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An apparatus for detecting a rollover event, which includes
atleast one acceleration sensor in the vertical direction of the
vehicle and one acceleration sensor in the horizontal direc-
tion of the vehicle. A processor of the apparatus according
to the invention will start a rollover algorithm in response to
an inertial event, in order, as a function of the signal of the
acceleration sensor in the vertical direction to detect the
rollover event and as a function of it to trip restraint devices.
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APPARATUS FOR DETECTING A ROLLOVER
EVENT

FIELD OF THE INVENTION

[0001] The present invention is based on an apparatus for
detecting a rollover event.

BACKGROUND INFORMATION

[0002] From German Published Patent Application No.
197 44 083, it is known for a rollover event to be detected
and checked for plausibility using acceleration sensors in at
least two directions in space and with at least one rotation
rate sensor.

SUMMARY OF THE INVENTION

[0003] The apparatus according to the present invention
for detecting a rollover event, has the advantage by com-
parison that especially rollovers about the transverse or Y
axis of the vehicle are detectable without additional sensors.
In particular, according to the present invention, it is unnec-
essary to measure the acceleration at several points in the
vehicle and to derive the rotary motion of the vehicle from
the comparison of the measurements. Instead, the fact is
advantageously exploited that the ground acceleration, in a
rollover about the Y axis, causes a change in the measured
7 acceleration, that is, in the vertical direction of the vehicle,
in the coordinate system installed in the vehicle. Such a
measurement may be made at any arbitrary point in the
vehicle, and accordingly with the sensor system in the
central air bag control unit as well. This means that without
additional expense for hardware, passenger protection in
rollovers about the Y axis is optimized. Besides the primary
use of the present invention in sensing Y-axis rollovers,
however, it is also possible with the apparatus of the present
invention to sense rollovers about the X axis, that is, the
longitudinal direction of the vehicle.

[0004] All that is required is to transpose the X and Y axes
in the sensing. Particularly in rollovers along the transverse
axis of the vehicle, acceleration sensors in the X and Z
directions are used for sensing the rollover, so that the
appropriate restraint devices for protecting the vehicle pas-
sengers may then be activated.

[0005] Tt is especially advantageous that the inertial event
with which the measurement or detection of the rollover
event is initiated is the tripping of restraint devices. Alter-
natively, it is possible for a front tripping algorithm or side
air bag algorithm at a defined point to send an appropriate
signal to the rollover event detection algorithm. It is also
possible for this signal to be dependent only on a measured
acceleration signal in the longitudinal direction of the
vehicle or the transverse direction of the vehicle, or on an
integral of this measured acceleration. The inertial event is
consequently the starting event for the method of the present
invention.

[0006] Moreover, it is advantageous in that case that upon
detection of the rollover event, subsequent characteristics in
the vertical direction of the vehicle are evaluated in the
acceleration. The acceleration must initially be negative in
the inertial event; that is, it should point in the direction of
the bottom of the vehicle. At the same time, the vertical
acceleration of the vehicle must have a positive gradient,
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since then a slow change takes place from -1 g to 0 g during
the rollover. Advantageously, accelerations in the transverse
direction of the vehicle may be observed in addition, for
instance in order to ascertain, by forming an integral of the
acceleration in the Y direction, that no lateral motion is
occurring. Such motion would be an indication of a rollover
about the X axis. Alternatively or in addition, in the presence
of a rotation rate sensor for rotation about the X axis, a
rollover about the X axis may be excluded by the evaluation
of the signal of that sensor. However, if the vehicle rolls
over, then the suitably processed signal of the acceleration in
the longitudinal direction of the vehicle, that is, the X
direction, must have a low value of less than 1 g, with only
a small proportion of high-frequency oscillation, and with a
positive gradient, until the vehicle finally is vertical. From
this it may be detected that the vehicle is no longer in an
event involving spinning on the roadway.

