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(54) Tire position determination system

(57) A tire position determination system includes a
tire pressure detector (4) coupled to a tire (2). A tire po-
sition determination unit locates the tire pressure detector
(4) and determines a mounting position of the tire (2). A
gravitational component force detection unit (10) gener-
ates gravitational force information of the tire pressure
detector (4). A characteristic value acquisition unit ac-
quires the angle of the tire pressure detector (4) from the
gravitational force information. The characteristic value

acquisition unit (19, 20) acquires a first characteristic val-
ue of the tire pressure detector (4) when a drive source
of the vehicle (1) is stopped and a second characteristic
value of the tire pressure detector (4) when the drive
source is started. A characteristic value comparator (21)
compares the first and characteristic values. An opera-
tion control unit (22) determines whether the mounting
position of the tire (2) has been changed based on the
comparison and controls the tire pressure monitoring unit
accordingly.
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Description

[0001] The present invention relates to a tire position
determination system that determines a mounting posi-
tion of a tire when monitoring air pressure of the tire.
[0002] Tire pressure monitoring systems are installed
in vehicles to improve safety. One type of a tire pressure
monitoring system directly monitors the air pressure of
each tire using a tire pressure detector coupled to each
tire that transmits a tire pressure signal. The tire pressure
signal includes data of the pressure detected by a sensor
in the tire pressure detector. The tire pressure signal also
includes a tire ID stored in the corresponding tire pressure
detector. This allows for the pressure to be recognized
and the tire to be located. When the pressure of a tire is
low, the driver is informed of the location of the lower
pressure tire.
[0003] The tire pressure monitoring system includes
an automatic locating function that periodically checks
the position of each tire so that the tire positions are ac-
curately stored even when the tire positions are changed
or a tire is exchanged. To implement the automatic lo-
cating function, an initiator (trigger device) may be ar-
ranged in the wheel well for each tire. The initiator trans-
mits a signal to a corresponding tire pressure detector to
locate the tire (refer to, for example, Japanese Laid-Open
Patent Publication Nos. 2006-062516 and
2012-126341).
[0004] The mounting position of a tire is changed when,
for example, the ignition switch is off, that is, when the
engine is stopped. Thus, when the ignition switch goes
on after changing the mounting position of a tire, there
is a need to readily determine whether or not the mount-
ing position of the tire has been changed. This may be
achieved by, for example, arranging an initiator in each
tire well and determining whether or not the mounting
position has been changed by checking the response
from each initiator. In this case, however, the initiator
arranged in each wheel well increases the number of
components.
[0005] It is an object of the present invention to provide
a tire position determination system that determines
whether or not the mounting position of a tire has been
changed with a simple structure and within a short period
of time.
[0006] One aspect of the present invention is a tire po-
sition determination system arranged in a vehicle includ-
ing a direct type tire pressure monitoring unit. The tire
position determination system includes a tire pressure
detector coupled to a tire. A tire position determination
unit locates the tire pressure detector and determines a
mounting position of the tire. A gravitational component
force detection unit is arranged in the tire pressure de-
tector. The gravitational component force detects gravi-
tational force applied to the tire pressure detector and
generates gravitational force information based on the
detected gravitational force. A characteristic value acqui-
sition unit acquires a characteristic value corresponding

to an angle of the tire pressure detector based on the
gravitational force information generated by the gravita-
tional component force detection unit. The characteristic
value acquisition unit acquires a first characteristic value
of the tire pressure detector when a drive source of the
vehicle is stopped. The characteristic value acquisition
unit acquires a second characteristic value of the tire
pressure detector when the drive source of the vehicle
is started. A characteristic value comparator compares
the first characteristic value and the second characteristic
value. An operation control unit determines whether the
mounting position of the tire has been changed based
on the comparison of the characteristic value compara-
tor. The operation control unit controls the tire pressure
monitoring unit based on the determination.
[0007] Other aspects and advantages of the present
invention will become apparent from the following de-
scription, taken in conjunction with the accompanying
drawings, illustrating by way of example the principles of
the invention.
[0008] The invention, together with objects and advan-
tages thereof, may best be understood by reference to
the following description of the presently preferred em-
bodiments together with the accompanying drawings in
which:

Fig. 1 is a diagram of a tire position determination
system in a first embodiment;
Fig. 2 is a diagram of a tire pressure detector capable
of detecting a gravitational component force;
Fig. 3 is a flowchart illustrating the procedures for
detecting tire position changes;
Fig. 4 is a diagram showing changes in the position
of a tire pressure detector before and after an ignition
switch goes ON;
Fig. 5 is a diagram of a tire position determination
system in a second embodiment;
Fig. 6 is a graph showing the axle rotation amount
and gravitational component force with respect to
time;
Figs. 7A and 7B show examples of combinations of
the axle rotation amount and the gravitational com-
ponent force;
Fig. 8 is a graph showing the axle rotation amount
and gravitational component force with respect to
time;
Fig. 9 is a diagram of a tire position determination
system in a third embodiment;
Fig. 10 is a waveform chart showing changes in the
axle rotation amount and the gravitational compo-
nent force; and
Fig. 11 is a diagram showing the angle of each tire
pressure detector.

