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(57) ABSTRACT 
Apassenger detection system for detecting seating status of 
a passenger on a seat of a vehicle in Which ?xing structure 
of electrodes placed on the seat is improved is proposed. A 
plurality of electrodes are placed apart on the upper side of 
the seat, and a Weak alternating electric ?eld is generated 
betWeen a transmission electrode selected from the elec 
trodes and reception electrodes other than the transmission 
electrode, and displacement currents passing in the reception 
electrodes caused by the Weak alternating electric ?eld are 
detected. The seating status of the passenger on the seat is 
determined by analyzing the detected displacement currents. 
An electrode structure is preliminarily formed by ?xing the 
electrodes apart on an electrical insulating base material, and 
the electrode structure is placed betWeen a cushion material 
and a covering material of the seat. Preferably, the electrode 
structure is ?xed to one or more components of the seat. For 
example, the electrodes are formed of electrically conduc 
tive fabric and the electrodes are ?xed to the base material 
by means of bonding by heating of thermoplastic resin or 
thermosetting resin. According to the system, installation of 
the electrodes on the seat can be performed ef?ciently and 
the seating status can be detected precisely With constant 
distances betWeen the electrodes. 
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PASSENGER DETECTION SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a passenger detec 
tion system, and in particular, to a passenger detection 
system for detecting seating status of a passenger on a seat 
of a vehicle provided With an air bag system by placing a 
plurality of electrodes apart on the seat and generating a 
Weak alternating electric ?eld betWeen a transmission elec 
trode selected from the electrodes and reception electrodes 
other than the transmission electrode and detecting displace 
ment currents passing in the reception electrodes caused by 
the Weak alternating electric ?eld, in Which ?xing structure 
of the electrodes placed on the seat is improved. 

DESCRIPTION OF THE PRIOR ART 

[0002] Air bag units for absorbing shocks and providing 
relief from impact damage of car passengers in cases of 
collisions have become indispensable gear for car safety, and 
are being provided not only to driver’s seats but also to 
passenger seats in recent years. 

[0003] FIG. 1 is a circuit diagram shoWing a conventional 
circuit employed in air bag systems. The circuit of FIG. 1 
comprises a driver’s seat squib circuit composed of a series 
connection of a safety sensor SS1 such as a mechanical 
accelerometer, a squib SQl, and a semiconductor sWitching 
device SW1 such as an FET (Field-Effect Transistor), and a 
passenger seat squib circuit composed of a series connection 
of a safety sensor SS2, a squib SQ2, and a semiconductor 
sWitching device SW2 such as an FET, and an electronic 
accelerometer (collision sensor) AM for detecting negative 
acceleration due to collisions, and a control circuit CC 
provided With functions for judging the presence or absence 
of a collision according to an output signal of the electronic 
accelerometer AM and supplying signals to the gates of the 
semiconductor sWitching devices SW1 and SW2. 

[0004] When a car provided With the air bag system 
collided With something, sWitches of the safety sensors SS1 
and SS2 is closed With relatively small negative acceleration 
enabling the driver’s seat squib circuit and the passenger 
seat squib circuit. If the control circuit CC judged that the car 
actually collided With something according to the output 
signal from the electronic accelerometer AM, the control 
circuit CC supplies signal to the gates of the semiconductor 
sWitching devices SW1 and SW2 and the semiconductor 
sWitching devices SW1 and SW2 are turned ON, thereby 
currents are passed through the tWo squib circuits. Due to the 
currents, the squibs SQl and SQ2 are heated and thereby the 
air bags for the driver’s seat and the passenger seat are 
deployed to protect the passengers from impact damage by 
the collision. 

[0005] Incidentally, such an air bag system is effective for 
saving the passenger in the case Where an adult person P is 
seated on the seat 1 as shoWn in FIG. 2A. HoWever, in the 
case Where an infant SP is seated on an infant seat 1A ?xed 

on the passenger seat facing rear (hereafter referred to as 
‘RFIS (Rear Facing Infant Seat)’ as shoWn in FIG. 2B, 
deployment of the air bag might hurt the infant, and thus it 
is preferable that the air bag does not deploy on the collision. 
Further, in the case Where a child SP‘ is seated on a child seat 
1A‘ ?xed on the passenger seat facing forWard (hereafter 
referred to as ‘FFCS (ForWard Facing Child Seat)’ as shoWn 
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in FIG. 2C, deployed air bag might cover the face of the 
child SP‘ and suffocate the child SP‘, and thus it is preferable 
that the air bag does not deploy on the collision similarly to 
the case of RFIS. 

[0006] As a countermeasure against the above problems, a 
circuit for air bag systems shoWn in FIG. 3 has been 
proposed, for example. The circuit of FIG. 3 further com 
prises a passenger detection sensor device SD for detecting 
the status of the passenger on the passenger seat. The control 
circuit CC judges Whether or not a passenger is seated on the 
passenger seat and the status of the passenger on the 
passenger seat, according to a detection signal from the 
passenger detection sensor device SD, and sets itself at an 
deployment mode in Which the control circuit CC deploys 
the air bag on collision, or at a no deployment mode in Which 
the control circuit CC does not deploy the air bag on 
collision. As the passenger detection sensor device SD, a 
device employing a Weight sensor and a device employing 
image processing have been proposed. In the method 
employing image processing, the passenger is shot by a 
camera and it is judged Whether the passenger is an adult 
person P or a child SP‘ or an infant SP by means of image 
processing. 
[0007] By the ?rst method employing a Weight sensor, 
Whether the passenger is an adult P or a child SP‘ or an infant 
SP can roughly be judged and the above unexpected acci 
dents can basically be avoided by the setting of the control 
circuit CC into the deployment mode or the no deployment 
mode based on the judgment. HoWever, such a method 
employing a Weight sensor lacks precision since Weight 
varies Widely among individuals and there exist cases Where 
a child SP‘ Weighs more than a very thin adult person P. 
Further, it is impossible to judge Whether the status of a little 
child on the passenger seat is RFIS or FFCS. 

[0008] By the second method employing image process 
ing, it is possible to judge rather precisely Whether or not a 
passenger is seated on the passenger seat, Whether the 
passenger is an adult P or a child SP‘ or an infant SP, and 
Whether the status of a little child on the passenger seat is 
RFIS or FFCS. HoWever, image processing and pattern 
matching against various kinds of patterns have to be 
executed to image data obtained by a camera, and thus 
complex and expensive image processing device is needed. 
[0009] Therefore, the present inventors have proposed a 
passenger detection system Which is shoWn in FIG. 4A 
through FIG. 8 in Japanese Patent Application No. HEI9 
42650. The system utiliZes disturbance in a Weak alternating 
electric ?eld Which is generated betWeen tWo electrodes 
placed on a seat. Referring to FIG. 4A, an oscillator for 
generating high frequency loW voltage is connected to an 
electrode E1, and another electrode E2 is grounded. An 
alternating electric ?eld is generated betWeen the electrodes 
E1 and E2 according to the potential difference betWeen the 
electrodes E1 and E2, thereby a displacement current Id 
occurs betWeen the electrode E2 and the ground. In this 
situation, if an object OB is placed in the electric ?eld as 
shoWn in FIG. 4B, the electric ?eld is disturbed by the 
object OB and thereby the displacement current Id varies 
into Idl. Almost every object OB can be represented by a 
conductance and a capacitance, and the object OB is 
regarded to be connected to the ground via the capacitance. 

