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detection results of the movement direction detector and the 
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mination is affirmative , maintains the high load of the force 
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VEHICLE OCCUPANT PROTECTION 
DEVICE 

CROSS - REFERENCE TO RELATED 
APPLICATION 

[ 0001 ] This application is based on and claims priority 
under 35 USC 119 from Japanese Patent Application No. 
2019-038357 filed on Mar. 4 , 2019 , the disclosure of which 
is incorporated by reference herein . 

BACKGROUND 

Technical Field 

[ 0002 ] The present disclosure relates to a vehicle occupant 
protection device . 

Related Art 

[ 0003 ] Japanese Patent Application Laid - Open No. 2016 
165994 describes an occupant protection device , and a 
program , that perform switching of a restraint load accord 
ing to an occupant's physique by operating an airbag and by 
means of a seat belt . In this conventional technique , when it 
is determined that the occupant's physique is greater than or 
equal to a predetermined physique and that the vehicle width 
direction ( vehicle left - right direction ) acceleration lower 
than a predetermined value , the belt load is switched to a low 
load . As a result , the load that an occupant receives from the 
seat belt is reduced . However , when it is determined that the 
occupant's physique is greater than or equal to a predeter 
mined physique and the vehicle left - right direction accel 
eration is greater than or equal to a predetermined value , the 
belt load is maintained at a high load . As a result , even when 
the occupant moves outside of a range protected by the 
airbag , the occupant is appropriately protected by the seat 
belt . 
[ 0004 ] In the conventional technique described above , it is 
determined whether or not the occupant will be protected by 
the airbag , and the switching of the belt load is controlled , 
based only on the occupant's physique and the acceleration 
in the left - right direction of the vehicle . However , even with 
the same acceleration in the vehicle left - right direction , 
whether or not the occupant will be protected by the airbag 
changes depending on differences in acceleration in the 
vehicle front - rear direction and on the position of the 
occupant ( initial position ) when a frontal collision occurs . 
For this reason , in the conventional technique described 
above , there is a possibility that the belt load ( force limiter 
load ) cannot be appropriately switched . 

direction in which a head region of the occupant will move 
relative to the vehicle at the time of frontal collision ; an 
initial position detector that detects a position of the head 
region prior to the movement ; and a control unit that makes 
a determination whether or not the head region will move 
outside of an area of protection by the airbag based on 
detection results of the movement direction detector and the 
initial position detector and , in a case in which the deter 
mination is affirmative , maintains the high load of the force 
limiter load . 
[ 0007 ] According to the first aspect , the movement direc 
tion detector detects a direction in which the head region of 
the occupant will move relative to the vehicle at time of 
frontal collision of the vehicle , and the initial position 
detector detects the position of the head region before the 
movement . Further , a control unit determines whether or not 
the occupant's head region will move outside of an area of 
protection by an airbag based on the detection results of the 
movement direction detector and the initial position detec 
tor . If this determination is affirmative that is , if it is 
determined that the occupant's head region will move out 
side of the airbag protection area the force limiter load is 
maintained at a high load . As a result , the occupant , whose 
head region will not be protected by the airbag , can be 
appropriately protected by the seat belt . In addition , since 
the above - described determination is made based on the 
direction in which the occupant's head region moves and the 
position of the head region before the movement ( hereinaf 
ter , also referred to as the “ initial position ” ) , the accuracy of 
the determination can be improved . As a result , it is possible 
to appropriately switch the force limiter load . 
[ 0008 ] A vehicle occupant protection device according to 
a second aspect of the present disclosure is that of the first 
aspect , in which the movement direction detector has a 
front - rear acceleration sensor that is provided at a floor 
portion of the vehicle and that detects acceleration in a 
vehicle front - rear direction , and a left - right acceleration 
sensor that is provided at the floor portion of the vehicle and 
that detects acceleration in a vehicle left - right direction . 
[ 0009 ] In the second aspect , the vehicle front - rear accel 
eration and the vehicle left - right acceleration are detected by 
the front - rear acceleration sensor and the left - right accelera 
tion sensor provided on the floor portion of the vehicle , and 
the movement direction of the occupant's head region is 
detected based on these accelerations . As a result , the 
movement direction of the occupant's head region can be 
detected with a simple configuration . 
[ 0010 ] A vehicle occupant protection device of a third 
aspect of the present disclosure is that of the second aspect , 
in which : the control unit stores plural maps having accel 
eration in the vehicle front - rear direction as a vertical axis 
and acceleration in the vehicle left - right direction as a 
horizontal axis , and determination thresholds for determin 
ing whether or not the head region will move outside of the 
protection area are respectively set in advance in the plural 
maps in accordance with different positions of the head 
region prior to the movement . 
[ 0011 ] In the third aspect , the control unit stores plural 
maps . In these maps , the vertical axis represents the vehicle 
front - rear acceleration , and the horizontal axis represents the 
vehicle left - right acceleration . Further , in these maps , deter 
mination thresholds for determining whether or not the head 
region will move outside of the area of protection by the 
airbag are set , respectively , in accordance with differences in 