First Embodiment

[0009] A first embodiment of a tire position determina-
tion system will now be described with reference to Figs.
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1 to 4.
[0010] Referring to Fig. 1, a vehicle 1 includes tires 2
(2a to 2d) and a tire pressure monitoring system (TPMS)
3 that monitors the air pressure of each tire 2. The tire
pressure monitoring system 3 includes a tire pressure
detector 4 arranged in each of the tires 2a to 2d. The tire
pressure detectors 4 (4a to 4d) are also referred to as
tire valves. The tire pressure monitoring system 3 is of a
direct type and transmits a tire pressure signal Stp to a
vehicle body 5 from each of the tire pressure detectors
4a to 4d to monitor the tire pressure of the tires 2a to 2d
at the vehicle body 5. The tire pressure monitoring system
3 corresponds to a tire pressure monitoring unit.
[0011] Each tire pressure detector 4 includes a con-
troller 6 that controls the operation of the tire pressure
detector 4. The controller 6 includes a memory 7 that
stores an ID unique to the corresponding tire 2. Each tire
pressure detector 4 includes a pressure sensor 8, which
detects the air pressure of the corresponding tire 2, a
temperature sensor 9, which detects the temperature of
the corresponding tire 2, and an acceleration sensor 10,
which detects the acceleration (rotation) of the tire 2. In
the tire pressure detector 4, the pressure sensor 8, the
temperature sensor 9, and the acceleration sensor 10
are connected to the controller 6. Each controller 6 is
connected to a transmission antenna 11 that transmits
radio waves on an ultrahigh frequency (UHF).
[0012] The vehicle body 5 includes a TPMS receiver
12 that receives the tire pressure signal Stp from each
tire pressure detector 4 and monitors the air pressure of
each tire 2. The TPMS receiver 12 includes a tire pres-
sure monitoring electronic control unit (ECU) 13, which
controls the operation of the TPMS receiver 12, and a
reception antenna 14, which receives radio waves on the
UHF band. The tire pressure monitoring ECU 13 includes
a memory 15 that stores the tire ID of each of the tires
2a to 2d in association with the tire mounting positions
(right front, left front, right rear, left rear). The TPMS re-
ceiver 12 is connected to a display 16 arranged on, for
example, an instrument panel in the passenger compart-
ment.
[0013] Referring to Fig. 2, the acceleration sensor 10
detects a gravitational component force Gr of the gravi-
tational force G as a gravitational force applied to the tire
pressure detector 4. The gravitational component force
Gr is directed toward the axle, that is, in a radial direction
of the corresponding tire. The tire pressure detector 4
uses the UHF band to transmit the tire pressure signal
Stp, which includes pressure data, temperature data,
gravitational component force data, and the tire ID. For
example, when the corresponding tire 2 rotates, the tire
pressure detector transmits the tire pressure signal Stp
in constant or irregular intervals to the vehicle body 5.
For example, when the tire pressure detector 4 detects
that the corresponding tire 2 is not rotating, the tire pres-
sure detector 4 transmits the tire pressure signal Stp in
intervals that are longer than or equal to when the tire 2
is rotating. The gravitational component force Gr is one

example of a characteristic value (first characteristic val-
ue and second characteristic value), and the tire pressure
signal Stp that includes the gravitational component force
data is one example of gravitational force information.
[0014] When the TPMS receiver 12 receives the tire
pressure signal Stp from each of the tire pressure detec-
tors 4a to 4d, the TPMS receiver 12 verifies the tire ID in
the tire pressure signal Stp. When the tire ID is verified,
the TPMS receiver 12 checks the pressure data in the
tire pressure signal Stp. If the pressure of the tire 2 is
less than or equal to a low pressure threshold, the TPMS
receiver 12 shows the tire 2 in association with its mount-
ing position on the display 16. Whenever the TPMS re-
ceiver 12 receives the tire pressure signal Stp, the TPMS
receiver 12 checks the air pressure of the tire 2 corre-
sponding to the tire pressure signal Stp and monitors the
air pressure of each of the tires 2a to 2d.
[0015] As shown in Fig. 1, the tire pressure monitoring
ECU 13 includes an automatic locating unit 17 that lo-
cates each of the tires 2a to 2d. The automatic locating
unit 17 may locate the tires 2a to 2d through any process.
However, when the tire pressure detector 4 includes the
acceleration sensor 10 that detects the gravitational com-
ponent force Gr, it is preferable that the tires 2a to 2d be
located through a process that uses the gravitational
component force Gr. Japanese Laid-Open Patent Pub-
lication No. 2011-209509 specifically describes an ex-
ample of such a process for locating a tire.
[0016] The automatic locating unit 17 is provided with
a tire position change detection function (tire rotation de-
tection function) that determines whether or not the
mounting positions of the tires 2 has been changed be-
fore and after the an ignition switch 18 goes on. Tire ro-
tation for changing the mounting positions of the tires 2
may be performed when the ignition switch 18 is OFF
and the engine is stopped. After the tire rotation is per-
formed, when the ignition switch 18 goes ON again, the
mounting positions of the tires 2 have been changed.
Thus, the automatic locating unit 17 checks whether or
not the mounting positions of the tires 2 have been
changed before and after the ignition switch 18 goes ON.
[0017] The tire pressure monitoring ECU 13 includes
an ignition monitoring unit 19, which monitors the ignition
switch 18 based on an ignition switch signal provided
from the ignition switch 18, and a gravitational component
force acquisition unit 20, which acquires the gravitational
component force data from the tire pressure signal Stp.
When the gravitational component force acquisition unit
20 receives the tire pressure signal Stp from each tire
pressure detector 4 with the reception antenna 14, the
gravitational component force acquisition unit 20 reads
the gravitational component force data from the tire pres-
sure signal Stp and acquires the gravitational component
force Gr. The gravitational component force acquisition
unit 20 acquires the gravitational component force Gr of
each of the tires 2a to 2d when the ignition switch 18
goes ON and goes OFF. The ignition monitoring unit 19
and the gravitational component force acquisition unit 20
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form one example of a characteristic value acquisition
unit.
[0018] The tire pressure monitoring ECU 13 includes
a gravitational component force comparator 21 that com-
pares a gravitational component force Gr1, which is de-
tected by each of the tire pressure detectors 4a to 4d
when the ignition switch 18 goes OFF, and a gravitational
component force Gr2, which is detected by each of the
tire pressure detectors 4a to 4d when the ignition switch
18 goes ON. The gravitational component force compa-
rator 21 checks whether or not the gravitational compo-
nent force Gr has changed before and after the ignition
switch goes ON. The gravitational component force com-
parator 21 is one example of a characteristic value com-
parator.
[0019] The tire pressure monitoring ECU 13 includes
an operation control unit 22 that determines whether or
not the mounting position of each of the tires 2a to 2d
has been changed based on the comparison of the grav-
itational component force comparator 21 and controls
the operation of the tire pressure monitoring system 3.
When the gravitational component force Gr of each of
the tires 2a to 2d is the same before and after the ignition
switch 18 goes ON, the operation control unit 22 deter-
mines that the mounting position of each of the tires 2a
to 2d has not been changed and shows the tires 2a to
2d at the previous mounting positions on the display 16.
If there is a change in the gravitational component force
Gr of any one of the four tires 2a to 2d when the ignition
switch 18 goes ON, the operation control unit 22 deter-
mines that the mounting position of a tire 2 has been
changed and shows a message such as "locating tires"
on the display 16 or does not show the mounting positions
of the tires 2 on the display 16.
[0020] The operation of the automatic locating unit 17
will now be described with reference to Figs. 3 and 4.
[0021] Referring to Fig. 3, in step S101, the gravita-
tional component force acquisition unit 20 determines
whether or not the ignition switch 18 is OFF from the
monitoring result of the ignition monitoring unit 19. That
is, the gravitational component force acquisition unit 20
determines whether or not the engine of the vehicle 1 is
stopped. If the ignition switch 18 is OFF, the gravitational
component force acquisition unit 20 proceeds to step
102. If the ignition switch 18 is not OFF, the gravitational
component force acquisition unit 20 waits at step S101
until the ignition switch 18 goes OFF.
[0022] In step S102, the gravitational component force
acquisition unit 20 acquires the gravitational component
force Gr1 of each of the four tires 2a to 2d when the
ignition switch 18 is OFF. The tire pressure detectors 4a
to 4d each transmit the tire pressure signal Stp at a dif-
ferent timing. When receiving each tire pressure signal
Stp, the gravitational component force acquisition unit 20
acquires the gravitational component force Gr1 of the
corresponding one of the tire pressure detectors 4a to 4d.
[0023] In step S103, the gravitational component force
acquisition unit 20 stores the four gravitational compo-

