wo 2014/102575 A1 [N 0FV0 0O 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 2014/102575 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
1

31

3 July 2014 (03.07.2014) WIPOIPCT
International Patent Classification:
B60C 23/04 (2006.01)
International Application Number:
PCT/IB2013/002691

International Filing Date:
4 December 2013 (04.12.2013)

Filing Language: English
Publication Language: English
Priority Data:

2012-280401 24 December 2012 (24.12.2012) JP
Applicant (for all designated States except US):

TOYOTA JIDOSHA KABUSHIKI KAISHA [JP/JP]; 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471-8571 (JP).

Inventor; and

Applicant (for US only): OGAWA, Atsushi [JP/JP]; c/o
TOYOTA JIDOSHA KABUSHIKI KAISHA, of 1,
Toyota-cho, Toyota-shi, Aichi-ken, 471 -8571 (JP).

Designated States (unless otherwise indicated, for every

(84)

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, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, 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.

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, 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, FL, 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, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

kind of national protection available). AE, AG, AL, AM,

(54) Title: WHEEL POSITION IDENTIFYING APPARATUS

FIG. 11C

TRANSMIT tRANSMIT

ACCELERATION
TRANSMIT TRANSMIT

i
|
5 \/
A | — 6
| [COUNT
| J 1 processen U [VALUE |
; || COUNTVALUE | N
| —_ - [ -
P S e e W e e
| : N R ¥ o o t
R IR
b1t2t3t4 17
i
sToP START
MOVING

(57) Abstract: A wheel position identifying apparatus includes: wheel-side devices respectively provided at a plurality of wheels of
a vehicle, each wheel-side device having a wheel-side rotation sensor configured to detect a rotation position of a corresponding one
of the wheels and a transmitting unit that transmits wheel information including at least identification information, a vehicle body-
side device having a receiver that receives the wheel information vehicle body-side rotation sensors that outputs a detected value
corresponding to the rotation position of a corresponding one of the wheels, and a detected value processing unit that associates the
identification information included in the target wheel information with a position of the target wheel and, when the vehicle is placed
in a set state during operation of the wheel position identifying unit, process at least one of the detected values of the plurality of
vehicle body-side rotation sensors on the basis of the vehicle state.
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WHEEL POSITION IDENTIFYING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention
{0001} The invention relates to a wheel position identifying apparatus that

identifies the position of a wheel from which wheel information is transmitted.

2. Description of Related Art

| [0002] Japanese Patent Application Publication N,O', 2010-122023 (JP
2010-122023 A) and Japanese Patent Application Publication No. 2012-111481 (JP
2012-111481 A) describe a wheel position identifying apparatus that associates thé position
of each wheel with correspondiﬁg identification information. In the wheel position
identifying apparatué‘des_cribed in JP 2010-122023 A and JP 2012—1 11481 A, a wheel-side
unit including an acceleration SENsor, an air pressure sensor, a transmitter, 'and the like, is

provided at cach of a plurality of wheels, and a vehicle body-side device including a

receiver that receives wheel information, wheel ‘speed sensors that respectively detect

rotation positions of the four right and left front and rear wheel.s, a pfocessing unit mainly |
formeci of a computer, and the like, is provided at a vehicle body. In each of the -
wheel-side units, a series of pieces of wheel information including identification
information (for example, IDx information), air pressuré information, -and the like, are
transmitted when any one of the wheel-side units has reached a predetermined rotation
position of the corresponding wheel on the basis of a detected value (an acceleration in the
rotatién direction or the centrifugal direction) of the corresponding acceleration sensor.
In the vehicle body-side device, the detected Value.of each of the plurality of wheel speed
sensors is acquired at timing at which the wheel information including the IDx information

has been received by the receiver. In the wheel position identifying apparatus described

"in JP 2010-122023 A, one of the wheel speed sensors, which has output the detected values
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having the smallest disperéion, is identified, and the position of the wheel corresponding to
the identified one of the wheel speed sensors .is associated with fhe IDx information. In
the wheel posi}ion identifying apparatus described in JP 2015-1 11481 A, wheel information
is transmitted from each wheel-side unit twice at intervals of a predetermined phase during
one rotation of the corresponding wheel, and any one of the wheel speed sensors, which
has output two detected values of the interval closest to the interval of the predetermined |

phase, is identified.

SUMMARY OF THE INVENTION

[0003]  The invention provides a wheel position identifying apparatus that is able
to further appropriately identify a wheel position.

[0004] A first aspéct' of the invention provides a | wheel position identifying
apparatus. =~ The wheel position identifying apparatus includes: wheel-side devices
respectively provided at a plurality of wheels of a vehicle, each wheel-side device having a’
wheel-side rotation sensor configured to detect a rotation positiqn of a corresponding one
of the wheels and a transmitting unit configured to transmit wheél information, including at
least identification information set for the corresponding one of the wheels, at timing at
which a position of the wheel-side rotation sensor with respect to the correspondihg one of
the wheels? determined on the basis of a detected value of the wheel-side rotation sensor,
has reached a predetermined position; and a vehicle bod&-side device provided at a vehicle -
body of the vehicle, the vehicle body-side device having a receiver configured to receive
the wheel information transmitted from each of the p.lurality of wheel-side devices, vehicle
body-side rotation sensors respectively corresponding to the plurality of wheels and each
configured to output a detected value corresponding to tﬁe rotation position of a
corresponding one of the wheels, and a detected value processing unit configured to, each
time target wl)eel information that is the wheel information transmiﬁed from a target
wheel’-side device that is one of the plurality of wheel-side devices is receivéd by the

receiver, cause each of the vehicle body-side rotation sensors to detect the rotation position

ofa corresponding one of the plurality of whéelsA and identify one of the vehicle body-side
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rotation sehsors, which corresponds to a target wheel that is the wheel from which the
target wheel information has been transmitted, on the basis ‘of each of the detected values
of the rotation positions of the plhrality of wheels, associate the identiﬁcation information
included in the target wheel informétiog with a position of the target wheel and, when the
vehicle is placed‘in a set state during operation of the wheel position identifying urﬁt,
process at l.east one of the detected values of the plurality of vehicle body-side rotation
sensors on the basis of the state of the vehicle.

[0005]  There are a case where the single receiver is provided at the vehicle body
or the two or three receiv.er's aré provided at the vehicle body. In any cases, the receivers‘
are shared among the plurality _of wh’eel—side. devices. The vehicle body-side rotation
sensors are respectively'provided at the vehicle body at.positions cotresponding- to the
plurality of wheels. Each vehicle body-side rotation sensor is configured to detect a
rotation angle of a corresponding one of the wheels with respect to a reference position.
Each vehicle body-éide rotation sensor may -be configured to déteqt an absolute rotation

angle of which the reference position is fixed or may be configured to detect a relative

rotation angle of which the reference position is variable. When each vehicle body-side

rotation sensor is configured to detect a relative rotation angle, the reference position needs

to be the same at least during the time the wheel position is identified once.

[0006]' In the above aspect, the detected value processing unit may include a
correlation change suppressing unit configured to suppress a change of a correlation
between each of at least one of the detected values of the plurality of vehicle body-side

rotation sensors and a corresponding one of the detected values of the wheel-side rotation

sensors cotresponding to the vehicle body-side rotation sensors by processing the at least

one of the detected values of the plurality of vehicle body-side rotation sensors. It is
desirable to keep the c;)rrelation between eéch_ of the detected values of the veHicle
body-side rotation sensors and a corresponding one of the detec‘ted. values of the
wheel-side rotation sensors substantially constant.

'[0007] In the above aspect, the deteéte‘d value processing unit may include one or

more of a variation ignoring unit configured to ignore a variation in at least one of the
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detected values of the plurality of wheel-side rotation sensors, a detected value Holding unit
configured to keep the at le’asi one of the detected values constanf, and a count down unit
configured to reduce count values that are thé detected values of the plurality of wheel-side .
rotation sensors. (i) The variation ignoring un'it_ detects whether there is a variation in
each of the detected values, ’and, even when there is a variation, the variation is ignored.
(i) The detected value holding unit may detect or not detect whether there is a variation
in the detected values. The detected values are regarded as Being constant irrespective of
whether there is a variation in the detected values. (i) Wh‘en each of the count values
is increased in a forward fatation direction of the corresponding wheel, it is desirable to
reduce each of ‘the count values in the reverse rotation direction of the corresponding
wheel.‘

[0008] In the above aspect, the ldetected value processing unit may include a

stopping detected value holding unit configured to keep each of the detected values of the

~ plufality of vehicle body-side rotation sensors constant in at least one of a case where the

vehicle is stopped and a cas.e where at least one of a plurality of open-close members
provided in the vehicle is open. | |

[0009] In the above aspect, the -detected value pmceséing unit may include a
stopping variation ignoring unit configured to, during a predetermined set period of time,
when part of tﬁe detected values of the iolurality of vehicle body-side rotation sensors vary
and the remainder of the detected values do not vary, determine that the vehicle is stopped
and ignore the variation in eacﬁ of the detected values of the part of the vehicle body-side
rotation sensors.

[0010]  In the above aspect, the detected value processing unit .may include a
variation amount acquisition unit configured to, when at least one of the detected values of
the plurality of vehicle body-side rotation sensors has varied while the vehicle is stopped,
acquire a variation amount of each of the at least oné of the detected values of the plurality
of vehicle body-side rotation sensors, and the wheel poéition identifying unit may include a
variation amount dependent wheel position identifying unit configured to identify the

wheel position by consi'dering the variation amount of the at least one of the detected
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values, acquired by the variation amount acquisition unit.