SUMMARY 

[ 0005 ] In view of the foregoing circumstances , the present 
disclosure aims to provide a vehicle occupant protection 
device that can accurately determine whether or not an 
occupant will be protected by an airbag and that can appro 
priately switch the force limiter load . 
[ 0006 ] A vehicle occupant protection device according to 
a first aspect of the present disclosure includes : a seat belt 
device having a selectable force limiter that is configured to 
switch a force limiter load , which an occupant receives from 
a seat belt at a time of frontal collision of a vehicle , from a 
high load to a low load ; an airbag device that deploys an 
airbag in front of the occupant at the time of frontal 
collision ; a movement direction detector that detects a 
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BRIEF DESCRIPTION OF THE DRAWINGS the initial position of the head region . For this reason , the 
control unit selects a map according to a difference in the 
initial position of the head region , and also maps the 
respective accelerations detected by the front - rear accelera 
tion sensor and the left - right acceleration sensor onto the 
map selected as described above and estimates the move 
ment trajectory of the head region , whereby it is possible to 
determine with high accuracy whether or not the head region 
will move outside of the airbag protection area . 
[ 0012 ] The vehicle occupant protection device of a fourth 
aspect of the present disclosure is that of the first aspect , in 
which : the control unit stores a time limit for a case in which 
the selectable force limiter is operated at the time of frontal 
collision , measures a time from detection of the frontal 
collision until the time limit with a timer , and determines 
whether or not the head region will move outside of the 
protection area within a specified time calculated from the 
time limit . 
[ 0013 ] In the fourth aspect , the control unit stores a time 
limit for a case in which the selectable force limiter is 
operated at a time of frontal collision . This time limit is 
obtained , for example , as a test value ( measured value ) of a 
collision test . The control unit measures the time from 
detection of a frontal collision until the time limit with a 
timer , and determines whether or not the occupant's head 
region will move outside of the protection area within a 
specified time calculated from the time limit . As a result , it 
is possible to prevent the operation of the selectable force 
limiter ( switching from a high load to a low load ) from being 
too late ; that is , it is possible to prevent a situation in which 
the effect of this switching is not obtained . 
[ 0014 ] The vehicle occupant protection device of a fifth 
aspect of the present disclosure is that of the first aspect , in 
which the vehicle occupant protection device includes a 
severity detector for detecting the severity of the frontal 
collision , and in which the control unit maintains the force 
limiter load at the high load in a case in which a detection 
result from the severity detector exceeds a preset threshold . 
[ 0015 ] In the fifth aspect , when the severity of the frontal 
collision ( crash severity ) detected by the severity detector 
exceeds a preset threshold value ( that is , when the crash 
severity is high ) , the control unit maintains the force limiter 
load at a high load . As a result , when the crash severity is 
high , the occupant can be appropriately protected . 
[ 0016 ] The vehicle occupant protection device of a sixth 
aspect of the present disclosure is that of the first aspect , in 
which the initial position detector has at least one of a seat 
position sensor that detects a position of a vehicle seat at 
which the occupant is seated or a vehicle interior camera that 
images the occupant . 
[ 0017 ] In the sixth aspect , the initial position of the 
occupant is detected based on at least one of the position of 
the vehicle seat detected by the seat position sensor or an 
image of the occupant captured by the vehicle interior 
camera . When the seat position sensor is used , the configu 
ration of the initial position detector can be simplified , and 
when the vehicle interior camera is used , the initial position 
of the head can be detected with high accuracy . 
[ 0018 ] As described above , according to the vehicle occu 
pant protection device according to the present disclosure , it 
can be accurately determined whether or not the occupant 
will be protected by the airbag , and the force limiter load can 
be appropriately switched . 

[ 0019 ] Exemplary embodiments of the present disclosure 
will be described in detail based on the following figures , 
wherein : 
[ 0020 ] FIG . 1 is a side view illustrating a configuration in 
the vicinity of a driver's seat of a vehicle to which a vehicle 
occupant protection device according to an embodiment of 
the present disclosure is applied ; 
[ 0021 ] FIG . 2 is a block diagram illustrating a configura 
tion of a vehicle occupant protection device according to an 
embodiment of the present disclosure ; 
[ 0022 ] FIG . 3 is a logic diagram showing an AND circuit 
for determining the operation of a selectable force limiter ; 
[ 0023 ] FIG . 4A is a diagram showing an example of a map 
stored in a control unit ; 
[ 0024 ] FIG . 4B is a diagram showing another example of 
a map stored in a control unit ; 
[ 0025 ] FIG . 5A is a diagram showing an example of an 
airbag protection area containment determination ; 
[ 0026 ] FIG . 5B is a diagram showing another example of 
an airbag protection area containment determination ; 
[ 0027 ] FIG . 5C is a diagram showing still another example 
of an airbag protection area containment determination ; 
[ 0028 ] FIG . 6 is a flowchart showing a control procedure 
of a control unit ; 
[ 0029 ] FIG . 7A is a plan view for explaining the relation 
ship between acceleration generated at a time of frontal 
collision and a movement direction of a head region , and 
shows an example in which the head region cannot be 
protected by an airbag ; 
[ 0030 ] FIG . 7B is a plan view for explaining the relation 
ship between acceleration generated at a time of frontal 
collision and a movement direction of a head region , and 
shows an example in which the head region can be protected 
by an airbag ; 
[ 0031 ] FIG . 8A is a plan view for explaining that the 
possibility of protection by an airbag differs depending on 
the position of a head region before moving relative to the 
vehicle owing to a frontal collision , and shows an example 
in which the head region cannot be protected ; and 
[ 0032 ] FIG . 8B is a plan view for explaining that the 
possibility of protection by an airbag differs depending on 
the position of a head region before moving relative to the 
vehicle due to a frontal collision , and shows an example in 
which the head region can be protected . 

