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(57) ABSTRACT 

An automatic door lock releasing apparatus according to the 
present invention comprises decelerating direction integrat 
ing means for integrating a decelerating direction compo 
nent of each of the acceleration signals obtained from 
acceleration sensors in a vehicle; accelerating direction 
integrating means for integrating an accelerating direction 
component; coefficient means for Weighting an output of the 
accelerating direction integrating means With a speci?ed 
coef?cient; subtracting means for subtracting an output of 
the coef?cient means from an output of the decelerating 
direction integrating means; an arithmetic processing unit 
for determining a resultant velocity of velocity signals; and 
a comparison processing unit for comparing the resultant 
velocity With a threshold value and generating a start signal. 
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FIG. 11 
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AUTOMATIC DOOR LOCK RELEASING 
APPARATUS 

CROSS-REFERENCE TO THE RELATED 
APPLICATION 

[0001] This application is a continuation of International 
Application No. PCT/JP99/03430, Whose International ?l 
ing date is Jun. 25, 1999, the disclosures of Which Appli 
cation are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an automatic door 
lock releasing apparatus that is automatically started to 
release a door lock during a collision accident involving a 
moving object such as a vehicle so that a passenger locked 
up in the inside is immediately rescued. 

[0004] 2. Description of Related Art 

[0005] For example, as a conventional automatic door 
lock releasing apparatus used in a moving object such as a 
vehicle, there is a door lock releasing apparatus in Which an 
electromechanical sensor, Which closes a contact by detect 
ing a collision acceleration during a collision of the vehicle, 
is used to determine release of a door lock of the vehicle. 

[0006] In addition, there is a conventional door lock 
releasing apparatus that determines release of a door lock in 
such a manner that When the level of an acceleration signal 
obtained from an electronic acceleration sensor (hereinafter 
abbreviated as a G sensor) installed in a vehicle exceeds a 
speci?ed value, the door lock is released. 

[0007] Furthermore, conventionally, G sensors used 
exclusively for a passenger protection system that operates 
a front collision air bag, a side collision air bag, and the like 
are also installed in a vehicle, in addition to the above 
mentioned G sensor that determines release of a door lock. 
Therefore, a plurality of G sensors exist in a vehicle. 

[0008] NoW, in some cases, a large acceleration occurs at 
times other than during vehicle collisions for example travel 
on rough surfaces. Thus, a conventional door lock releasing 
apparatus has a problem in that When release of a door lock 
is to be determined by an electromechanical sensor, it is 
dif?cult to distinguish betWeen an acceleration occurring 
during travel on rough surfaces and an acceleration occur 
ring during a collision. 

[0009] Conventionally, there has also been a problem even 
in a case Where release of a door lock is to be determined on 
the basis of the level of an acceleration signal obtained from 
a G sensor, in that if the G sensor is set so as not to function 
erroneously When a large acceleration occurs at a time of 
other than a collision, its proper operation for determining 
release of a door lock is not ensured at a time of a loW speed 
collision. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been made in order to 
solve the problems as mentioned above. An object of the 
present invention is to provide an automatic door lock 
releasing apparatus that determines release of a door lock by 
distinguishing betWeen non-collision such as travel on rough 
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surfaces and a hard hit on the bottom of a vehicle and an 
actual vehicle collision in a vehicle accident or the like and 
thus correctly determining occurrence of a vehicle collision. 

[0011] An automatic door lock releasing apparatus accord 
ing to the present invention comprises a plurality of accel 
eration sensors for detecting acceleration in a plurality of 
directions; a plurality of decelerating direction integrating 
means each provided in correspondence With one of the 
plurality of acceleration sensors for integrating an accelera 
tion signal of a decelerating direction Within a speci?ed 
sampling time, the acceleration signal being included in 
each of acceleration signals of the plurality of directions 
obtained from the plurality of acceleration sensors; a plu 
rality of accelerating direction integrating means each pro 
vided in correspondence With one of the plurality of accel 
eration sensors for integrating an acceleration signal of an 
accelerating direction Within a speci?ed sampling time, the 
acceleration signal being included in each of acceleration 
signals of the plurality of directions obtained from the 
plurality of acceleration sensors; a plurality of ?rst coef? 
cient means each provided in correspondence With one of 
the plurality of acceleration sensors for Weighting an output 
of the accelerating direction integrating means by multiply 
ing it by a speci?ed coef?cient; a plurality of subtracting 
means each provided in correspondence With one of the 
plurality of acceleration sensors for determining a velocity 
signal by subtracting the integral value outputted from the 
?rst coef?cient means from the integral value outputted from 
the decelerating direction integrating means; an arithmetic 
processing means for receiving a plurality of velocity signals 
outputted from the plurality of subtracting means and then 
determining a resultant velocity of the plurality of velocity 
signals; and a signal generating means for comparing the 
resultant velocity outputted from the arithmetic processing 
means With a speci?ed threshold value and then generating 
and outputting a start signal When the resultant velocity 
exceeds the speci?ed threshold value. 

[0012] In addition, in an automatic door lock releasing 
apparatus according to the present invention, the decelerat 
ing direction integrating means includes a positive side 
acceleration detecting means for detecting a positive side 
acceleration included in the acceleration signals obtained 
from the plurality of acceleration sensors; and an integration 
processing unit for integrating an input of the positive side 
acceleration outputted from the positive side acceleration 
detecting means and thereby calculating an integral value of 
the positive side acceleration. 

