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PRESSURE DISTRIBUTION DETECTOR 
UTILIZING ELECTROMAGNETIC 

COUPLING 

TECHNICAL FIELD 

[0001] The present invention relates to a pressure distribu 
tion detector utilizing electromagnetic coupling caused by 
coils and, more particularly to a pressure distribution detector 
that keeps a constant distance betWeen a drive coil and a 
detection coil and is less in?uenced by the installation envi 
ronment. 

BACKGROUND ART 

[0002] A pressure distribution detector has Widely been 
used in various ?elds such as seat pressure detection of 
vehicles such as a car, Welfare devices such as a bed, medical 
or sports devices for measuring Weight distribution during 
Walking, arti?cial skin of robots, and man-machine interfaces 
of a computer or game instrument. 
[0003] As a device for measuring a pressure and displace 
ment amount, there is knoWn one using a differential trans 
former as disclosed in Patent Document 1. This device adopts 
a system that uses a core and a differential coil to detect the 

relative change amount betWeen them. HoWever, the core and 
the differential coil each have a certain degree of thickness, so 
that it is dif?cult to form the mechanism in a thin sheet-like 
shape. Accordingly, it is dif?cult to realiZe a sheet-like pres 
sure measurement device by utiliZing the above system. 
[0004] As a pressure distribution detector Which is formed 
into a thin sheet-like shape, there can be exempli?ed one 
using a pressure-sensitive rubber as disclosed in Patent Docu 
ment 2 and one using electrostatic coupling as disclosed in 
Patent Document 3. These pressure distribution detectors 
have comparatively high impedance, so that they are suscep 
tible to noise, and, therefore, it is dif?cult to increase the siZe 
of the detection surface thereof. 
[0005] As a device that can measure the pressure distribu 
tion by using electromagnetic coupling caused by coils, there 
can be exempli?ed one disclosed in Patent Document 4 pro 
posed by the present inventor. This is a system that provides a 
cushion material betWeen a drive coil to Which an oscillator is 
connected and a detection coil to Which a detection circuit is 
connected and measures a change in the electromagnetic 
coupling caused by a change in the distance betWeen the drive 
coil and the detection coil. The system of Patent Document 4 
using the electromagnetic coupling caused by coils has a high 
tolerance for noise because of loW impedance, and can be 
formed into a sheet-like shape, and the siZe of the detection 
surface can be larger. 
[0006] Patent Document 1: Japanese Patent Application 
Kokai Publication No. Hei 09-113203 
[0007] Patent Document 2: Japanese Patent Application 
Kokai Publication No. Sho 57-100331 
[0008] Patent Document 3: Japanese Patent Application 
Kokai Publication No. Sho 62-226030 
[0009] Patent Document 4: Japanese Patent Application 
Kokai Publication No. 2005-156474 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0010] In the system disclosed in Patent Document 4, When 
tWo layers of the drive coil and the detection coil are formed 
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into a sheet-like shape, there arises no problem in the case 
Where the pressure distribution detector is placed on a ?at 
surface. HoWever, in the case Where the pres sure distribution 
detector is placed on a curved surface or irregular surface, it is 
dif?cult to align the axes of coils Which are a pair of electro 
magnetic coupling. That is, even if the axes of the coils are 
aligned to each other in its manufacturing process, When the 
device is placed not on the ?at surface but on the curved 
surface, large misalignment is caused betWeen the layer of the 
drive coil and that of the detection coil, adversely affecting the 
detection sensitivity or detection accuracy of the pressure 
distribution. 
[0011] The present invention has been made in vieW of the 
above situation, and an object thereof is to provide a pressure 
distribution detector less in?uenced by its installation envi 
ronment, that is, a pres sure distribution detector that detection 
sensitivity or detection accuracy is less adversely affected 
even if the device is ?tted not only to a ?at surface but also a 
surface having an arbitrary shape such as a curved surface. 

Means for Solving the Problems 

[0012] In order to achieve the above object, according to the 
present invention, there is provided a pressure distribution 
detector utiliZing electromagnetic coupling comprising: a 
plurality of drive Wires each arranged in a looped pattern on a 
substrate; a plurality of detection Wires each arranged in a 
looped pattern so as to be electromagnetically coupled to each 
of the plurality of drive Wires; a plurality of electromagnetic 
coupling portions con?gured to alloW the drive Wires and the 
detection Wires to be electromagnetically coupled to each 
other; a spacer keeping a constant distance betWeen the plu 
rality of drive Wires and the plurality of detection Wires; a 
variable electromagnetic coupling changing a degree of elec 
tromagnetic coupling at each of the plurality of electromag 
netic coupling portions, Which is movably provided adjacent 
to the plurality of electromagnetic coupling portions; a drive 
section connected to the plurality of drive Wires so as to drive 
the plurality of drive Wires; and a detection section connected 
to the plurality of detection Wires so as to detect a change in 
the degree of electromagnetic coupling at each of the electro 
magnetic coupling portions from the plurality of detection 
Wires. 

[0013] The drive Wires and the detection Wires may each be 
formed into a linear shape and are arranged perpendicular to 
each other, and the plurality of electromagnetic coupling 
portions may be provided by forming a plurality of conduc 
tive plates that distances from the drive Wires and the detec 
tion Wires are kept constant at portions adjacent to Which the 
drive Wires and the detection Wires are arranged perpendicu 
lar to each other. 