DETAILED DESCRIPTION 

[ 0033 ] A vehicle occupant protection device 10 according 
to a first embodiment of the present disclosure is described 
using FIG . 1 through FIG . 8B . Note that arrow FR , arrow 
LH and arrow UP that are shown as appropriate in the 
respective drawings indicate the forward direction ( forward 
travel direction ) , the leftward direction and the upward 
direction of a vehicle , respectively . Unless specifically stated 
otherwise , in the following explanation , simple reference to 
front and rear , left and right , and up and down directions 
refers to the front and rear in a vehicle front - rear direction , 
the left and right in a vehicle left - right direction ( vehicle 
width direction ) , and up and down in a vehicle vertical 
direction . 
[ 0034 ] ( Configuration ) 
[ 0035 ] As shown in FIGS . 1 and 2 , the vehicle occupant 
protection device 10 according to an embodiment of the 
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present disclosure includes a seat belt device 26 , an airbag 
device 46 , a millimeter wave radar 62 , a vehicle exterior 
camera 64 , a collision sensor 66 , a floor front - rear G sensor 
70 as a front - rear acceleration sensor , a floor left - right G 
sensor 72 as a left - right acceleration sensor , a seat position 
sensor 76 , and an ECU ( Electronic Control Unit ) 58 as a 
control unit . The millimeter wave radar 62 , the vehicle 
exterior camera 64 , and the collision sensor 66 configure a 
severity detector 60 , the floor front - rear G sensor 70 and the 
floor left - right G sensor 72 configure a movement direction 
detector 68 , and the seat position sensor 76 configures an 
initial position detector 74 . 
[ 0036 ] A vehicle seat 14 that is a driver's seat is provided 
in the front part of the vehicle cabin of a vehicle 12 to which 
the vehicle occupant protection device 10 is applied . The 
configuration is such that the occupant ( driver ) P seated on 
the vehicle seat 14 is protected ( restrained ) by the seat belt 
device 26 and the airbag device 46 at a time of frontal 
collision of the vehicle 12 . 
[ 0037 ] Here , the vehicle seat 14 is a driver's seat arranged 
on the right side of the front part of the vehicle cabin . The 
vehicle seat 14 includes a seat cushion 16 on which an 
occupant Pis seated , a seat back 18 that is tiltably connected 
to a rear end portion of the seat cushion 16 , and a headrest 
20 that is connected to an upper end portion of the seat back 
18 and has adjustable height . The front - rear , left - right , and 
vertical directions of the vehicle seat 14 coincide with the 
front - rear , left - right , and vertical directions of the vehicle 
12. In addition , when the vehicle seat 14 is disposed on the 
left side of the front part of the vehicle cabin , the configu 
ration has left - right symmetry with the present embodiment . 
[ 0038 ] The seat cushion 16 is connected to a floor portion 
12A of the vehicle 12 via a slide mechanism 22 for adjusting 
the front - rear slide position of the vehicle seat 14. The rear 
end portion of the seat cushion 16 is connected to the lower 
end portion of the seat back 18 via a reclining mechanism 24 
for adjusting the reclining angle of the seat back 18. The 
slide mechanism 22 is configured to slide the vehicle seat 14 
back and forth with respect to the floor portion 12A by the 
driving force of a motor , and the reclining mechanism 24 is 
configured to tilt the seat back 18 back and forth around the 
lower end portion thereof by the driving force of a motor . 
Note that the slide mechanism 22 and the reclining mecha 
nism 24 may be manually operated . 
[ 0039 ] The seat belt device 26 applied to the vehicle seat 
14 includes a three - point seat belt ( webbing ) 28 , a retractor 
( webbing take - up device ) 30 , a tongue 38 , and a buckle 40 . 
The retractor 30 is disposed at an upper portion of the seat 
back 18 , and the buckle 40 is disposed at a side ( here , the left 
side ) of the vehicle seat 12 . 
[ 0040 ] One end part ( not shown ) of the seat belt 28 is 
moored to an anchor plate ( not shown ) fixed to the seat 
cushion 16 or the slide mechanism 22 on the right side of the 
vehicle seat 14 , and the other end of the seat belt 28 is 
moored to a take - up shaft 32 of the retractor 30. The 
retractor 30 is fixed to a frame ( not shown ) of the seat back 
18 . 
[ 0041 ] A belt guide 42 having a longitudinal hole ( belt 
insertion hole ) ( not shown ) is attached to the upper end 
portion of the seat back 18 , and the other end side of the seat 
belt 28 is inserted into the longitudinal hole of the belt guide 
42. An intermediate portion of the seat belt 28 is inserted into 
a longitudinal hole ( reference number omitted ) formed in the 
tongue 38. Accordingly , the tongue 38 is slidably attached to 