[0013] In addition, in an automatic door lock releasing 
apparatus according to the present invention, the accelerat 
ing direction integrating means includes a negative side 
acceleration detecting means for detecting a negative side 
acceleration included in the acceleration signals obtained 
from the plurality of acceleration sensors; and an integration 
processing unit for integrating an input of the negative side 
acceleration outputted from the negative side acceleration 
detecting means and thereby calculating an integral value of 
the negative side acceleration. 

[0014] Moreover, in an automatic door lock releasing 
apparatus according to the present invention, the arithmetic 
processing means includes a plurality of square processing 
units each provided in correspondence With one of the 
plurality of subtracting means for squaring a velocity signal 
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outputted from each of the plurality of subtracting means; a 
second coef?cient means for Weighting an output from part 
of the plurality of square processing units by multiplying it 
by a speci?ed value; an addition processing unit for adding 
outputs of the plurality of square processing units and the 
second coef?cient means; and a square root processing unit 
for determining a square root value of an output of the 
addition processing unit. 

[0015] Moreover, in an automatic door lock releasing 
apparatus according to the present invention, the signal 
generating means includes a comparator for comparing the 
resultant velocity outputted from the arithmetic processing 
unit With a speci?ed threshold value; and a one-shot timer 
for generating and outputting the start signal according to an 
output from the comparator. 

[0016] Furthermore, in an automatic door lock releasing 
apparatus according to the present invention, part of the 
plurality of acceleration sensors are acceleration sensors for 
a passenger protection apparatus; and the automatic door 
lock releasing apparatus further includes a collision deter 
mining means for receiving an input of an acceleration 
signal outputted from an acceleration sensor for the passen 
ger protection apparatus and outputting a start signal When 
the acceleration signal exceeds a speci?ed value. 

[0017] Furthermore, an automatic door lock releasing 
apparatus according to the present invention further includes 
a logical sum means for calculating a logical sum of the start 
signal from the signal generating means and the start signal 
from the collision determining means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a block diagram of an automatic door 
lock releasing apparatus according to a ?rst embodiment of 
the present invention; 

[0019] FIG. 2 is a detailed con?guration block diagram of 
the automatic door lock releasing apparatus of the ?rst 
embodiment shoWn in FIG. 1; 

[0020] FIG. 3 is a ?oWchart illustrating normal operation 
of the automatic door lock releasing apparatus of the ?rst 
embodiment shoWn in FIGS. 1 and 2; 

[0021] FIG. 4 is a ?oWchart illustrating operation in 
decelerating direction integration processing; 

[0022] FIG. 5 is a ?oWchart illustrating operation in 
accelerating direction integration processing; 

[0023] FIG. 6 is a ?oWchart illustrating operation in 
integration processing; 
[0024] FIG. 7 is a ?oWchart illustrating operation in 
threshold value determination processing; 

[0025] FIGS. 8A, 8B, 8C, and 8D are diagrams of assis 
tance in explaining comparison of acceleration signals pro 
duced during collision and during non-collision; 

[0026] FIGS. 9A, 9B, 9C, and 9D are diagrams of assis 
tance in explaining comparison of root-mean-square values 
of acceleration signals produced during collision and during 
non-collision; 

[0027] FIGS. 10A, 10B, 10C, 10D, 10E, and 10F are 
diagrams of assistance in explaining a method for collision 
determination; 
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[0028] FIGS. 11A, 11B, 11C, 11D, 11E, and 11F are 
diagrams of assistance in explaining Waveforms of accel 
eration signals produced during travel on rough surfaces, 
Which represent a non-collision; 

[0029] FIGS. 12A, 12B, 12C, and 12D are diagrams of 
assistance in explaining a Waveform of each acceleration 
signal produced in the automatic door lock releasing appa 
ratus of the ?rst embodiment during collision of a vehicle; 
and 

[0030] FIG. 13 is a block diagram of an automatic door 
lock releasing apparatus according to a second embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0031] In order to explain the present invention in more 
detail, the best mode for carrying out the present invention 
Will noW be described With reference to the accompanying 
draWings. 

[0032] First Embodiment 

[0033] FIG. 1 is a block diagram of an automatic door 
lock releasing apparatus 100 according to a ?rst embodiment 
of the present invention. The automatic door lock releasing 
apparatus 100 is applied to a vehicle, for example. In the 
?gure, reference numeral 1 denotes an acceleration sensor 
(G sensor) that detects an X-direction acceleration Gx of a 
vehicle during a collision. Reference numeral 2 denotes a 
decelerating direction integrating means that integrates an 
acceleration signal Gx+of a decelerating direction obtained 
from an output Gx of the G sensor 1. Reference numeral 3 
denotes an accelerating direction integrating means that 
integrates an acceleration signal Gx‘of an accelerating 
direction obtained from the output Gx of the G sensor 1. 
Reference numeral 4 denotes a coef?cient means (a ?rst 
coef?cient means) that performs Weighting by multiplying 
an output of the accelerating direction integrating means 3 
by a coef?cient k1. Reference numeral 5 denotes a subtrac 
tion processing unit as a subtracting means that subtracts the 
output of the accelerating direction integrating means 3 
Weighted by the coef?cient means 4 from an output of the 
decelerating direction integrating means 2. It should be 
noted that the Weighting coef?cient k1 is a value set for the 
vehicle, While the X-direction denotes a direction in Which 
the vehicle is moving, and a Y-direction denotes the lateral 
direction of the vehicle. 