[0014] The drive Wires and the detection Wires may each be 
formed into a linear shape and are arranged perpendicular to 
each other, and the plurality of electromagnetic coupling 
portions may be provided by forming a plurality of conduc 
tive plates that distances from the drive Wires and the detec 
tion Wires are kept constant at portions adjacent to betWeen 
the driving Wires and adjacent to betWeen the detection Wires. 
[0015] The drive Wires and the detection Wires may each be 
formed into a linear shape and are arranged perpendicular to 
each other, and the plurality of electromagnetic coupling 
portions may be provided by forming a plurality of conduc 
tive plates that distances from the drive Wires and the detec 
tion Wires are kept constant at portions adjacent to the detec 
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tion Wires and adjacent to between the drive Wires and 
portions adjacent to the drive Wires and adjacent to betWeen 
the detection Wires. 
[0016] The plurality of electromagnetic coupling portions 
may comprise a plurality of drive coils each obtained by 
forming the drive Wire into a coil-like shape and a plurality of 
detection coils each obtained by forming the detection Wire 
into a coil-like shape, Which are con?gured to be electromag 
netically coupled to the plurality of drive coils in pairs, 
respectively. 
[0017] The plurality of electromagnetic coupling portions 
may comprise the drive Wires each formed into a linear shape 
and a plurality of detection coils each obtained by forming the 
detection Wire into a coil-like shape. 
[0018] The plurality of electromagnetic coupling portions 
may comprise a plurality of drive coils each obtained by 
forming the drive Wire into a coil-like shape and the detection 
Wires each formed into a linear shape. 
[0019] The siZe of the plurality of drive coils may be dif 
ferent from that of the plurality of detection coils. 
[0020] The plurality of drive coils may serially be con 
nected in a predetermined direction, and the plurality of 
detection coils may serially be connected in the direction 
perpendicular to the predetermined direction. 
[0021] The plurality of drive coils and the plurality of 
detection coils may constitute convex portions, portions at 
Which the respective coils are serially connected constitute 
concave portions, and the convex portions and the concave 
portions may alternately be arranged at portions betWeen 
adjacent serially-connected roWs of the drive coils and/or at 
portions betWeen adjacent serially-connected roWs of the 
detection coils. 
[0022] The plurality of drive coils and/or the plurality of 
detection coils may be formed into substantially a square 
shape and serially connected to adjacent coils at their corner 
portions. 
[0023] The spacer may be made of a substrate, and the 
plurality of drive Wires may be provided on one surface of the 
substrate and the plurality of detection Wires are provided on 
the other surface thereof. 
[0024] The spacer may be made of the substrate, and the 
plurality of drive coils and the plurality of detection coils may 
be provided on the same surface of the substrate. 

[0025] The spacer may have cut portions formed at portions 
except for portions at Which the electromagnetic coupling 
portions are provided. 
[0026] The spacer has ?exibility. 
[0027] The variable electromagnetic coupling may be pro 
vided adjacent to the electromagnetic coupling portions via a 
?rst cushion material. 
[0028] The variable electromagnetic coupling may have 
?exibility. 
[0029] The pres sure distribution detector may further com 
prise an electromagnetic shield formed to the side of the 
electromagnetic coupling portions opposite to the side at 
Which the variable electromagnetic coupling is provided. 
[0030] The electromagnetic shield may be provided adja 
cent to the electromagnetic coupling portions via a second 
cushion material. 
[0031] The ?rst cushion material or second cushion mate 
rial may be made of polypropylene and/or polyethylene. 
[0032] A plurality of the pressure distribution detectors 
may be combined so as to detect pressure distribution. 
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[0033] The pres sure distribution detector may further com 
prise: a plurality of reference coils electromagnetically 
coupled to the plurality of drive coils in pairs, respectively; 
and a keeping section keeping the distance betWeen the plu 
rality of reference coils and the plurality of drive coils and/or 
distance betWeen the plurality of reference coils and the plu 
rality of detection coils constant, the detection section com 
prising a differential ampli?er for detecting a difference 
betWeen the plurality of detection coils and the corresponding 
reference coils, respectively. 

ADVANTAGES OF THE INVENTION 

[0034] The pressure distribution detector according to the 
present invention has the folloWing advantages: the siZe of the 
detection surface thereof can be larger; high tolerance for 
noise; and capable of detecting pressure distribution Without 
being in?uenced by the shape of a surface to be detected and 
installation condition. Further, the pressure distribution 
detector according to the present invention can be ?tted to a 
surface of arbitrary shape, so that the detector has a Wide 
range of application. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0035] NoW, preferred embodiments according to the 
present invention is explained With reference to the accom 
panying draWings. FIGS. 1(a) to 1(c) are vieWs for explaining 
a pressure distribution detector according to a ?rst embodi 
ment of the present invention. FIG. 1(a) is a partly transparent 
schematic plan vieW of the pressure distribution detector, 
FIG. 1(b) is a cross-sectional vieW thereof taken along b-b 
line, and FIG. 1(c) is a cross-sectional vieW thereof in a 
curved state. As shoWn in FIGS. 1(a) and 1(b), the pressure 
distribution detector of the present invention is mainly con 
stituted by a plurality of drive coils 1, a plurality of detection 
coils 2, a variable electromagnetic coupling member 3 pro 
vided adjacent to the coils, a drive circuit connected to the 
drive coils 1, and a detection circuit connected to the detection 
coils 2. 
[0036] The plurality of drive coils 1 are serially connected 
to constitute a plurality of drive coil roWs Which are arranged 
in parallel to each other. The plurality of detection coils 2 are 
serially connected to constitute a plurality of detection coil 
roWs Which are arranged in parallel to each other in the 
direction perpendicular to the arrangement direction of the 
detection coil roWs. The detection coils 2 thus arranged are 
electromagnetically coupled to the plurality of drive coils 1 in 
pairs, respectively. Although the drive coils and/or detection 
coils have a substantially-square loop shape in the draWing, 
the present invention is not limited thereto and they may have 
any shape such as circular loop shape, spiral shape, or mean 
der shape as long as a coil can be formed. In addition, a 
rectangular shaped coil may be used. In the case Where sub 
stantially square loop shape coils are used, When the adjacent 
coils are serially connected at their comer portions, the adja 
cent sides of the coils are arranged perpendicular to each 
other, resulting in a reduction of interference betWeen adja 
cent coils. 