nent force Gr1 of the four tires 2a to 2d acquired in step
S102 in the memory 15 of the tire pressure monitoring
ECU 13.
[0024] In step S104, the gravitational component force
acquisition unit 20 determines whether or not the ignition
switch 18 has been switched ON from the monitoring
result of the ignition monitoring unit 19. That is, the grav-
itational component force acquisition unit 20 determines
whether or not the ignition switch 18 has been moved
from the IG position to the ACC ON position or the IG
ON position. If the ignition switch 18 is ON, the gravita-
tional component force acquisition unit 20 proceeds to
step 105. If the ignition switch 18 is OFF, the gravitational
component force acquisition unit 20 waits at step S104
until the ignition switch 18 goes ON.
[0025] In step S105, the gravitational component force
acquisition unit 20 acquires the gravitational component
force Gr2 of each of the four tires 2a to 2d when the
ignition switch 18 is ON. The tire pressure detectors 4a
to 4d each transmit the tire pressure signal Stp at a dif-
ferent timing. When receiving each tire pressure signal
Stp, the gravitational component force acquisition unit 20
acquires the gravitational component force Gr2 of the
corresponding one of the tire pressure detectors 4a to 4d.
[0026] In step S106, the gravitational component force
comparator 21 compares the gravitational component
force Gr1 and the gravitational component force Gr2 for
each of the four tires 2a to 2d. If the gravitational com-
ponent force Gr1 and the gravitational component force
Gr2 are the same in all of the four tires 2a to 2d, the
gravitational component force comparator 21 proceeds
to step S107. If the gravitational component force Gr1
and the gravitational component force Gr2 differs in any
one of the four tires 2a to 2d, the gravitational component
force comparator 21 proceeds to step S108.
[0027] In step S107, when the gravitational component
force Gr1 and the gravitational component force Gr2 are
the same in all of the four tires 2a to 2d before and after
the ignition switch 18 goes ON, the operation control unit
22 shows the previous mounting positions of the tires 2
on the display 16 near the driver seat. That is, the oper-
ation control unit 22 operates the automatic locating unit
17 in a normal manner and shows the previous mounting
positions of the tires 2 on the display 16. The previous
mounting positions are displayed because there are no
changes in the mounting positions of the tires 2a to 2d
that have been located before the ignition switch 18 goes
OFF.
[0028] Referring to Fig. 4, after the ignition switch 18
goes OFF, for example, when the four tires 2a to 2d un-
dergo rotation or are exchanged with new ones, the cou-
pled position of each of the tire pressure detectors 4a to
4d is changed in the tire rolling direction before and after
the ignition switch 18 goes ON. In this case, the gravita-
tional component force Gr1 differs from the gravitational
component force Gr2 in at least one of the four tires 2a
to 2d. Thus, the operation control unit 22 proceeds from
step S107 to step S108.
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[0029] In step S108, if the gravitational component
force Gr1 differs from the gravitational component force
Gr2 in at least one of the four tires 2a to 2d, the operation
control unit 22 shows a message such as "locating tires"
on the display 16. Instead of showing the message of
"locating tires," the display 16 may show none of the tire
mounting positions.
[0030] In step S109, the operation control unit 22 pro-
vides the automatic locating unit 17 with an automatic
locating request, and the automatic locating unit 17 per-
forms an automatic locating process. Thus, even when
the four tires 2a to 2d undergo rotation or are exchanged
with new ones, the correct mounting positions of the tires
2a to 2d are registered again to the tire pressure moni-
toring ECU 13.
[0031] When showing the message "locating tires" on
the display 16 in step S108, the previous tire positions
may also be shown on the display 16. This allows for a
user to recognize that since "locating tires" is shown, the
mounting positions of the tires 2 shown on the display 16
are inaccurate.
[0032] Further, for example, the vehicle body 5 may
intentionally be pushed when the ignition switch 18 is
OFF. This would roll the tires 2. Thus, even though the
mounting positions of the tires 2 have not been changed,
the coupled position of each of the tire pressure detectors
4a to 4d would be changed in the tire rolling direction,
and the message "locating tires" would be shown on the
display 16. In this case, however, the automatic tire lo-
cating performed when "locating tires" is shown would
obtain tire mounting positions that conform to the previ-
ous tire positions. In this manner, it does not matter that
the previous tire positions are shown on the display 16
when "locating tires" is shown.
[0033] The gravitational component force Gr of each
of the tires 2a to 2d needs to be stored in the memory 15
of the tire pressure monitoring ECU 13 immediately after
the ignition switch 18 goes OFF. Here, the phrase "im-
mediately after" means before lifting the vehicle body 5
with a jack or the like to perform rotation on the four tires
2a to 2d. Thus, the gravitational component force Gr may
be obtained immediately before the ignition switch 18
goes OFF. In this case, the phrase "immediately before"
refers to a period of time from when the gravitational com-
ponent force Gr is obtained to when the ignition switch
18 goes OFF that is too short for lifting the vehicle body
5 with a jack or the like and performing rotation on the
four tires 2a to 2d.
[0034] When the ignition switch 18 goes ON, the TPMS
receiver 12 obtains the gravitational component force Gr
again from each of the tire pressure detectors 4a to 4d.
However, the user may start driving the vehicle immedi-
ately after turning ON the ignition switch 18. Thus, it is
preferable that the gravitational component force Gr be
obtained constantly or periodically (in irregular cycles or
when radio waves are received for a slight fixed time).
This would allow changes in the mounting positions of
the tires 2 to be recognized even when the vehicle is

immediately driven after the ignition switch 18 goes ON.
[0035] The above embodiment has the advantages de-
scribed below.