“[0011] In the above aspect, the wheel position identifying unit may include a
dispersion acquisition unit configured to determine whether each of the detected vatues of*
the plurality of vehicle body-side rotation sensois falls within a set range, and the variationi
amount dependent wheel position identifying unit may include at least one of a set range
individual changing unit configured to individually change the set range on the basis of the
variation amourit of the detected value of the corresponding vehicle body-side rotation

sensor and a set range common changing unit configured to uniformly change the set

ranges on the basis of at least one variation amount of the at least one of the detected

‘values. Each of the set ranges inay be, for example, a range determined on the basis of a

degree of dispersion or a range determined on the basis of an error, or the like, of the
corresponding detected value. |

10012) In the above aspect, the detected value processing unit may_include’a
variation ignoring unit configured to ignore a variation in pai‘t of the detected values of the
plurality of vehicle body-side rotation sensors when it has been detected that the vehicle is
stopped and when the part of the detected values of the vehicle body-side rotation sensors
have varied a'nd the remainder of the detected values of the vehicle body-side rotation
sensors havé not varied, and a variation amount acquisition unit configured to acquire a
variation amount of each of the detected vallues of the plurality of vehicle body-side
rotation sensors when it has been detected that the vehicle is stopped and when all the
detected values of the plurality of vehicle body-side rotation sensors have varied. When
it has been detected that the vehicle is stopped and when part of the detected values of the
vehicle body-side rotation sensors havé varied and the remainder of the detected values of
the vehicle body-side rotation sensors have not varied, it may be determined that the part of
the detected values of the vehicle body-side rotation sensors have been varted due to
relative movement between the vehicle body and the wheels and the variation is not due to
rbtation of the wheels.. However, even when it has been detected that the vehicle is
stopped but all the detected values of the plurality of vehicle body-side rotation sensors

have varied, the variation may be due to rotation of the wheels. Therefore, in the latter
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case, it is possible to make it hard for the inconvenience to occur due to the fact that the
cotrelation has b(’::en changed by changing the set ranges. In additioﬁ, a variatidn in the
detected values is not ignored, so, if it is a variation due to rotation of the wheels, it is
possible to appropriately identify the wheel position. |

[0013] A second aspect of the invention provides a wheel position identifying
apparatus.  The wheel position identifying apparatus include‘s: wheel-side devices
respeétively provided at a plurality of wheels of a yehiclé, each wheel-side device having a -
wheel-side rotation sensor configured to detect a rotation position of a corresponding one
of the wheels and a transmitting unit configured to transmit wheel infomdétion, including at
least identification information set for the corresponding one of the wheels, at timing at
which a position of the whéel-side rotation sensor with respect to the corresponding one of
the wheels, deiermined on the basis of a detected value of the wheel-side rotation sensor,
has reached a predetermined position; and a vehicle body-side device provided at a vehicle
body of the vehicle, fthe vehicle body-side device having a receiver configured to receive
the wheel information transmitted from each of the plurality of wheel-sidé devices, vehicle
body-side rot.ation sensors respectively correéponding to the plurality of wheels and each
configured to output a detected value corresponding to the rotaﬁon position of a
corresponding one of the wheels, and a wheel‘position identification continuing unit
conﬁgﬁred to; each time target wheel information that is the wheel information transmitted

from a target wheel-side device that is one of the plurality of wheel-side devices is received

" by the receiver, cause each of the vehicle body-side rotation sensors to detect the rotation

position of a éortesponding one of the plurality of wheels and identify one of the vehicle
body-side’ rotation sensors, which corresponds to a target wheel that is the wheel from
which the tafget wheel informaﬁon has. been transmitted, on the basis of each lof the
detected values of the rotation positions of the plurality of wheels, associate the
identification information included in the target wheel information with a .pos_itio‘n of the
target wheel and,.wh_en' the vehicle is placed in a set state during operation of the wheel
position identifying unit, continue identifying the wheel position by considering the state.

The phrase "continue identifying the wheel position by considering the state of the vehicle"
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cox_‘responds to (a) the set ranges are changed or identification of the wheel position is
iﬁterrupted wﬁen the state of the vehicle is placed in the set state, (b) thé~set ranges are
changed or thé detected values are corrected 'when the state of the vehicle is plaéed in the
set state and the variation in the detected values is large. The wheel position is identified

in a mode different from the case where the state of the vehicle is not placed in the set

state.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Features, advantages, and technic"al and industrial significance of
exemplary embodiments of the invention will _be described below with reference to the
accompanying drawings, in which like numeréls denote like elements, and wherein:.

FIG. 1 is a conceptual view that shows the whole of a wheel state acquisition system
including a wheel position ‘identifyinyg apparatus according to a ﬁrét embodiment of the
invention; |

FIG. 2 is a view that conceptually shows the structures of a wheel-side device and
vehicle body-side device that are included in the wheel state acquisition syétem;

FIG. 3 is élfront view of each wheel of which a state is detected by the wheel state
acquisition system'; |

FIG. 4 is a view that shows timing at which wheel information is transmitted from the
wheel; |

" FIG. 5 is a view that conceptually shows the whéel information;

FIG 6isa .map fhat shows a wheel position acquisition table stored in a storage unit
of a TPMS ECU of the wheel state acquisition system;

FIG. 7 is a flowchart that shows a wheel state acquisition prograrh stored in the
storage unit of the TPMS E-CU;

FIG 8 is a ﬂowchart that shows a wheel position identifying program stored in the
storage unit of the TPMS ECU; | |

FIG. 9 is a flowchart that shoWs‘ a detected value processing program stored in the

storage unit of the TPMS ECU;
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FIG. 10 is a view that shows a state where a wheel position is identified through
execution of the wheel position identifying program;

FIG. 11A is a graph that shows the correlation between each of detected values of
wheel-side rotation sensors and a corresponding one of count values that are detected
values of vehicle body-side r(’)tation\ sensors in an existing wheel position iden.tifying
apparatus; | | |

FIG. 11B is a graph that shows the c_orrelation’between cach of detected values of the
wheel-side rotation sensors and a cotresponding one of count values that are detected
values of the vehicle body-side rotation sensorsyin‘ the existing wheel position identifying
apparatus;

FIG. ‘11Cll is a graph that shows the correlation between each of detected values of
wheel-side rotation sensors and a corresponding one of proceésed detected values of -
vehicle body-side rotation sensors in the case where the detected value processing program
is executed in the wheel position identifying apparatus according to the first embodiment;

FIG. 12A is a flowchart that shows a count prohibition flag setting program storéd in
a storage unit of a TPMS ECU of é wheel position identifying apparatus according to a
second embodiment of the invention;

FIG. 12B is a flowchart that shows the detected value processing program stored in
the storage unit of the TPMS ECU of the wheei position identifying apparatus according to
the second embodiment of the invention;

FIG. 13Ais a graph that shows the correlation between each of detected values of the
wheel—éide rotation sensors and a correspondiné one of count values that are détected

values of the vehicle body-side rotation sensors in the existing wheel position identifying

| apparatus,

FIG. 13B is a graph that shows the correlation between each of detected values of the
wheel-side rotation sensors and a correspohding one of count valués fthat are detected
values of the vehic1¢ body-side rotation sensors in the existing wheel pbsition identifying
apparatus; |

FIG. 13C is a graph that shows the correlation between each of detected values of
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wheel-side rotation sensors and a corresponding one of processed detected values of

vehicle body-side rotation sensors in the case where the detected value processing program

~is executed in the wheel position identifying épp_aratus according to the second

embodiment;
| FIG. 14 is a flowchart that shows the detected value processing program stored in a
storage unit of a TPMS ECU of a wheel position identifying apparatus according to a third
embodiment of the invention;
~ FIG. 15 is a flowchart that shows the.detecﬁed value processing program stored in a

storage unit of a TPMS ECU of a‘whe‘el position identifying ap’paratus according to a
fourth embodiment of the i’nvention; |

FIG. 16 is a flowchart that shows the wheel position identifying program stored in the
storage unit of the TPMS ECU; |

FIG. 17 is a view that shows a state where a .wheel position is identified through
execution of the wheel position identifying program; and

.\F IG. 18 is-a flowchart that shows the detected vaiue processing program stored in a
storage unit of a TPMS ECU of a wheel positioh identifying apparatus according to a fifth

embodiment of the invention.

DETAILED DESCRIPTION OF EMBODIMENTS
[0015]  In a wheel position identifying apparatus according to the invention, wheel
information is transmitted from each of a plurality of wheels of a vehicle at timing at which

a position of a corresponding one of wheel-side rotation sensors in a rotation direction with

respect to a corresponding one of the wheels has reached a predetermined set position on

the basis of a detected value of the corresponding one of the wheel-side rotation sensors,
and, in a vehicle body of the vehicle, detected values of a plurality of vehicle body-side
rotation sensors provided in correspondence with the plurality of wheels are acquired' at

timing at which the wheel information including the same identification information is

- received, a wheel position is identified on the basis of each of the plurality of detected

values, and, when the vehicle is placed in a set state in the process of identifying the wheel
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position, the wheel position is identified by considering the state or the detected values of
the vehicle ‘body-side rotation sensors are p.rocessed'on the basis of the state. For

example, in one target wheel among the plurality of wheels, target wheel information

including identification information of IDx is transmitted when a correspond'ing one of the

wheel-side rotation sensors has reached the. top dead éenter, and, in the vehicle body,
rotation positions ((0al, 6bl, 6¢cl, 6d1), (Ba2, 6b2, 6¢c2, 6d2), ...) of the right and left front
and rear wheels are respectively detec{ed by the plurality of vehicle body-side rotation
sensors each time the target wheel information including IDx is received. When the pair
of detected values of one vehicle body-side rotatiolnvse.nsor are substantially the same (B¢l
~ 0¢2) and the péirs of detected values of the other three vehicle body-side rotation sensérs
are different from each other ((Bal = 8a2), (Obl = 6b2), (6d1 = 6d2)), the vehicle body-side
rotation sensor that has output the detected values (B¢l 6¢2) is identified as the vehic]é
body-side rotation sensor that detects the rotation position of the target wheel, and the
identification information I1Dx is associated with the position of the wheel (position of the
target.wheél) corresponding to -the identified vehicle bbdy~side rotation sensor. The
wheel position is identified on the assumption that (a) the rotation angular velocities are
different from one another among‘ the plljrality of -wheel‘s provided in the vehicle and (b) a
certain correlaﬁon holds between each of the detected values of the wheel-side rotation .
seqsors_and a corresponding one of the deteéted values of the vehicle body-side rotation
sensors. A relative phase of each of the wheel-side rotation sensors with respect to a
correspoﬁding one of the wheels is determined on the basis of a cofrésponding one of the
detected values of the wheel-side rotation sensors, and each of the detected values of the
vehicle body-side rotation sensors indicates a rotation angle with respect to the reference

position of a corresponding one of the wheels, so these are associated with each other.