[0010] As shoWn above, the displacement current varies 
depending on Whether or not an object OB exists on a seat 
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of a car, and the status of a passenger on the seat can be 
detected by utilizing the phenomenon. Especially, a lot of 
information about an object on the seat including a passen 
ger can be obtained by increasing the number of electrodes 
Which are placed on the seat, thereby precise detection of the 
situation on the seat can be executed. 

[0011] In the folloWing, a concrete example of a passenger 
detection system utiliZing the phenomenon Will be described 
referring to FIG. 5 through FIG. 8. FIG. 5 is a perspective 
vieW of a passenger seat Which is provided With the pas 
senger detection system Which has been proposed by the 
present inventors. Aplurality of electrodes are placed on the 
upper side of the passenger seat 1. Concretely, electrodes E1 
and E2 of quadrangular shapes for example are placed apart 
on the cushion section 1a, and electrodes E3 and E4 of 
almost the same shapes are placed apart on the back section 
1b. The electrodes E1~E4 are formed of electrically con 
ductive fabrics in consideration of comfort of the passenger. 
HoWever the electrodes E1~E4 can also be formed by 
Weaving stringy metal in fabric Which covers the seat, by 
applying electrically conductive paint on fabric Which cov 
ers the seat, etc., or it is also possible to form the electrodes 
E1~E4 by metal plates. The electrodes E1~E4 are connected 
to a circuit Which is shoWn in FIG. 6 and FIG. 7. 

[0012] Referring to FIG. 6, the passenger detection sys 
tem comprises an oscillator circuit 10 for generating high 
frequency loW voltage (for example, 100 KhZ and 10~12V), 
a loading current detection circuit 11, a transmission/recep 
tion sWitching circuit 12, a current-voltage converter circuit 
13 provided With ampli?cation capability, a detection circuit 
(demodulation circuit) 14 provided With band passing 
(unnecessary noise reduction) capability and AC-DC con 
verting capability, an ampli?cation circuit 15, an offset 
sWitching circuit 16, and a control circuit 17 such as an MPU 
Which is connected With an air bag unit 18. 

[0013] FIG. 7 is a circuit diagram shoWing more concrete 
details of FIG. 6. In the passenger detection system of FIG. 
6 and FIG. 7, the ampli?cation circuit 15 is composed of a 
?rst ampli?cation circuit 15AWhose gain is x1 and a second 
ampli?cation circuit 15B Whose gain is x100, and an analog 
selection circuit 19 is provided for selecting one of the 
outputs of the ?rst and the second ampli?cation circuits 15A 
and 15B according to control of the control circuit 17. 

[0014] The loading current detection circuit 11 is, for 
example, composed of an impedance device such as a 
resistor 11a Which is inserted to the circuit in series and an 
ampli?er 11b for amplifying the terminal voltage of the 
resistor 11a, and a current supplied from the oscillator circuit 
10 to a particular selected electrode (i.e. the loading current) 
is detected by the loading current detection circuit 11. The 
transmission/reception sWitching circuit 12 is composed of, 
for example, sWitching means Aa~Ad for connecting the 
output of the oscillator circuit 10 to an electrode Which is 
selected out of the electrodes E1~E4 (hereafter referred to as 
a ‘transmission electrode’) and sWitching means Ba~Bd for 
connecting electrodes other than the transmission electrode 
(hereafter referred to as ‘reception electrodes’) to the cur 
rent-voltage converter circuit 13, in Which sWitching of the 
sWitching means Aa~Ad and Ba~Bd is controlled by the 
control circuit 17. Incidentally, it is preferable that the 
transmission/reception sWitching circuit 12 is composed of 
a multiplexer circuit. The current-voltage converter circuit 
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13 is composed of, for example, impedance devices such as 
resistors 13a for converting the displacement current passing 
through the reception electrodes into voltages and ampli?ers 
13b for amplifying the converted voltages, in Which a 
resistor 13a and an ampli?er 13b are provided correspond 
ing to each of the electrodes E1~E4. The analog selection 
circuit 19 is composed of, for example, four sWitching 
means 19a for being sWitched simultaneously and connect 
ing the outputs of the second ampli?cation circuit 15B to the 
control circuit 17 and four sWitching means 19b for being 
sWitched simultaneously and connecting the outputs of the 
?rst ampli?cation circuit 15A to the control circuit 17. 

[0015] FIG. 8 is a circuit diagram shoWing an example of 
a circuit Which is employed in the air bag unit 18. The circuit 
of FIG. 8 is basically the same as the circuits of FIG. 1 and 
FIG. 3, except that the control circuit CC is connected With 
the control circuit 17 of the circuit of FIG. 6 and FIG. 7. 

[0016] In the folloWing, the operation of the passenger 
detection system of FIG. 4A through FIG. 8 Will be 
described. First, according to signals from the control circuit 
17, only the sWitching means Aa in the transmission/recep 
tion sWitching circuit 12 is closed in order to connect the 
output of the oscillator circuit 10 to the electrode E1, and the 
sWitching means Bb~Bd are closed in order to connect the 
electrodes E2~E4 to the current-voltage converter circuit 13. 
Thus, the high frequency loW voltage is applied to the 
transmission electrode E1 by the oscillator circuit 10, and 
thereby the displacement currents occurs in the reception 
electrodes E2~E4. The displacement currents of the recep 
tion electrodes E2~E4 are converted into voltages by the 
resistors 13a and ampli?ed by the ampli?ers 13b, and the 
ampli?ed voltages are supplied to the detection circuit 14. 
MeanWhile, the loading current passing through the trans 
mission electrode E1 is detected by the loading current 
detection circuit 11, and the result is supplied to the detec 
tion circuit 14 as data R(1,1) Which Will be explained later. 
In the detection circuit (demodulation circuit) 14, signal 
components of the ampli?ed voltages around 100 KHZ for 
example are band passed and unnecessary noise components 
are rejected according to the AC-DC converting function, 
and output signals of the detection circuit 14 are supplied to 
the ?rst and the second ampli?cation circuits 15A and 15B. 
Signals from one of the ampli?cation circuits 15A and 15B 
are properly selected by the operation of the offset sWitching 
circuit 16 and the analog selection circuit 19, and the 
selected signals are supplied to the control circuit 17. For 
example, When the output signals from the detection circuit 
14 can be measured using full-range of the control circuit 17, 
only the four sWitching means 19b are simultaneously 
closed in order to supply the output signals of the ?rst 
ampli?cation circuit 15A (x1) to the control circuit 17. On 
the other hand, When the output signals from the detection 
circuit 14 are so small that subtle variations of the output 
signals can not be measured using full-range of the control 
circuit 17, only the four sWitching means 19a are simulta 
neously closed in order to supply the output signals of the 
second ampli?cation circuit 15B (x100) to the control circuit 
17. In the control circuit 17, output signals from the ampli 
?cation circuit 15A or 15B are A/D converted and stored in 
memory. 

