
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

71
1 

20
4

A
1

TEPZZ 7__ Z4A_T
(11) EP 2 711 204 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
26.03.2014 Bulletin 2014/13

(21) Application number: 12786626.7

(22) Date of filing: 20.02.2012

(51) Int Cl.:
B60C 23/02 (2006.01) B60C 23/04 (2006.01)

G01L 17/00 (2006.01) G08C 17/02 (2006.01)

(86) International application number: 
PCT/JP2012/053976

(87) International publication number: 
WO 2012/157308 (22.11.2012 Gazette 2012/47)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 17.05.2011 JP 2011110001
23.05.2011 JP 2011115005

(71) Applicant: Nissan Motor Co., Ltd
Yokohama-shi, Kanagawa 221-0023 (JP)

(72) Inventors:  
• SHIMA Takashi

Kanagawa 243-0123 (JP)
• SAKAGUCHI Kazuo

Kanagawa 243-0123 (JP)
• TERADA Syoji

Kanagawa 243-0123 (JP)

(74) Representative: Hoefer & Partner
Pilgersheimer Straße 20
81543 München (DE)

(54) TIRE AIR PRESSURE MONITOR DEVICE

(57) The purpose of the present invention is to pro-
vide a tire air pressure monitoring device capable for ac-
curately determining the wheel position of a transmitter.
In order to achieve this object, the tire air pressure mon-
itoring device comprises: a transmitter (2d) installed on
each wheel (1) for transmitting detected air pressure in-
formation in a wireless signal; a rotational position de-
tection mechanism (wheel speed sensor (8), ABSCU (6))
disposed on the vehicle body side corresponding to each
wheel (1), and which detects the rotational position
(wheel speed pulse) of each wheel (1) and also outputs
rotational position information (count value of wheel

speed pulse) to a communications line (CAN communi-
cations line (7)) at prescribed time intervals (ΔT0) (cycle
20 msec); and a vehicle body side rotation position esti-
mation mechanism (rotation position calculation unit
(4a)) that estimates the rotational position (number of
teeth (zt2)) at the time of transmission (transmission com-
mand time (t2)) by the transmitters (2d), on the basis of
the reception information (reception completion time (t4))
for the wireless signal from the transmitters (2d) and the
rotation position information (input times (t1, t5), number
of teeth (zt1, zt5)) for the wheels (1) input via the commu-
nications line (CAN communications line (7)).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a tire pressure monitoring device for monitoring an air pressure of each tire of
a vehicle.

BACKGROUND ART

[0002] Conventionally, a tire air pressure monitoring device for determining on which wheel position (the mounting
position of a tire relative to the vehicle) a transmitter of a tire pressure sensor installed to a tire of each wheel is positioned
(Patent Document 1, for example).

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0003] Patent Document 1: JP 2007-245982 A:

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0004] During a vehicle running, the transmitter rotates together with the wheel and the difference may occur in the
rotation speeds among the respective wheels. Therefore, in order to accurately determine the wheel position of the
transmitter, it is preferable to accurately detect a rotational position (rotational angle) at which the transmitter of each
wheel performs transmission on a side of vehicle body. However, if the rotational position information of the wheel
detected by the vehicle body side is input discretely (sporadically at a predetermined time interval), it may be difficult to
detect the rotational position accurately on the vehicle body side with a possibility of deterioration in the detection accuracy
of the transmitter. An object of the present invention is to provide a tire pressure monitoring device that can determine
more precisely the wheel position of the transmitter.

MECHANISM FOR SOLVING THE PROBLEM

[0005] In order to achieve the above object, according to the present invention, on the basis of the information received
from the transmitter and the rotational position information of the wheels input discretely, the rotational position of the
transmitter is estimated.

EFFECT OF THE INVENTION

[0006] Accordingly, since it is possible to detect more accurately the rotational position of a transmitter of each wheel
at the transmission from the transmitter so that the wheel position of the transmitter may be detected more accurately.

BRIEF DESCRIPTION OF DRAWINGS

[0007]

FIG. 1 is a configuration diagram illustrating a configuration of the tire air pressure monitoring device in a first
embodiment;

FIG. 2 is a configuration diagram of a TPMS sensor 2;

FIG. 3 is a diagram illustrating transmission method of each frame of the TPMS data in a first embodiment;

FIG. 4 is a control block diagram of a TPMSCU4 for executing the wheel position determination control;.

FIG. 5 is a diagram illustrating a method for calculation of a rotational position of the TPMS sensor 2 (transmitter 2d);
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FIG. 6 is another diagram illustrating a method for calculation of a rotational position of the TPMS sensor 2 (transmitter
2d);

FIG. 7 is a diagram illustrating a method of calculation of a dispersion characteristic value;

FIG. 8 is a flow chart illustrating a flow of the wheel position determination control process;

FIG. 9 is a diagram illustrating a relationship between the rotational positions (the number of teeth of the rotor) of
each of the wheels 1 FL, 1 FR, 1 RL, 1 RR when the rotational position of the TPMS sensor 2FL of the left front
wheel 1 FL assumes the highest point and the number of receipt of the TPMS data;

FIG. 10 is a diagram illustrating a Null point of each wheel;

FIG. 11 is a diagram illustrating a transmission method of each frame of the TPMS data in a second embodiment; and

FIG. 12 is a diagram illustrating a transmission method of each frame of the TPMS data in a third embodiment,

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0008] In the following, the embodiments for carrying out the present invention will be described with reference to
drawings..

[FIRST EMBODIMENT]

[0009] FIG. 1 is a configuration diagram illustrating a tire air or pneumatic pressure monitoring device in a first em-
bodiment. In this figure, the end letters annexed to each reference sign is intended to indicate as follows: FL stands for
the left front wheel, FR stands for the right front wheel, RL stands for the left rear wheel, and RR stands for the right
rear wheel, respectively. In the following description, when not specifically necessary, the description of FL, FR, RL and
RR will be omitted.
[0010] The tire pneumatic or air pressure monitoring device in the first embodiment is provided with a TPMS (tire
pressure monitoring system) sensors 2, a receiver 3, a TPMS control unit (TPMSCU) 4, a display 5, and wheel speed
sensors 8. The TPMS sensor 2 is installed on each of the wheels 1, and the receiver 3, the TPMSCU 4, the display 5
and the wheel speed sensors 8 are arranged on the side of the vehicle body.
[0011] The TPMS sensor 2 is installed at the position of an air valve (not shown in the figure) of each tire. FIG. 2 is a
diagram illustrating the configuration of the TPMS sensor 2. The TPMS sensor 2 comprises a pressure sensor (a tire
pneumatic pressure detecting mechanism) 2a, an acceleration sensor (G sensor) 2b, a sensor control unit (sensor CU)
2c, a transmitter 2d, and a button battery 2e.
[0012] Here, the pressure sensor 2a detects the pneumatic pressure [kPa] of the tire.
[0013] The G sensor 2b detects the acceleration in the centrifugal direction [G] acting on the tire.
[0014] The sensor CU 2c operates under the power supplied from the button battery 2e, and the TPMS data containing
the pneumatic pressure information of the tire detected by the pressure sensor 2a and the sensor ID (the identification
information) is sent as a wireless signal from the transmitter 2d. In the first embodiment, the sensor IDs are defined by 1 to 4.
[0015] The sensor CU2c compares the acceleration in the centrifugal direction detected by the G sensor 2b with a
preset threshold for determination of a vehicle running state. When the acceleration in the centrifugal direction is less
than the running determination threshold, a determination is made that vehicle is being stopped or stationary, so that
transmission of the TPMS data is stopped. On the other hand, when the acceleration in the centrifugal direction exceeds
the running determination threshold, a determination is made that the vehicle is running, and the TPMS data will be
transmitted at a prescribed timing
[0016] The receiver 3 receives the wireless signals output from each TPMS sensor 2 to decode and output to the
TPMSCU 4.
[0017] The TPMSCU 4 reads respective TPMS data, based on the sensor ID in the TPMS data and with reference to
the correspondence relationship between each of the sensor IDs and the wheel positions (FL, FR, RL, RR) stored in a
nonvolatile memory 4d (see FIG. 3), the TPMSCU4 determines to which wheel position the TPMS data is corresponding
and indicates on the display 5 a tire air pressure contained in the TPMS data as the pneumatic pressure of the corre-
sponding wheel position. When the pneumatic pressure of a tire becomes below a lower limit threshold, the decrease
in the pneumatic pressure is notified by a change in the display color, in flashing on the display, by an alarm sound, or
the like.
[0018] Each wheel speed sensor 8 is a pulse generator that generates a chain of pulses of predetermined number z
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(z=48, for example) per rotation of the wheel 1, and is composed of a gear-shaped rotor that rotates in synchronization
with the wheel 1 and a stator (permanent magnet plus coil) disposed to face the outer periphery of the rotor on a vehicle
body. When the rotor rotates and causes the projection or protruding surface of the rotor to cross a magnetic field formed
about the periphery of the stator to thereby change the magnetic flux density to produce an electromotive force, the
change in which is output as pulse signals to the ABSCU 6.
[0019] The ABSCU 6 detects the wheel speed of each wheel 1 based on the wheel speed pulses from each of the
wheel speed sensors 8, and, when a certain wheel exhibits a locking tendency, performs an anti-skid braking control by
actuating an ABS actuator (not shown) to adjust or hold a wheel cylinder pressure of that wheel to thereby suppress the
locking tendency. The ABSCU6 outputs to a CAN communication line a count value of the wheel speed pulses at a
predetermined time interval ΔT0 (20 msec. of period or cycle, for example).
[0020] As described above, based on the correspondence relationship between the sensor ID and the wheel position
stored in the memory 4d, the TPMSCU 4 determines to which wheel the received TPMS belong. Consequently, when
a tire rotation is carried out while the vehicle stops, the correspondence relationship between the sensor ID and the
wheel position stored in the memory 4d is not in agreement with the actual correspondence relationship, and it is
impossible to find out to which wheel the TPMS data belong. Here, the "tire rotation" refers to the operation of swapping
the installing wheel positions of the tires so as to ensure an even tread wear of the tires and, thus, to prolong the service
lifetime (the tread lifetime). For example, for a passenger vehicle, usually the front/rear wheel tires are swapped while
the left/right wheel tires.
[0021] Here, according to the first embodiment, in order to update and store the correspondence relationship between
each sensor ID and each wheel position after a tire rotation in the memory 4d, when there is a possibility that a tire
rotation has been carried out, the transmission period of TPMS data on the side of each TPMS sensor 2 will be changed,
and, on the side of PPMSCU4, based on the transmission period of the TPMS data and each wheel speed pulse, a