For the above reasons, for example, it is possible to ideatify the vehicle body-side rotation

sensor, which has output the detected values having the smallest dispersion on the basis of

the plurality of sets of detected values of the vehicle body-side rotation sensors, as

“corresponding to the target wheel. Specifically, the plurality of sets of detected values of

the plurality of vehicle body-side rotation sensors are acquired, it is determined whether
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each of the plurality of detected values of them falls within a corresponding one of set
ranges, (1) the vehicle body-side rotation sensor that has output the detected value that falls

outside the corresponding set range is excluded _from- identification candidates, and the last

~ remaining vehicle body-side rotation sensor may be identified as corresponding to the

target wheel, (2) the vehicle body-side rotation sensor that has output the detected values in
which the number of detected values that fall within the corresponding set fange is the
largest may be identified as éorresponding to the target wheel, or the like. On the other
hand, the vehicle may stop in the process of identifying the wheel position.” While the
vehicle is stopped, no wheel infonhation 1s transmitted from the wheel-side devices, so the
detected values of the vehicle body-side rotation sensors are not acquired in order to
identify the wheel position. Therefore, when the vehicle has stopped in the process of
identifying the wheel position, identiﬁcaﬁon of the wheel positibn may be interrupted and
the wheel position may be identified again after the vehicle starts moving, that is, it is
/possiblc to identify thé wheel positibn from the beginning By clearing information, such as

the acquired detected values of the vehicle body-side rotation sensors, acquired before the

vehicle stops, the determination results as to whether‘ea‘ch detected value falls within the

corresponding  set range, the vehicle body-side rotation -sensors excluded from

identification candidates and the number of the detected values that fall within the
/ ‘

corresponding set range. However, if identification of the wheel position is interrupted

each time the vehicle stops, it is not desirable because it requires a long time to identify the

‘wheel position, particularly, in the case of traffic congestion, or the like. Therefore, even

when the vehicle stops in the process‘of identifying the wheel position, it i‘s desirable to
continue idenﬁfying the wheel position (acquire the detected values of the vehicle
body-side rotation sensors, determine whether each detected value falls within the
correspondiﬁg set range, count the number of the detected values that fall within the
chr_esponding- set range, exclude the vehicle body-side rotation sensors from identification
candidates, and the like) by, after thé vehicle starts moviné, keeping the above-described
information acquired before the vehiéle stops. However, when a passenger gets on or off

the vehicle or a baggage is Ioaded or unloaded while the vehicle is sfopped, the vehicle
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body and the wheels are relatively moved, and the detected values of the vehicle body-side
rotation sensors are varied irrespective of a situation that the wheels are not rotating, with
the result that the correlation between each of the detected values of the acceleration
sensors and a corresponding one of the detected values of the vehicle body-side rotation
sensors may change. Therefore, when the wheel position is identified continuously in the
case where thé vehicle has started moving after stopping, it may not. be able to
appropriately identify the vehicle body-side rotation sensor. In addition, when each
Vehicle body-side rotation sensor is of a type of which the count value as a detected value
is increased when the correspondmg wheel is rotated in the forward direction or in the
reverse dlrectlon the correlatlon between each of the detected values of the wheel-side
rotation sensors and a corresponding.one of the detected values of the vehicle body-side

rotation sensors changes when the vehicle moves backward. Therefore, if the wheel

'~ position is identified while the vehicle is traveling backward or travels forward after

moving ‘backward, it may not be able to appropriately identify the vehicle body-side
rotation sensor. I.n contrast to this, in the wheel.position identifying apparatus according
to the invention, for example; in the case where the vehicle is stopped, even when the
detected values of the vehicle body-side .1‘otation sensors are varied, the variation méy be
ignored or, in the ';:ase where the vehicle is moving backward, the count values méy be
reduced. In addition, variation amounts in detected values while the vehicle is stopped
may be acquired, and the wheel position after the vehicle starts moving may be identified
in consideration of the variation amounts. As a result, it is possible to suppress
inconvenience that the wheel position is not appropriately identified due to the change of
the correlation between each of the detected values of the acceleration sensors and a
corresponding one of the detected values of the vehicle body-side rotation sensors. In
addition, even when the vehicle stops in the process of identifying the wheel position,
identification of the wheel position is continued after the vehicle starts moving, so it is
possible to appropriately avoid extension of a period of time required to identify the wheel
position. The phrase "in the process of identifying the wheel position” means a period

from when identification of the wheel position is started to when the identification
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information is associated with the wheel position. Specifically, this is a state’whe.’re, in -
order to associate oﬁe identification information with the wheel position, a series of
operations, such as acquiring the detected values of the vehicle body;sidé rotation sensors,
determining whether each detected value falls within thé corréspond}ng set range, counting
the number of the detected values that fall within the correspondingl set range and
determining the vehicle body-side rotation sensor that is excluded from ‘identification
caﬁdidates, are started but the wheel position is not associated with the identification
infofmation. The phrase "continuously identifying the wheel position" means thét one or
more of the acquired detected Vélues, dcterminatiqn results and number of count values,
and determination of the vehicle body-side rotation sensor that is excluded from
identification candidates are not cleared and the wheel position is identified with reference
to these count values, the_vehicle body-side rotation sensor determined to be excluded, and
the like.

[0016] Hereinafter, a wheel state acquisition'systeml according to an embodiment
of the invention will be described in detail with reference to the accompénying.drawings.
The \;vheel state acquisition system includes ‘a wheel position identifying apparatus
according to the embodiment of the invention.

First Embodiment '

[0017] =~ As shown in FIG. 1, in a vehicle, wheel-side units 12FR, 12FL, 12RR,
12RL that serve as wheel-side devices are fespecti?ely pfovided at right and left front and
rear wheels IOFR, 10FL, 10RR, 10RL, and a vehicle body-side device 16 is provided at é .
vehicle body 14. As shown in FIG. 2, the vehicle body-side device 16 includes a receiver
22, a display 24, a reset switch 25, wheel speéd sensors 26FR, 26FL, 26RR, 26RL, a shift
position sensor 27, a door. open-close detection device 28, a tire pressure monitoring
system (TPMS) ECU 30, a brake ECU 32, a navigation system ECU (hereina.fter, simply
referred to as navi ECU) 34, and the like. The wheel speed sensors 26FR, 26FL, 26RR,
26RL that serve as vehicle body-side rotation sensors are provided in correspondence with
the right and left front and rear wheels 10FR, 10FL, 10RR, 10RL. The TPMS ECU 30 is

mainly formed of a computer. Hereinafter, when it is required to distinguish the wheels
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10, the wheel-side devices 12, the wheel speed sensors 26, and the like, from one another

-~ by wheel positions FR, FL, RR, RL, reference signs that indicate the wheel positions are

suffixed to the reference numerals; however, for example, when it is not required to
distinguish those components from one another or when those components are cdllectively
referred to, the reference signs that indicate the wheel positions may not be sufﬁxed‘ to the
reference numbers. | |

[0018] As shown .in FIG. 2, each of the wheel-side units 12 includes an air
pressure sehsor 40 that serves as a wheel state sensor, an acceleration sensor 42 that serves .
as a wheel-side rotation sens\'or, a transmitter 44, and the like. As shown in FIG. 3, each
acceleration sensor 42 detects an accélefation that acts on itself (seﬂsor), and is configured
such'that the acceleration toward the rotation centér of the cotresponding wheel 10 is
positivé and the acceleration in the opposite direction (the centrifugal direction of the
corresponding wheel 10) is negative. An acceleration G due to gravity and a centrifugal
force F act on each wheel 10 that ié rotating, so a’ detected value Y of each acceleration
sensor 42 is expressed by the mathematical expression Y = -F - GsinO where an angle 0 is
defined with reference to a liné parallel to a foad surface, Whén the corresponding wheel
10 is rotating at a constant speed, the centrifugal force F is constant, so the detected value
Y varies with rotation of the cofre_sponding whéel. 10 as shown in FIG. 4.

[0019] In the present embodiment, wheel information 50 is transmitted when the
acceleration sensor 42 (wheel-side-unit 12) ha\s reaéhed the top dead center, that is, at
timing at which the detected value of the acceleration sensor 42 changes from an
increasing tendency to a red_ﬁcing tend‘ency (a derivative value changes from a positive
value to 0). In addition, even when braking force or driving force is applied to the wheel
10, the acceleration becomes maximum when. the corresponding wheel-side unit 12 has-
reached the top dead center. In any cases, the wheel information 50 is wirelessly
transmitted onc¢e during the time the wheel 10 makes one rotation at the timing at which
the wheel-side unit 12 has reached the top dead center. The timing at which the wheel
information 50 is transmitted may be determined in any way. For example, the wheel

information 50 may be transmitted at the timing at which the wheel-side unit 12 has
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reached a position .r.otated by 90° from the bottom dead center or the top dead center. In
addition, the wheel information 50 may be transmitted twice or more times during‘ the time
the wBeel 10 makes one rotation. Furthermore, each acceleration sensor 42 may be
conﬂgured to detect the acceleration in the rotation direction.» As shown in FIG. 5, the

wheel information 50 is a series of pieces of information including start information 52,

identification information 53, air pressure information 54, end information 55, and the like.

The identification information 53 is a value individually set for éach of the wheel-side
units 12FR, [2FL, [2RR, 12RL. __

[0020] = The single receiver 22 is pro{/ided in common among the four front, rear
right and left wheel:side units 12FR; 12FL, 12RR, 12RL, énd receives the wheel
information 50 wirglessly transmitted from each of the wheel-side units 12FR, 12FL, 12RR,
12RL. The display 24 shows an air pressure value indicated by the air préésure
informat‘io.n 54 included in the wheel information 50 in association with the wheel position.

j _ .
When the air pressure value P is lower than a normal determination threshold Pth, the air

pressure value P is shown in a mode different from a mode when the air pressure value P is

higher than or equal to the normal determination threshold Pth. . The reset swi.t.ch 25isa
switch that is configured to be manually operated when tire replacemeht (including tire
rotation; the same applies to the following description), or the like, is conducted. An
operation to turn on the reset switch 25 is a trigger for identifying the wheel position. The
\shift posiﬁon sensor 27 may be configured to detect a shift position of a tfansmission or
may be configured to detect an operating position of a shift operating member. The door
open-close detection device 28 is éonﬁgured to detect an open-close s\tate of each of doors
that serve as a plurality of opeh-close members provided in the vehicle, and includes door
courtesy lamp switches, and the like, provided respectively -at the plurality of open-close
members. The plurality of .open-close membe.rs include an open—close‘ member (luggage
door) of a luggage room.

[0021]  The wheel speed sensors (rotation ahgular velocity sensors) 26FR, 26FL,

26RR, 26RL are respectively fixedly provided at positions of the vehicle body 14,

corresponding to the wheels 10FR, 10FL, 10RR, 10RL, that is, in a state where each sensor
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portion faces teeth 58 proVided in the circumferential direction at the outer periphery of a

rotor 56 provided so as to be integrally rotatable with the corresponding wheel 10 as shown
in FIG 3; In each of the. wheel speed sensors 26FR, 26FL, 26RR, 26RL, an electric
signal is changed with passage of the teeth 58 (strictly, edges that are boundaries between
projéctions and recesses of the teeth 58) facing the sensor portion, and the number of times
the electric signal is changed is counted. A count value of the number of the edges that
have passed through the position facing the sensor portion from the reference position éf
the rotor 56 is a detected value, and a rotaﬁon angle with respect to the reference position
is acquired on the basis of the count value that is the detected value. In the .present
embodiment, the 48 teeth 58 are formed at the outer periphery of the rotor 56, and a count

value in the case where the wheel 10 makes one rotation is Ns (48x2 = 96). The count

- value is returned to 0 when the count value reaches Ns (96) as shown in FIG. 11A. The

reference position may be fixed or variable. For example, the reference position may be

set to a position (the tooth 58 located at the poéition facing the sensor portion corresponds

to the tooth that is a reference of the count value). of timing at which an ignition switch

switches from an off state to.an on state. In addition, as shown in FIG. 4 and FIG. 11A,
the rotor 56 is provided so as to be integrally rotatable with the corresponding ’whe‘el 10, so
the detected value of the corre.spondir.lg acceleration sensor 42 varies with rotation of the
rotor 56, a;nd the count value of the corresponding wheel speed sensor 26 is changed.
Therefore, it appears that a predetermined correlation hdlds be.twee.n each of the count
values of the wheel speéd sensors 26 and a corresponding one of the detected values of the
acceleration sensors 42.  Each Wheelrspeed sensor 26 is connected to the brake ECU 32,
and the count values, and the like, acquired in the brake ECU 32 are supplied to the TPMS
ECU 30. In the present émbodimem, the number of the teeth 58 provided in the rotor.56
is 48;' however, the number of the teetﬁ 58 is not limited to this number. In addition, the
rotor 56 may be a magnetic rotor. In such a case, magnetic powder is filled in rubber and
provided at the outer periphery of the rotor 56 in a state where N poles and S poles are
alternately arrénged in the circumfer_ential direcﬁon.