[0034] Reference numeral 11 denotes an acceleration sen 
sor (G sensor) that detects an acceleration Gy in a direction 
different from that of the G sensor 1 (hereinafter referred to 
as a Y-direction). Reference numeral 12 denotes a deceler 
ating direction integrating means that integrates a decelera 
tion signal Gy+of an accelerating direction obtained from an 
output Gy of the G sensor 11. Reference numeral 13 denotes 
an accelerating direction integrating means that integrates an 
acceleration signal Gy'of an accelerating direction obtained 
from the output Gy of the G sensor 11. Reference numeral 
14 denotes a coefficient means (a ?rst coef?cient means) that 
performs Weighting by multiplying an output of the accel 
erating direction integrating means 13 by a given coef?cient 
k2. Reference numeral 15 denotes a subtraction processing 
unit as a subtracting means that subtracts the output of the 
accelerating direction integrating means 13 Weighted by the 
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coef?cient means 14 from an output of the decelerating 
direction integrating means 12. It should be noted that the 
Weighting coef?cient k2 is a value set for the vehicle. 

[0035] Reference numeral 6 denotes an arithmetic pro 
cessing unit as an arithmetic processing means that calcu 
lates a resultant vector Vf on the basis of an output Vx of the 
subtraction processing unit 5 and an output Vy of the 
subtraction processing unit 15. Reference numeral 7 denotes 
a comparison processing unit as a signal generating means 
that compares the result of arithmetic processing obtained at 
the arithmetic processing unit 6 With a preset threshold value 
Vth. When the result Vf of arithmetic processing outputted 
from the arithmetic processing unit 6 exceeds the threshold 
value Vth, for example, the comparison processing unit 
generates a door lock release signal, and outputs the gener 
ated door lock release signal to a door mechanism of the 
vehicle. 

[0036] Reference numeral 16 denotes a trigger circuit for 
inputting X-direction and Y-direction acceleration signals 
from the G sensors 1 and 11. When the X-direction and 
Y-direction acceleration signals exceed a speci?ed value, 
that is, When a change in acceleration occurs at a time of 
other than the normal operation, the trigger circuit starts 
respective decelerating direction integrating means 2 and 12, 
the accelerating direction integrating means 3 and 13, the 
coef?cient means 4 and 14, the arithmetic processing unit 6, 
and the comparison processing unit 7, Which are each shoWn 
in FIG. 1. 

[0037] It should be noted that respective decelerating 
direction integrating means 2 and 12, the accelerating direc 
tion integrating means 3 and 13, the coef?cient means 4 and 
14, the subtraction processing unit 5, the arithmetic process 
ing unit 6, and the comparison processing unit 7, Which are 
shoWn in FIG. 1, are realiZed by microcomputers and 
logical circuits, for example, and are included in an ECU 
(Electronic Control Unit) of the vehicle. 

[0038] FIG. 2 is a detailed con?guration block diagram 
shoWing each component of the automatic door lock releas 
ing apparatus according to the ?rst embodiment as shoWn in 
FIG. 1. In the ?gure, the decelerating direction integrating 
means 2 and 12 and the accelerating direction integrating 
means 3 and 13 are provided With positive side acceleration 
detecting means 21 and 31 and negative side acceleration 
detecting means 22 and 32, subtraction processing units 23, 
24, 33, and 34, and integration processing units 25, 26, 35, 
and 36, respectively. 

[0039] The subtraction processing units 23, 24, 33, and 34 
subtracts certain acceleration values ga, gb, gc, and gd from 
accelerations obtained at the positive side acceleration 
detecting means 21 and 31 and the negative side acceleration 
detecting means 22 and 32. 

[0040] The integration processing units 25, 26, 35, and 36 
are provided With a function of setting integral values v 
outputted from the subtraction processing units 23, 24, 33, 
and 34 to an initial value of 0 When the integral values v are 
loWer than a value 0 (hereinafter abbreviated as a reset 

function). 
[0041] In addition, the arithmetic processing unit 6 is an 
arithmetic unit for determining a resultant vector of X-di 
rection and Y-direction integral values Vx and Vy. The 
arithmetic processing unit 6 is provided With square pro 
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cessing units 27 and 37, a coef?cient means 38 (a second 
coef?cient means) for Weighting a velocity vy in the Y-di 
rection, an addition processing unit 28 for adding an output 
of the square processing unit 27 and an output from the 
coef?cient means 38, and a square root processing unit 39 
for extracting the square root of an output from the addition 
processing unit 28. 

[0042] The comparison processing unit 7 comprises a 
comparator 30 that compares a preset threshold value Vth 
With a resultant vector Vf obtained at the arithmetic pro 
cessing unit 6, and a one-shot timer 29 that generates and 
outputs a door lock release signal When the resultant vector 
value Vf is higher than the threshold value Vth. It should be 
noted that the threshold value Vth is a value inherent to the 
vehicle. 