[Constant Position Transmission Mode]

[0022] When the vehicle stop determination time immediately before the start of running of the vehicle is equal to or
greater than a prescribed time (e.g. 15 min), the sensor CU2c of the TPMS sensor 2 determines that the tire rotation
may have been carried out.
[0023] When the vehicle stop determination time immediately before the start of running of the vehicle is less than the
prescribed time T1, the sensor CU 2c executes a "normal mode" in which the TPMS data are transmitted at each constant
or prescribed interval (e.g. at one minute interval). On the other hand, when the vehicle stop determination time is equal
to or greater than the prescribed time T1, the sensor CU executes a "constant or fixed position transmission mode" in
which, in an interval shorter than the transmission interval in the normal mode (e.g., in an interval of about 16 seconds),
the TPMS data are transmitted at a constant or prescribed rotational position.
[0024] The constant position transmission mode is executed until the number of transmission of the TPMS data reaches
a prescribed number of times (e.g., 40 rounds).
[0025] When the number of times of the transmission reaches the prescribed number of times, the constant position
transmission mode transfers to the normal mode. When a determination has been made that the vehicle stops before
the number of transmission times of the TPMS data reaches the prescribed number of times, if the vehicle stop deter-
mination time is shorter than the prescribed time (15 min.), the constant position transmission mode before the vehicle
stop is continued until the number of times of transmission reaches the prescribed number of times. When the vehicle
stop determination time is longer than the prescribed time, the continuation of the constant position transmission mode
before the vehicle stop is cancelled, and a new constant position transmission mode is started.
[0026] In the constant position transmission mode, based on the gravity acceleration dependent component of the
acceleration in the centrifugal direction detected by the G sensor 2b, the sensor CU2c determines a transmission timing
of the TPMS data in the constant position transmission mode. The acceleration in the centrifugal direction acting on the
TPMS sensor 2 varies in accordance with the acceleration/deceleration of the wheels 1, yet the gravity acceleration
dependent component is always constant. That is, the acceleration in the centrifugal direction acting on the TPMS sensor
shows a waveform with +1 [G] at a top point, -1 [G] at a bottom point of, and 0 [G] in the middle position of 90° between
the top point and bottom point. In other words, by monitoring the magnitude and direction of the gravity acceleration
component of the acceleration in the centrifugal direction, it is possible to grasp or identify the rotational position of the
TPMS sensor 2. As a result, for example, by outputting the TPMS data at a peak of the gravity acceleration dependent
component, the TPMS data may be output constantly at the top point.
[0027] In the constant position transmission mode, the sensorCU2c transmits a plurality of, more specifically three of
a frame of the same content including the tire pressure information and the sensor ID. The first frame is transmitted at
the top point, and with time interval other frame is transmitted. More specifically, the second frame is transmitted a first
time interval Δ T1 (100 msec, for example) after the transmission of the first frame, the third frame after a time interval
Δ T2 (140 msec. for example). A frame number (1 to 3) is added as identification information in each frame so that the
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order of the frame will be apparent.

[Auto-learning mode]

[0028] When the time that has elapsed from OFF to ON position of the ignition switch for a predetermined time T2
(e.g., 15 min.) or more, the TPMSCU 4 determines that the tire rotation may have been carried out.
[0029] When the time that has elapsed from OFF to ON of the ignition switch is shorter than the predetermined time
T2, based on the pneumatic pressure information in the TPMS transmitted from each TPMS sensor 2, the TPMSCU4
executes a "monitor mode" in which the pneumatic pressure of the tire of each wheel 1 is monitored. On the other hand,
when the elapsed time from OFF to ON of the ignition switch is longer than the predetermined time, the TPMSCU4
executes an "auto-learning mode" which will be carried out until the wheel positions of all TPMS sensors 2 are determined,
or until a predetermined, cumulative travel time (e.g. 8 minites) from the start of this mode has elapsed. When the wheel
positions of all TPMS sensors are determined, or, the predetermined cumulative time has passed, control transfers to
the monitor mode.
[0030] Even in the auto-learning mode, it is still possible to monitor the pneumatic pressure of the tires from the
pneumatic pressure information contained in the TPMS data. Consequently, the display of the pneumatic pressure and
the warning of a decreased pneumatic pressure are carried out based on the correspondence relationship between the
sensor ID and the wheel position currently stored in the memory 4d during the automatic running mode.
[0031] In the auto-learning mode, the TPMSCU 4 receives a count value of the wheel speed pulses from the ABS
control unit (ABSCU) 6 via the CAN communication line 7 and executes the wheel position determination control described
below.

[Wheel Position Determination Control]

[0032] FIG. 4 is a control block diagram of the TPMSCU 4 for executing the wheel position determination control. The
TPMSCU 4 has a rotational position calculation unit (the rotational position detecting mechanism) 4a, a dispersion
calculation section 4b, a wheel position determination section (the wheel position determination mechanism) 4c, a
memory 4d, a rotational position detection inhibition unit (detection inhibition mechanism) 4e.
[0033] The rotational position calculation unit 4a receives the TPMS data after being decoded to be output from the
receiver 3 and the count values of the wheel speed pulses output from the ABSCU 6 to the CAN communication line 7
to calculate a rotational position (number of teeth of rotor) for each rotor when the rotational position of each TPMS
sensor assumes the top point. Note that the "number of teeth" indicate which tooth the wheel speed sensor 8 is counting
and may be acquired by dividing the count value of the wheel speed pulses by a count value per rotation of the tire (i.e.,
the number of teeth per rotation z=48). In the first embodiment, when the count value of the wheel speed pulses of the
first time from the start of the auto-learning mode is input, the value obtained by adding 1 to the remainder of the division
operation of the count value by the number of teeth of 1 cycle or rotation is taken as the reference number of teeth. In
the second and subsequent times, based on the number of count of the wheel speed pulses with respect to the reference
number of teeth (i.e, current count value - the count value at the first time), the number or teeth may be determined.
[0034] FIG. 5 is a diagram showing a method for calculating the rotational position of the TPMS sensor 2 (transmitter
2d) of each wheel 1.
[0035] The rotational position calculation unit 4a, each time of receipt of the TPMS data (first to third frame), stores
the time of receipt and the data content. Further, each time the count value of the wheel speed pulse via the CAN
communication line 7 is received, both the input time and the count value are stored.
[0036] First, explanation is given when the first frame has been received. In FIG. 5, t1 represents the time at which
the count value (previous value) of the wheel speed pulses is input immdediately before the receipt of the TPMS data
(first frame); t2 represents the time when the rotational position of the TPMS sensor 2 reaches the top point and the
transmission of the TPMS data (first frame) is commanded; t3 represents the time when the TPMS sensor 2 actually
starts the transmission of the TPMS data (first frame), which may be regarded at the same time when the TPMSCU4
starts receiving the first frame; t4 represents the time when the reception of the TPMS data (first frame) by the TPMSCU
4 is completed; and t5 represents the time when the count value of the wheel speed pulses is input. In this case, which
may be regarded as the same time as the time at which the TPMS sensor 2 ends to transmit the first frame, t1, t4, and
t5 is the time of input of the count value (current value) for the wheel speed pulses immediately after receipt of the TPMS
data (first frame). The rotational position calculation unit 4a, in addition to storing the time t1, t4, and t5, calculates time
t3 by subtracting from the time t4 the transmission time Δt1 (which is previously prescribed as the value unique to the
transmitter 2d depending on the data length, 10 msec, for example) of the TPMS data (firs frame), i.e., t4-Δ t0=t3. Note
that, instead of calculating the time t2 from the time t4, the time t3 may be directly detected and stored for calculation
of the time t2 based on the time t3.
[0037] Consequently, supposing the number of teeth at t1 is zt1, the number of teeth at t2 is zt2, and the number of
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teeth at t5 is zt5, respectively, the equation that follows is established.

