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TIRE AIR PRESSURE DETECTING DEVICE, TIRE AIR PRESSURE MONITORING SYSTEM, AND
TIRE AIR PRESSURE NOTIFICATION METHOD WITH ADAPTIVE TRANSMISSION FREQUENCY

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority to Japanese Patent Application No. 2009-
162982, filed on July 9, 2009. The entire disclosure of Japanese Patent Application No.
2009-162982 is hereby incorporated herein by reference. |
BACKGROUND
Field of the Invention
[0002] The present.ihvention relates to a tire air pressure detecting device, a tire air
pressure monitoring system, and a tire air pressure transmission method.
Background Information
[0003] In tire air pressure detecting devices employed in conventional systems for
monitoring tire air pressure, limits are placed on the frequency of use of the transmitter
with the goal of reducing power coﬁsumption. For example, according to the technique
disclosed in Japanese Patent No. 41221373, with the vehicle at a stop, the frequency of
transmission of the transmitter is set to once every 15 minutes; and if the vehicle speed
exceeds 25 km/h, the frequency of transmission is set to once every 54 seconds, thereby
keeping transmi:tting frequency to the lowest limit necessary. Additionally, according to
the above publication, transmission of the transmitter may be carried out only when
needed through an arrangement whereby after a predetermined period of time has elapsed
since the vehicle speed exceeded 25 km/h, transmitting frequency is increased regardless
of current vehicle speed when a given pressure fluctuation has occurred.
SUMMARY
[0004] However, in the conventional system described above, transmitting frequency
is uniquely determined by a single threshold value of vehicle speed or a single threshold
value of pressure fluctuation. Thus, in order to increase the transmitting frequency when,
for example, the tires are being inflated with the vehicle at a stop, it is necessary to set
both of these two threshold values to fairly low values. If both threshold values have been

set to low values however, transmitting frequency will be consistently high during travel,

-1-



WO 2011/004229 PCT/IB2010/001512

makin‘g reduced energy consumption unlikely. On the other hand, in order to increase the
transmitting frequency when a tire puncture or blowout occurs during travel, it is
necessary to set both of these two threshold values to fairly high values. However, if both
threshold values have been set to high values, transmitting frequency will not increase
when the tires are being inflated, so that air pressure cannot be ascertained properly when
the tires are being inflated.

[0005] According to the present invention, the threshold value for switching
transmitting frequency from a prescribed low frequency to a prescribed high frequency is
set variably according to a vehicle running state and change in air pressure of the tires.
[0006] In view of the state of the known technology, a tire air pressure detecting
device according to one aspect of the invention includes an air pressure detecting unit; a
transmitting unit, a running state detecting unit, an air pressure change rate detecting
section, and a frequency adjustment section. The air pressure detecting unit is configured
and arranged to detect a tire air pressure of a tire mounted to a vehicle. The transmitting
unit is configured and arranged to transmit a detected value of the tire air pressure detected
by the air pressure detecting unit. The running state detecting unit is configured and
arranged to detect a running state of the vehicle. The air pressure change rate detecting
section is configured to detect an air pressure change rate at which the tire air pressure
changes. The frequency adjustment section is configured to adjust a transmitting
frequency at which the detected value of the tire air pressure detected by the air pressure
détecting unit is externally transmitted by the transmitting unit according to the running
state detected by the running state detecting unit and the air pressure change rate detected
by the air pressure change rate detecting section. The frequency adjustment section is
further configured to variably set a threshold value for switching the transmitting
frequency from low frequency to high frequency according to the running state and the air
pressure change rate. ) ‘
[0007] According to the above configuratilon, optimal transmitting frequency can be
attained according to the vehicle running state and the air pressure change rate, while

obtaining information at the minimum necessary transmitting frequency.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008]  Referring now to the attached drawings which form a part of this original
disclosure:
[0009] FIG. 1 is a schematic diagram showing an overall configuration of a vehicle
provided with a tire air pressure monitoring system according to a first embodiment of the
present invention;
[0010] FIG. 2 is a schematic diagram showing a detailed configuration of the tire air
pressure monitoring system according to the first embodiment;
[0011]  FIG. 3 is a control block diagram of an application-specific integrated circuit
(ASIC) in the tire air pressure monitoring system in accordance with the first embodiment;
[0012] FIG. 4 is a flowchart depicting the flow of the air pressure transmission control
process executed by the tire air pressure monitoring system in accordance with the first
embodiment;
[0013] FIG. 5 is a diagram depicting change in air pressure during tire inflation and
when a tire puncture occurs;
[0014] ~ FIG. 6 is a diagram showing the relationship between the air pressure change
rate and transmitting frequency when threshold value for transmitting frequency change is
fixed according to a comparative example; |
[0015] FIG. 7 is a diagram showing the relationship between the air pressure change
rate and transmitting frequency according to the first embodiment;
[0016] FIG. 8 is a diagram showing the difference in the air pressure change rate
observed between change in air pressure during tire inflation and change in air pressure
due to the influences of temperature or the like;
[0017] FIG. 9 is a diagram showing change in air pressure during tire inflation and
during rough road travel,
[0018]  FIG. 10 is a flowchart depicting the flow of the air pressure transmission
control process executed by a tire air pressure monitoring system according to a second
embodiment of the present invention;
[0019] FIG. 11 is a flowchart depicting the flow of the air pressure transmission

control process according to the second embodiment;
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[0020] FIG. 12 1s a flowchart depicting the flow of the air pressure transmission
control process according to the second embodiment;

[0021] FIG. 13 is a flowchart depicting the flow of the air pressure trahsmission
control process executed by a tire air pressure monitoring system according to a third
embodiment of the present invention;

[0022] FIG:-14 is a flowchart depicting the flow of the air pressure transmission
control process according to the third embodiment;

[0023] FIG. 15 is a flowchart depicting the flow of the air pressure transmission
control process according to the third embodiment;

[0024] FIG. 16 includes a timing chart illustrating an example of air pressure,
transmitting frequency, and a command signal transmitted to a warning lamp when a tire
puncture occurs according to the third embodiment;

[0025] FIG. 17 includes a diagram (a) with a timing chart illustrating air pressure,
transmitting frequency, and a command signal transmitted to a warning lamp when the
user inflates the tire while the ignition switch is ON, and a diagram (b) with a timing chart
illustrating air pressure, transmitting frequency, and a command signal transmitted to a
warning lamp when the user starts inflating the tire when the ignition switch is OFF and
then subsequently turns the ignition switch ON according to the third embodiment;
[0026] FIG. 18 is a flowchart depicting the flow of the air pressure transmission
control process executed by a tire air pressure monitoring system according to a fourth
embodiment of the present invention;

[0027] FIG. 19 is a flowchart depicting the flow of the air pressure transmission
control process according to the fourth embodiment;

[0028] FIG. 20 is a flowchart depicting the flow of the air pressure transmission
control process according to the fourth embodiment;

[0029] FIG. 21 is a diagram showing change in air pressure before and after a vehicle
stops according to the fourth embodiment;

[0030] FIG. 22 is a diagram depicting a method of setting a change rate threshold
value correction quantity according to elapsed time after the vehicle cz)/mes to-astopina
tire air pressure monitoring system according to a fifth embodiment of the present

invention;
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[0031] FIG. 23 is a flowchart depicting the flow of the air pressure transmission
control process executed by a tire air pressure monitoring system according to a sixth
embodiment of the present invention;

[0032] FIG. 24 is a flowchart depicting the flow of the air pressure transmission
control process according to the sixth embodiment;

[0033] FIG. 25 is a flowchart depicting the flow of the air pressure transmission
control process executed by a tire air pressure monitoring system according to a seventh
embodiment; _ '

[0034] FIG. 26 is a flowchart depicting the flow of the air pressure transmission
control process acéording to the seventh embodiment;

[0035] FIG. 27 is a flowchart depicting the flow of the air pressure transmission
control process according to the seventh embodiment;

[0036] FIG. 28 is a timing chart depicting a method of setting air pressure detecting
frequency and transmitting frequency according to the relationship of a lamp turnoff
threshold valué and air pressure during tire inflation in a tire air pressure monitoring
system according to the seventh embodiment of the present invention;

[0037] FIG. 29 is a timing chart depicting a method of setting air pressure detecting
frequency and transmitting frequency accordiﬁg to the relationship of two lamp turnoff
threshold values and air pressure during tire inflation in a tire air pressure monitoring
system according to a modified example of the seventh embodiment of the present
invention;

[0038] FIG. 30 is a diagram depicting change in air pressure when a tire puncture
occurs during travel, and change in air pressure associated with travel;

[0039] FIG. 31 is a diagram depicting change in air pressure when a tire puncture
occurs with the vehicle stopped, and change in air pressure observed during tire inflation
by the user;

[0040] FIG. 32 is a diagram depicting change in air pressure during tire inflation by
the user;

[0041] FIG. 33 includes a diagram (a) depicting chénge in air pressure when the
inflation procedure is carried out by the user with an inflation tool having good

performance; and a diagram (b) depicting change in air pressure when the inflation
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procedure is carried out by the user with an inflation tool having poor performance
according to a tenth embodiment of the present invention; |
[0042] FIG. 34 is a flowchart depicting the flow of the air pressure transmission
control process executed by a tire air pressure monitoring system according to an eleventh
embodiment of the present invention; and
[0043] FIG. 35 is a timing chart depicting change in air pressure during tire inflation
according to the eleventh embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS
[0044] Selected embodiments of the tire air pressure detecting device, the tire air
pressure monitoring system, and the tire air pressure notification method will now be
explained with reference to the drawings. It will be apparent to those skilled in the art
from this disclosure that the following descriptions of the embodiments are provided for
illustration only and not for the purpose of limiting the invention as defined by the
appended claims and their equivalents.

FIRST EMBODIMENT

[0045] Referring initially to FIGS. 1 to 9, a tire air pressure monitoring system
including a tire air pressure detecting device is illustrated in accordance with a first
embodiment.
[0046] FIG. 1 is a schematic diagram showing an overall configuration of a vehicle in
which the tire air pressure monitoring system of the first embodiment is implemented.
The vehicle of the first embodiment includes a plurality of tires 1FL, 1FR, 1RL and 1RR
respectively coupled to a plurality of wheels; a plurality of tire air pressure detecting
devices 2FL, 2FR, 2RL and 2RR; a plurality of antenna-equipped tuners (receivers) 3FL,
3FR, 3RL and 3RR; a tire air pressure warning controller 4; a display 5; a warning lamp
(indicating unit) 6, a horn (alerting unit) 7, and a plurality of turn signals (alerting unit)
8FL, 8FR, 8RL and 8RR. In the above symbols, FL denotes the front left wheel, FR
donates the front right wheel, RL donates the rear left wheel, and RR donates the rear right
wheel. Also, where parts are referred to collectively or one of the parts is referred on
behalf of all the parts, these suffixes are omitted (e.g. the tire air pressure detecting devices
2FL, 2FR, 2RL and 2RR would be collectively donated as the tire air pressure detecting
devices 2, or any of the tire air pressure detecting 'devices 2FL, 2FR, 2RL and 2RR would
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be denoted as the tire air pressure detecting device 2 to represent all of the tire air pressure
detecting devices 2FL, 2FR, 2RL and 2RR).

[0047] The tire air pressure detecting devices 2 are respectively attached to the wheels
(preferably at a rim of the wheel) of the corresponding tires 1, and configured and
arranged to detect the air pressure of each individual tire, as well as to transmit wireless
signals that indicate individual tire ID (tire identification codes), sensed air pressure
information, and so on to the corresponding antenna-equipped tuners 3.

[0048] A single transmission from one of the tire air pressure detecting devices 2
contains a plurality of items of outgoing data transmitted at irregular transmission intervals,
for example. More specifically, a single transmission might include as transmitted
information a start bit, a function code, an ID, air pressure information, and a checksum
transmitted within a period of 15.3 msec, for example.

[0049] The antenna-equipped tuners 3 are configured and arranged to receive the
information transmitted from the tire air pressure detecting devices 2 and to input it to the
tire air pressure warning controller 4.

[0050] The tire air pressure warning controller 4 is configured to register the ‘
individual ID of each tire and to display on the display 5 the air pressure information for
the front and rear wheel tires 1FL, 1FR, 1RL and 1RR that are identified through
registration of their IDs. In the event of a determination that abnormal air pressure has
occurred in one or more of the front and rear wheel tires 1FL, 1FR, 1RL and 1RR, the tire
air pressure warning controller 4 is configured to output a lamp light-up command to the
low pressure warning lamp 6. Abnormal air pressure refers to a situation in which air
pressure lies outside the predetermined correct range. The lamp light-up command
continues until air pressure is brought into the predetermined correct range. Registration
of individual tire IDs preferably takes place only when a tire or tires are replaced.

[0051] FIG. 2 is a schematic diagram showing a detailed configuration of the tire air
pressure monitoring system of the first embodiment.

[0052] Each of the tire air pressure detecting devices 2 has a pressure sensor 10a (an
example of the air pressure detecting unit), a centrifugal switch 10b (an example of the

running state detecting unit), an application-specific integrated circuit (ASIC) 10c, a
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transmitter element 10d, and a transmitting antenna 10e (an example of the transmitting
unit).

[0053] The pressure sensor 10a is configured and arranged to detecf the pressure of a
corresponding one of the tires 1 and to output it to the ASIC 10c.

[0054] The centrifugal switch 10b is a switch that is open (OFF) when centrifugal
force acting upon it is weak, and closed (ON) when centrifugal force acting upon it is
strong. In the first embodiment, the centrifugal switch 10b is designed to outpﬁt an open
signal when the vehicle is at a stop (including times of travel at very low speed, e.g.
speeds of 5 km/h or less) and to output a closed signal during travel (e.g., in excess of 5
km/h). That is, the centrifugal switch 10b is configured and arranged to detect a travel
speed (running state) of the vehicle by determining whether the vehicle is traveling in
excess of speeds of 5 km/h or not, and from the open/closed signal thereof it can be
determined whether the vehicle is traveling (in a high-speed travel state) or at a stop (in a
low-speed travel state). The centrifugal switch 10b is configured and arranged to output
its open/closed signal to the corresponding ASIC 10c.

[0055] The ASIC 10c is an application-specific integrated circuit that is configured to,
based on air pressure detected by the pressure sensor 10a and the open/closed signal from
the centrifugal switch 10b, generate outgoing data that includes tire air pressure 1
information, to establish a transmitting frequency for the outgoing data, and to output this
outgoing data and transmitting frequency to the transmitter element 10d. The ASIC 10c
will be described in detail later. The transmitter element 10d is configured and arranged to
transmit the outgoing data from the transmitting antenna 10e according to the transmitting
frequency established by the ASIC 10c. Each of the antenna-equipped tuners 3 has a
receiving antenna 11a for receiving the outgoing data from the tire air pressure detecting
device 2, and a tuner 11b constituting the reception circuit.