[0017] Subsequently, according to signals from the control 
circuit 17, only the sWitching means Ab in the transmission/ 
reception sWitching circuit 12 is closed in order to connect 
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the output of the oscillator circuit 10 to the electrode E2, and 
the switching means Ba, Bc and Bd are closed in order to 
connect the electrodes E1, E3 and E4 to the current-voltage 
converter circuit 13. Thus, the high frequency loW voltage is 
applied to the transmission electrode E2 by the oscillator 
circuit 10, and thereby the displacement currents occurs in 
the reception electrodes E1, E3 and E4. The displacement 
currents of the reception electrodes E1, E3 and E4 are 
converted into voltages by the resistors 13a and ampli?ed by 
the ampli?ers 13b, and the ampli?ed voltages are supplied 
to the detection circuit 14. MeanWhile, the loading current 
passing through the transmission electrode E2 is detected by 
the loading current detection circuit 11, and the result is 
supplied to the detection circuit 14 as data R(2,2) Which Will 
be explained later. Output signals from the detection circuit 
14 are processed in the same Way as above and the processed 
data are stored in memory of the control circuit 17. 

[0018] Subsequently, only the sWitching means Ac is 
closed in order to connect the output of the oscillator circuit 
10 to the electrode E3, and the sWitching means Ba, Bb and 
Bd are closed in order to connect the electrodes E1, E2 and 
E4 to the current-voltage converter circuit 13. Thus, the high 
frequency loW voltage is applied to the transmission elec 
trode E3 by the oscillator circuit 10, and thereby the dis 
placement currents occurs in the reception electrodes E1, E2 
and E4. The displacement currents of the reception elec 
trodes E1, E2 and E4 are converted into voltages by the 
resistors 13a and ampli?ed by the ampli?ers 13b, and the 
ampli?ed voltages are supplied to the detection circuit 14. 
MeanWhile, the loading current passing through the trans 
mission electrode E3 is detected by the loading current 
detection circuit 11, and the result is supplied to the detec 
tion circuit 14 as data R(3,3) Which Will be explained later. 
Output signals from the detection circuit 14 are processed in 
the same Way as above and the processed data are stored in 
memory of the control circuit 17. 

[0019] Subsequently, only the sWitching means Ad is 
closed in order to connect the output of the oscillator circuit 
10 to the electrode E4, and the sWitching means Ba, Bb and 
Bc are closed in order to connect the electrodes E1, E2 and 
E3 to the current-voltage converter circuit 13. Thus, the high 
frequency loW voltage is applied to the transmission elec 
trode E4 by the oscillator circuit 10, and thereby the dis 
placement currents occurs in the reception electrodes E1, E2 
and E3. The displacement currents of the reception elec 
trodes E1, E2 and E3 are converted into voltages by the 
resistors 13a and ampli?ed by the ampli?ers 13b, and the 
ampli?ed voltages are supplied to the detection circuit 14. 
MeanWhile, the loading current passing through the trans 
mission electrode E4 is detected by the loading current 
detection circuit 11, and the result is supplied to the detec 
tion circuit 14 as data R(4,4) Which Will be explained later. 
Output signals from the detection circuit 14 are processed in 
the same Way as above and the processed data are stored in 
memory of the control circuit 17. 

[0020] Then, the control circuit 17 calculates the seating 
pattern on the passenger seat 1 by executing arithmetic logic 
operation to the data. Various types of seating patterns are 
prestored in the control circuit 17, and a seating pattern 
Which has been calculated using various combinations of a 
transmission electrode and reception electrodes chosen from 
the electrodes E1~E4 is compared With the prestored seating 
patterns and one or more matched seating patterns are 
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extracted from the prestored seating patterns in order to 
judge the status of the passenger on the passenger seat 1. The 
control circuit 17 regards the folloWing typical seating 
patterns as objects of matching, for example, a ‘vacant seat 
pattern’ in Which no passenger is seated on the passenger 
seat 1, a ‘FFCS pattern’ in Which a child is seated on the 
passenger seat 1 in FFCS, a ‘RFIS pattern’ in Which an infant 
is seated on the passenger seat 1 in RFIS, and a ‘person 
pattern’ in Which an adult person is seated on the passenger 
seat 1. By various combinations of a transmission electrode 
and reception electrodes chosen from the electrodes E1~E4, 

a plurality of data Which are generally represented as R(i, can be obtained. Here, R(i, in Which i=j is transmission 

data, and R(i, in Which izj is reception data in Which i and 
j are representing a transmission electrode and a reception 
electrode respectively. The control circuit 17 executes arith 
metic logic operation using 16 pieces of data R(i, for 
example, and extracts characteristics of the seating pattern. 

[0021] Then, a signal according to the seating pattern 
determined by the control circuit 17 is transmitted by the 
control circuit 17 to the air bag unit 18. For example, a signal 
instructing the air bag unit 18 to set itself at the no deploy 
ment mode (in Which the air bag unit 18 does not deploy the 
air bag for the passenger seat 1 on collision) is transmitted 
by the control circuit 17 in the case Where the determined 
seating pattern is the vacant seat pattern, the FFCS pattern, 
or the RFIS pattern, and a signal instructing the air bag unit 
18 to set itself at the deployment mode (in Which the air bag 
unit 18 deploys the air bag for the passenger seat 1 on 
collision) is transmitted by the control circuit 17 in the case 
Where the determined seating pattern is other than the above 
patterns. These signals are received by the control circuit CC 
of the air bag unit 18, and in the former case, the control 
circuit CC is set not to supply a gate signal to the semicon 
ductor sWitching device SW2 on the side of the passenger 
seat 1 on collision. Incidentally, the semiconductor sWitch 
ing device SW1 on the side of the driver’s seat is necessarily 
supplied With a gate signal on collision. In the latter case, the 
control circuit CC is set to supply gate signals to the 
semiconductor sWitching devices SW1 and SW2 on colli 
s1on. 

[0022] According to the above passenger detection sys 
tem, a plurality of electrodes E1~E4 are placed on the upper 
side of the passenger seat 1 and Weak alternating electric 
?eld due to high frequency loW voltage applied betWeen a 
selected transmission electrode and other reception elec 
trodes is generated, and displacement currents depending on 
a seating pattern of the passenger on the passenger seat 1 
pass through the reception electrodes. Therefore, the seating 
pattern of the passenger on the passenger seat 1 can be 
correctly detected by analyZing characteristic patterns in the 
displacement currents, and thereby the air bag unit 18 can be 
set at the no deployment mode or the deployment mode 
according to the seating pattern of the passenger on the 
passenger seat 1. 

[0023] Further, the number of the electrodes placed on the 
passenger seat 1 can be arbitrarily increased and the number 
of combinations of transmission electrodes and reception 
electrodes can be increased in order to increase obtained 
data and execute more precise judgment of the seating 
pattern of the passenger on the passenger seat 1. 

[0024] Furthermore, a large number of displacement cur 
rent patterns corresponding to the ‘empty pattern’, the ‘RFIS 
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pattern’, the ‘FFCS pattern’, ‘person pattern’, etc. corre 
sponding to each combination of the transmission electrode 
and the reception electrodes can be stored in the control 
circuit 17 as the seating patterns. Therefore, actual seating 
pattern can be detected precisely by use of various combi 
nations of transmission electrodes and reception electrodes 
and extracting a most probable seating pattern by executing 
pattern matching. 