[0043] Next, the operation of the apparatus Will be 
described. 

[0044] FIG. 3 is a ?oWchart describing normal operation 
of the automatic door lock releasing apparatus for a vehicle 
according to the ?rst embodiment as shoWn in FIGS. 1 and 
2. The ?oWchart illustrates processing performed in 
response to a timer interrupt at certain time intervals. 

[0045] In the timer interrupt processing, the decelerating 
direction integrating means 2 determines a decelerating 
direction integral value va in the X-axis direction at a step 
ST31, and the accelerating direction integrating means 3 
determines an accelerating direction integral value vb in the 
X-axis direction at a step ST32. 

[0046] Next, at a step ST33, a value obtained after the 
coef?cient means 4 multiplied the accelerating direction 
integral value vb by a preset constant k1 is subtracted from 
the decelerating direction integral value va by the subtrac 
tion processing unit 5. The obtained subtraction value is set 
to be Vx. 

[0047] Next, at a step ST34, the decelerating direction 
integrating means 12 determines a decelerating direction 
integral value vc in the Y-axis direction, and at a step ST34, 
the accelerating direction integrating means 13 determines 
an accelerating direction integral value vd in the Y-axis 
direction. 

[0048] At a step ST36, a value obtained after the coef? 
cient means 14 multiplied the accelerating direction integral 
value vd by a preset constant k2 is subtracted from the 
decelerating direction integral value vc by the subtraction 
processing unit 15. The obtained subtraction value is set to 
be Vy. 

[0049] At a step ST37, a resultant vector Vf is determined 
from Vx obtained at the step ST33 and Vy obtained at the 
step ST36 multiplied by a preset constant K. 

[0050] At a step ST38, the comparison processing unit 7 
compares the resultant vector Vf With a preset threshold 
value Vth. If the resultant vector Vf exceeds the predeter 
mined value, the one-shot timer 29 generates a door lock 
release signal, and thereby the timer interrupt is ended. 

[0051] FIG. 4 is a ?oWchart illustrating operation of the 
decelerating direction integrating means 2 and 12 in decel 
erating direction integration processing. 

[0052] Hereinafter, decelerating direction integration Will 
be described by using decelerating direction integration 
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processing for an X-direction acceleration Gx as an 
example; however, decelerating direction integration pro 
cessing for a Y-direction acceleration Gy is performed in the 
same manner. 

[0053] At a step ST42, an X-direction acceleration signal 
obtained from the acceleration sensor 1 that detects an 
X-direction acceleration Gx of the vehicle is set to be a 
variable g. Next, at a step ST43, When an inputted X-direc 
tion acceleration signal g is smaller than 0, the How of the 
processing proceeds to a step ST44. 

[0054] At a step ST44, the X-direction acceleration signal 
g is set to be 0, and then the How of the processing proceeds 
to a step ST45. 

[0055] When it is determined at the step ST43 that the 
X-direction acceleration signal g is greater than 0, on the 
other hand, the How of the processing proceeds to the step 
ST45. 

[0056] At the step ST45, an offset ga is set to be an offset 
variable OFS. Next, at a step ST46, an integral value va is 
set to be an integral value V. 

[0057] At a step ST47, integration processing is per 
formed. At a step ST48, the integral value V is set to be an 
integral value va, and thereby the decelerating direction 
integration processing is ended. 

[0058] FIG. 5 is a ?oWchart illustrating operation of the 
accelerating direction integrating means 3 and 13 in accel 
erating direction integration processing for an X-direction 
acceleration and a Y-direction acceleration. 

[0059] Incidentally, since the operation of the accelerating 
direction integrating means 13 in accelerating direction 
integration processing for a Y-direction acceleration is per 
formed in the same manner, accelerating direction integra 
tion Will be described beloW by using accelerating direction 
integration processing for an X-direction acceleration as an 
example. 

[0060] At a step ST52, an output Gx'from the X-direction 
acceleration sensor 1 is set to be g. 

[0061] At a step ST53, When an inputted acceleration 
signal g is greater than 0, the How of the processing proceeds 
to a step ST53-1. At the step ST53-1, the acceleration signal 
g is set to be 0, and then the processing proceeds to a step 
ST55. 

[0062] When it is determined at the step ST53 that the 
inputted acceleration signal g is smaller than 0, on the other 
hand, the How of the processing proceeds to a step ST54. 

[0063] At a step ST55, an offset gb is set to be an offset 
OFS. At a step ST56, an integral value vb is set to be an 
integral value V. At a step ST57, integration processing is 
performed by the integration processing unit 26. 

[0064] Next, at a step ST58, the integral value V is set to 
be an integral value vb, and thereby the decelerating direc 
tion integration processing for an X-direction acceleration is 
ended. 

[0065] FIG. 6 is a ?oWchart illustrating operation of the 
integration processing units 25, 26, 35, and 36 in the 
integration processing illustrated at the step ST47 in FIG. 4 
and at the step ST57 in FIG. 5. 
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[0066] Since the operation of the integration processing 
units 25, 26, 35, and 36 in integration processing is the same, 
description Will be made beloW by using the operation of the 
integration processing units 25 and 26 in integration pro 
cessing for an X-direction acceleration Gx as an example. 