(1) Each of the tire pressure detectors 4a to 4d trans-
mits the tire pressure signal Stp, which includes data
of the gravitational component force detected by the
acceleration sensor 10, to the TPMS receiver 12.
The TPMS receiver 12 acquires the gravitational
force component Gr1, which is obtained when the
ignition switch 18 goes OFF, and the gravitational
force component Gr2, which is obtained when the
ignition switch 18 goes ON. Then, the TPMS receiver
12 compares the gravitational force component Gr1
with the gravitational force component Gr2 to deter-
mine whether or not the mounting positions of the
tires 2 has been changed before and after the ignition
switch 18 goes ON. When the gravitational force
component Gr1 after the ignition switch 18 goes OFF
differs from the gravitational force component Gr2
after the ignition switch goes ON in of any one of the
four tires 2a to 2d, the TPMS receiver 12 determines
that the mounting positions of the tires 2 has been
changed, and shows the message "locating tires" on
the display 16 or does not show the mounting posi-
tions of the tires 2 on the display 16.

[0036] When the ignition switch 18 goes OFF and when
the ignition 18 then goes ON, the TPMS receiver 12 ob-
tains the gravitational component force Gr from each of
the tire pressure detectors 4a to 4d, and checks whether
the gravitational component force Gr has changed before
and after the ignition switch 18 goes ON to determine
whether or not the mounting positions of the tires 2 have
been changed. Accordingly, the determination of wheth-
er or not the mounting positions of the tires 2 has been
changed may be completed during the short period from
when the ignition switch 18 goes OFF to when the ignition
switch 18 goes ON. Further, changes in the mounting
positions of the tires 2 may be determined using the grav-
itational component forces Gr detected by the tire pres-
sure detectors 4a to 4d. This allows for changes in the
mounting positions of the tires 2 to be determined without
arranging an initiator or the like in each wheel well. Thus,
changes in the mounting positions of the tires 2 are de-
termined with a simple structure.

(2) If the TPMS receiver 12 determines that the
mounting positions of the tires 2 have not been
changed when the ignition switch 18 goes ON, the
TPMS receiver 12 shows the previously obtained
mounting positions of the tires 2 on the display 16.
Thus, the previous obtained data may be used to
show the mounting positions of the tires 2 on the
display 16.

(3) If the TPMS receiver 12 determines that the
mounting positions of the tires 2 have been changed
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when the ignition switch 18 goes ON, the display 16
shows the message "locating tires" or shows nothing
to notify the driver that the mounting positions of the
tires 2 have been changed. Thus, the driver may be
notified that the tire mounting positions have
changed during the period from when the ignition
switch 18 goes OFF to when the ignition switch 18
goes ON.

(4) If the TPMS receiver 12 determines that the tire
mounting positions have been changed when the
ignition switch 18 goes ON, the locations of the tires
are determined again with the tire locating function.
Thus, even if the mounting positions of the tires 2
are changed when the ignition switch 18 goes OFF,
the tire pressure monitoring ECU may reregister the
changed mounting positions of the tires 2.

(5) Even if the TPMS receiver 12 determines that the
mounting positions of the tires 2 have not been
changed when the ignition switch 18 goes ON, the
tire locating function continues to check the tire po-
sitions. Thus, even if the tire pressure detectors 4a
to 4d of the tires 2a to 2d are located at the same
positions before and after the positions of the tires
2a to 2d are changed, the tire pressure monitoring
ECU 13 ultimately reregisters the correct mounting
positions of the tires 2.

(6) The tire pressure detector 4 may constantly or
periodically transmit the gravitational component
force Gr when the vehicle 1 is not moving. Thus,
during the period in which the ignition switch 18 is
OFF, the tire pressure monitoring ECU 13 may col-
lect the gravitational component force Gr from each
of the tire pressure detectors 4a to 4d. As a result,
even if the user starts driving the vehicle 1 immedi-
ately after starting the engine, the determination of
changes in the mounting positions of the tires 2 may
be completed in advance before the vehicle 1 starts
moving.

Second Embodiment

[0037] A second embodiment will now be described
with reference to Figs. 5 to 8. The second embodiment
differs from the first embodiment in how changes in the
tire positions are determined. Like or same reference nu-
merals are given to those components that are the same
as the corresponding components of the first embodi-
ment. In the same manner as the first embodiment, the
tires are located with the tire locating function when the
vehicle 1 is not moving.
[0038] Referring to Fig. 5, the vehicle 1 includes an
axle rotation amount detectors 32 (32a to 32d) that detect
the rotation amount of axles 31 (31a to 31d) of the tires
2a to 2d. Each of the axle rotation amount detects 32a
to 32d includes, for example, an antilock brake sensor.