[0056] In the first embodiment, the tire air pressure warning controller 4 has a 5V
power circuit 4a; a microcomputer 4b that inputs received data from the tuners 11b and
that carries out various kinds of data processing thereof; an EEPROM 4c which is a
memory from which saved information is electrically erasable, and which is used for ID
registration; a display driver circuit 4d for outputting to the display 5 a display driving’
command to display air pressure information for the tires 1FL, 1FR, 1RL and 1RR based
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on the received data; a warning lamp output circuit 4e for determining from the received
data the pressure values of the installed tires, and outputting a tire air pressure warning
command to the low pressure warning lamp 6 in the event of low pressure; an output
circuit 4f for outputting to the horn 7 an audible alarm command according to the air
pressure during tire inflation; and a display driver circuit 4g for outputting to the turn
signals 8 a blinking command according to tile air pressure during tire inflation.
[0057] FIG. 3 is a control block diagram of the ASIC 10c in the first embodiment.
The ASIC 10c preferably includes a microcomputer and other conventional components
such as an input interface circuit, an output interface circuit, and memory blocks such as a
ROM (Read Only Memory) device and a RAM (Random Access Memory) device. The
ASIC 10c has an air pressure change rate detecting module (air pressure change rate
detecting section) 21 and a frequency adjustment module (frequency adjustment section)
22. The air pressure change rate detecting module 21 is configured to detect change per
unit time of the air pressﬁre measured by the pressure sensors 10a, i.e., the air pressure
change rate. The frequency adjustment module 22 is configured to repeatedly execute in a
prescribed cycle the control program shown in FIG. 4 (as described in detail below) based
on the vehicle speed detected by the centrifugal switch 10b and the air pressure change
rate detected by the air pressure change rate detecting module 21 in order to achieve the
optimal transmitting frequency according to a vehicle running state and a air pressure
change rate according to the first embodiment.

| AIR PRESSURE TRANSMISSION C.ONTROL PROCESS
[0058] FIG. 4 is a flowchart depicting the control algorithm for the air pressure
transmission control process executed by each of the tire air pressure detecting devices 2
of the tire air pressure monitoring system according to the first embodiment. The
flowchart of FIG. 4 is initiated by reception of an external trigger signal when the vehicle
is shipped from the factory, and is repeated until battery life of a battery provided in the
tire air pressure detecting device 2 is exhausted.
[0059] In Step S1, the pressure sensor 10a is configured and arranged to measure the
air pressure of the corresponding tire 1, and the ASIC 10c is configured to set the
measured air pressure as the pressure P1 and to store the pressure P1 in memory. Then,

the routine advances to Step S2.
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[0060] In Step S2, the ASIC 10c is configured to set the pressure P1 stored in memory
as the baseline pressure PO, and store the baseline pressure PO in memory. Then, the
roytine advances to Step S3.

[0061] In Step S3, thé ASIC 10c is configured to wait for a prescribed time interval to
elapse. After the prescribed time interval has elapsed, the routine proceeds to Step S4. In
the first embodiment; the prescribed time interval in step S3 is preferably set to 30 seconds.
[0062] In Step S4, the ASIC 10c is configured to monitor the air pressure value. More
specifically, in this step, the pressure s_(;,hsor 10a is configured and arranged to measure the
pressure of the corresponding tire 1 again, and the ASIC 10c is configured to set the
measured pressure as the pressure P1 and to store the pressure P1 in memory. Then, the
routine advances to Step S5.

[0063] In Step S5, according to whether the centrifugal switch 10b is ON, the ASIC
10c is configured to determine whether the vehicle has started traveling. If the
determination in step S5 is YES, the routine advances to Step S6. If the determination in
step S5 1s NO, the routine advances to Step S11.

[0064] In Step S6, the ASIC 10c is configured to determine whether an air pressure
change rate AP exceeds a change rate threshold value A. The air pressure change rate AP
is obtained as an absolute value of the difference [P1 — PO| between P1 that was set in Step
S4 and the baseline pressure PO that was set in Step S2 per unit time used in step S3 (30
seconds). In other words, the air pressure change rate AP is obtained by the equation [P1 —
P0|/30. Here, the change rate threshold value A is a value that falls within a prescribed
pressure fluctuation range during travel, but greater than the change in air pressure
predicted to occur duriﬁg rough road travel. In the first embodiment, the change rate
threshold value A is set to 40/30 = 1.33 kPa/s.

[0065] If the determination in step S6 is YES, then the routine advances to Step S12.
If the determination in step S6 is NO, the routine advances to Step S7.

[0066] In Step S7, the transmission counter is incremented (+1), and the routine
advances to Step S8.

[0067] In Step S8, the ASIC 10c is configured to determine whether the value of the
transmission counter equals a predetermined value N_Drive. If the determination in step

S8 is YES, then the routine advances to Step S9. If the determination in step S8 is NO,
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then the routine returns to Step S2. Here, the predetermined value N_Drive is a positive
natural number equal to 2 or greater. In the first embodiment, the predetermined value
N_Dirive is set tov2.

[0068] In Step S9, the ASIC 10c is configured to transmit the value of the pressure P1
to the tire air pressure warning controller 4 via the corresponding antenna-equipped tuner
3. Then, the routine proceeds to Step S10. Here, eight identical transmission data are
preferably transmitted. Given transmission data are transmitted in multiple numbers so
that the data will be more reliably received by the antenna-equipped tuner 3. |
[0069] In Step S10, the ASIC 10c is configured to reset the transmission counter to 0,
and then the routine returns to Step S2.

~[0070] Referring back to step S5, when the determination in step S5 is No, then the
routine proceeds to step S11. In Step S11, the ASIC 10c is configured to determine
whether the air pressure change rate AP exceeds a change threshold value B. Here, the
change rate threshold value B is a value that falls within a predetermined pressure
fluctuation range when the vehicle is stopped, but is less than the maximum change in air
pressure predicted to occur when the user increases the air pressure (when the user inflates
the tire). Accordingly, the change rate threshold value B is ‘a smaller value than the
change threshold value A. In the first embodiment, the change rate threshold value B is
set to 10/30 = 0.33 kPa/s.

[0071] If the determination in step S11 is YES, then the routine advances to Step S12.
If the determination in step S11 is NO, then the routine returns to Step S2.

[0072] In Step S12, the ASIC 10c’is configured to save the current time in memory as
the time TO, and then the routine advances to Step S13.

[0073] In Step S13, the ASIC 10c is configured to transmit the value of pressure P1 to
the tire air pressure warning controller 4 via the corresponding antenna-equipped tuner 3.
Then, the routine proceeds to Step S14. Here, three identical transmission data are
preferably transmitted. Given transmission data are transmitted in multiple numbers so
that the data will be more reliably received by the antenna-equipped tuner 3. When the
transmission data is transmitted in step S9 as described above, the tire air pressﬁre is
considered to be in a normal state since it has been determined that the air pressure change

rate AP is not greater than the change rate threshold value A in step S6. In such a case, the
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transmitting frequency is relatively low (30 x 2 = 60-second interval), and thus, the
identical transmission data is transmitted eight times. On the other hand, when the
transmission data is transmitted in step S13, the tire air pressure is considered to be in an
abnormal state since it has been determined that the air pressure change rate AP is greater
thaﬁ the change rate threshold value A in step S6 or that the air pressure change rate AP is
greater than the change rate threshold value B in step S6. Therefore, it is desirable to
transmit the tire air pressure data in a real-time manner with a shorter transmitting
frequency. Since the transmitting frequency is increased, the number of the identical data
transrhitted at the same transmission timing in step S13 can be smaller (e.g., 3). Of course,
it will be apparent to those skilled in the art from this disclosure that the actual numbers of
the transmitted data in steps S9, S13 and the corresponding steps in the following
embodiments are not limited to the numbers disclosed herein.
[0074] When the determination in step S6 is YES, it means that the tire pressure might
be abnormal. When the determination in step S11 is YES, it means the tire pressure might
be abnormal or the tire is being inflated by the user. Therefore, after the transmission data
is transmitted to the tire air pressure warning controller 4 in step S13, the tire air pressure
warning controller 4 is configured to illuminate the warning lamp 6 to alert the user that a
problem has occurred if the warning lamp 6 has not already been illuminated. If the
warning lamp 6 has already been illuminated, that means the tire might be being inflated.
Therefore, in such a case, the tire air pressure warning controller 4 is configured to turn off
| the warning lamp 6 at an appropriate timing (e.g., when the tire air pressure reaches the |
prescribed correct range of pressure).
[0075] In Step S14, the ASIC 10c is configured to wait for a prescribed time interval
to elapse. After the prescribed time interval has elapsed, the routine proceeds to Step S15.
Here, the prescribed time interval is preferably set to 10 seconds.
[0076] In Step S15, the ASIC 10c is configured to monitor the air pressure value.
More specifically, the pressure sensor 10a is configured to measure the air pressure of the
tire 1, and the ASIC 10c is configured to set the measured pressure as the pressure P1 and
to store the pressure P1 in memory, whereupon the routine then advances to Step S16.
[0077] In Step S16, the ASIC 10c is configured to save the current time in memory as

the time T1, and then, the routine advances to Step S17.
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[0078] In Step S17, the ASIC 10c is configured to determine as to whether the
difference between the time T1 that was saved in Step S16 and the time TO that was saved
in Step S12 exceeds a predetermined time period C. If the determination in step S17 is
YES, then the routine advances to RETURN, and the control flow shown in FIG. 4 is
repeated. If the determination in step Sl7 is NO, then the routine returns to Step S13. In
the first embodiment, the predetermined time period C is preferably set to 30 minutes.
CHANGE RATE THRESHOLD VALUE SWITCHING OPERATION
[0079] In a tire air pressure monitoring system, situations necessitating increased
frequency of detecting and transmitting the air pressure; i.e., incréased accuracy of
detecting air pressure for the user, include: 1) when the user is increasing the air pressure
(when the user is inflating the tire); 2) when a tire puncture or blowout has occurred; and 3)
when there has been an appreciable drop in tire air pressure.
[0080] As shown in FIG. 5, the air pressure change rate observed during inflation of
the tire by the user is smaller than the air pressure change rate when a tire puncture or
blowout has occurred. That is, because the magnitude of change in air pressure of which
the user must be alerted will differ during travel versus when the vehicle is stopped, if a
constant non-variable change rate threshold value for switching the transmitting frequency
(transmission rate) from low to high with reference to the air pressure change rate is
employed, the following trade-offs will occur.
[0081] For example, if the change rate threshold value has been set to within the
pressure fluctuation range observed with the vehicle stopped in order to increase
transmitting frequency during tire inflation, as indicated by the dash-dot line in FIG. 6, it
will frequently occur that the transmitting frequency switches from low to high when the
vehicle is traveling due to air pressure fluctuations associated with rough road travel or the
like, resulting in unnecessary power consumption by the transmitter. On the other hand, if
the change rate threshold value has been set to within the pressure fluctuation range
observed during travel in order to limit unnecessary switching of transmitting frequency,
as shown by the solid line in FIG. 6, when the user inflates the tire and air pressure is
increased while the vehicle is at a stop (when it is desirable to boost the transmitting

frequency) it will not be possible to increase the transmitting frequency, making it
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impossible for the user to be accurately apprised of conditions of gradually changing air
pressure.
[0082] According to the first embodiment on the other hand, as mentioned previously,
focusing on the fact that the level of change in air pressure at which it becomes necessary
to notify the user differs according to the vehicle running state (stopped or traveling), the
change rate threshold value A (1.33 kPa/s) during travel is set to be greater than the
change rate threshold value B (0.33 kPa/s) with the vehicle stopped. In other words, in the
first embodiment, the threshold value is variable to be one of the change rate threshold
value A and the change rate threshold value B depending on the vehicle running state and
the air pressure change rate.
[0083] Specifically, in the flowchart of FIG. 4, if in Step S5 it is determined that the
vehicle is travelling, the system advances to Step S6, whereupon the air pressure change
rate AP and the change rate threshold value A are compared. If AP < A, the transmitting

| frequency remains unchanged lat the low frequency of 60-second (30 x 2) intervals (1/60
Hz) (i.e., the prescribed time interval of 30 seconds elapses in step S3 and the routine is
repeated twice by the transmission counter in steps S7 and 8). On the other hand, if AP >
A, the transmitting frequency is switched from the low frequency of 60-second intervals to
a high frequency of 10-second intervals (0.1 Hz) (i.e., the prescribed time interval of 10
seconds elapses in step S14).
[0084] Meanwhile, if in Step S5 it is determined that the vehicle is stopped, the system
advances to Step S11, whereupon the air pressure change rate AP and the change rate
threshold value B (<A) are compared. If AP > B, the transmitting frequency is switched
from the low frequency of 60-second intervals to the high frequency of 10-second
intervals. On the other hand, if AP < B, transmission is suspended.
[0085] FIG. 7 is a diagram showing the relationship between air pressure change rate
(pressure change) and transmitting frequency in the first embodiment. During travel the
threshold value for switching the transmitting frequency is set to the change rate threshold
value A, and thus, unnecessarily high transmitting frequency due to air pressure
fluctuations associated with rough road travel can be avoided. When the vehicle is
stopped, the threshold value is set to the change rate threshold value B, and thus, the air

pressure detecting accuracy can be increased when the user increases the air pressure
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(when the user inflates the tire). That is, optimized transmitting frequency according to
the vehicle running state (traveling or being stopped) and tl;e air pressure change rate AP
can be achieved, and the required information can be obtained at the lowest transmitting
frequency necessary.

