the accurate measurement is greater than a predetermined

value.
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[0009] In another preferred embodiment, the present invention is implemented as a
processor readable medium having instructions stored thereon that, when executed by the
processor, causes the processor to performs a method for monitoring pressure. The method
includes performing an accurate measurement of pressure; performing an approximate
measurement of pressure; and, providing a notification signal if the difference between the
approximate measurement and the accurate measurement is greater than a predetermined
value.

[0010] In another preferred embodiment, the present invention is implemented as a
pressure monitoring system including a pressure sensor, a memory and a processor coupled
to the memory and the pressure sensor. The processor is configured to obtain an accurate
measurement of pressure and an approximate measurement of pressure, and generate a
notification if the difference between the approximate measurement of pressure and the
accurate measurement of pressure is greater than a predetermined value.

[0011] Other objects, features and advantages will become apparent to those skilled in
the art from the following detailed description. It is to be understood, however, that the
detailed description and specific examples, while indicating exemplary embodiments , are
given by way of illustration and not limitation. Many changes and modifications within
the scope of the following description may be made without departing from the spirit

thereof, and the description should be understood to include all such variations.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The invention may be more readily understood by referring to the
accompanying drawings in which:

[0013] FIG. 1 is a block diagram of a tire pressure monitoring system (TPMS)
configured in accordance with one preferred embodiment of a pressure monitoring system;

[0014] FIG. 2 is a flow diagram illustrating a preferred mode of operation of the TPMS
of FIG. 1; and,

[0015] FIG. 3 is a flow diagram illustrating a mode of operation of a vehicle controller
in accordance with one preferred embodiment of operation of a pressure monitoring

system.

[0016] Like numerals refer to like parts throughout the several views of the drawings.
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[0017]

DETAILED DESCRIPTION
FIG. 1 illustrates a TPMS system 100, configured in accordance with one

preferred embodiment of the present invention, having a microcontroller 102, a pressure
sensor 106 and a battery 104, with both pressure sensor 106 and battery 104 being coupled
to microcontroller 102. In one preferred embodiment, TPMS system 100 operates in the
same mode all the time, regardless of whether the vehicle is in motion, and performs two
types of tire pressure measurements: 1) approximate pressure measurements at a first
predetermined interval; and, 2) accurate pressure measurements at a second predetermined
interval, which are measurements of tire pressure that are more accurate but less frequent
than the approximate measurements. At each first predetermined interval, TPMS system
100 transmits an accurate pressure measurement and a temperature measurement to a
controller in a vehicle (not shown). In addition, TPMS system 100 stores the accurate
pressure measurement. At every second predetermined interval, which in one preferred
embodiment is smaller than the first predetermined interval, TPMS system 100 compares
the approximate pressure measurement with the previously transmitted accurate pressure
measurement. In other preferred embodiments, instead of only comparing the latest
approximate pressure measurement to the last accurate pressure measurement, a
comparison may be made between the latest approximate measurement and a previous
accurate or approximate pressure measurement, referred to as Papproximate(n™-m™) or
Paccurate(n®™-m), respectively, where n is the latest measurement and m >= 1. For
example, Papproximate (n-1) is the approximate pressure measurement before the latest
approximate pressure measurement). In still other preferred embodiments any

approximate measurement may be compared to other approximate or accurate

measurements.
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In one preferred embodiment, only if there is a significant difference between
compared measurements of pressure will TPMS system 100 transmit pressure information.
In one preferred embodiment, the time period between accurate measurements (and
resulting radio transmissions) is approximately 15 minutes, while approximate
measurements can be made as often as every 6 seconds. In general, less frequent
measurements and/or transmissions will require less power and therefore extend the battery
life of battery 104 of TPMS system 100. In other words, TPMS 100 is able to make short
term pressure comparisons locally by being able to compare relative measurements/without
taking into account such factors such as temperature or other compensation coefficients
and without having to involve the use of the vehicle controller. Thus, this decreases the
use of power by having fewer transmissions and also decreases the computational load on
the vehicle controller.

