wo 2016/100563 A 1[I I N0FV 0 000 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2016/100563 A1l

23 June 2016 (23.06.2016) WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
B60C 23/04 (2006.01)

International Application Number:
PCT/US2015/066183

International Filing Date:
16 December 2015 (16.12.2015)

Filing Language: English
Publication Language: English
Priority Data:

14/576,894 19 December 2014 (19.12.2014) US

Applicant: CONTINENTAL AUTOMOTIVE SYS-
TEMS, INC. [US/US]; 1 Continental Drive, Auburn Hills,
Michigan 48326 (US).

Inventors: DENIAU, Jean-Christophe; 12125 Center
Road, Fenton, Michigan 48430 (US). FINK, Alexander;
3600 Normandy Dr, Oakland Township, Michigan 48306
(US).

Agent: KACZMARSKI, Tomasz J.; Continental Auto-
motive Systems, Inc., 21440 W Lake Cook Rd, Deer Park,
Ilinois 60010 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
—  as to the identity of the inventor (Rule 4.17(1))

— as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

— as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))

(54) Title: APPARATUS AND METHOD FOR COMPENSATING FOR ATMOSPHERIC PRESSURE IN A TPMS SYSTEM

310
302~ N
Measured Tire
GPS Pressure
Elevation
304\ \308\\ 312\
Estimated = TPMS Warning
TerEYi(tergslIJ re = Barometric # Algorithm and
P Pressure HMI Display
306\
External
Relative
Humidity

FIG. 3

(57) Abstract: An altitude of the vehicle from an external electronic source and an external temperature is received from a temperat -
ure sensor are received. An external relative humidity is determined. Based upon the altitude, the temperature, and the external relat -
ive humidity, an estimated barometric pressure is determined. An air pressure of a tire is received. An adjustment is made to the re-
ceived pressure to obtain a corrected pressure. The amount of adjustment is based upon the estimated barometric pressure and the
adjustment is applied to the air pressure to obtain a corrected tire pressure. An evaluation is made of the corrected tire pressure to de -
termine when an alert should be presented to a user. When the alert is determined, the alert to the user is presented to the user.
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APPARATUS AND METHOD FOR COMPENSATING FOR ATMOSPHERIC
PRESSURE IN A TPMS SYSTEM

TECHNICAL FIELD

{0001] This application relates to tire pressure monttoring system (TPMS) systems and

compensating for atmospheric pressure in these systems.
BACKGROUND

[0002] Tire pressure monitoring sensors obtain the pressure of the tire. Such sensors
might also obtain other nformation such as the temperature of the air in the tire. Once these
devices obtain this information, the mformation may be sent to a receiver {e.g., at an electronic
control anit) in the vehicle of the vehicle. The recetver may analyze the tire pressure information
and if the pressure 1s too low, may issue a warming to the driver of the vehicle. The 1nstrument
panel of the vehicle s coupled to the receiver so that the pressure information may be displayed

or otherwise presented to occupants of the vehicle.

{0003] Direct TPM sensors measure the air pressure inside the tire m which they are
disposed with respect to a stable, common reference vacuum. Before being transmitted to the
receiver, a first compensation 1s typically made to offset the vacuum. The reported tire pressure
on the instrument panel of some vehicles also takes mto consideration the measured atmospheric
pressure avatlable at the vehicle via dedicated atmospheric pressure sensors at the vehicle. Thus,
before being presented on the mstrument panel a second compensation 1s made to take into

consideration the atmospheric pressure where the vehicle is located.

{0004] Some vehicles such as electric vehicles do not have sensors that measure
atmospheric pressure. (onsequently, the pressure of the tire cannot be adequately or correctly
compensated before it is presented to a user. As a result, improper readings are sometimes

presented to users and this has resulted in user dissatisfaction with previous approaches.
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BRIEF DESCRIPTION OF THE DRAWINGS

{0605] For a more complete understanding of the disclosure, reference should be made to

the following detailed description and accompanying drawings wherein:

{0606] FIG. 1 comprises a block diagram of a TPMS system according to various

embodiments of the present invention;

{B007] FIG. 2 comprises a block diagram of an electronic control unit {or receiver)

according to various embodiments of the present invention,

{0008] FIG. 3 comprises a flow chart showing the operation of an electronic control unit

or receiver according to varigus embodiments of the present invention;

{B009] FIG 4 compnises a graph showing advantages of the present approaches

according to various embodiments of the present invention.