[0025] HoWever, in the above passenger detection system, 
the electrodes are placed apart on the upper side of the 
passenger seat 1, only by providing the electrodes betWeen 
cushion material and covering material composing the pas 
senger seat 1. Therefore, the electrodes might be displaced 
due to movement of the covering material according to 
seating actions and rising actions of the passenger, and thus 
the distances betWeen the electrodes might vary from pre 
determined distances. 

[0026] The displacement current patterns corresponding to 
the ‘empty pattern’, the ‘RFIS pattern’, the ‘FFCS pattern’, 
‘person pattern’, etc. for each combination of the transmis 
sion electrode and the reception electrodes Which are placed 
according to the predetermined distances are prestored in the 
control circuit 17, therefore if the distances betWeen the 
electrodes are changed from the predetermined distances, 
the displacement current patterns of the reception electrodes 
for the same particular seating pattern vary from original 
values. Therefore, judgment obtained by the comparison 
betWeen the observed displacement current patterns and the 
prestored displacement current patterns becomes incorrect, 
and correct detection of the actual seating pattern becomes 
dif?cult. 

[0027] The above problem can of course be resolved by 
?xing the electrodes on the cushion material by adhesives 
When placing the electrodes at predetermined positions. 
HoWever, processing time for each steps in automatic 
assembly lines is being made shorter and shorter. Therefore, 
it is difficult to ?nish placing the electrodes at predetermined 
position measuring and keeping the distances betWeen them 
and ?xing them on the cushion material by adhesives Within 
given processing time. 

SUMMARY OF THE INVENTION 

[0028] It is therefore the primary object of the present 
invention to provide a passenger detection system in Which 
the process for installing the electrodes on the seat can be 
simpli?ed and the positions of the electrodes can be pre 
cisely maintained With relatively simple composition. 

[0029] In accordance With a ?rst aspect of the present 
invention, there is provided a passenger detection system for 
detecting seating status of a passenger on a seat of a vehicle. 
A plurality of electrodes are placed apart on the upper side 
of the seat, and a Weak alternating electric ?eld is generated 
betWeen a transmission electrode selected from the elec 
trodes and reception electrodes other than the transmission 
electrode, and displacement currents passing in the reception 
electrodes caused by the Weak alternating electric ?eld are 
detected. The seating status of the passenger on the seat is 
determined by analyZing the detected displacement currents. 
An electrode structure is preliminarily formed by ?xing the 
electrodes apart on an electrical insulating base material, and 
the electrode structure is placed betWeen a cushion material 
and a covering material of the seat. 

Feb. 14, 2002 

[0030] In accordance With a second aspect of the present 
invention, in the ?rst aspect, the electrode structure is ?xed 
to one or more components of the seat. 

[0031] In accordance With a third aspect of the present 
invention, in the ?rst aspect, the electrodes are formed of 
electrically conductive fabric. 

[0032] In accordance With a fourth aspect of the present 
invention, in the ?rst aspect, the electrodes are ?xed to the 
base material by means of bonding by adhesives. 

[0033] In accordance With a ?fth aspect of the present 
invention, in the ?rst aspect, the electrodes are ?xed to the 
base material by means of bonding by heating of thermo 
plastic resin or thermosetting resin. 

[0034] In accordance With a sixth aspect of the present 
invention, in the ?fth aspect, the electrodes are ?xed to the 
base material by impregnating or applying thermoplastic 
resin or thermosetting resin having bonding capability When 
heated into the electrodes and/or the base material, and 
placing the electrodes at predetermined positions on the base 
material, and heating and pressing the base material on 
Which the electrodes have been placed. 

[0035] In accordance With a seventh aspect of the present 
invention, in the ?rst aspect, the electrodes are ?xed to the 
base material by seWing. 

[0036] In accordance With an eighth aspect of the present 
invention, in the ?rst aspect, the electrodes are ?xed to the 
base material by coupling by means of hooks, buttons, or 
snaps. 

[0037] In accordance With a ninth aspect of the present 
invention, in the ?rst aspect, the electrodes are ?xed to the 
base material by coupling by means of fasteners such as 
Velcro fasteners. 

[0038] In accordance With a tenth aspect of the present 
invention, in the ?rst aspect, the electrodes are provided to 
one side of the base material. 

[0039] In accordance With an eleventh aspect of the 
present invention, in the ?rst aspect, the electrodes of the 
electrode structure are provided With Wire harness to the end 
of Which a connector is provided. 

[0040] In accordance With a tWelfth aspect of the present 
invention, in the ?rst aspect, the electrode structure for a 
cushion section of the seat and the electrode structure for a 
back section of the seat are formed separately, and the tWo 
electrode structures are provided to the cushion section and 
the back section of the seat respectively. 

[0041] In accordance With a thirteenth aspect of the 
present invention, in the tWelfth aspect, tWo electrodes are 
?xed on the electrode structure for the cushion section and 
tWo electrodes are ?xed on the electrode structure for the 
back section. 

[0042] In accordance With a fourteenth aspect of the 
present invention, in the ?rst aspect, the electrode structure 
for a cushion section and a back section of the seat is formed 
on one base material, and the electrode structure is placed 
under the covering materials of the cushion section and the 
back section of the seat. 

[0043] In accordance With a ?fteenth aspect of the present 
invention, in the fourteenth aspect, the electrode structure is 
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provided With tWo electrodes for being placed on the cush 
ion section of the seat and tWo electrodes for being placed 
on the back section of the seat. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] The objects and features of the present invention 
Will become more apparent from the consideration of the 
following detailed description taken in conjunction With the 
accompanying drawings, in Which: 

[0045] FIG. 1 is a circuit diagram shoWing a conventional 
circuit employed in air bag systems; 

[0046] FIG. 2A through FIG. 2C are schematic diagrams 
shoWing statuses of a passenger on a passenger seat; 

[0047] FIG. 3 is a circuit diagram shoWing another con 
ventional circuit proposed for air bag systems; 

[0048] FIG. 4A and FIG. 4B are schematic diagrams 
shoWing the principles of a passenger detection system 
Which has been proposed by the present inventors; 

[0049] FIG. 5 is a perspective vieW of a passenger seat 
Which is provided With the passenger detection system 
Which has been proposed by the present inventors; 

[0050] FIG. 6 is a circuit diagram shoWing the passenger 
detection system Which has been proposed by the present 
inventors; 
[0051] FIG. 7 is a circuit diagram shoWing more concrete 
details of FIG. 6; 

[0052] FIG. 8 is a circuit diagram shoWing an example of 
a circuit Which is employed in an air bag unit Which is 
connected With the passenger detection system of FIG. 6 
and FIG. 7; 

[0053] FIG. 9 is a partly sectional fragmentary schematic 
illustration of a seat Which is provided With a passenger 
detection system according to a ?rst embodiment of the 
present invention; 

[0054] FIG. 10 is a plan vieW of an electrode structure 
Which is provided to a cushion section of the seat of FIG. 9; 

[0055] FIG. 11 is a schematic illustration of a seat Which 
is provided With a passenger detection system according to 
a second embodiment of the present invention; and 

[0056] FIG. 12 is a plan vieW of an electrode structure 
Which is provided to the seat of FIG. 11. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0057] Referring noW to the draWings, a description Will 
be given in detail of preferred embodiments in accordance 
With the present invention. 

