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FIG. 2
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FIG. 4
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FIG. 5A
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OCCUPANT DETECTION SYSTEM FOR
VEHICLE

CROSS REFERENCE TO RELATED
APPLICATION

This application is based on and incorporates herein by
reference Japanese Patent Application No. 2002-261521
filed on Sep. 6, 2002.

FIELD OF THE INVENTION

The present invention relates to an occupant detection
system that determines a seat occupancy condition of a
vehicle and sends the determined conditions to an occupant
protection system.

BACKGROUND OF THE INVENTION

It has been proposed that a vehicle seat occupancy con-
dition is determined for an appropriate operation of a vehicle
occupant protection system, such as an air bag system. The
seat occupancy condition includes presence or absence of an
occupant in a vehicle seat, an adult or a child, and a physique
of the occupant. To determine the seat occupancy condition,
several different methods are proposed.

One method is determining the condition by detecting
variations in load applied by the occupant using pressure
sensors arranged in a seat. Other methods include determin-
ing the condition by measuring a hip size of the occupant
and calculating a sum of applied pressures, and by measur-
ing the weight of the occupant using strain sensors.

The condition can be accurately determined by the above
methods if the occupant is properly seated. However, the
condition may not be accurately determined if a part of the
hip is lifted due to a wobble of the vehicle or an accelerated
velocity as in a case that the vehicle turns at high speed. That
is because the measured weight or hip size of the occupant
varies in such a case. Therefore, the condition may not be
accurately determined. When the inaccurately determined
condition is sent to the air bag system, improper air bag
deployment may be performed.

To solve the problem, it is proposed that a physique of the
occupant is detected in a condition that the occupant is
properly seated in a vehicle seat with a seatbelt fastened. The
detected physique is stored as physique data. One of such
kind is proposed in JP-A-2000-302003. The physique is
always accurately detected because a measurement per-
formed for the detection is not affected by the wobble or the
accelerated velocity. Thus, appropriate physique data is
always available for air bag deployment control.

In the above device, the physique data is stored only when
the seatbelt is fastened. Therefore, the appropriate physique
data is not stored if the occupant does not properly fasten the
seatbelt.

SUMMARY OF THE INVENTION

The present invention therefore has an objective to pro-
vide an occupant detection system that provides accurate
seat occupancy condition data. The seat occupancy condi-
tion data is created without influence of a wobble or an
accelerated velocity of a vehicle, and stored in accordance
with a driving condition.

An occupant detection system of the present invention
includes a physique detection means and a seat occupancy
condition determination means. The seat occupancy condi-
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tion determination means determines a seat occupancy con-
dition, that is, whether a vehicle seat is occupied and the seat
is occupied by an adult or a child. The determination is made
based on the occupant physique detected by the physique
detection means. Then, the condition determination means
sends the occupant physique data to an occupant protection
system. The seat occupancy condition is stored in accor-
dance with the driving condition of the vehicle.

When a part of the hip is lifted due to the wobble of the
vehicle or the accelerated velocity as in a case that the
vehicle turns at high speed, the physique is not accurately
determined. As a result, the seat occupancy condition is not
properly determined. In such a case, the seat occupancy
condition previously stored is used, in other words, the
stored condition is not altered. Therefore, the properly
determined seat occupancy condition is always available.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objectives, features and advantages
of'the present invention will become more apparent from the
following detailed description made with reference to the
accompanying drawings. In the drawings:

FIG. 1 is a block diagram of an occupant detection system
according to the first embodiment of the present invention;

FIG. 2 is a top view of a vehicle showing an arrangement
of the occupant detection system in the vehicle;

FIG. 3 is a perspective view of a vehicle seat and the
occupant detection system;

FIG. 4 is a flowchart of an occupant detection process
according to the first embodiment;

FIG. 5A is an explanatory diagram showing a seat occu-
pancy condition that is altered from a child to an adult;

FIG. 5B is an explanatory graph showing changes in
weight of the occupant;

FIG. 5C is an explanatory graph showing changes in
velocity of the vehicle;

FIG. 5D is an explanatory graph showing changes in seat
occupancy condition;

FIG. 6A is an explanatory diagram shown in a seat
occupancy condition that is altered from a child to an adult;

FIG. 6B is an explanatory graph showing changes in
weight of the occupant;

FIG. 6C is an explanatory graph showing changes in
velocity of the vehicle;

FIG. 6D is an explanatory graph showing changes in seat
occupancy condition;

FIG. 7 is a graph showing a relationship between a
velocity threshold and a steering angle of the vehicle accord-
ing to the second embodiment of the present invention; and

FIG. 8 is a graph showing a relationship between the
velocity threshold and an accelerated velocity according to
the third embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The preferred embodiments of the present invention will
be explained with reference to the accompanying drawings.
In the drawings, the same numerals are used for the same
components and devices.