{0010] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clanty. It will further be appreciated that certain actions and/or steps may be
described or depicted in a particular order of occurrence while those skilled m the art will
understand that such specificity with respect to sequence 13 not actually required. It will also be
understood that the terms and expressions used herein have the ordmary meaning as 1s accorded
to such terms and expressions with respect to their corresponding respective areas of inquiry and

study except where specific meanings have otherwise been set forth herein.
DETAILED DESCRIPTION

{0611] In the present approaches, a determination of the atmospheric pressure i1s made
based on the ambient temperature, the vehicle elevation (via GPS or altitude indication via web
sites as Google Farth) and, if available and 0 some aspects, a relative humdity indication.

Advantageously, the present approaches can eluninate the Manifold Absolute Pressure or the

barometric pressure sensor required by the enging controller of an internal combustion engine.

[0612] In some aspects, if the relative humidity information 1s not available as an input,
a default value could be used. This default value 1s determined in order to have the smallest

possible impact on the determination of the barometric pressure.
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{0013} In some of these embodiments, an altitude of the vehicle from an external
electronic source and an external temperature is recetved from a temperature sensor are received.
An external relative hunmidity is determined. Based upon the altitude, the temperature, and the
external relative humidity, an estimated barometric pressure 1s determined. An air pressure of a
tire 15 also received. An adjustment is made to the received pressure to obtain a corrected
pressure. The amount of adjustment is based upon the estimated barometric pressure and the
adjustment 1s applied to the air pressure to obtain a corrected tire pressure. An evaluation is made
of the corrected tire pressure to determine when an alert should be presented to a user. When the
alert is determined, the alert to the user is presented to the user.

[0614] In some aspects, the corrected tire pressure is determined according to the

mgh

air; g is the gravitational acceleration near Earth’s surface, h is the altitude; k 1s the Boltzmann's
constant; and T is the temperature. In other aspects, the pressures may be determined according
to a an equivalent equation or a different gas pressure or atmospheric model, for example an
equation using the molar mass of gas, the universal gas constant, partial gas pressures, a perfect
gas model, a calorically perfect gas model, a thermally perfect gas model, a semi-perfect gas
model, an ideal gas model, an mperfect gas model, or otherwise. In other aspects, the tire
pressure 18 recetved from a message from the TPMS sensor. In still other examples, the altitude
is received from a global positioning satellite (GPS) system. In other aspects, the external
relative humudity 1s determined by receiving the external relative humudity from an external
relative humidity sensor.

{0015] In others of these embodiments, an electronic control unit (ECU)Y ncludes an
electronic interface and a controller. The electromic mterface has an input and output. The mput
15 configured to receive an altitude of the vehicle from an external electronic source and an
external temperature is recetved from a temperature sensor.

{0616] The controller is coupled to the electronic interface and 13 configured to determine
an external relative humudity. The controller 1s configured based upon the altitude, the
temperature, and the external relative humidity to determine the estimated barometric pressure.
The controller is configured to receive an air pressure of a tire at the input of the electronic
mterface and obtain a corrected pressure. An adjustment is made to the measured pressure to

obtain the corrected pressure. The amount of adjustment 1s based upon the estimated barometric

w
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pressure. The adjustment 15 applied to the air pressure to obtain a corrected tire pressure. The
controller 1s configured to evaluate the corrected tire pressure to determine when an alert should
be presented to a user, and when the alert 1s determined, the alert 1s presented to the user via the
output of the electronic interface.