[0038] Because 

the number of teeth zt2 is expressed in the following equation when the rotational position of the TPMS sensor 2 is at
the top point: 

wherein (zt5-zt1)/(t5-t1) corresponds to the number of teeth per unit time.
[0039] It should be noted that the count value of the wheel speed pulses is input during the receipt of the TPMS data
(FIG. 6). In this case, too, based on the time t1 in which the count value of the wheel speed pulse immediately before
the receipt of the TPMS data and the time t5 in which the count value of the wheel speed pulse immediately after the
receipt of the TPMS data, the number of teeth z12 at the time t2 may be calculated using the equation described above.
[0040] As described above, the rotational position calculation unit 4a calculates the rotational position with respect to
each wheel at the time of transmission from the transmitter 2d (transmission command time t2) based on the received
information (receipt completion time t4) of the wireless signal (transmission data) from the transmitter 2d and the rotational
position information of the wheel 1 (input times t1, t5, number of teeth, zt1, zt5) input via the CAN communication line 7.
[0041] Next, a description will be given of a calculation method in the case of receiving a second frame without receiving
a first frame. The second frame is transmitted 100 msec. after the transmission of the first frame, i.e., after a time interval
of ΔT1 that is five times of the period ΔT0 (20msec) with which the count value of the wheel speed pulses is input. Thus,
in the equation (1) above, when using previous zt1 and zt5 that are ahead of five times of the period (ΔT0 3 5) with
which the count value of the wheel speed pulse is input, the rotational position zt2 of the wheel at the time at which the
rotational position of the TPMS sensor 2 has reached the highest or top point (at the time at which the transmission of
the first frame is commanded) may be calculated. More specifically, it is assumed that the time at which the count value
(previous value) of the wheel speed pulses immediately before receipt of the second frame is t1’, the time at which the
second frame is commanded to be transmitted at elapse time of 100msec, of the transmission command time t2 of the
first frame is t2’, the time at which the TPMSCU4 has completed to actually receive the second frame is t4’, and the time
at which the count value of the wheel speed pulse (current value) is input immediately after completion of receipt of the
second frame is t5’. The rotational position calculation unit 4a stores the times t1’, t4’ and t5’. In addition, upon determining
the receipt of the second frame based on a frame number, based on the following equations; 

the times t1, t4 and t5 (see FIG. 5) are calculated, respectively. Further, the rotational position calculation unit 4a stores
the number of teeth zt1 at the time t1, zt5 at the time t5. Moreover, the following equation is established. 
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[0042] That is, (t4’-t1’)=(t4-t1), (t4’-t3’)=(t4-t3)= Δt1, (t3’-t2’)=(t3-t2)=Δt0. Therefore, the number of teeth zt2 when the
rotational position of the TPMS sensor 2 has reached the highest or top point at the time t2 may be calculated by the
above equation (1). In addition, after calculating in the same manner as the above equation (1) to obtain the number of
teeth at the transmission command time t2’ of the second frame in the transmission command time t2 ’of the second
frame, by subtracting the number of teeth of 100msec minutes, the number of teeth zt2 at the time of the transmission
command t2 of the first frame may be calculated as well.
[0043] Now, description is given of a calculation method when receiving the third frame without receiving the first and
second frames. The third frame is set 140 msec after the transmission of the second frame, i.e. after a time interval ΔT2,
seven times of the input period with which the count value of the wheel speed pulse is input (ΔTx7). Thus, the rotational
position calculation unit 4a, upon determining the receipt of the third frame based on the frame number, calculates the
number of teeth zt2 at the time at which the rotational position of the TPMS sensor 2 has reached the top point, using
the values of zt1, zt5 which were present , 12 of periods (=5+7) before in the above equation (1).
[0044] Incidentally, the interval ΔT between the frames is not limited to the multiple of input period of the count value
of the wheel speed pulses ΔT0 (20msec), but may use an arbitrary value. In this case, as well, the number of teeth zt2
at the time at which the rotational position of the TPMS sensor 2 has reached the top point (at the time t2 at which the
transmission of the first frame is commanded) is calculated based on the received information (receipt starting time and
receipt completion time of the frame other than the first frame) from the transmitter 2d and the rotational position infor-
mation (input time of the count value and number of teeth) input via the CAN communication line 7. In the first embodiment,
since the time interval ΔT1 between the frames is set to be a multiple (100 msec., 140 msec.) of the input period ΔT0
(20 msec.) from the CAN communication line 7, the calculation may be simplified.
[0045] The dispersion calculation unit 4b accumulates a rotational position of each wheel 1 which is calculated in the
rotational position calculation unit 4a for each sensor ID to acquire rotational position data, and calculates a degree of
dispersion in each rotational position data for each sensor ID as a dispersion characteristic value. The calculation of the
dispersion characteristic value is made each time the rotational position for the identical sensor ID is calculated by the
rotational position calculation unit 4a.
FIG. 7 is a diagram illustrating a method for calculating the dispersion characteristic value. According to the first embod-
iment, a unit circle (a circle with radius of 1) with the origin (0, 0) on the two-dimensional plane is assumed, and the
rotational position θ [deg] (=3603the number of teeth of the rotor/48) of each wheel 1 is converted to the circumferential
coordinates (cos θ, sin θ) on the unit circle. More specifically, the rotational position of each wheel 1 is calculated as
follows: regarding a vector having the origin (0, 0) as the starting point and the coordinates (cos θ, sin θ) as the end with
a length of 1, the average vectors (ave_cos θ, ave_sin θ) of each vector of the same rotational position data are obtained,
and the scalar quantity of the average vector is calculated as the dispersion characteristic value X of the rotational
position data: 

[0046] Consequently, suppose the number of times of reception of the TPMS data with respect to the identical sensor
ID as n (n is a positive integer), the average vectors (ave_cos θ, ave_sin θ) are expressed as follows: 

[0047] The dispersion characteristic value X can thus be represented as follows: 

[0048] The rotational position of the wheel 1 is the angle data of periodicity. By calculating the dispersion value X a



EP 2 711 204 A1

8

5

10

15

20

25

30

35

40

45

50

55

scalar quantity of the average vector, it is possible to determine the variation degree of the rotational position by avoiding
periodic.
[0049] The wheel position determination unit 4c compares the dispersion characteristic values X of each rotational
positional data of the same sensor ID that is calculated by the dispersion calculation unit 4b. When the highest value of
dispersion characteristic value X is greater than the first threshold value (for example, 0.57), and the dispersion char-
acteristic values X of the remaining three are all less than a second threshold value (for example, 0.37), then, the wheel
position of the rotational position data that correspond to the maximum dispersion characteristic value X, i.e. the wheel
position of the wheel speed sensor 8 that has detected that rotational position data is determined as the wheel position
of the TPMS sensor corresponding to the sensor ID of that rotational position data. By executing this determination for
all sensor IDs, the correspondence relationships between each sensor ID and each wheel position may be acquired
and stored in the memory 4d by updating process.
Instead of simply selecting the maximum value of the dispersion characteristic value X, by comparing the maximum
value with the first threshold value (0.57), it is possible to ensure a certain degree of accuracy. Moreover, by comparing
the dispersion characteristic values X other than the maximum value with the second threshold value (0.37), a prede-
termined difference between the maximum and the other three values may be confirmed so as to enhance the detection
accuracy. Therefore, it is possible to achieve both shortening the determination time and ensuring the accuracy of the
determination in the small number of receptions such as 10 times.

