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(57) ABSTRACT 

There is provided a tire ground contact pattern specifying 
method and an apparatus thereof for specifying a tire ground 
contact pattern usable to perform the stable control of a run 
ning vehicle. Using a sensor unit 100 mounted in each tire 2 
of a vehicle 1, accelerations generated in X, Y and Z direc 
tions are sensed and at the same time, a low frequency noise 
component and high frequency noise component added to the 
Z axis direction acceleration signal are extracted. Digital 
values being the sensing result are transmitted as digital infor 
mation to a monitor device 200 by radio wave. The monitor 
device 200 compares many pieces of tire ground contact 
pattern information preliminarily stored with the digital 
information to thereby specify a tire ground contact pattern. A 
stability control unit 700 performs, based on the acceleration 
values and the information on tire ground contact pattern 
obtained, the correction control of driving of a sub-throttle 
actuator 412 or a brake drive actuator 640. 
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TRE GROUND CONTACT PATTERN 
SPECIFYING METHOD AND APPARATUS 

THEREOF 

TECHNICAL FIELD 

0001. The present invention relates to a tire ground contact 
pattern specifying method and an apparatus thereof for speci 
fying a tire ground contact pattern during running of a 
vehicle. 

BACKGROUND ART 

0002. According to conventional art, when the friction 
force between the road surface and a tire is reduced in such 
cases as when the road Surface is wet in the rain, the vehicle 
can skid and move in an unexpected direction at the time 
when the accelerator is pushed down, causing an accident. 
0003) To prevent an accident caused by such skids, sudden 
acceleration, and so on, there have been developed Anti-Lock 
Brake System (hereinafter referred to as ABS), Traction Con 
trol System, and further a stability control system provided 
with a YAW sensor, and other systems. 
0004 For example, ABS is a system which senses the 
rotation state of each tire and controls the braking force based 
on the sensing result to prevent each tire from entering a 
locking state. 
0005. As the rotation state of a tire, it is possible to sense 
the number of rotations of each tire and the states such as air 
pressure and distortion, and use the sensing result for the 
control. 
0006. As examples of such control system, there have been 
known a brake device for an automobile (hereinafter referred 
to as Patent Document 1) disclosed in Japanese Patent Pub 
lication 5-338528), a brake control device (hereinafter 
referred to as Patent Document 2) disclosed in Japanese 
Patent Publication 2001-018775, a method and device for 
controlling a vehicle (hereinafter referred to as Patent Docu 
ment 3) disclosed in Japanese Patent Publication 2001 
182578, a vehicle movement control device (hereinafter 
referred to as Patent Document 4) disclosed in Japanese 
Patent Publication 2002-137721, a brake device (hereinafter 
referred to as Patent Document 5) disclosed in Japanese 
Patent Publication 2002-160616, and so on. 
0007. In Patent Document 1, there is disclosed a brake 
device in which negative pressure is Supplied from a vacuum 
tank to a vacuum booster linked with a brake pedal, and 
negative pressure is Supplied from a vacuum pump to the 
vacuum tank, and the vacuum pump is driven by a pump 
motor, whereby the pump motor is controlled so as to operate 
the vacuum pump when a state in which deceleration of an 
automobile reaches a predetermined value is detected by an 
acceleration sensor 14, thereby preventing the change of an 
operation feeling at the time of an abrupt brake operation as 
well as a brake operation immediately after that. 
0008. In Patent Document 2, there is disclosed a brake 
control device including control means which effects ABS 
control, the control means being provided with: lateral accel 
eration estimation means for estimating lateral acceleration 
generated in a vehicle; and comparison and determination 
means for comparing an estimated lateral acceleration by the 
lateral acceleration estimation means, an estimated lateral 
acceleration by vehicle behavior sensing means and a 
detected lateral acceleration sensed by a lateral acceleration 
sensor included in the vehicle behavior detecting means and 
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for determining that normal turning corresponding to the 
rudder angle is under way if the difference between the esti 
mated and sensed accelerations is less than a predetermined 
value and determining that abnormal turning is underway if 
the difference is equal to or larger than the predetermined 
value, whereby the control means is adapted to change the 
type of control based on whether normal turning or abnormal 
turning is determined to be under way during the ABS con 
trol. 

0009. In Patent Document 3, there is disclosed a method 
and device for controlling a vehicle in which a control signal 
for adjusting the deceleration and/or the acceleration of a 
vehicle is formed by a corresponding set value, wherein a 
correction factor expressing a vehicle acceleration or a 
vehicle deceleration produced by an inclination of the run 
ning road Surface is formed, and the correction factor is made 
to overlap the set value, whereby the setting of deceleration 
and/or acceleration of the vehicle is improved. 
0010. In Patent Document 4, there is disclosed a vehicle 
movement control device in which skid angle change speed B' 
of the center-of-gravity point as the actual yawing momentum 
of a vehicle having plural wheels is acquired, and brake fluid 
pressure AP is applied to one of brakes of left and right rear 
wheels when the absolute value of the change speedB is equal 
to or larger than predetermined value Bo', thereby generating 
the yawing moment in a manner in which the more the abso 
lute value of the change speed f' is, the more the value of the 
yawing moment is and at the same time, in a direction to 
reduce the absolute value of the change speed?"; even during 
the control of the yawing moment, determination of whether 
the slip control is needed or not on the wheel to which the 
brake fluid pressure AP is applied, continues and, when the 
slip control is needed, the slip control for keeping a slip ratio 
within a proper range is executed by controlling the brake 
fluid pressure AP. 
0011. In Patent Document 5, there is disclosed a brake 
device including at least two sensors from among an accel 
eration sensor for sensing an acceleration in the longitudinal 
direction of a vehicle, a wheel speed sensor for sensing a 
wheel speed of each wheel, and a braking pressure sensor for 
sensing a braking pressure, wherein a target braking pressure 
is calculated by use offeedback from at least two sensors, and 
an indicator current is calculated by an indicator current cal 
culation section based on this calculation result, and the indi 
cator current is carried into a brake drive actuator to produce 
braking force corresponding to the amplitude of the indicator 
current, whereby even when disturbance occurs or one sensor 
is in trouble, the abnormal output can be suppressed. 
0012. As a method for sensing the number of rotations of 
a tire, there is typically used a method which senses the 
number of rotations of a tire by use of a rotor rotating inte 
grally with a wheel carrier, and a pickup sensor. In this 
method, plural concaves and convexes spaced equally around 
the circumferential surface of the rotor traverse the magnetic 
field generated by the pickup sensor, whereby the magnetic 
flux density is varied, generating a pulsative Voltage in a coil 
of the pickup sensor; the number of rotations can be detected 
by sensing this pulse. An exemplary basic principle of this 
method is disclosed in Japanese Patent Publication 
52-109981. 

0013 Patent Document 1: Japanese Patent Publication 
5-338528 

0014 Patent Document 2: Japanese Patent Publication 
2001-018775 
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0015 Patent Document 3: Japanese Patent Publication 
2001-182578 
0016 Patent Document 4: Japanese Patent Publication 
20O2-137721 
0017 Patent Document 5: Japanese Patent Publication 
2002-160616 
0018 Patent Document 6: Japanese Patent Publication 
52-109981 
0019. In the technique disclosed in Patent Document 1, 
however, while the brake control operation feeling is 
improved, when the friction force between the tire and road 
surface changes, it is difficult to set a threshold value for 
which there are assumed Such cases as when the brake torque 
exceeds the friction force between the tire and road surface, 
thus causing a skid. 
0020. In the techniques disclosed in Patent Documents 2 

to 5, compared to the above described technique disclosed in 
Patent Document 1, more advanced control is performed in 
which an acceleration of the vehicle itself during running of 
the vehicle is sensed and the brake control of the vehicle is 
performed based on this acceleration. However, the friction 
force between the tire and road surface varies even in the 
identical vehicle depending on the kind of tire installed in the 
vehicle and the air pressure thereof. Further, there are 
vehicles, such as a 4WD vehicle, in which drive control is 
performed separately for each tire. Consequently, even with 
the control method which takes into consideration the accel 
eration of the vehicle itself during its running, highly accurate 
control may be impossible. 
0021. To address the above problems, an object of the 
present invention is provide a tire ground contact pattern 
specifying method and an apparatus thereof for specifying a 
tire ground contact pattern usable to perform the stable con 
trol of a running vehicle. 

DISCLOSURE OF THE INVENTION 

0022. To achieve the above object, the present invention 
proposes a tire ground contact pattern specifying method for 
using a device to specify a ground contact pattern with respect 
to running road Surface for a tire of a running vehicle, the 
device comprising: a sensor unit, disposed in a rotation 
mechanism section including a rotation body positioned in 
the vehicle body side, for securing a tire and allowing the tire 
to rotate and the tire, and having an acceleration sensor sens 
ing at least one of a first acceleration generated in association 
with tire rotation in a direction orthogonal to a rotation axis 
and a second acceleration generated in a direction of rotation, 
and converting the sensing result by the acceleration sensor 
into an electrical signal and performing outputting; and pat 
tern information storage means for associating a predeter 
mined low frequency component and a predetermined high 
frequency component of a ground contact pattern determina 
tion signal with tire ground contact pattern information 
including at least information on tire ground contact area with 
respect to running road Surface, and preliminarily storing the 
resultant information, wherein the device eliminates a gravity 
acceleration component from at least one electrical signal of 
the sensed first acceleration and second acceleration to gen 
erate the ground contact pattern determination signal, and 
separates the predetermined low frequency component and 
predetermined high frequency component of the ground con 
tact pattern determination signal, and specifies a tire ground 
contact pattern with respect to running road Surface based on 
the low frequency component and high frequency component 
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obtained by the separation and the information stored in the 
pattern information storage means. 
0023. According to the tire ground contact pattern speci 
fying method of the present invention, at least one of the first 
acceleration generated in association with tire rotation in a 
direction orthogonal to the rotation axis and the second accel 
eration generated in a direction of rotation is sensed by the 
acceleration sensor, and this sensing result is converted into 
an electrical signal and outputted. 
0024. Further, the gravity acceleration component is 
eliminated from at least one electrical signal of the first accel 
eration and second acceleration, and the tire ground contact 
pattern determination signal is thereby generated, and the 
predetermined low frequency component and the predeter 
mined high frequency component of the ground contact pat 
tern determination signal are separated. 
0025. Also, the tire ground contact pattern information 
including at least the information on tire ground contact area 
with respect to running road Surface is associated with the low 
frequency component and high frequency component, and 
the resultant information is preliminarily stored in the pattern 
information storage means. 
0026. Accordingly, using the above device, based on the 
low frequency component and high frequency component 
obtained by the separation means and the information stored 
in the pattern information storage means, a tire ground con 
tact pattern with respect to running road Surface is specified. 
0027. Also, the present invention proposes the tire ground 
contact pattern specifying method described above, wherein: 
the pattern information storage means associates as reference 
information, the tire ground contact pattern information and 
the low frequency component and high frequency component 
obtained at the time of running at a predetermined reference 
speed; and the device specifies a tire ground contact pattern 
with respect to running road Surface based on the low fre 
quency component and high frequency component obtained 
by the separation and the reference information stored in the 
pattern information storage means. 
0028. According to the tire ground contact pattern speci 
fying method of the present invention, using the device, based 
on the low frequency component and high frequency compo 
nent preliminarily obtained at the time of running at the 
predetermined reference speed and the information stored in 
the pattern information storage means, a tire ground contact 
pattern with respect to running road Surface is specified. 
0029. Also, the present invention proposes the tire ground 
contact pattern specifying method described above, wherein: 
the sensor unit has means for sensing a third acceleration 
generated in a direction of the tire rotation axis and converting 
the sensing result into an electrical signal and perform out 
putting; the pattern information storage means has means for 
associating tire ground contact pattern information including 
at least information on tire ground contact area and informa 
tion on tire ground contact region with respect to running road 
Surface and the low frequency component and high frequency 
component and the third acceleration, and preliminarily Stor 
ing the resultant information; and the device specifies a tire 
ground contact pattern with respect to running road Surface 
based on the low frequency component and high frequency 
component, the third acceleration and the information stored 
in the pattern information storage means. 
0030. According to the tire ground contact pattern speci 
fying method of the present invention, based on the low 
frequency component and high frequency component, the 
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third acceleration and the information stored in the pattern 
information storage means, a tire ground contact pattern with 
respect to running road Surface is specified. 
0031. Also, the present invention proposes the tire ground 
contact pattern specifying method described above, wherein: 
the tire ground contact pattern information and the low fre 
quency component and high frequency component and the 
third acceleration obtained at the time of running at a prede 
termined reference speed are associated with each other and 
preliminarily stored as reference information; the device 
specifies a tire ground contact pattern with respect to running 
road Surface based on the low frequency component and high 
frequency component and the third acceleration and the ref 
erence information stored in the pattern information storage 
CaS. 