[0007] Ttis furthermore advantageous that from the mea-
sured value for the Z acceleration in the system in the
vehicle, the proportion of gravitational acceleration in the
total acceleration in the Z direction is extracted by a suitable
low-pass filter, so that the measured acceleration changes
from -1 g (meaning that the vehicle is in the normal
position; the gravitational acceleration points downward)
through 0 g (meaning that the vehicle is vertical) to +1 g
(meaning that the vehicle is resting on its roof). It must be
assured here that offset correction of the Z acceleration
signal during travel be effected slowly enough so as not to
adulterate the measurement of the Y rollover. This offset
correction may be switched off for specific situations. In
addition, the X acceleration signal may be evaluated, whose
course qualitatively is as follows:

[0008] If the inertial event is a crash at the front of the
vehicle, the result is high-frequency oscillation, associated
with a high value for the integral over the X acceleration,
because of the severe braking of the vehicle. Next, the
suitably processed X acceleration signal will attain the value
of 1 g, meaning that the vehicle is now vertical, and then
drops again to 0 g, with the vehicle resting on its roof.

[0009] Finally, if the inertial event is not followed by any
rollover of the vehicle about the Y axis, it is also advanta-
geous that in that case a time is defined up to which the Y
rollover algorithm remains maximally activated. A preferred
possible way of defining this time is via suitable detection of
the intrinsic motion of the vehicle. If the vehicle is no longer
in motion, then there is a wait for a predetermined length of
time until a time that is predetermined is reached and
tripping of the restraint devices for the Y rollover is no
longer possible. A further possible way is to define this time
as a predetermined time after the instant of the inertial event.
This instant may also be defined on the basis of other
aspects, such as the availability of the power supply for
activating the passenger protection systems or for operating
the required sensors. Still other events may also ensue that
lead to tripping of the passenger protection systems provided
for a Y rollover, in which case further sensing of the Y
rollover is unnecessary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 shows a block circuit diagram of the
apparatus of the invention.

[0011] FIG. 2 shows a rollover event in the Y direction.



US 2006/0095182 Al

[0012] FIG. 3 shows a further block circuit diagram of the
apparatus of the present invention.

[0013] FIG. 4 shows a timeline of a vehicle rollover in the
Y direction.

DETAILED DESCRIPTION

[0014] Modem rollover sensing systems typically employ
micromechanical rotation rate sensors, which also allow
calculating the angle of rotation via a numerical integration.
The combination of rotation rate and rotation angle infor-
mation makes it possible to predict the rollover and thus to
make a tripping decision that is sturdier and more flexible
than tripping by way of a fixed angle threshold of an
inclination sensor. Rollover sensing systems based on rota-
tion rate sensors thus make it possible also to trip such
irreversible restraint devices as belt tighteners and air bags,
in addition to the original use of rollover sensing for tripping
a rollbar in a convertible.

[0015] Nevertheless, inclination sensors have the advan-
tage that they sense inclinations about both the X and the Y
axis as well as any arbitrary combination of them, while
rotation rate sensors have only one sensing direction. Theo-
retically, this disadvantage may easily be overcome by using
two rotation rate sensors, one each for the X and Y axes.
Statistically, however, the predominant number of all roll-
over events in the field involve rollovers about the X axis,
that is, the longitudinal axis of the vehicle, so that for cost
reasons only one rotation rate sensor is typically used.
Accordingly, in present systems, sensing of rollovers about
the Y axis is typically not done.

[0016] Modem systems for tripping restraint devices
include not only rotation rate sensors but also a sensor
system for measuring the X and Y acceleration for sensing
head-on and side crashes. Moreover, in many cases, Y and
7 sensors are used as a safety function, that is, as an
independent plausibility checking path for making a tripping
decision based on the rotation rate sensor in the event of
rollover events.

