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VEHICLE ROLLOVER DETECTION SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The instant application claims the bene?t of US. Provi 
sional Application Ser. No. 60/366,149 ?led on Mar. 19, 
2002, Which is incorporated herein by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
FIG. 1a illustrates a rear vieW of a vehicle prior to the 

initiation of a roll event; 
FIG. 1b illustrates a rear vieW of a vehicle during a roll 

event; 
FIG. 2 illustrates a block diagram of a rollover detection 

system; 
FIG. 3 illustrates a How diagram of a rollover detection 

algorithm; 
FIG. 4 illustrates a How diagram of a data acquisition and 

preprocessing algorithm incorporated in the rollover detec 
tion algorithm; 

FIG. 5 illustrates a How diagram of a sa?ng algorithm 
incorporated in the rollover detection algorithm; 

FIG. 6 illustrates a How diagram of the rollover detection 
algorithm; 

FIG. 7 illustrates a How diagram of an algorithm incorpo 
rated in the rollover detection algorithm for determining if 
sensor recalibration is required; 

FIGS. 8a, 8b and 8c are tables that illustrate details of the 
rollover detection algorithm; 

FIGS. 9a and 9b are tables that illustrate examples of 
values of parameters of the rollover detection algorithm; 

FIG. 10 illustrates a table of conditions associated With 
various rollover events and non-rollover events; 

FIG. 11a illustrates a plot of ?ltered roll rate, roll angle and 
?ltered lateral acceleration of a vehicle subjected to a cork 
screW roll test designated as Test A, resulting in a rollover 
event; 

FIG. 11b illustrates a plot of ?ltered roll rate, roll angle and 
?ltered lateral acceleration of a vehicle subjected to a cork 
screW roll test designated as Test B, resulting in a non-rollover 

event; 
FIG. 11c illustrates a plot of ?ltered roll rate, roll angle and 

?ltered lateral acceleration of a vehicle subjected to a decel 
eration sled test designated as Test C, resulting in a non 
rollover event; 

FIG. 11d illustrates a plot of ?ltered roll rate, roll angle and 
?ltered lateral acceleration of a vehicle subjected to a decel 
eration sled test designated as Test D, resulting in a rollover 
event; 

FIG. 12 illustrates plots of a ?gure-of-merit and an associ 
ated deployment threshold for a rollover measure as a func 
tion of time, in accordance With a measures algorithm, for the 
rollover event of Test D and the non-rollover event of Test C; 

FIG. 13 illustrates a plot of roll rate as a function of time for 
a signal having a roll rate offset; 

FIG. 14 illustrates plots of roll angle as a function of time 
based upon the data of FIG. 13, for various associated pro 
cesses for determining roll angle from roll rate; and 

FIG. 15 illustrates plots of roll rate as a function of roll 
angle, and plots of associated rollover thresholds, in accor 
dance With an energy algorithm, for the rollover event of Test 
A and the non-rollover event of Test B; 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
FIG. 16 illustrates a front vieW of a passenger compartment 

of a vehicle, and a block diagram of another embodiment of a 
rollover detection system; and 

FIG. 17 illustrates a block diagram of a controller in accor 
dance With the rollover detection system illustrated in FIG. 
1 6. 

DESCRIPTION OF EMBODIMENT(S) 

There exists a need for a vehicle rollover detection system 
that provides for discrimination of vehicle rollover su?i 
ciently quickly to enable associated safety restraint actuators, 
e.g. seat belt pretensioners, air bags or roll curtains, to be 
deployed before an initial head contact With the interior of the 
vehicle, particularly for the types of rollovers resulting in 
relatively fast head closure times. For example, there are 
some roll events for Which head closure may occur before it 
can be reliably determined from the physics of the roll event 
Whether the vehicle Will completely rollover. There further 
exists a need for a robust vehicle rollover detection system 
that provides for suf?ciently fast discrimination of vehicle 
rollover responsive to either relatively sloW or relatively fast 
rollover events. 

Referring to FIG. 1a, a rollover detection system 10 is seen 
mounted in a vehicle 12. The vehicle 12 is shoWn With a local 
Cartesian coordinate system With the X-axis aligned With the 
vehicle’s longitudinal axisipositive forWard,ithe Y-axis 
aligned With the vehicle’s lateral axisipositive leftWard,i 
and the Z-axis aligned With the vehicle’s vertical axisiposi 
tive upWard. The vehicle 12 has a mass M, and the associated 
center-of-gravity CG thereof is located at a height ZO above 
the ground The vehicle 12 is shoWn sliding at a velocity U in 
the negative Y direction toWards an obstruction 14. 