0032. According to the tire ground contact pattern speci 
fying method of the present invention, based on the low 
frequency component and high frequency component 
obtained at the time of running at a predetermined speed, the 
information stored in the pattern information storage means 
and the third acceleration, a tire ground contact pattern with 
respect to running road Surface is specified. 
0033. Also, the present invention proposes the tire ground 
contact pattern specifying method described above, wherein: 
the sensor unit has means for sensing a third acceleration 
generated in a direction of the tire rotation axis, converting the 
sensing result into an electrical signal and performing output 
ting; the device has signal combining means for combining an 
electrical signal of the low frequency component and the high 
frequency component with an electrical signal of the third 
acceleration and outputting an electrical signal obtained by 
combining these three signals; the pattern information Stor 
age means has means for associating tire ground contact 
pattern information including at least information on tire 
ground contact area and information on tire ground contact 
region with respect to running road Surface and the low fre 
quency component and high frequency component and the 
combination signal, and preliminarily storing the resultant 
information; and the device specifies a tire ground contact 
pattern with respect to running road Surface based on the low 
frequency component and high frequency component and the 
combination signal obtained by the signal combining means 
and the information stored in the pattern information storage 
CaS. 

0034. According to the tire ground contact pattern speci 
fying method of the present invention, based on the low 
frequency component and high frequency component, the 
combination signal and the information stored in the pattern 
information storage means, a tire ground contact pattern with 
respect to running road Surface is specified. 
0035 Also, the present invention proposes the tire ground 
contact pattern specifying method described above, wherein: 
the pattern information storage means associates the tire 
ground contact pattern information and the low frequency 
component and high frequency component and the combina 
tion signal obtained at the time of running at a predetermined 
reference speed, and preliminarily stores the resulting infor 
mation as reference information; and the device specifies a 
tire ground contact pattern with respect to running road Sur 
face based on the low frequency component and high fre 
quency component and the combination signal and the refer 
ence information stored in the pattern information storage 
CaS. 
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0036. According to the tire ground contact pattern speci 
fying method of the present invention, based on the low 
frequency component and high frequency component pre 
liminarily obtained at the time of running at the predeter 
mined speed and the information stored in the pattern infor 
mation storage means and the combination signal, a tire 
ground contact pattern with respect to running road Surface is 
specified. 
0037 Also, the present invention proposes the tire ground 
contact pattern specifying method described above, wherein 
the reference speed is 10 kilometers per hour. 
0038 According to the tire ground contact pattern speci 
fying method of the present invention, the low frequency 
component and high frequency component and like obtained 
when running is performed at a speed of 10 kilometers per 
hour are set as reference value, thereby allowing a ground 
contact pattern to be specified with high accuracy. 
0039. Also, to achieve the above object, the present inven 
tion proposes a tire ground contact pattern specifying device 
specifying a ground contact pattern with respect to running 
road Surface for a tire of a running vehicle, the device com 
prising: a sensor unit, disposed in a rotation mechanism sec 
tion including a rotation body positioned in the vehicle body 
side, for securing a tire and allowing the tire to rotate and the 
tire, and having an acceleration sensor sensing at least one of 
a first acceleration generated in association with tire rotation 
in a direction orthogonal to the rotation axis and a second 
acceleration generated in a direction of rotation, and convert 
ing the sensing result by the acceleration sensor into an elec 
trical signal and performing outputting; means for eliminat 
ing a gravity acceleration component from at least one 
electrical signal of the first acceleration and second accelera 
tion to generate a ground contact pattern determination sig 
nal; separation means for separating a predetermined low 
frequency component and a predetermined high frequency 
component of the ground contact pattern determination sig 
nal; pattern information storage means for associating tire 
ground contact pattern information including at least infor 
mation on tire ground contact area with respect to running 
road Surface and the low frequency component and high 
frequency component, and preliminarily storing the resultant 
information; and ground contact pattern specifying means for 
specifying a tire ground contact pattern with respect to run 
ning road Surface based on the low frequency component and 
high frequency component obtained by the separation means 
and the information stored in the pattern information storage 
means, and outputting this tire ground contact pattern infor 
mation. 
0040. According to the tire ground contact pattern speci 
fying device of the present invention, at least one of the first 
acceleration generated in association with tire rotation in a 
direction orthogonal to the rotation axis and the second accel 
eration generated in a direction of rotation is sensed by the 
acceleration sensor, and this sensing result is converted into 
an electrical signal and outputted. 
0041 Further, the gravity acceleration component is 
eliminated from at least one electrical signal of the first accel 
eration and second acceleration to generate the ground con 
tact pattern determination signal, and the predetermined low 
frequency component and the predetermined high frequency 
component of the ground contact pattern determination signal 
are separated. 
0042. Also, the tire ground contact pattern information 
including at least information on tire ground contact area with 
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respect to running road Surface and the low frequency com 
ponent and high frequency component are associated with 
each other and stored preliminarily in the pattern information 
Storage means. 
0043. Accordingly, based on the low frequency compo 
nent and high frequency component obtained by the separa 
tion means and the information stored in the pattern informa 
tion storage means, a tire ground contact pattern with respect 
to running road Surface is specified. 
0044 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, the 
pattern information storage means has means for associating 
the tire ground contact pattern information and the low fre 
quency component and high frequency component obtained 
at the time of running at a predetermined reference speed, and 
preliminarily storing the resultant information as reference 
information; the device has ground contact pattern specifying 
means for specifying a tire ground contact pattern with 
respect to running road Surface based on the low frequency 
component and high frequency component obtained by the 
separation means and the reference information stored in the 
pattern information storage means, and outputting this tire 
ground contact pattern information. 
0045. According to the tire ground contact pattern speci 
fying device of the present invention, based on the low fre 
quency component and high frequency component prelimi 
narily obtained at the time of running at the predetermined 
speed and the information stored in the pattern information 
Storage means, a tire ground contact pattern with respect to 
running road Surface is specified. 
0046. Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, the 
sensor unit has means for sensing a third acceleration gener 
ated in a direction of the tire rotation axis, converting the 
sensing result into an electrical signal and performing output 
ting, the device comprising: the pattern information storage 
means having means for associating tire ground contact pat 
tern information including at least information on tire ground 
contact area and information on tire ground contact region 
with respect to running road Surface and the low frequency 
component and high frequency component and the third 
acceleration, and preliminarily storing the resultant informa 
tion; and the ground contact pattern specifying means for 
specifying a tire ground contact pattern with respect to run 
ning road Surface based on the low frequency component and 
high frequency component and the third acceleration and the 
information stored in the pattern information storage means, 
and outputting this tire ground contact pattern information. 
0047 According to the tire ground contact pattern speci 
fying device of the present invention, based on the low fre 
quency component and high frequency component, the third 
acceleration and the information stored in the pattern infor 
mation storage means, a tire ground contact pattern with 
respect to running road Surface is specified. 
0048 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, the 
pattern information storage means has means for associating 
the tire ground contact pattern information and the low fre 
quency component and high frequency component and the 
third acceleration obtained at the time of running at a prede 
termined reference speed, and preliminarily storing the 
resulting information as reference information; the device has 
the ground contact pattern specifying means for specifying a 
tire ground contact pattern with respect to running road Sur 
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face based on the low frequency component and high fre 
quency component, the third acceleration and the reference 
information stored in the pattern information storage means, 
and outputting this tire ground contact pattern information. 
0049 According to the tire ground contact pattern speci 
fying device of the present invention, based on the low fre 
quency component and high frequency component prelimi 
narily obtained at the time of running at the predetermined 
speed, the information stored in the pattern information stor 
age means and the third acceleration, a tire ground contact 
pattern with respect to running road Surface is specified. 
0050 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, the 
sensor unit has means for sensing a third acceleration gener 
ated in a direction of the tire rotation axis, converting the 
sensing result into an electrical signal and performing output 
ting, the device comprising: signal combining means for 
combining an electrical signal of the low frequency compo 
nent and the high frequency component with an electrical 
signal of the third acceleration and outputting an electrical 
signal obtained by combining these three signals; the pattern 
information storage means having means for associating tire 
ground contact pattern information including at least infor 
mation on tire ground contact area and information on tire 
ground contact region with respect to running road Surface, 
and the low frequency component and high frequency com 
ponent and the combination signals and preliminarily storing 
the resultant information; and the ground contact pattern 
specifying means for specifying a tire ground contact pattern 
with respect to running road Surface based on the low fre 
quency component and high frequency component, the com 
bination signal obtained by the signal combining means and 
the information stored in the pattern information storage 
means and outputting this tire ground contact pattern infor 
mation. 

0051. According to the tire ground contact pattern speci 
fying device of the present invention, based on the low fre 
quency component and high frequency component, the com 
bination signal and the information stored in the pattern 
information storage means, a tire ground contact pattern with 
respect to running road Surface is specified. 
0.052 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, the 
pattern information storage means has means for associating 
the tire ground contact pattern information and the low fre 
quency component and high frequency component and the 
combination signal obtained at the time of running at a pre 
determined reference speed, and preliminarily storing the 
resulting information as reference information; the device has 
the ground contact pattern specifying means for specifying a 
tire ground contact pattern with respect to running road Sur 
face based on the low frequency component and high fre 
quency component and the combination signal and the refer 
ence information stored in the pattern information storage 
means and outputting this tire ground contact pattern infor 
mation. 