[0017] According to the present invention, acceleration
sensors in the X and Z direction are now employed in order
to sense rollovers in the Y axis and thus to activate appro-
priate restraint devices to protect the vehicle passengers. In
particular, the apparatus of the present invention thus makes
it possible to sense Y rollovers without having to incorporate
additional sensor systems in the vehicle. Such a measure-
ment may be made at any arbitrary point in the vehicle,
including using the sensor system in the central air bag
control unit. This means that without additional expense for
hardware, the passenger protection is optimized in the event
of rollovers about the Y axis. With the apparatus of the
present invention, however, it is also possible to sense
rollovers about the X axis. For that purpose, the X and Y
axes need merely be transposed in the present patent appli-
cation.

[0018] A coordinate system installed in the vehicle in
which the X axis points to the front, the Y axis points to the
left, and the Z axis points upward is used below. If the
vehicle 1s standing on flat ground, the gravitational accel-
eration points in the negative direction; that is, it has a value
of -1 g.

[0019] First, the Y rollover algorithm is activated on the
basis of an inertial event. As the inertial event, a signal is
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used that typically precedes a rollover about the Y axis. A
vehicle that runs at high speed into a deep ditch, for instance,
runs the risk of rolling over at its front end, that is, about the
Y axis or transverse axis of the vehicle. In that case, a
suitable inertial event would be tripping of the front air bags
via the front algorithm, or a high value for the X accelera-
tion, and/or its integral.

[0020] During the Y rollover, there is a comparatively
slow change in the Z acceleration measured in the vehicle,
because of the change in the coordinate system installed in
the vehicle compared to the direction of action of the
gravitational acceleration. If on the basis of the measured
value of the Z acceleration in the system installed in the
vehicle, the portion of gravitational acceleration is extracted
from the total acceleration in the 7 direction by a suitable
low-pass filter, then what is expected is a change from -1 g
through 0 g to 1 g. This means that initially the vehicle is in
its normal position, then becomes vertical, and finally rests
on its roof. It must be assured here that offset correction of
the 7 acceleration signal is either switched off for specific
situations or proceeds slowly enough during travel that it
does not adulterate the measurement during the Y rollover.

[0021] In addition, the X acceleration signal may be
evaluated; its course qualitatively is as follows: If the inertial
event is the collision at the front of the vehicle, the result is
high-frequency oscillation, together with a high value for the
integral over the X acceleration because of the severe
braking of the vehicle. Next, the suitably processed accel-
eration signal will reach the value of 1 g. The vehicle is now
vertical and then the value drops again to 0 g, meaning that
the vehicle is now resting on its roof.

[0022] Thus initially an inertial event is detected that
activates the Y rollover algorithm. Typically, this event may
be a head-on collision, which is detected via the X accel-
eration sensor. The instant of the inertial event will herein-
after be defined as t,, that is, the starting instant of the Y
rollover algorithm. The timeline in the further course of the
rollover algorithm is shown in FIG. 4. It is appropriate to
reset the time t,, here identified by referernce numeral 25, the
next time the X acceleration signal is sufficiently active. In
this way, it is possible to cover instances in which a vehicle
for instance initially has a head-on collision on the road and
then skids off the road and finally Polls over in the roadside
ditch. Then it is the second collision or impact that is
decisive for initiating the Y rollover.

[0023] At a time t_,,, marked in FIG. 4 by reference
numeral 26, where t., Zt,, the high-frequency oscillations
caused by the inertial event in the X, Y and Z directions will
have faded sharply enough. Depending on the vehicle, t,,,,
may also be equal to t,. From time t_, to time t__ 4, here
identified by reference numeral 29, or in other words the end
of the Y rollover algorithm, or tg ., identified by reference
numeral 28, which is the decision to fire in the algorithm, the
suitably processed 7 acceleration az will be monitored for
certain characteristics. The following are possible examples
of such characteristics:

[0024] At time t_, . the vertical acceleration az must be
negative, and in addition, signal az, suitably processed, must
have a positive gradient, that is, a slow change from -1 g to
0g.

[0025] 1In addition, the suitably processed acceleration
signals in the X and Y directions ax and ay may be
monitored:
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[0026] For example, by forming the integral of ay, moni-
toring may be done to find that the vehicle has no significant
lateral motion, which would be an indication of a rollover
about the Y axis. Alternatively, if a rotation rate sensor for
rotation about the X axis is present, its signal may be
evaluated, in order to distinguish a rollover about the X axis
from a rollover about the Y axis.