[0022]  The TPMS ECU 30 is mainly formed of a computer. The TPMS ECU 30
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acquires the air pressure value or identifies the wheel position by processing the wheel

information 50 received in the receiver 22. For example, a wheel position acquisition

table and a plurality of programs, such as a wheel state acquisition program, a wheel

po'sition. identifying program and a detected value processing program, are stored in a
storage unit 64. The wheel position acquisition table is shown by the map of FIG. 6.
The wheel state acquisitioﬁ program is shown by. the flowchart of FIG. 7. The Wheel
"pos‘ition_ identifying program is shown by the flowchart of FIG. 8. The detected value
processing program is shown by the flowchart of FIG. 9. |

[0023]  The operétion of the thus configured wheel state acq'uisition system will
be described. |
Acquisition of Wheel State

t0024] The wheel state acquisition program shown by the flowchart of FIG. 7 is
executed at predetermined set intervals. In step 1 (hereinafter, abbreviated as S1; the
same applies to thé other steps), it is determined whether the wheel information 50 has
been received in the receiver 22.  When the wheel information 50 has been received, the
identification information.53 aﬁd the air pressure information .54 included in the wheel
information 50 are loaded in S2, and the position of the wheel 10 from which the wheel
inform.atior}’ 50 has been transmitted is acquired on the basis of the identification
information 53 and the wheel position acquisition table shown by the map of FIG. 6 in S3.
In 84, it is determined whether the air pressure value P indicated by the air pressuré

information 54 is lower than the normal determination threshold Pth.. When the air

pressure value P is higher than or equal to the normal determination threshold Pth, it is

determined that the air pressure is normal. - In S5, the air pressure value P is shown on the
display 24 in association with the wheél positioh.- In contrast to this, when the air
pressure value P is lower than the normal determination threshold Pth, the air pressure
value P and the fact that the air pressure value is abnormal are shown in association with
the wheel position in S6.

Identiﬁéation of Wheel Position

[0025]  For example, the case where a target wheel that is one of the four right and
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left front and rear wheels 10FR, 10FL, 10RR, 10RL is the right front Wheel 10FR will be
described. As described above; the wheel infofmation SOFR is transmitted at the timing
at which the‘detected value of the acceleration sensor 42FR. at the right front'whéel 10FR |
changes from an increasing tendency to a reducing tendency (timing at Which the
derivative value changes from a positive value to 0), that is, the timing at which the
wheel-side unit 12FR has reached the top dead center. The rotation position of the wheel
10, determined on t_he basis of the detected value of the acceleration sensor‘ 42 and the
cc\)unt'value. of the wh.e'el speed sensor 26 associate with each other in one-to-one

correspondence. The rotation position of the wheel 10 may be indicated by the rotation

‘phase (rotation angle) with respect to the reference pbsition of the wheel 10." The rotation

angle with respect to the reference position of the wheel 10 (the position of the acceleration
sensor 42 in the rotation direction with respect to the wheel 10) is determined on the basis
of both the detected value and derivative Qalue of the acceleration sensor 42. Therefore,
the count value of the wheel speed sensor 26FR, acquired at the timing at which the wheel

information SOFR has been transmitted; that is, the wheel information 50FR has been

‘received in the receiver 22, should be always the same. In contrast to this, the count

- values (;f- the o_ther'wh.eels 10FL, 10RR, 10RL are usually not always the same. The

rotation ang\ilar velocities of the right and left front and rear wheelé 10FR, 10FL, 10RR,
10RL are usually different from one another. In addition, there occurs a right and left
rotation speed difference during cornering or there occurs a slip at part of the wheels
during braking. Furthermore, even during traveling straight ahead at a co‘nstant‘ speed, the

rotation an'gular velocities differ from one another due to a difference in dynamic loaded

radius.

{0026} In the present émbodiment, while the vehicle is traveling,. that is, while the
wheels 10FR, 10FL, IORR, 10RL aré rotating, the count values of the wheel speed sensors
26FR, 26FL, 26RR, 26RL are acquired, and one of the wheel speed sensors 26, which has
outbut' the count value having the smallest dispersion among these count values, is
identified. In addition, | when each acceleration sensor 42 is cénﬁgured to O\itpﬁt a

detected value when the rotation speed of the corresponding wheel 10 is higher than or



- 10

15

20

25

WO 2014/102575 PCT/IB2013/002691

19

equal to a set rotation speed (the centrifugal force is higher than or equal to a set value), the
count value of the wheel speed sensor 26 is not acquired when the traVel_ speed of the
vehicle is lower than a set épeed. As shown in FIG. 10, it is determined whether the count
value (a processed count value is used as will be described later) falls within a set range
SRe¢, the wheel speed sensor 26 that haé output the count value that falls outside the set
range SRc s ekcluded from identification candidates, and, when one count value
determined to fall within the set range SRc is left, the wheel speed senéor 26 that has
output that count value isidentified. The set range SRc of the count ;/alue is determined
on the basis of a set rahge SR of the rotation angle and the fact that the count value during
the time of one rotation is 96 (SRc = SROe96/2n). The set range SRO of the rotation
angle is determined on the basis of an error of the detected value of ‘each acceleration
seﬁsor 42.a degree of dispersion,' and the [ike. An upper limit value and lower limit va'!ue

of the set range may be set or may not be set. For example, it is applicable that the upper -

-limit value and lower limit value of the set range are set on the basis of the detected value,

or the like, of the wheel speed sensor 26, detected for the first time in wheel position

'identiﬁcation and then it is determined whether the detected value for the second time or

later falls between the upper limit value and the lower limit value. It is also applicable
that it is determined whether a plurality of detected values fall within a set range from each
éther without setting the upper limit \;alue and lower limit value of the set range on the
basis of the first detected value, or the like. In the latter case, it may be understood that
the upper ii_mit value and the lower limit value are set on the basis of the plufality of
detected values. | |

[0027]  For example, the count values (Cal, Cbl, Ccl, Cdl) of the wheel speed
sensors 26FR, 26FL, 26RR, 26RL are acquired at the timing at which the wheel
information 50 including the identification information (IDaj 53 has been received in the
receiver 22, and, subsequently, the cou.nt values (Ca2, Cb2, Cc2, Cd2) of the wheel speed
sensors 26FR, 26FL, 26RR, 26RL are acquired ét the timing at which the wheel

information 50a includihg the IDa has been received. In this case, when Cal and Ca2,

.Cbl and Cb2, Cel and Cc2 fall within the set range SRc and Cdl and Cd2 do not fall
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within the set range \SRc, the wheel speed sensor 26 (for example, the wheel speed sensor
26RR) that has output Cd1, Cd2 is excluded from the identification candidates. For the

subsequently acquired count values (Ca3, Cb3, Cc3, Cd3) of the wheel speed sensors 26FR,

 26FL, 26RR, 26RL, when Ca3 falls within the set range SRc determined by Cal,Ca2 and

Cb3 falls within the set range SRc determined by Cb1, Cb2 but Cc3 does not fall within the
set rénge SRc determined by Ccl, Cc2, the wheel speed sensor 26 (for example, the wheel
speed sensor 26FL) that has output Ccl, CCZ, Cc3 is excluded. For the subsequently
acquired count values (Ca4, Cb4, Cc4, Cd4) of the wheel Speed sensors 26FR, 26FL, 26RR,
26RL, when Ca4 falls within the set range SRc determined by Cal to Ca3 but Cb4 does not
fall within the set range SRc determined by Cbl to Cb3, the wheel speed sensor 26 (for

. example, RL) that has output Cb1 to Cb4 is excluded. The ‘remaining one is the wheel

speed sensor 26FR that has output the count values Cal to Ca4. Asa result, it is possible
to identify that the wheel information 50a.has been transmitted from the wheel-side unit

12FR corresponding to the wheel speed sensor 26FR, the identification information IDa is

-associated with the right front wheel 10FR, and the wheel position of the identification

information IDa is identified.

[0028] However, d.uring identification of the wheel position, the correlation
between each of the count values of the wheel speed sensors 26 énd a corresponding one of
the detected values of the acceleration sensors 42 may change; The phrase "during

identification of the wheel position" means a period from when identification of the wheel

rpoSitfon is started, for example, at the timing at which the reset switch 25 has been

operated to turn on, to when the identification information is associated with the wheel

position. Specifically, the phrase "during identification of the wheel position" ‘mea_ns that,
in order to associate one identification information with the wheel position, a series of
operations, such as acquiring the detected values of the wheel speed sensors 26,
determining whether each-detected value falls within the corresponding sét range and
determining the wheel speed sehsbr 26 that is excluded from the identification candidates
but the wheel position is not associated with the identification information. As shown in

FIG. 11A, in the case where the vehicle is stopped during identification of the wheel
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position, when fhe wheelé 10 and the vehicle body 14 are not relatively moved (or relative
movement is small) while the vehicle is stopped, the correlation between each of the
detected values of the acceleration sensors 42 and a corresponding one of the count values |
of the wheel speed sensors 26 is kept substantially constant, and the correlation

therebetween is substantially the same after the vehicle starts fnoving. In contrast to this,

as shown in FIG. 11B, there is a possibility that the vehicle body moves due to, for

example, a situation‘that a passenger gets on or off or a baggage is loaded or unloaded

while the vehicle is sfopped. Thus, each wheel speed sensor 26 fixed to the vehicle body

14 and the rotor 56 provided at the corresponding w‘néel 10 are relatively moved (relative

posifional correlation changes), and the count valués are varied. Thus, the correlation

between each of the detected values of the acceleration sensors 42 and a corresponding one

of the céunt values of the wheel speed sensofs 26 changes, and it may be not possible to

appropriately. identify the wheel position. FIG 11A to ‘-FIG. 11C show a state of a

variation in each of .the detected values of the acceleration senéors 42 with rotation of a

corresponding one of the wheels 10 and a state of a variation in a corresponding one of the

count values of the whe‘e.l speed sensors 26. Strictly, the rotation speéd of each wheel

decreaées immediately before the vehicle stops, and increases after the 'vehicle starts

moving; however, such a variation in rotation speed is not considered. This also applies

to FIG. 13A to FIG. 13C.