[0086] In the first embodiment, if it is determined in Step S5 that the vehicle is
stopped, and it is further determined in Step S11 that AP < B, wireless signal transmission
is suspended. Specifically, since tire punctures or appreciable drops in air pressure do not
normally occur when the vehicle is stopped, if the air pressure change rate AP is equal to
or less than the change rate threshold value B, i.e. if inflation by the user is not detected,
transmission of wireless signals can be suspended in order to reduce energy loss with the
vehicle at a stop. -

[0087] In the first embodiment, when the predetermined time period C (e.g., 30
minutes) have elapsed in Step S17 after switching the transmitting frequency from 60-
second intervals to 10-second intervals due to a sudden change in air pressure detected in
step S6 or S11, transmitting frequency then returns to 60-second intervals. If transmitting
frequency were to be maintained at lesecond intervals indefinitely subsequent to a
sudden change in the air pressure, the energy loss would be considerable. In consideration
of the time it takes for a user to inflate the tires, by maintaining transmitting frequency at
10-second intervals for a predetermined time period C (e.g., 30 minutes) following a
sudden pressure change, and then returning the transmitting frequency to 60-second
intervals after the predetermined time period C (e.g., 30 minutes) have passed, energy loss
can be minimized, and the user can be more promptly notified of the outcome of the
increasing of the air pressure. Moreover, because the duration of sudden pressure change
when a tire puncture or blowout has occurred is on the order of several minutes, a 30-
minute duration time, for example, for maintaining transmitting frequency at 10-second
intervals affords ample time to monitor for punctures and associated drops in air pressure.
[0088] According to the first embodiment, the transmitting frequency is switched
based on the outcome of comparison of 'the air pressure change rate AP with the change
rate threshold value A or B. If, for example, the fluctuation range of air pressure (air
pressure variation) were to be used instead of the air pressure change rate, if the pressure

fluctuation ranges of changes in air pressure due to an increase in the air pressure (or a
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decrease in the air pressure by a tire puncture) and of changes in air pressure associated
with travel or temperature changes happen to be about the same as depicted in FIG. 8, it
will not be possible to distinguish between the two. Consequently, transmitting frequency
will frequently become elevated due to travel and temperature changes, resulting in
considerable energy losses. ,

[0089] According to fhe first embodiment on the other hand, because the transmitting
frequency is switched based on the air pressure change rate AP, changes in air pressure
due to inflation or a puncture can be distinguished from changes in air pressure associated
with travel or temperature changes, so energy losses can be limited. |

[0090] According to the first embodiment, during travel the change rate threshold
value A is set to a value (1.33 kPa/s) that is greater than the maximum air pressure change
rate predicted to occur during rough road travel; and when the vehicle is stopped the
change rate threshold value B is set to a value (0.33 kPa/s) that is smaller than the
predicted air pressure change rate when the user increases the air pressure. As shown in
FIG. 9, the air pressure change rate during rough road travel is sometimes higher than the
air pressure change rate during tire inflation. Thus, during travel, by setting the change
rate threshold value A to a greater value than the air pressure change rate during rough
road travel, it is possible to avoid unnecessarily high transmitting frequency during rough
road travel. Meanwhile, because fluctuations in air pressure exceeding the air pressure
change rate during tire inflation do not occur with the vehicle at a stop, by setting the
change rate threshold value B to a smaller value than the air pressure change rate during
tire inflation, the transmitting frequency can be increased while inflation is taking place, so
that the user may be frequently notified of the air pressure.

[0091] According to the first embodiment, during travel, the air pressure detecting
frequency (30-second intervals as counted in step S3) is shorter than the transmitting
frequency (60-second intervals). This is because if the detecting frequency were matched
with the transmitting frequency (60-second intervals), performance would be degraded due
to delayed timing of detecting the air pressure; whereas if, conversely, the transmitting
frequency were matched with the detecting frequency (30-second intervals), there would
be considerable energy loss. That is, by making the detecting frequency shorter than the

transmitting frequency, it is possible to both minimize energy losses and ensure good
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performance. If the air pressure change rate AP exceeds the change rate threshold value
(A or B); that is, if the air pressure change rate AP exceeds the change rate threshold value
during travel, or if the air pressure change rate AP exceeds the change rate threshold value
B with the vehicle stopped, the detecting frequency and the transmitting frequency are
both brought into synchronization at 10-second intervals, thus avoiding energy losses
resulting from mismatched timing of the detecting frequency and the transmitting
frequency.

[0092] The tire air pressure monitoring system of the first embodiment affords the
following exemplary effects.

[0093] (1) The system is provided with the pressure sensors 10a for detecting tire air
pressure; the transmitter elements 10d and the transmitting antennas 10e for transmitting
tire air pressure sensor values; the centrifugal switches 10b for detecting the running state
of the vehicle; the air pressure change rate detecting modules 21 for detecting air pressure
change rate AP of the tires; and the frequency adjustment modules 22 for adjusting the
transmitting frequency of tire air pressure sensor values according to the vehicle running
state detected by the centrifugal switches 10b and the air pressure change rate AP detected
by the air pressure change rate detecting modules 21. The frequency adjustment modules
22 set, in a variable manner, the change rate threshold values A, B for switching the
transmitting frequency from low frequency to high frequency according to the vehicle
running state and the air pressure change rate AP. This makes it possible to achieve
optimal transmitting frequency according to the vehicle running state and the air pressure
change rate AP, while obtaining required information at the minimum necessary
transmitting frequency. ’

[0094] (2) Because the detection results by the centrifugal switches 10b are used to set
the change rate threshold values A, B so that the transmitting frequency increases
according to the vehicle travel state (or travel speed), transmitting frequency can be
switched from low frequency to high frequency according to the vehicle travel state (or
travel speed), even if the air pressure change rate stays constant.

[0095] (3) Because the frequency adjustment modules 22 set the change rate threshold
values A, B so that the transmitting frequency increases according to the air pressure

change rate, transmitting frequency can be switched from low frequency to high frequency
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according to the air pressure change, even if the vehicle running state, for example the
travel speed, stay constant.

[0096] (4) Because the frequency adjustment modules 22 make the change rate
threshold value B with the vehicle stopped (or the low speed travel state) smaller than the
change rate threshold value A during travel (or the high speed travel state), it is possible
both to avoid unnecessary increases in transmitting frequency during travel, and to
improve detecting accuracy during tire inflation.

[0097] (5) Because the frequency adjustment modules 22, after switching the
transmitting frequency from low frequency (60-second intervals) to high frequency (10-
second intervals) according to the air pressure change rate AP, subsequently maintain high
frequency (10-second intervals) until the end of a predetermined continuous time interval
(e.g., 30 minutes), it is possible both to reduce energy losses and to improve detecting
accuracy during tire inflation.

[0098] (6) Because the frequency adjustment modules 22 suspend transmission of
transmission data if the air pressure change rate AP is equal to or less than the change rate
threshold value B with the vehicle stopped, energy loss while the vehicle is stopped can be
reduced. ‘

[0099] (7) In a tire air pressure monitoring system in the pressure sensor 10a is
attached to each of the tires 1 to transmit tire air pressure to the antenna-equipped tuner 3
mounted to the vehicle-side (as opposed to the wheel-side), and the received air pressure
values are presented to the occupant, the tire air pressure detecting device 2 is configured
and arranged as described above. A tire air pressure monitoring system affording both
reduced energy loss and improved detecting accuracy is thereby afforded.

[00100] (8) In the tire air pressure detecting device 2 attached to each of the tires 1 and
adapted to transmit tire air pressure detected by the pressure sensor 10a to the antenna-
equipped tuner 3 situated on the vehicle-side, the threshold value for switching the
transmitting frequency from low frequency to high frequency is set in a variable manner
based on the detected running state of the vehicle and the air pressure change rate. Thus,
optimal transmitting frequency can be attained according to the vehicle running state and
the air pressure change rate AP, while obtaining required information at the minimum

necessary transmitting frequency.
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[00101] (9) In a tire air pressure transmission method for transmitting tire air pressure
detected on the wheel side to the vehicle-side, the air pressure change rate AP is
determined, the vehicle running state is detected, and the threshold value for switching the
transmitting frequency from low frequency to high frequency is set in a variable manner
based on the detected running state of the vehicle and the tire air pressure change rate. It
is thereby possible to obtain optimal transmitting frequency according to the vehicle
running state and the air pressure change rate AP, while obtaining required information at
the minimum necessary transmitting frequency.
[00102] It will be apparent to those skilled in the art from this disclosure that the actual
values (intervals) of the transmitting frequency and detecting frequency in the first
embodiment and the following embodiments are not limited to the values disclosed herein.
For example, in the first embodiment, the transmitting frequency and detecting frequency
can be changed by appropriately setting the prescribed intervals used in steps S3 and S14,
and the predetermined value N-Drive (éounter) used in step S8.

SECOND EMBODIMENT
[00103] Referring now to FIGS. 10 to 12, a tire air pressure detecting device, a tire air
pressure monitoring system, and a tire air pressure notification method in accordance with
a second embodiment will now be explained. In view of the similarity between the first
and second embodiments, the parts of the secoﬁd embodiment that are identical to the
parts of the first embodiment will be given the same reference numerals as the parts of the
first embodiment. Moreover, thé descriptions of the parts of the second embodiment that
are identical to the parts of the first embodiment may be omitted for the sake of brevity.
[00104] The tire air pressure monitoring system of the second embodiment differs from
the tire air pressure monitoring system of the first embodiment in that the detecting
frequency and the transmitting frequency of the tire air pressure when the vehicle is at a
stop can be set to shorter (higher) frequencies than the detecting frequency and the
transmitting frequency when the vehicle is traveling.
[00105] The physical structures of the tire air pressﬁre monitoring system of the second
embodiment is identical to the physical structures of the tire air pressure monitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description

thereof is omitted for the sake of brevity.
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AIR PRESSURE TRANSMISSION CONTROL PROCESS
[00106] FIGS. 10, 11, and 12 depict the control algorithm executed by each of the tire
air pressure detecting devices 2 in the second embodiment. Steps for carrying out
processes identical to those of the first embodiment depicted in FIG. 4 have been assigned
like step symbols and are not described.
[00107] In Step S21 shown in FIG. 10, according to whether the centrifugél switch 10b
is OFF, the ASIC 10c is configured to determine whether the vehicle is stopped. If}the
determination in step S21 is YES, then the routine advances to Step S24 shown in FIG"12.
If the determination in step S21 is NO, the routine advances to Step S22.
[00108] In Step S22, the pressure sensor 10a is configured and arranged to measure the
air pressure of the tire 1, and the ASIC 10c is configured to set the measured pressure as
the pressure P1 and to store the pressure P1 in memory. Then, the routine advances to
Step S6. _
[00109] In Step S23 shown in FIG. 11, according to whether the centrifugal switch 10b
is ON, the ASIC 10c is configured to determine whether the vehicle is being driven. If the
determination in step S23 is YES, then the routine advances to RETURN and the control
flow depicted in FIGS. 10 to 12 is repeated. If the determination in step S23 is NO, then
the routine advances to Step S24 shown in FIG. 12. |
[00110] In Step S24, the pressure sensor 10a is configured and arranged to measure the
air pressure of the tire 1, and the ASIC 10c is configured to set the measured pressure as
the pressure P1 and to store the pressure P1 in memory. Then, the routine advances to
Step S25.
[00111] In Step S25, the ASIC 10c is configured to set the pressure P1 in memory as
the baseline pressure PO, and to store the baseline pressure PO in memory. Then, the
routine advances to Step S26.
[00112] In Step S26, the ASIC 10c is configured to wait for a prescribed time interval
to elapse. After the prescribed time interval has elapsed, the routine proceeds to Step S27.
Here, the prescribed time interval is preferably set to 15 seconds.
[00113] In Step S27, the ASIC 10c is configured to transmit the value of pressure P1 to

the tire air pressure warning controller 4 via the corresponding antenna-equipped tuner 3.
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Then, the routine proceeds to Step S28. Here, fhree identical transmission data are
preferably transmitted.

[00114] In Step S28, according to whether the centrifugal switch 10b is ON, the ASIC
10c is configured to determine whether the vehicle has started to travel (i.e., whether the
vehicle is traveling). If the determination in step S28 is YES, then the routine advances to
RETURN and the control flow depicted in FIGS. 10 to 12 is repeated. If the
determination in step S28 is NO, then the routine advances to Step S29. |

[00115] In Step S29, the pressure sensor 10a is configured and arranged to measure the
air pressure of the tire 1, and the ASIC 10c is configured to set the measured pressure as
the pressure P1 and to store the pressure P1 in memory. Then, the routine advances to
Step S30.

[00116] In Step S30, a determination is made as to whether the air pressure change rate
AP is greater than the change rate threshold value B. As in the first embodiment, the air
pressure change rate AP is obtained as an absolute value of the difference [P1 — PO|
between P1 that was set in Step $29 and the baseline pressure PO that was set in Step S25
per unit time used in step S26 (15 seconds). In other words, the air pressure change rate
AP is obtained by the equation |P1 — POJ/15. The change rate threshold value B used in
step S30 is the same as the change rate threshold value B used in step S11 of the first
embodiment. If the determination in step S30 is YES, then the routine advances to Step
S12 shown in FIG. 11. If the determination in step S30 is NO, then the routine returns to
Step S25. .

[00117] When the determination in step S30 is YES, it means the tire pressure might be
abnormal or the tire might be being inflated by the user. Therefore, after the transmission
data is transmitted to the tire air pressure warning controller 4 in step S13, the tire air
pressure warning controller 4 is configured to illuminate the warning lamp 6 to alert the
user that a problem has occurred if the warning lamp 6 has not already been illuminated.
If the warning lamp 6 has already been illuminated, that means the tire might be being
inflated. Therefore, in such a case, the tire air pressure warning controller 4 is configured
to turn off the warning lamp 6 at an appropriate timing (e.g., when the tire air pressure
reaches the prescribed correct range of pressure).

[00118] Next, the operation will be described.
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[00119] In the second embodiment, during travel, when the air pressure change rate AP
is equal to or less than the change rate threshold value A, the flow repeatedly advances
through Step S2 -> Step S3 > Step S21 -> Step S22 -> Step S6 > Step S7 > Step S8 >
Step S9 - Step S10, and the air pressure detecting frequency is set to 30 seconds (in step
S3) while the transmitting frequency is set to 60-seconds (30 x 2) as in the first
embodiment. During travel, when the air pressure change rate AP exceeds the change rate
threshold value A, the flow repeatedly advances through Step S12 = Step S13 = Step
S14 = Step 15 - Step S16 > Step S17, and the tire air pressure detecting frequency and
the transmitting frequency are both set to 10-second intervals until the predetermined time
period C (e.g., 30 minutes) has passed as in the first embodiment.

[00120] On the other hand, with the vehicle stopped, when the air pressure change rate
AP is equal to or less than the change rate threshold value B, the flow repeatedly advances
through Step S25 = Step S26 - Step S27 > Step S28 > Step S29 > Step S30, and the
tire air pressure detecting frequency and the transmitting frequency are both set to 15-
second intervals (1/15 Hz). With the vehicle stopped, when the air pressure change rate
AP exceeds the change rate threshold value B, the tire air pressure detecting frequency and
the transmitting frequency are both set to 10-second intervals until the predetermined time
period C (e.g., 30 minutes) has passed, in the same manner as during travel.

[00121] Inthe sécond embodiment, there have been separately provided a process
taking place during travel (Steps S22, S6 to S10 and Steps S12 to S23) and a process
taking place with the vehicle stopped (Steps S24 to S29), thereby allowing different
detecting and transmitting frequencies to be established. More specifically, a 30-second
interval for detecting frequency and a 60-second interval for transmitting frequency are
established during travel when the air pressure change rate AP is equal to or less than the
change rate threshold value A, while a 15-second interval for both detecting frequency and
transmitting frequency is established with the vehicle stopped when the air pressure
change rate AP is equal to or less than the change rate threshold value B.