0017] Referring now to FIG. 1, one example of a system 100 that calculates barometric
pressure for adjustments to measured TPMS pressure is described. The system 100 includes a
TPMS sensor 102, an electronic control unit (ECU} (receiver) 104, and all of these elements are

disposed at a vehicle 106 that has tires 108,

{0018] The TPMS sensor 102 senses pressure and/or other information {eg.,
temperature) from the tire 108, The ECU 104 receives messages from the TPMS sensor 102 and
processes these messages. For example, when data from the TPMS sensor 102 indicates the air
pressure in the tire 108 has reached too low of a level, a warning may be issued to the occupant
{(e.g., driver) of the vehicle 106, In these regards, the ECU 104 may be coupled to a graphical
user interface (GUI) such as a display screen where this information can be presented to the
occupant or user of the vehicle 106, The ECU 104 may be coupled to other devices within the
vehicle {e.g, the engine system, the braking system, the lighting system to mention a couple of
examples) and perform various types of functions {e.g., processing functions, control functions,
monttoring functions to mention a few examples) with respect to these other devices. In addition,
the ECU 104 may be communicatively coupled (e.g., wired or wirelessly} to other networks
external to the vehicle 106 {e.g., cellular communication networks, the internet, wide area

networks, to mention a few examples).

{0019] The ECU 104 also determines the atmospheric pressure is made based on the
arobtent temperature, the vehicle elevation (via GPS or altitude indication via web sites as
Google Farth) and if available a relative humidity indication. In these regards, the ECU 104
receives mformation from a GPS system 110, a temperature sensor 112, and a relative humidity

sensor 114,

{0620] The change in pressure associated with a small change m altitude can be found n
terms of weight of awr. For a volume (A-Ah), where A 13 a nommnal surface and Ah 1s a change

{delta} 1 elevation, the difference m pressure AP can be expressed as:
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_ —pgAAh
== = =

AP —p g Ab ; where pis the mass density of air.

{6021} Therefore, the change n pressure depends on the air density. However, the
. . . mp .
density of air also depends on the pressure as p = — which leads to:

AP mgP

&b KT

The solution for such an equation is:

_ngh
Ph = P(" ¢ kT

where:
Py 1s the barometric pressure at sea level;
m 15 the molecular mass of air;
g is the gravitational acceleration near Earth’s surface;
h 15 the height above sea level (altitude) in meters;
k is the Boltzmann's constant; and

T is the temperature in Kelvins.

{6022} It will be appreciated that the molar weight of air can vary between dry air

(0.0289644 kg/mol) to 100 % water vapor saturated air {around 0.0180153 kg/mol}.

{0623] The molar weight of the air can be taken imto consideration if the vehicle s
equipped with a relative humidity sensor. In other words, the measured humidity can be used to

find a molar weight of the air and this weight utilized in the above-mentioned equation.

{0024} As stated previcusly, for TPMS applications, the displayed pressure to the driver
and the pressure values used in the warning algorithm are more accurate if the atmospheric

pressure 1s taken into consideration.

{6025] Referring now to FIG. 2, one example of an electronic control unit (receiver) 200
15 described. The ECU 200 includes an electronic interface 202 and a controller 204, The
electronic interface 202 has an input 206 and output 208. The mput 206 s configured to receive
an aititude 212 of the vehicle from an external electronic source and an external temperature 214

is received from a temperature sensor.
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{0026} The controller 204 s coupled to the electronic interface 202 and is configured to
determine an external relative humidity. The controller 204 is configured based upon the altitude,
the temperature, and the external relative humidity to determine the estimated barometric
pressure. The controller 204 is configured to receive an air pressure 216 of a tire at the input of
the electronic interface and obtain a corrected pressure. An adjustment is made to the measured
pressure to obtain the corrected pressure. The amount of adjustment is based upon the estimated
barometric pressure. The adjustment is applied to the air pressure to obtain a corrected tire
pressure. The controller 204 configured to evaluate the corrected tire pressure to determine when
an alert 218 should be presented to a user, and when the alert is determined, the alert 15 presented

to the user via the output of the electronic interface 202.

10027} In some aspects, the corrected tire pressure is determined according to the

air; g 15 the gravitational acceleration near Earth’s surface, h 15 the altitude; k is the Boltzmann's
constant; and T 1s the temperature. In other aspects, the tire pressure s received from a message
from the TPMS sensor. In other examples, the altitude 5 received from a global positioning
satetlite (GPS) system. In vet other aspects, the external relative humidity 15 deternuned by
receiving the external relative humidity from an external relative humidity sensor.