[Wheel position determination control process]

[0050] FIG. 8 is a flow chart illustrating the flow of the wheel position determination control process according to the
first embodiment. In the following, respective steps of operation will be described. In the following description, the case
of the sensor ID being "1" is assumed. However, for the other IDs (ID=2, 3, 4), the wheel position determination control
process is also carried out in parallel.
[0051] In step S1, the rotational position calculation unit 4a receives the TPMS data with the sensor ID of 1. Upon
receipt of at least one of the first to third frames,
[0052] It is assumed that the TPMS data has been received once.
[0053] In step S2, the rotational position calculation section 4a calculates the rotational position of each wheel 1 based
on the information of the received data (any one of the first to third frames).
[0054] In step S3, the dispersion calculation unit 4b calculates the dispersion characteristic values X of the rotational
position data of each wheel 1.
[0055] In step S4, a determination is made as to whether the TPMS data with sensor ID of 1 are received for a
prescribed number of times (e.g., 10 times) or more. If the determination result is YES, the operation goes to step S5.
If the determination is NO, the operation returns to step S1.
[0056] In step S5, the wheel position determination section 4c determines whether the maximum value of the dispersion
characteristics value is over the first threshold of 0.57, and whether the value of the remaining dispersion characteristic
values are less than the second threshold of 0.37. If the determination is YES, the operation goes to step S6; if the
determination result is NO, the operation goes to step S7.
[0057] In step S6, the wheel position determination section 4c determines the wheel position of the rotational position
data corresponding to the highest or maximum dispersion characteristic value as the wheel position of that sensor ID.
Then, the auto-learning mode ends.
[0058] In step S7, the wheel position determination section 4c determines whether a predetermined cumulative or
accumulated running time (e.g., 8 min.) has elapsed from the start of the auto-learning mode. If the determination result
is NO, the operation returns to step S1. If the determination result is YES, the auto-learning mode is terminated.
[0059] When the wheel position determination section 4c has been able to determine the wheel positions for all of the
sensor IDs within the prescribed accumulated travel time, the correspondence relationship between the sensor ID and
the wheel position is updated and stored in the memory 4d for registration. On the other hand, when it has been impossible
to determine the wheel position for all of the sensor IDs within the prescribed accumulated travel time, the correspondence
relationship between the sensor IDs and each wheel position currently stored in the memory 4d is continued to be used.
[0060] In the following, the operation will be explained.
[0061] The TPMS sensor 2 works as follows: when the vehicle stop determination time right before the start of vehicle
running is 15 min or longer, a determination is made that there is a possibility that the tire rotation has been carried out,
and the operation goes from the normal mode to the constant position transmission mode. In the constant position
transmission mode, after 16 seconds has elapsed from the previous transmission time and the rotational position of own
TPMS sensor reaches the predetermined position (the top point), each TPMS sensor 2 transmits the TPMS data. On
the other hand, when the elapsed time between OFF and ON of the ignition switch is 15 min. or longer, the TPMSCU 4
goes from the monitoring mode to the auto-learning mode. In the auto-learning mode, each time the TPMS data is
received from each TPMS sensor 2, the TPMSCU 4 calculates the rotational position (the number of teeth of the rotor)



EP 2 711 204 A1

9

5

10

15

20

25

30

35

40

45

50

55

of each wheel 1 when the rotational position of the TPMS sensor 2 reaches the predetermined position (the top point)
based on the input time of the count value of the wheel speed pulses, the time of completion of receipt of the TPMS
data, and the like. This is carried out repeatedly for 10 or more times and accumulated as the rotational position data.
Among the rotational position data, the wheel position corresponding to the rotational position data with least degree of
dispersion is determined as the wheel position of that TPMS sensor 2.
[0062] Note that by setting a transmission interval at 16 seconds + α, a certain amount of cumulative travel distance
will be obtained until the TPMS data will be received ten times or more. Therefore, a sufficient difference in the dispersion
characteristic value X between the own and other wheel may be created to ensure an accurate determination of the
wheel position.
[0063] Upon transmitting TPMS data forty (40) times during the constant position transmission mode, the TPMS sensor
2 transfers to the normal mode. Specifically, the TPMS sensor 2 consumes the power of the button battery 2e most at
the transmission of the TPMS data. Thus, when each wheel position may not be determined despite the elapse of
sufficient cumulative travel time, the constant position transmission mode will be terminated to transfer to the normal
mode, which may suppress decrease in battery life time.
[0064] On the other hand, when the TPMSCU4 cannot determine the correspondence between each sensor ID and
each wheel position despite elapsed time of cumulative travel of eight (8) minutes, the auto-learning mode will be
terminated and the process transitions to the monitoring mode. The total number of TPMS data is thirty (30) times or
less when the cumulative travel time has passed eight minutes, the auto-learning mode may be terminated substantially
in synchronization with the completion of the constant position transmission mode of the TPMS sensor 2.
[0065] Among the conventional tire pressure monitoring devices, such a tire pressure monitoring device is known in
which by arranging the same number of receivers as the TPMS sensors are arranged close to each receiver and, based
on the signal strength (i.e, the difference therein) in the received wireless signal, the wheel position of each TPMS sensor
is determined. However, in this type of device, the layout of the receiver has to be contemplated in consideration of a
sensor output, a receiver sensitivity variation, the harness antenna effect is required, the performance would be influenced
by the reception environment or layout. Further, since four receivers are required, cost will increase.
In contrast, in the tire pressure monitoring device of the first embodiment, it is possible to determine the wheel position
of each TPMS sensor 2 without using the (difference) signal strength. Therefore, it is possible to determine the position
of each wheel TPMS sensor 2 regardless of the reception environment and layout. Further, since only one receiver 3 is
required, it is possible to keep costs low.
[0066] As one of the conventional tire air pressure monitoring devices, an inclination sensor is arranged for each TPMS
sensor, and the relationship between the wheel position of the TPMS sensor and the inclination angle is used to determine
the wheel position of the TPMS sensor (for example, see Patent Document 1). For this type of tire pneumatic pressure
monitoring device, in response to running the vehicle, the difference in the rotation speed takes place between the 4
wheels, so that the correspondence between the wheel position of the TPMS sensor and the inclination angle varies.
As a result, it is impossible to make a highly precise determination on the wheel position of each TPMS sensor. More
specifically, When the vehicle travels or runs, the rotation speed of each wheel 1 may different from each other due to
the difference in tracks between the outer and inner wheels, the lock and the slip of the wheels 1, and the difference in
the pneumatic pressure of the tires. Even when the vehicle runs straight, as the driver still may make minute corrections
on the steering wheel and there is a certain difference in the road surface between he left and right sides, the difference
in the rotation speed still develops between the front and rear wheels 1 FL and 1 FR, and between the left and right
wheels 1 RL and 1 RR. That is, there is a difference in rotation speed of each wheel in accordance with the running
state of the vehicle.
[0067] In contrast, in the first embodiment, since the TPMS sensor 2 and the wheel speed sensor 8 (the teeth of the
rotor thereof) rotate integrally, agains the output period of a specific TPMS sensor 2, the output period of the wheel
speed sensor 8 associated with the same wheel is kept being synchronized (in agreement) irrespective of the travel
distance and the running state. In this perspective, the wheel position of the TPMS sensor 2 is determined based on the
correspondence relationship between the rotational position (output of the TPMS sensor 2) of the TPMS sensor detected
on the side of the wheel 1 and the rotational position (output of the wheel speed sensor 8) of the TPMS sensor 2 detected
on the side of vehicle body. More specifically, the TPMS sensor on the wheel 1 detects the rotational position of the