In one preferred embodiment, pressure sensor 106 is an integrated pressure and
signal-conditioning device constructed using MicroElectroMechanical Systems (MEMS)
technology and combines a capacitive pressure sense element 150, which is sensitive to
absolute pressure, a temperature sense element 156 and an application specific integrated
circuit (ASIC) 154. Pressure sensor 106 also incorporates a reference capacitor 152, which
is nominally insensitive to pressure, operating as a reference to capacitive pressure sense
element 150.

In one preferred embodiment, microcontroller 102 is an integrated power
control, controller and transceiver system that interfaces directly with pressure sensor 106.
Referring again to FIG. 1, microcontroller 102 includes a memory 120, a transceiver 122,
and a controller 124. In one preferred embodiment, transceiver 122 is a radio frequency
(RF) transceiver that is able to transmit and receive data and command signals, to and

from, respectively, the vehicle controller. Other wireless technologies can be used as well.
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[0021]

0022]

0023]

As disclosed herein, pressure sensor 106 is configured to provide a temperature output and
both pressure measurement and reference outputs. In one preferred embodiment,
microcontroller 102 utilizes a "channel select" signal to select the desired output from
pressure sensor 106. In another preferred embodiment, microcontroller 102 is coupled to
simultaneously receive more than one output from pressure sensor 106. Using its
transceiver 122, microcontroller 102 is able to transmit measurement data to and receive
signals from the controller in the vehicle.

In one preferred embodiment, ASIC 154 converts signals representing
measured pressures (and temperatures) into a digital output format that can be directly
provided to a microprocessor such as microcontroller 102. Specifically, ASIC 154
converts the capacitance values in capacitive pressure sense element 150 and reference
capacitor 152 to pulse durations, referred to as Cp and Cr, respectively. In one preferred
embodiment, the output of pressure sensor 106 is a series of pulses, each of which are
variable in a width that is proportional to the sensed pressure. Cp represents a capacitance
value that varies as a function of measured pressure and Cr represents a capacitance value,
measured from a reference capacitor, that is essentially constant with pressure. These
pulse durations are then provided to microcontroller 102. Calibration coefficients, stored
in microcontroller 102, are then used in the determination of pressure values. Thus,
pressure measurements are calculated by measuring the time duration of the appropriate
pulses (i.e., the time duration of each pulse). The same basic concept is used for measuring
and providing an output of the temperature, T.

In one preferred embodiment, the formula used to determine pressure is given

by the following equation:

Pressure =C_, x Cp-(Copr x 1) (1
#0°| Cp-(Cp... xCr)

linearity
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9
where Cspan, Coff and Clinearity are calibration coefficients that are uniquely determined
for each TPMS 100. One exemplary way to determine these three coefficients is to
measure Cr and Cp for three known temperatures and then using equation (1) to solve for
the three unknowns. In other preferred embodiments, any number of coefficients can be
used.

As used herein, the term "pressure measurement” or "measurement of pressure”
may be comprised of an actual pressure measurement or representation of pressure
measurement. For example, the latest approximate pressure measurement may refer to
only Cp or a pressure calculated using Cp. In one preferred embodiment, the approximate
pressure measurement consists only of Cp, and thus, the comparison is between two Cp
values. For example, the latest measured Cp is compared to the last stored Cp. In another
preferred embodiment, a pressure calculated using the latest measured Cp is compared
with a pressure calculated using the last stored Cp (where the pressure calculated using the
last stored Cp may have been previously calculated and stored). During the calculation of
pressure, the same or different Cr values may be used. In one preferred embodiment, the

same Cr value may be used for the calculation of both pressures. Thus, equation (1) may

be generalized as follows:

Pm$md“%ﬂ:mx[cma%«xﬂxoﬁg)J (@
7 7| CP(12) - (Creariey % CI(3))

linearity
where t1, t2 and t3 represent a time period. For example, for the calculation of pressure at
a time t1 with Cp and Cr measured at time t1, then t3=t2=t1. For the calculation of
pressure at time t1 with the latest measured Cp but a previously measured Cr, then t2=t1
and t3=the time of the last measurement of Cr.