[0037] Both of the drive coils and the detection coils need 
not necessarily be formed into a coil shape. Electromagnetic 
coupling can be achieved even With a combination of linearly 
formed drive Wires and the detection coils having a coil shape. 
Also in the reverse case, i.e., With a combination of drive coils 
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having a coil shape and linearly formed detection Wires, elec 
tromagnetic coupling can be achieved. 
[0038] Further, although the siZe of the drive coil 1 is 
smaller than that of the detection coil 2 in the draWing, the 
present invention is not limited thereto and the siZe of both 
coils may be identical to each other. Conversely, the siZe of 
the drive coil may be larger than that of the detection coil. 
[0039] The drive coils 1 and the detection coils 2 are 
arranged on a substrate. In the illustrated example, the sub 
strate functions as a spacer 4 for keeping a constant distance 
betWeen the drive coil 1 and the detection coil 2. The substrate 
need not necessarily be used as the spacer, and an alternative 
spacer may additionally be provided to keep a constant dis 
tance. The substrate serving as the spacer 4 is made of an 
insulating material. More speci?cally, the substrate is a ?ex 
ible member made of a ?exible substrate or PET material. 
HoWever, in the case Where it is not necessary to form a 
?exible pressure distribution detection surface, the substrate 
may be a non?exible member such as a glass-epoxy substrate. 
In the case Where the drive coils 1 and the detection coils 2 are 
arranged respectively on the front and rear surfaces With the 
spacer 4 interposed therebetWeen as shoWn in the ?gure, the 
drive coils 1 and the detection coils 2 may be bonded to a 
double-side substrate or patterned by a vapor-deposition or an 
etching process. Further, in order to alloW the detection sur 
face to be easily ?tted to a surface of arbitrary shape, cut 
portions 40 may be formed by cutting the spacer 4 except for 
portions at Which the drive coils and the detection coils are 
arranged, Whereby a more ?exible detection surface is 
obtained. 
[0040] In order to vary the degree of electromagnetic cou 
pling betWeen the drive coil 1 and the detection coil 2, the 
variable electromagnetic coupling member 3 is movably pro 
vided adjacent to the drive coil 1 and the detection coil 2 
betWeen Which a constant distance is kept. The variable elec 
tromagnetic coupling member 3 is a conductor having a 
sheet-like shape. As a conductor material, one having ?ex 
ibility, such as a conductive cloth made of acrylic ?ber or the 
like plated by nickel or conductive rubber is preferably used. 
As the variable electromagnetic coupling member 3 having 
?exibility, aluminum foil or the like may be used, or one 
obtained by vapor-depositing a conductor on a cushion mate 
rial 5 to be described later may be used. HoWever, the present 
invention is not limited thereto, and in the case Where it is not 
necessary to form a ?exible pressure distribution detection 
surface, a non-?exible conductor may be used. In the case 
Where the variable electromagnetic coupling member has a 
sheet-like shape, it is suf?cient to simply form a conductor 
over the entire surface, facilitating the manufacturing pro 
cess. 

[0041] The variable electromagnetic coupling member 3 
need not necessarily be a conductor but may be, e.g., a mag 
netic body as long as it can vary the degree of electromagnetic 
coupling betWeen the drive coils 1 and the detection coils 2. 
That is, a magnetic sheet formed of a soft magnetic body, 
speci?cally, amorphous magnetic body or permalloy may be 
provided adjacent to the drive coils 1 and the detection coils 2. 
[0042] The variable electromagnetic coupling member 3 
may be provided on the drive coils 1 and the detection coils 2 
via the cushion material 5. The cushion material 5 may be a 
silicone sponge Which is a foam body of silicone or one made 
of polypropylene and/ or polyethylene. Various cushion mate 
rials may be used as the cushion material 5 as long as it is 
easily formed into a sheet-like shape and it has elasticity and 
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durability. Further, by changing the hardness of the cushion 
material 5, a pressure distribution detector capable of meeting 
every pressure range can be manufactured. 
[0043] When the drive coil is high-frequency driven and 
Where the variable electromagnetic coupling member made 
of a conductor is brought close to the electromagnetically 
coupled tWo coils, the degree of electromagnetic coupling 
betWeen the tWo coils is reduced With the result that an 
induced current or induced voltage measured in the detection 
coil 2 is reduced. On the other hand, When the variable elec 
tromagnetic coupling member made of a magnetic body is 
brought close to the electromagnetically coupled tWo coils, 
the degree of electromagnetic coupling betWeen the tWo coils 
is increased With the result that an induced current or induced 
voltage measured in the detection coil 2 is increased. Based 
on the above phenomenon, the pressure distribution detector 
according to the present invention detects the pressure distri 
bution by detecting betWeen Which pair of electromagneti 
cally coupled coils a change appears. 
[0044] A drive circuit is connected to the drive coils 1 so as 
to drive them. In the illustrated example, the drive circuit is 
constituted by an oscillator 10 and a driver circuit 11 and uses 
a sWitch circuit or the like to sequentially drive the respective 
drive coil roWs. The drive circuit may drive all the drive coil 
roWs at a time by changing the drive frequency for respective 
drive coil roWs. 

[0045] A detection circuit is connected to the detection 
coils 2 so as to detect the degree of electromagnetic coupling 
betWeen the drive coils 1 and the detection coils 2. In the 
illustrated example, the detection circuit is constituted by an 
ampli?er 20, a synchronous detector 21, and anA/D converter 
22 and uses a sWitch circuit or the like to sequentially detect 
an induced current or induced voltage in the respective coil 
detection roWs. The synchronous detector 21 receives an out 
put of the oscillator 10, multiplies outputs of the oscillator and 
outputs of the detection coils 2 together, and time integrates 
the production result. The induced current or induced voltage 
in all the detection coil roWs may be detected at a time by 
individually providing the detection circuits for respective 
detection coil TOWS. 
[0046] The above drive circuit and the detection circuit are 
controlled by a microcomputer 23 such as a DSP or the like so 
that a required pressure distribution output can be obtained. 
[0047] In the illustrated example, the roWs of the drive coils 
1 and the roWs of the detection coils 2 are arranged perpen 
dicular to each other to arrange the electromagnetically 
coupled pairs in a matrix form, and the respective drive coil 
roWs are driven so as to detect the induced current or induced 

voltage in the respective detection roWs, Whereby it is 
detected betWeen Which pair of coils a change in the induced 
current or induced voltage appears. HoWever, the present 
invention is not limited to this con?guration, and a con?gu 
ration may be adopted in Which a drive circuit and a detection 
circuit are provided for each coil pair and induced current or 
induced voltage is individually detected from each coil pair. 
[0048] If required, an electromagnetic shield member 7 
may be provided via a cushion material 6 on the side opposite 
to the side at Which the variable electromagnetic coupling 
member 3 is provided. The electromagnetic shield member 7 
may be made of, e. g., a conductor or magnetic body. By 
providing the electromagnetic shield member 7, the pres sure 
distribution detector has a high tolerance for external noise 
and less in?uenced by the installation environment. As in the 
case of the cushion material 5, the cushion material 6 may be 
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a silicone sponge Which is a foam body of silicone or one 
made of polypropylene and/ or polyethylene. 