[0027] Ifthe vehicle rolls over, then the suitably processed
signal ax must have a low value of less than 1 g, with only
a slight portion of high-frequency oscillations and with a
positive gradient, until the vehicle is vertical. From this it
may be told that the vertical is no longer involved in a
spinning event on the road. The time t_,,, marked in FIG. 4
by reference numeral 27, at which the vehicle is vertical is
defined by the zero crossover of signal az. Tripping of
suitable passenger protection systems takes place if the
tripping is plausible by a time tg,. 28, where t,_; St St 4.
The plausibility check is performed by monitoring signals
ax, ay and az, specifically in a similar way to what is
described above in general for monitoring in the period of
time from t,, to t_ 4. This involves for instance gradient
monitoring of ax and/or az, or observing the acceleration
values of ax, ay and az. For the case where the inertial event
is not followed by a rollover of the vehicle about the Y axis,
it is appropriate to define a time t,,, until which the Y
rollover algorithm remains maximally activated. A preferred
possible way of defining the time t_, is suitable detection of
the intrinsic motion of the vehicle. If the vehicle is no longer
in motion, then a suitable length of time is waited out until
the time t,,, is reached and thus tripping of the restraint
devices for the Y rollover is no longer possible. A further
possible way is to define t, , as a predefined length of time
after time t,,. The time t_, 4 may also be defined on the basis
of other aspects, such as the availability of a power supply
for activating the passenger protection systems or for oper-
ating the required sensors. Moreover, still other events may
ensue that cause tripping of the passenger protection systems
intended for a Y rollover, so that further sensing of the Y
rollover is unnecessary.

[0028] FIG. 4 accordingly illustrates a Y rollover in its
course over time. At time t,, the vehicle in position 22
suffers a head-on collision. This is assessed as an inertial
event. At time t, . 26, monitoring of the acceleration in the
Z direction and the other accelerations is then performed. At
time t, ;. 27, the vehicle has reached the position 23; that is,
it is standing vertically on its front end. At time 28, t;, ., the
vehicle in position 24 now rolls over from its vertical
position, and the restraint devices are tripped if plausibility
exists. At time t, 4 29, the algorithm is ended, if by then no
decision to trip or fire has been made.

[0029] The apparatus of the present invention is shown in
the form of a block circuit diagram in FIG. 3. Acceleration
sensors 1, 2 and 3, which pick up the acceleration in the X,
Y and 7 directions, are connected to a processor 4. Accel-
eration sensors 1, 2 and 3 are embodied here as digital
sensors; that is, they already furnish a digital signal to
processor 4 and thus they themselves already contain at least
one analog/digital converter. More than these three sensors
may also be used, or in other words a rotation rate sensor for
rotation about the X axis may also be employed. For rollover
sensing in the Y direction, it is necessary to use only the
sensor in the 7 direction, that is, sensor 3. To distinguish
between rollovers in the X and Y directions, the sensor in the
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X direction, that is, sensor 1 or sensor 2 in the Y direction
must additionally be used. Sensors 1 and 2 and other sensors
that may also be present may moreover be used for checking
the plausibility of the rollover sensing. Processor 4 carries
out the above-described evaluation of the acceleration sig-
nals. In the process, however, the algorithm for the rollover
event in the Y direction is not activated until an inertial event
has been ascertained. As described above, a head-on colli-
sion that causes tripping of front air bags counts as an
inertial event of this kind. This inertial event must be typical
for an onset of a rollover event in the Y direction. To sense
rollover events about the X axis, it is necessary to define
suitable inertial events. In this case, a side crash, for
instance, may be an inertial event. If processor 4 has
detected a rollover event, then, when it makes a tripping
decision, it will transmit a suitable signal to trigger-circuit
control 5 at time t,, ., which then triggers restraint devices 6,
such as air bags or belt tighteners or rollbars.