[0067] First, at a step ST61, a result of subtraction of the 
offset value OFS set at the step ST45 shoWn in FIG. 4 or at 
the step ST55 shoWn in FIG. 5 from the acceleration signal 
g is set to be an acceleration signal G. 

[0068] Then, at a step ST62, the integral value V set at the 
step ST46 shoWn in FIG. 4 or at the step ST56 shoWn in 
FIG. 5 is added to a product of sampling time T of the 
acceleration signal multiplied by the acceleration signal G. 

[0069] Next, at a step ST63, When the integral value V is 
loWer than 0, the How of the processing proceeds to a step 
ST64, Where the integral value V is reset to 0. 

[0070] On the other hand, at the step ST63, When the 
integral value V is higher than 0, the How of the processing 
proceeds to the step ST48 in FIG. 4 or the step ST58 in FIG. 
5. 

[0071] FIG. 7 is a ?oWchart illustrating operation of the 
comparison processing unit 7 in threshold value determina 
tion processing at the step ST38 shoWn in FIG. 3. 

[0072] First, at a step ST71, a result of comparison by the 
comparator 30 is provided. When an integral value Vf is 
loWer than the threshold value Vth, the How of the process 
ing proceeds to a step ST73. If a previous door lock release 
signal Sd is at a high level at the step ST73, it means that the 
falling edge of the door lock release signal Sd has been 
detected, and thus the How of the processing proceeds to a 
step ST74. 

[0073] At the step ST74, When a certain time has passed 
since the falling of the door lock release signal Sd, the How 
of the processing proceeds to a step ST75, Where the door 
lock release signal Sd is set to an L level. 

[0074] On the other hand, When a certain time has not 
passed since the rising of the door lock release signal Sd at 
the step ST74, or When the integral value Vf is higher than 
the threshold value Vth at the step ST71, the How of the 
processing proceeds to a step ST72, Where the door lock 
release signal Sd is set to an H level. 

[0075] FIGS. 8A, 8B, 8C, and 8D are diagrams of assis 
tance in explaining acceleration signals to be compared With 
one another that are obtained during vehicle collision and 
during non-collision. FIGS. 8A and 8B shoW acceleration 
signals of a front-to-rear direction acceleration Gx and a 
side-to-side direction acceleration Gy of a vehicle, the 
signals being produced during medium speed and loW speed 
collisions, at Which a door lock should be released. FIGS. 
8C and 8D shoW acceleration signals produced during 
non-collision such as that of a hard hit at the bottom of a 
vehicle or that of travel on rough surfaces, at Which a door 
lock should not be released. 

[0076] Hereinafter, acceleration signals produced during 
collision and during non-collision Will be compared With 
one another. 

[0077] In FIG. 8, the peak value of an (a) X-direction 
acceleration signal produced during a hard hit at the bottom 
of a vehicle as shoWn in FIG. 8C is loWer than the peak 
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value of an (a) X-direction acceleration signal produced 
during a medium speed collision as shoWn in FIG. 8A. 
However, it is higher than the peak value of an (a) X-direc 
tion acceleration signal produced during a loW speed colli 
sion as shoWn in FIG. 8B. 

[0078] As mentioned above, the peak value of an accel 
eration signal produced during a non-collision can be higher 
than the peak value of an acceleration signal produced 
during a collision, and therefore distinguishing betWeen 
collision and non-collision by only acceleration peak values 
may result in a misjudgment; that is to say, it is extremely 
difficult to judge. Hence, it is not possible to determine 
Whether the door lock releasing apparatus should be acti 
vated or not and thereby generate a door lock release signal 
by using peak values of acceleration signals. 

[0079] FIGS. 9A, 9B, 9C, and 9D are diagrams of assis 
tance in explaining comparison of root-mean-square values 
of acceleration signals produced during collision and non 
collision of a vehicle. The values shoWn in FIGS. 9A, 9B, 
9C, and 9D are obtained by squaring and then adding the 
respective accelerations Gx and Gy shoWn in FIGS. 8A, 8B, 
8C, and 8D. 

[0080] In FIG. 9, the maximum value of an arithmetic 
result for a hard hit at the bottom of a vehicle as shoWn in 
FIG. 9C is compared With arithmetic results obtained from 
the conditions of a medium collision, a loW speed collision, 
and travel on rough surfaces as shoWn in FIGS. 9A, 9B, and 
9D respectively. As shoWn in FIG. 9, it is understood that 
even in judgement using sums of root-mean-square values of 
acceleration signals, it is difficult, as in the example shoWn 
in FIG. 8, to prevent an erroneous function of the door lock 
releasing apparatus during non-collision, and alloW a door 
lock releasing system to judge correctly to activate the door 
lock releasing apparatus during collision. 

[0081] FIGS. 10A, 10B, 10C, 10D, 10E, and 10F are 
diagrams of assistance in explaining a method for collision 
judgement employed in the automatic door lock releasing 
apparatus for a vehicle according to the present invention. 
FIGS. 10A, 10B, 10C, 10D, 10E, and 10F shoW signal 
Waveforms outputted from parts of the automatic door lock 
releasing apparatus for a vehicle shoWn in FIG. 2 during a 
medium speed collision. FIG. 10A shoWs an output Wave 
form of the G sensor 1. 

[0082] FIG. 10B shoWs an output Waveform of the G 
sensor 11. 