[00122] The purpose of detecting the air pressure change rate differs during travel
versus when the vehicle is at a stop. During travel, the aim is to notify the user if a
puncture occurs, whereas with the vehicle at a stop it is to notify the user of changing air

pressure occurring with inflation. When inflation is started by the user, it is preferable for
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the user to be presented more promptly with the outcome of the inflation. By setting the
detecting frequency and transmitting frequency with the vehicle stopped to a shorter
frequency than the detecting frequency and transmitting frequency during travel, the
system can promptly perceive when tire inflation by the user is initiated, and the user can
more promptly be apprised of the outcome of inflation.
[00123] The effects will now be described.
[00124] The tire air pressure monitoring system of the second embodiment affords the
following effect in addition to effects (1) to (5) and (7) to (9) of the first embodiment.
[00125] (10) Because the frequency adjustment modules 22 set the transmitting
frequency (15-second intervals) when the air pressure change rate AP is equal to or less
than the change rate threshold value B when the vehicle is stopped to a higher frequency
than the transmitting frequency (60-second intervals) when the air pressure change rate AP
is equal to or less than the change rate threshold value A during travel, the user can be
more promptly notified of air pressure when carrying ouf inflation with the vehicle
stopped.
[00126] Alternatively, in the second embodiment, Step S27 in FIG. 12 may be omitted
so that transmission is suspended when the vehicle is stopped and when the air pressure
change rate AP is equal to or less than the change rate threshold value B as in the first
embodiment. In such a case, energy loss while the vehicle is stopped can be reduced by
suspending transmission of the transmission data. ’

| THIRD EMBODIMENT
[00127] Referring now to FIGS. 10 and 13-17, a tire air pressure detecting device, a tire
air pressure monitoring system, and a tire air pressure notification method in accordance
with a third embodiment will now be explained. In view of the similarity between the first,
second and third embodiments, the parts of the third embodiment that are identical to the
parts of the first or second embodiment will be given the same reference numerals as the
parts of the first or second embodiment. Moreover, the descriptions of the parts of the
third embodiment that are identical to the parts of the first or second embodiment may be
omitted for the sake of brevity.
[00128] The third embodiment differs from the second embodiment in that the period of

time, over which the higher transmitting frequency is maintained after a sudden pressure
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change has occurred, differs during travel versus when the vehicle is stopped in the third
embodiment.
[00129] The physical structures of the tire air pressure monitoring system of the third
embodiment is identical to the physical structures of the tire air pressure monitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description
thereof is omitted for the sake of brevity.

A_[R PRESSURE TRANSMISSION CONTROL PROCESS
[00130] FIGS. 10, 13, 14, and 15 depict the control algorithm executed by each of the
tire air pressure detecting devices 2 in the third embodiment. Only those portions that
differ from the second embodiment are described.
[00131] In Step S31 shown in FIG. 13, the ASIC 10c is configured to determine
whether the difference between the time T1 that was saved in Step S16 and the time TO
that Waé saved in Step S12 exceeds a predetermined time period C1 (e.g., 5 minutes). If
the determination in step S31 is YES, then the routine advances to Step S23. If the
determination in step S31 is NO, then the routine returns to Step S13.
[00132] In Step S32 shown in FIG. 14, the ASIC 10c is configured to determine
whether the air pressure change rate AP exceeds the change rate threshold value B. As in
the first and second embodiments, the air pressure change rate AP is obtained as an
absolute value of the difference |[P1 — PO| between P1 that was set in Step S29 and the
baseline pressure PO that was set in Step S25 per unit time used in step S26 (15 seconds).
In other words, the air pressure change rate AP is obtained by the equation [P1 — POJ/15.
The change rate threshold value B used in step S32 is the same as the change rate
threshold value B used in step S11 of the first embodiment. If the determination in step
S32 is YES, then the routine advances to Step S33 shown in FIG. 15. If the determination
in step S32 is NO, the routine returns to Step S25.
[00133] When the determination in step S32 is YES, it means the tire air pressure might
be abnormal or the tire might be being inflated by the user. Therefore, after the
transmission data is transmitted to the tire air pressure warning controller 4 in step S34
(described‘ later), the tire air pressure warning controller 4 is configured to illuminate the
warning lamp 6 to alert the user that a problem has occurred if the warning lamp 6 has not

already been illuminated. If the warning lamp 6 has already been illuminated, that means
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the tire might be being inflated. Therefore, in such a case, the tire air pressure warning
controller 4 is configured to turn off the warning lamp 6 at an appropriate timing (e.g.,
when the tire air pressure reaches the prescribed correct range of pressure). In the third
embodiment, if thg: ignition switch is turned OFF while the waming lamp 6 is illuminated,
the warning lamp 6 will be extinguished when air pressure that is acquired after the next
time that the ignition switch is turned ON has exceeded a threshold value for extinguishing,»”
the warning lamp 6.

[00134] In Step $33 shown in FIG. 15, the ASIC 10c is configured to save the current
time in memory as T0, and then, the routine advances to Step S34.

[00135] In Step S34, the ASIC 10c is configured to transmit the value of pressure P1 to
the tire air pressure warning controller 4 via the corresponding antenna-equipped tuner 3.
Then, the routine proceeds to Step S35. Heré, three identical transmission data are
preferably transmitted. Given transmission data are transmitted in multiple numbers so
that the data will be more reliably received by the antenna-equipped tuner 3. -

[00136] In Step S35, the ASIC 10c is configured to wait forva prescribed time interval
to elapse. After the prescribed time interval has elapsed, the routine proceeds to Step S36.
Here, the prescribed time interval is preferably set to 10 seconds.

[00137] In Step S36, the ASIC 10c is configured to monitor the air pressure value.
Moré specifically, the pressure sensor 10a is configured to measure the air pressure of the
tire 1, and the ASIC 10c is configured to set the measured pressure as the pressure P1 and
to store the pressure P1 in memory, whereupon the routine then advances to Step S37.
[00138] In Step S37, the ASIC 10c is configured to save the current time in memory as
the time T1, and then, the routine advances to Step S38.

[00139] In Step S38, the ASIC 10c is configured to determine as to whether the
difference between the time T1 that was saved in Step S37 and the time TO that was saved
in Step S33 exceeds a predetermined time period C2 (30 min). If the determination in step
S38 is YES, then the routine advances to Step S39. If the determination in step S38 is NO,
then the routine advances to Step S34.

[00140] In Step S39, according to whether the centrifugal switch 10b is ON, the ASIC
10c is configured to determine whether the vehicle is being driven. If the determination in

step S39 is YES, then the routine advances to RETURN and the control flow depicted in
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FIGS. 10, 13, 14 and 15 is repeated. If the determination in step S39 is NO, then the
routine advances to Step S24 shown in FIG. 14.

[00141] Next, the operation will be described.

[00142] In the third embodiment, when the air pressure change rate AP exceeds the
change rate threshold value A during travel, the transmitting frequency switches from 60-
second (30 x 2) intervals to 10-second intervals. Subsequently after the prescribed time
period C1 (e.g., 5 minutes) have passed, the transmitting frequency returns from 10-
second intervals to 60-second intervals.

[00143] FIG. 16 is a timing chart showing air pressure and transmitting frequency when
a tire puncture occurs. When a tire puncture occurs during travel, because the ignition
switch is ON, once the puncture is detected (e.g., when it is detected that the tire air
pressure falls below a threshold value for lighting up the warning lamp) the warning lamp
6 can be illuminated immediately to warn the user of that a tire puncture has occurred,
regardless of whether the user has brought the vehicle to a stop as shown in FIG. 16 or
continues to drive after the tire puncture. That is, when a ‘puncture occurs, it is not
necessary for high transmitting frequency to be maintained for an extended period. Thus,
by establishing a shorter time period C1 (e.g., 5 minutes) for increasing the frequency of
air pressure detecting and transmission in the event of a sudden change in air pressure
during travel, energy losses can be reduced.

[00144] Meanwhile, in the third embodiment, the transmitting frequency with the
veﬁicle stopped is shorter, i.e. 15-second intervals, than the transmitting frequency of 60-
second interval during travel. When the air pressure change rate AP exceeds the change
rate threshold value B with the vehicle stopped, the transmitting frequency when with
vehicle stopped switches from 15-second interval to 10-second intervals. Subsequently,
after the prescribed time period C2 (e.g., 30 minutes) have passed, the transmitting
frequency returns from 10-second intervals to 15-second interval.

[00145] FIG. 17 (a) is a timing chart illustrating air pressure and transmitting frequency
during tire inflation and a command signal transmitted to a warning lamp when the user
inflates the tire while the ignition switch is ON. Prior to this time chart shown in FIG. 17
(a) takes place, the warning lamp is turned on by detecting a drop in a tire air pressure

during travel due to a tire puncturé or the like as shown in FIG. 16. Then, according to the
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third embodiment, if the ignition switch is maintained ON while the user subsequently -
inflates the tire, the warning lamp 6 is extinguished when it is detected that the air pressure
exceeds a turn-off threshold value for extinguishing the warning lamp 6 as shown in FIG.
17 (a).

[00146] On the other hand, if the user carries out tire inflation with the ignition switch
being turned OFF, because the tire air pressure warning controller 4 is not operating, it
cannot notify the user of the air pressure transmitted by the tire air pressure detecting
devices 2. More specifically, if the ignition switch is turned OFF after the warning lamp is
turned on by detecting a drop in tire air pressure during travel due to a tire puncture or the
like, the functioning of the tire air pressure warning controller 4 will be interrupted in a

- condition in which it is still outputting a lamp light-up command. Thus, if the user has
carried out tire inflation with the ignition switch being turned OFF as shown in FIG. 17 (b),
the warning lamp 6 will remain illuminated in response to the lamp light-up command
when the ignition switch is next turned ON, despite the air pressure Being in the proper
range. The air pressure acquired by the air pressure warning controller 4 immediately
after the ignition switch is turned ON will have a value above the turn-off threshold value.
Therefore, according to the third embodiment, by maintaining the increased transmitting
frequency (e.g., 10-second interval) for an extended period of time (e.g., 30 minutes) when
the sudden pressure change is detected while the vehicle is stopped, the warning lamp 6
can be extinguished relatively quickly after the ignition switch is turned ON as shown in
FIG. 17 (b), if the ignition switch is turned ON within the extended period of time (e.g., 30
minutes). |

[00147] As noted in the first embodiment as well, because the time needed for the user
to carry out the inflation procedure is uncertain, by establishing an extended period (e.g.,
30 minutes) for increased transmitting frequency, even if the user has carried out tire
inflation with the ignition switch OFF, the user can be promptly notified of the air pressure
the next time that the ignition switch is turned ON.

[00148] The effects will now be described.

[00149]  The tire air pressure monitoring system of the third embodiment affords the
following effect in addition to effects (1) to (5) and (7) to (9) of the first embodiment and

effect (10) of the second embodiment.

-27 -



WO 2011/004229 PCT/IB2010/001512

[00150] (11) Energy losses can be reduced because the frequency adjustmeht modules
22 set the duration (e.g., 5 minutes) of increased transmitting frequency when switching
from low transmitting frequency (60-second intervals) to high transmitting frequency (10-
second intervals) during travel shorter than the duration (e.g., 30 minutes) of increased
transmitting frequency (10-second intervals) when the vehicle is stopped.
[00151]  Alternatively, in the third embodiment, Step $27 in FIG. 14 may be omitted so
that transmission is suspended when the vehicle is stopped and when the air pressure
change rate AP is equal to or less than the change rate threshold value B or D as in the first
embodiment. In such a case, energy loss while the vehicle is stopped can be reduced by
suspending transmission of the transmission data. |
FOURTH EMBODIMENT

[00152] Referring now to FIGS. 10 and 18 to 21, a tire air pressure detecting device, a
tire‘air pressure monitoring syétem, and a tire air pressure notification method in
accordance with a fourth embodiment will now be explained. In view of the similarity
between the previous embodiments and the fourth embodiments, the parts of the fourth
embodiment that are identical to the parts of the previous embodiments will be given the
same reference numerals as the parts of the previous embodiments. Moreover, the
descriptions of the parts of the fourth embodiment that are identical to the parts of the
previous embodiments may be omitted for the sake of brévity.‘
[00153] The forth embodiment differs from the third embodiment in that the change
rate threshold value used before a prescribed time period has elapsed after stopping the
vehicle is different from the change rate threshold value used after the prescribed time
period has elapsed after stopping the vehicle.
[00154] The physical structures of the tire air pressure monitoring system of the fourth
embodiment is identical to the physical structures of the tire air pressure monitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description
thereof is omitted for the sake of brevity. |

AIR PRESSURE TRANSMISSION CONTROL PROCESS
[00155] FIGS. 10, 15, 18, 19, and 20 depict the control algorithm executed by each of
the tire air pressure detecting devices 2 in the fourth embodiment. Only those portions

that differ from the third embodiment are described.
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[00156] In Step S41 shown in FIG. 18, the ASIC 10c is configured to save the current
time in memory as the time T0, and then the routine advances to Step S24.

[00157] In Step S42 shown in FIG. 18, the ASIC 10c is configured to determine
whether the air pressure change rate AP exceeds a predetermined change rate threshold
value D. Here, the change rate threshold value D is a value greater than the change rate
threshold value B. In this instance, the change rate threshold value D is 14/15 = 0.93
kPa/s. As in the previous embodiments, the air pressure change rate AP is obtained as an
absolute value of the difference [P1 — PO| between P1 that was set in Step S29 and the
baseline pressure PO that was set in Step S25 per unit time used in step S26 (15 seconds).
In other words, the air pressure change rate AP is obtained by the equation [P1 — POJ/15. If
the determination in step S42 is YES, then the routine advances to Step S33 shown in FIG.
15. If the determination in step S42 is NO, the routine advances to Step S43.

[00158] In Step S43, the ASIC 10c is configured to save the current time in memory as
the time T1, and then the routine advances to Step S44.

[00159] In Step S44, the ASIC 10c is configured to determine whether the difference
between the time T1 that was saved in Step S43 and the time TO that was saved in Step
S41 exceeds a predetermined time period E. If the determination in step S44 is YES, then
the routine advances to Step S45 shown in FIG. 19. If the determination in step S44 is NO,
then the routine returns to Step S25. In the fourth embodiment, the predetermined time
period E is preferably set to 60 minutes.

[00160] In Step S45 shown in FIG. 10, the pressure sensor 10a is configured and
arranged to measure the air pressure of the corresponding tire 1, and the ASIC 10c is
configured to set the measured air pressure as the pressure P1 and to store the pressure P1
in memory. Then, the routine advances to Step S46.

[00161] In Step S46, the ASIC 10c is configured to set the pressure P1 stored in
memory as the baseline pressure PO, and store the baseline pressure PO in memory. Then,
the routine advances to Step S47.