It should also be noted that, as used herein, the term "Cp measurement" and

"Cr measurement” may mean a single or a combined multiple of Cp or Cr measurements,
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respectively. In one preferred embodiment, a simple average of multiple Cp and/or Cr
measurements may be used. In another preferred embodiment, a weighted average of
multiple Cp and/or Cr measurements may be used. For example, the latest Cp and/or Cr
measurement may be given greater weight in the calculated average. In other preferred
embodiments, other mathematic computations may be made to a single or multiple
measurements of Cp and/or Cr. Thus, for example, the reference above to a pressure
calculated using Cp could mean a pressure calculated using only a single Cp measurement,
or a pressure calculated using multiple Cp measurements, with or without modification by
various mathematic functions.

As described below, an "accurate pressure measurement," which in one
preferred embodiment includes performing a full set of measurements comprising Cp, Cr
and T, is performed periodically. As further described below, once the full set of
measurements is taken, a pressure is calculated and the result is transmitted by TPMS 100
to a receiver coupled to the vehicle controller. The value of Cp is also stored at this time.
Specifically, Cp and Cr are measured by pressure sensor 106, a pressure is calculated by
microcontroller 102, the calculation taking into consideration the calibration factors, and
the results of the calculation transmitted using transceiver 122, with Cp being stored in
memory 120. In one preferred embodiment, the accurate measurements are made
periodically and regardless of whether or not the vehicle is moving. In addition, in
between these accurate measurements of Cp, Cr and T; pressure measurements referred to
as "approximate pressure measurements," are performed. These approximate pressure
measurements calculate pressure by using an equation such as equation (2), but using the
Cr value from the previous accurate pressure measurement. Thus, in one preferred

embodiment, only the Cp value need to be updated (i.e., pressure sensor 106 is only used to

update Cp, with no Cr or T being updated).
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In one preferred embodiment, the calculated approximate pressure
measurement (calculated using the latest Cp value) is then compared to the last accurate
pressure measurement (calculated using the stored Cp value). If the value has changed by
more than a threshold amount, a complete measurement (Cp, Cr and temperature) is made
and the result transmitted. In another preferred embodiment, a comparison of the latest
measurement of Cp is made to the stored Cp, versus a comparison of the pressures
calculated using the latest measurement of Cp and the stored Cp. In this case, because the
value of Cp represents the value of pressure, a comparison of Cp will be sufficient to
determine large pressure changes without the need for TPMS 100 to perform pressure
calculations, which results in power savings.

In one preferred embodiment, the temperature (T) is also transmitted with the
calculated pressure. In other preferred embodiments, Cp, Cr, and/or T are transmitted to
the vehicle controller with or without the calculated pressure. In the case where the
calculated pressure is not being transmitted, the vehicle controller is sent the necessary data
to perform the pressure calculation.

In one preferred embodiment, at least two pulses from pressure sensor 106 are
used for each measurement to compensate for the inherent jitter that exists during any
pulse duration measurements. For example, during the measurement of Cr, two or more
pulse durations of Cr are read from pressure sensor 106 and averaged to create a final Cr
value.

Thus, one aspect of the invention lies in the methodology of making these
approximate measurements and their limited impact on overall system performance. In
other words, during an accurate pressure measurement, in one preferred embodiment, a
number of Cp and Cr cycles are measured. These measurements are averaged to reduce

the noise, or jitter, in the measurement. For the frequently taken approximate
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measurements, only Cp is measured and a pressure calculated using the latest measured Cp
(i.e., an approximate pressure measurement) is compared to a pressure calculated using the
Cp of the previous accurate measurement. It could be assumed that normally there will be
little change of measurement in that time. The measurement of only Cp minimizes the
energy required for the measurement. Then, if there is a change in Cp above a specified
threshold, which should translate to a related change in the calculated pressure beyond a
specified threshold, the system is configured to make a complete accurate measurement
and immediately transmit that information to the vehicle controller. TPMS system 100
utilizes the rapid (but approximate) determination of pressure loss that is useful for
reporting significant events such as tire blowouts, which does not require accurate tire
pressure measurements. At the same time, TPMS system 100, by using accurate pressure
measurements, does not sacrifice long-term system accuracy that is useful for reporting
slow tire leaks.