0053 According to the tire ground contact pattern speci 
fying device of the present invention, based on the low fre 
quency component and high frequency component prelimi 
narily obtained at the time of running at a predetermined 
speed and the information stored in the pattern information 
storage means and the combination signal, a tire ground con 
tact pattern with respect to running road Surface is specified. 
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0054 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, the 
reference speed is set to 10 kilometers per hour. 
0055 According to the tire ground contact pattern speci 
fying device of the present invention, the low frequency com 
ponent and high frequency component and like obtained 
when running is performed at a speed of 10 kilometers per 
hour are set as reference value, thereby allowing a ground 
contact pattern to be specified with high accuracy. 
0056. Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, the 
sensor unit is configured to sense accelerations in different 
directions at one given position. 
0057 According to the tire ground contact pattern speci 
fying device of the present invention, the low frequency com 
ponent and high frequency component and the third accelera 
tion are obtained based on accelerations in different 
directions at one given position. Accordingly, the accuracy of 
sensing a tire ground contact pattern is improved. 
0058 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, 
sensing can be performed by the acceleration sensor up to an 
acceleration larger by a predetermined amount than a maxi 
mum acceleration generated by rotation of the tire. 
0059. According to the tire ground contact pattern speci 
fying device of the present invention, a noise signal depen 
dent on a variation in tire ground contact pattern is added to 
the first acceleration and second acceleration sensed by the 
acceleration sensor, so the amplitude of the acceleration sig 
nal sensed by the acceleration sensor is larger than a maxi 
mum acceleration generated by tire rotation. Thus, when 
sensing can be performed by the acceleration sensor up to an 
acceleration larger by a predetermined amount than a maxi 
mum acceleration generated by tire rotation, the noise signal 
dependent on a variation in tire ground contact pattern can be 
properly sensed. 
0060 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, in 
order to separate the low frequency component, the separa 
tion means includes two or more low-pass filters or band-pass 
filters having a different pass band and at the same time, 
includes means for performing a parallel processing of the 
ground contact pattern determination signal by use of each 
filter and combining and outputting electrical signals output 
ted from each filter. 
0061 According to the tire ground contact pattern speci 
fying device of the present invention, since two or more filters 
are used, a shift in phase produced according to signal fre 
quency when passing through the filter can be reduced. 
0062 Also, according to the present invention, in the tire 
ground contact pattern specifying device described above, in 
order to separate the high frequency component, the separa 
tion means includes two or more high-pass filters or band 
pass filters having a different pass band and at the same time, 
includes means for performing a parallel processing of the 
ground contact pattern determination signal by use of each 
filter and combining and outputting electrical signals output 
ted from each filter. 
0063. According to the tire ground contact pattern speci 
fying device of the present invention, since two or more filters 
are used, a shift in phase produced according to signal fre 
quency when passing through the filter can be reduced. 
0064. According to the tire ground contact pattern speci 
fying method and the device thereof, based on accelerations 
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generated in the rotation mechanism allowing a tire to rotate 
in a running vehicle, a tire ground contact pattern can be 
specified. Consequently, using this specified tire ground con 
tact pattern, tire distortion quantity, vehicle skid, wheelspin, 
tire grip and the like can be estimated. Accordingly, when 
these are used for vehicle brake control, the vehicle drive 
control can be performed with high accuracy. As a result, the 
use of the present invention allows proper control during 
running of the vehicle, contributing to improvement in stabil 
ity during running. 

BRIEFLY DESCRIBE OF THE DRAWINGS 

0065 FIG. 1 is a plan view showing the arrangement of a 
monitor device and sensor unit according to one embodiment 
of the present invention; 
0.066 FIG. 2 is a view for explaining the location of place 
ment of the sensor unit in a tire according to the one embodi 
ment of the present invention; 
0067 FIG. 3 is a view showing a tire inside a tire house 
according to the one embodiment of the present invention; 
0068 FIG. 4 is a view showing a rotation mechanism 
section according to the one embodiment of the present 
invention; 
0069 FIG. 5 is a configuration diagram showing a vehicle 
drive control system according to the one embodiment of the 
present invention; 
0070 FIG. 6 is a block diagram showing an electrical 
circuit of the sensor unit according to the one embodiment of 
the present invention; 
0071 FIG. 7 is an external perspective view showing a 
semiconductor acceleration sensor according to the one 
embodiment of the present invention; 
0072 FIG. 8 is a cross-sectional view observed from the 
arrow direction along the line B-B of FIG. 7: 
0073 FIG. 9 is a cross-sectional view observed from the 
arrow direction along the line C-C of FIG. 7: 
0074 FIG. 10 is a broken perspective view showing the 
semiconductor acceleration sensor according to the one 
embodiment of the present invention; 
0075 FIG. 11 is a configuration diagram showing an elec 

trical circuit of the semiconductor acceleration sensor accord 
ing to the one embodiment of the present invention; 
0076 FIG. 12 is a view showing a bridge circuit sensing an 
acceleration in an X axis direction using the semiconductor 
acceleration sensor according to the one embodiment of the 
present invention; 
0077 FIG. 13 is a view showing abridge circuit sensing an 
acceleration in a Y axis direction using the semiconductor 
acceleration sensor according to the one embodiment of the 
present invention; 
0078 FIG. 14 is a view showing abridge circuit sensing an 
acceleration in a Z axis direction using the semiconductor 
acceleration sensor according to the one embodiment of the 
present invention; 
(0079 FIG. 15 is a view for explaining the operation of the 
semiconductor acceleration sensor according to the one 
embodiment of the present invention; 
0080 FIG. 16 is a view for explaining the operation of the 
semiconductor acceleration sensor according to the one 
embodiment of the present invention; 
I0081 FIG. 17 is a configuration diagram showing a signal 
processing circuit according to the one embodiment of the 
present invention; 
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0082 FIG. 18 is a configuration diagram showing an elec 
trical circuit of the monitor device according to the one 
embodiment of the present invention; 
0083 FIG. 19 is a view showing the measurement result of 
acceleration in a Z axis direction according to the one 
embodiment of the present invention; 
0084 FIG.20 is a view showing the measurement result of 
acceleration in a Z axis direction according to the one 
embodiment of the present invention; 
0085 FIG.21 is a view showing the measurement result of 
acceleration in a Z axis direction according to the one 
embodiment of the present invention; 
I0086 FIG.22 is a view showing the measurement result of 
acceleration in an X axis direction according to the one 
embodiment of the present invention; 
0087 FIG.23 is a view showing the measurement result of 
acceleration in an X axis direction according to the one 
embodiment of the present invention; 
0088 FIG.24 is a view showing the measurement result of 
acceleration in an X axis direction according to the one 
embodiment of the present invention; 
0089 FIG.25 is a view showing the measurement result of 
acceleration in a Y axis direction according to the one 
embodiment of the present invention; 
0090 FIG. 26 is a view showing the measurement result of 
acceleration in a Y axis direction according to the one 
embodiment of the present invention; 
0091 FIG.27 is a view showing the measurement result of 
acceleration in an X axis direction at the time of applying the 
brake according to the one embodiment of the present inven 
tion; 
0092 FIG.28 is a view showing the measurement result of 
acceleration in a Z axis direction at the time of applying the 
brake according to the one embodiment of the present inven 
tion; 
0093 FIG. 29 is a view for explaining the operation of a 
basic waveform elimination circuit according to the one 
embodiment of the present invention; 
0094 FIG.30 is a view for explaining a tire ground contact 
pattern specifying method according to the one embodiment 
of the present invention; 
0095 FIG. 31 is a view for explaining the tire ground 
contact pattern specifying method according to the one 
embodiment of the present invention; 
0096 FIG. 32 is a view for explaining an example of 
stability control according to the one embodiment of the 
present invention; and 
0097 FIG.33 is a flowchart of a tire ground contact pattern 
specifying method according to a second embodiment of the 
present invention. 

DESCRIPTION OF SYMBOLS 

0098. 1 ... vehicle, 2... tire, 3... axle, 4... tire house, 
100... sensor unit, 110... antenna, 120 ... antenna switch, 
130... rectifier circuit, 131, 132 ... diode, 133 ... capacitor, 
134. ... resistor, 140 . . . central processing section, 141 . . . 
CPU, 142... D/A converter circuit, 143 ... storage section, 
150 ... transmitting section, 151 ... oscillator circuit, 152. . 
... modulator circuit, 153 . . . high frequency amplifier circuit, 
160 . . . sensor section, 161 . . . signal processing circuit, 
161-10 . . . basic waveform elimination circuit, 161-11 . . . 
amplifier circuit, 161-12 ... low-pass filter, 161-13. ... phase 
inverter circuit, 161-14. . . arithmetic circuit, 161-20... first 
separation circuit, 161-21 ... low-pass filter, 161-22, 161-23 
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... band-pass filter, 161-24. . . arithmetic circuit, 161-30. . . 
second separation circuit, 161-31, 161-32... band-pass filter, 
161-33 . . . high-pass filter, 161-34. . . arithmetic circuit, 
161-40... arithmetic circuit, 162 ... A/D converter section, 
200... monitor device, 210... radiation unit, 211 ... antenna, 
212... transmitting section, 220... receiving wave unit, 221 
... antenna, 222. . . detector wave section, 223. . . intensity 
sensing section, 230 . . . control section, 240 . . . arithmetic 
section, 250 ... pattern information storage section, 301 . . . 
cap tread, 302 ... undertread, 303A, 303B. . . belt, 304. . . 
carcass,305...tire main body,306... rim,307... wheel,310 
... brake disc, 320... wheel carrier, 410... engine, 411 . . . 
accelerator pedal, 412 ... Sub-throttle actuator, 413 . . . main 
throttle position sensor, 414... Sub-throttle position sensor, 
421... steering wheel, 422. . . rudder angle sensor. 510,520 
... rotation number sensor. 610... brake pedal, 620... master 
cylinder, 630 . . . pressure control valve, 640 . . . brake drive 
actuator. 700 . . . stability control unit, 10... semiconductor 
acceleration sensor, 11 . . . pedestal, 12... silicon Substrate, 
13... diaphragm, 13a to 13d... diaphragm piece, 14... thick 
film section, 15 . . . plumb bob, 18A, 18B . . . support body, 
181 ... outer frame section, 182 ... supporting column, 183 
. . . cantilever section, 184. . . protrusion section, 184a . . . 
protrusion-section tip end, 31A to 31C . . . Voltage sensing 
section, 32A to 32C ... direct current power supply, RX1 to 
RX4, Ry1 to Rya, RZ1 to RZ4. . . piezo resistor (diffusion 
resistor) 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