[00162] In Step S47, the ASIC 10c is configured to wait for a prescribed time interval
to elapse. After the prescribed time interval has elapsed, the routine proceeds to Step S48.
In the fourth embodiment, the prescribed time interval in step S47 is preferably set to 15

seconds.
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[00163] In step S48, the ASIC 10c is configured to transmit the value of pressure P1 to
the tire air pressure warning controller 4 via the corresponding antenna-equipped tuner 3.
Then, the routine proceeds to Step S49. Here, three identical transmission data are
preferably transmitted.

[00164] In Step S49, according to whether the centrifugal switch 10b is ON, the ASIC
10c is configured to determine whether the vehicle is traveling. If the determination in
step S49 is YES, then the routine advances to RETURN, and the control flow depicted in
FIGS. 10, 15, 18, 19 and 20 is repeated. If the determination in step S49 is NO, then the
routine advances to Step S50.

[00165] In Step S50, the ASIC 10c is configured to monitor the air pressure value.
More specifically, in this step, the pressure sensor 10a is configured and arranged to
measure the pressure of the corresponding tire 1 again, and the ASIC 10c is configured to
set the measured pressure as the pressure P1 and to store the pressure P1 in memory. Then,
the routine advances to Step S51.

[00166] In Step S51, the ASIC 10c is configured to determine whether the air pressure
change rate AP exceeds the change rate threshold value B. ‘As in the previous
embodiments, the air pressure change rate AP 'is obtained as an absolute value of the
difference [P1 — PO| between P1 that was set in Step S50 and the baseline pressure PO that
was set in Step S46 per unit time used in step S47 (15 seconds). In other words, the air
pressure change rate AP is obtained by the equation [P1 — PO|/15. The change rate
threshold value B used in step S51 is the same as the change rate threshold value B used in
step S11 of the first embodiment. If the determination in step S51 is YES, then the routine
advances to Step S33 shown in FIG. 15. If the determination in step S51 is NO, then the
routine returns to Step S46.

[00167] If the determination in Step S51 is YES, the tire air pressure warning controller
4 illuminates the warning lamp 6 to alert the user that a problem has occurred. When the
determination in step S32 is YES, it means the tire air pressure might be abnormal or the
tire might be being inflated by the user. Therefore, after the transmission data is
transmitted to the tire air pressure warning controller 4 in step S34 (described later), the
tire air pressure warning controller 4 is configured to illuminate the warning lamp 6 to

alert the user that a problem has occurred if the warning lamp 6 has not already been
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illuminated. If the warning lamp 6 has already been illuminated, that means the tire might
be being inflated. Therefore, in such a case, the tire air pressure warning contfoller_ 4 is
configured to turn off the warning lamp 6 at an appropriate timing (e.g., when the tire air
pressure reaches the prescribed correct range of pressure).

[00168] Next, the operation will be described.

[00169] In the fourth erﬁbodiment, after the vehiclé has stopped, until the
predetermined time period E has elapsed, the change rate threshold value for comparison
with the air pressure change rate AP is D (0.93 kPa/s) (Step S42). Thereafter, once the
predetermined time period E has elapsed, the change rate threshold value switches from D
to B (0.33 kPa/s) (Step S51). FIG. 21 is a timing chart showing change in air pressure
after the vehicle has stopped. For some time after the vehicle is stopped, tire air pressure
changes in such a way that the air pressure drops by the equivalent of the increase due to
temperature change during travel, and subsequently settles down to a value depending on
ambient temperature.

[00170] Thus, if after the vehicle first comes to a stop, the change rate threshold value
were switched to B (0.33 kPa/s), which lies within the pressure fluctuation range with the
vehicle at a stop and which is smaller than the maximum predicted value for air pressure
change rate when the user increases the air pressure, there would be a risk that the air
pressure change rate AP resulting from the drop in air pressure will exceed the change rate
threshold value B, and that a false alert of abnormal air pressure will be issued. According
to the fourth embodiment on the other hand, by setting the change rate threshold value to a
higher value for a predetermined time period after the vehicle comes to a stop, false alerts
associated with change in air pressure occurring soon after the vehicle is first stopped can
be avoided.

[00171] In the description above, the change rate threshold value D employed until the
predetermined time period E has elapsed after stopping the vehicle is a greater value than
the change rate threshold value B. Adopting a smaller value for the change rate threshold
value D than for the change rate threshold value B affords the following advantage.
[00172) In most instances, inflation performed by the user takes place within a

prescribed time period after the vehicle has stopped at a gas station or the like. By setting
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the change rate threshold value D to a smaller value than the change rate threshold value B
(e.g. to 4/15 = 0.27 kPa/s), alerts can be issued more dependably during tire inflation.
[00173] The effects will now be described.
[00174] The tire air pressure monitoring system of the fourth embodiment affords the
following effect in addition to effects (1) to (5) and (7) to (9) of the first embodiment, the
effect (10) of the second embodiment and the effect (11) of the third embodiment.
[00175] (12)Until the end of a predetermined time period E after stopping the vehicle,
the frequency adjustment modules 22 specify the change rate threshold value D different
from the change rate threshold value B that is specified after the end of the predetermined
time period E. Thus, if the change rate threshold value D is greater than the change rate
threshold value B, false alerts associated with change in air pressure occurring after the
vehicle first comes to a stop can be avoided. If the threshold value D is smaller than the
change rate threshold value B, alerts can be issued more dependably during tire inflation.
[00176] Alternatively, in the fourth embodiment, Step S27 in FIG. 18 and Step S48 in
FIG. 19 may be omitted so that transmission is suspended when the vehicle is stopped and
when the air pressure change rate AP is equal to or less than the change rate threshold
value B or D as in the first embodiment. In such a case, energy loss while the vehicle is
stopped can be reduced by suspending transmission of the transmission data.
" FIFTHEMBODIMENT

[00177] Referring now to FIGS. 4 and 22, a tire air pressure detecting device, a tire air
pressure monitoring system, and a tire air pressure notification method in accordance with
a fifth embodiment will now be explained. In view of the similarity between the previous
embodiments and the fifth embodiments, the parts of the fifth embodiment that are
identical to the parts of the previous embodiments will be given the same reference
numerals as the parts of the previous embodiments. Moreover, the descriptions of the
parts of the fifth embodiment that are identical to the parts of the previous embodiments
may be omitted for the sake of brevity.
[00178] The fifth embodiment differs from the first embodiment as described above in

- the control executed in step S11 of FIG. 4. More specifically, in the fifth embodiment, the
air pressure change rate threshold value B after the vehicle first comes to a stop is small,

and the air pressure change rate threshold value B increases with the passage of time.
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[00179] The physical structures of the tiré air pressure monitoring system of the fifth
embodiment is identical to the physical structures of the tire air pressure moﬁitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description
thereof is omitted for the sake of brevity.
AIR PRESSURE TRANSMISSION CONTROL PROCESS

[00180] The control algorithm executed by each of the tire air pressure detecting
devices 2 in the fifth embodiment is substantially identical to the first embodiment
depicted in FIG. 4 except that the specifics of Step S11 have been modified as follows.
[00181] In Step S11, a corrected change rate thréshold value B’ is calculated by
subtracting from the change rate threshold value B a change rate threshold value
correction quantity AB according to elapsed time starting after the vehicle is first stopped.
Here, as depicted in FIG. 22, the characteristic of the change rate threshold value
correction quantity AB with respect to the passage of time is such that, in response to the
tire temperature drop observed just after travel stops, it progressively decreases in
magnitude as time passes, and ultimately converges to zero. This characteristic is derived
beforehand empirically with reference to tire volume, size and so on, and saved in memory.
[00182] Next, the air pressure change rate AP and the corrected change rate threshold
value B’ are compared. If AP > B’, the routine advances to Step S12, and if AP <B’, the
routine advances to Step S2. |

- [00183] Next, the operation will be described.
[00184] As noted in the fourth embodiment, for some time after the vehicle is first
stopped, tire air pressure changes in such a wéy that the air pressure drops by the
equivalent of the increase due to temperature chaﬁge during travel. Thus, if tire inflation
is carried out after the vehicle is first stopped, this drop in air pressure will be reflected in
the air pressure change rate, with the detected air pressure change rate being smaller in
relation to the inflation level the shorter the elapsed time since the vehicle was stopped.
Consequently, where the change rate threshold value is constant, soon after the vehicle is
first stopped the likelihood that the air pressure change rate exceeds the change rate
threshold value will be low, so the frequency of both detecting and transmission of air -

pressure will fail to increase.
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[00185] According to the fifth embodiment on the other hand, because the change rate
threshold value B’ is small when the vehicle has first stopped and progressively increases
thereafter with the passage of time, even if the user happens to carry out the inflation
operation soon after the vehicle has Stopped, it will be possible to mitigate the effects of
stopping on the change in air pressure, and the frequency of detecting and transmission of
air pressure can be increased during tire inflation.
[00186] The above described process of calculating the corrected change rate threshold
value B’ and comparing the corrected change rate threshold value B’ with the air pressure
change rate AP can also be performed in step S30 of FIG. 12 in the second embodiment or
in step S32 of FIG. 14 in the third embodiment.
[00187] The effects will now be described.
[00188] The tire air pressure monitoring system of the fifth émbodiment affords the
following effect in addition to effects (1) to (9) of the first embodiment, the effect (10) of
the second embodiment and the effect (11) of the third embodiment.
[00189] (13) Because the frequency adjustment modules 22 increase the corrected
change rate threshold value B’ with the passage of time after the vehicle first stops, the
effects of a drop in pressure equivalent to the increase resulting from temperature change
during travel can be mitigated, and the frequency of detecting and transmission of air
pressure can be increased during tire inflation so as to provide the user with frequént
notification of air pressure.
SIXTH EMBODIMENT

[00190] Referring now to FIGS. 10, 15, 20, 23 and 24, a tire air pressure detecting
device, a tire air pressure monitoring system, and a tire air pressure notification method in
accordance with a sixth embodiment will now be explained. In view of the similarity
between the previous embodiments and the sixth embodiments, the parts of the sixth

~ embodiment that are identical to the parts of the previous embodiments will be given the
same reference numerals as the parts of the previous embodiments. Moreover, the

_descriptions of the parts of the sixth embodiment that are identical to the parts of the

previous embodiments may be omitted for the sake of brevity.
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[00191] The sixth embodiment differs from the fourth embodiment in that, in sixth
embodiment, the detecting frequency for a prescribed time period after the vehicle first
stops is higher than the detecting frequency after the prescribed time period elapses.
[00192] The physical structures of the tire air pressure monitoring system of the sixth
embodiment is identical to the physical structures of the tire air pressure monitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description
thereof is omitted for the sake of brevity.

AIR PRESSURE TRANSMISSION CONTROL PROCESS
[00193] FIGS. 10, 15, 20, 23, and 24 depict the control algorithm executed by each of
the tire air pressure detecting devices 2 in the sixth embodiment. Only the portion of the
control program executed by the ASIC 10c of the tire air pressure detecting device 2 in the
sixth embodiment that differs from the fourth embodiment will be described.
[00194] In Step S52 shown in FIG. 23, the ASIC 10c is configured to wait for a
prescribed time interval to elapse. After the prescribed time interval has elapsed, the
routine proceeds to Step S28. Here, the prescribed time interval is preferably set to 5
seconds.
[00195] In Step S53 shown in FIG. 23, the ASIC 10c is configured to determine
whether the air pressure change rate AP exceeds the predetermined change rate threshold
value D. Here, the change rate threshold value D is the same as the value used in step S42
of FIG. 18 in the fourth embodiment. As in the previous embodiments, the air pressure
change rate AP is obtained as an absolute value of the difference |P1 — PO| between P1 that
was set in Step S29 and the baseline pressure PO that was set in Step S25 per unit time
used in step S52 (5 seconds). In other words, the air pressure change rate AP is obtained
by the equation [P1 — PO}/5. If the determination in step S53 is YES, then the routine
advances to Step S33 shown in FIG. 15. If the determination in step S53 is NO, then the
routine advances to Step S43.
[00196] In Step S54 shown in FIG. 24, the ASIC 10c is configured to determine
whether the air pressure change rate AP exceeds the predetermined change rate threshold
value D. As in the previous embodiments, the air pressure change rate AP is obtained as
an absolute value of the difference [P1 — PO| between P1 that was set in Step S50 and the

baseline pressure PO that was set in Step S46 per unit time used in step S47 (15 seconds).
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In other words, the air pressure change rate AP is obtained by the equation |P1 — POJ/15. If |
the determination in step S54 is YES, then the routine advances to Step S33 shown in FIG.
15. If the determination in step S54 is NO, then the routiné returns to Step S46.

[00197] Next, the operation will be described.

[00198] In the sixth embodiment, once the vehicle stops, the detecting frequency is set
to 5-second intervals (Step S52) until the end of a fixed time period E (Step S44), and
thereafter when the fixed time period E has ended, the detecting frequency is switched
from 5 seconds to 15 seconds (Step S47).

[00199] In most instances, inflation by the user takes place within a fixed time period
after the vehicle has stopped at a gas station or the like. Thus, by increasing the detecting
frequency for a prescribed time interval after stopping, and then lowering the detecting
frequency after the prescribed time interval has ended, the user can be more promptly
notified of the inflation results when the air pressure change rate AP exceeds the change
rate threshold value D, that is, when the user begins to increase the air pressure. Also, by
limiting the period of increased detecting frequency to the fixed time period E (e.g., 60
minutes), energy losses can be reduced.

[00200] The effects will now be described.

[00201] The tire air pressure monitoring system of the sixth embodiment affords the
following effect in addition to effects (1) to (5) and (7) to (9) of the first embodiment, the
effect (10) of the second embodiment, the effect (11) of the third embodiment, and the
effect (12) of the fourth embodiment.

[00202] (14) Because for the prescribed time interval E after the vehicle stops, the
frequency adjustment modules 22 increase the detecting frequency (5-second intervals) of
the pressure sensors 10a to a level higher than the detecting frequency (15-second intervals)
after the prescribed time interval E ends, the user can be more promptly notified of the
inflation resulfs, and energy losses can be reduced.

[00203] Alternatively, in the sixth embodiment, Step S27 in FIG. 23 and Step S48 in
FIG. 24 may be omitted so that transmission is suspended when the vehicle is stopped and
when the air pressure change rate AP is equal to or less than the change rate threshold
value D as in the first embodiment. In such a case, energy loss while the vehicle is
stopped can be reduced by suspending transmission of the transmission data.