- [0029]  In the present embodimént, it is determined whether a variation in each of
the count values of the wheel speed sensors 26 is due to relative movement between the
wheels 10 and the véhicle body 14.(not due to rotation of the wheels lO or due to rotation
of the wheels 10), and, when it is determined that the variatidn' in each of the count values

of the wheel speed sensors 26 is due to relative movement between the wheels 10 and the

vehicle body 14, the variation in the count values of the wheel speed sensors 26 is ignored

(the count values of the wheel speed sensors 26 are regarded as being not varied).
Specifically, the count values of the wheel speed sensors 26 of the four wheels are acquired
during a set period of time, and, when there are the wheel speed sensors 26 of which the

count value has varied and the wheel speed sensors 26 of which the count value has not
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varied; it may be understood that, for example, the vehicle body 14 has moved due to a
situation that a passenger gets on or off or a baggage is loaded or unioaded, and the wheels
10 and the vehicle body 14 are relatively moved, with the result that the count values df

part of the wheel speed sensors 26 have varied. In other words, when there are the wheel

| speed sensors 26 of which the count value has varied and the wheel speed sensors 26 of

which the count value has not varied, it is determined that the variations in the count values
are not due to rotation of the wheels 10. . In addition, because the variations in the count
values of the wheel speed sensors 26 are ignored, processed count values (processed values

of the detected values) (described later) Ci* (i = a, b, ¢, d) are used in identifying the wheel

position after the vehicle starts moving. Each of the processed count values after the

vehicle starté moving ie set to a value shifted by a variation amount by which a count value
Ci supplied from the brake ECU 32 is ignored. | |
[0030] The wheel position identifying program shown. by the flowchart of FIG. 8
is, for example, executed when a position identification start condition is satisfied, and is, .
for. example, started when the reset switch 25 is manually operated. In the present
embodiment, the case where the _wheel position of the identification information IDa is
identified will be described. The same applies to the case where the wheel position of
another piece of identiﬁeation information is identified. In S10, it 1s determined whether

the vehicle is traveling. When the vehicle is traveling, it is determined in S11 whether the

wheel information 50a including the térget identification information IDa has been

received. When the wheel information 50a has been received, the processed count values
Ci* (descried later) are acquired in S12. It is determined in S13 whether each of the
proceésed count values Ci* falls within the set range SRc, and the wheel speed sensor 26
that has output the processed count value that falls outside the set range SRc is excluded
from the identification candidates. It is determined in S14 whether the number of the
processed count values determined to fall within the set range SRc is one (the number of
the wheel speed sensors 26 remaining és the identification candidates is one). When the
number of the processed count values determined to fall within the set range SRc is two or

more, S10 to S14 are repeatedly executed. When the number of the remaining wheel
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speed sensors 26 (processed count values) becomes one, affirmative determination is made

in S14.  In S15, the position of the wheel corresponding to the remaining one wheel speed

sensor 26 is associated with the identification information IDa. It is determined that the

wheel infofmation 50a including the identification information IDa has been transmitted
from the whéel-side unit 12 of the wheel corresponding to the last remaining one wheel
speed sensor 26.

[0031] The detected value processing program shown by the flowchart of FIG. 9

may be, for example, executed by interrupt when the count values Ci are supplied from the

brake ECU 32.. 'In S21, count values (values supplied from the brake ECU 32) Can, Cbn,

Cen, Cdn (n =0, 1, 2, 3, ...) that are the detected values of the wheel speed sens‘ors\ 26FR,
26FL, 26RR, 26RL are acquired. In S22, it is determined whether it is in the process of
identifying the wheel position. When it is in the process of identifying the wheel position,
it is determined in 823 whether it is in the progress of a set period of time, that is, whether
the count values are be‘ing. acquired. When the count values are not 'being acquired, it is
determined.in 824 whether a start condition for acquiring the count values is satisfied.
The start condition may be, for example, configured to be satisﬁed‘at intervals of fhe set
period of time.I When the start condition is satisfied, the count values Can, Cbn, Cen, Cdn
of the wheél _speéd éensors 26FR, 26FL, 26RR, 26RL of the wheels, acquired in S21, are
set to initial_ values Ca0, Cb0, Cc0, CdO and stored in S25. In addition, a count value
acquiring flag is set to an on state. Subsequently, when the program is executed, the
couht value acquiring flag is set to the on state, so affirmative determination is made in
S22 and S23. In S26, it is determined Whether the set period of time has elapséd'. It is
determined whether an elapsed time from when the start condition is satisfied has reached
the set period of time. Befdre the set period of time e‘lapses.', S21, S22, 823, 826 are
repeatedly executed, and thé count values Can, Cbn, Ccn, Cdn of the wheel speed sensors
26FR, 26FL, 26RR, 26RL are acquired during the set period of time.

[0032] When the set period of time has elapsed, the count value acquiring flag is
set. to an off state, it is determined whether the plurality of count values Cin output from

each of the wheel speed sensors 26FR, 26FL, 26RR, 26RL have varied. That is, it is



10

15

20

25

WO 2014/102575 PCT/IB2013/002691

o4
determined that the count values have not varied when the plurality of count values are
equal to each other; whereas it is determined that the count values have varied when part of |
the plurlality of count values are different from each other. It is determined in S27
whether part of the wheel speed sensors 26 have output the not-varied count values, that is,
whether there are the wheel speed Sensors 26 that have output the varied \count values ahd
the wheel speed sensors 26 that have output the not-varied count values among the four
Wheel speed sensors 26FR, 26FL, 26RR, 26RL. When there are both, processed count
values Ca(n)*, Cb(n)*, Ce(n)*, Cd(n)* of all the wheel speed sensors 26 are set to the
initial values Ca0, Cb0, Cc0, Cd’O in S28 (Ci0 — Ci(n)*). It may be understood that only
the processed count values of the wheel speed sensors 26 Of which the count values have

varied are set to the initial values of the count values. For example, when the count

values ((Ca0, Cal, Ca2,"...), (Cb0, Cbl, Cb2, ...)) have not varied ((Ca0 = Cal = Ca2, ...),
(Cb0 = Cbl =Cb2, .:.)) and the count values ((Cc0, Ccl, Ce2, ...), (Cd0, Cdl, Cd2, )

have varied ((Cc0 # Cel # Ce2, ...), (Cd0 # Cdl # Cd2, ...)), it may be understood that the

processed count values (Cc(n)*, Cd(n)*) are set to the initial values (CcO, Cd0). In

contrast to this, when the p’lu_rality of count values oﬁtpu’t trom each of all the wheel speed -
sensors 26 have not varied or the count values outplvn from all the wheel speed sensors 26 ,
have varied, normal processing is executed in $29. The processed count values are set to
the count values Can, CBn, Ccn, Cdn (Cin — Ci(n)*) acquired in the preceding S21. For
example, thfs corresponds ';Q, for example, the case where the vehicle 1s traveling. |

[0033] In addition, because the program is repeatedly executed, S28 rriay be
executed after S29 is executed. In such a case, the current processed count values are
equal to the previous processed count values (Ci(n)* « Ci(n-1)*), so the processed count
values are constant.  Furthermore, after the processed count values are returned to the
initial values in S28, S29 may be executed. In such a case, in S29, the current processed
count values are obtained through a count with reference to the previous processed count
values Ci(n-1)*. For example, a variation amount of each of th‘e count values during the
set period of time is acquired (dCi = Cin - Ci0). By adding the variation amount dCi of

each of the count values to a corresponding one of the previous processed count values, a
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corresponding one of the current procéssed count values is.acquired (Ci(n)* < Ci(n-1)* +;
dCi). The set period of time may be set to a period of time shorter t.h‘an a period of time
during which the wheel 10 makes one rotation, for example, a period of time during which

the count values of the wheel ‘speed sensors 26 are supplied from the brake ECU 32

~ multiple times. The set period of time is set to a period of time shorter than the interval at

which th.e processed count values are loaded in identifying the wheel position.

[0034]  In this way, in the present embodiment, even whén the count values of the
wheel speed sensots 26 have varied due to relati.ve movement betwéen the vehicle byody 14
and the wheels 10 while the vehicle is stopped-although the wheels 10 are not rotating, the

variation is regarded as being not varied. - As a result, after the vehicle starts moving,

“identification of the wheel position is continued on the basis of the processed count values

of the wheel speed sensors 26 in order to identify the wheel position. However, the
correlation between each of the processed count values of the wheel speed sensors 26 and a
corresponding one of the detected values of the acceleration sensors 42 is substantially the

same before the vehicle stops and after the vehicle starts moving, so it is possiblc to

.appropriately'identify the wheel f)osition. For example, in FIG. 11C, as in the case of the

period between time t1 and time 12 (during the set period of time), when there are the
wheel speed sensors 26 of which the count’ values have varied and the wheel speed sensors
26 of which the count values have not varied, the count values are regarded as being not
varied. The processed count values Ci(2)* at time {2 are set to the count values at time t1,
that is,-the initial values Ci0 of the count values (S28) (Ci(2)* « Ci0). In addition, as in
the case of the period betwe.en time t2 and time t3, when the count value of each of all the "
wheel speed sensors 26 has not varied,’ the processed count valﬁes Ci(3)* at time t3 are

equal to the processed count values Ci(2)* at time t2 (S29) (Ci(3)* « Ci(2)*).
S_ubsequently; as in phe case of the period between time t3 and time t4, when there are the

wheel speed sensors 26 of which the co’dnt values have varied and the wheel speed sensors
26 of which the count values have not varied, thé processed count values Ci*(4) are set to '
the same \l/alues at time t4 as the processed count value Ci(3)* at time €3 (S28) (Ci(4)* «

Ci(3)*). As in the case of the period between time t6 and time t7, when the count value
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of each of all the wheel speed sensors 26 has varied, the count v_a.lues are counted up with
reference to the processed count values Ci(6) at tifne t6. By adding the yariation amount
dCi of each of the count values between time t6 and time t7 to a corresponding one of the
processed count values Ci(6)* at time t6, the processed count values Ci(7)* are obtained at
time t7 (S29) (Ci(7)* « Ci(6)* + dCi dCi « Cin - Ci0).

[0035] Thereafter, each of the processed count values is obtained by adding the
variation amount dCi of a corresponding one of the count values duﬁng the set perioa of
time to a corresponding’ oﬁe of the previous processed count v’alués Ci(n-1)*. As
indicated by the points on the alternate long and short dashed line in FIG. 11C, each of the
count processed values is a value shifted by the ignored amount of count value from.a |
corresponding one of the count values supplied from the brake ECU 32.  In.addition, each
wheel speed sensor 26 méy be of a type that counts up without distinguishing the forward
rotation of the rotor 56 from the reverse rotation of the rotor 56 and may be of a type that
counts up or counts down depending on the rotation direction of the rotor 56. " In any

cases, a variation in each of the count values not due to rotation of a corresponding one of

‘the wheels 10 is ignored by executing the program, so it is possible to keep the correlation

between each of the detected values 0f the acceleration sensors 42 and a corresponding one
of the processed count values of the wheel speed sensors 26 substantially constant.