{0028] Referring now to FIG 3, one example of the operation of the receiver s
described. At step 302, information from a GPS system 1s received concerning the altitude of the
vehicle. At step 304, the external temperature is received. At step 3006, the external relative

humidity 1s received.

[0029] At step 308, the estimated barometric pressure 15 determined. This can be
determined using:

_mgh
Py = Fye &7

where:
Py 1s the barometric pressure at sea level;
m is the molecular mass of air;
¢ 1s the gravitational acceleration near Earth’s surface;
h 15 the height above sea level (altitude) in meters;

k s the Boltzmann's constant; and
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T is the temperature in Kelvins.

{0630] It will be appreciated that the molar mass of air can vary between dry air
(0.0289644 kg/mol) to 100% water vapor saturated air {(around 0.0180153 keg/mol), and thus the

molecular mass of air will also vary respectively.

{0031} At step 310, the measured tire pressure is received from a message from the
TPMS sensor. At step 312, compensation i1s made to the measured tire pressure using the
estimated barometric pressure. {Consequently, the correct compensated tire pressure 1S
determined and this can be compared against warning criteria to see if a warning should be
issued to a user. For example, the correct compensated tire pressure may be compared to a
predetermined threshold and if the compensated pressure falls below the threshold, then a

warning can be issued to the user at the recetver (e.g., via GUI or similar device).

{6032] Referring now to FIGG. 4 a graph showing various advantages of the present
approaches is described. The x-axis of the graph is altitude and the v-axis represents
compensated pressure. Four curves 402, 404, 406, and 408 are shown. It can be seen that the
compensated pressure {obtained by the approaches described herein} changes over altitude. It
also be seen that the pressure without compensation 410 does not change. Thus, various errors
412 exist without any compensation. Without the accurate compensation provided by the present
approaches, inappropriate or invalid alerts may be 1ssued to a user or no alert may issue when in

fact an alert 1s needed.

{0033] It should be understood that any of the devices described herein (e g., the tools,
the controllers, the recetvers, the transmitters, the sensors, any presentation or display devices, or
the external devices) may use a computing device to implement various functionality and
operation of these devices. In terms of hardware architecture, such a computing device can
include but 1s not limited to a processor, a memory, and one or more 1nput and/or output (I/0)
device interface(s) that are communicatively coupled via a local interface. The local interface can
include, for example but not himited to, one or more buses and/or other wired or wireless
comnections. The processor may be a hardware device for executing software, particularly
software stored in memory. The processor can be a custom made or commercially available

processor, a central processing unit (CPU), an auxiliary processor among several processors

~d
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associated with the computing device, a semiconductor based microprocessor (in the form of a

microchip or chip set) or generally any device for executing software instructions.

{0034} The memory devices described herein can include anv one or combination of
volatile memory elements {e.g., random access memory (RAM), such as dynamic RAM
(DRAM]}, static RAM (SRAM), synchronous dynamic RAM (SDRAM), video RAM (VRAM]),
and so forth}) and/or nonvolatile memory elements {e.g., read only memory (ROM), hard drive,
tape, CD-ROM, and so forth). Moreover, the memory may incorporate electronic, magnetic,
optical, and/or other types of storage media. The memory can also have a distributed
architecture, where various components are situated remotely from one another, but can be

accessed by the processor.

{0035] The software in any of the memory devices described herein may imclude one or
more separate programs, each of which includes an ordered listing of executable instructions for
unplementing the functions described herein. When constructed as a source program, the
program 1s translated via a compiler, assembler, interpreter, or the like, which may or may not be

mcluded within the memory.