wheel 1 based on a gravitational acceleration dependent component of the centrifugal acceleration detected by a G
sensor 2b and sends the TPMS data at the time when the rotational position has reached a predetermined, reference
position (the top point in the first embodiment). The TPMSCU4 on the vehicle body calculates the rotational position
(number of teeth of rotor zt2) of each wheel 1 at the time of transmission of the TPMS transmission data (i.e., when the
TPMS sensor has reached the reference position or top point) each time the TPMS data is received from each TPMS
sensor 2.
[0068] During the running state, assuming that the rotational position of each wheel 1 (number of teeth zt2) calculated
in response to the transmission of certain specific TPMS sensor 2 (for example, ID=1) is limited within a predetermined
range only with respect to a certain wheel 1 (for example, left front wheel 1FL). In this case, it is determined that there
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is a one to one correspondence between the rotational position (the calculation value zt2 described above) of the TPMS
sensor 2 detected on the vehicle body and the rotational position (the reference position or top point at which the TPMS
sensor 2 with ID of 1 performs a transmission) in this wheel 1 (left front wheel 1FL). Therefore, in the above described
case, the wheel position of the TPMS sensor 2 with ID of 1 can be determined as the above wheel 1 (left front wheel 1FL).
[0069] By observing the degree of dispersion in the rotational position data of each wheel 1 with respect to a transmission
period of the TPMS data, it is possible to make a highly precise determination on the wheel positions of each TPMS
sensor 2.
[0070] FIG. 9 illustrates the relationship between the rotational positions (the number of teeth of the rotors) of the
wheels 1FL, 1 FR, 1RL, and 1RR when the rotational position of the TPMS sensor 2FL of the left front wheel 1 FL
reaches the top point and the number of times of reception of the TPMS data. Here, (a) corresponds to the wheel speed
sensor 8FL of the left front wheel 1FL, (b) corresponds to the wheel speed sensor 8FR of the right front wheel 1FR, (c)
corresponds to the wheel speed sensor 8RL of the left rear wheel 1RL, and (d) corresponds to the wheel speed sensor
8RR of the right rear wheel 1RR.
[0071] As will be evident from FIG. 9, whereas the dispersion degrees are high with respect to the wheel positions
(the number of teeth) obtained from the wheel speed sensors 8FR, 8RL, and 8RR with respect to the other wheels (the
right front wheel 1 FR, the left rear wheel 1 RL, and the right rear wheel 1 RR), the dispersion degree of the wheel
position obtained from the wheel speed sensor 8FL with respect to the own wheel (the left front wheel 1FL) is the smallest
or least, so that the output period of the TPMS sensor 2FL and the output period of the wheel speed sensor 8FL are
nearly synchronized with each other.
[0072] Incidentally, it may suffice when the wheel position of the TPMS sensor 2 is determined based on the rotational
position (output of the wheel speed sensor 8) detected on the wheel 1 and the rotational position (output of the wheel
speed sensor 8) detected on the vehicle body. Thus it is no necessarily required to use the dispersion characteristic
value X as in the first embodiment. For example, after a vehicle travel of a predetermined distance, when a wheel 1 is
detected with which the least change in the calculation value zt2 by the wheel speed sensor 8 with respect to a certain
TPMS sensor output is present, the position of this wheel 1 may be determined as the wheel position of that TPMS
sensor 2. In the first embodiment, however, by observing the degree of dispersion using the dispersion characteristic
value X, the wheel position of each TPMS sensor 2 may be determined more accurately.
[0073] As the G sensor 2b of the TPMS sensor 2, rather than the acceleration in the centrifugal direction of the wheel
1, it is possible to use a G sensor for detecting an acceleration in the direction of rotation (vertical direction with respect
to the centrifugal direction)for example. Further, the reference position for performing the transmission (output) by the
TPMS sensor 2 is not necessarily to be the highest or top point, but it may be, for example, the foremost, end or lowest
point. In the first embodiment, the state in which the rotational position of the TPMS sensor is at the top point is detected
based on a gravitational acceleration dependent component of the centrifugal acceleration detected by the G sensor
2b. Since the G sensor 2b is generally used in the existing tire pressure monitoring device to determine a stop or running
state, the existing sensor may commonly employed so that the additional cost for new sensor may be eliminated. Further,
by making the top point to be a reference point, it is easy to discern that the rotational position of the TPMS sensor is
at the reference position by the G sensor 2.
Further, in the first embodiment, TPMSCU4 calculates the rotational position of each wheel 1 based on the output of
the vehicle speed sensor 8 (count value of vehicle speed pulses). The ABS unit is installed in almost all the vehicles
and the vehicle speed sensor 8 is an indispensable element for the ABS unit, an extra cost on the side of the vehicle
would be avoided due to addition of a new sensor.
[0074] However, when using the existing system, wheel speed pulses output from the wheel speed sensor 8 is input
as the discrete count values to the PPMSCU4 at a predetermined period ΔT0 via the CAN communication line 7. This
would lead to discrepancies between the transmission time from the TPMS sensor 2 to the TPMSCU4 and the input
time of the count value of the wheel speed pulses to the TPMSCU4. As shown in FIG. 5, between the time t1, t5 at which
the count value of the wheel speed pulses is input and the time t2 at which the TPMS data is commanded to be transmitted
when the rotational position of the TPMS sensor 2 has reached the reference position (top point), a difference (time lag)
is present. Thus, the rotational position of each wheel 1 (number of teeth of rotor) at the time at whick the rotational
position of the TPMS sensor 2 has reached the reference position (top point) (i.e, at the time of transmission from that
TPMS sensor 2) may not be calculated accurately based on the count value of the wheel speed pulses from the wheel
speed sensor 8. In other words, when making correspondence between the rotational position (top point) of the TPMS
sensor 2 detected on the side of wheel 1 and the rotational position (number of teeth of rotor) of the wheel 1 detected
on the side of vehicle body, when using the count value input from the CAN communication line 7 as the rotational
position of the wheel 1 without modifications, then the correspondence is inaccurate. Thus, the detection accuracy of
the wheel position of the TPMS sensor 2 may deteriorate. Note that, when the input period ΔT0 of the count value from
the TPMSCU4 to ABSCU6 is shortened, thereby setting the input timing of the count value to the TPMSCU4 closer to
the transmission timing from the TPMS sensor 2 to the TPMSCU4, a drastic increase in the transmission speed via the
CAN communication line 7 is necessary, what would lead to cost increase in the microcomputer (GU) or the like.
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[0075] In contrast, in the first embodiment, the TPMSCU4 (rotational position calculation unit 4a) estimates the rotational
position (number of teeth zt2) of the TPMS sensor 2 based on the received information (receipt completion time t4) from
the TPMS sensor 2 and the rotational position information (input time t1, t5, number of teeth zt1, zt5) input discretely to
the TPMSCU4 at a predetermined periodΔT0. More specifically, the number of teeth zt2 at the time t2 at which the
rotational position of the TPMS sensor 2 has reached a reference position (top point) is calculated based on the equation
(1) described above.
Thus, even when the rotational position of the wheel 1 (count value of the wheel speed pulses) is detected discretely
on the side of vehicle body, the rotational position of each TPMS sensor 2 (rotational position (number of teeth zt2) of
each wheel at the time at which the TPMS sensor 2 has reached a reference value (top point)) may be estimated
accurately. Thus, it is possible to correspond to the estimated rotational position of the wheel (number of teeth of rotor)
at the time of transmission from the TPMS sensor 2 to the rotational position (top point) of the wheel 1 detected on the
side of wheel at the time of transmission from the TPMS sensor 2. Therefore, it is possible to estimate the wheel position
of the TPMS sensor 2 accurately while suppressing a cost increase by using the existing system.
[0076] Note that instead of at the time of transmission command (time t2), at the time of actual transmission start (time
t3), the rotational position of the wheel, 1 (number of rotor teeth z) may be calculated as well. More specifically, assuming
the transmission delay of the TPMS sensor 2(time lag Δt0) is zero, the rotational position zt3 at the time t3 is calculated
in accordance with the equation below and the calculation results may be used to determine the dispersion degree of
each rotational position data for each sensor ID. 