the intermediate portion of the seat belt 28. The buckle 40 is 
disposed at a side ( here , the left side ) of the seat cushion 16 , 
and is connected to the slide mechanism 22 via a bracket 41 . 
[ 0042 ] When the tongue 38 is connected to the buckle 40 , 
a state is achieved in which the occupant P is wearing the 
seat belt 28. In this seat belt - wearing state , a portion of the 
seat belt 28 from the belt guide 42 to the tongue 38 is a 
shoulder belt 28A that restrains the shoulder to the abdomen 
of the occupant P , and a portion of the seat belt 28 from the 
tongue 38 to the anchor plate is a lap belt 28B that restrains 
the waist of the occupant P. 
[ 0043 ] The above - described retractor 30 includes a pre 
tensioner 34 and a selectable force limiter 36. The preten 
sioner 34 is configured to forcibly rotate the take - up shaft 32 
in one direction around the axis ( the take - up direction in 
which the seat belt 28 is taken up ) at a time of frontal 
collision of the vehicle 12. The pretensioner 34 is , for 
example , an explosive - type pretensioner , and the configu 
ration is such that the seat belt 28 is forcibly wound around 
the take - up shaft 32 ( drawn into the retractor 30 ) by only a 
predetermined amount by rotation of the take - up shaft 32 
caused by ignition of the explosive . Operation of the pre 
tensioner 34 is controlled by an ECU 58 that is described 
below . 
[ 0044 ] The selectable force limiter 36 ( SFL ) is configured 
so as to allow rotation of the take - up shaft 32 in the other 
direction around the axis ( the pull - out direction for pulling 
out the seat belt 28 ) —that is , to allow only a fixed amount 
of pull - out of the seat belt 28 from the retractor 30 — at a time 
of frontal collision of the vehicle 12 , and so as to apply a 
limit load ( force limiter load ) to this pulling out . The 
selectable force limiter 36 can switch the above - described 
force limiter load received by the occupant P from the seat 
belt 28 at a time of frontal collision of the vehicle 12 , from 
a high load to a low load . As the selectable force limiter 36 , 
the conventionally known selectable force limiters dis 
closed , for example , in JP - A Nos . 2013-103603 , 2016 
165994 , 2018-075877 , and 2018-131168 , can be applied . 
The operation of the selectable force limiter 36 is controlled 
by an ECU 58 that is described below . Note that the specific 
configuration of the selectable force limiter 36 is not an 
essential portion of the present embodiment , and therefore , 
description thereof is omitted . 
[ 0045 ] The airbag device 46 is a driver's seat airbag 
device mounted at a steering device 13 of the vehicle 12 , and 
includes an airbag 48 sewn in a bag shape , and an inflator 50 
that supplies inflation gas into the airbag 48 ( see FIG . 2 ; not 
shown in FIG . 1 ) . The airbag 48 is normally modularized 
together with the inflator 50 in a folded state , and is covered 
with a hole pad 13B ( not shown ) provided at the center of 
a steering wheel 13A . The airbag 48 is inflated by the 
pressure of gas generated by the inflator 50 , and is deployed 
toward the rear side of the steering wheel 13A ; that is , in 
front of the occupant P ( see the two - dot chain line in FIG . 
1 ) . When the airbag 48 is deployed , the wheel pad 13B is 
broken at a tear line ( thin wall portion ) . The operation of the 
inflator 50 is controlled by the ECU 58 . 
[ 0046 ] The ECU 58 is an airbag ECU that is a control 
device of the airbag device 46 , for example , and is disposed 
at the floor portion 12A of the vehicle 12 below a center 
console ( not shown ) . The ECU 58 is configured by a 
microcomputer including a CPU ( central processing unit ) 
58A , a RAM ( random access memory ) 58B , and a ROM 
( read - only memory ) 58C , and opens a program 58C1 , stored 
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in the ROM 58C , in the RAM 58B for execution by the CPU 
58A . The ECU 58 has a timer for measuring time at a time 
of frontal collision of the vehicle 12. As shown in FIG . 2 , the 
pretensioner 34 , the selectable force limiter 36 , and the 
inflator 50 are electrically connected to the ECU 58. The 
ECU 58 is electrically connected to the millimeter wave 
radar 62 , the vehicle exterior camera 64 , the collision sensor 
66 , the floor front - rear G sensor 70 , the floor left - right G 
sensor 72 , and the seat position sensor 76 . 
[ 0047 ] The millimeter wave radar 62 is disposed , for 
example , at the front end of the vehicle 12 , and detects the 
relative speed between the vehicle 12 and a collision partner 
before frontal collision of the vehicle 12. Instead of the 
millimeter wave radar 62 , a laser radar such as an infrared 
laser may be used . The vehicle exterior camera 64 is , for 
example , a stereo camera disposed at the front end portion 
of the vehicle cabin of the vehicle 12 , and images the 
situation outside the vehicle . The collision sensor 66 is , for 
example , a front satellite sensor disposed at the front end of 
the vehicle 12 , and detects acceleration at a time of frontal 
collision of the vehicle 12 . 
[ 0048 ] The floor front - rear G sensor 70 and the floor 
left - right G sensor 72 are provided in the ECU 58. The floor 
front - rear G sensor 70 detects acceleration in the vehicle 
front - rear direction ( hereinafter also referred to as “ vehicle 
front - rear G ” ) at a time of frontal collision of the vehicle 12 . 
The floor left - right G sensor 72 detects acceleration in the 
vehicle left - right direction at a time of frontal collision of the 
vehicle 12 ( hereinafter also referred to as “ vehicle left - right 
G ” ) . The floor front - rear G sensor 70 and the floor left - right 
G sensor 72 configure a movement direction detector 68 that 
detects the direction in which the head region H of the 
occupant P will move relative to the vehicle 12 at a time of 
frontal collision of the vehicle 12. The above - described 
frontal collision includes symmetrical collisions ( front col 
lisions ; full - wrapping frontal collisions ) and also asym 
metrical collisions such as diagonal collisions ( oblique col 
lisions ) and minute overlap collisions ( small overlap 
collisions ) . 
[ 0049 ] The seat position sensor 76 detects the position 
( seat position ) of the vehicle seat 14 with respect to the 
vehicle 12 , and includes a slide position detection sensor and 
a reclining angle detection sensor ( both not shown ) . The 
slide position detection sensor is provided in the slide 
mechanism 22 , for example , and is configured to detect the 
front - rear slide position of the vehicle seat 14 with respect 
to the floor portion 12A based on the number of rotations of 
the motor of the slide mechanism 22. The reclining angle 
detection sensor is provided in the reclining mechanism 24 , 
for example , and is configured to detect the reclining angle 
of the seat back 18 based on the number of rotations of the 
motor of the reclining mechanism 24. The seat position 
sensor 76 configures an initial position detector 74 that 
detects the position of the head region H of the occupant P 
before the occupant P moves inertially with respect to the 
vehicle 12 as a result of the impact of a frontal collision 
( hereinafter sometimes referred to as the “ initial position ” ) . 
For example , when the sliding range of the vehicle seat 14 
in the vehicle front - rear direction is narrow , the initial 
position of the head region H may be detected based only on 
the reclining angle . Further , for example , when the reclining 
range of the vehicle seat 14 is narrow , the initial position of 
the head region H may be detected based only on the 
front - rear slide position . 