{00306] It will be appreciated that any of the approaches described herein can be
unplemented at least i part as computer instructions stored on a computer media {e.g, a
computer memory as described above) and these instructions can be executed on a processing
device such as a mucroprocessor. However, these approaches can be implemented as any

combination of electronic hardware and/or software,

{0037} Preferred embodiments of this mnvention are described herein, including the best
mode known to the inventors for carrying out the invention. It should be understood that the
dlustrated embodiments are exemplary only, and should not be taken as limiting the scope of the

mvention,
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WHAT IS CLAIMED IS:

L. A method, the method comprising:

recetving an altitude of the vehicle from an external electronic source;

recerving an external temperature 1s received from a temperature sensor;

determining an external relative humudity;

based upon the altitude, the temperature, and the external relative humidity; determining
an estimated barometric pressure;

receiving an air pressure of a tire;

determining an adjustment to the air pressure, the adjustment based upon the estimated
barometric pressure, the adjustment applied to the air pressure to obtain a corrected tire pressure;

evaluating the corrected tire pressure to determine when an alert should be presented to a
user;

when the alert s determined, presenting the alert to the user.

2. The method of claim 1 wherein the corrected tire pressure 1s determuned

iigh

according to the equation Py e #7 | where Py 1s the barometric pressure at sea level; m is the
molecular mass of aur; g 15 the gravitational acceleration near Farth’s surface, h 1s the altitude; k

is the Boltzimann's constant; and T s the temperature.

3 The method of claim 1, wherein the tire pressure is received from a message from

the TPMS sensor.

4. The method of claim 1, wheremn the altitude 15 received from a global positioning
satetlite (GPS) system.
5. The method of claim 1, wherein determining an external relative humidity

comprises receiving the external relative humidity from a external relative humidity sensor.
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6. An electronic control unit (ECU), the comprising;

an electronic nterface having an input and output, the input configured to receive an
altitude of the vehicle from an external electronic source and an external temperature is received
from a temperature sensor;

a controller coupled to the electronic interface, the controller configured to determine an
external relative humidity, the controller configured to based upon the altitude, the temperature,
and the external relative humidity; determine the estimated barometric pressure, the controller
configured to receive a pressure of a tire at the input of the electronic interface, the controller
configured to determine an adjustment to the air pressure, the adjustment based upon the
estimated barometric pressure, the adjustment being applied to the air pressure to obtain a
corrected tire pressure, the controller configured to evaluate the corrected tire pressure to
determine when an alert should be presented to a user and when the alter 1s determined,

presenting the alert to the user via the output of the electronic interface.

7. The ECU of claim 6 wherein the corrected tire pressure is determined according

mgh

to the equation Py e 7, where Py 1s the barometric pressure at sea level, m s the molecular
mass of awr; g 1s the gravitational acceleration near Earth’s surface, h 1s the altitude; k 15 the

Boltzmann's constant; and T 1s the temperature.

8. The ECU of claim 6, wheren the tire pressure is received from a message from

the TPMS sensor.

9. The ECU of claim 6, wherein the altitude 1s received from a global positioning

satetlite (GPS) system.

10, The ECU of claim 6, wherein the external relative humidity is determined from a

measurement received from an external relative humidity sensor.

10
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1L A computer usable non-transitory medium having a computer readable program
code embodied therein, said computer readable program code adapted to be executed to
implement a method of determining atmospheric pressure, the method comprising:

receiving an altitude of the vehicle from an external electronic source;

receiving an external temperature is received from a temperature sensor;

determining an external relative humidity;

based upon the altitude, the temperature, and the external relative humidity; determining
the estimated barometric pressure;

recetving a pressure of a tire;

determuning an adjustment to the awr pressure, the adjustment based upon the estimated
barometric pressure, the adjustment apphied to the air pressure to obtain a corrected fire pressure;

evaluating the corrected tire pressure to determine when an alert should be presented to a
user;

when the alert 15 determined, presenting the alert to the user.

12, The computer usable non-transitory medium of claim 11 wherein the corrected

mgh

tire pressure is determined according to the equation Pge ¥, where Py is the barometric
pressure at sea level, m s the molecular mass of air; g 1s the gravitational acceleration near

Earth’s surface, h 1s the altitude; k s the Boltzmann's constant; and T 1s the temperature.

3. The computer usable non-transitory medium of claim 11, wherein the tire pressure

15 received from a message from the TPMS sensor.

14, The computer usable non-transitory medium of claim 11, wheren the altitude i3

received from a global positioning satellite {GPS) system.
15. The computer usable non-transitory medium of claim 11, wherein determining an

external relative humidity comprises receiving the external relative humidity from a external

relative hunudity sensor.

11
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