[0077] In the first embodiment, in consideration of the time lag Δt0 (=t3-t2) between a transmission command from
TPMS sensor 2 to the actual transmission, the rotational position zt2 calculated by the equation (1) is subject to correction
by the transmission delay Δt0. Therefore, it is possible to calculate more accurately the rotational position (number of
teeth) of each of the wheels when the rotational position of each TPMS sensor 2 actually reaches the reference position
(top point). The time lag informationΔt0 may be input to the TPMSCU4 (rotational position calculation unit 4a) together
with the data transmitted from the TPMS sensor 2, or may be stored in advance in TPMSCU4.
[0078] Also, instead of at the transmission starting time (time t2 ∼ t3) of the TPMS data, it is also possible to calculate
the rotational position of the wheel 1 (number of teeth z in the rotor) at the time of receipt completion (time t4). That is,
it is regarded the transmission time of TPMS data, Δt1 (= (t4-t3)), as zero, the rotational position zt4 is calculated by the
following equation (3), and this is used as a reference position to determine the dispersion degree of each rotational
position data for each sensor ID;

[0079] In the first embodiment, taking into account the transmission timeΔt1 of TPMS data, the rotational position zt2
may be calculated in accordance with the equation (1). Thus the rotational position (number of teeth) of each wheel at
the time at which the rotational position of each TPMS sensor has reached the reference value (top point) may be
calculated reflecting the actual situation.
[0080] In the first embodiment, the TPMS sensor 2 (transmitter 2d) performs transmission at a reference position (top
point). As shown in FIG. 10 as a example, the rotational position (rotational angle) of a transmitter 2d in the wheel 1 has
a point or region (or sometimes a plurality thereof) (Null point) in which a signal strength becomes the lowest. When the
reference position (top point) at which transmitter 2d is configured to send data is positioned in the vicinity of the Null
point, it is difficult for the receiver 3 to receive the data of transmission. Therefore, it may not be able to identify a rotational
position (reference position)of the wheel 1 at the time of transmission from the TPMS sensor 2 (transmitter 2d) on the
vehicle body side. Therefore, such situations may occur in which the wheel position of the TPMS sensor 2 is not accurately
estimated in the automatic learning mode or the time for an estimate completion is extended. Here, in order to improve
the reception probability, it is conceivable to duplicate data of the TPMS sensor 2 and to transmit a plurality of frames
of the same content. However, the plurality of frames are to be transmitter at different rotational positions. Therefore,
only through the duplication of data, it is impossible to specify at which rotational position the received data has been
transmitted despite improvement in receiving probability. Thus there is a disadvantage that the rotational position (number
of teeth) providing a reference for determining the wheel position of the TPMS sensor 2 may not be identified on the
side of vehicle body.
[0081] In contrast, in the first embodiment, the TPMS sensor 2 is configured to transmit a plurality of data (first to third
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frames) including the rotational position of own (transmitter 2d). More specifically, as shown in FIG. 3(b), the TPMS
sensor 2 duplicates the TPMS data to make a plurality of frames of the same content (first to third frames) and sends a
reference frame (first frame) at a predetermined rotational position at each transmission of the TPMS data. In other
words, the first frame is transmitted at a predetermined rotational position (top point), and the rotational position (top
point) of the TPMS sensor 2 at the time of the first frame transmission is set as a reference position for determining the
wheel position. More specifically, the first to third frames are sent at a predetermined time interval or cycle (100 msec.
140msec.) and with the frame number (1 to 3) indicative of the transmission sequence or order attached.
[0082] The rotational position calculation unit 4a, upon receipt of any one of the first to third frames, estimates the
reference position (top point) at which the TPMS sensor 2 has transmitted the first frame, i.e. the number of teeth zt2.
[0083] Thus, by using duplicate data of the TPMS sensor 2 to form a plurality of frames, even if the transmission
position of the first frame (top or highest point) is to be located in the vicinity of the Null point, by receiving other frames
(a second or third frame), it is possible to improve the reception probability. Note that the number of frames is not limited
to three, but may be two, four or more, for example. Further, by the inclusion of the rotational position information (frame
number) in each frame, at any receipt of the plurality of frames, based on that received information, the rotational position
(number of teeth zt2) at the transmission from the transmitter 2d may be estimated. Therefore, it is possible to detect
precisely the rotational position at the time of transmission from the transmitter 2d of each wheel 1 and to determine the
wheel position of the TPMS sensor 2 at the time of transmission more accurately. Therefore, the auto-learning mode
may be completed early.
[0084] Further, the TPMS sensor 2 sends the reference frame (first frame) at a predetermined rotational position (top
point) whereas the rotational position calculation unit 4a estimates the predetermined rotational position (number of
teeth zt2 at top point) based on the transmission order information (frame number) of the received frame (second frame,
for example). In other words, the rotational position for providing a reference to determine the rotational position of the
TPMS sensor 2 on the side of vehicle body is set at the rotational position (top point) at which the TPMS sensor 2 outputs
the first frame, and this rotational position (number of teeth zt2) providing the reference is calculated based on the other
frame (second, third frame) received. Therefore, while simplifying the configuration of the TPMS sensor 2, the rotational
position of the TPMS sensor 2 at the transmission (number of teeth zt2) may be estimated on the vehicle body. Stated
another way, as described below, different from the first embodiment, it may be conceived that the mechanism to estimate
the rotational position of the TPMS sensor at the time of transmission of each frame is mounted on the wheel 1 (TPMS
sensor 2), and the information is transmitted to the vehicle body including the estimated rotational position for each
frame. By comparison, in the first embodiment, without providing the estimate mechanism described above, by including
in each frame the transmission order information (frame number) as the rotational position information, the rotational
position (number of teeth zt2) that provides a reference for determination of the wheel position of the TPMS sensor 2
may be identified on the side of vehicle body. Thus, the configuration of the TPMS sensor may be simplified and the
cost reduction may be achieved.
[0085] Note that the reference position for determination of the wheel position (calculation of the dispersion charac-
teristic value X) is not limited to the rotational position at which the first frame is transmitted, but the rotational position
of the second frame transmission or the rotational position of the third frame transmission.
[0086] In the case in which the time interval for transmission of each frame is the same (for example, when the
transmission interval between the first and second frames and that between the second and third frames are 100msec. ),
such a situation may occur in which the rotational position at which
each frame is set is the same, Null point. For example, in the case in which the first transmission position is positioned
in the vicinity of the Null point, and the rotation period of the wheel 1 and the transmission period of each frame are
synchronized with each other, the transmission position of each frame at each rotation of the wheel 1 matches the vicinity
of the Null point so that there is a possibility that each frame is not received either. In contrast, in the first embodiment,
the transmitter transmits three or more frames (first to third frames) at a different time intervals (100msec. 140 msec.).
Therefore, it is possible to suppress that a transmission period of each frame and the rotation period of the wheel 1 are
synchronized. Thus, the situation described above may be avoided and the receiving probability will be improved.
[0087] Instead of the order information (frame number) as the rotational position information of the transmitter 2d at
the transmission of the frame to be included in each frame by the TPMS sensor 2, the estimation of the rotational position
of the transmitter 2d at the transmission of the frame may also be included as wel.
For example, the sensor CU2c may calculate the rotational position (rotational angle) of the transmitter 2d based on a
gravitational acceleration component of the centrifugal acceleration (the magnitude or signs, or change direction of the
component sampled within each rotation period of the wheel 1) detected by the G sensor 2b and adds that rotational
position to the frame to be transmitted. In this case, the rotational position calculation unit 4a, upon receipt of any of the
plurality of frames, as in the first embodiment (in accordance with the above referenced equation (1), estimate the
rotational position (number of teeth) at the time of transmission of the receiving frame based on the count values of the
wheel speed pulses and the like, which have been input immediately before and immediately after the receipt of the
receiving frame, respectively. In accordance with the correspondence relation between the estimated rotational position
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(number of teeth) and the rotational position included in the received frame (number of teeth converted from the rotational
angle), it is possible to determine the wheel position of the TPMS sensor 2.
For the determination above, The dispersion characteristic value X as in the first embodiment may not be necessarily
used. Further, it is not necessary to provide for a reference frame and send the rotational position at the predetermined
position (top or highest point, etc.). It suffices to send each frame at a arbitrary rotational position, In other words, the
rotational position of the TPMS sensor 2 at the time of transmission of each frame may be a reference position for the
wheel position determination. The inter-frame interval (time interval or interval in rotational position) is not necessarily
be set as a predetermined value.
In the first embodiment, during the auto-learning mode, it is necessary for the transmission of the next TPMS data
(reference frame) to wait for the own rotational position reaching the predetermined position after the elapsed time of
16 seconds of the transmission time of the previous TPMS data. In contrast, in the above example to include an estimate
of the rotational position in each frame, it is possible to send the TPMS data (any frame) may be transmitted at any
rotational position immediately after the elapsed time of 16 seconds from the previous transmission time. Therefore,
during the auto-learning mode, at each transmission time of the TPMS data, the data for the wheel position determination
of the TPMS sensor 2 may be acquired more rapidly so that the wheel position of the TPMS sensor 2 may be determined
earlier.
[0088] Now, effects are described.

(1) In the tire pressure monitoring device of the first embodiment, there are effects to be listed below.
A tire pressure monitoring device for monitoring the air pressure of each tire, comprising:

a tire pressure detection mechanism installed on the tire of each wheel 1 for detecting the air pressure of the
tire (pressure sensor 2a);
a transmitter 2d installed on each wheel for transmitting the air pressure information in a wireless signal with
the identification information (sensor ID) unique to each transmitter 2d included in this wireless signal
a receiver 3 mounted on the side of vehicle body for receiving the wireless signal;
a rotational position detection mechanism (wheel speed sensor 8, ABSCU6) installed on the vehicle body in
correspondence with each wheel 1 for detecting the rotational position (wheel speed pulse) of each wheel 1
and outputting the rotational position information (count value of the wheel speed pulses) in a predetermined
time interval ΔT0 (period 20msec) to a communication line (CAN communication line 7);
a vehicle body side rotational position estimate mechanism (rotational position calculation unit 4a) installed on
the vehicle body for estimating the rotational position (number of teeth) of the transmitter 2d at the time of
transmission (transmission command time t2) based on the wireless received information from the transmitter
2d (receipt completion time t4) and the rotational position (number of teeth, zt1, zt5) input via a communication
line (CAN communication line 7),
a wheel position determination mechanism (wheel position determination unit 4c) for identifying the wheel
position (FL to RR) of the wheel 1 on which the transmission 2d is mounted based on the estimated rotational
position (number of teeth zt2) and the indemnification information (sensor ID) included in the wireless signal.