[ 0050 ] The ECU 58 is configured to operate the inflator 50 
and the pretensioner 34 when outputs from the collision 
sensor 66 , the floor front - rear G sensor 70 , and the floor 
left - right G sensor 72 exceed preset operation thresholds . 
Further , the ECU 58 detects the relative speed between the 
vehicle 12 and the collision partner , the size and weight of 
the collision partner , the manner of frontal collision , and the 
like based on outputs from the millimeter wave radar 62 , the 
vehicle exterior camera 64 and the collision sensor 66 , and 
determines the severity AV of the frontal collision ( crash 
severity ) . When the ECU 58 determines that the frontal 
collision will be severe that is , when the outputs from the 
millimeter wave radar 62 , the vehicle exterior camera 64 and 
the collision sensor 66 exceed a preset severity threshold 
the selectable force limiter 36 is deactivated , and the force 
limiter load is maintained at a high load ( the high load is 
unchanged ) . 
[ 0051 ] Further , the ECU 58 determines whether or not the 
head region H of the occupant P will move outside of the 
area of protection by the airbag 48 ( hereinafter also referred 
to as the “ airbag protection area ” ) based on outputs from the 
floor front - rear G sensor 70 , the floor left - right G sensor 72 , 
and the seat position sensor 76 at a time of frontal collision 
of the vehicle 12. That is , when the frontal collision of the 
vehicle 12 is an asymmetrical collision such as an oblique 
collision or a minute overlap collision , the head region H 
moves inertially diagonally forward with respect to the 
vehicle 12. For this reason , the ECU 58 determines ( esti 
mates ) whether or not the head region H will move outside 
of ( depart from ) the airbag protection area that is , whether 
or not the head region H can be protected by the airbag 
48 using the initial position of the head region H detected 
by the seat position sensor 76 and a time integration of the 
vehicle front - rear G and the vehicle left - right G detected by 
the floor front - rear G sensor 70 and the floor left - right G 
sensor 72. Hereinafter , this determination may be referred to 
as the “ airbag protection area containment determination ” . 
[ 0052 ] Further , the ECU 58 stores an operation threshold 
time ( time limit ; limit time ) for when the selectable force 
limiter 36 is operated at a time of frontal collision of the 
vehicle 12. This operation threshold time is a time that is 
determined such that , when the operation threshold time is 
exceeded , the effect of the selectable force limiter 36 cannot 
be obtained even when the selectable force limiter 36 is 
operated . That is , after the occupant P , who moves inertially 
due to the impact of the frontal collision , receives a high load 
force limiter load from the seat belt 28 , even if the force 
limiter load is switched to a low load , the effect of the switch 
cannot be obtained . For this reason , the ECU 58 stores an 
operation threshold time obtained as a test value ( measured 
value ) from collision testing . 
[ 0053 ] This ECU 58 measures the time from the detection 
of the frontal collision of the vehicle 12 to the operation 
threshold time , using a timer . That is , the ECU 58 starts the 
timer at a time at which the outputs from the floor front - rear 
G sensor 70 and the floor left - right G sensor 72 have 
exceeded a preset timer activation threshold , and starts 
measuring the time until the operation threshold time . The 
ECU 58 is configured to perform the airbag protection area 
containment determination within a specified time calcu 
lated from the operation threshold time . The specified time 
is a time calculated as t1 - t2 = t3 , when the operation thresh 
old time is t1 , the time from when the frontal collision of the 
vehicle 12 occurs until the timer is started is t2 , and the 
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above - described specified time is t3 . For example , when the 
operation threshold time is 30 mmsec and the time from 
when the frontal collision of the vehicle 12 occurs until the 
timer is started is 10 mmsec , the specified time is 30 
mmsec - 10 mmsec = 20 mmsec . 
[ 0054 ] When the ECU 58 makes a positive airbag protec 
tion area containment determination that is , when it is 
determined that the head region H will not move outside the 
airbag protection area the ECU 58 operates the selectable 
force limiter 36 to switch the force limiter load to a low load . 
However , when the ECU 58 makes a negative airbag pro 
tection area containment determination that is , when it is 
determined that the head region H will move outside the 
airbag protection area the ECU 58 deactivates the select 
able force limiter 36 and maintains the force limiter load at 
a high load . That is , in this embodiment , as shown in FIG . 
3 , the operation of the selectable force limiter 36 is con 
trolled by performing both of the determination of the 
frontal collision severity AV and the airbag protection area 
containment determination . The selectable force limiter 36 
is configured to operate only when the pretensioner 34 is 
operated ( that is , when any slack in the seat belt 28 has been 
eliminated ) . 
[ 0055 ] In the present embodiment , the ECU 58 stores 
plural maps ( see FIG . 4A and FIG . 4B ) , and the airbag 
protection area containment determination is performed 
using these plural maps . The plural maps are established in 
a planar shape in which the vertical axis is the vehicle 
front - rear G and the horizontal axis is the vehicle left - right 
G. In these plural maps , determination thresholds T1 and T2 
for determining whether or not the head region H of occu 
pant P will move outside the airbag protection area are set , 
respectively , in accordance with differences in the initial 
position of the head region H. For example , FIG . 4A shows 
an example of a map when the initial position of the head 
region H is closer to the front of the vehicle , and FIG . 4B 
shows an example of a map when the initial position of the 
head region H is closer to the rear of the vehicle . 
[ 0056 ] In each map , if the vehicle front - rear G and vehicle 
left - right G detected by the floor front - rear G sensor 70 and 
the floor left - right G sensor 72 are within the range between 
the determination thresholds T1 , T2 , it is assumed that the 
head region H will move within the airbag protection area , 
and if they are outside the range between the determination 
thresholds T1 and T2 , it is assumed that the head region H 
will move outside the airbag protection area . 
[ 0057 ] The ECU 58 selects one map from plural maps 
according to differences in the initial position of the head 
region H of the occupant P when making the airbag protec 
tion area containment determination . Then , the ECU 58 
maps coordinates , having the components of the vehicle 
front - rear G and vehicle left - right G detected by the floor 
front - rear G sensor 70 and the floor left - right G sensor 72 , 
to the selected map and estimates the movement trajectory 
of the head region H , whereby it is determined whether or 
not the head region H will move outside of the airbag 
protection area . 
[ 0058 ] For example , if , as shown in FIG . 5A , the move 
ment trajectory of the head region H before the specified 
time elapses is within the range between the determination 
threshold values T1 and T2 , the ECU 58 determines that the 
head region H will not move outside of the airbag protection 
area . Further , for example , if , as shown in FIGS . 53 and 5C , 
the movement trajectory of the head region H before the 