[0058] FIG. 9 is a partly sectional fragmentary schematic 
illustration of a seat Which is provided With a passenger 
detection system according to a ?rst embodiment of the 
present invention. Referring to FIG. 9, the passenger seat 1B 
according to the present invention is mainly composed of a 
cushion section 1a and a back section 1b. The cushion 
section 1a is composed of a seat frame 3 ?xed on, for 
example, a base 2 Which is slidable back and forth, a cushion 
material 4 Which is placed on the seat frame 3, an electrode 
structure 5 Which is placed along the surface of the cushion 
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material 4, and a covering material 9 covering the electrode 
structure 5 and the cushion section 1a. It is preferable that 
the electrode structure 5 is ?xed to one or more components 
of the cushion section 1a, such as the cushion material 4, the 
covering material 9, etc. Incidentally, the back section 1b is 
also provided With an electrode structure in similar Way to 
the electrode structure 5 of the cushion section 1a. 

[0059] FIG. 10 is a plan vieW of the electrode structure 5 
provided to the cushion section 1a of the passenger seat 1B 
of FIG. 9. Referring to FIG. 10, the electrode structure 5 is 
composed of a base material 6 Which is made of, for 
example, an electrical insulating material and has almost the 
same space as the cushion section 1a of the passenger seat 
1B, a plurality of electrodes E1 and E2 Which are placed and 
?xed apart on one side of the base material 6 so that the 
distance betWeen the electrodes E1 and E2 Will be a prede 
termined distance, Wire harness 7a and 7b connected to the 
electrodes E1 and E2 respectively, and a connector 8 Which 
is provided to the end of the Wire harness 7a and 7b. The 
connector 8 is connected to a connector Which is provided to 
the transmission/reception sWitching circuit 12 of the circuit 
of FIG. 6 and FIG. 7. Incidentally, it is preferable that the 
electrodes E1 and E2 are provided to the same side of the 
base material 6 as mentioned above, since effects of the base 
material 6 to an electric ?eld generated betWeen the elec 
trodes E1 and E2 can be avoided. 

[0060] Incidentally, the base material 6 is made of, for 
example, a fabric, a cushion material, a foam material, etc. 
having a thickness that does not impair the function and 
comfort of the passenger seat 1B. The electrodes E1 and E2 
can be formed of electrically conductive fabrics in consid 
eration of comfort of the passenger, or the electrodes E1 and 
E2 can be formed by Weaving stringy metal in fabric, by 
applying electrically conductive paint on fabric, by metal 
plates, by metal foils such as copper foils, aluminum foils, 
etc., by ?exible printed circuit boards, etc. 

[0061] The electrodes E1 and E2 can be ?xed to the base 
material 6 by various methods, such as bonding by adhe 
sives, bonding by heating of thermoplastic resin or thermo 
setting resin, seWing, coupling by means of hooks, buttons, 
snaps (sockets and balls), etc., coupling by means of fas 
teners such as Velcro fasteners, etc. For example, the fol 
loWing method is recommendable. First, thermoplastic resin 
or thermosetting resin Which has bonding capability When 
heated is impregnated into or applied to the electrodes E1 
and E2 and/or the base material 6. Subsequently, the elec 
trodes E1 and E2 are placed at predetermined positions on 
the base material 6. Then, the base material 6 on Which the 
electrodes E1 and E2 have been placed is heated and pressed 
in order to ?x the electrodes E1 and E2 on the base material 
6. Incidentally, the electrodes (for example, tWo electrodes 
E3 and E4) of the electrode structure for the back section 1b 
can also be ?xed by the methods described above. 

[0062] The passenger detection system of the ?rst embodi 
ment other than ?xing structure of the electrodes (E1~E4) 
placed on the passenger seat 1B is basically the same as the 
passenger detection system Which has been proposed by the 
present inventors in Japanese Patent Application No. HEI9 
42650 and has been shoWn in FIG. 4A through FIG. 8. The 
passenger detection system utiliZes disturbance in a Weak 
alternating electric ?eld Which is generated betWeen elec 
trodes placed on the passenger seat 1B. Referring to FIG. 4A 
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and FIG. 4B, an oscillator circuit 10 for generating high 
frequency loW voltage is connected to the electrode E1 and 
the electrode E2 is grounded, for example. An alternating 
electric ?eld is generated betWeen the electrodes E1 and E2 
according to the potential difference betWeen the electrodes 
E1 and E2, thereby a displacement current Id occurs 
betWeen the electrode E2 and the ground. In this situation, 
an object OB placed in the electric ?eld as shoWn in FIG. 
4B disturbs the electric ?eld and thereby the displacement 
current Id is varied into Id1. The passenger detection system 
of the present invention detects the status of the passenger on 
the passenger seat 1B utiliZing the phenomenon. 

[0063] Referring to FIG. 6, the passenger detection sys 
tem comprises the oscillator circuit 10 for generating high 
frequency loW voltage (for example, 100 KhZ and 10~12V), 
a loading current detection circuit 11, a transmission/recep 
tion sWitching circuit 12, a current-voltage converter circuit 
13 provided With ampli?cation capability, a detection circuit 
(demodulation circuit) 14 provided With band passing 
(unnecessary noise reduction) capability and AC-DC con 
verting capability, an ampli?cation circuit 15, an offset 
sWitching circuit 16, and a control circuit 17 such as an MPU 
Which is connected With an air bag unit 18. As mentioned 
above, the connector 8 of the electrode structure 5 is 
connected to a connector Which is provided to the transmis 
sion/reception sWitching circuit 12. 