Thus, while suppressing the increase in cost by using the existing system, with respect to each wheel, the rotational
position (number of teeth zt2) at the time of transmission of the wireless signal from the transmitter 2d may be
detected more accurately on the vehicle body side so that the wheel position of the TPMS sensor 2 (transmitter 2d)
may be determined more accurately. Therefore, Therefore, it is possible to complete the automatic learning mode
earlier.
(2) More specifically, the vehicle body-side rotational position estimate mechanism (rotational position calculation
unit 4a) estimates the rotational position (number of teeth zt2) at the time of transmission from the transmitter 2d
(transmission command time t2) based on the rotational positions of the wheel 1 (number of teeth zt1, zt5) which
are input immediately before a reception start (time t3) of the wireless signal from the transmitter 2d and immediately
after the receipt completion (time t4) via a communication line (CAN communication line 7), the time of input of
rotational position of this wheel 1 t1, t5, the above described receiving start time t3 or receipt completion time t4.
Therefore, it is possible to accurately detect the rotational position (number of teeth zt2) at the time of transmission
of the transmitter 2d on the vehicle body side so that the wheel position of the TPMS sensor 2 (transmitter 2d) may
be determined more accurately.
(3) The rotational position estimate mechanism on the vehicle body side (rotational position calculation unit 4a)
corrects a transmission delay Δt0 of the transmitter 2d included in the received information of the wireless signal.
Therefore, it is possible to detect the rotational position (number of teeth zt2) on the vehicle body side more accurately
so that the wheel position of the TPMS sensor 2 (transmitter 2d) may be determined more precisely.
(4) The transmitter 2d sends the wireless signal in duplicate as a plurality of frames (first to third frames) and the
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rotational position estimate mechanism on the vehicle body side (rotational position calculation unit 4a) estimate
the rotational position (number of teeth zt2) at the transmission of the transmitter 2d (transmission command time
t2) based on the received information out of the plurality of the frames (for example, the receipt completion time t4’
of the second frame and the frame number).
Therefore, by improving the receiving probability through avoidance of the Null point, the wheel position of the TPMS
sensor 2 (transmitter 2d) may be determined more accurately.
(5) The transmitter 2d transmits each frame at intervals from each other and cause the rotational position information
(frame number) of the transmitter 2d to be included in each frame at the transmission of the frame.
Therefore, it is possible to determines more accurately the wheel position of the TPMS sensor (transmitter 2d) while
improving the reception probability..
(6) Each wheel 1 is provided with a rotational position estimate mechanism (G sensor 2b, sensor CU2c) that estimates
the rotational position of the transmitter 2d at the transmission of each frame, and the transmitter 2d may be configured
to include in each frame the estimated rotational position as rotational position information.
In this case, since it is sufficient to transmit each frame at any rotational position, it is possible to determine the
wheel position of the TPMS sensor 2 (transmitter 2d) earlier.
(7) The transmitter 2d is configured to send a predetermined reference frame (first frame for example) out of the
plurality of frames (first to third frames) at a predetermined rotational position (top point), transmits each frame at a
predetermined interval (interval 100msec time, 140msec),and includes as the rotational position information the
transmission order information (frame number). The rotational position estimate mechanism (rotational position
calculation unit 4a) estimates the predetermined rotational position described above (number of teeth at top point
zt2) based on the received information (receipt completion time t4’ and frame number). The wheel position deter-
mination mechanism (wheel position determination unit 4c) in turn determines the position of wheel 1 (FL to RR)
on which the transmitter 2d is installed or mounted.
That is, the transmission order information (frame number) attached to each frame (second, third frames) indicates,
combined with the information about the predetermined interval (time interval 100msec., 140msec.), the rotational
position information of the transmitter 2d at the time of the transmission of that frame (second and third frames).
Thus, it is not necessary to provide a mechnism for estimating the rotational position of the TPMS sensor 2 (transmitter
2d) in each wheel 1 at the time of transmission of each frame so that the configuration may be simple..
(8) The transmitter 2d transmits each frame (first to third frames) with different time intervals (100msec, 140msec)
placed from each other.
Thus, the vehicle body-side rotational position estimate mechanism (rotational position calculation unit 4a) may
estimate the predetermined rotational position (number of teeth zt2) based on the received information (receiving
completion time t4 and frame number).
(9) The transmitter 2d transmits three or more frames (first to third frames) at a different time intervals (100msec,
140msec).
Therefore, by suppressing a situation where the rotation period of the wheel 1 and transmission period of each
frame are synchronized and the transmission position of each frame matches the vicinity of the Null point, it is
possible to improve the reception probability.

[Second embodiment]

[0089] In the second embodiment, in a constant or fixed position transmission mode, each TPMS sensor 2 transmits
a plurality of data sets (for example first to fourth frames) including own (i.e. of the transmitter 2d) rotational position
information. As shown in FIG. 11, the TPMS sensor 2 is configured to transmit a single frame (first frame) per transmission
of the TPMS data at a predetermined rotational position (reference position = top or highest point) with a predetermined
rotation position interval (for example 90 degrees) placed from each other. Further, in the other frames (second to fourth
frames), the rotational position information of the transmitter 2d at the time of transmission of the relevant frame. More
specifically, the TPMS sensor 2 causes transmission order information (frame number) to be included in each frame.
The rotational position calculation unit 4a , upon receipt of any one of the first to four frames, based on the frame number
and the rotational position interval (90 degrees), a reference position (top point) at which the TPMS sensor 2 has sent
the first frame, i.e. the number of teeth zt2 is estimated.
[0090] For example, the rotational position calculation unit 4a calculates, when the received frame happens to be the
third frame, the rotational position (number of teeth) at which the third frame has been sent in a manner similar to the
equation (1) above. By subtracting the rotational position interval between the first and third frames (number of rotor
teeth corresponding to "90 degrees x 2"= 180 degrees) from the calculated rotational position (number of teeth) to
calculate the predetermined rotational position at which the first frame has been transmitted.
[0091] Since the other configurations are the same, the description thereof are omitted.
[0092] Therefore, it is possible as in the first embodiment, while improving the reception probability, to accurately



EP 2 711 204 A1

15

5

10

15

20

25

30

35

40

45

50

55

estimate the wheel position of the TPMS sensor 2 to complete the automatic learning mode early.
Incidentally, in order to improve the reception probability, it is also possible to make the inter-frame rotational position
interval different or to increase the number of frames.
In addition, as the rotational position information included in each frame, the estimate of the rotational position (by the
sensorCU2c) of the transmitter 2d at the time of transmission of that frame. In this case, the reference position for
transmitting the first frame is not limited to a specific rotational position (such as top point).
[0093] In the tire pressure monitoring device in the second embodiment, the following effects may be obtained.

(1) The transmitter 2d transmits each frame (first to fourth frames) with a predetermined rotational position interval
(90 degrees for example).

Thus, combined with the information of the predetermined rotational position interval (90 degrees), the transmission
order information (frame number) added to each frame (second, third frames) represents the rotational position infor-
mation of the transmitter 2d at the time of transmission of the frame (second, third frames). Therefore, the vehicle body-
side rotational position estimate mechanism (rotational position calculation unit 4a), based on the received information
(receipt completion time t4’, and frame number) of the received one (for example of the second frame) among the plurality
of the frames , may estimate the predetermined rotational position (number of teeth zt2 at top point).

[Third embodiment]