[0049] When the electromagnetic shield member 7 is con 
?gured in the same manner as the variable electromagnetic 
coupling member 3, a tWo-sided symmetric detection surface 
can be obtained. In this case, the cushion material 6 may be 
con?gured as in the same manner as the cushion member 5. 
With this con?guration, a tWo-sided symmetric pressure dis 
tribution detector can be obtained. In the case Where the 
pressure distribution detector according to the present inven 
tion is applied to a man-machine interface, by draWing dif 
ferent ?gures on the outside surfaces of the variable electro 
magnetic coupling member 3 and the electromagnetic shield 
member 7, both the front and rear surfaces can be used 
depending on the purpose. The variable Width of the degree of 
electromagnetic coupling becomes larger in the case Where 
the detection coils are arranged near the variable electromag 
netic coupling member. Thus, When the pres sure distribution 
detector is used upside doWn, connection of the drive circuit 
and the detection circuit may be reversed, if necessary. 

[0050] In the coil pattern shoWn in FIG. 1(a), electromag 
netic coupling portions are vertically and horizontally 
arranged in a matrix form. In the folloWing, another coil 
pattern Will be described using FIGS. 2(a) and 2(b). In this 
pattern, in order to form a higher resolution detection surface, 
the electromagnetic coupled portions are made denser. FIGS. 
2(a) and 2(b) are top vieW for explaining another coil pattern 
of the ?rst embodiment of the pressure distribution detector 
according to the present invention. FIG. 2(a) shoWs a coil 
pattern achieved using coils each having substantially a 
square shape, and FIG. 2(b) shoWs a coil pattern achieved 
using coils each having a rectangular shape. As shoWn in FIG. 
2(a), in the serially-connected coils, the portions correspond 
ing to substantially a square shaped drive coils 1 and detection 
coils 2 constitute convex portions, and portions at Which 
respective coils are serially connected constitute concave por 
tions. The convex portions and the concave portions are alter 
nately arranged at portions betWeen adjacent serially-con 
nected roWs of the drive coils 1. More speci?cally, the convex 
portions are ?tted in the concave portions. Further, convex 
portions and concave portions are alternately arranged at 
portions betWeen adjacent serially-connected roWs of the 
detection coils 2. In addition, since the detection coil 2 is 
constituted by a coil having a siZe smaller than that of the 
drive coil 1, the adjacent roWs of the detection coils 2 are not 
so close as to alloW the convex portions to be ?tted in the 
concave portions. By forming the coil pattern in this manner, 
it is possible to increase the number of electromagnetic cou 
pling portions Without reducing the siZe of the coils, thereby 
increasing resolution. 
[0051] Further, also in the case Where each coil is formed 
into a rectangular shape as shoWn in FIG. 2(b), the portions 
corresponding to drive coils 1 constitute convex portions, and 
portions at Which respective coils are serially connected con 
stitute concave portions. The convex portions and the concave 
portions are alternately arranged at portions betWeen adjacent 
serially-connected roWs of the coils. Also, in this case, it is 
possible to realiZe a pressure distribution detector having high 
resolution. Although the drive Wire is formed into a linear 
shape and the detection Wire is formed into a rectangular 
coil-like shape in the illustrated example, the present inven 
tion is not limited to this con?guration but also the drive Wire 
may be formed into a coil-like shape. Further, conversely, a 
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con?guration may be adopted in Which the drive Wire is 
formed into a coil-like shape and the detection Wire is formed 
into a linear shape. 

[0052] The pressure distribution detector according to the 
present invention can be formed to have a ?exible structure as 
a Whole, so that When the detector is provided in the seat of a 
vehicle for air-bag control, it can satisfactorily ?tted to the 
seat. In the case Where the pressure distribution detector 
according to the ?rst embodiment of the present invention 
having the con?guration described above is set on a curved 
surface, the cross-section thereof is as shoWn in FIG. 1(c). 
Even When the detector is greatly bent, the distance betWeen 
the drive coils 1 and the detection coil 2 is kept constant by the 
spacer 4, so that a large change does not occur in the detection 
sensitivity and the detection accuracy of the pressure distri 
bution. As described above, in the pres sure distribution detec 
tor according to the present invention, detection of a change in 
the degree of electromagnetic coupling is made not based on 
a change in the distance betWeen the drive coil 1 and the 
detection coil 2, so that measurement can stably be carried out 
irrespective of the shape of a surface to be detected. 

[0053] Next, a pressure distribution detector according to a 
second embodiment of the present invention Will be described 
using FIGS. 3(a) and 3(b). FIGS. 3(a) and 3(b) are vieWs for 
explaining a pressure distribution detector according to a 
second embodiment of the present invention. FIG. 3(a) is a 
schematic plan vieW for explaining the pattern of a coil por 
tion, and FIG. 3(b) is a cross-sectional vieW taken along b-b 
line. In FIGS. 3(a) and 3(b), the same reference numerals as 
those in FIGS. 1(a) to 1(c) depict the same parts as those in 
FIGS. 1(a) to 1(c), and the descriptions thereof Will be omit 
ted here. In the ?rst embodiment, the drive coils 1 and the 
detection coils 2 are arranged respectively on the front and 
rear surfaces of the substrate serving as the spacer 4; While in 
the second embodiment, the drive coils 1 and the detection 
coils 2 are arranged on the same surface of the substrate. In 
this case, coils are formed into a rectangular shape and 
arranged such that one side of the drive coil 1 and one side of 
the detection coil 2 are parallel to each other. Further, the coils 
are arranged at predetermined intervals so that the distance 
betWeen the drive coil 1 and the detection coil 2 is kept 
constant. That is, in the ?rst embodiment, the spacer function 
is realiZed by utiliZing the thickness direction of the substrate; 
While in the second embodiment, the spacer function is real 
iZed by arranging the coils at predetermined intervals in the 
plate surface direction. 
[0054] In the illustrated example, the rectangular drive 
coils 1 are arranged along predetermined directions and sub 
stantially square-shaped detection coils 2 are arranged adja 
cent to the respective drive coils 1. The detection coils 2 are 
alternately arranged such that one detection coil roW is com 
posed of a plurality of detection coils 2 disposed betWeen 
coils of another detection coil roW. Further, the drive coil 1 is 
so disposed adjacent to the detection coils 2 as to extend over 
a plurality of detection coil roWs so that the drive coil 1 is 
electromagnetically coupled to one detection coil 2 of each 
detection coil roW. With this con?guration, it is possible to 
detect at Which portion of the pressure distribution detection 
surface a change in the degree of electromagnetic coupling 
occurs. 