(0099. One embodiment of the present invention will be 
described below with respect to the drawings. 
0100. In the present embodiment, there will be described 
an example in which a tire ground contact pattern specifying 
device according to the present invention is applied to a 
four-wheel vehicle drive control system. 
0101 FIG. 1 is an external view showing the arrangement 
of a monitor device and sensor unit according to one embodi 
ment of the present invention. FIG. 2 is a view for explaining 
the location of placement of the sensor unit in a tire according 
to the one embodiment of the present invention. FIG. 3 is a 
view showing a tire inside a tire house according to the one 
embodiment of the present invention. FIG. 4 is a view show 
ing a rotation mechanism section according to the one 
embodiment of the present invention. FIG. 5 is a configura 
tion diagram showing a vehicle drive control system accord 
ing to the one embodiment of the present invention. 
0102. In FIGS. 1 to 3, reference numeral 1 denotes a 
vehicle, 2 denotes a tire (wheel), 3 denotes an axle, 100 
denotes a sensor unit, and 200 denotes a monitor device. 
According to the present embodiment, in the sensor unit 100 
and the monitor device 200, respective electrical circuits are 
contained in a small housing having insulation properties and 
radio wave transparency. Four sensor units 100 are each 
attached to the tire 2 of the vehicle 1, and four monitor units 
200 are disposed in respective tire houses 4. The sensor units 
100 correspond to the monitor devices 200, respectively. In 
the present embodiment, a pair of the sensor unit 100 and 
monitor device 200 constitutes the tire ground contact pattern 
specifying device of the present invention. 
0103) The tire 2 is, for example, a known tubeless radial 

tire, and includes according to the present embodiment, a 
wheel and rim. The tire 2 is composed of a tire main body 305, 
a rim 306 and a wheel 307. The tire main body 305 is com 
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posed of a known cap tread 301, an undertread 302, belts 
303A and 303B, a carcass 304, and so on. Also, according to 
the present embodiment, as shown in FIG. 3, the tire 2 
includes the sensor unit 100, and this sensor unit 100 is 
secured to the rim 306. 
0104. In the present embodiment, the following descrip 
tion will be given with the rotation direction of the tire 2 being 
X axis direction, the rotation axis direction of the tire 2 being 
Y axis direction, and the radius direction around the rotation 
axis of the tire 2 being Zaxis direction. In the present embodi 
ment, the sensor unit 100 is secured to the rim 306 of the tire 
2, but the location of placement of the sensor unit 100 is not 
limited to the rim 306; any rotating portion within the rotation 
mechanism section causing the tire 2 to rotate is possible. For 
example, as shown in FIG. 4, the rotation mechanism section 
includes a brake disk 310 rotating along with the axle 3, a 
wheel carrier 320 for holding the wheel307 of the tire 2, and 
rotating bodies of the tire 2 such as the tire main body 305 and 
the rim 306. Accordingly, if the sensor unit 100 is secured to 
the brake disk 310, the wheel carrier 320 or the like, even 
when the tire main body 305 is changed along with the wheel 
307, the same sensor unit 100 can be used. 
0105. In FIG. 5, reference numeral 2 denotes a tire: 3 an 
axle; 100 a sensor unit; 200 a monitor device; 410 an engine; 
411 an accelerator pedal: 412 a sub-throttle actuator; 413 a 
main throttle position sensor; 414 a Sub-throttle position sen 
sor; 421 a steering wheel; 422 a rudder angle sensor; 510 and 
520 a tire rotation number sensor: 610 a brake pedal; 620 a 
brake master cylinder; 630 a pressure control valve control 
ling brake oil pressure: 640 a brake drive actuator; 700 a 
stability control unit. 
0106. The stability control unit 700 is constituted of a 
control circuit including a known CPU and imports a sensing 
result outputted from the sensors 510 and 520 sensing a 
rotation number of each tire 2 attached to the vehicle 1 and a 
sensing result outputted from the throttleposition sensors 413 
and 414, the rudder angle sensor 422 and the monitor device 
200 to perform stability control. 
0107 More specifically, at the time of acceleration, the 
accelerator pedal 411 is pushed down to open the main 
throttle, whereby fuel is sent into the engine 410 to increase 
the rotation number of the engine 410. At the time of braking, 
the brake pedal 610 is pushed down to increase the oil pres 
sure within the master cylinder 620, and this oil pressure is 
transmitted via the pressure control valve to the brake drive 
actuator 640 of each tire 2, whereby braking force is applied 
to the rotation of each tire 2. 
0108. The stability control unit 700 performs the electrical 
control of the operation state of the sub-throttle actuator 412 
based on a sensing result outputted from the sensors 510 and 
520 sensing a rotation number of each tire 2, a sensing result 
of the rudder angle sensor 422, and a sensing result outputted 
from the monitor device 200. Further, the stability control unit 
700 performs the electrical control of the operation state of 
each pressure control valve 630 and thereby controls the drive 
of the brake drive actuator 640 to hold the stability of the 
vehicle and at the same time, performs automatic control to 
prevent the tire 2 from being locked and slipping. 
0109 The sensor unit 100 is, as described above, secured 
to a predetermined position in the rim 306 of the tire 2, and a 
later-described acceleration sensor arranged in this sensor 
unit 100 senses accelerations in the directions of the X axis, Y 
axis and Z axis in each tire 2. The sensed accelerations are 
converted into a digital value. Also, the sensor unit 100 con 
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verts into a digital signal a signal obtained by applying a 
later-described predetermined processing to the digital values 
of the sensed accelerations and the sensed acceleration sig 
nals. Further, the sensor unit 100 generates and transmits 
digital information including these digital values. In this digi 
tal information, in addition to the acceleration digital values, 
there is included identification information unique to each 
sensor unit 100. 
0110. As an illustrative example of the electrical circuit of 
the sensor unit 100, there is a circuit shown in FIG. 6. More 
specifically, in the illustrative example shown in FIG. 6, the 
sensor unit 100 is constituted of an antenna 110, an antenna 
switch 120, a rectifier circuit 130, a central processing section 
140, a transmitting section 150 and a sensor section 160. 
0111. The antenna 110 serves to communicate with the 
monitor device 200 by use of radio wave and is adjusted to a 
predetermined frequency (first frequency), for example, of 
2.4 GHz band. 
0112 The antenna switch 120 is composed of an electrical 
Switch or the like, for example, and performs, according to 
control from the central processing section 140, the Switching 
between the connection between the antenna 110 and rectifier 
circuit 130 and the connection between the antenna 110 and 
transmitting section 150. 
0113. The rectifier circuit 130 is composed of diodes 131 
and 132, a capacitor 133 and a resistor 134, constituting a 
known full-wave rectifier circuit. To the input side of this 
rectifiercircuit 130, there is connected the antenna 110 via the 
antenna switch 120. The rectifier circuit 130 rectifies high 
frequency current induced in the antenna 110 to convert it into 
direct current and outputs this as a drive power source for the 
central processing section 140, the transmitting section 150 
and the sensor section 160. As the capacitor 133, there is used 
a known Super capacitor known as high-capacity capacitor. 
0114. The central processing section 140 is constituted of 
a known CPU 141, a digital/analog (hereinafter referred to as 
“D/A) converter circuit 142 and a storage section 143. 
0115 The CPU 141 operates based on a program stored in 
a semiconductor memory of the storage section 143 and when 
driven by receiving electric energy, performs a processing of 
generating digital information including an acceleration sens 
ing result acquired from sensor section 160 and other digital 
values and later-described identification information, and 
sending this digital information to the monitor device 200. In 
the storage section 143, there is preliminarily stored the iden 
tification information unique to the sensor unit 100. Accord 
ing to the present embodiment, programming is made Such 
that the central processing section 140 performs transmitting 
for 0.30 milliseconds at an interval of 0.45 milliseconds to 
send the digital information to the monitor device 200. How 
ever, these time values are preferably set according to system 
configuration. 
0116. The storage section 143 is composed of an ROM 
having recorded thereon a program for operating the CPU 
141, and an electrically rewritable nonvolatile semiconductor 
memory such as an EEPROM (electrically erasable program 
mable read-only memory). The identification information 
unique to each sensor unit 100 is preliminarily stored in an 
area designated as non-rewritable area in the storage section 
143 during manufacture. 
0117 The transmitting section 150 is constituted of an 
oscillator circuit 151, a modulator circuit 152 and a high 
frequency amplifier circuit 153 and modulates by the modu 
lator circuit 152, a carrier wave of a frequency of 2.45 GHz 
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band generated by the oscillator circuit 151 composed of a 
known PLL circuit etc. based on an information signal 
received from the central processing section 140, and Sup 
plies this as a high-frequency current of a predetermined 
frequency (second frequency) of 2.45 GHz band different 
from the first frequency to the antenna 110 via the high 
frequency amplifiercircuit 153 and antenna switch 120. In the 
present embodiment, the first frequency and second fre 
quency are set to a different frequency. However, the first 
frequency and second frequency may be set to the same 
frequency and the transmitting/receiving timing between the 
sensor unit 100 and monitor device 200 may be synchronized. 
0118. The sensor section 160 is constituted of an accelera 
tion sensor 10, a signal processing circuit 161 and an A/D 
converter section 162. 

0119 The acceleration sensor 10 is constituted of a semi 
conductor acceleration sensor formed of MEMS (Micro Elec 
tro Mechanical Systems) as shown in FIGS. 7 to 10. 
0120 FIG. 7 is an external perspective diagram showing a 
semiconductor acceleration sensor according to the one 
embodiment of the present invention. FIG. 8 is a cross-sec 
tional view observed from the arrow direction along the line 
B-B of FIG. 7. FIG. 9 is a cross-sectional view observed from 
the arrow direction along the line C-C of FIG. 7. FIG. 10 is an 
exploded perspective diagram. 
0121. In the drawings, reference numeral 10 denotes a 
semiconductor acceleration sensor which is constituted of a 
pedestal 11, a silicon substrate 12 and support bodies 19A and 
19B. 

0122) The pedestal 11 has a rectangular frame shape. On 
one opening Surface of the pedestal 11, there is mounted the 
silicon substrate 12 (silicon wafer). To the outer-circumfer 
ential section of the pedestal 11, there is secured an outer 
frame section 191 of the support bodies 19A and 19B. 
0123. In the opening of the pedestal 11, there is disposed 
the silicon substrate 12; in the central part within the wafer 
outer-circumferential frame section 12a, there is formed a 
diaphragm 13 of thin film having a cross shape; on the upper 
surface of each of the diaphragm pieces 13a to 13d, there are 
formed piezo resistors (diffusion resistors) RX1 to RX4, Ry1 
to Rya, RZ1 to RZ4. 
0.124 More specifically, of the diaphragm pieces 13a and 
13b disposed on a single line, in one diaphragm piece 13a, 
there are formed the piezo resistors RX1, RX2, RZ1 and RZ2; 
in the other diaphragm piece 13b, there are formed the piezo 
resistors RX3, RX4, RZ3 and RZ4. Also, of the diaphragm 
pieces 13c and 13d disposed in a single line orthogonal to the 
diaphragm pieces 13a and 13b, in one diaphragm piece 13c, 
there are formed the piezo resistors Ry1 and Ry2; in the other 
diaphragm piece 13d, there are formed the piezo resistors Ry3 
and Rya. Further, these piezo resistors RX1 to RX4, Ry1 to 
Rya, and RZ1 to RZ4 are connected as shown in FIG. 11 so 
that they can constitute a resistor bridge circuit for sensing 
accelerations in the directions of the X axis, Y axis and Z axis 
orthogonal to each other. The piezo resistors are connected to 
connection electrodes 191 disposed on the surface of the 
outer-circumferential section of the silicon substrate 12. 