[0094] In the third embodiment, in a fixed or constant position transmission mode, each TPMS sensor 2 is configured
to transmit a plurality groups (first to fourth groups for example) of a plurality of frames (first to third frames for example)
including own (of the transmitter 2d) rotational position information per transmission of the TPMS data. In the third
embodiment, a set of four groups is provided and each group has first to third frames respectively. Thus, the number of
frames to be sent by the TPMS sensor 2 amounts to 12 (=4x3) in total.
As shown in FIG. 12, the TPMS sensor 2 (transmitter 2d) transmits, at a plurality (four) of predetermined rotational
positions (reference position for each group) that are spaced from each other, transmits a single frame (first frame) of
the corresponding group. More specifically, the sensorCU2c calculates, during the fixed position transmission mode,
the rotational position of the TPMS sensor 2 (transmitter 2d) of the TPMS sensor 2 based on a gravitational acceleration
dependent component of the centrifugal acceleration detected by the G sensor 2b, transmits the first frame of the first
group at the top point ("0" degree), transmits the first frame of the second group at the rearmost point (90 degrees),
transmits the first frame of the third group at the lowermost point (180 degrees), and transmits the first frame of the fourth
group at the forefront point (270 degrees). The TPMS sensor 2 , after transmitting the first frame of each frame at the
reference position of each group (top or highest point, rearmost point, lowermost point, and forefront point), transmits
the other frames of the same group (second, third frames) in the same manner as the first embodiment. That is, with
placing a predetermined time interval (100 msec. 140 msec.), the second and third frames will be transmitted. In addition,
the information of the group with which the frame is associated (group number, or flag corresponding to the reference
position of each group) is attached.
[0095] For example, the TPMS sensor 2 transmits the first frame of the second group at the reference position of the
second group (rearmost point at 90 degrees), transmits the second frame 100 msec. thereafter, transmits a third frame
140 msec. thereafter. The rotation position calculation unit 4a , upon receipt of any one of the first to third frames of the
second group, based on the frame number thereof (i.e. one to three) and the above referenced time interval (100 msec.
140 msec), estimates the reference position of the second group (rearmost point), i.e., the number of teeth zt2. Further,
the rotational position calculation unit 4a, based on the group number attached to the received frame, converts the
reference position (number of teeth at rearmost point) of the second group described above, i.e. number of teeth zt2 to
the reference position of the first group (number of teeth at the highest or top point). More specifically, by subtracting
the number of teeth corresponding to the rotational position interval between the first and second group (i.e. 90 degrees)
from the estimated reference position (rearmost point) of the second group, the number of teeth zt2 at the reference
position (top point)of the first group is calculated.
When receiving the frames of the other groups (third, fourth group),the number of teeth zt2 of the reference position of
the first group (top point) is calculated in a similar manner. The dispersion calculation unit 4b calculates the dispersion
characteristic value X of the number of teeth zt2 of the reference position (top point). That is, with reference to the
calculated reference position (top point) of the firs group, the wheel position of the TPMS sensor 2 is determined.
Since the other configurations as the same as the first embodiment, description thereof is omitted.
[0096] Now, description of the operation is given.
The Null point is not limited to one location. There may be a plurality of locations thereof. In the latter case, as in the first
embodiment, even if transmission of each frame takes place at different time intervals (100msec, 140msec), depending
on the rotation period (rotation speed) of wheel 1, in other words, a vehicle speed, the transmission positions of all the
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flames match (a plurality of) the vicinity of the Null points so that the situation may arise in which no frame is received.
In contrast, in the third embodiment, due to the above configuration, such situation may be avoided to occur. Thus, while
improving further the receiving probability of the frame, the rotational position (number of teeth at the reference position
of the first group) may be identified on the vehicle body side more reliably.
Note that the dispersion characteristic value X of the number of teeth at the reference position may be calculated for
each group. In the third embodiment, by converting all the received data into the reference position of the first group
(number of teeth at top point), a significant difference in dispersion value X of the self-wheel and the other wheels may
be produced more rapidly. Therefore, it is possible to estimate the wheel position of the TPMS sensor 2 more accurately
within short time. Note that the reference position for the wheel position determination (calculation of the dispersion
characteristic value) may not be restricted to the reference position (top point) of the first group, but may be collected
or aggregated to a reference position (rear most point) of the other group (second group, for example).
[0097] The TPMS sensor 2 (transmitter 2d), as in the second embodiment, may be configured to transmit the frames
of each group (first to third frames) at predetermined rotational position intervals. Further, the TPMS sensor 2 may be
configured to provide predetermined rotational positions (reference positions of each group) at which the first frame is
transmitted for each group, with a predetermined time interval placed. In this case as well, by subtracting the number
of teeth corresponding to the predetermined time interval, the number of teeth at the reference position of the first group
(top point) may be calculated. In the third embodiment, since the reference positions of each group are provided at a
predetermined rotational position interval from each other, the calculation may be made simple.
In addition, as the rotational position information to be included in each frame, an estimate value of the rotational position
of the transmitter 2d at the time of transmission of that frame (by the sensorCU2c) may be included. In this case, the
reference position at which the first frame of each group is not limited to a specific rotational position (top point etc.).
Further, the number of groups is not limited to four, but may be 2, 3 , 5 or other number.
[0098] In the tire pressure monitoring device of the third embodiment, there is an effect to be listed below.

(1) The transmitter 2d transmits a plurality of frames (first to third frames) in a plurality of groups (first to fourth group),
and transmits, at a predetermined rotational position (top or highest point, rearmost or end point, lowermost point,
and forefront or anterior point) provided for each group at a predetermined interval (90 degrees), a reference frame
of each group (first frame, for example)..
Therefore, it is possible to improve the reception probability and to identify more reliably the rotational position
(number of teeth at the reference position of the first group) as a criterion of the wheel position of the transmitter 2d.
(2) The transmitter 2d includes group information (group number) in each frame (first to third frames) indicative to
which group the frame belongs. The rotational position estimate mechanism on the vehicle body (rotational position
calculation unit 4a) estimates a predetermined rotational position (number of teeth at top point) for a predetermined
reference group (first group, for example) among a plurality of groups (first to fourth group) based on the predeter-
mined rotational position (number of teeth at rearmost point) of the group to which the frame is estimated to belong
(second group, for example) with respect to the received frame and the group information (group number). Further,
the wheel position determination mechanism (wheel position determination unit 4c) determines the position of the
wheel 1 on which the transmitter 2d is installed or mounted based onhte predetermined rotational position (number
of teeth at top point) of the estimated reference group (first group).
Thus, by converting all the received data to a reference position (number of teeth zt2 at the top point) of a reference
group (first group), the wheel position of the transmitter 2d may be estimated accurately within a shorter period of time.

[Other embodiments]

[0099] While best embodiments have been described to implement the present invention, the specific configuration
is not limited to these embodiments. Rather, the design change or alterations that do not depart the essence of the
present invention may be included in the present invention.
[0100] For example, in the embodiments, an example is shown using a wheel speed sensor as a rotational position
detection mechanism. However, in a vehicle provided with an in-wheel motor as power source, the rotational angel may
be detected using a resolver of an electric motor.

Description of reference signs

[0101]

1 wheel
2a pressure sensor (tire pressure detection mechannism)
2d transmitter



EP 2 711 204 A1

17

5

10

15

20

25

30

35

40

45

50

55

3 receiver
4a rotational position calculation unit (vehicle body side rotational position estimate mechanism)
4C wheel position determination unit (wheel position determination mechanism)
6 ABSCU (rotational position detection mechanism)
7 CAN communication line (communication line)
8 wheel speed sensor (rotational position detection mechanism)

Claims

1. A tire pressure monitoring device for monitoring the air pressure of each tire, comprising:

a tire pressure detection mechanism installed on the tire of each wheel for detecting the air pressure of the tire;
a transmitter installed on each wheel for transmitting the air pressure information in a wireless signal with the
identification information unique to each transmitter included in the wireless signal;
a receiver mounted on the side of the vehicle body for receiving the wireless signal;
a rotational position detection mechanism installed on the vehicle body in correspondence with each wheel for
detecting the rotational position of each wheel and outputting the rotational position information at a predeter-
mined time interval to a communication line;
a vehicle body side rotational position estimate mechanism installed on the vehicle body for estimating the
rotational position of the transmitter at the time of transmission based on the received information from the
transmitter and the rotational position information of the wheel input via the communication line, and
a wheel position determination mechanism for identifying a position of the wheel on which the transmitter is
installed based on the estimated rotational position and the identification information included in the wireless
signal.

2. The tire pressure monitoring device as claimed in claim 1, wherein
the rotational position estimate mechanism is configured to estimate the rotational position at the time of transmission
from the transmitter based on the rotational positions of the wheel which are input immediately before a receiving
start of the wireless signal from the transmitter and immediately after the receipt completion respectively input via
a communication line, the time of input of rotational position of the wheel, and the receiving start time or receipt
completion time.

3. The tire pressure monitoring device as claimed in either claim 1 or 2, wherein The rotational position estimate
mechanism on the vehicle body side corrects a transmission delay of the transmitter included in the received infor-
mation of the wireless signal.

4. The tire pressure monitoring device as claimed in any one of claims 1 to 3, wherein the transmitter sends the wireless
signal in duplicate as a plurality of frames and the rotational position estimate mechanism on the vehicle body side
estimate the rotational position at the transmission of the transmitter based on the received information out of the
plurality of the frames.

5. The tire air pressure monitoring device as claimed in claim 4
wherein the transmitter transmits each frame at intervals from each other and cause the rotational position information
of the transmitter to be included in each frame at the transmission of the frame.

6. The tire air pressure monitoring device as claimed in claim 5, wherein
each wheel 1 is provided with a rotational position estimate mechanism that estimates the rotational position of the
transmitter at the transmission of each frame, and the transmitter may be configured to include in each frame the
estimated rotational position as rotational position information.

7. The tire air pressure monitoring device as claimed in claim 5, wherein
the transmitter is configured to send a predetermined reference frame out of the plurality of frames at a predetermined
rotational position, transmits each frame at a predetermined interval, and includes as the rotational position infor-
mation the transmission order information, wherein
the rotational position estimate mechanism estimates the predetermined rotational position based on the received
information among the plurality of the frames, and wherein
the wheel position determination mechanism determines the position of wheel on which the transmitter is installed
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8. The tire air pressure monitoring device as claimed in claim 7, wherein
the transmitter transmits each frame with different time intervals placed from each other..

9.  The tire air pressure monitoring device as claimed in claim 8, wherein
the transmitter transmits three or more frames to transmit each frame at a different time interval.

10. The tire air pressure monitoring device as claimed in claim 7, wherein
the transmitter transmits each frame with a predetermined rotational position interval

11. The tire air pressure monitoring device as claimed in any one of claims 7 to 10, wherein
the transmitter transmits the plurality of frames in a plurality of groups and transmits, at a predetermined rotational
position provided for each group at a predetermined interval, a reference frame of each group.

12. The tire air pressure monitoring device as claimed in claim 11, wherein
the transmitter includes group information in each frame indicative to which group the frame belongs,
the rotational position estimate mechanism on the vehicle body estimates a predetermined rotational position for a
predetermined reference group among a plurality of groups based on the predetermined rotational position of the
group to which the frame is estimated to belong with respect to the received frame and the group information, and
the wheel position determination mechanism , and determines the position of the wheel on which the transmitters
installed based on the predetermined rotational position of the estimated reference group.
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