[0055] The drive coils 1 and the detection coils 2 may be 
bonded to the same surface of the substrate serving as the 
spacer 4 or patterned by a vapor-deposition or etching pro 
cess. Further, in order to alloW the detection surface to be 
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easily ?tted to a surface of arbitrary shape, cut portions may 
be formed by cutting the spacer 4 except for portions at Which 
the drive coils and the detection coils are arranged, Whereby 
a more ?exible detection surface is obtained. 

[0056] The coil pattern is not limited to the example shoWn 
in FIGS. 3(a) and 3(b) in the con?guration in Which the drive 
coils 1 and the detection coils 2 are arranged on the same 
surface of the substrate. For example, substantially a square 
shaped coil serially connected to adjacent coils at its corner 
portions, Which is shoWn in FIGS. 1(a) to 1(c), may be used. 
That is, enamel Wires covered by an insulating ?lm may be 
used to constitute the coil roWs such that the drive coil roW and 
the detection coil roW are arranged perpendicular to each 
other on the same surface of the substrate. Also, portions of 
respective coils at Which the drive coil roW and the detection 
coil roW overlap each other on the same surface of the sub 
strate may be connected on the rear surface using through 
holes. 
[0057] The example of FIGS. 3(a) and 3(b) shoWs a tWo 
sided symmetric structure. HoWever, as in the case of the ?rst 
embodiment, the present invention is not limited to this con 
?guration. For example, the electromagnetic shield member 7 
may be ?xed using a hard material instead of the cushion 
material 6, or the cushion material 6 or the electromagnetic 
shield member 7 need not necessarily be provided. Further, 
the pattern formed by the drive coils and the detection coils is 
also not limited to the illustrated example but any pattern may 
be used as long as the drive coil and the detection coil con 
stitute a pair of electromagnetic coupling. What is important 
in the pressure distribution detector according to the present 
invention is keep the distance betWeen the drive coil and the 
detection coil constant. 

[0058] An example in Which a plurality of the pressure 
distribution detectors according to the ?rst or second embodi 
ment are combined Will be described beloW. FIG. 4 is a vieW 
for explaining a pressure distribution detector according to a 
third embodiment of the present invention. In FIG. 4, the 
same reference numerals as those in FIGS. 1(a) to 1(c) depict 
the same parts as those in FIGS. 1(a) to 1(c). In the third 
embodiment, one pres sure distribution detector is constituted 
by stacking a plurality of units 30 each functioning as the 
pressure distribution detector according to the ?rst or second 
embodiment. In this con?guration, by setting the hardness of 
the cushion material 5 and/or cushion material 6 of each unit 
30 at a desired level, it is possible to achieve accurate pressure 
distribution detection in a Wide range from a change in the 
electromagnetic coupling due to imperceptible pres sure to the 
change due to large pressure. 
[0059] In the illustrated example, the pressure distribution 
detector of the ?rst embodiment is used as the unit 30, and the 
variable electromagnetic coupling member 3 provided on the 
upper layer of the loWer unit is used as a substitute for the 
electromagnetic shield member. HoWever, the present inven 
tion is not limited to the con?guration shoWn in the illustrated 
example, but the electromagnetic shield member may be pro 
vided, or the cushion member 6 need not necessarily be 
provided. Further, not the pressure distribution detectors of 
the ?rst embodiment but the pressure distribution detectors of 
the second embodiment may be stacked to constitute the 
pressure distribution detector according to the third embodi 
ment. 

[0060] Next, a pressure distribution detector according to a 
fourth embodiment Will be described. FIGS. 5(a) and 5(b) are 
vieWs for explaining a pressure distribution detector accord 
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ing to a fourth embodiment of the present invention. FIG. 5(a) 
is a partly transparent schematic plan vieW, and FIG. 5(b) is a 
schematic rear surface vieW. The pressure distribution detec 
tor of the forth embodiment of the present invention is 
obtained by arranging a plurality of units 31 each functioning 
as the pressure distribution detector 1 according to the ?rst or 
second embodiment. The present embodiment can suitably be 
applied to a case Where pressure distribution needs to be 
detected over a large area, such as a case of detecting hoW 
people move about in an art museum or store, analyZing 
motion of athletes, or inspecting road-hugging property. In 
this case, the drive circuit and the detection circuit are pro 
vided for each unit 31 so as to alloW the pressure distribution 
to be detected for each unit 31. Then, outputs from these units 
31 are input to a computer via an interface such as a USB, 
Whereby the pressure distribution over a large area can be 
detected. In order to prevent in?uence of the drive circuit or 
detection circuit on electromagnetic coupling, the drive cir 
cuit and the detection circuit are preferably provided outside 
(under) the electromagnetic shield member 7. 
[0061] In general, in the case Where the large area pressure 
distribution is detected, the number of cells corresponding to 
pressure measurement points is increased, requiring longer 
time for measurement. Therefore, in this case, an expensive 
apparatus such as a high-performance computer needs to be 
prepared. HoWever, the pressure distribution detector of the 
fourth embodiment can perform measurement processing on 
a unit-by-unit basis, enabling high-speed measurement. In 
order to prevent interference betWeen adjacent units, the drive 
frequency or drive Waveform can be changed for each unit. 
Also in the above third embodiment, the same effect as above 
can be obtained by providing the drive circuit and the detec 
tion circuit for each unit. 