[0064] Referring to FIG. 7 Which is shoWing more con 
crete details of FIG. 6, the ampli?cation circuit 15 is 
composed of a ?rst ampli?cation circuit 15A Whose gain is 
x1 and a second ampli?cation circuit 15B Whose gain is 
x100, and an analog selection circuit 19 is provided for 
selecting one of the outputs of the ?rst and the second 
ampli?cation circuits 15A and 15B according to control of 
the control circuit 17. The loading current detection circuit 
11 is, for example, composed of an impedance device such 
as a resistor 11a Which is inserted to the circuit in series and 
an ampli?er 11b for amplifying the terminal voltage of the 
resistor 11a, and a current supplied from the oscillator circuit 
10 to a particular selected electrode (i.e. the loading current) 
is detected by the loading current detection circuit 11. The 
transmission/reception sWitching circuit 12 is composed of, 
for example, sWitching means Aa~Ad for connecting the 
output of the oscillator circuit 10 to an electrode Which is 
selected out of the electrodes E1~E4 (i.e. a transmission 
electrode) and sWitching means Ba~Bd for connecting elec 
trodes other than the transmission electrode (i.e. reception 
electrodes) to the current-voltage converter circuit 13, in 
Which sWitching of the sWitching means Aa~Ad and Ba~Bd 
is controlled by the control circuit 17. It is preferable that the 
transmission/reception sWitching circuit 12 is composed of 
a multiplexer circuit. The current-voltage converter circuit 
13 is composed of, for example, impedance devices such as 
resistors 13a for converting the displacement current passing 
through the reception electrodes into voltages and ampli?ers 
13b for amplifying the converted voltages, in Which a 
resistor 13a and an ampli?er 13b are provided correspond 
ing to each of the electrodes E1|]E4. The analog selection 
circuit 19 is composed of, for example, four sWitching 
means 19a for being sWitched simultaneously and connect 
ing the outputs of the second ampli?cation circuit 15B to the 
control circuit 17 and four sWitching means 19b for being 
sWitched simultaneously and connecting the outputs of the 
?rst ampli?cation circuit 15A to the control circuit 17. 
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[0065] Referring to FIG. 8 Which is shoWing an example 
of a circuit employed in the air bag unit 18, the circuit for 
the air bag unit 18 comprises a driver’s seat squib circuit 
composed of a series connection of a safety sensor SS1 such 
as a mechanical accelerometer, a squib SQ1, and a semi 
conductor sWitching device SW1 such as an PET, and a 
passenger seat squib circuit composed of a series connection 
of a safety sensor SS2, a squib SQ2, and a semiconductor 
sWitching device SW2 such as an PET, and an electronic 
accelerometer (collision sensor) AM for detecting negative 
acceleration due to collisions, and a control circuit CC 
provided With functions for judging the presence or absence 
of a collision according to an output signal of the electronic 
accelerometer AM and supplying signals to the gates of the 
semiconductor sWitching devices SW1 and SW2. The con 
trol circuit CC of the air bag unit 18 is connected With the 
control circuit 17 of the circuit of FIG. 6 and FIG. 7. The 
control circuit CC is set at the deployment mode in Which 
the control circuit CC deploys the air bag for the passenger 
seat 1B on collision or at the no deployment mode in Which 
the control circuit CC does not deploy the air bag for the 
passenger seat 1B on collision, according to a signal sup 
plied from the control circuit 17. When a car provided With 
the air bag unit 18 collided With something, sWitches of the 
safety sensors SS1 and SS2 is closed With relatively small 
negative acceleration enabling the driver’s seat squib circuit 
and the passenger seat squib circuit. If the control circuit CC 
is set at the deployment mode and the control circuit CC 
judged that the car actually collided With something accord 
ing to the output signal from the electronic accelerometer 
AM, the control circuit CC supplies signal to the gates of the 
semiconductor sWitching devices SW1 and SW2 and the 
semiconductor sWitching devices SW1 and SW2 are turned 
ON, thereby currents are passed through the squib circuits. 
Due to the currents, the squibs SQ1 and SQ2 are heated and 
thereby the air bags for the driver’s seat and the passenger 
seat are deployed to protect the passengers from impact 
damage by the collision. On the other hand, if the control 
circuit CC is set at the no deployment mode and the control 
circuit CC judged that the car actually collided With some 
thing, the control circuit CC supplies a signal to the gate of 
the semiconductor sWitching device SW1 only in order to 
turn ON the semiconductor sWitching device SW1 only, 
thereby the squib SQ1 is heated and only the driver’s seat air 
bag is deployed. In the no deployment mode, the air bag for 
the passenger seat 1B is not deployed in order to protect the 
passenger on the passenger seat 1B such as an infant in the 
RFIS, a child in the FFCS, etc. from hurt due to deployment 
of the air bag. 

[0066] In the folloWing, the operation of the passenger 
detection system of the ?rst embodiment Will be described. 
The operation of the passenger detection system of the ?rst 
embodiment is almost the same as that of the passenger 
detection system of FIG. 4A through FIG. 8 Which has 
already been explained in the Description of the Prior Art, 
hoWever the description Will be repeated for the sake of clear 
understanding. 
[0067] First, according to signals from the control circuit 
17, only the sWitching means Aa in the transmission/recep 
tion sWitching circuit 12 is closed in order to connect the 
output of the oscillator circuit 10 to the electrode El, and the 
sWitching means Bb~Bd are closed in order to connect the 
electrodes E2~E4 to the current-voltage converter circuit 13. 
Thus, the high frequency loW voltage is applied to the 
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transmission electrode E1 by the oscillator circuit 10, and 
thereby the displacement currents occurs in the reception 
electrodes E2~E4. The displacement currents of the recep 
tion electrodes E2~E4 are converted into voltages by the 
resistors 13a and ampli?ed by the ampli?ers 13b, and the 
ampli?ed voltages are supplied to the detection circuit 14. 
MeanWhile, the loading current passing through the trans 
mission electrode E1 is detected by the loading current 
detection circuit 11, and the result is supplied to the detec 
tion circuit 14 as data R(1,1). In the detection circuit 
(demodulation circuit) 14, signal components of the ampli 
?ed voltages around 100 KHZ for example are band passed 
and unnecessary noise components are rejected according to 
the AC-DC converting function, and output signals of the 
detection circuit 14 are supplied to the ?rst and the second 
ampli?cation circuits 15A and 15B. Signals from one of the 
ampli?cation circuits 15A and 15B are properly selected by 
the operation of the offset sWitching circuit 16 and the 
analog selection circuit 19, and the selected signals are 
supplied to the control circuit 17. For example, When the 
output signals from the detection circuit 14 can be measured 
using full-range of the control circuit 17, only the four 
sWitching means 19b are simultaneously closed in order to 
supply the output signals of the ?rst ampli?cation circuit 
15A (x1) to the control circuit 17. On the other hand, When 
the output signals from the detection circuit 14 are so small 
that subtle variations of the output signals can not be 
measured using full-range of the control circuit 17, only the 
four sWitching means 19a are simultaneously closed in order 
to supply the output signals of the second ampli?cation 
circuit 15B (x100) to the control circuit 17. In the control 
circuit 17, output signals from the ampli?cation circuit 15A 
or 15B are A/D converted and stored in memory. 

[0068] Subsequently, according to signals from the control 
circuit 17, only the sWitching means Ab in the transmission/ 
reception sWitching circuit 12 is closed in order to connect 
the output of the oscillator circuit 10 to the electrode E2, and 
the sWitching means Ba, Bc and Bd are closed in order to 
connect the electrodes E1, E3 and E4 to the current-voltage 
converter circuit 13. Thus, the high frequency loW voltage is 
applied to the transmission electrode E2 by the oscillator 
circuit 10, and thereby the displacement currents occurs in 
the reception electrodes E1, E3 and E4. The displacement 
currents of the reception electrodes E1, E3 and E4 are 
converted into voltages by the resistors 13a and ampli?ed by 
the ampli?ers 13b, and the ampli?ed voltages are supplied 
to the detection circuit 14. MeanWhile, the loading current 
passing through the transmission electrode E2 is detected by 
the loading current detection circuit 11, and the result is 
supplied to the detection circuit 14 as data R(2,2). Output 
signals from the detection circuit 14 are processed in the 
same Way as above and the processed data are stored in 
memory of the control circuit 17. 

[0069] Subsequently, only the sWitching means Ac is 
closed in order to connect the output of the oscillator circuit 
10 to the electrode E3, and the sWitching means Ba, Bb and 
Bd are closed in order to connect the electrodes E1, E2 and 
E4 to the current-voltage converter circuit 13. Thus, the high 
frequency loW voltage is applied to the transmission elec 
trode E3 by the oscillator circuit 10, and thereby the dis 
placement currents occurs in the reception electrodes E1, E2 
and E4. The displacement currents of the reception elec 
trodes E1, E2 and E4 are converted into voltages by the 
resistors 13a and ampli?ed by the ampli?ers 13b, and the 
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ampli?ed voltages are supplied to the detection circuit 14. 
MeanWhile, the loading current passing through the trans 
mission electrode E3 is detected by the loading current 
detection circuit 11, and the result is supplied to the detec 
tion circuit 14 as data R(3,3). Output signals from the 
detection circuit 14 are processed in the same Way as above 
and the processed data are stored in memory of the control 
circuit 17. 