Referring to FIG. 2, one preferred mode of operation of TPMS 100 will be
described, where, starting in step 202, TPMS 100 is initialized. For example, TPMS 100
will clear all temporary memory storage areas and reset all counters.

In step 204, pressure-related (e.g., Cp, Cr) and temperature (e.g., T)
measurements are performed, and the pressure calculated using the measurements, as well
as the temperature, is transmitted to the vehicle controller. In one preferred embodiment,
the pressure and temperature data is transmitted to the vehicle controller with no decisions
or comparisons being made by TPMS 100 (i.e., the transmission occurs without a
comparison of a current measurement to a previous measurements). The value of Cp is
also stored into memory 120 at this step. Assuming a number of sensor cycles (i.e., a

number of Cp measurements) are averaged for the final value, the average value of the Cp

pulse width is stored.
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In step 206, TPMS 100 measures Cp again using pressure sensor 106. In one
preferred embodiment, this Cp measurement occurs every 6 seconds. As previously noted,
this Cp measurement may be comprised of multiple Cp pulses. After TPMS 100 measures
Cp, operation continues with step 208.

In step 208, in accordance with one preferred mode of operation, the latest Cp
measurement is compared to the stored Cp value, with no pressures being calculated. In
another preferred embodiment, the latest approximate pressure measurement (e.g., a
pressure calculated using the latest measured Cp value) is compared to the last accurate
pressure measurement (€.g., a pressure calculated using the Cp value stored in memory
120). It should be noted that memory 120 can also store previously calculated pressures,
which will reduce the need for microcontroller 102 to re-perform calculations.

In step 210, it is determined if the difference between the measilred Cp value
and the stored Cp value (or, in the alternative, the difference between the calculated
pressures) as determined in step 208 is greater than a predetermined amount. In one
preferred embodiment, this predetermined amount may be set somewhere between 0 and
25%, with a more preferred range being in the 3%-5% range. For example, it is
determined if the difference is more than 5%. In one preferred mode of operation, if the
difference is larger than the predetermined amount, then the process proceeds to step 214.
Otherwise, process 200 continues with step 212.

In step 212, TPMS 100 determines if the last transmission time is greater than
preset "self-check™ time (e.g., 15 minutes). If so, operation returns to step 204, where
TPMS 100 performs a full measurement and transmission, as previously described. If the
last transmission time has not passed the preset self-check time, then operation returns to

step 206, where a new Cp value will be measured 6 second after the last Cp value

measurement.

4665077v1



WO 2007/143625 PCT/US2007/070361

[0040]

[0041]

[0042]

14

In step 214, TPMS 100 will perform a measurement of both Cp and Cr, and a
new accurate pressure measurement will be calculated based on these measurements.
Operation will then continue with step 216. In another preferred embodiment, instead of
performing step 214, operation can retumn to step 204, where the T, Cp and Cr values are
determined and the current pressure is calculated. For example, in this other preferred
embodiment, if a comparison of the measured Cp and the stored Cp in value in step 210
indicates a large change, which indicates a catastrophic pressure loss, then TPMS 100 can
immediately return to step 204.

In step 216, the accurate pressure measurement calculated using the latest Cp
and Cr measurements in step 214 is compared with the last accurate pressure measurement.
If the difference does not exceed a predetermined amount, then the process continues with
step 218, where the latest Cp is stored and from which operation returns to step 206. In
one preferred embodiment, this predetermined amount may be set somewhere between 0
and 25%, with a more preferred range being in the 3%-5% range. For example, it is
determined if the difference is more than 5%. Otherwise, if the pressure loss is greater
than the predetermined amount, then the process returns to step 204.