N
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SEVENTH EMBODIMENT

[00204] Referring now to FIGS. 25 to 29, a tire air pressure detecting device, a tire air
pressure monitoring system, and a tire air pressure notification method in accordance with
a seventh embodiment will now be explained. In view of the similarity between the
previous embodiments and the seventh embodiments, the parts of the seventh embodiment
that are identical to the parts of the previous embodiments will be given the same
reference numerals as the parts of the previous embodiments.- Moreover, the descriptions
of the parts of the seventh embodiment that are identical to the parts of the previous
embodiments may be omitted for the sake of brevity.
[00205] The seventh embodiment differs from the second embodiment in that, in the
seventh embodiment, the transmitting frequency is increased when the previous value and
the current value of air pressure traverse a prescribed air pressure threshold value (a
predetermined display content changeover threshold value) for user notification, in other
words, when the prescribed air pressure threshold value falls between the previous value
and the current value of air pressure.
[00206] The physical structures of the tire air pressure monitoring system of the seventh
embodiment is identical to the physical structures of the tire air pressure monitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description
thereof is omitted for the sake of brevity. |

AIR PRESSURE TRANSMISSION CONTROL PROCESS
[00207] FIGS. 25, 26, and 27 depict the control algorithm executed by each of the tire
air pressure detecting devices 2 in the seventh embodiment. Only the portion of the
control program executed by the ASIC 10c of the tire air pressure detecting device 2 in the
seventh embodiment that differs from the second embodiment will be explained.
[00208] In Step S60 shown in FIG. 25, the ASIC 10c is configured to transmit the
pressure P1 that was set in Step S22 to the tire air pressure warning controller 4. Then, the
routine then advances to Step S10.
[00209] In Step S61, the ASIC 10c is configured to save the current time in memory as
TO, and then the routine advances to Step S62.
[00210] In Step S62, the ASIC 10c is configured to determine whether the pressure P1

set in Step S22 and the baseline pressure PO set in Step S20 traverse a prescribed air
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pressure threshold value (a lamp light-up threshold valmja or a lamp turn-off threshold
value), in other words, when the prescribed air pressure threshold value falls between the
pressure P1 and the baseline pressure PO. If the determination in step S62 is YES, then the
routine advances to Step S63. If the determination in step S62 is NO, then the routine
advances to Step S78. Here, with regard to the prescribed air pressure threshold value, the
lamp light-up threshold value and the lamp turn-off threshold value may have the same
value; or the system may be designed to exhibit hysteresis in order to prevent hunting.

The lamp light-up threshold value and the lamp turn-off threshold value are saved in
memory in the ASIC 10c beforehand.

[00211] In Step S63, the ASIC 10c is configured to wait a prescribed time interval to
elapse. After the prescribed time interval has elapsed, the routine proceeds to Step S64.
Here, the prescribed time interval is preferably set to 10 seconds.

[00212] In Step S64, according to whether the centrifugal switch 10b is OFF, the ASIC
10c is configured to determine whether the vehicle is stopped. If the determination in step
S64 is YES, then the routine advances to Step S24. If the determination in step S64 is NO,
then the routine advances to Step S65.

[00213] In Step S65, the pressure sensor 10a is configured to measure the air pressure
of the tire 1, and the ASIC 10c is configured to set the measured pressure as the pressure
P2 and to store the pressure P2 in memory. Then, the routine advances to Step S66.
[00214] In Step S66, the ASIC 10c is configured to determine whether the pressure P2
set in Step S65 and the baseline pressure PO set in Step S2 traverse the prescribed air
pressure threshold value. If the determinant in step S66 is YES, then the routine advances
to Step S67. If the determination in step S66 is NO, then the routine advances to Step S78.
[00215] In Step S67, the ASIC 10c is configured to increment the transmission counter
(+1), and then the routine advances to Step S68.

[00216] In Step S68, the ASIC 10c is configured to determine whether the value of the
transmission counter equals a predetermined value N_Drive. In this embodiment the
predetermined value N_Drive is preferably set to 6. If the determination in step S68 is
YES, then the routine advances to Step S69. If the determination in step S68 is NO, then
the routine advances to Step S63. Therefore, when the pressure P1 set in Step S22 and the

baseline pressure PO set in Step S20 do not traverse a prescribed air pressure threshold
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value in step S62 and when the pressure.PZ set in Step S65 and the baseline pressure PO
set in Step S2 do not traverse the prescribed air pressure threshold value, the transmitting
frequency is set to 60-second (10 x 6) intervals by repeating the steps S63-S67.

[00217] In Step S69, the ASIC 10c is configured to transmit the value of the preésure
P1 to the tire air pressure warning controller 4, and then the routine advances to Step S70.
Here, eight identical transmission data are preferably transmitted. Given transmission data
are transmitted in multiple numbers so that the data will be more reliably received by the
antenna-equipped tuner 3.

[00218] In Step S70, the ASIC 10c is configured to reset the transmission counter to
zero, and then the routine advances to Step S63.

[00219] In Step S71 shown in FIG. 26, the ASIC 10c is configured to save the current
time in memory as TO, and then the routine advances to Step S72.

[00220] In Step S72, the ASIC 10c is configured to determine whether the pressure P1
set in Step S24 and the baseline pressure PO set in Step S25 traverse the prescribed air
pressure threshold value. if the determination in step S72 is YES, then the routine
advances to Step S73. If the determination in step S72 is NO, then the routine advances to
Step S78.

[00221] In Step S73, the ASIC 10c is configured to wait for a prescribed time interval
to elapse. After the prescribed time interval has elapsed, the routine proceeds to Step S74.
Here, the prescribed time interval is preferably set to 15 seconds.

[00222] In step S74, the ASIC 10c is configured to transmit the value of pressure P1 to
the tire air pressure waming controller 4 via the corresponding antenna-equipped tuner 3.
Then, the routine proceeds to Step S75. Here, three identical transmission data are
preferably transmitted.

[00223] In Step S75, according to whether the centrifugal switch 10b is ON, the ASIC
10c is éonfigured to determine whether the vehicle has started traveling. If the
determination in step S75 is YES, then the routine advances to RETURN and the control
flow depicted in FIGS. 25, 26 and 27 is repeated. If the determination in step S75 is NO,

then the routine advances to Step S76.
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[00224] In Step S76, the pressure sensor 10a is configured to measure the air pressure,
and the ASIC 10c is configured to set the measured pressure as the pressure P2 and to
store the pressure P2 in memory. Then, the routine advances to Step S77.

[00225] In Step S77, the ASIC 10c is configured to determine whether the pressure P2
set in Step S76 and the baseline pressure PO set in Step S25 traverse a prescribed air
pressure threshold value. If the determination in step S77 is YES, then the routine
advances to Step S73. If the determination in step S77 is NO, then the routine advances to
Step S78.

[00226] In Step S78, the ASIC 10c is configured to transmit the latest pressure value
(P1 or P2) to the tire air pressure warning controller 4. Here, three identical traﬁsmission
data are preferably transmitted. Given transmission data are transmitted in multiple
numbers so that the data will be more reliably received by the antenna-equipped tuner 3.
[00227]  Next, the operation will be described.

[00228]. In the seventh embodiment, when the air pressure change rate AP exceeds the
change rate threshold value (A or B), a determination is made as to whether P1 (or P2) and
PO cross the prescribed air pressure threshold value (Steps S62, S66, S72, S77), and if it is
decided that air pressure has crossed the prescribed air pressure threshold value, the
detecting frequency is switched from 30-second intervals to 10-second intervals during
travel and from 15-second intervals to 10-second intervals with the vehicle stopped. The
transmitting frequency is switched from 60-second intervals to 10-second intervals during
travel and from no-transmission to 10-second intervals with the vehicle stopped (Step S14).
[00229] When air pressure falls below the lamp light-up threshold value, the tire air
pressure warning controller 4 is configured to output a lamp light-up command to the
warning lamp 6. When the previous value PO and the current value (P1 or P2) for air
pressure traverse the lamp turn-off threshold value, the tire air pressure warning controller
4 is configured to output a lamp turn-off command. Thus, the warning lamp 6 display
remains unchanged as long as fluctuations in air pressure do not traverse the lamp turn-off
threshold value. When the user increases the air pressure in the tire by inflating the tire
when the vehicle is stopped, even if the transmitting frequency was increased when the air
pressure change rate AP exceeded the change rate threshold value B, the warning lamp 6

remains lit, so energy loss is considerable.
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[00230] Accordingly, in the seventh embodiment, when the user starts inflating tire at
time t1 as shown in FIG. 28, the detecting frequency and the transmitting frequency are
increased when the air pressure change rate AP exceeds the change rate threshold value B.
Additionally, the detecting frequency and the transmitting frequency are increased at time
t2 at-which the previous value and the current value of air pressure traverse the lamp turn-
off threshold value. Therefore, the user can promptly be notified that air pressure is in the
correct range, while also limiting energy loss.

[00231] The similar air pressure transmission control of the seventh embodiment can be
implemented in instances where two or more prescribed air pressure threshold value levels
have been established. FIG. 29 depicts a time chart for an example in which two
prescribed air pressure threshold value levels have been established. In the case of a
commercial vehicle for example, it may be necessary for the proper air pressure range of
the rear wheels to be higher than the proper air pressure range of the front wheels.
Accordingly, in this example shown in FIG. 29, two lamp turn-off threshold values are set
so that the lamp turn-off threshold value for the rear wheels is higher than the lamp turn-
off threshold value for the front wheels. The ASIC 10c of the each of the tire air pressure
detecting deVices 2 is configured to increase the detecting frequency and the transmission
frequency when the previous value and the current value of air pressure traverse the front
wheel lamp turn-off threshold value or the rear wheel lamp turn-off threshold value.
[00232] In FIG. 29, although the air pressure change rate AP exceeds the change rate
threshold value B after the user starts inflating tire at time t1, the previous value and the
current value of air pressure do not traverse the lamp turn-off threshold value, and thus,
the detecting frequency and transmitting frequency do not change (e.g., 15-second
intervals for both detecting frequency and transmitting frequency). At time t2, because the
air pressure change rate AP exceeds the change rate threshold value B, and the previous
value and the current value of air pressure now traverse the front wheel lamp turn-off
threshold value, the detecting frequency and transmitting frequency both increase (e.g., to
10-second intervals). If the tire being inflated by the user is a front tire, which can be
determined by the tire ID included in the transmission data, the tire air pressure warning
controller 4 is configured to output a lamp turn-off command at time t3 when it receives a

signal indicating that the previous value and the current value of air pressure traverses the
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front wheel .lamp turn-off threshold value, and thus, the warning lamp indicating the
abnormality of the front wheel tire air pressure is turned OFF. Therefore, the user is
notified that the tire air pressure of the front wheel is now normal, and thus, the user can
subsequently stop tire air inflation operation.

[00233] On the other hand, if the tire being inflated by the user is a rear tire, the
detecting frequency and transmitting frequency are switched back to the previous low
transmitting frequency (e.g., 15-second intervals for both detecting frequency and
transmitting frequency). Switching of the detecting frequency and transmitting frequency
back to the low frequency may be performed by, for example, monitoring whether the tire
air pressure exceeds a prescribed air pressure threshold value for switching the detecting
and transmitting frequencies, or monitoring whether a prescribed time period has elapsed
since the detecting and transmitting frequencies were increased at time t2. Although in
FIG. 29, it is illustrated that the detecting and transmitting frequencies are switched back
to the low frequencies at time t3 when the front wheel warning lamp is turned off, the
timing for turning off the front wheel warning lamp and the timing for switching the
transmitting and detecting frequencies back to the low frequencies do not necessarily need
to coincide. Then, at time t4, because the previous value and the current value of air
pressure now traverse the rear wheel lamp turn-off threshold value, the detecting

frequency and transmitting frequency both increase (e.g., to 10-second intervals). Since

. the tire being inflated by the user is a rear tire, the tire air pressure warning controller 4 is

configured to output a lamp turn-off command at time t5 when it receives a signal
indicating that the previous value and the current value of air pressure traverses the rear
wheel lamp turn-off threshold value, and thus, the warning lamp indicating the
abnormality of the rear wheel tire air pressure is turned off. Therefore, the user is notified
that the tire air pressure of the rear wheel is now normal, and thus, the user subsequently
stops tire air inflation operation. The detecting frequency and transmitting frequency are
switched back to the previous low transmitting frequency (e.g., 15-second intervals for
both detecting frequency and transmitting frequency). Switching of the detecting
frequency and transmitting frequency back to the low frequency may be performed by, for
example, monitoring whether the tire air pressure exceeds a prescribed air pressure

threshold value for switching the detecting and transmitting frequencies, or monitoring
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whether a prescribed time period has elapsed since the detecting and transmitting
frequencies were increased at time t4. Although in FIG. 29, it is illustrated that the
detecting and transmitting frequencies are switched back to the low frequencies at time t5
when the rear wheel warning lamp is turned off, the timing for turning off the rear wheel
warning lamp and the timing for switching the transmitting and detecting frequencies back
to the low frequencies do not necessarily need to coincide.
[00234] In this way, if it is desired to be notified of air pressure conditions through
multiple ranges, the frequency of detecting and transmitting air pressure can be increased
in these respective ranges (air pressure during time t2 to t3 and during time t4 to t5),
thereby affording prompt notification that air pressure has reached the proper range.
Meanwhile, during the interval between times t3 and t4, detecting frequency is low so
energy loss is limited.
[00235] The effects will now be described.
[00236] The tire air pressure monitoring system of the seventh embodiment affordé the
following effect in addition to effects (1) to (5) and (7) to (9) of the first embodiment, and
the effect (10) of the second embodiment.
[00237] (15) The frequency adjustment modules 22 increase the transmitting frequency
when the air pressure change rate AP exceeds the change rate threshold value (A or B) and
moreover the air pressure (P1 or P2) has changed so as to traverse a display content
changeover threshold value for the warning lamp 6 (i.e. the lamp light-up threshold value
or lamp turn-off threshold value). Thus, prompt notification that air pressure has reached
the proper range can be afforded while limiting energy losses.
[00238] Alternatively, in the seventh embodiment, Steps S27 and S74 in FIG. 26 may
be omitted so that transmission is suspended when the vehicle is stopped and when the air
pressure change rate AP is equal to or less than the change rate threshold value B or when
the pressure P1 and the baseline pressure PO does not traverse the prescribed air pressure
threshold value, as in the first embodiment. In such a case, energy loss while the vehicle
is stopped can be reduced by suspending transmission of the transmission data.