[0036]  In the present embodiment, a detected value processing unit is formed of a’
portion of the TPMS ECU 30, which stores the detected value processing program shown
by the flowchart of FIG. 9,a portion of the TPMS ECU 30, which executes-the detected
value processing program, and the ﬁke, and a wheel po‘s_ition identifying unit is formed of

the detected value plrocéssing -unit, a portion of the TPMS ECU 30, which stores the wheel

‘position identifying program shown by the flowchart of FIG. 8, a portion of the TPMS

ECU 30, which executes the wheel position identifying program, and the like. The
detected value processing unit is a correlation change suppressing unit.. In addition, a
detected value holding unit, a variation ignoring unit and a stopping variation ignoring unit
are formed of a portion of the detected value prqcessing unit, which stores S24, S25, S27,

S28, a portion of the detected value processing unit, which executes 824; S25, §27, S28,
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and the like. Furthermore, the wheel position identifying unit also serves-as a wheel
position identification continuing unit. |
Second Embodiment

[0037]. When the correlation bétween each of the detected values of the-

- acceleration sensors 42 and a corresponding one of the count values of the wheel speed

sensors 26 may change, for example, while the vehicle is stopped, it is possible to prohibit
a variation in each of the count values of the wheel speed sensors 26. A count prohibition
flag setting program shown by the flowchart of FIG. 12A is executed at intervals of a
predetermined set periéd of time. In S31, it is determined by the door opén—close
detection device 28 whether at least one of the plurality of open-élose ﬁembers provided in
the veh‘icle’ is open. When aﬁy one of the luggage door, a passenger seat door, and’ the

like, is open, it is determined that it is highly likely that a passenger gets on or off or a ‘

‘baggage is loaded or unloaded. In S32, it is determined whether the vehicle is stopped on

the basis of information from the navi ECU 34 (hereinafter, simply referred to as navi
information where appropriate). When at least oﬁe of the open-close members is open or
when it may be determined that the vehicle is stopped on the basis of the navi information;
the count.prohibition flag is set to an on state in S33. In contrast to this, when all the
open-élose members are closed and the vehicle is fravéling, the count prohibition flag is set
to an off state in S34.

|0038] The détected value processing program shown by the flowchart of FIG.
12B is executed by interrupt. Inu S41, count values that are the detected values of the four
wheel speed sensors 26FR, 26IFL, 26RR, 26RL are acquired. In S42, it is determined
whether it is in the process of identifying the wheel position. In S43, it is determined
whether the count prohibition flag is in the on state. When the count prohibition flag is in
the on state, affirmative determination is made in S43. In S44, it is determined whether
the count prohibition ﬂag was previously in the off state, that is, it is determined whether -
the count prohibition flag is set to the on state for the first time. When the count.
prohibition flag is set to the on state for the first time, the count values of the wheel speed

sensors 26FR, 26FL, 26RR, 26RL, acquired in S41, are stored as initial values in S45 (Ca0,
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Cb0, Cc0, Cd0). Thereafter, in S46, while the count prohibition flag is in the on state, the

processed count values Ci(n)* are respectively set to the initial values Ci0. - In contrast to

1this, when the count prohibition flag is not in the on state, normal processing is executed in

S47. As a rule, the count values acquired in S41 are set as output values of the

| correspdn,ding sensors (Ci(n)* « Cin). In additidn,' for example, when S46 riay be

executed after S47 is executed, the current processed count values are equal to the previous
processed co‘unt‘values (Ci(n)* « Ci(n-1)*). In addition, for éxample, when 847 is

executed after S44 to S46 are executed, the processed count values are counted with

reference to the previous processed count values, that is, the processed count values

Ci(n-1)* at that timing.

[0039]  In this way, in the present embodiment, as shown in FIG: 13C, when the
vehicle is stopped or when at least one of the open-close members is open, the prohibition
flag is set to the on state, and the processed count values of all the wheel speed sensors 26
are kept at constant values. Therefore, even when the count values are véried due to
relative movement between the wheels 10 and the. vehicle body 14 while the vehicle is
stopped, the processed count values remain at the initial valu.es of the count values, and the
processed count values are couﬁted with reference to the previous processed count values
Ci(n-1)* after the _‘vehicle starts ‘moving. As a result, it is possible to suppress the ‘change
of the correlation between each of the detected values of the acceleration sensors 42 and a
correspondin,éI one of the processed count values of the wheel speed sensors 26, so it is
possible to appropriately identify the Wheel pdsition. In the present embodiment, the

detected value holding unit and a stopping detected value holding unit are formed of a

- portion of the TPMS ECU 30, whiqch stolres S43 to S46 of the detected value processing

program shown by the flowchart of FIG. 12B, a portion 6f the TPMS ECU 30, which

~executes S43 to S46, and the like.

Third Embodiment
[0040] - The present embodiment is applied to the wheel speed sensors 26 of a type
that counts up when the rotof 56 is rotating in the reverse direction or when the rotor 56 is

rotating in the forward direction. When the shift position is R and the wheels 10 are
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“rotating in the reverse direction, the wheel speed sensors 26 count down. When the shift

position is not R; the process based on the state of the vehicle is executed as in the case of
the above-described first and second embodiments. In S51 of the flowchart of FIG. 14
tHat shows the detected value processing program, the count values Cin of the wheel speed
sensors 26FR, 26FL, 26RR, 26RL of the wheels are acquired. When it is not in the
process of identifying the wheel position, affirmative .deterr'n.ination is made in 852. In
S33, it is determined v_vhethef the shift position is reverse (R) on the basis of the detected
value of the_shift position sensor 27. .When the shift position is D, N, or the like, the
process based on the shift position, for example, a similar process aé in the éase of the first
and second elnbodiﬁehts; 1s executed in S54. In contrast to this, when the vehicle is
travel‘ing’ backward, backward travel processing is executed. In S55, an amount dCi of -
increase in each of the count values Cin is acquired. In S56, each of the current processed
count values is obtained by subtracting the corresponding amount dCi of incréase‘from a
corresponding one of the previous processed count values (Ci(n)* = Ci(n-1)* - dCi). The
amount of increase in e.ach of the count values Cin is acquired as a value (for example, Ci2
- Cil) obtained by subtracting a corresponding one of the previous count values from a

corresponding one of the current count values. "'When the vehicle travels forward after

- traveling backward, each of the processed count values is counted up with reference to a

“corresponding one of the previous processed count values Ci(n-1)*.

[0041] In this way, each of the processed count values is counted down from a

corresponding one of the previous processed count values when a corresponding one of the

~wheels 10 is rotated in the reverse direction, so it is possible to appropriately keep the

/
correlation between each of the processed count values of the wheel speed sensors 26 and a
corresponding one of the detected values of the acceleration sensors 42.  Therefore, even

when the vehicle travels forward after traveling backward, it is possible to appropriately

- continue identification of the wheel position. . In the present embodiment, a count down

unit is formed of a portion of the TPMS ECU 30, which stores S53 to 857 of the detected
value processing program shown by the flowchart of FIG. 14, a portion of the TPMS ECU
30, which executes S53 to S57, and the like.
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Fourth Embodiment

[0042]  In the present embodiment, when the count values of the wheel speed

sensors 26 have varied in a state where the vehicle is stopped, the set range used to identify

the wheel position is changed. In S61 of the flowchart of FIG. 15 that shows the detected
value processing program, the count values Cin of the wheel speed sensors 26FR, 26FL,
26RR, 26RL of the wheels_ are acquired. In S62, it is determined whether 1t is in the
process of identifying the wheel position. In 563, it is'determined whether the thic_le IS
stopped on the basis of the navi information. Whe.n affirmative determination 1s made in
both S62 and S63, it is determined in S64 whether it is the first time that it is determined
that the vehicle is stopped. When it is the first time, the count values Cin .of the wheel
speed sensors 26FR, 26FL, 26RR, 26RL of the wheels, acquired in S61, are set as the

initial values Ci0 and stored in S65. Subsequently, when the program is executed, it is

" not the first time, so, in S66, a value ACi obtained by subtracting a corresponding one of

the initial values Ci0 from a cérresponding one of the count values Cin of the wheel speed
sensors 26FR; 26FL, 26RR, 26RL of the wheels, acquired in S61, is acquired and stored
(ACi < Cin - Ci0). The values stored in S66 are updated as needed. A variation amount
in each of the count values during the time the vehicle is stopped is acquired and updated.
When the vehicle has started moving, negative determination is made in S63. In S67, it is
determined whether it is the first tim‘e that negative determination is madé in S63, that is, it
is determined whether the vehicle has started moving after stopping. When the vehicle
has started moving after stopping, that is, when it is the first time that S67 is executed, an
expanded amount ASRGi of each set range is obtained on the basis of the variation amount
ACi acquired in S66, and a corfesponding one of changed set ranges (SRci + ASRei) is
obtained in S68 (ASRci «— ACi SRei* « SRei + ASRci). Thé expanded amounts ASRci
of each set range may be equal to or may be different from a corresponding one of the
variation amounts ACi of the count values in a state where the vehicle is stoppeld. | In any
cases, when the variation amount ACi of each of the count \}alues in a state where the
vehicle is stopped is large, the expanded amount ASRci of a corresponding one of the set

ranges is increased larger than when the expanded amount ASRci is small.
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{0043]  The set ranges r_nay'be individually changed for each of the wheel speed
sensors 26FR, 26FL, 26RR, 26RL or may be changed in common. For example, for the

four wheel speed sensors 26, the amount ASRc of increase in each set range may be

“determined on the basis of the maximum value, average value, and the like, of the variation

amount of a corresponding one of the count values, and a corresponding one of the
changed set ranges SRc* may be determined by uniformly expanding the set ranges of the |
four .wheel speed sensors 26. In addition, each set range may be changed when at least
one of the count values of the four wheel speed Sensors 26FR, 26FL, 26RR, 26RL has .
varied in a state where the vehicle is stopped or may be changed when all the count values
of the four wheel speed sensors 26 have varied. - Even when it has been detected that the
vehicle is stopped on the basis of the navi information, the wheels 10 may actually rotate
and the vehicle may be slightly moving. Therefore, when all the count values of the four
wheel speed _Sensors 26 are varied, it is not clear whether the variation is due to relative
movement between the vehicle body 14 and the wheéls 10 (not due to rotation of the
wheels 1'(.)) ordue to _rotelﬁon of the wheels 10. Therefore, when it may not be determined
that the variation is due to relative movement Between the wheels 10 and the vehicle body
14, that is, when all the count values of the four wheel speed sensors 26 have varied, not
the variations of the count values are ignored but the set ranges are expanded.