For example, each of the axle rotation amount detectors
32a to 32d includes a sensor on the vehicle body 5 to
detect a plurality of (e.g., 48) teeth formed on the corre-
sponding one of the axles 31a to 31d. Each of the axle
rotation amount detectors 32a to 32d provides the TPMS
receiver 12 with a pulse signal Spl having a rectangular
wave in accordance with the detection of the teeth. Each
of the axle rotation amount detectors 32a to 32d detects
the rising and falling of pulses for each rotation of the tire
to generate the pulse signal Spl with, for example, 96
pulses.
[0039] The tire pressure monitoring ECU 13 includes
an axle rotation amount acquisition unit 33 that acquires
the number of pulses in each pulse signal Spl provided
from the axle rotation amount detectors 32a to 32d cor-
responding to the axles 31a to 31d. That is, the axle ro-
tation amount acquisition unit 33 acquires the axle rota-
tion amount N for each of the axles 31a to 31d.
[0040] The tire pressure monitoring ECU 13 includes
a combined information calculator 34 and a combined
information storage 35. The combined information cal-
culator acquires combined information Dk (correlation)
of the axle rotation amount N and the gravitational com-
ponent force Gr for each of the tire pressure detectors
4a to 4d. The combined information storage 35 stores,
in the memory 15, the combined information Dk obtained
immediately before the ignition switch 18 goes OFF for
each of the tires 2a to 2d that has undergone tire location
(automatic location). For example, the information stor-
age 35 stores the combined information Dk in response
to a drive source stop signal immediately before the drive
source of the vehicle 1 stops. The combined information
calculator 34 obtains the combined information of each
of the tire pressure detectors 4a to 4d. The combined
information storage 35 continues to store the combined
information in the memory 15 even after the ignition
switch 18 goes OFF. The tire pressure monitoring ECU
13 includes an expected value computer 36 that com-
putes expected values of the combination of the axle ro-
tation amount N and the gravitational component force
Gr when the tires 2a to 2d rotate after the ignition switch
18 goes ON. The tire pressure monitoring ECU 13 in-
cludes an information comparator 37 that compares the
combined information Dk newly acquired when the vehi-
cle 1 starts to travel again and the combined information
Dk stored in the memory 15. The combined information
comparator 37 is one example of a characteristic value
comparator.
[0041] When the vehicle 1 first stops after the ignition
switch 18 goes ON, the operation control unit 22 deter-
mines the mounting positions of the tires 2 based on the
data of the gravitational component force in the tire pres-
sure signal Stp from each of the tire pressure detectors
4a to 4d. For example, the operation control unit 22
checks whether or not the combination of the axle rotation
amount N and the gravitational component force Gr ac-
quired from each of the tire pressure detectors 4a to 4d
after the ignition switch 18 goes ON conforms to the ex-
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pected values to determine whether or not the mounting
positions of the tires 2 have been changed.
[0042] The detection of tire position changes in the sec-
ond embodiment will now be described with reference to
Figs. 6 to 8. It is assumed here that the tire location has
been completed, and the ID of the right front tire that is
ID1 has already been obtained.
[0043] Referring to Fig. 6, the combined information
calculator 34 periodically acquires the gravitational com-
ponent force Gr from the right front tire pressure detector
4a. The combined information calculator 34 checks the
present axle rotation amount N of the right front axle ro-
tation amount detector 32a and acquires the combined
information Dk of the axle rotation amount N and the grav-
itational component force Gr. The combined information
calculator 34 calculates the combined information when-
ever acquiring the gravitational component force Gr from
the right front tire pressure detector 4a.
[0044] When the ignition switch 18 goes OFF, the com-
bined information storage 35 stores, in the memory 15,
the combined information Dk acquired immediately be-
fore the ignition switch 18 goes OFF or the moment the
ignition switch 18 goes OFF. Thus, even when the ignition
switch 18 subsequently goes OFF, the combined infor-
mation Dk remains stored in the memory 15.
[0045] Figs. 7A and 7B show the correlation of the axle
rotation amount N and the gravitational component force
Gr. As shown in Fig. 7A, for example, when the tire pres-
sure detector 4 is located at a zero o’clock position of the
corresponding tire 2 that is opposite to the portion con-
tacting the road surface, the axle rotation amount N is,
for example, "10." In this case, as shown in Fig. 7A, when
the tire pressure detector 4 is located at a six o’clock
position of the corresponding tire 2 where the tire 2 con-
tacts the road surface, the axle rotation amount N is "58
(10+48)." In this manner, there is a correlation between
the axle rotation amount N and the gravitational compo-
nent force Gr. This correlation is satisfied as long as the
mounting position of the tire 2 is not changed.
[0046] Referring to Fig. 6, when the vehicle 1 first stops
at point P1 after the ignition switch 18 goes ON, for ex-
ample, the right front tire pressure detector 4a stops at
six o’clock position where the tire 2 contacts the road
surface, and the tire pressure detector 4a transmits the
tire pressure signal Stp, which includes the gravitational
component force data, to the vehicle body 5. The gravi-
tational component force acquisition unit 20 determines
from the right front tire pressure signal Stp that the grav-
itational component force Gr is "-1G." Further, the axle
rotation amount acquisition unit 33 acquires "58" as the
axle rotation amount obtained by the right front axle ro-
tation amount detector 32a.
[0047] Based on the combined information Dk stored
in the memory 15, the expected value computer 36 com-
putes values that may be expected when the front right
tire 2a rotates. Thus, the combined information compa-
rator 37 compares the expected value with the combina-
tion of the axle rotation amount N and the gravitational

component force Gr acquired at point P1 to determine
whether or not the tire position has been changed. Here,
when the axle rotation amount N and the gravitational
force component Gr at point P1 conform to the expected
values, the operation control unit 22 determines that the
mounting position of the tire 2 has not been changed.
When the axle rotation amount N and the gravitational
force component Gr at point P1 differ from the expected
values, the operation control unit 22 determines that the
mounting position of the tire 2 has been changed.
[0048] When the expected values are obtained for all
four of the tires 2, the operation control unit 22 determines
that the tires 2a to 2d have not been rotated during the
period the ignition switch 18 is OFF. Thus, the operation
control unit 22 shows the previous tire positions on the
display 16 in front of the driver seat. When the expected
values are not obtained for any one of the four tires 2,
the operation control unit 22 determines that the mount-
ing position of the tire 2 has been changed. Thus, the
operation control unit 22 provides the automatic locating
unit 17 with an automatic locating request, and the auto-
matic locating unit 17 performs automatic locating.
[0049] Fig. 8 is one example showing how the mount-
ing position of the tire 2 is determined when the ignition
switch 18 goes ON and the vehicle 1 starts to move. In
this case, the tire pressure detector 4 functions to deter-
mine whether or not the vehicle 1 will stop. For example,
when the gravitational component force Gr does not
change for a certain time or longer (e.g., ten minutes or
longer), the tire pressure detector 4 determines that the
vehicle 1 is stopped. When determining that the vehicle
1 has first moved after the vehicle 1 was stopped, the
tire pressure detector 4 transmits the tire pressure signal
Stp that includes the measured gravitational component
force Gr. The TPMS receiver 12 uses the gravitational
component force Gr in the tire pressure signal Stp to de-
termine whether or not the tire position has been
changed.
[0050] The determination of whether or not a tire posi-
tion has been changed is performed when the vehicle 1
is moving. In this case, the tire pressure signal Stp needs
to include information indicating that the tire pressure sig-
nal Stp is a signal used to check whether or not the tire
mounting position has been changed.
[0051] In the second embodiment, the combined infor-
mation Dk is a combination obtained immediately before
the ignition switch 18 goes OFF but does not necessarily
have to be obtained immediately before the ignition
switch 18 goes off. Under normal circumstances, the
pulse signal Spl of the axle rotation amount detector 32
and the output of the acceleration sensor 10 may be de-
viated whenever the vehicle 1 stops. However, when ob-
tained immediately before the ignition switch 18 goes
OFF, the accumulation of errors is suppressed. This al-
lows for accurate determinations. However, such errors
often result from the accuracy of the acceleration sensor
10.
[0052] Thus, the combined information Dk may be de-
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termined and calculated from, for example, multiple sets
of information obtained immediately before the ignition
switch 18 goes OFF. A specific example of such process-
ing is an averaging process that averages multiple val-
ues. Another example is a weighting process (fuzzy proc-
ess) that weights each of the multiple values. The weight-
ing process adds, for example, 50% to the value imme-
diately before the ignition switch 18 goes OFF, 30% to
the one before that value, 20% to the one before the
value of 30%, and 10% to the next value. This calculates
the combined information Dk in which errors have been
absorbed.
[0053] In addition to advantages (1) to (6) of the first
embodiment, the second embodiment has the advantag-
es described above.