[0070] Subsequently, only the sWitching means Ad is 
closed in order to connect the output of the oscillator circuit 
10 to the electrode E4, and the sWitching means Ba, Bb and 
Bc are closed in order to connect the electrodes E1, E2 and 
E3 to the current-voltage converter circuit 13. Thus, the high 
frequency loW voltage is applied to the transmission elec 
trode E4 by the oscillator circuit 10, and thereby the dis 
placement currents occurs in the reception electrodes E1, E2 
and E3. The displacement currents of the reception elec 
trodes E1, E2 and E3 are converted into voltages by the 
resistors 13a and ampli?ed by the ampli?ers 13b, and the 
ampli?ed voltages are supplied to the detection circuit 14. 
MeanWhile, the loading current passing through the trans 
mission electrode E4 is detected by the loading current 
detection circuit 11, and the result is supplied to the detec 
tion circuit 14 as data R(4,4). Output signals from the 
detection circuit 14 are processed in the same Way as above 
and the processed data are stored in memory of the control 
circuit 17. 

[0071] Then, the control circuit 17 calculates the seating 
pattern on the passenger seat 1 by executing arithmetic logic 
operation to the data. Various types of seating patterns are 
prestored in the control circuit 17, and a seating pattern 
Which has been calculated using various combinations of a 
transmission electrode and reception electrodes chosen from 
the electrodes E1 E4 is compared With the prestored seating 
patterns and one or more matched seating patterns are 
extracted from the prestored seating patterns in order to 
judge the status of the passenger on the passenger seat 1. The 
control circuit 17 regards the folloWing typical seating 
patterns as objects of matching, for example, a ‘vacant seat 
pattern’ in Which no passenger is seated on the passenger 
seat 1, a ‘FFCS pattern’ in Which a child is seated on the 
passenger seat 1 in FFCS, a ‘RFIS pattern’ in Which an infant 
is seated on the passenger seat 1 in RFIS, and a ‘person 
pattern’ in Which an adult person is seated on the passenger 
seat 1. By various combinations of a transmission electrode 
and reception electrodes chosen from the electrodes E1~E4, 

a plurality of data Which are generally represented as R(i, can be obtained. Here, R(i, in Which i=j is transmission 

data, and R(i, in Which izj is reception data in Which i and 
j are representing a transmission electrode and a reception 
electrode respectively. The control circuit 17 executes arith 
metic logic operation using 16 pieces of data R(i, for 
example, and extracts characteristics of the seating pattern. 

[0072] Then, a signal according to the seating pattern 
determined by the control circuit 17 is transmitted by the 
control circuit 17 to the air bag unit 18. For example, a signal 
instructing the air bag unit 18 to set itself at the no deploy 
ment mode (in Which the air bag unit 18 does not deploy the 
air bag for the passenger seat 1B on collision) is transmitted 
by the control circuit 17 in the case Where the determined 
seating pattern is the vacant seat pattern, the FFCS pattern, 
or the RFIS pattern, and a signal instructing the air bag unit 
18 to set itself at the deployment mode (in Which the air bag 
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unit 18 deploys the air bag for the passenger seat 1B on 
collision) is transmitted by the control circuit 17 in the case 
Where the determined seating pattern is other than the above 
patterns. These signals are received by the control circuit CC 
of the air bag unit 18, and in the former case, the control 
circuit CC is set not to supply a gate signal to the semicon 
ductor sWitching device SW2 on the side of the passenger 
seat 1 on collision. The semiconductor sWitching device 
SW1 on the side of the driver’s seat is necessarily supplied 
With a gate signal on collision. In the latter case, the control 
circuit CC is set to supply gate signals to the semiconductor 
sWitching devices SW1 and SW2 on collision. By the 
operation described above, the seating pattern of the pas 
senger on the passenger seat 1B can be correctly detected by 
analyZing characteristic patterns in the displacement cur 
rents, and thereby the air bag unit 18 can be set at the no 
deployment mode or the deployment mode correctly accord 
ing to the detected seating pattern. 

[0073] As described above, according to the ?rst embodi 
ment, in a passenger detection system for detecting seating 
status of a passenger on the passenger seat 1B by placing a 
plurality of electrodes E1~E4 (for example) apart on the 
upper side of the passenger seat 1B and generating a Weak 
alternating electric ?eld betWeen a transmission electrode 
selected from the electrodes E1~E4 and reception electrodes 
other than the transmission electrode and detecting displace 
ment currents passing in the reception electrodes caused by 
the Weak alternating electric ?eld, the electrodes E1 and E2 
are ?xed at predetermined positions on the base material 6 
and preliminarily assembled as the electrode structure 5, and 
the electrodes E3 and E4 (for example) are ?xed at prede 
termined positions on another base material and preliminar 
ily assembled as another electrode structure. Therefore, the 
electrodes E1 and E2 can be placed on the cushion section 
1a of the passenger seat 1B keeping the predetermined 
distance betWeen the electrodes E1 and E2 only by placing 
or ?xing the electrode structure 5 betWeen the cushion 
material 4 and the covering material 9 of the cushion section 
1a, and the variation of the distance betWeen the electrodes 
E1 and E2 from the predetermined distance can be avoided 
almost perfectly even if the covering material 9 of the 
cushion section 1a moved according to seating actions and 
rising actions of the passenger. The same effect can be 
obtained for the electrodes on the back section 1b of the 
passenger seat 1B. Therefore, actual seating pattern of the 
passenger on the passenger seat 1B can be judged precisely 
preventing variation of the distances betWeen the electrodes 
and utiliZing the seating patterns (the displacement current 
patterns) Which are prestored in the control circuit 17. 

[0074] Further, in automatic assembly lines in Which pro 
cessing time for each steps is being shortened, the electrodes 
E1 and E2 can be placed on the cushion section 1a of the 
passenger seat 1B precisely keeping the predetermined 
distance betWeen the electrodes E1 and E2 only by a simple 
process of placing or ?xing the electrode structure 5 on the 
cushion material 4. The same effect can be obtained for the 
electrodes on the back section 1b of the passenger seat 1B. 
Therefore, the installation of the electrodes can easily be 
?nished Within given processing time With reliability in the 
automatic assembly line, and thus smoothness of processes 
on the automatic assembly line can be maintained. 

[0075] Furthermore, the electrodes E1 and E2 on the 
electrode structure 5 are provided With the Wire harness 7a 
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and 7b to the end of Which the connector 8 is provided. 
Therefore, connection of the electrodes E1 and E2 to the 
circuit of FIG. 6 and FIG. 7 (i.e. the control unit of the 
passenger detection system) can be performed easily. The 
same effect can be obtained for the electrodes on the back 
section 1b of the passenger seat 1B. Especially, in the case 
Where the control unit is placed on the seat frame 3 of the 
passenger seat 1B, the length of the harness 7a and 7b can 
be shortened and the cost can be reduced. 