First Embodiment

Referring to FIG. 1, an occupant detection system 1
includes an occupant detection electronic control unit (occu-
pant detection ECU) 10, four strain gage-type load sensors
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21,22, 23, 24, and a speed sensor 31. A physique of a vehicle
occupant is determined based on the occupant weight, which
is calculated from loads detected by the strain gage-type
load sensors (physique detection means) 21-24.

The occupant detection ECU 10 includes a CPU 11, a 5V
power source 12, an EEPROM 13, a speed sensor interface
(IF) 14, and a communication interface (COM IF) 15. The
occupant detection ECU 10 is located under a vehicle seat 5
as shown in FIGS. 2 and 3. The occupant detection ECU 10
can be installed under a passenger seat although FIGS. 2 and
3 only show the case of the driver’s seat. The seat occupancy
condition of the passenger seat changes more often than that
of the driver’s seat. Therefore, it is more effective to install
the occupant detection system 1 for the passenger seat than
the driver’s seat.

The CPU 11 that includes a ROM 11a and a RAM 115 is
connected to an ignition switch (IG-SW) 42 that is con-
nected to an onboard battery 41. It executes an occupant
detection program stored in the ROM 11a. The ROM 11a
also stores a velocity threshold Vth, an empty seat threshold
Eth, and an occupant weight threshold Wth. The CPU 11 is
supplied with power from the power source 12 and turned on
and off according to on-off signals from the IG-SW 42. A
work area used by the CPU 11 and a seat occupancy
condition storage area 11c are reserved in the RAM 115.

The EEPROM 13 is an electrically rewritable nonvolatile
memory used for storing error data when an error has
occurred in the load sensors 21-24 and the speed sensor 31.
The error data contains output values of the sensors 21-24,
31.

The IF 14 is an interface member that is connected to the
speed sensor 31 via a communication line for receiving a
speed signal from the speed sensor 31 and inputting it to the
CPU 11. The COM IF 15 is an interface member that is
connected to the air bag ECU 43 for inputting the seat
occupancy condition determined by the CPU 11 to the air
bag ECU 43 via a communication line.

The load sensors 21-24 are mounted on seat rails 6 at the
right front, the right rear, the left front, and the left rear,
respectively. They output analog voltage signals indicative
of the loads applied to potions of the seat 5. Power is
supplied to the load sensors 21-24 by the 5V power source
12.

The speed sensor 31 is a known speed sensor installed for
detecting a vehicle speed and outputting a speed signal, and
connected to the IF 14 via a communication line. The air bag
ECU 43 is a control unit for controlling a deployment of an
air bag 44, which is an occupant protection system. It is
arranged in an interior of the vehicle and connected to the
COM IF 15 via a communication line. The air bag ECU 43
performs various controls of the air bag 44, such as a start
and a stop of the air bag deployment and air bag inflation
control according to the size of the occupant. The controls
are performed based on the seat occupancy conditions
provided by the occupant detection ECU 10.

When the seat occupancy condition sent from the occu-
pant detection ECU 10 is “empty,” the air bag ECU 43 does
not perform the air bag deployment even when a vehicle
crash is detected. When the crash is detected and the seat
occupancy condition is “the occupant is an adult,” the air
bag ECU 43 performs the air bag deployment at the maxi-
mum inflation level. When the crash is detected and the seat
occupancy condition is “the occupant is a child,” the air bag
ECU 43 performs the air bag deployment at a reduced
inflation level.

The occupant detection process is performed following
the steps shown in FIG. 4. The process is repeated at an
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interval of 500 ps to 1 ms by the CPU 11. Loads applied to
the seat 5 are calculated by each area from the analog
voltage signals outputted by the load sensors 21-24, and the
loads are summed for calculating the weight W of the
occupant (S1).

A velocity signal V is received from the speed sensor 31,
and compared with the velocity threshold Vth (S2). The
threshold Vth is the maximum velocity at which the occu-
pant detection can be properly performed. In other words,
the occupant detection cannot be properly performed if the
velocity of the vehicle is higher than the threshold Vth. The
threshold Vth is set at around 20 km/h.

When the velocity V is equal to or lower than the
threshold Vth (the first driving condition), the weight W is
compared with the empty threshold Eth (S3). The empty
threshold Eth is set at around 10 kg. If the weight W is lower
than the empty seat threshold Eth, the seat occupancy
condition is determined as “empty” (S5). If the weight W is
higher than the empty seat threshold Eth, the seat occupancy
condition is determined as occupied, and the weight W is
compared with the occupant detection threshold Wth (S4).
The occupant threshold Wth is set at around 35 kg.