(7) When the ignition switch 18 goes OFF, the com-
bined information Dk of the axle rotation amount N
and the gravitational component force Gr obtained
immediately before the ignition switch 18 goes OFF
is stored in the memory 15 and continuously used
after the ignition switch 18 goes ON again. After the
ignition switch 18 goes ON, the TPMS receiver 12
compares the combined information Dk acquired af-
ter the four tires 2a to 2d are rotated with the expected
values obtained from the combined information Dk
stored in the memory 15 to determine whether or not
the tire positions have been changed. When the
combined information Dk acquired after the ignition
switch 18 goes OFF conforms to the expected val-
ues, the TPMS receiver 12 determines that the
mounting positions of the tires 2 have not changed.
When the combined information Dk acquired after
the ignition switch 18 goes ON conforms to the ex-
pected values, the TPMS receiver 12 determines
that the mounting positions of the tires 2 have been
changed. Thus, even if the gravitational component
force Gr cannot be transmitted because the vehicle
1 starts to move immediately after the ignition switch
18 goes ON, changes in the mounting positions of
the tires 2 may be determined.

(8) After the ignition switch 18 goes ON, the TPMS
receiver 12 transmits the gravitational component
force Gr to the TPMS receiver 12 from each of the
tire pressure detectors 4a to 4d when the vehicle 1
first stops, and determines whether or not the tire
positions have been changed with the gravitational
component force Gr. This allows for the determina-
tion of whether or not the tire positions have been
changed to be completed within a short period of
time from when the ignition switch 18 goes ON to
when the vehicle 1 first stops.

(9) The combined information Dk stored in the mem-
ory 15 includes sets of combined information ac-
quired immediately before the ignition switch 18 goes
OFF. Thus, although the axle rotation amount N and

the gravitational component Gr may be deviated
whenever the vehicle 1 is stopped, errors in the com-
bined information Dk stored in the memory 15 may
be reduced as long as the combined information Dk
is acquired immediately before the ignition switch 18
goes OFF.

(10) The determination of whether or not the tire po-
sitions have been changed may be readily complet-
ed by transmitting tire position determination radio
waves from the tire pressure detectors 4a to 4d when
the vehicle 1 first moves after stopping. Thus, after
the vehicle 1 starts to move, the driver may readily
be informed whether or not the tire positions have
been changed.

(11) The combined information Dk stored in the
memory 15 may be obtained from values acquired
immediately before the ignition switch 18 goes off by
performing an averaging process, a weighting proc-
ess, or the like. In this case, the combined informa-
tion Dk may be accurately calculated.

Third Embodiment

[0054] A third embodiment will now be described with
reference to Figs. 9 to 11. The third embodiment is an
improvement of the second embodiment.
[0055] Referring to Fig. 9, the controller 6 of each of
the tire pressure detectors 4 includes a peak detector 41
and a peak information transmitter 42. The peak detector
41 detects the peak of the gravitational component force
Gr indicating that the tire pressure detector 4 is located
at a peak in the tire rotating direction. The peak informa-
tion transmitter 42 notifies the TPMS receiver 12 of the
peak information Spk when the gravitational component
force Gr reaches the peak. The peak detector 41 detects,
for example, the minimum value of the gravitational com-
ponent force Gr in which the tire pressure detector 4 is
located at a 12 o’clock position where the tire 2 comes
into contact with the road surface. The peak information
Spk is one kind of signal including a tire ID and a com-
mand for notification of detection of a gravitational com-
ponent force Gr including the peak value. For example,
when determining that the velocity of the vehicle 1 has
become low based on the changing amount of the grav-
itational component force Gr, the peak information trans-
mitter 42 transmits the peak information Spk. The peak
detector 41 and the peak information transmitter 42 form
one example of a characteristic acquisition unit, and the
peak information Spk is one example of gravitational in-
formation.
[0056] The tire pressure monitoring ECU 13 includes
a peak information acquisition unit 43 that acquires the
peak information Spk transmitted from each of the tire
pressure detectors 4a to 4d with the TPMS receiver 12.
Further, the pressure monitoring ECU 13 includes a de-
tector angle calculator 44 that calculates the detector an-

13 14 



EP 2 711 205 A1

9

5

10

15

20

25

30

35

40

45

50

55

gle θk of each of the tire pressure detectors 4a to 4d. The
detector angle calculator 44 stores the axle rotation
amount Cn (n = 1 to 4) of a representative wheel 45 when-
ever the peak information Spk is received from each of
the tire pressure detectors 4a to 4d. After the axle rotation
amount Cn is obtained for every one of the wheels, the
detector angle θk is calculated for each of the tire pres-
sure detectors 4a to 4d based on the axle rotation amount
Cn of every one of the wheels and the axle rotation
amount Cref of the present representative wheel 45. The
detector angle θk is one example of a characteristic value
(first characteristic value and second characteristic val-
ue), and the peak information acquisition unit 43 and the
detector angle calculator 44 form one example of a char-
acteristic value acquisition unit.
[0057] Fig. 10 is a waveform diagram of the axle rota-
tion amount and the gravitational component force. The
detector angle calculator 44 acquires the axle rotation
amount Cn (n = 1 to 4) of the representative wheel 45
when the gravitational component force Gr reaches the
peak (12 o’clock position). For example, when ID3 (e.g.,
right rear tire pressure detector 4c) is located at the 12
o’clock position, the axle rotation amount C1 of the rep-
resentative wheel 45 is "13." When ID2 (e.g., left front
tire pressure detector 4b) is located at the 12 o’clock po-
sition, the axle rotation amount C2 of the representative
wheel 45 is "27." When ID1 (e.g., right front tire pressure
detector 4a) is located at the 12 o’clock position, the axle
rotation amount C1 of the representative wheel 45 is "40."
When ID4 (e.g., left rear tire pressure detector 4d) is lo-
cated at the 12 o’clock position, the axle rotation amount
C4 of the representative wheel 45 is "71."
[0058] If the axle rotation amounts C1 to C4 are all
acquired when the tire pressure detectors 4a to 4d are
all located at the 12 o’clock position, the detector angle
θk of each of the tire pressure detectors 4a to 4d is cal-
culated at a certain timing, for example, when the axle
rotation amount Cref of the representative wheel 45
reaches "83." The certain timing may be after a prede-
termined period elapses from when the axle rotation
amounts C1 to C4 of all four wheels are acquired or may
be the moment the axle rotation amount Cn for the final
one of the four wheels is obtained.
[0059] Referring to Fig. 11, the detection angle θk of
each of the tire pressure detectors 4a to 4d is an angle
advanced by a predetermined number of pulses from the
12 o’clock position. When the pulse is "83" for the repre-
sentative wheel 45, the certain determination timing for
ID3 is 262.5 degrees (=(83-13)x360/96) using the 12
o’clock position as a reference (0 degrees). The certain
determination timing for ID2 is 210 degrees (=(83-27)
3360/96) using the 12 o’clock position as a reference (0
degrees). The certain determination timing for ID1 is
161.25 degrees (=(83-40)x360/96) using the 12 o’clock
position as a reference (0 degrees). The certain deter-
mination timing for ID4 is 45 degrees (=(83-71)3360/96)
using the 12 o’clock position as a reference (0 degrees).
[0060] When the detector angle θk is calculated in each