[0044]  The wheel position is id'entiﬂed on the basis of the changed set ranges, and

“the wheel position identifying program shown by the flowchart of FIG. 16 is executed at

intervals of the predetermined set period of time. While the vehicle is traveling, when the

wheel information is received in the receiver 22, the count values Cin of the wheel speed

sensors 26 are acquired in S12x. In S‘13b‘, the changed set ranges SRi* are loaded. In

S13x, it is determined whether each of the count values Cin falls within a corresponding

" one of the changed set ranges SRi*. Thereafter, as in the case of the above-described

embodiments, the wheel position is identified. In the present embodiment, not it is
determined whether each of the processed count values falls within a corresponding one of

the changed set ranges but it is determined whether each of the count values falls within a

~corfesponding otie of the changed set ranges. For example, as shown in FIG. 17, when
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the count values of the four wheel speed sensors 26 are varied in a state where the vehicle
is stopped, the expand'ed amount ASRc for each set range is obtained on the basis of a
corresporiding one of the variation amounts, and a corresponding one of the changed set
ranges is obtained. As a result, even when the correlation changes, it is possible to
appropriately identify the wheel position.

[0045]  In the present embodiment, a variation amount acquisition unit is formed

of a portion of the TPMS ECU 30, which stores S64 to 866, S68 of the detected value

processing program shown by the flowchart of FIG. 15, a portion of the TPMS ECU 30,
which executes S64 to S66, S68, and the like, a set range changing unit is formed of a
portion of the TPMS ECU 30, which stores 569, a portion of the TPMS ECU 30, which
executes S69, and the like, and the wheel position identification continuing unit'is formed
of a portion of the TPMS ECU 30, which stores the wheel position identifying program
shown by the flowchart of S15, a portion of the TPMS ECU 30, which executes the wheel
position identifying program, and the like.
Fifth Embodiment

[0046]  In the presént embodiment, while the vehicle is stopped, it is determined
whether there are the wheel speed sensors 26 of which the coﬁnt value has varied and the
wheel speed sensors 26 of which th¢ count value has not varied. When there are both,.

variations of the count values are ignored; whereas, when all the count values of the wheel

speed sensors 26 have varied, the set ranges are changed. The detected value processing

,program shown by the flowchart of FIG. 18 is executed by interrupt, or the like. In S8I,

the count values Cin are acquired. In S82, it is determined whether it is in the process of

‘identifyihg the wheel position.. When it is in the process of identifying the wheel position,

it is determined in S83 whether the vehicle is stopped on the basis of the navi information,
or the like. When it is determined that the vehicle is stopped, it is determined in S84
whether it is the first time that it is determined that the vehicle is stoppéd.. When it is the
first time, the count values are set to the initial values Ci0 and stored in S85. After that,
during the set period of time, S81 to S84, 886 are repeatedly executed, and the count

values Cin are acquired. ~ After the set period of time has elapsed, it is determined whether



10

15

20

25

WO 2014/102575 PCT/IB2013/002691

33

there are the wheel speed sensors 26 that have output varied count values and the wheel

~ speed sensors 26 that have output not-varied count values (S87). When there are both, a

variation ignoring flag is set to an on state in S88. In S89, the processed count values are
set to initial values (Ci(n)* « Ci0). The current values of the processed count values

may be set to the previous values (Ci(n)* « Ci(n-1)*). While the vehicle is stopped, the

- processed count values are kept at constant values by executing S81 to S84, S86 to S89,

and the variations of the count values are ignored. When the vehicle has started moving,
negative determination is made in S83. In S90, it is determined whether the variation
ignoring flag is in the on state. When the variation ignoring flag is in the on state, the

processed current values are counted up from the previous processed count values Ci(n- ])*

- in S91, and the current processed count values Ci(n)* are obtained.

~ [0047] [n contrast to this, when all the count values of the wheel speed sensors
26FR, 26FL, 26RR, 26RL have varied, negative determination is made in S87, so the
variation ignoring flag is kept in the off _stafe. S81 to S84, S86, S87 are repeatedly
executed while the vehicle is stopped.  After that, when the vehicle has started moving, it
is determined in S92 whether S92 is.executed for the ﬁ‘rst tinie, that is, it is determined
whether the vehicle has started moving after stopping and S92 is executed for the first time.
When it ie the first time, the variation amounts ACi of the count values‘ in the case where
the vehicle isi stopped are eicquire.d in S93, the changed amount (expanded amount) of each
set range is acquired and a corresponding one of the changed set ranges is acquired in S94.
[0048] When the variations of the count values are ignored, it is determined
whether each of the processed count values falls within a corresponding one of the set
ranges and the wheel position is identitied by executing the wheel position identifying
progrzim shown by the flowchart of FIG. 8. 'When each of the set ranges has been
changed, it is determined that each of the count values falls within a corresponding one of
the changed set ranges and the wheel position is identified by executing the _/wheel position
identifying proigr'am shown by the flowchart of FIG. 16.  When part of the count values of
the four wheel speed sensors 26FR, 26FL, 26RR, 26RL have not varied and the remainder

-of the count values have varied, it may be determined that the vehicle is stopped and the
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count values of part of the wheel speed sensors 26 have varied due to relative movement
between the vehicle body 14 and the wheels 10 (not due to rotation of the wheels 10).

However, when all the count values of the wheel speed sensors 26 have varied, it is not

" clear whether the variation is due to rotator of the wheels 10 or not due to rotation of the

wheels 10. This is because, even when it is determined that the vehicle is stopped on the
basis of the navi information, the vehicle may be slightly moving. Thus, when all the
count values of the wheel speed sensors 26 have varied, the wheel position is identified by
not ignoring the variations of the count values but changing the set ranges. In this way,
the variations of the count values are not ignored when it is not clear whether the variations
of the count values are due to rotation of the wheels 10 or not due to rotation of the wheels
10, so, even when the variations are due to rotation of the wheels 10, it is., possible to
appropriately identify the wheel position. |

[0049)  The first to fifth embodiments may be implemented in combination as
needed. Other than the above-described modes, the invention may be implemented in
modes with various controls or improvements on the basis of the knowledge of persons
skilled in the art,

[0050}] In the i‘nventio'n, the set state may be one of a state where at least one of ‘

the detected values of the plurality of vehicle body-side rotation sensors varies when a

~corresponding one of the wheels is not rotating and a state where the at least one of the

detected values may vary.

[0051]. In the invention, the set state may be one of a state where at least oﬁe of
the pluralify of wheels and the vehicle bédy are relatively moved and a state where the at
least one of the plurality 6f wheels.and the vehicle body may be relatively moved not due -
to rotation | of the plurality of .wﬁeels. When the wheels and the vehicle body are

-

relatively moved not due to rotation of the wheels, the detected values of the vehicle

“body-side rotation sensors are varied, and the correlation may change. For example,

when a passenger gets on or off or a:baggage is loaded or unloaded, when the vehicle

.

receives crosswind or when the shift position is changed while the vehicle is stopped, the

vehicle body and the wheels may be relatively moved.
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[0052]  1n the invention, the set state may be a state including one or more of (a) a
state where the vehicle is stopped, (b) a state where at least one of a plurality of open-close
members provided in the vehicle is open and (c) a sfate where the vehicle is traveling
backward. Each thicle body-sidé rotation sensor may be of (¢c-1) a type of which the -
count value that is the detected value increases in a state where a corresponding one of the
wheels is rotating in the forward diréction and the count value-reduce§ in a state where a
corresponding one of the wheels is rotating in reverse and (c-2) a type of which the count
value increases when the wheel rotates in the forward directfori or when the wheel rotates

in the reverse direction. In the case of the type of (c-2), when the vehicle is traveling .

backward, the count value of each vehicle body-side rotation sensor is desirably reduced.

{0053} In the invention, the detected value processing unit may include a stop
state determination unit configured to determine that the vehicle is stopped as the set state
when part of the detected values of the pltlrality of vehicle body-side rotation sensors have

varied and the remainder of the detected values of the vehicle body-side rotation sensors

- other than the part of the vehicle body-side rotation sensors have not varied. When the

plurality of vehicle body-side rotation sensors include the sensors of which the detected
value has varied and the sensors of which the detected value has not varied, it is
determined that the vehicle is stopped and the correlation is changéd as a result of the
variations of the detected values of the vehicle bod&-side rotation sensors due to relative
movement between the wheels and the vehicle body.

[0054] In the invention, the detec-fed Valﬁe processing unit may include a
variation amount acquisition unit configured to, when at least one of the detected values of
the plurality of vehicle body-side rotatidn sensors has varied while the vehicle is stopped,
acquire the variation of the at .least one of the detected values of the plurality of vehicle
body-side rotation sensors, and the wheel position identifying unit may include a variation
dependent wheel position identifying unit co\nﬁg‘ured'to identify the wheel position by
considering the variation of the at least one of the detected vahﬁes, acquired by the
variation acquisition unit. The variation of the detected value includes a variation

direction, a variation amount, and the like. For example, it is possible to acquire the
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changed correlation on the basis of a variation in each of the detected values of the vehicle

‘body-side rotation sensors during the time the vehicle is stopped. It may be understood

that the correlation has shifted in response to a variation in each of the detected values.
For example,’ it is possible to identify the wheel position by acquiring a cdrresponding one
of the changed set ranges on the basi‘é of the changed correlation. 'In addition, when the
detected values of the vehicle body-si-de rotatioﬁ sensors have varied in a state wher§: the
vehicle is stopped, it may b;e understood that an error of each of the detected values of the
vehicle body-side rotation sensors is increased accordingly. By understanding in this way,
it is possible to expand each of the set ranges.on the basis of a variation in a corresponding
one of the detected values, and it is possible to identify the wheel position on the basis of
each of the expanded set ranges. Changing the set range (including shifting, expanding,

or the like, of each set range) may be carried out illdi{/idually in correspondence with each

. of the plurality of vehicle body-side rotation ‘sensors or may be carried out in common

(uniformly) among the plurality of vehicle body-side fotation sensors. For example,

changing the set range may be uniformly carried out on the basis of the maximum value of

 the variation amount of each of the detected values of the plurality of vehicle body-side

eration sensbrs, the average value of the variation amount, or the like. In addition, the
variation amount (inc‘luding a shift amount, an expanded amount, and the like) of each set
range may be iarge_r when the variation amount of a cOrresand‘ing one of the detected
values is larger th.an)when the variAation amount of a corresponding one of the detected
values is small.  Furthermore, the wheel position may be identified in consideration of the
variation amount when the variation amount of a corresponding one of the detected values

is large and the wheel position may be identified not in consideration of the variation

“amount when the variation amount is small.