Referring to FIG. 1b, upon one or more Wheels 16 of the 
vehicle 12 engaging the obstruction 14, the resulting reaction 
force F therefrom causes the vehicle 12 to rotate about the 
X-axis relative to a trip point 13, at a time dependent angular 
velocity uux(t) causing a time dependent angular position 0(t), 
Wherein the vehicle 12 has a moment-of-inertia I,C about the 
associated axis of rotation that is parallel With the X-axis and 
intersecting the trip point 13. The rotation of the vehicle 12 
increases the height ZCG of the center-of-gravity CG relative 
to the height ZO thereof prior to engagement With the obstruc 
tion 14, thereby increasing the potential energy M~g~(ZCG— 
Z0) of the vehicle 12 relative to the pre-engagement position 
and orientation. Accordingly, the potential energy of the 
vehicle 12 is dependent upon the angular position 0 thereof. 
Furthermore, With rotation, the vehicle 12 gains an angular 
kinetic energy of 

The reaction force F also causes a linear acceleration 

of the center-of-gravity CG, as indicated by the lateral accel 
eration component Ay(t) along the local Y-axis. Whereas 
FIGS. 1a and 1b illustrate a roll event caused by the impact of 
a sliding vehicle With an obstruction, it should be understood 
that roll events can be caused by other scenarios, eg a tire 
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blowout followed by a subsequent engagement of the associ 
ated Wheel rim With the ground. Accordingly, the rollover 
detection system 10 is not limited to a particular type of roll 
event. 

Referring to FIG. 2, the rollover detection system 10 com 
prises a lateral accelerometer 18 and an angular rate sensor 
20, Which are preferably, but not necessarily, mounted proxi 
mate to the center-of-gravity CG of the vehicle 12. The lateral 
accelerometer 18 is responsive to a time dependent lateral 
acceleration component Ay(t) of acceleration along the local 
Y-axis. For example, the lateral accelerometer 18 may com 
prise an accelerometer, eg a micro-machined accelerometer 
having at least one axis of sensitivity, With an axis of sensi 
tivity substantially aligned With the local Y-axis. The angular 
rate sensor 20, e. g. a gyroscope, is oriented so as to be respon 
sive to a time-dependent component of angular velocity uux(t) 
about the local X-axis. The lateral accelerometer 18 and 
angular rate sensor 20 are operatively coupled to respective 
?lters 22, 24 that ?lter the respective signals Ay(t) and uux(t) 
for processing by a processor 26 having a memory 28. It 
should be understood that the ?lters 22, 24 can be either 
separate from or incorporated in the processor 26, and may be 
either analog or digital, or a combination thereof, as knoWn to 
one of ordinary skill in the art. Moreover, the ?lters 22, 24 
could be adapted as part of the respective lateral accelerom 
eter 18 or angular rate sensor 20. The processor 26 processes 

the respective ?ltered Ay(t) and (i),€(t) signals so as to discrimi 
nate Whether or not the vehicle Would be likely to roll over, 
and responsive thereto, to control the actuation of appropriate 
safety restraint actuators 30 so as to mitigate rollover induced 
injury to an occupant of the vehicle 12. For example, the 
processor 26 may comprise a digital computer, microproces 
sor or other programmable device, an analog processor, ana 
log or a digital circuitry, or a combination thereof. Moreover, 
the safety restraint actuators 30 may include, but are not 
limited to, a seat belt pretensioner 32 operatively connected to 
a seat belt 34; a thorax air bag in?ator 36 adapted to provide 
protection from both rollover and side-impact crashes; a roll 
curtain 38 adapted to deploy betWeen the occupant and the 
side WindoW 39 of the vehicle 12; or an overhead air bag 
in?ator 40 adapted to deploy an air bag from the roof or 
headliner of the vehicle 12. Whereas FIG. 2 illustrates the 
safety restraint actuators 30 for one seating position of the 
vehicle 12, it should be understood that safety restraint actua 
tors 30 may be provided at each seating position, and that the 
rollover detection system 10 can be adapted to control any or 
all of the safety restraint actuators 30 responsive to rollovers 
in any direction for Which the associated safety restraint 
actuators 30 are adapted to mitigate occupant injury. More 
over, the particular set of safety restraint actuators 30 need not 
necessarily include all of those described hereinabove, or 
may include other types of safety restraint actuators 30 not 
described hereinabove. 