[0083] FIG. 10C shoWs an output Waveform Vx of the 
subtraction processing unit 5. The output Waveform Vx is 
obtained When the coefficient means 4 multiplies an inte 
gration output Waveform integrated at the integration pro 
cessing unit 26 by a preset coef?cient k1, and then an output 
Waveform obtained by the multiplication is subtracted from 
an integration output Waveform integrated at the integration 
processing unit 25. 

[0084] FIG. 10D shoWs an output Waveform Vy of the 
subtraction processing unit 15. The output Waveform Vx is 
obtained When an integration output Waveform integrated by 
the integration processing unit 36 is multiplied by a preset 
coef?cient k2 at the coefficient means 14, and then a resulting 
output Waveform is subtracted from an integration output 
Waveform integrated by the integration processing unit 35. 
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[0085] FIG. 10E shoWs a comparison betWeen an output 
Waveform Vf of the arithmetic processing unit 6 and a 
threshold value Vth. 

[0086] FIG. 10F shoWs the output Waveform Vx of the 
subtraction processing unit 5 and the output Waveform Vy of 
the subtraction processing unit 15, in Which the locus of Vy 
is compared With the threshold value Vf. When the locus 
exceeds the threshold value of a circle, a door lock release 
signal Sd is outputted. 

[0087] FIGS. 11A, 11B, 11C, 11D, 11E, and 11F are 
diagrams of assistance in explaining Waveforms of accel 
eration signals produced during travel on rough surfaces, 
Which represent a non-collision. 

[0088] As in FIG. 10A, FIG. 11A shoWs an output 
Waveform Gx of the G sensor 1. 

[0089] FIG. 11B shoWs an output Waveform Gy of the G 
sensor 11. 

[0090] FIG. 11C shoWs an output Waveform Vx of the 
subtraction processing unit 5. 

[0091] FIG. 11D shoWs an output Waveform Vy of the 
subtraction processing unit 15. 

[0092] FIG. 11E shoWs a comparison betWeen an output 
Waveform Vf of the arithmetic processing unit 6 and the 
threshold value Vth. 

[0093] FIG. 11F shoWs the output Waveform Vx of the 
subtraction processing unit 5 and the output Waveform Vy of 
the subtraction processing unit 15, in Which the locus of Vx 
and Vy is compared With the threshold value Vf. 

[0094] An acceleration signal produced during non-colli 
sion, such as that of travel on rough surfaces, hammering 
that results in a shock to the ECU itself, or a hard hit at the 
bottom of a vehicle, provides an output of a high-level 
acceleration signal of an accelerating direction as compared 
With normal collision. In addition, the acceleration signal 
during non-collision is characteriZed by alternate sWings of 
its acceleration signal of a decelerating direction and its 
acceleration signal of an accelerating direction. HoWever, 
the level of the acceleration signal of an accelerating direc 
tion is not necessarily equal to that of the acceleration signal 
of a decelerating direction. 

[0095] Therefore, in the automatic door lock releasing 
apparatus according to the present invention, an integration 
Waveform of an acceleration signal of an accelerating direc 
tion Weighted by being multiplied by a coefficient is sub 
tracted from an integration Waveform obtained by integrat 
ing an acceleration signal of a decelerating direction, so that 
an integration Waveform When the level of the acceleration 
signal of an accelerating direction is high is made small. 
Thus, a clear distinction betWeen collision and non-collision 
is made. 

[0096] FIGS. 12A, 12B, 12C, and 12D are diagrams of 
assistance in explaining a Waveform of each of the accel 
eration signals produced in the automatic door lock releasing 
apparatus of the ?rst embodiment during collision of the 
vehicle. FIGS. 12A, 12B, 12C, and 12D shoW output 
Waveforms Vf of the arithmetic processing unit 6 in the 
conditions of medium speed collision, loW speed collision, 
a hard hit at the bottom of the vehicle, and travel on rough 
surfaces, respectively. 
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[0097] In FIG. 12, the maximum values of the output 
Waveforms Vf of the arithmetic processing unit 6 obtained 
during a hard hit at the bottom of the vehicle and travel on 
rough surfaces are compared With the output Waveforms Vf 
of the arithmetic processing unit 6 produced during a 
medium speed collision and a loW speed collision. As is 
clearly shoWn in FIG. 12, clear distinction betWeen collision 
and non-collision can be made. 

[0098] Thus, With the automatic door lock releasing appa 
ratus according to the present invention, it is possible to 
prevent malfunction of the automatic door lock releasing 
apparatus for a vehicle during non-collision and activate a 
door lock releasing system correctly during collision. 

[0099] Moreover, because of the difference betWeen the 
stiffness of a vehicle in the X-direction (a direction in Which 
the vehicle is moving) and its stiffness in the Y-direction (the 
side-to-side direction), acceleration signal outputs of the 
X-direction and the Y-direction in response to the same 
impact may differ greatly from each other. HoWever, since 
the coefficient K shoWn in FIG. 2 used for the coef?cient 
means 38 to Weight a velocity Vy in the Y-direction is 
constant independently of the type of vehicle, it plays a role 
as a parameter that makes it possible to determine Whether 
or not to automatically release the door lock of the vehicle 
With good responsivity even during a side collision and 
oblique collision. 