0.125 Further, on one face side of the central part of the 
diaphragm 13 in the crossing section of the diaphragm pieces 
13a to 13d, there is formed a thick film section 14; on the 
surface of the thick film section 14, there is mounted a plumb 
bob 15 having a rectangular Solid shape, made of for 
example, glass. 
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I0126. Meanwhile, the above described support bodies 
18A and 18B are each constituted of the outer frame section 
181 having a rectangular frame shape, four Supporting col 
umns 182 installed in the four corners of the fixed section, a 
cantilever section 183 having a cross shape disposed so as to 
join the tip ends of each Supporting column, and a protrusion 
section 184 having a cone shape disposed in the central, 
crossing part of the cantilever section 183. 
0127. The outer frame section 181 is fit and secured into 
the outer-circumferential section of the pedestal 11 to be 
secured, so that the protrusion section 184 is positioned in the 
other face side of the diaphragm 13, i.e., in the side where 
there is not the plumb bob 15. Here, a setting is made such that 
the tip end 184a of the protrusion section 184 is positioned at 
distance D1 from the surface of the diaphragm 13 or plumb 
bob 15. The distance D1 is set to a value in which the dis 
placement of each of the diaphragm pieces 13a to 13d can be 
limited by the protrusion section 184 so that the diaphragm 
pieces are not stretched excessively even when an accelera 
tion is generated in a direction orthogonal to the face of the 
diaphragm 13 and force having a predetermined value or 
more caused by the acceleration is exerted on both face sides 
of the diaphragm 13. 
I0128. Also, the acceleration sensor 10 is configured so that 
sensing is possible up to an acceleration larger by a predeter 
mined. amount than a maximum acceleration produced by 
rotation of the tire 2 in each of the directions of the X axis, Y 
axis and Z axis. For example, when the maximum accelera 
tion produced by rotation of the tire 2 is itnG (n being an 
integer), sensing is possible up to t3nG. 
0129. When the semiconductor acceleration sensor 10 
having the above configuration is used, three resister bridge 
circuits are constructed as shown in FIGS. 12 to 14. More 
specifically, in a bridge circuit for sensing an acceleration in 
a direction of the X axis, as shown in FIG. 12, the positive 
electrode of a direct current power source 32A is connected to 
a connection point between one end of a piezo resistor RX1 
and one end of a piezo resistor RX2, and the negative electrode 
of the direct current power source 32A is connected to a 
connection point between one end of a piezo resistor RX3 and 
one end of a piezo resistor RX4. Further, one end of a voltage 
sensing unit 31A is connected to a connection point between 
the other end of the piezo resistor RX1 and the other end of the 
piezo resistor RX4, and the other end of the Voltage sensing 
unit 31A is connected to a connection point between the other 
end of the piezo resistor RX2 and the other end of the piezo 
resistor RX3. 
0.130. Also, in abridge circuit for sensing an acceleration 
in a direction of the Yaxis, as shown in FIG. 13, the positive 
electrode of a direct current power source 32B is connected to 
a connection point between one end of a piezo resistor Ry1 
and one end of a piezo resistor Ry2, and the negative electrode 
of the direct current power source 32B is connected to a 
connection point between one end of a piezo resistor Ry3 and 
one end of a piezo resistor Rya. Further, one end of a voltage 
sensing unit 31B is connected to a connection point between 
the other end of the piezo resistor Ry1 and the other end of the 
piezo resistor Rya, and the other end of the Voltage sensing 
unit 31B is connected to a connection point between the other 
end of the piezo resistor Ry2 and the other end of the piezo 
resistor Ry3. 
I0131. In a bridge circuit for sensing an acceleration in a 
direction of the Z axis, as shown in FIG. 14, the positive 
electrode of a direct current power source 32C is connected to 
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a connection point between one end of a piezo resistor RZ1 
and one end of a piezo resistor RZ2, and the negative electrode 
of the direct current power source 32C is connected to a 
connection point between one end of a piezo resistor RZ3 and 
one end of a piezo resistor RZ4. Further, one end of a voltage 
sensing unit 31C is connected to a connection point between 
the other end of the piezo resistor RZ1 and the other end of the 
piezo resistor RZ3, and the other end of the Voltage sensing 
unit 31C is connected to a connection point between the other 
end of the piezo resistor RZ2 and the other end of the piezo 
resistor RZA. 

0132. With the semiconductor acceleration sensor 10 hav 
ing the above configuration, when force generated in associa 
tion with acceleration applied to the sensor 10 is exerted on 
the plumb bob 15, distortion occurs in each of the diaphragm 
pieces 13a to 13d, whereby the resistance value of the piezo 
resistors RX1 to RX4, Ry1 to Rya and RZ1 to RZ4 changes. 
Accordingly, by forming the resistor bridge circuit with the 
piezo resistors RX1 to RX4, Ry1 to Rya and RZ1 to RZ4 
disposed in each of the diaphragm pieces 13a to 13d, accel 
erations in the directions of the X axis, Y axis and Z axis 
orthogonal to each other can be sensed. 
0133. Further, as shown in FIGS. 15 and 16, in a case 
where there is applied an acceleration such that force 41 or 42 
including a force component in a direction orthogonal to the 
face of the diaphragm 13 is exerted, when force of a prede 
termined value or more is exerted on the other face side of the 
diaphragm 13, the diaphragm 13 is distorted and stretched in 
a direction of the force 41 or 42 being exerted. However, the 
displacement is limited by being supported by the apex 184a 
of the protrusion section 184, so each of the diaphragm pieces 
13a to 13d cannot be stretched to a maximum. Accordingly, 
even when force of a predetermined value or more is exerted 
on the other face side of the diaphragm 13, also, the position 
of the plumb bob 15 changes with the apex 184a of the 
protrusion section 184 working as the Supporting point, so an 
acceleration in a direction parallel to the face of the dia 
phragm 13 can be sensed. 
0134. With the above described semiconductor accelera 
tion sensor 10, as shown in FIG. 2, when the vehicle is 
running, accelerations generated in the directions of the X 
axis, Y axis and Z axis orthogonal to each other in each of the 
four tires 2 of the vehicle can be sensed. Also, the grip of the 
tire 2 can be estimated from the acceleration in a direction of 
the Z axis. 

0135 The signal processing circuit 161 as shown in FIG. 
17 is constituted of voltage generation circuits 160-01 to 
161-03, a basic wave elimination circuit 161-10, a first sepa 
ration circuit 161-20, a second separation circuit 161-30 and 
an arithmetic circuit 161-40. 

0136. The voltage generation circuits 160-01 to 161-03 
are each constituted of a bridge circuit as described above 
having connected therein piezo resistors of the acceleration 
sensor 10. The voltage generation circuits 160-01 has con 
nected therein piezo resistors for sensing an acceleration in a 
direction of the X axis and outputs signal Voltage Xa corre 
sponding to the acceleration in a direction of the X axis. The 
voltage generation circuits 160-02 has connected therein 
piezo resistors for sensing an acceleration in a direction of the 
Y axis and outputs signal Voltage Ya corresponding to the 
acceleration in a direction of the Y axis. The Voltage genera 
tion circuits 160-03 has connected therein piezo resistors for 
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sensing an acceleration in a direction of the Z axis and outputs 
signal Voltage Ya corresponding to the acceleration in a direc 
tion of the Z axis. 
0.137 The basic wave elimination circuit 161-10 is consti 
tuted of an amplifier circuit 161-11, a low-pass filter (L.P.F) 
161-12, a phase inverter circuit 161-13 and an arithmetic 
circuit 161-14. 
0.138. The amplifier 161-11 receives Z axis direction 
acceleration signal Voltage Za, amplifies this and outputs it to 
the low-pass filter 161-12 and the arithmetic circuit 161-14. 
0.139. The low-pass filter 161-12 is constituted of a known 
active filter and its cutoff frequency is set, for example to 200 
HZ, allowing passage of only a signal component of 200 Hz or 
less. 
0140. The phase inverter circuit 161-13 inverts by 180 
degrees the phase of a Voltage signal outputted from the 
low-pass filter 161-12 and performs outputting. 
0.141. The arithmetic circuit 161-14 receives an output 
signal from the amplifier circuit 161-11 and an output signal 
from the phase inverter circuit 161-13 and outputs a signal 
obtained by adding these two signals as ground contact pat 
tern determination signal NS. 
0142. The first separation circuit 161-20 is a circuit 
extracting a signal of a frequency equal to or less than a 
predetermined frequency from the ground contact pattern 
determination signal NS, and constituted of a low-pass filter 
161-21, band-pass filters (B.P.F.) 161-22 and 161-23, and an 
arithmetic circuit 161-24. 

0143. The low-pass filter 161-21 which is constituted of a 
known active filter and whose cutoff frequency is set, for 
example to 50 Hz, receives the ground contact pattern deter 
mination signal NS, allowing passage of only a signal com 
ponent of 50 Hz or less. 
0144. The band-pass filter 161-22 is constituted of a 
known active filter and receives the ground contact pattern 
determination signal NS and allows passage of a signal of a 
frequency between 50 Hz to 200 Hz. 
0145 The band-pass filter 161-23 is constituted of a 
known active filter and receives the ground contact pattern 
determination signal NS and allows passage of a signal of a 
frequency between 200 Hz to 400 Hz. 
0146 The arithmetic circuit 161-24 receives three signals 
outputted, respectively, from the low-pass filter 161-21 and 
band-pass filters (B.P.F.) 161-22 and 161-23 and outputs a 
signal LS obtained by adding (combining) these three signals. 
0147 The reason why the first separation circuit 161-20 
includes the low-pass filter 161-21 and band-pass filter 161 
22 is as follows. That is, when a gravity acceleration compo 
nent is eliminated in the basic wave elimination circuit 161 
10, it is expected that any noise component of 200 Hz or less 
is also eliminated. However, the cutoff frequency character 
istic of the low-pass filter 161-12 has a slope. Therefore, due 
to this slope portion, a noise component of 200 Hz or less is 
also outputted from the basic wave elimination circuit 161 
10. 

0.148. The second separation circuit 161-30 is a circuit 
extracting a signal of a higher frequency equal to or higher 
than a predetermined frequency from the ground contact pat 
tern determination signal NS, and constituted of band-pass 
filters (B.P.F.) 161-31 and 161-32, a high-pass filter 161-33 
and an arithmetic circuit 161-34. 