In one preferred mode of operation, as illustrated by a process 300 in FIG. 3,
the vehicle controller will determine if the reported pressure loss is greater than a
predetermined value in step 302. If so, then most likely a catastrophic tire pressure loss
event has occurred and operation will continue with step 304, where a danger warning will
be sent to the driver. Otherwise, the detected change in pressure most likely represents a
tire pressure leak event and operation will continue with step 306, where a caution waming
will be provided to the driver. In the embodiment illustrated in FIG. 3 and described
herein, the amount of detected pressure loss is presupposed to require that at least a caution

be provided. Specifically, the amount of pressure loss detected by TPMS 100 is above a
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level that indicates that at least a slow leak exists. It is then up to the vehicle controller to
determine the level of warning to provide. In another preferred embodiment, TPMS 100
can »perform all required calculations and provide wamings for both slow and catastrophic
tire pressure loss scenarios to the vehicle controller such that the vehicle controller does
not have to perform any calculations. In this case, TPMS 100 can send either a danger
warning (i.e., severe tire pressure loss has been detected), or a caution warning (i.e., a low
amount of tire pressure loss has been detected). In still another preferred embodiment,
TPMS 100 can send a signal that indicates the system is working and no tire pressure
change has been detected.

In step 304, where the pressure loss as determined in step 302 is larger than a
predetermined value, the vehicle controller will activate a danger warning because
significant tire pressure loss has been detected due to an event such as a tire blow out. In
one example, a caution warning is raised if the pressure loss is less than 25% from the last
measured pressure, and a danger warning is raised if the pressure loss is greater than or
equal to 25% as compared to the last measured pressure. The provided thresholds herein
for FIGs. 2 and 3 are exemplary, and other thresholds may be used based on the specific
implementation.

In step 306, where the pressure loss as determined in step 302 is not larger than
the predetermined value, the vehicle controller will activate a caution warning because a
loss of tire pressure has been detected due to an event such as a small leak in the tire.

As described herein, TPMS 100 will accurately measure long-term tire pressure
fluctuations and report them to the vehicle controller. Also, any pressure change greater
than a defined value can be reported within a short time to the vehicle controller. Neither

tire rotation nor vehicle operation is required for this to take place.
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A TPMS sensor may be created using the description attached in the Appendix,
labeled as "Appendix to 59452-5094," the contents of which is fully incorporated herein.

The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a software
module executed by a processor, or in a combination of the two. A software module may
reside in RAM memory, flash memory, ROM memory, EPROM memory, EEPROM
memory, registers, a hard disk, a removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium is coupled to the processor, such
that the processor can read information from, and write information to, the storage
medium. In the alternative, the storage medium may be integral to the processor. The
processor and the storage medium may reside in an ASIC.

The embodiments described above are exemplary embodiments. Those skilled
in the art may now make numerous uses of, and departures from, the above-described
embodiments without departing from the inventive concepts disclosed herein. Various
modifications to these embodiments may be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the novel aspects described herein. Thus, the scope of
the invention is not intended to be limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the principles and novel features disclosed
herein. The word “exemplary” is used exclusively herein to mean “serving as an example,
instance, or illustration.” Any embodiment described herein as “exemplary” is not
necessarily to be construed as the most preferred or advantageous over other embodiments.

Accordingly, the present invention is to be defined solely by the scope of the following

claims.
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CLAIMS
What is claimed is:
1. A method for monitoring pressure comprising;:

performing an accurate measurement of pressure;
performing an approximate measurement of pressure; and,
providing a notification signal if a difference between the approximate

measurement and the accurate measurement is greater than a predetermined value.

2. The method of claim 1, further comprising storing the accurate

measurement of pressure.

3. The method of claim 1, wherein performing the accurate measurement of

pressure comprises:

performing a reference pressure measurement; and,

performing a pressure measurement.

4. The method of claim 3, further comprising compensating the pressure

measurement based on the reference pressure measurement.

5. The method of claim 3, wherein performing a pressure measurement

comprises performing a capacitive pressure measurement.