[0100] It should be noted that although the above descrip 
tion has been limited to the tWo acceleration sensors in the 
X-direction, in Which the vehicle is moving, and in the 
Y-direction, that is, the lateral direction of the vehicle, the 
present invention is not limited to this. Thus, if necessary, an 
acceleration sensor that detects an acceleration in a speci?ed 
direction may be provided so that a door lock release signal 
can be generated by making a correct distinction betWeen 
collision and non-collision. 

[0101] It should also be noted that although the above 
description has been made With respect to an automatic door 
lock releasing apparatus to be included in a vehicle, the 
present invention is not limited to this. The present invention 
can also be applied to an apparatus that is required to release 
a door lock automatically. 

[0102] As described above, according to the automatic 
door lock releasing apparatus for a vehicle in accordance 
With the ?rst embodiment, a plurality of acceleration signals 
are obtained from sensors detecting accelerations in a plu 
rality of directions. Then an integration Waveform of an 
acceleration signal of an accelerating direction Weighted by 
being multiplied by a coef?cient is subtracted from an 
integration Waveform obtained by integrating one of the 
above acceleration signals of a decelerating direction, so that 
an integration Waveform When the level of the acceleration 
signal of an accelerating direction is high is made small. 
Also a resultant vector is calculated so that an automatic 
door lock release signal is generated by clearly distinguish 
ing betWeen collision and non-collision. Therefore, it is 
possible to determine types of collisions in all directions on 
the basis of acceleration signals and thereby correctly gen 
erate a door lock release signal. Thus, it is possible to 
prevent malfunction in the processing for door lock release 
judgement, and also to quickly perform collision judgement. 
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[0103] Second Embodiment 

[0104] FIG. 13 is a block diagram of an automatic door 
lock releasing apparatus according to a second embodiment 
of the present invention. In the ?gure, reference numeral 131 
denotes an X-direction acceleration detecting G sensor. The 
acceleration sensor is provided for use in a passenger 
protection apparatus such as an air bag, for eXample. Ref 
erence numeral 8 denotes an X-direction collision determin 
ing means (a collision determining means). The X-direction 
collision determining means is supplied With an acceleration 
signal from the X-direction acceleration detecting G sensor 
131, and accordingly generates a door lock release signal 
under the same conditions as in generation of a signal for 
activating a passenger protection apparatus during head-on 
collision of the vehicle. 

[0105] Reference numeral 141 denotes a Y-direction 
acceleration detecting G sensor, Which also serves as an 
acceleration sensor provided for use in a passenger protec 
tion apparatus such as an air bag, for eXample. 

[0106] Reference numeral 9 denotes a Y-direction colli 
sion determining means. The Y-direction collision determin 
ing means is supplied With an acceleration signal from the 
Y-direction acceleration detecting G sensor 141, and accord 
ingly generates a door lock release signal under the same 
conditions as in generation of a signal for activating a 
passenger protection apparatus during head-on collision of 
the vehicle. 

[0107] Reference numeral 10 denotes a logical sum 
means. The logical sum means 10 is supplied With door lock 
release signals from the X-direction collision determining 
means 8, the comparison processing unit 7, and the Y-di 
rection collision determining means 9, accordingly calcu 
lates a logical sum on the basis of the above, and then 
outputs a door lock release signal resulting from the calcu 
lation to the outside. 

[0108] It is noted that the other components are the same 
as those of the ?rst embodiment. Therefore, the same 
reference numerals are used for corresponding components, 
and further description Will be omitted here. 

[0109] Next, the operation of the apparatus Will be 
described. 

[0110] The X-direction collision determining means 8 is 
supplied With an acceleration signal obtained from the 
X-direction acceleration detecting G sensor 131, determines 
activation of the passenger protection apparatus such as an 
air bag during head-on collision of the vehicle, and generates 
an activation signal. Thus, When an acceleration in the 
X-direction that is at a suf?cient level to activate the 
passenger protection apparatus is supplied from the X-di 
rection acceleration detecting G sensor 131, the X-direction 
collision determining means 8 generates a door lock release 
signal Sd, and then outputs it to the logical sum means 10. 

[0111] Similarly, the Y-direction collision determining 
means 9 is supplied With an acceleration signal obtained 
from the Y-direction acceleration detecting G sensor 141, 
determines activation of the passenger protection apparatus 
such as an air bag during head-on collision of the vehicle, 
and generates an activation signal. Thus, When an accelera 
tion in the Y-direction that is at a suf?cient level to activate 
the passenger protection apparatus is supplied from the 
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Y-direction acceleration detecting G sensor 141, the Y-di 
rection collision determining means 9 generates a door lock 
release signal Sd, and then outputs it to the logical sum 
means 10. 

[0112] The logical sum means 10 calculates a logical sum 
of output signals from the X-direction collision determining 
means 8 and the Y-direction collision determining means 9 
and an output signal outputted from the comparison pro 
cessing unit 7 described in the ?rst embodiment, and then 
outputs a door lock release signal Sd to the outside. 

[0113] In determination of Whether or not to output a door 
lock release signal to start the passenger protection appara 
tus in the automatic door lock releasing apparatus for a 
vehicle according to the second embodiment, it is dif?cult to 
determine collisions in all directions as compared With the 
?rst embodiment. HoWever, since G sensors for a passenger 
protection apparatus are also used for the second embodi 
ment, it is possible to more quickly determine a collision to 
be detected in a speci?c direction. 