014.9 The band-pass filter 161-31 is constituted of a 
known active filter and receives the ground contact pattern 
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determination signal NS and allows passage of a signal of a 
frequency between 600 Hz to 1000 Hz. 
0150. The band-pass filter 161-32 is constituted of a 
known active filter and receives the ground contact pattern 
determination signal NS and allows passage of a signal of a 
frequency between 1000 Hz to 1500 Hz. 
0151. The high-pass filter 161-33 which is constituted of a 
known active filter and whose cutoff frequency is set, for 
example to 1500 Hz, receives the ground contact pattern 
determination signal NS, allowing passage of only a signal 
component of 1500 Hz or more. 
0152 The arithmetic circuit 161-34 receives three signals 
outputted, respectively, from the band-pass filters (B.P.F.) 
161-31 and 161-32 and the high-pass filter 161-33 and out 
puts a signal HS obtained by adding (combining) these three 
signals. 
0153. The arithmetic circuit 161-40 adds the signal LS 
outputted from the first separation circuit 161-20 and the 
signal HS outputted from the second separation circuit 161 
30 and at the same time, outputs a combination signal PS 
obtained by subtracting the Yaxis acceleration signal Ya from 
this addition signal. 
0154 As described above, the signal processing circuit 
161 outputs to the A/D converter circuit 162, six signals, i.e., 
the X axis direction acceleration signal Xa, the Y axis direc 
tion acceleration signal Ya, the Z axis direction acceleration 
signal Za, the low frequency component signal LS of the 
ground contact pattern determination signal NS, the high 
frequency component signal HS of the ground contact pattern 
determination signal NS, and the combination signal PS. 
0155 The reason why the first separation circuit 161-20 
and the second separation circuit 161-30 each have, as 
described above, plural filters connected in parallel is to 
reduce phase shifting of a passing signal. More specifically, 
when only one filter is used, its pass frequency bandwidth is 
broad, so a large difference in transmittance phase can occur 
between the lower frequency signal and higher frequency 
signal in the pass frequency band. However, when plural 
filters each having a narrower pass frequency bandwidth is 
provided, as with the present embodiment, to achieve a 
broaderpass frequency bandwidth as a whole, it is possible to 
minimize phase shifting ascribable to a difference in passing 
signal frequency between the respective filters and further, 
and also to minimize signal phase shifting as a whole. 
0156 According to the present embodiment, in each of the 

first separation circuit 161-20 extracting the low frequency 
component from the ground contact pattern determination 
signal NS and the second separation circuit 161-30 extracting 
the high frequency component from the ground contact pat 
tern determination signal NS, there are included three filters. 
However, the present invention is not limited thereto; as the 
number of filters increases, phase shifting of a passing signal 
can be reduced. So it is preferred that this number is appro 
priately set to two or more. 
0157 Also, according to the present embodiment, each 

filter is constituted of an active filter, but the present invention 
is not limited thereto. However, compared to typical LC type 
filter, active filter has a smaller signal delay time constant and 
has no electrical charge accumulated therein. Therefore, it is 
Suitable for the signal high-speed real time processing as in 
the present embodiment. 
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0158. The A/D converter section 162 converts each of the 
six analog electrical signal outputted from the signal process 
ing circuit 161 into a digital signal and outputs the digital 
signal to the CPU 141. 
0159. Accordingly, from the sensor unit 100, there are 
transmitted to the monitor device 200 the X axis direction 
acceleration signal Xa, the Y axis direction acceleration sig 
nal Ya, the Z axis direction acceleration signal Za, the low 
frequency component signal LS of the ground contact pattern 
determination signal NS, the high frequency component sig 
nal HS of the ground contact pattern determination signal NS, 
and the combination signal PS as digital information. 
0160. As the acceleration generated in each of the direc 
tions of the X axis, Y axis and Z axis, there are positive 
direction acceleration and negative direction acceleration. In 
the present embodiment, both accelerations can be sensed. 
0.161 Also, according to the present embodiment, as 
described above, a frequency of 2.45 GHz band is used as the 
first and second frequencies. Thus, Susceptibleness to effects 
of metal is reduced. In order to reduce susceptibleness to 
effects of metal, a frequency of 1 GHz or more is preferably 
used as the first and second frequencies. 
0162 The monitor device 200 is connected to the stability 
control unit 700 via a cable and is operated by electric energy 
sent from the stability control unit 700. 
(0163 As shown in FIG. 18, the electrical circuit of the 
monitor device 200 is constituted of a memory circuit includ 
ing a radiation unit (power Supplying section) 210, a receiving 
unit 220, a control section 230, an arithmetic section 240 and 
a pattern information storage section 250. Here, the control 
section 230 and the arithmetic section 240 are each consti 
tuted of a known CPU, an ROM having stored therein a 
program causing this CPU to operate, and an RAM required 
to perform an arithmetic processing. 
(0164. The radiation unit 210 is constituted of an antenna 
211 for radiating a radio wave of a predetermined frequency 
of 2.45 GHz band (the above first frequency) and a transmit 
ting section 212 and radiates a radio wave of the above first 
frequency via the antenna 211 based on an instruction from 
the control section 230. 
0.165 Examples of the transmitting section 212 include a 
configuration composed of the oscillator circuit 151, modu 
lator circuit 152 and high frequency amplifier circuit 153 
similarly to the transmitting section 150 of the sensor unit 
100. Accordingly, a radio wave of 2.45 GHZ is radiated from 
the antenna 211. The high frequency power outputted from 
the transmitting section 212 is set approximately to a value 
which makes it possible to Supply electric energy from the 
antenna 211 of the monitor device 200 for radiating a radio 
wave to the sensor unit 100. 

(0166 The receiver unit 220 is constituted of an antenna 
221 for receiving a radio wave of a predetermined frequency 
(the second frequency) of 2.45 GHz band and a detector 
section 222, and detects the radio wave of the second fre 
quency received by the antenna 221 based on an instruction 
from the control section 230 and converts a signal obtained by 
detecting the radio wave into a digital signal and outputs the 
digital signal to the arithmetic section 250. Examples of the 
detector section 222 include a circuit constituted of a diode 
and an analog/digital converter etc. converting a signal being 
the result of being detected by this diode into digital data. 
0167. When electric energy is supplied from the stability 
control unit 700 to initiate the operation of the control section 
230, the control section 230 drives the detector section 222 at 
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all times so that the digital signal is outputted from the detec 
tor section 222 to the arithmetic section 240. 
0168 The arithmetic section 240 calculates the above 
acceleration based on the digital signal outputted from the 
detector section 222 and outputs it to the stability control unit 
700 and at the same time, compares the information stored in 
the pattern information storage section 250 and the ground 
contact pattern information outputted from the detector sec 
tion 222 to specify a ground contact pattern of each tire 2 and 
outputs the resultant information to the stability control unit 
700. 
0169. The pattern information storage section 250 
includes, for example, an information storage element Such as 
ROM. In this information storage element, there are prelimi 
narily stored the above described the low frequency compo 
nent signal LS of the ground contact pattern determination 
signal NS, the high frequency component signal HS of the 
ground contact pattern determination signal NS, the combi 
nation signal PS and the ground contact pattern information 
of the tire 2, which are associated with each other. This 
associating is based on the result etc. of an experiment pre 
liminarily performed. Also, the ground contact pattern infor 
mation includes information on tire ground contact area, 
information on tire ground contact region, information on 
ground contact pressure, and so on with respect to running 
road Surface. 
0170 The operation of the system having the above 
described configuration will now be described with reference 
to the drawings. FIGS. 19 to 21 each show the measurement 
result of accelerationina Zaxis direction; FIGS. 22 to 24 each 
show the measurement result of acceleration in an X axis 
direction; FIGS. 25 and 26 each show the measurement result 
of acceleration in a Y axis direction; FIG. 27 shows the 
measurement result of acceleration in an X axis direction at 
the time of applying the brake; FIG. 28 shows the measure 
ment result of acceleration in a Z axis direction at the time of 
applying the brake. 
(0171 Referring to FIGS. 19 to 21, FIG. 19 shows the 
measurement value of acceleration in a Z axis direction when 
the vehicle is running at a speed of 2.5 km per hour; FIG. 20 
shows the measurement value of acceleration in a Z axis 
direction when the vehicle is running at a speed of 20 km per 
hour; FIG.21 shows the measurement value of acceleration in 
a Z axis direction when the vehicle is running at a speed of 40 
km per hour. In this manner, as the running speed increases, 
centrifugal force becomes larger, so the acceleration in a Z 
axis direction also becomes larger. Accordingly, the running 
speed can be determined from the acceleration in a Z axis 
direction. 
0172. In the drawings, the measurement value has a sinu 
soidal waveform because of being affected by gravity accel 
eration. More specifically, when the sensor unit 100 is posi 
tioned at the uppermost part of the tire 2, the acceleration in a 
Z axis direction is obtained by Subtracting gravity from cen 
trifugal force; when the sensor unit 100 is positioned at the 
lowermost part of the tire 2, the acceleration in a Z axis 
direction is obtained by adding gravity to centrifugal force. 
0173 According to the present embodiment, since a radio 
wave is radiated from the radiation unit 210, a voltage of 3 V 
or more used as electric energy Sufficient to drive the sensor 
unit 100 at all times can be accumulated in the capacitor 133. 
(0174 Referring to FIGS. 22 to 24, FIG. 22 shows the 
measurement value of acceleration in an X axis direction 
when the vehicle is running at a speed of 2.5 km per hour; 
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FIG.23 shows the measurement value of acceleration in an X 
axis direction when the vehicle is running at a speed of 20km 
per hour; FIG. 24 shows the measurement value of accelera 
tion in an X axis direction when the vehicle is running at a 
speed of 40 km per hour. In this manner, as the running speed 
increases, the number of wheel rotations becomes larger, so 
the cycle of fluctuation of the X axis direction acceleration 
becomes shorter. Accordingly, the number of wheel rotations 
can be determined from the acceleration in an X axis direc 
tion. In the drawings, the measurement value has a sinusoidal 
waveform because of being affected by gravity acceleration 
similarly to the above described measurement value. 
(0175 FIG. 25 shows the measurement value of accelera 
tion in a Yaxis direction when the steering wheel is turned to 
the right during running of the vehicle. FIG. 26 shows the 
measurement value of acceleration in a Y axis direction when 
the steering wheel is turned to the left during running of the 
vehicle. In this manner, when the steering wheel is turned to 
swing the tire 2 (wheel) to the right or left, the acceleration in 
a Y axis direction emerges noticeably. Also, it will easily be 
appreciated that when the vehicle body skids, also, the accel 
eration in a Y axis direction emerges similarly. In each of the 
above measurement values in a Y axis direction, acceleration 
in a reverse direction is observed because the driver turns 
slightly the steering wheel in a reverse direction uncon 
sciously. 
(0176 Also, as shown in FIGS. 27 and 28, it can be accu 
rately sensed that the time period from when the brake is 
applied (brake ON: when the brake pedal is pushed down) to 
when the rotation of tire 2 (wheel) stops is about 0.2 seconds. 
0177. When the acceleration generated when the brake 
pedal 610 is pushed down is sensed, the amount of distortion 
of tire 2, skid of vehicle body, wheelspin and the like can be 
estimated, and based on these, the pressure control valve can 
be controlled when the vehicle is braked. 
0.178 Consequently, according to the above described 
vehicle drive control system, during running of a vehicle, 
accelerations generated in the directions of the X axis, Y axis 
and Z axis orthogonal to each other in each of the four tires 2 
of the vehicle can be sensed. 
0179. Further, according to the present embodiment, a 
gravity acceleration signal component of a Z axis direction 
acceleration signal is eliminated, as shown in FIG. 29, by the 
basic wave elimination circuit 161-10 of the signal processing 
circuit 161 to extract a noise component of the Z axis direc 
tion acceleration signal. Accordingly, a tire ground contact 
pattern can be accurately sensed and specified from this noise 
component. That is, this noise component varies according to 
tire ground contact pattern. 
0180 According to the present embodiment, in specifying 
a tire ground contact pattern, for example as shown in FIGS. 
30 and 31, there are used the above described low frequency 
component signal LS of the ground contact pattern determi 
nation signal NS, the high frequency component signal HS of 
the ground contact pattern determination signal NS, and the 
combination signal PS. 
0181. As shown in FIG. 30, for example, when the contact 
area between the tire and running road Surface is large as in 
low speed running, as indicated by tire ground contact pat 
terns TP-L1 and TP-L2, the contact area between the running 
road Surface and the both edge parts of tire tread having a 
large contact pressure between the tire and the running road 
Surface is large. Consequently, the low frequency noise com 
ponent becomes large. Also, when the contact area between 
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the tire and running road Surface is Small as in high speed 
running, as indicated by tire ground contact patterns TP-H1 
and TP-H2, the contact area between the running road surface 
and the both edge parts of tire tread having a large contact 
pressure between the tire and the running road Surface is 
Small. Consequently, the high frequency noise component 
becomes large. Further, when the running vehicle performs 
cornering or the like to produce a lateral acceleration (Y axis 
direction acceleration), as indicated by tire ground contact 
patterns TP-PL1, TP-PR1, TP-PL2 and TP-PR2, polarization 
in the ground contact part of tire occurs and thus the part 
having a high contact pressure between the tire and the run 
ning road Surface occurs in one of the left and right sides of 
tire tread. 