6. The method of claim 1, wherein performing the accurate measurement of

pressure comprises compensating based on temperature.
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7. The method of claim 1, wherein performing the accurate measurement of

pressure comprises compensating based on calibration factors.

8. The method of claim 1, wherein performing the accurate measurement of

pressure comprises performing the accurate measurement of pressure at a first interval.

9. The method of claim 8, wherein the first interval is no longer than fifteen
minutes.
10. The method of claim 8, wherein performing the approximate measurement

of pressure comprises performing the approximate measurement of pressure at a second

interval that is less than the first interval.

11. The method of claim 10, wherein the second interval is no longer than 15
seconds.
12. The method of claim 1, further comprising comparing the approximate

measurement to the accurate measurement to determine the difference between the

approximate measurement and the accurate measurement.

13. The method of claim 1, further comprising performing a second accurate

measurement of pressure.

14. The method of claim 1, wherein providing the notification signal further

comprises transmitting pressure data.
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15. An apparatus for monitoring pressure, comprising:
a pressure sensor;
a processor coupled to the pressure sensor; and,
a memory coupled to the processor, the memory configured to cause the processor
to:
perform an accurate measurement of pressure using the pressure sensor;

perform an approximate measurement of pressure using the pressure sensor;

and,

provide a notification signal if a difference between the approximate

measurement and the accurate measurement is greater than a predetermined value.

16. The apparatus of claim 15, wherein the memory is further configured to

cause the processor to store the accurate measurement of pressure in the memory.

17. The apparatus of claim 15, wherein the pressure sensor comprises a
reference sensor and a pressure sense element, and performing the accurate measurement
of pressure using the pressure sensor comprises:

performing a reference pressure measurement using the reference sensor; and,

performing a pressure measurement using the pressure sense element.

18. The apparatus of claim 17, further comprising compensating the pressure

measurement based on the reference pressure measurement.

19. The apparatus of claim 17, wherein the pressure sense element is a

capacitive pressure sensor.
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20. The apparatus of claim 15, further comprising a temperature sensor coupled
to the processor, wherein performing the accurate measurement of pressure comprises:
performing a temperature measurement using the temperature sensor; and,

compensating for the accurate measurement of pressure based on the temperature

measurement.

21. The apparatus of claim 15, further comprising a temperature sensor coupled
to the processor, wherein performing the accurate measurement of pressure comprises:
retrieving a calibration factor from the memory; and,

compensating for the accurate measurement of pressure based on the retrieved

calibration factor.

22. The apparatus of claim 15, wherein performing the accurate measurement of

pressure comprises performing the accurate measurement of pressure at a first interval.

23. The apparatus of claim 22, wherein the first interval is no longer than fifteen
minutes.
24. The apparatus of claim 22, wherein performing the approximate

measurement of pressure comprises performing the approximate measurement of pressure

at a second interval that is less than the first interval.

25. The apparatus of claim 20, wherein the second interval is no longer than 15

seconds.
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26. The apparatus of claim 15, wherein the memory is further configured to
cause the processor to compare the approximate measurement to the accurate measurement

to determine the difference between the approximate measurement and the accurate

measurement.

27. The apparatus of claim 15, wherein the memory is further configured to
cause the processor to perform a second accurate measurement of pressure using the

pressure sensor.

28. The apparatus of claim 15, further comprising a transceiver coupled to the

processor, wherein providing the notification signal further comprises transmitting pressure

data using the transceiver.

29. A processor readable medium having instructions stored thereon that, when
executed by the processor, causes the processor to performs a method for monitoring
pressure comprising:

performing an accurate measurement of pressure;
performing an approximate measurement of pressure; and,
providing a notification signal if a difference between the approximate

measurement and the accurate measurement is greater than a predetermined value.

30. A pressure monitoring system comprising:
a pressure sensor;
a memory; and,
a processor coupled to the memory and the pressure sensor, the processor

configured to obtain an accurate measurement of pressure and an approximate
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measurement of pressure, and generate a notification if a difference between the
approximate measurement of pressure and the accurate measurement of pressure is greater

than a predetermined value.
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