[0030] FIG. 1 shows the apparatus of the present inven-
tion and a method of the present invention in the form of a
block circuit diagram. The accelerations in the X direction 7
and Y direction 8 as well as the Z direction 9 are fed into a
filter and evaluation unit 10. Filter and evaluation unit 10
also performs the plausibility check. Filter and evaluation
unit 11 represents the main path. Only the acceleration signal
in the Z direction 9 1s fed into it. An inertial event 13 starts
a counter 12. This counter may be stopped by a final event
14. Counter 12 is connected to filter and evaluation unit 11
in the main path. If both filter and evaluation units 10 and 11
ascertain tripping of the restraint devices, or in other words
if both form a tripping decision, then in linkage 15 this will
lead to a signal that leads to tripping of a passenger protec-
tion application 16.

[0031] Accordingly, inertial event 13 starts counter 12 and
with it the Y rollover algorithm. Measured accelerations 7,
8 and 9 are to filter and evaluation units 10 and 11 for the
main path and the plausibility check. Counter 12 may affect
filter and evaluation units 11 and 12 by defining times t,,
and t_, as well as the period of time between t,;, and t,,..
Optionally, the ending time of the algorithm t, , may be
determined by an external final event. The decision by filter
and evaluation units 10 and 11 for the main path and the
plausibility will be linked in a preferred application using a
logical AND gate 15, and thus a tripping decision for
passenger protection application 16 will be made.

[0032] FIG. 2 again shows how coordinate system 18,
which is installed in the vehicle, is located for a car 17 in a
normal position. Here the gravitational acceleration is ascer-
tained in the direction of bottom 21 of the vehicle. If the
vehicle at position 20 then rolls over its Y axis, then
coordinate system 18 rotates along with it. The direction of
gravitational acceleration 21 is now different, relative to the
vehicle.

[0033] As described above, by transposing the X and Y
sensors and directions, it is also possible for rollovers about
the X axis, which occur more often, to be detected by the
apparatus of the present invention.
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1-9. (canceled)
10. An apparatus for detecting a rollover event, compris-
ing:

at least one first acceleration sensor in a vertical direction
of a vehicle;

at least one second acceleration sensor in at least one
horizontal direction of the vehicle; and

a processor for detecting an inertial event as a function of
a first signal of the at least one second acceleration
sensor, and after detection of the inertial event, evalu-
ating a second signal from the at least one first accel-
eration sensor for detecting the rollover event, the
processor triggering a restraint device as a function of
the first signal and the second signal.

11. The apparatus as recited in claim 10, wherein:

the processor detects the inertial event one of in the form
of the deployment of the restraint device in the event of
one of a head-on crash and a lateral crash and as a
function of an acceleration signal in one of a longitu-
dinal direction of the vehicle and a transverse direction
of the vehicle.

12. The apparatus as recited in claim 10, wherein:

the processor performs the evaluation by examining char-
acteristics, in that an acceleration in the vertical direc-
tion of the vehicle in the inertial event is negative and
has a positive gradient.
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13. The apparatus as recited in claim 12, wherein:

the processor evaluates at least one of an acceleration in
the transverse direction of the vehicle and a rotation
rate about a vehicle longitudinal rate, in order to detect
a lateral motion.

14. The apparatus as recited in claims 12, wherein:

the processor evaluates a vehicle acceleration in the
longitudinal direction of the vehicle.
15. The apparatus as recited in claim 12, further compris-
ing:

a low-pass filter for filtering an acceleration in the vertical
direction of the vehicle, in order to extract a gravita-
tional acceleration.

16. The apparatus as recited in claim 15, wherein:

the at least one first acceleration sensor includes an offset
control which is embodied as slow.
17. The apparatus as recited in claim 10, wherein:

in an absence of a detection of the rollover event, the
processor is capable, after the first inertial event, of
monitoring for a new inertial event.
18. The apparatus as recited in claim 10, further compris-
ing:

at least one plausibility sensor.
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