If the weight W is equal to or lower than the occupant
detection threshold Wth, the seat occupancy condition is
determined as “the occupant is a child” (S6). If the weight
W is over the occupant threshold Wth, the seat occupancy
condition is determined as “the occupant is an adult” (S7).
One of the conditions determined at steps S5-S7 is stored in
the seat occupancy condition storage area 11c¢ (S8) of the
RAM 115 as seat occupancy condition data. The seat occu-
pancy condition data previously stored in the RAM 115 is
overwritten with the currently determined seat occupancy
condition data.

The newly stored seat occupancy condition data is sent by
the COM IF 15 to the air bag ECU 43 via the communication
line (S9) and the process is completed.

If the velocity V is over the velocity threshold Vth (the
second driving condition), the occupant detection steps
S3-S7 and the data storing step S8 is not performed. The
previously stored data is sent to the air bag ECU 43 by the
COM IF 15 via the communication line (S9), and the process
is completed.

The data including the seat occupancy condition previ-
ously determined and stored in the storage area 11c is sent
to the air bag ECU 43 without being overwritten. The data
stored in the RAM 115 is not updated when the velocity is
over the threshold Vth and proper determination cannot be
made. As a result, improper deployment of the air bag is less
likely to happen. Step S2 and steps S3—S7 correspond to the
driving condition determination means and the seat occu-
pancy condition determination means, respectively.

The seat occupancy condition determination steps will be
explained in detail referring to FIGS. 5A, 5B, and 6. The
weight W of the occupant is Eth« W=Wth in the initial
condition. Since the velocity V is equal to or lower than the
threshold Vth, it is determined that the occupant is a child.

When an adult is seated instead of the child in the seat, the
weight W becomes W>Wth. The velocity V is lower than the
threshold Vth when time T has passed since the weight W
has reached a value that is the threshold Wth plus a prede-
termined offset. Therefore, it is determined that the occupant
is an adult. In other words, the seat occupancy condition is
changed from a child to an adult, and this change is sent to
the air bag ECU 43.

The weight W changes from W>Wth to Eth«W<Wth
when a child is seated instead of the adult in the seat. The
velocity V is lower than the threshold Vth when time T has
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passed since the weight W has reached a value that is the
threshold Wth minus the offset. Therefore, it is determined
that the occupant is a child. In other word, the seat occu-
pancy condition is changed from an adult to a child, and that
information is sent to the air bag ECU 43.

As described above, the loads applied to the seat 5 are
measured by the load sensors 21-24, and the weight of the
occupant is calculated based on the measured loads. Then,
the seat occupancy condition is determined based on the
weight, and the determined condition is sent to the air bag
ECU 43 via the COM IF 15. The seat occupancy condition
is stored according to the velocity of the vehicle. Under the
condition that the occupant is not properly seated due to an
accelerated velocity or a wobble of the vehicle, the previous
seat occupancy condition is maintained. In other words, the
previous seat occupancy condition is not overwritten. As a
result, improper seat occupancy determination is reduced
and reliable determination is performed.

When it is determined that the velocity signal from the
speed sensor 31 is equal to or lower than the threshold Vth,
the seat occupancy condition is determined at steps S3 to S7.
The determined seat occupancy condition is stored in the
storage area 11¢ and sent to the air bag ECU 43 at step S9.
Thus, the seat occupancy condition is properly determined
based on the currently calculated weight under the condition
that the velocity V is equal to or lower than the threshold
Vth.

On the other hand, the previous seat occupancy condition
stored in the storage area 11c¢ is maintained and sent to the
air bag ECU 43 under the condition that the velocity V is
over than the threshold Vth. The seat occupancy condition
determination is not performed when the occupant is not
properly seated in the seat

It is determined whether the vehicle is traveling under the
speed that the seat occupancy condition determination is
properly performed. The vehicle speed is determined based
on a signal from a speed sensor that is normally equipped in
a vehicle. Therefore, no additional hardware for the deter-
mination is required.

Furthermore, the first driving condition and the second
driving condition are properly determined by comparing the
current velocity V with the threshold Vth stored in the ROM
11a. It is also properly determined whether the seat is
occupied by comparing the empty seat threshold stored in
the ROM 115 with the weight calculated from the load
sensed by the load sensors 21-24. If the seat is occupied, it
is determined that the seat is occupied by a child or by an
adult by comparing the weight with the occupant detection
threshold Wth stored in the ROM 1154.

Second Embodiment

The driving condition is determined based on the speed
signal and a signal indicative of a steering angle detected by
a yaw rate sensor. The velocity threshold Vth is set so that
it decreases as the steering angle 0 decreases as shown in
FIG. 7. The driving condition is determined based on two
factors that affect the seat occupancy condition determina-
tion. The two factors are the vehicle speed and the steering
angle. As a result, the driving condition is properly deter-
mined.