of the tire pressure detectors 4a to 4d for the four wheels,
the combined information calculator 34 reads the axle
rotation amount C of each of the axle rotation amount
detectors 32a to 32d the moment the angle calculation
is completed and then calculates the set of the detector
angle θk and the axle rotation amount C for each wheel
as the combined information Dk. The combined informa-
tion calculator 34 calculates the combined information
Dk whenever new peak information Spk for the four
wheels is received and the detector angle θk is calculat-
ed. When the ignition switch 18 goes OFF, the combined
information storage 35 stores the combined information
Dk acquired immediately before the ignition switch 18
goes OFF (may be the moment the ignition switch 18
goes OFF) in the memory 15.
[0061] It is assumed here that the ignition switch 18
goes ON again and the vehicle 1 starts to move. When
the vehicle 1 moves, the operation control unit 22 com-
pares the combined information Dk first calculated after
the vehicle 1 starts to move with expected values ob-
tained from the combined information stored in the mem-
ory 15 to determine whether or not the mounting positions
of the tires 2 have been changed. When the combined
information Dk is in conformance, the operation control
unit 22 determines that the mounting positions of the tires
2 have not been changed. Otherwise, the operation con-
trol unit 22 determines that the mounting positions of the
tires 2 have been changed.
[0062] In addition to advantages (1) to (11) of the above
embodiment, the present embodiment has the advantag-
es described below.

(12) In the determination of the present example, the
detector angle θk may accurately be calculated even
when the gravitational force Gr detected by the ac-
celeration sensor 10 includes an error caused by the
temperature, an error caused by the centrifugal force
during tire rotation, or the like. Thus, tire positions
changes may be accurately determined.

(13) The determination of whether or not the mount-
ing positions of the tires 2 have been changed is
performed when the vehicle 1 is moving at a low
velocity. This avoids interference between the peak
information Spk transmitted from each of the tire
pressure detectors 4a to 4d. Thus, the determination
of whether or not the tire mounting positions have
been changed may be completed within a short pe-
riod of time.

(14) The vehicle 1 does not have to be stopped to
determine changes in the tire mounting positions.
Thus, the detector angle θk may be obtained at the
desired timing under a low velocity.

[0063] It should be apparent to those skilled in the art
that the present invention may be embodied in many oth-
er specific forms without departing from the spirit or scope
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of the invention. Particularly, it should be understood that
the present invention may be embodied in the following
forms.
[0064] In each of the above embodiments, the tire pres-
sure detector 4 may transmit the tire pressure signal Stp,
for example, when the acceleration sensor 10 detects
that the rotation of the corresponding tire 2 has stopped.
[0065] In each of the above embodiments, the tire pres-
sure detector 4 does not necessarily have to include the
detected gravitational component force Gr in the tire
pressure signal Stp. For example, the tire pressure de-
tector 4 may solely transmit the gravitational component
force Gr.
[0066] In each of the above embodiments, the tire po-
sition may be determined by, for example, specifying the
position of the tire pressure detector 4 from a received
signal strength indicator when the TPMS receiver 12 re-
ceives the tire pressure signal Stp.
[0067] In each of the above embodiments, the gravi-
tational component force Gr1 acquired when the ignition
goes OFF may be, for example, data collected immedi-
ately before the ignition switch 18 goes OFF.
[0068] In each of the above embodiments, the accel-
eration sensor 10 may be of a two-axis detection type
that detects a component force orthogonal to the gravi-
tational component force Gr in addition to the gravitation-
al component force Gr in the direction of the axle.
[0069] In each of the above embodiments, the state of
the ignition switch 18 may be determined by a signal re-
ceived from another member such as a body that man-
ages the power for electric devices. Instead of an ignition
signal, any signal may be used as long as the signal
allows for determination that the engine is stopped. For
example, the gravitational component force acquisition
unit 20 acquires the gravitational component force Gr1
for each of the four tires 2a to 2d when the drive source
of the vehicle 1 is stopped and when the drive source of
the vehicle 1 is started.
[0070] In each of the above embodiments, the deter-
mination for changing the mounting positions of the tires
2 does not have to be performed for all of the four tires
2a to 2d and may be performed on at least one wheel.
[0071] In the second and third embodiments, the ac-
tually measured combined information Dk and the ex-
pected values do not have to be completely in conform-
ance and a certain amount of error may be allowed.
[0072] In each of the above embodiments, the radio
waves transmitted from the tire pressure detector 4 when
the vehicle 1 starts to travel is not limited to the tire pres-
sure signal Stp and may be, for example, radio waves
exclusively dedicated for tire position change determina-
tion. The signal includes at least the gravitational com-
ponent force data and the tire ID.
[0073] In each of the above embodiments, the accel-
eration sensor 10 is not limited to a sensor that detects
the gravitation component force Gr in the direction of the
axle. The acceleration sensor 10 may be a sensor that
detects gravitational component force only in a direction

orthogonal to the direction of the axle or a two-axis sensor
that detects gravitational component force in the axle di-
rection and the orthogonal direction.
[0074] In each of the above embodiments, the gravi-
tational component force may be a component force in
a direction orthogonal to the axle direction.
[0075] In each of the above embodiments, the gravi-
tational component force detection unit is not limited to
the acceleration sensor 10 and may be any sensor that
detects the gravitational force generated at the tire pres-
sure detector 4.
[0076] In each of the above embodiments, the axle ro-
tation amount detector does not have to be an ABS sen-
sor and may be any sensor that may detect the rotation
amount of the axle 31.
[0077] In each of the above embodiments, the deter-
mination of whether or not the vehicle 1 has stopped may
be based on, for example, vehicle velocity data output
from a meter ECU or the like.
[0078] In each of the above embodiments, the tire po-
sition change determination may include a spare tire.
[0079] In each of the above embodiments, the deter-
mination of the previous coupling positions does not have
to be performed when the vehicle 1 is stopped or parked
and may be performed when, for example, the vehicle 1
is travelling slow enough as to be regarded as being
stopped.
[0080] In each of the above embodiments, the auto-
matic locating (e.g., calculation of the detector angle θk)
may be performed in any manner using the gravitational
component force.
[0081] The present examples and embodiments are to
be considered as illustrative and not restrictive, and the
invention is not to be limited to the details given herein,
but may be modified within the scope and equivalence
of the appended claims.
[0082] A tire position determination system includes a
tire pressure detector (4) coupled to a tire (2). A tire po-
sition determination unit locates the tire pressure detector
(4) and determines a mounting position of the tire (2). A
gravitational component force detection unit (10) gener-
ates gravitational force information of the tire pressure
detector (4). A characteristic value acquisition unit ac-
quires the angle of the tire pressure detector (4) from the
gravitational force information. The characteristic value
acquisition unit (19, 20) acquires a first characteristic val-
ue of the tire pressure detector (4) when a drive source
of the vehicle (1) is stopped and a second characteristic
value of the tire pressure detector (4) when the drive
source is started. A characteristic value comparator (21)
compares the first and characteristic values. An opera-
tion control unit (22) determines whether the mounting
position of the tire (2) has been changed based on the
comparison and controls the tire pressure monitoring unit
accordingly.
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Claims