specified time elapses strays ( protrudes ) outside of the range 
between the determination threshold values T1 and T2 , the 
ECU 58 determines that the head region H will move outside 
of the airbag protection area . 
[ 0059 ] Explanation follows regarding control processing 
executed by the ECU 58 , with reference to the flowchart 
illustrated in FIG . 6. In the present embodiment , for 
example , when an ignition switch ( not shown ) of the vehicle 
12 is turned on , the ECU 58 is operated ( step S1 ) . As a result , 
the ECU 58 starts execution of a control program , and the 
detection results of the vehicle front - rear G and the vehicle 
left - right G by the floor front - rear G sensor 70 and the floor 
left - right G sensor 72 and the detection result of the seat 
position by the seat position sensor 76 are acquired ( step 
S2 ) . 
[ 0060 ] Next , in step S3 , the ECU 58 determines whether 
or not the vehicle front - rear G and the vehicle left - right G 
have exceeded the timer activation threshold . If the deter 
mination is negative , the ECU 58 returns to step S2 to repeat 
the above - described processing . If the determination is affir 
mative , the ECU 58 proceeds to step S4 and starts the timer . 
When the processing of step S4 is complete , the ECU 58 
moves the processing forward to the next step S5 . 
[ 0061 ] In step S5 , the ECU 58 determines whether or not 
the frontal collision severity AV is low based on outputs 
from the millimeter wave radar 62 , the vehicle exterior 
camera 64 , and the collision sensor 66. Specifically , the ECU 
58 determines that the frontal collision severity AV is not 
low when the outputs from the millimeter wave radar 62 , the 
vehicle exterior camera 64 , and the collision sensor 66 
exceed preset severity thresholds , and the processing pro 
ceeds to S11 . However , if the outputs from the millimeter 
wave radar 62 , the vehicle exterior camera 64 , and the 
collision sensor 66 do not exceed preset severity thresholds , 
the ECU 58 determines that the frontal collision severity AV 
is low , and the processing proceeds to step S6 . 
[ 0062 ] When the process proceeds to step S6 , the ECU 58 
executes the airbag protection area containment determina 
tion based on outputs from the floor front - rear G sensor 70 , 
the floor left - right G sensor 72 , and the seat position sensor 
76. When the ECU 58 makes a negative airbag protection 
area containment determination that is , when it is deter 
mined that the head region H will move outside the airbag 
protection area — the processing proceeds to step S11 . How 
ever , if the ECU 58 makes a positive airbag protection area 
containment determination that is , if it is determined that 
the head region H will not move outside the airbag protec 
tion area — the processing proceeds to step S7 . 
[ 0063 ] When the processing proceeds to step S7 , the ECU 
58 determines whether or not the time measured by the timer 
exceeds the specified time . If this determination is negative , 
the ECU 58 returns to step S5 to repeat the above - described 
processing . If the determination is affirmative , the process 
ing proceeds to step S8 . 
[ 0064 ] When the processing proceeds to step S8 , the ECU 
58 determines whether or not the pretensioner 34 has 
operated . If this determination is negative , the ECU 58 
proceeds to step S9 to reset the timer , and then proceeds to 
step S2 to repeat the above - described processing . However , 
when this determination is affirmative , the ECU 58 proceeds 
to step S10 . 
[ 0065 ] When the processing proceeds to step S10 , the 
ECU 58 operates the selectable force limiter 36 so as to 
switch the force limiter load from a high load to a low load . 
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[ 0066 ] However , when the determination in step S5 or step 
S6 described above is negative and the processing proceeds 
to step S11 , the ECU 58 does not operate the selectable force 
limiter 36 and maintains the force limiter load at a high load . 