The bottom of the occupant tends to be lifted when the
steering angle 0 is large even the velocity is low. In such a
case, the seat occupancy condition stored in the storage area
11¢ is maintained. Therefore, the proper seat occupancy
condition is always available.
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6
Third Embodiment

The driving condition is determined based on an accel-
erated velocity Va detected by an omnidirectional sensor in
addition to the velocity V and the steering angle 0 used in the
second embodiment. The velocity threshold Vth is set so that
it decreases as the accelerated velocity Va increases as
shown in FIG. 8. The driving condition is determined based
on the accelerated velocity Va in a direction that affects the
seat occupancy condition determination. Therefore, the driv-
ing condition is properly determined.

The hip of the occupant may be lifted due to the accel-
erated velocity Va even when the velocity is low. In such a
case, the seat occupancy condition stored in the storage area
11¢ is maintained. Therefore, the proper seat occupancy
condition is always available.

The present invention should not be limited to the
embodiment previously discussed and shown in the figures,
but may be implemented in various ways without departing
from the spirit of the invention. For example, the occupant
detection system 1 may be used for other types of occupant
protection systems including a seatbelt pretensioner device
and a seatbelt retractor device. The seat occupancy condition
may be determined by measuring the hip size of the occu-
pant. The velocity sensor may be equipped to each wheel of
the vehicle.

What is claimed is:

1. An occupant detection system for an occupant protec-
tion system in a vehicle, comprising:

a physique detection means that detects physique of a

vehicle occupant; and

a seat occupancy condition determination means that

determines a seat occupancy condition of the occupant
based on occupant physique data indicative of the
physique detected by the physique detection means,
wherein

the determined seat occupancy condition is sent to the

occupant protection system, and
the determined seat occupancy condition is stored in
accordance with a driving condition of the vehicle,

further including a driving condition determination means
that determines one of a first driving condition and a
second driving condition, wherein:

the seat occupancy condition determination means deter-

mines the seat occupancy condition, stores the deter-
mined seat occupancy condition, and sends the deter-
mined seat occupancy condition to the occupant
protection system when the driving condition is deter-
mined as the first driving condition; and

the seat occupancy condition determination means main-

tains the seat occupancy condition determined under
the first driving condition and sends the seat occupancy
condition to the occupant protection system when the
driving condition is determined as the second driving
condition.

2. The occupant detection system according to claim 1,
wherein the driving condition determination means deter-
mines the driving condition based on a velocity of the
vehicle.

3. The occupant detection system according to claim 2,
wherein:

the driving condition determination means determines the

first driving condition when the velocity of the vehicle
is equal to or lower than a predetermined velocity
threshold; and
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the driving condition determination means determines the
second driving condition when the velocity of the
vehicle is over the predetermined velocity threshold.

4. The occupant detection system according to claim 2,
wherein the driving condition determination means deter-
mines the driving condition based on a steering angle of the
vehicle in addition to the velocity of the vehicle.

5. The occupant detection system according to claim 2,
wherein the driving condition determination means deter-
mines the driving condition based on an accelerated velocity
in any of a plurality of directions of the vehicle in addition
to the velocity of the vehicle.

6. The occupant detection system according to claim 1,
wherein the seat occupancy condition determination means
compares the physique data with at least one of predeter-
mined thresholds;

the seat occupancy condition determination means deter-

mines whether an occupant is present in the seat based
on the comparison; and

the seat occupancy condition determination means deter-

mines whether the occupant is an adult or a child based
on the comparison if the occupant is present.

7. The occupant detection system according to claim 6,
wherein:

the seat occupancy condition determination means deter-

mines that the seat is empty when the physique data is
equal to or lower than a predetermined empty seat
threshold;
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the seat occupancy condition determination means deter-
mines that the seat is occupied by a child when the
physique data is over the empty seat threshold and
equal to or lower than an occupant detection threshold;
and

the seat occupancy condition determination means deter-

mines that the seat is occupied by an adult when the
physique data is over the occupant detection threshold.

8. The occupant detection system according to claim 1,
wherein:

the driving condition determination means determines the

first driving condition when the velocity of the vehicle
is equal to or lower than a predetermined velocity
threshold; and

the driving condition determination means determines the

second driving condition when the velocity of the
vehicle is over the predetermined velocity threshold.

9. The occupant detection system according to claim 1,
wherein the driving condition determination means deter-
mines the driving condition based on a steering angle of the
vehicle.

10. The occupant detection system according to claim 1,
wherein the driving condition determination means deter-
mines the driving condition based on an accelerated velocity
in any of a plurality of directions of the vehicle.
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