[0062] Further, in the case Where the pressure distribution 
detector con?gured as the fourth embodiment is transport to 
an installation location, the device can be divided in units for 
transportation. Further, in the case Where ?exibility is pro 
vided With each unit, it can be transported in a rolled state. 

[0063] Next, a pressure distribution detector according to a 
?fth embodiment of the present invention Will be described. 
In the present embodiment, a reference coil is provided in 
addition to the drive coil and the detection coil so as to 
increase mainly signal-to-noise ratio. FIGS. 6(a) and 6(b) are 
vieWs for explaining a pressure distribution detector accord 
ing to a ?fth embodiment of the present invention. FIG. 6(a) 
is a schematic explanatory vieW shoWing respective layers in 
a divided manner for easy understanding of the connection 
con?guration of coils of each layer, and FIG. 6(b) is a cross 
sectional vieW thereof. In FIGS. 6(a) and 6(b), the same 
reference numerals as those in FIGS. 1(a) to 1(c) depict the 
same parts as those in FIGS. 1(a) to 1(c). As shoWn in FIGS. 
6(a) and 6(b), in the ?fth embodiment, a reference coil 41 
electromagnetically coupled to the drive coil 1 is provided in 
addition to the drive coil 1 and the detection coil 2. Each of the 
above coils is provided on a multilayer substrate made of, 
e.g., a ?exible substrate, PET material, or glass epoxy. Not 
only the distance betWeen the drive coil 1 and the detection 
coil 2 but also the distances betWeen the reference coil 41 and 
the drive coil 1 and/or betWeen the reference coil 41 and the 
detection coil 2 are kept constant by a spacer 42. The refer 
ence coil 41 is Wound in the same direction as the detection 
coil 2, and a plurality of the reference coils 41 are serially 
connected to constitute a plurality of reference coil roWs. 
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[0064] The pressure distribution detector of the ?fth 
embodiment detects a difference betWeen the detection coil 2 
and the reference coil 41, so that in the case Where the elec 
tromagnetic shield member 7 is provided in the ?fth embodi 
ment, a spacer 43 for keeping the distance betWeen the refer 
ence coil 41 and the electromagnetic shield member 7 may be 
provided so as to prevent the difference signal betWeen them 
from being reduced due to a change in the degree of electro 
magnetic coupling in the reference coil 41. Like the spacer 4, 
the spacer 42 or spacer 43 may be an insulating ?exible 
member made of a ?exible substrate or PET material or 
insulating glass epoxy substrate. 
[0065] In order to detect a difference betWeen outputs from 
the detection coil 2 and the reference coil 41, a differential 
ampli?er 25 is connected thereto. The detection coil 2 and the 
reference coil 41 are connected to the differential ampli?er 25 
by means of an interlock sWitch so that vertically correspond 
ing coil roWs can be connected to the differential ampli?er 25. 
A voltage/current induced by the reference coil 41 is less 
in?uenced by a change in the variable electromagnetic cou 
pling member 3. 
[0066] As described above, in the ?fth embodiment, the 
detection coil 2 and the reference coil 41 have substantially 
the same con?guration, so that even if surrounding noise is 
superimposed on the induced voltage or induced current of 
the coil, it is superimposed on the detection coil 2 and the 
reference coil 41 in the same manner as each other. As a result, 
the surrounding noise to the detection coil 2 and the reference 
coil 41 are canceled in the differential ampli?er 25. Accord 
ingly, signal-to-noise ratio can be improved to enable high 
sensitive measurement. 

[0067] Although the drive coil and the detection coil is 
directly electromagnetically coupled to each other in the 
above embodiments, the pressure distribution detector 
according to the present invention is not limited to this con 
?guration but may have a con?guration in Which the drive coil 
and the detection coil is electromagnetically coupled to each 
other in an indirect manner. In the folloWing, a pressure 
distribution detector using an indirect electromagnetic cou 
pling Will be described. 
[0068] FIGS. 7(a) and 7(b) shoW an example of the pressure 
distribution detector according to the present invention in 
Which linear drive and detection Wires are formed into a loop 
shape respectively and conductor plates are provided adjacent 
thereto so that the drive and detection Wires are electromag 
netically coupled to each other. FIG. 7(a) is a partly top vieW 
of the detection surface, and FIG. 7(b) is a cross-sectional 
vieW taken along b-b line. As illustrated, drive Wires 100 and 
detection Wires 200 are formed into a linear manner respec 
tively on the front and rear surfaces of the spacer 4 Which is a 
tWo-sided substrate, and conductive plates 50 are so formed 
adjacent to portions at Which the drive Wires 100 and the 
detection Wires 200 cross each other at right angles as to keep 
the distance betWeen the drive Wires 100 and the detection 
Wires 200 constant, Whereby electromagnetic coupling por 
tions are provided. The drive Wire 100 and the detection Wire 
200 arranged perpendicular to each other are not electromag 
netically coupled by themselves. HoWever, When the conduc 
tive plate 50 is provided adjacent to the orthogonal cross 
point, indirect electromagnetic coupling betWeen the drive 
Wire 100 and the detection Wire 200 is achieved by eddy 
current caused in the conductive plate 50. The conductive 
plates 50 are formed on the detection Wires 200 formed on the 
spacer 4 via a predetermined insulating layer 55. HoWever, 
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the present invention is not limited to this con?guration, but a 
con?guration may be adopted in Which the detection Wires 
200 are buried in the spacer 4 and the conductive plates 50 are 
patterned on the surface of the spacer 4 as long as the distance 
betWeen the drive Wire and the detection Wire is kept constant. 
In the pressure distribution detector according to the present 
invention, the variable electromagnetic coupling member 3 is 
movably provided adjacent to the electromagnetic coupling 
portions thus formed via the cushion material 5 so as to 
change the degree of electromagnetic coupling betWeen each 
pair of drive and detection Wires. 