Action and Effects 

[ 0067 ] The action and effects of the present embodiment 
are described next . 
[ 0068 ] In the vehicle occupant protection device 10 con 
figured as described above , the movement direction detector 
68 ( the floor front - rear G sensor 70 and the floor left - right G 
sensor 72 ) detects the direction in which the head region H 
of the occupant P will move relative to the vehicle 12 at a 
time of frontal collision of the vehicle 12 , and the seat 
position sensor 76 , as the initial position detector 74 , detects 
the position of the head region H before the movement . 
Then , the ECU 58 determines whether or not the head region 
H will move outside the airbag protection area based on the 
detection results of the movement direction detector 68 and 
the seat position sensor 76. If this determination is affirma 
tive — that is , if it is determined that the head region H will 
move outside the airbag protection area -the force limiter 
load is maintained at a high load . As a result , the occupant 
P , whose head region H will not be protected by the airbag 
48 , can be appropriately protected by the seat belt 28 . 
[ 0069 ] In addition , since the above - described determina 
tion is made based on the direction in which the head region 
H moves and the position ( initial position ) of the head region 
H before the movement , the accuracy of the determination 
can be improved . As a result , it is possible to appropriately 
switch the force limiter load . Supplementary explanation of 
this effect is provided with reference to FIGS . 7A to 8B . 
[ 0070 ] As shown in FIG . 7A and FIG . 7B , even if the 
vehicle left - right G at a time of frontal collision is the same 
size G1 , owing to a difference in the sizes G21 and G22 of 
the vehicle front - rear G ( G21 < G22 ) , the movement direc 
tions D11 and D12 of the head region H will change . That 
is , in the example shown in FIG . 7A , since the size G21 of 
the vehicle front - rear G is relatively small , the head region 
H will move outside of the airbag protection area ill 
not be protected by the airbag 48. In this case , it is necessary 
to maintain the force limiter load at a high load and to 
restrain the occupant P using the seat belt 28 alone . How 
ever , in the example shown in FIG . 7B , since the size G22 
of the vehicle front - rear G is relatively large , the head region 
H is protected by the airbag 48 without moving outside of 
the airbag protection area . In this case , the force limiter load 
can be switched to a low load , and the occupant P can be 
restrained by the seat belt 28 and the airbag 48 . 
[ 0071 ] Further , as shown in FIGS . 8A and 8B , even if the 
vehicle front - rear G and the vehicle left - right G at a time of 
frontal collision are the same sizes G1 and G2 , and the 
movement direction D1 of the head region H is the same 
direction , whether or not the head region H will be protected 
by the airbag 48 changes depending on a difference in the 
initial position of the head region H. That is , in the example 
shown in FIG . 8A , since the distance L1 between the head 
region H and the airbag 48 is relatively large , the head region 
H moves outside of the airbag protection area and is not 
protected by the airbag 48. In this case , it is necessary to 
maintain the force limiter load at a high load and to restrain 
the occupant P using the seat belt 28 alone . However , in the 
example shown in FIG . 8B , since the distance L2 between 
the head region H and the airbag 48 is relatively short , the 

head region H is protected by the airbag 48 without moving 
outside of the airbag protection area . In this case , the force 
limiter load can be switched to a low load and the occupant 
P can be restrained by the seat belt 28 and the airbag 48 . 
[ 0072 ] As described above , whether or not the head region 
H will be protected by the airbag 48 varies depending on the 
movement direction and the initial position of the head 
region H. In this embodiment , since the airbag protection 
area containment determination is performed based on the 
movement direction and the initial position of the head 
region H , the accuracy of the determination can be 
improved . 
[ 0073 ] Moreover , in the present embodiment , the vehicle 
front - rear G and vehicle left - right G are detected by the floor 
front - rear G sensor 70 and the floor left - right G sensor 72 
provided at the floor portion 12A of the vehicle 12 , and the 
movement direction of the head region H is detected based 
on the vehicle front - rear G and vehicle left - right G. As a 
result , the movement direction of the head region H can be 
detected with a simple configuration . 
[ 0074 ] In the present embodiment , the ECU 58 stores 
plural maps with the vehicle front - rear G as the vertical axis 
and the vehicle left - right G as the horizontal axis , and a 
determination threshold value for determining whether or 
not the head region H will move outside of the airbag 
protection area is respectively set in these plural maps 
according to differences in the initial position of the head 
region H. For this reason , the ECU 58 selects a map 
according to a difference in the initial position of the head 
region H , and also maps the vehicle front - rear G and vehicle 
left - right G detected by the floor front - rear G sensor 70 and 
the floor left - right G sensor 72 onto the map selected as 
described above and estimates the movement trajectory of 
the head region H , whereby it is possible to determine with 
high accuracy whether or not the head region H will move 
outside of the airbag protection area . 
[ 0075 ] Further , in the present embodiment , the ECU 58 
stores an operation threshold time ( time limit ) for cases 
when the selectable force limiter 36 is operated at a time of 
frontal collision of the vehicle 12. Then , the ECU 58 
measures the time from the detection of the frontal collision 
of the vehicle 12 to the operation threshold time with a timer , 
and determines whether or not the head region H will move 
outside of the airbag protection area within the specified 
time calculated from the operation threshold time . As a 
result , it is possible to prevent the operation of the selectable 
force limiter 36 ( switching from a high load to a low load ) 
from being too late ; that is , it is possible to prevent a 
situation in which the effect of this switching is not obtained . 
[ 0076 ] In addition , the present embodiment includes a 
severity detector 60 ( millimeter wave radar 62 , vehicle 
exterior camera 64 , collision sensor 66 ) for detecting the 
severity ( crash severity ) of a frontal collision of the vehicle 
12 , and the ECU 58 maintains the force limiter load at a high 
load when the severity AV of a frontal collision detected by 
the severity detector 60 exceeds a preset severity threshold 
( that is , when the crash severity is high ) . As a result , when 
the crash severity is high , the occupant P can be appropri 
ately protected . 
[ 0077 ] In the present embodiment , the seat position sensor 
76 that detects the position of the vehicle seat 14 on which 
the occupant P is seated , is the initial position detector 74 
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that detects the initial position of the head region H. As a 
result , the structure of the initial position detector 74 can be 
simplified . 
[ 0078 ] In the above - described embodiment , the seat posi 
tion sensor 76 is configured as the initial position detector 
74. However , the configuration is not limited thereto , and a 
vehicle interior camera 77 that images the occupant P may 
be configured as the initial position detector 74. In such a 
case , the initial position of the head region H can be detected 
with higher accuracy by analyzing an image captured by the 
vehicle interior camera 77 . 
[ 0079 ] In the above - described embodiment , the floor 
front - rear G sensor 70 and the floor left - right G sensor 72 are 
configured as the movement direction detector 68. However , 
the present disclosure is not limited thereto , and a vehicle 
interior camera that images the occupant P or an in - vehicle 
millimeter wave radar 73 that radiates millimeter waves 
toward the occupant P may be configured as the movement 
direction detector . In such a case , the movement direction of 
the head region H is detected by image analysis from the 
vehicle interior camera and / or by sensing by the in - vehicle 
millimeter wave radar . 
[ 0080 ] Moreover , in the above - described embodiment , the 
millimeter wave radar 62 , the vehicle exterior camera 64 , 
and the collision sensor 66 are configured as the severity 
detector 60 ; however , the present disclosure is not limited to 
this . For example , the collision sensor 66 may be configured 
so as not to be included in the severity detector 60 . 
[ 0081 ] Various other modifications may be implemented 
within a range not departing from the gist of the present 
disclosure . Further , the scope of rights of the present dis 
closure is , of course , not limited to the foregoing embodi 
ment . 
What is claimed is : 
1. A vehicle occupant protection device , comprising : 
a seat belt device having a selectable force limiter that is 