[0076] FIG. 11 is a schematic illustration of a seat Which 
is provided With a passenger detection system according to 
a second embodiment of the present invention, and FIG. 12 
is a plan vieW of an electrode structure 5A Which is provided 
to the seat of FIG. 11. The second embodiment is basically 
the same as the ?rst embodiment, except that the electrode 
structure 5A of the second embodiment is formed by com 
bining a ?rst base material 6a Which is placed in the cushion 
section 1a and a second base material 6b Which is placed in 
the back section 1b into one. In the electrode structure 5A, 
a plurality of electrodes E1 and E2 are ?xed at predeter 
mined positions on the ?rst base material 6a, and a plurality 
of electrodes E3 and E4 are ?xed at predetermined positions 
on the second base material 6b. The electrodes E1~E4 are 
provided With Wire harness 7a~7d respectively, and a con 
nector 8A is provided to the end of the Wire harness 7a~7a'. 
The electrode structure 5A is placed under covering mate 
rials 9 of the cushion section 1a and the back section 1b of 
the passenger seat 1B. It is preferable that the electrode 
structure 5A is ?xed to one of components of the passenger 
seat 1B, such as the cushion material 4, the covering material 
9, etc. The connector 8A of the electrode structure 5A is 
connected to the connector Which is provided to the trans 
mission/reception sWitching circuit 12 of the circuit of FIG. 
6 and FIG. 7. 

[0077] The other composition and the operation of the 
passenger detection system are the same as those of the ?rst 
embodiment, and thus repeated description thereof is omit 
ted for brevity. 

[0078] According to the second embodiment, all of the 
necessary electrodes E1~E4 are ?xed at predetermined 
positions on one base material 6 and preliminarily 
assembled as one electrode structure 5A. Therefore, the 
electrodes E1~E4 can be placed on the passenger seat 1B 
keeping the predetermined distances betWeen the electrodes 
E1~E4 only by placing or ?xing the electrode structure 5A 
under the covering materials 9 of the passenger seat 1B, and 
variation of the distances betWeen the electrodes E1~E4 
from the predetermined distances can be avoided almost 
perfectly even if the covering materials 9 moved according 
to seating actions and rising actions of the passenger. There 
fore, actual seating pattern of the passenger on the passenger 
seat 1B can be judged precisely preventing variation of the 
distances betWeen the electrodes and utiliZing the seating 
patterns (or the displacement current patterns) Which are 
prestored in the control circuit 17. 

[0079] While the present invention has been described 
With reference to the particular illustrative embodiments, it 
is not to be restricted by those embodiments but only by the 
appended claims. For example, the shapes of the electrodes 
Which are ?xed on the electrode structures are not limited to 

quadrangles as shoWn above, and the shapes can be circles, 
ellipsoids, polygons, etc. The siZes of the electrodes and the 
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number of the electrodes can be set arbitrarily. Although the 
electrode structures Were placed all over the cushion section 
1a and/or the back section 1b in the above embodiments, it 
is of course possible to provide the electrode structures so as 
to cover smaller areas on the cushion section 1a and/or the 
back section 1b. The Wire harness can be provided to each 
electrode by connecting lead Wires to the electrode, hoWever 
it is also possible to form the Wire harness by extending the 
material Which composes the electrode. The oscillation 
frequency of the oscillator circuit 10 can be set at other than 
100 KhZ according to the situation in the car, targets of 
detection, etc., and the output voltage of the oscillator circuit 
10 can also be varied adequately. The air bag unit 18 can 
employ a mechanical accelerometer instead of the electronic 
accelerometer AM. Further, the control unit of the passenger 
detection system is not limited to the circuit shoWn in FIG. 
6 and FIG. 7 and the operation of the passenger detection 
system can be modi?ed adequately. Furthermore, applica 
tion of the passenger detection system according to the 
present invention is not limited to front seats of cars. It is 
also possible to apply the passenger detection system 
according to the present invention to rear seats of cars or 
seats of other vehicles. It is to be appreciated that those 
skilled in the art can change or modify the embodiments 
Without departing from the scope and spirit of the present 
invention. 

What is claimed is: 
1. A passenger detection system for detecting seating 

status of a passenger on a seat of a vehicle by placing a 
plurality of electrodes apart on the upper side of the seat and 
generating a Weak alternating electric ?eld betWeen a trans 
mission electrode selected from the electrodes and reception 
electrodes other than the transmission electrode and detect 
ing displacement currents passing in the reception electrodes 
caused by the Weak alternating electric ?eld, Wherein: 

an electrode structure is preliminarily formed by ?xing 
the electrodes apart on an electrical insulating base 
material, and the electrode structure is placed betWeen 
a cushion material and a covering material of the seat. 

2. A passenger detection system as claimed in claim 1, 
Wherein the electrode structure is ?Xed to one or more 
components of the seat. 

3. A passenger detection system as claimed in claim 1, 
Wherein the electrodes are formed of electrically conductive 
fabric. 

4. A passenger detection system as claimed in claim 1, 
Wherein the electrodes are ?Xed to the base material by 
means of bonding by adhesives. 
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5. A passenger detection system as claimed in claim 1, 
Wherein the electrodes are ?Xed to the base material by 
means of bonding by heating of thermoplastic resin or 
thermosetting resin. 

6. A passenger detection system as claimed in claim 5, 
Wherein the electrodes are ?Xed to the base material by 
impregnating or applying thermoplastic resin or thermoset 
ting resin having bonding capability When heated into the 
electrodes and/or the base material, and placing the elec 
trodes at predetermined positions on the base material, and 
heating and pressing the base material on Which the elec 
trodes have been placed. 

7. A passenger detection system as claimed in claim 1, 
Wherein the electrodes are ?Xed to the base material by 
seWing. 

8. A passenger detection system as claimed in claim 1, 
Wherein the electrodes are ?Xed to the base material by 
coupling by means of hooks, buttons, or snaps. 

9. A passenger detection system as claimed in claim 1, 
Wherein the electrodes are ?Xed to the base material by 
coupling by means of fasteners such as Velcro fasteners. 

10. A passenger detection system as claimed in claim 1, 
Wherein the electrodes are provided to one side of the base 
material. 

11. A passenger detection system as claimed in claim 1, 
Wherein the electrodes of the electrode structure are pro 
vided With Wire harness to the end of Which a connector is 
provided. 

12. A passenger detection system as claimed in claim 1, 
Wherein the electrode structure for a cushion section of the 
seat and the electrode structure for a back section of the seat 
are formed separately, and the tWo electrode structures are 
provided to the cushion section and the back section of the 
seat respectively. 

13. A passenger detection system as claimed in claim 12, 
Wherein tWo electrodes are ?Xed on the electrode structure 
for the cushion section and tWo electrodes are ?Xed on the 
electrode structure for the back section. 

14. A passenger detection system as claimed in claim 1, 
Wherein the electrode structure for a cushion section and a 
back section of the seat is formed on one base material, and 
the electrode structure is placed under the covering materials 
of the cushion section and the back section of the seat. 

15. A passenger detection system as claimed in claim 14, 
Wherein the electrode structure is provided With tWo elec 
trodes for being placed on the cushion section of the seat and 
tWo electrodes for being placed on the back section of the 
seat. 