[0069] Although, in the illustrated example, the conductive 
plates 50 are disposed above the portions at Which the drive 
Wires 100 and the detection Wires 200 cross each other at right 
angles, the present invention is not limited to this con?gura 
tion, but the conductive plates 50 may be disposed under the 
orthogonal cross points as long as the electromagnetic cou 
pling betWeen the drive and detection Wires is achieved. Fur 
ther, although each conductive plates 50 is so disposed as to 
cover the portion at Which the drive Wires 100 and the detec 
tion Wires 200 cross each other at right angles, it may be so 
disposed inside the square constituted by the orthogonally 
crossed Wires as to eliminate overlap With the Wires When 
vieWed from the above. In this case, the conductive plates 50 
need not necessarily be disposed above the drive and detec 
tion Wires, but may be disposed in the same plane as the drive 
Wires or the detection Wires. 

[0070] Although the conductive plate 50 is formed into a 
?at plate in the illustrated example, the present invention is 
not limited thereto and an opening may be formed at the 
center portion of the conductive plate. 
[0071] Although, in the above example, the conductive 
plates 50 are disposed adjacent to the portions at Which the 
drive Wires 100 and the detection Wires 200 cross each other 
at right angles, the conductive plates 50 may be arranged in 
the folloWing patterns. FIGS. 8(a) to 8(0) are vieWs for 
explaining variations of the arrangement example of the con 
ductive plates in the pressure distribution detector according 
to the present invention. Since these illustrations aim to 
explain the variations of the arrangement example of the 
conductive plates, the cushion materials or the variable elec 
tromagnetic coupling member are omitted in these illustra 
tions. FIG. 8(a) shoWs an example in Which the conductive 
plates 50 are formed at portions adjacent to betWeen the drive 
Wires 100 and at portions adjacent to betWeen the detection 
Wires 200. FIG. 8(b) shoWs an example in Which the conduc 
tive plates 50 are formed at portions adjacent to the orthogo 
nal cross points of the drive Wires 100 and the detection Wires 
200 and at portions adjacent to betWeen the drive Wires 100 
and adjacent to betWeen the detection Wires 200. FIG. 8(0) 
shoWs an example in Which the conductive plates 50 are 
formed at portions adjacent to the drive Wires 100 and adja 
cent to betWeen the detection Wires 200 and at portions adja 
cent to the detection Wires 200 and adjacent to betWeen adja 
cent drive Wires 100. The electromagnetic coupling portions 
can also be formed in the case Where the conductive plates are 
arranged in such pattems.Although, in the examples of FIGS. 
8(a) to 8(0), the conductive plates 50 are so disposed inside 
the square constituted by the orthogonally crossed Wires as to 
eliminate overlap With the Wires When vieWed from the 
above, the conductive plates 50 may be so disposed as to 
overlap With the Wires When vieWed from the above, as shoWn 
in FIG. 7(a). 
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[0072] It is possible to replace the electromagnetic cou 
pling portions Where the direct electromagnetic coupling is 
achieved by the thus arranged electromagnetic coupling por 
tions Where the indirect electromagnetic coupling is achieved 
in any of the con?gurations according to the above ?rst to ?fth 
embodiments. 
[0073] The con?guration of the pressure distribution detec 
tor according to the present invention is not limited to the 
illustrated examples, and various modi?cations may be made 
Without departing from the scope of the present invention. For 
example, the number of cells constituted by coil pairs is not 
limited to the illustrated examples and the number and 
arrangement thereof are not especially limited. Further, 
although the coils in the illustrated examples have substan 
tially a square loop shape, coils may be formed in suitable 
shape as long as they can electromagnetically be coupled. 
Further, the materials of the spacer, cushion material, and 
variable electromagnetic coupling member are not limited to 
the above-mentioned examples as long as they can exhibit 
respective intended functions, i.e., function of keeping the 
distance betWeen the drive coil and the detection coil, cush 
ioning function, and function of changing the degree of elec 
tromagnetic coupling. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0074] FIGS. 1(a) to 1(c) are schematic vieWs for explain 
ing a pressure distribution detector according to a ?rst 
embodiment of the present invention; 
[0075] FIGS. 2(a) and 2(b) are schematic vieWs for 
explaining another example of a coil pattern of the pressure 
distribution detector according to the present invention; 
[0076] FIGS. 3(a) and 3(b) are schematic vieWs for 
explaining a pressure distribution detector according to a 
second embodiment of the present invention; 
[0077] FIG. 4 is a schematic vieW for explaining a pressure 
distribution detector according to a third embodiment of the 
present invention; 
[0078] FIGS. 5(a) and 5(b) are schematic vieWs for 
explaining a pressure distribution detector according to a 
fourth embodiment of the present invention; 
[0079] FIGS. 6(a) and 6(b) are schematic vieWs for 
explaining a pressure distribution detector according to a ?fth 
embodiment of the present invention; 
[0080] FIGS. 7(a) and 7(b) are schematic vieWs for 
explaining an example in Which electromagnetic coupling 
portions achieving indirect coupling are formed in the pres 
sure distribution detector according to the present invention; 
and 
[0081] FIGS. 8(a) to 8(c) are schematic vieWs for explain 
ing variations of the arrangement example of conductive 
plates at Which indirect electromagnetic coupling is achieved 
in the pressure distribution detector according to the present 
invention. 

EXPLANATION OF REFERENCE NUMERALS 

[0082] 1: Drive coil 
[0083] 2: Detection coil 
[0084] 3: Variable electromagnetic coupling member 
[0085] 4: Spacer 
[0086] 5: Cushion material 
[0087] 6: Cushion material 
[0088] 7: Electromagnetic shield member 
[0089] 10: Oscillator 
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[0090] 11: Driver circuit 
[0091] 20: Ampli?er 
[0092] 21: Synchronous detector 
[0093] 22: A/D converter 
[0094] 23: Microcomputer 
[0095] 25: Differential ampli?er 
[0096] 41: Reference coil 
[0097] 42: Spacer 
[0098] 43: Spacer 
[0099] 50: Conductive plate 
[0100] 55: Insulating layer 
[0101] 100: Drive Wire 
[0102] 200: Detection Wire 

1. A pressure distribution detector utiliZing electromag 
netic coupling comprising: 

a plurality of drive Wires each arranged in a looped pattern 
on a substrate; 

a plurality of detection Wires each arranged in a looped 
pattern so as to be electromagnetically coupled to each 
of the plurality of drive Wires; 

a plurality of electromagnetic coupling portions con?g 
ured to alloW the drive Wires and the detection Wires to 
be electromagnetically coupled to each other; 

a spacer keeping a constant distance betWeen the plurality 
of drive Wires and the plurality of detection Wires; 

a variable electromagnetic coupling changing a degree of 
electromagnetic coupling at each of the plurality of elec 
tromagnetic coupling portions in accordance With a 
move due to pressure, Which is movably provided adja 
cent to the plurality of electromagnetic coupling por 
tions; 

a drive section connected to the plurality of drive Wires so 
as to drive the plurality of drive Wires; and 

a detection section connected to the plurality of detection 
Wires so as to detect a change in the degree of electro 
magnetic coupling at each of the electromagnetic cou 
pling portions from the plurality of detection Wires. 