EIGHTH EMBODIMENT
[00239] Referring now to FIGS. 4, 30 and 31, a tire air pressure detecting device, a tire

air pressure monitoring system, and a tire air pressure notification method in accordance
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with an eighth embodiment will now be explained. In view of the similarity between the
previous embodiments and the eighth embodiments, the parts of the eighth embodiment
that are identical to the parts of the previous embodiments will be given the same
reference numerals as the parts of the previous embodiments. Moreover, the descriptions
of the parts of the eighth embodiment that are identical to the parts of the previous
embodiments may be omitted for the sake of brevity.
[00240] The eighth embodiment differs.from the first embodiment in that, in the eighth
embodiment, the transmitting frequency or the change rate threshold value is established
based on the direction of change of air pressure. ,
[00241] The physical structures of the tire air pressure monitoring system of the eighth
embodiment is identical to the physical structures of the tire air pressure monitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description
thereof is omitted for the sake of brevity.
AR PRESSURE TRANSMISSION CONTROL PROCESS
[00242] The control algorithm executéd by the ASIC 10c of the tire air pressure
detecting device 2 in the eighth embodiment is substantially identical to the first
embodiment depicted in FIG. 4 except for the specifics of Steps S6 and S11.
[00243] In Step S6, the ASIC 10c is configured to determine whether the air pressure
change rate AP is larger than the change rate threshold value A (AP > A) and whether the
pressure P1 set in step S4 is émaller than the baseline pressure PO set in step S2 (P1 - PO <
0). If both of the conditions (AP > A and P1 — PO < 0) are satisfied, then the routine
advances to Step S12. Otherwise, the routine advances to step S7.
[00244] In Step S11, the ASIC 10c is configured to determine whether the pressure P1
set in step S4 is smaller than the baseline pressure PO set in step S2 (P1 — PO < 0), whether
the air pressure change rate AP is larger than the change rate threshold value A (AP > A).
If the ASIC 10c determines that the pressure P1 is smaller than the baseline pressure PO
. (P1-PO0 < 0), the ASIC 10c is further configured to determine whether the air pressure
change rate AP is larger than the change rate threshold value A (AP > A). If both
conditions (P1 — PO < 0 and AP > A) are satisfied, then the routine advances to Step S12.
If the air pressure change rate AP is not larger than the change rate threshold value A (P1 —
PO < 0 and AP < A), then the routine returns to Step S2. On the other hand, if the ASIC
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10c determines that the pressure P1 is not smaller than the baseline pressure PO (P1 - PO >
0), the ASIC 10c is further configured to determine whether the air pressure change rate
AP is larger than the change rate threshold value B (AP > B). If both conditions (P1 — PO
> 0 and AP > B) are satisfied, then the routine advances to Step S12. If the air pressure
change rate AP is not larger than the change rate threshold value B (P1 - PO > 0 and AP <
B), then the routine returns to Step S2. |

[00245] Next, the operation will be described.

[00246] In the eighth embodiment, during travel, when the air pressure change rate AP
has exceeded the change rate threshold value A, if P1 — PO < 0, that is, if air pressure is
changing in the decreasing direction, the frequency of detecting and transmittir;g air
pressure is increased. If on the other hand air pressure is changing in the increasing
direction, the frequency of detecting and transmitting air pressure is unchanged.

[00247] As depicted in FIG. 30, during travel it is necessary to notify the user more
promptly if a puncture occurs. However, it is not necessary for the user to be notified of
rise in air pressure associated with travel. Thus, energy loss can be reduced by not
increasing the frequency of detecting and transmitting air pressure in that case.

100248] In the eighth embodiment, with the vehicle stopped, A serves as the change rate
threshold value used for comparison with the air pressure change rate AP if air pressure is
changing in the decreasing direction; and B serves as the change rate threshold value used
if air pressure is changing in the increasing direction. As shown in FIG. 31, possible
conditions that would produce a sudden change in air pressure with the vehicle at a stop
include inflation by the user, and punctures. Thus, by taking into account the direction of
change of air pressure, optimal change rate threshold values can be established for use
during punctures and during tire inflation, respectively.

[00249] Here, because the change rate threshold value B is smaller than the change rate
threshold value A, even if the change rate threshold value remains fixed at B when the
vehicle is stopped, the frequency of detecting and transmitting air pressure can be
increased if a puncture occurs. In this case, the frequency of detecting and transmitting air
pressure will also increase if air pressure rises for some cause other than a puncture,

‘resulting in energy losses. Accordingly, it is preferable to establish change rate threshold

values based on the direction of change of air pressure when the vehicle is stopped as well.
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[00250] The effects will now be described.
[00251] The tire air pressure monitoring system of the eighth embodiment affords the
following effects in addition to effects (1) to (9) of the first embodiment.
[00252] (16) The frequency adjustment modules 22 increase the transmitting frequency
when, during travel, the air pressure change rate AP exceeds the change rate threshold
value A and air pressure is changing in the decreasing direction, thereby limiting energy
losses.
[00253] (17) The frequency adjustment modules 22 establish a change rate threshold
value A used when air pressure is changing in the decreasing direction, and that is greater
than the change rate threshold value B air pressure is éhanging in the increasing direction.
Thus, optimal change rate threshold values can be established for use during a puncture
and during tire inflation, respectively. \
NINTH EMBODIMENT

[00254] Referring now to FIGS. 4 and 32, a tire air pressure detecting device, a tire air
pressure monitoring system, and a tire air pressure notification method in accordance with
a ninth embodiment will now be explained. In view of the similarity between the previous
embodiments and the ninth embodiments, the parts of the ninth embodiment that are
identical to the parts of the previous embodiments will be given the same reference
numerals as the parts of the previous embodiments. Moreover, the descriptions of the
parts of the ninth embodiment that are identical to the parts of the previous embodiments
may be omitted for the sake of brevity.
[00255] The ninth embodiment differs from the first embodiment in that, in the ninth
embodiment, transmitting frequency increases when air pressure approaches a prescribed
air pressure threshold value of which the user should be notified.
[00256) The physical structures of the tire air pressure monitoring system of the ninth
embodiment is identical to the physical structures of the tire air pressure monitoring

. system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description

thereof is omitted for the sake of brevity.
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) AIR PRESSURE TRANSMISSION CONTROL PROCESS
[00257] The control algorithm executed by the ASIC 10c of the tire air pressure
detecting device 2 in the ninth embodiment is substantially identical to the first
embodiment depicted in FIG. 4, except for the specifics of Steps S6 and S11.
[00258] In Step S6, the ASIC 10c is configured to determine whether the air pressure
change rate AP is larger than the change rate threshold value A (AP > A) and whether a
difference between P1 set in step S4 and a predetermined air pressure threshold value (the
lamp light-up threshold value or lamp turn-off threshold value) is equal to or less than a
predetermined value. If the both determinations are YES, then the routine advances to
Step S12. Otherwise, the routine advances to Step S7. |
[00259] In Step S11, the ASIC 10c is configured to determine whether the air pressure
change rate AP is larger than the change rate threshold value B (AP > B) and whether a
difference between P1 set in step S4 and a predetermined air pressure threshold value (the
lamp light-up threshold value or lamp turn-off threshold value) is equal to or less than the
predetermined value. If the both determinations are YES, then the routine advances to
Step S12. Otherwise, the routine returns to Step S2.
[00260] Next, the operation will be described.
[00261] In the ninth embodiment, when the air pressure change rate AP exceeds the
change rate threshold value (A or B) and P1 approaches a specific threshold value, the
frequency of detecting and transmitting air pressure increases. On the other hand, if the air
pressure change rate AP exceeds the change rate threshold value but P1 is far away from
the specific threshold value, detecting and transmitting frequency remain unchanged.
[00262] For example, as shown in FIG. 32, where the user is carrying out an inflation
operation, when the air pressure approaches the lamp light-up/turn-off threshold value, the
frequency of detecting and transmitting air pressure increases so that the light-up/shutoff
decision can be made more promptly. If on the other hand the air pressure is far away
from the lamp light-up/turn-off threshold value, since there is no need to switch between
lighting and extinguishing the warning iamp 6, there is no purpose in frequently receiving
air pressure values. Thus, in this case, the frequency of detecting and transmitting air
pressure is lowered to limit energy loss.

[00263] The effects will now be described.
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[00264] The tire air pressure monitoring system of the ninth embodiment affords the
following effect in addition to effects (1) to (9) of the first embodiment.

[00265] (18) The frequency adjustment modules 22 increase the transmitting frequency
when the air pressure change rate AP exceeds the change rate threshold value (A or B),

" and moreover the difference between the air pressure P1 and the threshold value to modify
the display of the warning lamp 6 (lamp light-up/turn-off threshold value) is equal to or
less than a predetermined value. Thus, while limiting energy loss, prompt notification as
to whether air pressure is in the proper range can be afforded.

TENTH EMBODIMENT

[00266] Referring now to FIGS. 4 and 33, a tire air pressure detecting device, a tire air
pressure monitoring system, and a tire air pressure notification method in accordance with
a tenth embodiment will now be explained. In view of the similarity between the previous
embodiments and the tenth embodiments, the parts of the tenth embodiment that are
identical to the parts of the previous embodiments will be given the same reference
numerals as the parts of the previous embodiments. Moreover, the descriptions of the
parts of the tenth embodiment that are identical to the parts of the previous embodiments
may be omitted for the sake of brevity.
[00267] The ninth embodiment differs from the first embodiment in that, in the tenth
embodiment, during tire inflation, air pressure is transmitted at given increments of change
in air pressure.
[00268] The physical structures of the tire air pressure monitoring system of the tenth
embodiment is identical to the physical structures of the tire air pressure monitoring
system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the description
thereof is omitted for the sake of brevity.

AIR PRESSURE TRANSMISSION CONTROL PROCESS
[00269] The control algorithm executed by the ASIC 10c of the tire air pressure
detecting device 2 in the tenth embodiment is substantially identical to the first
embodiment depicted in FIG. 4, except for the specifics of Step S14.
[00270] In Step S14, the ASIC 10c is configured to wait for the difference between the
pressure P1 set in Step S15 and the previous value of the pressure P1 that was set in Step

S15 in the previous cycle to exceed a predetermined quantity, and when the predetermined
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quantity has been exceeded, the routine proceeds to Step S15. Here, in the initial cycle,
 the pressure P1 that was set in Step S4 is used in place of P1 that was set in Step S15. If
the difference between the current value and the previous value of the pressure P1 fails to
exceed the predetermined quantity even after a predetermined time interval C (e.g., 30
.minutes) has passed, the routine advances to RETURN and the modified control flow
depicted in FIG. 4 is repeated.
[00271] Next, the operation will be described.
[00272] In the tenth embodiment, air pressure is transmitted in Step S13 after first
waiting for a given air pressure change in Step S14. Thus, when the inflation procedure is
being carried out by the user with an inflation tool having good performance, once
inflation is detected, the air pressure presented to the user will change at substantially
fixed intervals as depicted in FIG. 33 (a). If on the other hand the inflation procedure is
being carried out using an inflation tool with poor performance, once inflation is detected,
the air pressure subsequently fails to be updated indefinitely, as depicted in FIG. 33 (b).
| Accordingly, the user can be made aware of using an inflation tool with poor performance.
The user can thus be prompted to exchange the inflation tool fér one having better
performance.
[00273] The effects will now be described.
[00274] The tire air pressure monitoring system of the tenth embodiment affords the
following effect in addition to effects (1) to (9) of the first embodiment.
[00275] (19) Once the air pressure change rate AP has exceeded the change rate
threshold value B with the vehicle stopped, the frequency adjustment modules 22 transmit
wireless signals each time that the change in air pressure fluctuates by a predetermined
amount. Thus, the user can be made aware if he or she is using an inflation tool with poor
performance, and can be prompted to exchange the inflation tool for one having better
performance. |
ELEVENTH EMBODIMENT
[00276] Referring now to FIGS. 34 and 35, a tire air pressure detecting device, a tire air
pressure monitoring system, and a tire air pressure notification method in accordance with
an eleventh embodiment will now be explained. In view of the similarity between the

previous embodiments and the eleventh embodiments, the parts of the eleventh
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embodiment that are identical to the parts of the previous embodiments will be given the
same reference numerals as the parts of the previous embodiments. Moreover, the
descriptions of the parts of the eleventh embodiment that are identical to the parts of the
previoﬁs embodiments may be omitted for the sake of brevity.
[00277] In the eleventh embodiment, during tire inflation, the user is notified of
inflation conditions by the horn or the hazard lamps. This control in the eleventh
embodiment can be combined with any of the first to tenth embodiments as described
above.
[00278] The physical structures of the tire air pressure monitoring system of the
eleventh embodiment is identical to the physical structures of the tire air pressure
monitoring system of the first embodiment as illustrated in FIGS. 1 to 3, and thus, the
description thereof is omitted for the sake of brevity.

AIR PRESSURE TRANSMISSION CONTROL PROCESS
[00279] FIG. 34 depicts the control algorithm executed by the tire air pressure Waming
controller 4 in the eleventh embodiment. Through repeated execution of the control
program depicted in FIG. 34 at a constant frequency, the tire air pressure warning
controller 4 is configured to use the horn 7 or the hazard lamps (by simultaneously
flashing the turn signals 8 at left and right at front and back) to notify the user of the
inflation conditions. The process takes place in the following manner for each wheel.
[00280] In Step S81, the tire air pressure warning controller 4 is configured to
determine whether the ignition switch of the vehicle is ON. If the determination in step
S81 is YES, then the routine advances to Step S82. If the determination in step S81 is NO,
then the routine advances to RETURN and the control flow depicted in FIG. 34 is repeated.
[00281] In Step S82, the tire air pressure warning controller 4 is configured to
determine whether vehicle speed V is 3 km/h or less in order to determine whether the
vehicle is stopped. If the determination in step S82 is YES, then the routine aﬁlvances to
Step S83. If the determination in step S82 is NO, the routine advances to RETURN and
the control flow depicted in FIG. 34 is repeated.
[00282] In Step S83, the tire air pressure warning controller 4 is configured to
determine whether a signal representing that the air pressure change rate AP has exceeded

the change rate threshold value B has been received in addition to air pressure from the
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tire air pressure detecting devices 2. If the determination in step S83 is YES, then the
routine advances to Step S85. If the determination in step S83 is NO, then the routine
advances to Step S84. When the tire air pressure detecting device 2 in one of the first to
tenth embodiments is combined with the control described in the eleventh embodiment,
the tire air pressure detécting device 2 in one of the first to tenth embodiments is
preferably configured such that, when the air pressure change rate AP exceeds the change
rate threshold value B, the ASIC 10c transmits a signal indicative of this fact (the air
pressure change rate AP exceeds the change rate threshold value B) accordingly, together
with a signal indicative of the value of the air pressure measured by the pressure sensor
10a. '
[00283] In Step S84, the tire air pressure warning controller 4 is configured to update
the received air pressure value received from the tire air pressure detecting device 2, and
then the routine advances to RETURN and the control flow depicted in FIG. 34 is repeated.
[00284] In Step S85, the tire air pressure warning controller 4 is configured to
determine whether air pressure was received from the tire air pressure detecting device 2
two or more times subsequent to a YES determination in Step S83. If the determination in
step S85 is YES, then the routine advances to Step S86. If the determination in step S85 is
NO, then the routine advances to RETURN and the control flow depicted in FIG. 34 is
repeated.

[00285] In Step S86, the tire air pressure warning controller 4 is configured to
determine whether the air pressure value lies in a lower zone than a prescribed zone. If the
determination in step S86 is YES, then the routine advances to Step S93. If the
determination in step S86 is NO, then the routine advances to Step S87. Here, the
prescribed zone is set to the correct range (nofmal range) of tire air pressure for the wheel.
[00286] In Step S87, the tire air pressure warning controller 4 is configured to
determine whether the air pressure value lies in the prescribed zone. If the determination
in step S87 is YES, then the routine advances to Step S92. If the determination in step
S87 is NO, then the routine advances to Step S88.