0182 Also, as shown in FIG. 31, referring to combination 
signal PS, when positive and negative quantities of the com 
bination signal PS are approximately equal to each other as in 
combination signal PS1, the tire contacts the running road 
surface without polarization. Further, in this case, when the 
low frequency component signal LS is larger than the high 
frequency component signal HS, the region having high 
ground contact pressure becomes large in both edge parts of 
tread as indicated by ground contact pattern TP-A; when the 
low frequency component signal LS is Smaller than the high 
frequency component signal IS, the region having high 
ground contact pressure becomes Small in both edge parts of 
tread as indicated by ground contact pattern TP-B. 
0183 Also, when the whole combination signal PS has 
positive direction polarization as in combination signal PS2, 
i.e., when -Y direction acceleration occurs, the tire contacts 
the running road Surface, while inclining to the right side. 
Further, in this case, when the low-frequency component 
signal LS is larger than the high frequency component signal 
HS, the region having high ground contact pressure becomes 
large in the right edge part of tread as indicated by ground 
contact pattern TP-C; when the low frequency component 
signal LS is Smaller than the high frequency component sig 
nal HS, the region having high ground contact pressure 
becomes Small in the right edge part of tread as indicated by 
ground contact pattern TP-D. 
0184 Also, when whole the combination signal PS has 
negative direction polarization as in combination signal PS3, 
i.e., when +Y direction acceleration occurs, the tire contacts 
the running road Surface, while inclining to the left side. 
Further, in this case, when the low frequency component 
signal LS is larger than the high frequency component signal 
HS, the region having high ground contact pressure becomes 
large in the left edge part of tread as indicated by ground 
contact pattern TP-E; when the low frequency component 
signal LS is Smaller than the high frequency component sig 
nal HS, the region having high ground contact pressure 
becomes small in the left edge part of tread as indicated by 
ground contact pattern TP-F. The area of the region having 
high ground contact pressure varies according to vehicle run 
ning speed, air pressure within tire (air pressure within tire 
also varies according to tire temperature) and Y axis direction 
acceleration generated by cornering or the like. 
0185. These various tire ground contact patterns and infor 
mation on low frequency component signal LS, high fre 
quency component signal HS and combination signal PS are 
preliminarily determined by actual measurements and stored 
in the pattern information storage section 250. Accordingly, 
during running of a vehicle, based on the low frequency 
component signal LS of the ground contact pattern determi 
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nation signal NS, the high frequency component signal HS of 
the ground contact pattern determination signal NS and the 
combination signal PS, ground contact patterns of each tire 
can be specified in real-time. 
0186 Also, in order to surely sense a noise component 
added to the acceleration signal, according to the present 
embodiment, as described above, the acceleration sensor 10 is 
configured such that sensing can be performed in each of X 
axis, Y axis and Z axis directions up to an acceleration larger 
by a predetermined amount than a maximum acceleration 
generated by rotation of tire 2, e.g., up to an acceleration of 
t3nG when the maximum acceleration generated by rotation 
of tire 2 is itnG (n being an integer). 
0187. As described above, a tire ground contact pattern 
can be determined and specified from a Z axis direction 
acceleration and at the same time, based on information on 
each acceleration, grip or floating of tire 2 can be estimated. 
Thus, the amount of distortion of tire 2, skid of vehicle body, 
wheelspin and the like can be estimated, and based on these, 
the above described respective actuators can be controlled to 
stabilize running. 
0188 For example, as shown in FIG. 32, in a case where a 

tire ground contact pattern is sensed in which a large right 
direction acceleration occurs in the right rear part (RR) tire 
and the ground contact area of the left edge part of tire tread 
increases and the ground contact area of the right edge part of 
tire tread decreases, if correction control by stability control is 
not performed, the vehicle does not go straight and curves; but 
if correction control is performed based on the above 
described sensing results, the vehicle can go straight stably. 
0189 Now, as a second embodiment of the present inven 
tion, there will be described a method for specifying a tire 
ground contact pattern based on a tire ground contact pattern 
determined when running is performed at a predetermined 
reference speed, and reference information on low frequency 
component signal LS, high frequency component signal HS, 
combination signal PS and the like. 
0190. First, from acceleration signals in the directions of 
the X axis, Y axis and Z axis sensed by a sensor unit 100 when 
running is performed at a predetermined reference speed, a 
low frequency component signal LS, high frequency compo 
nent signal HS and combination signal PS are determined, 
and are stored as reference information in a pattern informa 
tion storage section 250 along with the acceleration signals in 
the directions of the X axis, Y axis and Z axis. Here, if the 
reference speed is set lower than a speed of 5 kilometers per 
hour, or reversely set higher than a speed of 40 kilometers per 
hour, then it is difficult to extract a ground contact pattern 
signal NS. Consequently, the reference speed is preferably set 
to a speed of 10 kilometers per hour. 
0191 In specifying a tire ground contact pattern, a Z axis 
direction acceleration signal sensed by the sensor unit 100 
mounted in the running vehicle is Supplied to a basic wave 
elimination circuit 161-10 to extract a ground contact pattern 
signal NS (step S1 of FIG. 33). Then, a low frequency com 
ponent signal LS and high frequency component signal HS 
are determined, as shown in FIG. 17, from the extracted 
ground contact pattern signal NS, and based on the signals LS 
and HS and a Y axis direction acceleration signal, a combi 
nation signal PS is determined (step S2 of FIG. 33). 
0.192 The determined low frequency component signal 
LS, high frequency component signal HS and combination 
signal PS are compared with the low frequency component 
signal LS etc. Stored in the pattern information storage section 
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250 to specify a tire ground contact pattern (step S3 of FIG. 
33). For example, when positive and negative quantities of the 
combination signal PS stored in the pattern information stor 
age section 250 are approximately equal to each other as in 
the combination signal PS1 shown in FIG. 30, if the whole 
combination signal PS determined has positive direction 
polarization with respect to positive/negative quantity, it can 
be seen that the tire contacts the running road Surface, while 
inclining to the right side. Further, the area of a region having 
high ground contact pressure can be determined by compar 
ing the amplitude between low frequency component signal 
LS and high frequency component signal HS and at the same 
time, by vehicle running speed, air pressure within tire and Y 
axis direction acceleration. Here, the vehicle running speed 
can be determined by comparing the Z axis direction accel 
eration signal sensed during running with the Z axis direction 
acceleration signal stored in the pattern information storage 
Section 250. 
0193 In this manner, when comparison with the signal 
output of each speed is made based on the reference informa 
tion including signals determined when running is performed 
at a predetermined reference speed, a tire ground contact 
pattern can be specified. Accordingly, a tire ground contact 
pattern at the time of high speed running can also be simulated 
by creating pseudo signals etc. at the time of high speed 
running. 
0194 According to the present embodiment, based on the 
Z axis direction acceleration, a tire ground contact pattern is 
determined and specified. However, needless to say, a tire 
ground contact pattern may be determined and specified 
based on a sensing result of X axis direction acceleration. 
Similarly to the Z axis direction acceleration, the X axis 
direction acceleration also includes a noise component vary 
ing according to the running road Surface state. Therefore, 
when this noise component is extracted, a tire ground contact 
pattern can be determined and specified. 
0.195 Also, according to the present embodiment, in the 
sensor unit 100, there are produced the low frequency com 
ponent signal LS of ground contact pattern determination 
signal NS, the high frequency component signal HS of the 
ground contact pattern determination signal NS and the com 
bination signal PS, and these are transmitted to the monitor 
device 200 along with acceleration signals in the directions of 
the X axis, Y axis and Z axis. However, the present invention 
is not limited thereto; it is also possible that the sensor unit 
100 transmits acceleration signals in the directions of the X 
axis, Y axis and Z axis, and in the monitor device 200, based 
on these, the low frequency component signal LS of the 
ground contact pattern determination signal NS, the high 
frequency component signal HS of the ground contact pattern 
determination signal NS and the combination signal PS are 
produced. 
0196. Also, according to the present embodiment, in the 
sensor unit 100, there are sensed accelerations in the direc 
tions of the X axis, Y axis and Z axis, and these are transmitted 
to the monitor device 200. However, only the low frequency 
component signal LS of the ground contact pattern determi 
nation signal NS, the high frequency component signal HS of 
the ground contact pattern determination signal NS and the 
combination signal PS may be transmitted from the sensor 
unit 100 to the monitor device 200. 

0.197 Also, according to the present embodiment, there is 
produced the signal PS obtained by combining the low fre 
quency component signal LS of the ground contact pattern 
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determination signal NS, the high frequency component sig 
nal HS of the ground contact pattern determination signal NS 
and the Y axis direction acceleration signal. However, a con 
figuration may be employed Such that the combination signal 
PS is not produced and a tire ground contact pattern is speci 
fied based on the low frequency component signal LS, the 
high frequency component signal HS and the Y axis direction 
acceleration signal. In this case, the low frequency compo 
nent signal LS, high frequency component signal HS and Y 
axis direction acceleration signal are associated with the 
information on tire ground contact area and the information 
on tire ground contact region with respect to running road 
Surface, and these are preliminarily stored in the pattern infor 
mation storage section 250. Also, it is possible, to some 
extent, that a tire ground contact pattern is specified by two 
signals, i.e., the low frequency component signal LS and high 
frequency component signal HS. In this case, the low fre 
quency component signal LS and high frequency component 
signal HS are associated with the information on tire ground 
contact area and the information on tire ground contact region 
with respect to running road Surface, and these are prelimi 
narily stored in the pattern information storage section 250. 
0198 Also, according to the present embodiment, in addi 
tion to the low frequency component signal LS of the ground 
contact pattern determination signal NS, the high frequency 
component signal HS of the ground contact pattern determi 
nation signal NS and the combination signal PS, information 
on accelerations in the directions of the X axis, Y axis and Z 
axis generated in the tire 2 is transmitted from the sensor unit 
100 to the monitor device 200. However, it is also possible 
that the sensor unit 100 includes a sensor sensing physical 
quantity other than accelerations varying according to the 
state of tire 2, e.g., physical quantity Such as air pressure and 
temperature, and this sensing result is transmitted from the 
sensor unit 100 to monitor device 200. 
0199 Also, in the monitor device 200, one antenna may be 
shared as the transmitting antenna and receiving antenna. 
0200 Also, in the sensor unit 100, the transmitting 
antenna and receiving antenna may be individually provided. 
0201 The configuration of the present invention is not 
limited to the above described embodiments. Many modifi 
cations to the embodiments are possible without departing 
from the gist of the invention. 