1. A tire position determination system arranged in a
vehicle (1) including a direct type tire pressure mon-
itoring unit, the tire position determination system
comprising:

a tire pressure detector (4) coupled to a tire (2);
a tire position determination unit (17) that locates
the tire pressure detector (4) and determines a
mounting position of the tire (2);
a gravitational component force detection unit
(10) arranged in the tire pressure detector (4),
wherein the gravitational component force de-
tects gravitational force applied to the tire pres-
sure detector (4) and generates gravitational
force information based on the detected gravi-
tational force;
a characteristic value acquisition unit (19,20)
that acquires a characteristic value correspond-
ing to an angle of the tire pressure detector (4)
based on the gravitational force information gen-
erated by the gravitational component force de-
tection unit (10), wherein the characteristic value
acquisition unit (19,20) acquires a first charac-
teristic value of the tire pressure detector (4)
when a drive source of the vehicle (1) is stopped,
and the characteristic value acquisition unit
(19,20) acquires a second characteristic value
of the tire pressure detector (4) when the drive
source of the vehicle (1) is started;
a characteristic value comparator (21, 37) that
compares the first characteristic value and the
second characteristic value; and
an operation control unit (22) that determines
whether the mounting position of the tire (2) has
been changed based on the comparison of the
characteristic value comparator (21), wherein
the operation control unit (22) controls the tire
pressure monitoring unit based on the determi-
nation.

2. The tire position determination system according to
claim 1, wherein
the tire pressure detector (4) is one of a plurality of
tire pressure detectors (4) respectively coupled to a
plurality of tires (2), and
the characteristic value acquisition unit (19,20) ac-
quires a characteristic value based on the angle of
each of the tire pressure detectors (4).

3. The tire position determination system according to
claim 1 or 2, wherein when determining that the
mounting position of the tire (2) has not been
changed, the operation control unit (22) shows the
mounting position of the tire (2) acquired in the pre-
vious determination on a display of the tire pressure
monitoring unit.

4. The tire position determination system according to
any one of claims 1-3, wherein when determining
that the mounting position of the tire (2) has been
changed, the operation control unit (22) indicates
that the mounting position of the tire (2) has been
changed on a display of the tire pressure monitoring
unit.

5. The tire position determination system according to
any one of claims 1-4, wherein when determining
that the mounting position of the tire (2) has been
changed, the operation control unit (22) has the tire
position determine unit determine the mounting po-
sition of the tire (2) again.

6. The tire position determination system according to
any one of claims 1-5, wherein
after the tire position determination unit (17) deter-
mines that the mounting position of the tire (2) has
not been changed, the tire position determination
unit (17) determines the mounting portion of the tire
(2) in fixed cycles or irregular cycles; and
when the tire position determination unit (17) deter-
mines that the mounting position of the tire (2) has
been changed, the tire position determination unit
(17) reregisters the mounting position of the tire (2)
and updates information of the mounting position
shown on a display of the tire pressure monitoring
unit.

7. The tire position determination system according to
any one of claims 1-6, wherein
the tire pressure detector (4) constantly or periodi-
cally transmits the gravitational force information re-
gardless of whether the drive source is stopped or
operating;
the characteristic value acquisition unit (19,20) re-
ceives the gravitational information from the tire
pressure detector (4) to acquire the gravitational in-
formation when the drive source is stopped.

8. The tire position determination system according to
any one of claims 1-7, further comprising:

an axle rotation amount detector (32) that de-
tects a rotation amount of an axle;
a rotation amount acquisition unit (33) that ac-
quires a rotation amount of the axle from the
detection of the axle rotation amount detector
(32);
a combined information calculator (34) that cal-
culates combined information of the axle rota-
tion amount and the characteristic value, which
are acquired when the drive source of the vehi-
cle (1) is stopped;
an information storage (35) that stores the com-
bined information generated by the combined
information calculator (34); and
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an expected value computer (36) that computes
expected values of the axle rotation amount and
the characteristic value acquired when the tire
rotates based on the combined information;
wherein the characteristic value comparator (21,
37) compares the expected values with the axle
rotation amount and the characteristic value that
are acquired after the drive source of the vehicle
(1) is started to determine whether or not the
coupling position of the tire (2) has been
changed.

9. The tire position determination system according to
claim 8, wherein the operation control unit (22) de-
termines whether or not the mounting position of the
tire (2) has been changed when the characteristic
value is first calculated after the drive source of the
vehicle (1) is started.

10. The tire position determination system according to
claim 8, wherein the operation control unit (22) de-
termines whether or not the mounting position of the
tire (2) has been changed when first receiving radio
waves transmitted from the tire pressure detector (4)
after the drive source of the vehicle (1) is started.

11. The tire position determination system according to
any one of claims 8-10, wherein the information stor-
age stores a combination of the axle rotation amount
and the characteristic value in response to a drive
source stop signal immediately before the drive
source of the vehicle (1) is stopped.

12. The tire position determination system according to
any one of claims 8-10, wherein
the combined information calculator acquires the ax-
le rotation speed and the characteristic value for a
number of times in response to a drive source stop
signal immediately before the drive source of the ve-
hicle (1) is stopped, and
the information storage acquires a set of the com-
bined information immediately before the drive
source of the vehicle (1) stops based on multiple
combinations of the axle rotation amount and the
characteristic value.

13. The tire position determination system according to
any one of claims 1-12, wherein the characteristic
value corresponding to a rotational angle of the tire
pressure detector (4) includes a gravitational com-
ponent force.

14. The tire position determination system according to
claim 2, wherein the characteristic value acquisition
unit (19,20) uses an axle rotation amount of a rep-
resentative wheel when the characteristic value is
acquired and an axle rotation amount of the repre-
sentative wheel at a certain timing to acquire a rota-

tional angle of each of the tire pressure detectors (4)
as the characteristic value.
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