[00287] In Step S88, the tire air pressure warning controller 4 is configured to
determine whether the air pressure value lies in an overinflation zone. If the determination

in step S88 is YES, then the routine advances to Step S89. If the determination in step
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S88 is NO, then the routine advances to Step S91. Here, the overinflation zone is set to a
zone in which tire air pressure exceeds the prescribed zone (normal zone), and which
necessitates reduction in tire air pressure. The lower limit of the overinflation zone may
be set to a pressure level above that of the upper limit of the prescribed zone. »
[00288] In Step S89, the tire air pressure warning controller 4 is configured to cbmpare
the current value and the previous value of air pressure, and to determine whether air
pressure is increasing. If the determination in step S89 is YES, then the routine advances
to Step S90. If the determination in step S89 is NO, then the routine advances to Step S91.
[00289] In Step S90, the tire air pressure warning controller 4 is configured to control
the horn 7 through the output circuit 4f so that the horn 7 is sounded three times, and then
the routine advances to RETURN and the control flow depicted in FIG. 34 is repeated.
[00290] In Step S91, the tire air pressure warning controller 4 is configured to turn on
the hazard lights (the turn signals 8) through the display driver circuits 4g, and then the
routine advances to RETURN and the control flow depicted in FIG. 34 is repeated. In the
eleventh embodiment, when the hazard lights are turned on, the turn signals 8 flash for a |
predetermined number of times or for a predetermined duration.

[00291] In Step S92, the tire air pressure warning controller 4 is configured to control
the horn 7 through the output circuit 4f so that the horn 7 is sounded once, and to turn on
the hazard lights (the turn signals 8) through the display driver circuits 4g, and then the
routine advances to RETURN and the control flow depicted in FIG. 34 is repeated.
[00292] In Step S93, the tire air pressure warning controller 4 is configured to compare
the current value and the previous value of air pressure, and to determine whether air
pressure is increasing. If the determination in step S93 is YES, then the routine advances
to Step S94. If the determination in step S93 is NO, and then the routine advances to
RETURN and the control flow depicted in FIG. 34 is repeated.

[00293] In Step S94, the tire air pressure warning controller 4 is configured to turn on
the hazard lights, and then the routine advances to RETURN and the control flow depicted
in FIG. 34 is repeated.

_[00294] Next, the operation will be described.

[00295] FIG. 35 is a timing chart depicting change in air pressure during tire inflation.

The user starts the inflation procedure at time t1.
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[00296] Between time t1 and t2, the air pressure lies in a zone below the prescribed
zone, and pressure is increasing. Thus, in the flowchart of FIG. 34, the flow repeatedly
advances through Step S81 > Step S82 -> Step S83 -> Step S85 > Step S86 > Step S93
- Step S94, and the hazard lamps (the turn signals 8) flash in sync with the transmitting
frequency (e.g., 10-second intervals) of the tire air pressure detecting device 2. This
provides the user with visual confirmation that air pressure is approaching target pressure
(pressure within the prescribed zone).

[00297] Between time t2 and t3, the air pressure has reached the prescribed zone, so the
flow advances through Step S81 > Step S82 -> Step S83 -> Step S85 = Step S86 >

Step S87 = Step S92, and the horn 7 sounds once while the hazard lamps flash. The user
is thereby notified by a single audible alert sound of the horn 7 that air pressure is in the
correct rangé.

[00298] Between time t3 and t4, the air pressure exceeds the prescribed zone, so the
flow advances through Step S81 - Step S82 -> Step 583 > Step S85 - Step S86 >
Step S87 > Step S88 > Step S91, the horn 7 ceases to emit an audible alert, and the
hazard lamps flash. The user is thereby notified by the horn 7 going silent that air pressure
has exceeded the prescribed zone.

[00299] Between time t4 and t5, the air pressure has reached the overinflation'zone, and
pressure is increasing. Thus, the flow advances through Step S81 > Step S82 - Step S83
- Step S85 > Step S86 > Step S87 > Step S88 > Step S89 > Step S90, and the horn 7
sounds three times. The user is thereby notified by three audible alert sounds of the horn 7
that air pressure is in the overinflation zone.

[00300] Between time t5 and t6, the air pressure is decreasing, so the flow advances
through Step S81 -> Step S82 > Step S83 > Step S85 > Step S86 - Step S87 > Step
S88 > Step S91, the horn 7 stops, and the hazard lamps flash. This provides the user with
visual confirmation that air pressure is approaching target pressure.

[00301] The period between time t6 and t7 is comparable to that between time t2 and t3.
[00302] At time t7, the user ends the tire inflation operation.

[00303] In the eleventh embodiment, when the user carries out a tire inflation operation,
the user is notified through different numbers of audible alert sounds whether the air

pressure is in the prescribed zone or in the overinflation zone. Additionally, if the air
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pressure lies in a zone below the prescribed zone or in the overinflation zone, flashing of
the hazard lamps provides notification of the direction of change in air pressure. This
enables the user to easily adjust the air pressure to the target pressure.
[00304] The effects will now be described.
[00305] As the control in the eleventh embodiment as described above is combined
with any of the first to tenth embodiments as described above, the tire air pressure
monitoring system of the eleventh embodiment affords the following effect in addition to
the effects of the first to tenth embodiments.
[00306] (20) Since the horn 7 and the turn signals 8 provide the observer outside the
vehicle with notification of air pressure conditions during tire inﬂation; air pressure can be
easily adjusted to the target pressure, affording enhanced convenience during tire inflation.
[00307] While only selected embodiments have been chosen to illustrate the present
invention, it will be apparent to those skilled in the art from this disclosure that various
changes and modifications can be made herein without departing from the scope of the
invention as defined in the appended claims. For example, features taught in the first to
eleventh embodiments may be combined, where to do so does not give rise to
inconsistencies.
[00308] In the first to eleventh embodiments, a warning lamp is employed as the
display unit; however, a reading on a display, or a sound from a speaker could be
employed instead. 4
[00309] While embodiments show examples in which the tire air pressure detecting
devices 2 are provided to all of the wheels, they could be provided‘to the front wheels only
or to the rear wheels only.
[00310] In the eleventh embodiment, the horn 7 and the hazard lights (turn signals 8)
are employed as the alerting unit; however, other means, such as illumination of the
headlamps, could be employed provided that the alerting unit is discernible from outside
the vehicle.

GENERAL INTERPRETATION OF TERMS
[00311] In understanding the scope of the present invention, the term “comprising” and
its derivatives, as used herein, are intended to be open ended terms that specify the

presence of the stated features, elements, components, groups, integers, and/or steps, but
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do not exclude the presence of other unstated features, elements, components, groups,
integers and/or steps. The foregoing also applies to words having similar meanings such
as the terms, "including", "having" and their derivatives. Also, the terms “part,” “section,”

2% L4

“portion,” “member” or “element” when used in the singular can have the dual meaning of

_a single part or a plurality of parts. Also as used herein to describe the above
embodiments, the following directional terms “forward”, “rearward”, “above”,
“downward”, “vertical”, “horizontal”, “below” and “transverse” as well as any other
similar directional terms refer to those directions of a vehicle equipped with the tire air
pressure monitoring system. Accordingly, these terms, as utilized to describe the present
invention should be interpreted relative to a vehicle equipped with the tire air pressure
monitoring system. The term “detect” as used herein to describe an operatioln or function
carried out by a component, a section, a device or the like includes a component, a section,
a device or the like that does not require physical detection, but rather includes
determining, measuring, modeling, predicting or computing or the like to carry out the
operation or function. The term “configured” as used herein to describe a component,
section or part of a device includes hardware and/or software that is constructed and/or
programmed to carry out the desired function.
[00312] While only selected embodiments have been chosen to illustrate the present
invention, it will be apparent to those skilled in the art from this disclosure that various
changes and modifications can be made herein without departing from the scope of the
invention as defined in the appended claims. For example, the size, shape, location or
orientation of the various components can be changed as needed and/or desired.
Components that are shown directly connected or contacting each other can have
intermediate structures disposed between them. The functions of one element can be
performed by two, and vice versa. The structures and functions of one embodiment can be
adopted in another embodiment. It is not necessary for all advantages to be present in a
particular embodiment at the same time. Every feature which is unique from the prior art,
alone or in combination with other features, also should be considered a separate
description of further inventions by the applicant, including the structural and/or
functional concepts embodied by such feature(s). Thus, the foregoing descriptions of the

embodiments according to the present invention are provided for illustration only, and not
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for the purpose of limiting the invention as defined by the appended claims and their

equivalents.
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WHAT IS CLAIMED IS:

1. A tire air pressure detecting device comprising:

an air pressure detecting unit configured and arranged to detect a tire air pressure
of a tire mounted to a vehicle;

a transmitting unit configured and arranged to transmit a detected value of the tire
air pressure detected by the air pressure detecting unit; Y.

a running state detecting unit configured and arranged to detect a running state of
the vehicle;

an air pressure change rate detecting section configured to detect an air pressure
change rate at which the tire air pressure changes; and

a frequency adjustment section configured to adjust a transmitting frequency at
which the detected value of the tire air pressure detected by the air pressure detecting unit
is externally transmitted by the transmitting unit according to the running state detected by
the running state detecting unit and the air pressure change rate detected by the air
vpressure change rate detecting section, the frequency adjustment section being further
configured to variably set a threshold value for switching the transmitting frequency from
low frequency to high frequency according to the running state and the air pressure change

rate.

2. The tire air pressure detecting device according to claim 1, wherein

the running state detecting unit is configured and arranged to detect a travel speed
of the vehicle, and

the frequency adjustment section is configured to set the threshold value so that the

transmitting frequency is increased according to the travel speed.
3. The tire air pressure detecting device according to claim 1 or 2, wherein

the frequency adjustment section is configured to set the threshold value so that the

transmitting frequency is increased according to the air pressure change rate.
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4. The tire air pressure detecting device according to claim 2, wherein
the frequency adjustment section is configured to set the threshold value used
during a low-speed travel state of the vehicle to a smaller value than the threshold value

used during a high-speed travel state of the vehicle.

5. The tire air pressure detecting device according to any of claims 1 to 4,
wherein

the frequency adjustment section is configured to maintain the high frequency of
the transmitting frequency until a prescribed durafion time has elapsed after the
transmitting frequency is switched from the low frequency to the high frequency

according to the air pressure change rate.

6. The tire air pressure detecting device according to claim 5, wherein
the frequency adjustment section is configured to set the prescribed duration time

shorter when the vehicle is traveling than when the vehicle is stopped.

7. The tire air pressure detecting device according to any of claims 1 to 6,
wherein

the frequency adjustment section is configured to set the low frequency of the
transmitting frequency when the vehicle is stopped so that transmission from the

transmitting unit is suspended.

8. The tire air pressure detecting device according to any of claims 1 to 6,
wherein

the frequency adjustment section is configured to set a detecting frequency at
which the tire air pressure is detected by the air pressure detecting unit when the vehicle is

stopped higher than the detecting frequency when the vehicle is traveling.
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9. The tire air pressure detecting device according to any of claims 1 to 8,
wherein
the frequency adjustment section is configured to set the threshold value according

to time elapsed immediately after the vehicle stops.

10.  The tire air pressure detecting device according to claim 9, wherein
the frequency adjustment section is configured to increase the threshold value

according to time elapsed immediately after the vehicle stops.

11. The tire air pressure detecting device according to any of claims 1 to 10,
wherein

the frequency adjustment section is configured to increase a detecting frequency at
which the tire air pressure is detected by the air pressure detecting unit prior to'elapsing of
a predetermined time period after the vehicle has stopped so as to be higher than the

detecting frequency after the predetermined time period has elapsed.

12. The tire air pressure detecting device according to any of claims 1 to 11,
wherein

the frequency adjustment section is configured to increase the transmitting
frequency when the air pressure change rate has exceeded the threshold value and change
in the tire air pressure has crossed a predetermined display content changeover threshold

value for changing a content that is to be displayed to the driver.

13.  The tire air pressure detecting device according to any of claims 1 to 11,
wherein

the frequency adjustment section is configured to increase the transmitting
frequency when the air pressure change rate has exceeded the threshold value, and a
difference between the tire air pressure and a predetermined display content changeover
threshold value for switching a content displayed to the driver is equal to or less than a

predetermined value.
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14.  The tire air pressure detecting device according to any of claims 1 to 13,
wherein

the frequency adjustment section is configured to increase the transmitting
frequency when, during travel, the air pressure change rate has exceeded the threshold

value and the tire air pressure has changed to a decreasing direction.

15.  The tire air pressure detecting device according to any of claims 1 to 14,
wherein

the frequency adjustment section is configured to increase the threshold value
when, with the vehicle stopped, the tire air pressure has changed to a decreasing direction, .
so as to be greater than the threshold value when the tire air pressure has changed to an

increasing direction.

16.  The tire air pressure detecting device according to any of claims 1 to 15,
wherein

the frequency adjustment section is configured control the transmitting unit to
externally transmit the detected value of the tire air pressure each time a degree of air
pressure variation fluctuates by a predetermined amount once the air pressure change rate
has exceeded the threshold value with the vehicle stopped.

17. A tire air pressure monitoring system comprising:

the tire air pressure detecting device according to any of claims 1 to 16, with the air
pressure detecting unit being attached to a wheel of a vehicle, the tire air pressure
detecting device being configured and arranged to externally transmit the detected value of
the tire air pressure detected by the air pressure detecting unit at the transmitting frequency
set by the frequency adjustment section;

a vehicle-side receiver configured and arranged to receive the tire air pressure

transmitted from the tire air pressure detecting device; and
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a control unit configured to present information relating to the tire air pressure to a

driver of the vehicle.

18. The tire air pressure monitoring system according to claim 17, further
comprising
an alerting unit configured and arranged to notify to an outside of the vehicle a

state of the tire air pressure when the tire air pressure is being increased.

19. A tire air pressure detecting device adapted to be attached to a wheel of a
vehicle to transmit tire air pressure detected by a pressure sensor to a vehicle-side receiver,
characterized in that |

a threshold value for switching a transmitting frequency from low frequency to
high frequency is variably set based on a detected vehicle running state and a detected tire

air pressure change rate.

20. A tire air pressure notification method comprising:

detecting an air pressure change rate at which a tire air pressure of a tire of a
vehicle changes;

detecting a state in which the vehicle is running;

variably setting, based on the detected vehicle running state and the detected air
pressure change rate, a threshold value for switching a transmitting frequency between low
frequency to high frequency; and

transmitting a detected value of the tire air pressure to a vehicle-side receiver at the

transmitting frequency.
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