INDUSTRIAL APPLICABILITY OF THE 
INVENTION 

0202 Based on accelerations generated in the rotation 
mechanism allowing a tire to rotate in a running vehicle, a tire 
ground contact pattern can be specified. Consequently, using 
this specified tire ground contact pattern, tire distortion quan 
tity, vehicle skid, wheelspin, tire grip and the like can be 
estimated. Accordingly, when these are used for vehicle brake 
control, the vehicle drive control can be performed with high 
accuracy. As a result, the use of the present invention allows 
proper control during running of the vehicle, contributing to 
improvement in stability during running. 

1. A tire ground contact pattern specifying method for 
using a device to specify a ground contact pattern with respect 
to running road Surface for a tire of a running vehicle, the 
device comprising: a sensor unit, disposed in a rotation 
mechanism section including a rotation body positioned in 
the vehicle body side, for securing a tire and allowing the tire 
to rotate and the tire, and having an acceleration sensor sens 
ing at least one of a first acceleration generated in association 
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with tire rotation in a direction orthogonal to a rotation axis 
and a second acceleration generated in a direction of rotation, 
and converting the sensing result into an electrical signal and 
performing outputting; and pattern information storage 
means for associating a predetermined low frequency com 
ponent and a predetermined high frequency component of a 
ground contact pattern determination signal with tire ground 
contact pattern information including at least information on 
tire ground contact area with respect to running road Surface, 
and preliminarily storing the resultant information, the 
method characterized in that the device: 

eliminates a gravity acceleration component from at least 
one electrical signal of the sensed first acceleration and 
second acceleration to generate the ground contact pat 
tern determination signal; 

separates the predetermined low frequency component and 
predetermined high frequency component of the ground 
contact pattern determination signal; and 

specifies a tire ground contact pattern with respect to run 
ning road Surface based on the low frequency compo 
nent and high frequency component obtained by the 
separation and the information stored in the pattern 
information storage means. 

2. The tire ground contact pattern specifying method 
according to claim 1, characterized in that: the pattern infor 
mation storage means associates the tire ground contact pat 
tern information and the low frequency component and high 
frequency component obtained at the time of running at a 
predetermined reference speed, and preliminarily stores the 
resultant information as reference information; and 

the device specifies a tire ground contact pattern with 
respect to running road Surface based on the low fre 
quency component and high frequency component 
obtained by the separation and the reference information 
stored in the pattern information storage means. 

3. The tire ground contact pattern specifying method 
according to claim 1, characterized in that: the sensor unit has 
means for sensing a third acceleration generated in a direction 
of the rotation axis and converting the sensing result into an 
electrical signal and perform outputting: 

the pattern information storage means has means for asso 
ciating tire ground contact pattern information including 
at least information on tire ground contact area and 
information on tire ground contact region with respect to 
running road Surface and the low frequency component 
and high frequency component and the third accelera 
tion, and preliminarily storing the resultant information; 
and 

the device specifies a tire ground contact pattern with 
respect to running road Surface based on the low fre 
quency component and high frequency component, the 
third acceleration and the information stored in the pat 
tern information storage means. 

4. The tire ground contact pattern specifying method 
according to claim 3, characterized in that: the pattern infor 
mation storage means associates the tire ground contact pat 
tern information and the low frequency component and high 
frequency component and the third acceleration obtained at 
the time of running at a predetermined reference speed and 
preliminarily stores the resultant information as reference 
information; 

the device specifies a tire ground contact pattern with 
respect to running road Surface based on the low fre 
quency component and high frequency component and 

May 29, 2008 

the third acceleration and the reference information 
stored in the pattern information storage means. 

5. The tire ground contact pattern specifying method 
according to claim 1, characterized in that: the sensor unit has 
means for sensing a third acceleration generated in a direction 
of the rotation axis, converting the sensing result into an 
electrical signal and performing outputting; 

the device has means for combining an electrical signal of 
the low frequency component and high frequency com 
ponent with an electrical signal of the third acceleration 
and outputting an electrical signal obtained by combin 
ing these three signals; 

the pattern information storage means has means for asso 
ciating tire ground contact pattern information including 
at least information on tire ground contact area and 
information on tire ground contact region with respect to 
running road Surface and the low frequency component 
and high frequency component and the combination 
signal, and preliminarily storing the resultant informa 
tion; and 

the device specifies a tire ground contact pattern with 
respect to running road Surface based on the low fre 
quency component and high frequency component and 
the combination signal obtained by the signal combining 
means and the information stored in the pattern infor 
mation storage means. 

6. The tire ground contact pattern specifying method 
according to claim 5, characterized in that: the pattern infor 
mation storage means associates the tire ground contact pat 
tern information and the low frequency component and high 
frequency component and the combination signal obtained at 
the time of running at a predetermined reference speed and 
preliminarily stores the resulting information as reference 
information; and 

the device specifies a tire ground contact pattern with 
respect to running road Surface based on the low fre 
quency component and high frequency component and 
the combination signal and the reference information 
stored in the pattern information storage means. 

7. The tire ground contact pattern specifying method 
according to claim 2, characterized in that the reference speed 
is 10 kilometers per hour. 

8. A tire ground contact pattern specifying device specify 
ing a ground contact pattern with respect to running road 
surface for a tire of a running vehicle, the device characterized 
by comprising: 

a sensor unit, disposed in a rotation mechanism section 
including a rotation body positioned in the vehicle body 
side, for securing a tire and allowing the tire to rotate and 
the tire, and having an acceleration sensor sensing at 
least one of a first acceleration generated in association 
with tire rotation in a direction orthogonal to a rotation 
axis and a second acceleration generated in a direction of 
rotation, and converting the sensing result into an elec 
trical signal and performing outputting: 

means for eliminating a gravity acceleration component 
from at least one electrical signal of the first acceleration 
and second acceleration to generate a ground contact 
pattern determination signal; 

separation means for separating a predetermined low fre 
quency component and a predetermined high frequency 
component of the ground contact pattern determination 
signal; 
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pattern information storage means for associating tire 
ground contact pattern information including at least 
information on tire ground contact area with respect to 
running road Surface and the low frequency component 
and high frequency component, and preliminarily stor 
ing the resultant information; and 

ground contact pattern specifying means for specifying a 
tire ground contact pattern based on the low frequency 
component and high frequency component obtained by 
the separation means and the information stored in the 
pattern information storage means, and outputting this 
tire ground contact pattern information. 

9. The tire ground contact pattern specifying device 
according to claim 8, characterized in that: the pattern infor 
mation storage means has means for associating the tire 
ground contact pattern information and the low frequency 
component and high frequency component obtained at the 
time of running at a predetermined reference speed, and pre 
liminarily storing the resultant information as reference infor 
mation; 

the device has the ground contact pattern specifying means 
for specifying a tire ground contact pattern with respect 
to running road Surface based on the low frequency 
component and high frequency component obtained by 
the separation means and the reference information 
stored in the pattern information storage means, and 
outputting this tire ground contact pattern information. 

10. The tire ground contact pattern specifying device 
according to claim 8, wherein the sensor unit has means for 
sensing a third acceleration generated in a direction of the 
rotation axis, converting the sensing result into an electrical 
signal and performing outputting, the device characterized by 
comprising: 

the pattern information storage means having means for 
associating tire ground contact pattern information 
including at least information on tire ground contact area 
and information on tire ground contact region with 
respect to running road Surface and the low frequency 
component and high frequency component and the third 
acceleration, and preliminarily storing the resultant 
information; and 

the ground contact pattern specifying means for specifying 
a tire ground contact pattern with respect to running road 
Surface based on the low frequency component and high 
frequency component and the third acceleration and the 
information stored in the pattern information storage 
means, and outputting this ground contact pattern infor 
mation. 

11. The tire ground contact pattern specifying device 
according to claim 10, characterized in that: the pattern infor 
mation storage means has means for associating the tire 
ground contact pattern information and the low frequency 
component and high frequency component and the third 
acceleration obtained at the time of running at a predeter 
mined reference speed, and preliminarily storing the resulting 
information as reference information; 

the device has the ground contact pattern specifying means 
for specifying a tire ground contact pattern with respect 
to running road Surface based on the low frequency 
component and high frequency component, the third 
acceleration and the reference information stored in the 
pattern information storage means, and outputting this 
tire ground contact pattern information. 

15 
May 29, 2008 

12. The tire ground contact pattern specifying device 
according to claim 8, wherein the sensor unit has means for 
sensing a third acceleration generated in a direction of the 
rotation axis, converting the sensing result into an electrical 
signal and performing outputting, the device characterized by 
comprising: signal combining means for combining an elec 
trical signal of the low frequency component and the high 
frequency component with an electrical signal of the third 
acceleration and outputting an electrical signal obtained by 
combining these three signals; 

the pattern information storage means having means for 
associating tire ground contact pattern information 
including at least information on tire ground contact area 
and information on tire ground contact region with 
respect to running road Surface and the low frequency 
component and high frequency component and the com 
bination signal, and preliminarily storing the resultant 
information; and 

the ground contact pattern specifying means for specifying 
a tire ground contact pattern with respect to running road 
Surface based on the low frequency component and high 
frequency component and the combination signal 
obtained by the signal combining means and the infor 
mation stored in the pattern information storage means, 
and outputting this ground contact pattern information. 

13. The tire ground contact pattern specifying device 
according to claim 12, characterized in that: the pattern infor 
mation storage means has means for associating the tire 
ground contact pattern information and the low frequency 
component and high frequency component and the combina 
tion signal obtained at the time of running at a predetermined 
reference speed, and preliminarily storing the resulting infor 
mation as reference information; 

the device has the ground contact pattern specifying means 
for specifying a tire ground contact pattern with respect 
to running road Surface based on the low frequency 
component and high frequency component and the com 
bination signal and the reference information stored in 
the pattern information storage means, and outputting 
this tire ground contact pattern information. 

14. The tire ground contact pattern specifying device 
according to claim 9 characterized in that the reference speed 
is 10 kilometers per hour. 

15. The tire ground contact pattern specifying device 
according to claim 8, characterized in that the sensor unit 
senses accelerations in different directions at one given posi 
tion. 

16. The tire ground contact pattern specifying device 
according to claim 8, characterized in that sensing can be 
performed by the acceleration sensor up to an acceleration 
larger by a predetermined amount than a maximum accelera 
tion generated by rotation of the tire. 

17. The tire ground contact pattern specifying device 
according to claim 8, characterized in that in order to separate 
the low frequency component, the separation means includes 
two or more low-pass filters or band-pass filters having a 
different pass band and has means for performing a parallel 
processing of the ground contact pattern determination signal 
by use of each filter and combining and outputting electrical 
signals outputted from each filter. 
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18. The tire ground contact pattern specifying device 
according to claim 8, characterized in that in order to separate 
the high frequency component, the separation means includes 
two or more high-pass filters or band-pass filters having a 
different pass band and has means for performing a parallel 
processing of the ground contact pattern determination signal 
by use of each filter and combining and outputting electrical 
signals outputted from each filter. 
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19. The tire ground contact pattern specifying method 
according to claim 4, characterized in that the reference speed 
is 10 kilometers per hour. 

20. The tire ground contact pattern specifying method 
according to claim 6, characterized in that the reference speed 
is 10 kilometers per hour. 
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