Referring to FIG. 3, in accordance With one embodiment of 
a rollover detection algorithm 100 for detecting a vehicle 
rollover and controlling the actuation of one or more associ 
ated safety restraint actuators 304e.g. in accordance With the 
apparatus illustrated in FIG. 2icomprises the combination 
of a data acquisition and preprocessing algorithm 150, a 
measures algorithm 300.1, an energy algorithm 300.2, a saf 
ing algorithm 200 and associated logic 330', 340 that gener 
ates a signal 342 that controls the actuation of the safety 
restraint actuator(s) 30 responsive thereto. 

The measures algorithm 300.1 uses a heuristic, time-do 
main discrimination process to detect a rollover condition, 
and canbe bene?cial in shortening deployment times for most 
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4 
rollover events characterized by relatively fast head closure 
times (e.g. <250 msec) that are typically associated With 
larger lateral vehicle forces. The measures algorithm 300.1 
utiliZes both the ?ltered lateral acceleration component ‘Sly 
and ?ltered angular velocity (11x signals to evaluate a function 
that is compared With a threshold, that along With other cri 
teria, are used to make a deployment decision. 
The energy algorithm 300.2 uses a phase-space discrimi 

nation processibased upon the physics associated With a 
vehicle rollover processito detect a rollover condition, and 
can be bene?cial in providing reliable deployment decisions 
for sloWer roll events that are caused primarily by vertical 
forces on the vehicle or by loW level lateral forces on the 
vehicle 12. The energy algorithm 300.2 utiliZes the ?ltered 
angular velocity (11x signal to determine the roll state of the 
vehicle 12 and to compare the instantaneous total energy 
(rotational kinetic and potential) thereof With that needed to 
cause the vehicle 12 to roll past an associated equilibrium 
position. The energy algorithm 300.2 utiliZes both the ?ltered 
lateral acceleration component Ay and ?ltered angular veloc 
ity (11x signals in the associated entrance and exit criteria. 

Whereas FIG. 3 illustrates the measures algorithm 300.1 
and the energy algorithm 300.2 used in combination, it should 
be understood that this is not essential, and that either of the 
algorithms can be used alone. HoWever, the combination of 
algorithms increases the robustness of the associated rollover 
detection system 10, because for some conditions, e. g. “curb 
trip” conditions, the measures algorithm 300.1 can provide 
faster discrimination than the energy algorithm 300.2; 
Whereas for other conditions, eg “corkscrew”, “ramp” or 
“?ip” conditions, the energy algorithm 300.2 can provide 
faster discrimination than the measures algorithm 300.1. 
The measures algorithm 300.1 and energy algorithm 300.2 

are independent of one another, although each utiliZes com 
mon, ?ltered data from the data acquisition and preproces sing 
algorithm 150, i.e. a ?ltered lateral acceleration component 
Ay and a ?ltered angular velocity (11x. Both the measures 
algorithm 300.1 and the energy algorithm 300.2 are charac 
teriZed by associated entrance and exit criteria, Wherein cal 
culations associated With the respective algorithm are com 
menced if the respective associated entrance criteria is 
satis?ed, and these calculations are terminated if the respec 
tive associated exit criteria is satis?ed, and then reset if and 
When the entrance criteria are subsequently satis?ed. 
The sa?ng algorithm 200 can improve the reliability of the 

rollover detection system 10 by providing an independent set 
of conditions, or sa?ng criteria4dependent upon the ?ltered 
lateral acceleration component ‘31y and/or ?ltered angular 
velocity (hxithat must be met in order to enable the deploy 
ment of the one or more associated safety restraint actuators 
30. Both the measures algorithm 300.1 and the energy algo 
rithm 300.2 are each “safed” by a common sa?ng algorithm 
200. Whereas the sa?ng algorithm 200 provides for addi 
tional discrimination so as to mitigate against an undesirable 
actuation of the safety restraint actuators 30 responsive to 
non-rollover events, it should be understood that the sating 
algorithm 200 is not essential, and that either measures algo 
rithm 300.1 or the energy algorithm 300.2 can be used alone, 
or in combination With one another, With or Without the sa?ng 
algorithm 200. 

In the operation of the rollover detection algorithm 100, 
responsive to data from the data acquisition and preprocess 
ing algorithm 150, if either the measures algorithm 300.1 OR 
330' the energy algorithm 300.2 detects a vehicle rollover 
condition, AND 340 if the sa?ng algorithm 200 determines 
that an associated independent sa?ng condition is satis?ed, 


