configured to switch a force limiter load , which an 
occupant receives from a seat belt at a time of frontal 
collision of a vehicle , from a high load to a low load ; 

an airbag device that deploys an airbag in front of the 
occupant at the time of frontal collision ; 

a movement direction detector that detects a direction in 
which a head region of the occupant will move relative 
to the vehicle at the time of frontal collision ; 

an initial position detector that detects a position of the 
head region prior to the movement ; and 

a control unit that makes a determination whether or not 
the head region will move outside of an area of pro 
tection by the airbag based on detection results of the 
movement direction detector and the initial position 
detector and , in a case in which the determination is 
affirmative , maintains the high load of the force limiter 
load . 

2. The vehicle occupant protection device of claim 1 , 
wherein the movement direction detector has a front - rear 
acceleration sensor that is provided at a floor portion of the 
vehicle and that detects acceleration in a vehicle front - rear 
direction , and a left - right acceleration sensor that is provided 

at the floor portion of the vehicle and that detects accelera 
tion in a vehicle left - right direction . 

3. The vehicle occupant protection device of claim 2 , 
wherein : 

the control unit stores a plurality of maps having accel 
eration in the vehicle front - rear direction as a vertical 
axis and acceleration in the vehicle left - right direction 
as a horizontal axis , and 

determination thresholds for determining whether or not 
the head region will move outside of the protection area 
are respectively set in advance in the plurality of maps 
in accordance with different positions of the head 
region prior to the movement . 

4. The vehicle occupant protection device of claim 1 , 
wherein : 

the control unit stores a time limit for a case in which the 
selectable force limiter is operated at the time of frontal 
collision , measures a time from detection of the frontal 
collision until the time limit with a timer , and deter 
mines whether or not the head region will move outside 
of the protection area within a specified time calculated 
from the time limit . 

5. The vehicle occupant protection device of claim 1 , 
further comprising a severity detector for detecting a sever 
ity of the frontal collision , wherein the control unit maintains 
the force limiter load at the high load in a case in which a 
detection result from the severity detector exceeds a preset 
threshold . 

6. The vehicle occupant protection device of claim 1 , 
wherein the initial position detector has at least one of a seat 
position sensor that detects a position of a vehicle seat at 
which the occupant is seated or a vehicle interior camera that 
images the occupant . 

7. The vehicle occupant protection device of claim 4 , 
wherein the specified time is calculated from t1 - t2 = t3 , 
where t1 is the time limit , t2 is a time from when the control 
unit detects a frontal collision of the vehicle until the timer 
is activated , and t3 is the specified time . 

8. The vehicle occupant protection device of claim 5 , 
wherein , among a millimeter wave radar or a laser radar that 
detects a relative speed between the vehicle and a collision 
partner before the vehicle collides frontally , a vehicle exte 
rior camera that images a situation outside the vehicle , and 
a collision sensor that detects acceleration of the vehicle at 
a time of frontal collision , the severity detector includes at 
least the millimeter wave radar or the laser radar and the 
vehicle exterior camera . 

9. The vehicle occupant protection device of claim 6 , 
wherein the initial position detector has a seat position 
sensor , and the seat position sensor detects at least one of a 
front - rear slide position of the vehicle seat relative to the 
floor portion of the vehicle or a reclining angle of a seat back 
of the vehicle seat . 

10. The vehicle occupant protection device of claim 1 , 
wherein the movement direction detector has a vehicle 
interior camera that images the occupant or an in - vehicle 
millimeter wave radar that radiates millimeter waves toward 
the occupant . 