[0114] As described above, the second embodiment is 
con?gured in such a Way that G sensors for a passenger 
protection apparatus are also used for the second embodi 
ment, and a means for determining output of a signal to start 
the passenger protection apparatus is added in order to 
generate a door lock release signal. Thus, in addition to the 
effect of the ?rst embodiment, the second embodiment has 
an effect of enabling simple con?guration of the apparatus. 

[0115] As described above, the automatic door lock releas 
ing apparatus according to the present invention makes it 
possible to determine types of collisions in all directions on 
the basis of acceleration signals; that is, it is possible to 
generate an automatic door lock release signal by making 
correct determination during collision and during non-col 
lision. Thus, the automatic door lock releasing apparatus 
makes it possible to prevent an erroneous function in pro 
cessing for door lock release determination, and hence it is 
applicable to transportation vehicles and other ?elds as a 
highly reliable apparatus that determines the occurrence of 
a collision quickly. 

What is claimed is: 
1. An automatic door lock releasing apparatus compris 

ing: 
a plurality of acceleration sensors for detecting accelera 

tion in a plurality of directions; 

a plurality of decelerating direction integrating means 
each provided in correspondence With one of said 
plurality of acceleration sensors for integrating an 
acceleration signal of a decelerating direction Within a 
speci?ed sampling time, said acceleration signal being 
included in each of acceleration signals of the plurality 
of directions obtained from said plurality of accelera 
tion sensors; 

a plurality of accelerating direction integrating means 
each provided in correspondence With one of said 
plurality of acceleration sensors for integrating an 
acceleration signal of an accelerating direction Within a 
speci?ed sampling time, said acceleration signal being 
included in each of acceleration signals of said plurality 
of directions obtained from said plurality of accelera 
tion sensors; 
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a plurality of ?rst coefficient means each provided in 
correspondence With one of said plurality of accelera 
tion sensors for Weighting an output of said accelerat 
ing direction integrating means by multiplying it by a 
speci?ed coef?cient; 

a plurality of subtracting means each provided in corre 
spondence With one of said plurality of acceleration 
sensors for determining a velocity signal by subtracting 
said integral value outputted from said ?rst coef?cient 
means from said integral value outputted from said 
decelerating direction integrating means; 

an arithmetic processing means for receiving a plurality of 
velocity signals outputted from said plurality of sub 
tracting means and determining a resultant velocity of 
said plurality of velocity signals; and 

a signal generating means for comparing said resultant 
velocity outputted from said arithmetic processing 
means With a speci?ed threshold value and generating 
and outputting a start signal When said resultant veloc 
ity exceeds said speci?ed threshold value. 

2. An automatic door lock releasing apparatus as claimed 
in claim 1, 

Wherein the decelerating direction integrating means 
includes: 

a positive side acceleration detecting means for detect 
ing a positive side acceleration included in the accel 
eration signals obtained from the plurality of accel 
eration sensors; and 

an integration processing unit for integrating an input 
of said positive side acceleration outputted from said 
positive side acceleration detecting means and 
thereby calculating an integral value of said positive 
side acceleration. 

3. An automatic door lock releasing apparatus as claimed 
in claim 1, 

Wherein the accelerating direction integrating means 
includes: 

a negative side acceleration detecting means for detect 
ing a negative side acceleration included in the 
acceleration signals obtained from the plurality of 
acceleration sensors; and 

an integration processing unit for integrating an input 
of said negative side acceleration outputted from said 
negative side acceleration detecting means and 
thereby calculating an integral value of said negative 
side acceleration. 

4. An automatic door lock releasing apparatus as claimed 
in claim 1, 

Wherein the arithmetic processing means includes: 

a plurality of square processing units each provided in 
correspondence With one of the plurality of subtract 
ing means for squaring a velocity signal outputted 
from each of said plurality of subtracting means; 

a second coef?cient means for Weighting an output 
from part of said plurality of square processing units 
by multiplying it by a speci?ed value; 
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an addition processing unit for adding outputs of said 
plurality of square processing units and said second 
coefficient means; and 

a square root processing unit for determining a square 
root value of an output of said addition processing 
unit. 

5. An automatic door lock releasing apparatus as claimed 
in claim 1, 

Wherein the signal generating means includes: 

a comparator for comparing the resultant velocity out 
putted from the arithmetic processing unit With a 
speci?ed threshold value; and 

a one-shot timer for generating and outputting said start 
signal according to an output from said cornparator. 

6. An automatic door lock releasing apparatus as claimed 
in claim 1, 
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Wherein part of the plurality of acceleration sensors are 
acceleration sensors for a passenger protection appara 

tus; and 

Wherein the automatic door lock releasing apparatus fur 
ther includes a collision determining means for receiv 
ing an input of an acceleration signal outputted from an 
acceleration sensor for said passenger protection appa 
ratus and outputting a start signal When said accelera 
tion signal eXceeds a speci?ed value. 

7. An automatic door lock releasing apparatus as claimed 
in claim 6, further including a logical surn means for 
calculating a logical sum of the start signal from the signal 
generating means and said start signal from the collision 
determining means. 