2. The pressure distribution detector according to claim 1, 
in Which the drive Wires and the detection Wires are each 
formed into a linear shape and are arranged perpendicular to 
each other, and 

the plurality of electromagnetic coupling portions are pro 
vided by forming a plurality of conductive plates that 
distances from the drive Wires and the detection Wires 
are kept constant at portions adjacent to Which the drive 
Wires and the detection Wires are arrangedperpendicular 
to each other. 

3. The pressure distribution detector according to claim 1, 
in Which the drive Wires and the detection Wires are each 
formed into a linear shape and are arranged perpendicular to 
each other, and 

the plurality of electromagnetic coupling portions are pro 
vided by forming a plurality of conductive plates that 
distances from the drive Wires and the detection Wires 
are kept constant at portions adjacent to betWeen the 
driving Wires and adjacent to betWeen the detection 
Wires. 

4. The pressure distribution detector according to claim 1, 
in Which the drive Wires and the detection Wires are each 
formed into a linear shape and are arranged perpendicular to 
each other, and 

the plurality of electromagnetic coupling portions are pro 
vided by forming a plurality of conductive plates that 
distances from the drive Wires and the detection Wires 
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are kept constant at portions adjacent to the detection 
Wires and adjacent to betWeen the drive Wires and por 
tions adjacent to the drive Wires and adjacent to betWeen 
the detection Wires. 

5. The pressure distribution detector according to claim 1, 
in Which the plurality of electromagnetic coupling portions 
comprise a plurality of drive coils each obtained by forming 
the drive Wire into a coil-like shape and a plurality of detec 
tion coils each obtained by forming the detection Wire into a 
coil-like shape, Which are con?gured to be electromagneti 
cally coupled to the plurality of drive coils in pairs, respec 
tively. 

6. The pressure distribution detector according to claim 1, 
in Which the plurality of electromagnetic coupling portions 
comprise the drive Wires each formed into a linear shape and 
a plurality of detection coils each obtained by forming the 
detection Wire into a coil-like shape. 

7. The pressure distribution detector according to claim 1, 
in Which the plurality of electromagnetic coupling portions 
comprise a plurality of drive coils each obtained by forming 
the drive Wire into a coil-like shape and the detection Wires 
each formed into a linear shape. 

8. The pressure distribution detector according to claim 5, 
in Which the siZe of the plurality of drive coils is different 
from that of the plurality of detection coils. 

9. The pressure distribution detector according to claim 5, 
in Which the plurality of drive coils are serially connected in 
a predetermined direction, and 

the plurality of detection coils are serially connected in the 
direction perpendicular to the predetermined direction. 

10. The pressure distribution detector according to claim 9, 
in Which the plurality of drive coils and the plurality of detec 
tion coils constitute convex portions, 

portions at Which the respective coils are serially connected 
constitute concave portions, and 

the convex portions and the concave portions are alter 
nately arranged at portions betWeen adjacent serially 
connected roWs of the drive coils and/ or at portions 
betWeen adjacent serially-connected roWs of the detec 
tion coils. 

11. The pressure distribution detector according to claim 9, 
in Which the plurality of drive coils and/or the plurality of 
detection coils are formed into substantially a square shape 
and serially connected to adjacent coils at their comer por 
tions. 

12. The pressure distribution detector according to claim 1, 
in Which the spacer is made of a substrate, and 
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the plurality of drive Wires are provided on one surface of 
the substrate and the plurality of detection Wires are 
provided on the other surface thereof. 

13. The pressure distribution detector according to claim 5, 
in Which the spacer is made of the substrate, and 

the plurality of drive coils and the plurality of detection 
coils are provided on the same surface of the substrate. 

14. The pressure distribution detector according to claim 1, 
the spacer has cut portions formed at portions except for 
portions at Which the electromagnetic coupling portions are 
provided. 

15. The pressure distribution detector according to claim 1, 
in Which the spacer has ?exibility. 

16. The pressure distribution detector according to claim 1, 
in Which the variable electromagnetic coupling is provided 
adjacent to the electromagnetic coupling portions via a ?rst 
cushion material. 

17. The pressure distribution detector according to claim 1, 
in Which the variable electromagnetic coupling has ?exibility. 

18. The pressure distribution detector according to claim 1, 
Which further comprises an electromagnetic shield formed to 
the side of the electromagnetic coupling portions opposite to 
the side at Which the variable electromagnetic coupling is 
provided. 

19. The pressure distribution detector according to claim 
18, in Which the electromagnetic shield is provided adjacent 
to the electromagnetic coupling portions via a second cushion 
material. 

20. The pressure distribution detector according to claim 
16, in Which the ?rst cushion material or second cushion 
material is made of polypropylene and/ or polyethylene. 

21. The pressure distribution detector according to claim 1, 
in Which a plurality of the pressure distribution detectors are 
combined so as to detect pressure distribution. 

22. The pressure distribution detector according to claim 5, 
Which further comprises: 

a plurality of reference coils electromagnetically coupled 
to the plurality of drive coils in pairs, respectively; and 

a keeping section keeping the distance betWeen the plural 
ity of reference coils and the plurality of drive coils 
and/or distance betWeen the plurality of reference coils 
and the plurality of detection coils constant, 

the detection section comprising a differential ampli?er for 
detecting a difference betWeen the plurality of detection 
coils and the corresponding reference coils, 
respectively. 