[0055] In the invention, each wheel-side rotation sensor may be an acceleration
sensor configured to detect an.ac‘celera.tion that acts on a corresponding one of the
wheel-side rotation sensors, and the transmitter may be configured to transmit the wheel
information when a position of a corresponding one of the acceleration sensors, determined

on the basis of a corresponding one of the detected values of the acceleration sensor, has
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reached a predetermined position. Each of the detected values of the acceleration sensors
periodically varies with rotation of a correspending one .of the wheels. The wheel
informatiod may be,~ for example, transmitted at timing that is determined by a
corresponding one of the detected values of the acceleration sensors or may be transmitted
at timing that is determined by a derivative value (a variation in a corresponding one of the

detected ve'ﬂues). Specifically, the wheel information may be transmitted at timing at

“which a corresponding one of the detected values of the acceleration sensors has reached a

set value (for example, which may be set to 0 or 1G) or may be transmitted at timing at
which a cor_respbnding one of the detected values of the acceleration sensors has reached a

peak value (for example, timing at which a corresponding one of the detected values has

- reached a local maximum value or a local minimum value). The wheel- information is

transmitted a predetermined number of times (for example, once or twice) during the time
a corresponding one of the wheels makes one rotation.

[0056]  In the invention, each vehicle body-side rotation sensor may include a
detecting unit f—acin’g an outer peripheral portion of a rotor provided so as to be integrally
rotatable with a corrésponding\, one of the wheels and eonﬁgﬁred to detect a rotation angle
of the rotor on the basis of a variation in electrical property of the detecting unit, and the
outer peripheral portion of the rotor may be configured to periodically cﬁange the electrical
property of the detecting unit with rotation of the retor. Fof example, the rotor may have
a gear shape in which a recess and a protrusion are alternately located at the outer
peripﬁeral portion or may be a magnetic rotor in which an'N pole and an S pole alternately
appear. |

-[0057]  In the invention, the wheel position identifying unit may include a sensor
identifying unit configured to identify any one of the vehicle body-side rotation sensors,
which has output the detected values having the smallest dispersion. |

-~ [00S8]  Inthe inveﬁtien,' the sensor identifying unit may include at least one of (a)
a first identifying unit configured to exclude the vehicle body-side rotation sensor that has
output the detected value that falls outside a corresponding first set range by acquiring

whether each of the detected values falls within the corresponding first set rarige and
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identify the last remaining one vehicle body-side rotation sensor as the vehicle body-side
rotatioh sensor corresponding to the target wheel and (b) a second identifying unit
configured to identify the vehicie body-side rotation sensor that has output the detected
values in which the number of the detected values that fall within a corresponding sécond
éet’ range is,the largest as the vehicle body-side rotation sensor corrésponding to the target
wheel. The ﬁ‘rst set range and the second set range méy be the same or may be different
from each other.

[0059]  In the invention, the vehicle body-side device may include a v.vheel.
position identification interrupting unit configured to interrupt identification of the wheel
position when a maximum value among -at 1eést\ one of the variation amounts of the
detected values of the plurality of vehicle body-side rotation sensci)‘rs during the time the

vehicle is stopped is larger than or equal to a predetermined set value. * For example, in

‘the case where the vehicle is stopped in the process of identifying the wheel position, .

identification of the wheel position may be interrupted when an ignition switch is turned
off, and identification of the wheel position may be continued after the vehicle starts
moving when the ignition switch remains in an on state. However, in a state where the

vehicle is stopped, if any one of the detected values of the vehicle body-side rotation

sensors varies not due to rotation of a corresponding one of the wheels, it is difficult to
- appropriately continue identification of the wheel position. In this case, when

“identification. of the wheel position is always interrupted, it is not desirable because

identification of the wheel position delays; however, whén the inﬂuenge of a variation In
{he any one of vthe detected values on identification of the wheel position is small,-
identification of the wheel position is allowed to be continued. Therefore, on.ly when the
maximum value of the variation amount is large and the influence on identification of the

wheel position is large, continued identification of the wheel position is interrupted.



WO 2014/102575 PCT/IB2013/002691

39
CLAIMS:

1. A wheel position identifying apparatus comprising:

~ wheel-side devices respectively provided at a plurality of wheels of a vehicle, each
wheel side device: havmg a wheel side rotation sensor conﬁgured to detect a rotation
position of a corresponding one of the wheels and a transmitting unit conﬁgured to
transmit wheel information, including at 1east identification 1nforma‘non set for the
corresponding one of the wheels, at timing at Wthh a position of the wheel-side rotatron
sensor with respect to the corresponding one of the wheels, determined on the basrq of a
detected value of the wheel-side rotation sensor, has reached a predetermined position; and

a vehicle body-s‘ide device provided at a vehicle body of the vehicle, the vehicle
body-side device having a receiver conﬁgured to receive the wheel information transmitted
fronﬁ each of the plurality of wheel-side device-s, vehicle body-side rotation sensors
t*éspectively cotresponding to the plurality of wheels and each ‘conﬁgnred to output a
detected value corresponding to the rotation position of a corresponding one of the wheels,
and a detected value processtng unit conﬁgured to, each time target wheel information that
is the wheel information transmitted from a target wheel-side: device that 1s one of the
nlurality of wheel-side devices is received by the receiver, cause each of the vehicle
body -side rotation sensors to detect the rotation position of a corresponding one of the
plurality of wheels and rdenttfy one of the vehicle body- side rotation sensors, which
corresponds to a target wheel that is the wheel from which the tar get wheel information has
been transmitted, on the basis of each of the detected values of the rotation positions of the
plurality of wheels, associate the identification information included in the target wheel
information with a position of the target wheel and, when the vehicle is placed ina se.t state
during operation of the wheel position identifying unit, process at least one of the detected
values of the plurality of vehicle body-side rotation sensors on the basis of the state of the

vehicle.

2. The wheel position identifying apparatus according to claim [, wherein
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-~ the detected value processing unit includes a correlation change suppressing unit
configured to suppress a change of a correiation between each of at least one of the
detected values of the plurality of vehicle body-side rotation sensors and a corresponding
one of the detected values of the wheel side rotatlon sensors correspondmg to the vehicle
body-side rotation sensors by processing the at least one of the detected values of the

plurality of vehicle body-side rotation sensors.

3. The wheel position identifying apparatus according to claim 1 or 2, wherein

the dete’cted"vélue processing unit includes one or more of a variation ighoring unit
configured to ignore a variation in at least one of the detected values of the plurality of
wheel-side rotatioh sensors, a detected value holding unit configured to kéep the at least
one of the detected vaiues cdnstant, and a count down unit configured to reduce count

-~

values that are the detected values of the plurality'of wheel-side rotation sensors.

4, The wﬁeel posit‘ion identifying apparatus according to any one of claims 1 to 3,
wherein |

the detected value processing unit includes a stopping detected value hblding unit
donﬁgured to keep the detected v_al.ue of each of the plurality of vehicle body-side rotatibn
sensors constant in at"jlﬂeast_'one' of a case where the vehicle is stopped and a E;asé where at

least one of a plurality of open-close members provided in the vehicle is open.

5. The wheel position identifying apparatus according to any one of claims 1 to 4,
wherem |

the detected value processing unit includes.a stopping variation ignoring unit

| configured to, during a predetermmed set period of time, when part of the detected values

of the plurality of vehicle body-side fotation sensors vary and the remainder of the detected

~ values do not vary, determine that thé vehicle is stopped and ignore the variation in each of

the detected veilues of the part of the vehicle body-side rotation sensors.
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6. The wheel position identifying apparatus according tc; any one of claims 1 to 5,
wl;erein |

the detected value proceésing unit includes a variation amount acquisition unit
configured to, when at {east one of the detected values of the plurality .of vehicle body-side
rétation Sensors has varied while the vehicle is stopped, acquire a variation amount of each
of the at least one of the detéctea values of -the plurality of vehicle body-side rotation
Sensors, and

the wheel position identifying unit inclﬁdes a variation amount dependent wheel
position identifying unit configured to identify the wheel position by considering thé
variation amount of the at least one of the detected’ values, acquired by the variation

amount acquisition unit.

7. The wheel position identi,fying apparatus' according to claim 6, wherein
the wheel position identifying unit includes a dispersion acquisition unit conﬁgu.r'ed
to determine whether each of the detected values of the plurality of vehicle body-side
rotation sensors falls within a set.range, and
the variation amount dependent wheel position identifying unit includes at léast one
of a set range individual changing unit configured to individually cﬁange the set range on
the basis of the variation amount of the detected value of the corresponding vehicle
body-side rotation sensor and a set range c.bmmon changing unit configured to uniformly
“change the set ranges on the basis of at least one variation amount of the at least one of the

detected values.

8. The wheel position identifying apparatus according to any one of claims 1to7,
wherein - |

the detected value brocessiﬁg unit includes a variation ignoring unit configured to
ignore a variation in part of the detected. values of the pIuralit‘y of vehicle body-side
rotc;ttiOn sensors when it has been detected that the vehicle is stopped and when the part of

the detected values of the vehicle body-side rotation sensors have varied and the remainder
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of the detected values of the vehicle body-side rotation sensors have not varied, and a
variation amount acquisition unit configured to acquire a variation a;hc;unt of each of the
detected values of the plurality of vehicle body-side rotation sensors when it has been
detected that the vehicle is stopped and when all the detected values of the plurality of

vehicle body-side rotation sensors have varied.

9. A wheel position identifying apparatus comprising:

wheel-side devices respectively provided at a plurality of wheels of a vehicle, each
wheel-side device having a wheel-side rotation sensor configured to detect a rotatioﬁ
position of a corresponding one of the wheels and a transmitting unit configured to
transmit wheel information, including at least identification information set for the
corresponding one of the wheels, at timing at which a position of the wheel-side rotation
sensor with respect to the corresponding one of the wheels, detefmined on the basis of a
detected value of the wheel-side rotation sensor, has reached a predetermined position; and

a vehicle body-side device provided at a vehicle body of the vehicle, the vehiclé
body-side device having a receiver configured to receive the wheel information transmitted
from each of the plurality ‘.of wheel-side devices, vehicle body-side rotation sensors
respectively correspondihg to the plurality of wheels and each conﬁguréd to output a
detected value corresponding to the rotation position of a corresponding one of the wheels,
and a wheel position identification continuing unit conﬁéured to,.each time target wheel
information that is the wheel information transmitted from a target wheel-side device that
is one of the plurality of wheel-side devices is received by the receiver, cause each of the
vehicle body-side rotation sensors to detect the rdtation positidn of a corresponding one of
the plurality of wheels and identify oné of the vehicle body-side rotation sensors, which
corresponds to a tafg_et wheel that is the whéel from which the target wheel information has
been transmittéd, on the basis of each of the detected values of the rotation positions of the
plurality of wheels, associate the identification information included in the target wheel
information with a position of the target wheel and, when the vehicle is placed in a set state

during operation of the wheel position identifying unit, ‘continue identifying the wheel
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position by considering the state.
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