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(57) ABSTRACT 

A method for determining road bank angle in a vehicle 

includes a lateral acceleration sensor (22) that generates a 

lateral acceleration signal. A yaW rate sensor (18) generates 
a yaW rate signal. Aroll rate sensor (23) generates a yaW rate 

signal. A controller (14) coupled to the sensors calculates a 

?rst roll angle signal in response to the roll rate signal and 
calculates a second roll angle signal corresponding to a 

suspension reference roll angle in response to the lateral 
acceleration signal. The controller calculates a bank angle 
signal in response to the lateral acceleration signal, the yaW 
rate signal, the steering Wheel signal and the speed signal. 
The controller sums the ?rst roll angle signal, the second roll 
angle signal and the bank angle signal to obtain a ?nal roll 
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METHOD FOR DETERMINING THE ROLL 
ANGLE OF A VEHICLE USING AN ESTIMATION 

OF ROAD BANK ANGLE 

TECHNICAL FIELD 

[0001] The present invention relates generally to a method 
for determining the roll angle of a moving vehicle. More 
particularly, the present invention relates to a method for 
detecting the roll angle under dynamic lateral operating 
conditions for use in a motor vehicle having a yaW or 
rollover control system. 

BACKGROUND 

[0002] Automotive vehicles With braking systems Which 
respond to vehicle conditions as Well as driver input have 
been produced. For example, When a particular yaW rate is 
desired, as indicated by a driver’s steering Wheel operation, 
if the vehicle is not producing an adequate yaW rate, the 
braking system of the vehicle may compensate by altering a 
particular Wheel’s speed. This control is dependent on 
accurate measurement of several vehicle operating condi 
tions. It has been observed that error can be introduced in the 
control system if the vehicle is operating on a banked 
surface. Therefore, it is desirable to determine the bias in the 
various operating condition signals introduced by operating 
on a banked surface. 

[0003] US. Pat. No. 5,446,658 (’658) addresses the prob 
lem of estimating bank angles of a road surface. HoWever, 
under various operating conditions, the system described in 
’658 patent does not have the ability to calculate the road 
surface bank angle under dynamic lateral operating condi 
tions. Speci?cally, if the yaW rate for the vehicle changes by 
more than a predetermined threshold, the previously deter 
mined bank angle is assumed as the current bank angle. Of 
course, it is quite possible for a vehicle to undergo extreme 
bank angle variation during the period that the yaW rate is 
not Within a predetermined threshold. 

[0004] US. Pat. No. 6,073,065 provides a method for 
determining a bank angle experienced by a motor vehicle 
that is robust to dynamic lateral vehicle operations. HoW 
ever, the methodology reaches its limitation during high 
frequency maneuvers With simultaneous road bank varia 
tion. The estimation during dynamic maneuvers may expe 
rience some instantaneous errors. 

[0005] A paper presented by Y. Fukada entitled “Estima 
tion of Vehicle Slip-Angle With Combination Method of 
Model Observer and Direct Integration”, presented at the 
International Symposium on Advance Vehicle Control in 
September 1998, addresses the estimation of road bank 
angle With vehicle slip angle. In this paper, the difference 
betWeen lateral force measured With a lateral accelerometer 
and the tire model estimated lateral force is used to obtain 
the road bank angle. HoWever, its accuracy is contingent on 
the accuracy of the estimated lateral tire force, Which, in turn 
depends on the accuracy of the road surfaces and lateral 
velocity. In this approach, the lateral velocity in road bank 
angle estimation is believed to be, at best, a convoluted 
process. Also, the accuracy and robustness of such a calcu 
lation is suspect. 

[0006] In roll sensing systems, three accelerometers and 
three angular rate sensors have been used. Together the 
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sensors track the position and attitude of the vehicle. One 
problem With such systems is that the output of the sensors 
is susceptible to cumulative drift errors. Some gyroscopic 
sensors are available to minimiZe drift but are typically 
unsuitable and too expensive for automotive applications. 
US. Pat. Nos. 6,038,495 and 6,212,455 use automotive 
grade sensors to determine rollover of the vehicle. Such 
systems take advantage of short-term integration and/or an 
inclinometer for bias correction. HoWever, such systems are 
not capable of detecting sustained road surfaces such as the 
road bank during a turn. Under bank conditions, the frame 
of reference changes and therefore the output does not 
provide a reliable vehicle roll attitude. The ’495 patent, for 
example, uses integration With a high pass ?lter While the 
’455 patent uses a lateral accelerometer/inclinometer to 
provide long term offset compensation. During bank turn 
conditions, the steady state roll is no longer Zero and the 
lateral acceleration is not a good indication of the vehicle 
roll angle. Therefore, neither of these approaches provides 
robust roll angle estimation for road disturbances such as 
road bank angles, and in particular, sustained road bank 
angles. 
[0007] It Would be desirable to determine roll angle under 
a variety of conditions including a bank angle being expe 
rienced by the vehicle. 

SUMMARY OF THE INVENTION 

[0008] The present invention provides a robust method 
and apparatus for determining the roll angle of a vehicle that 
takes into consideration the suspension roll, the road bank 
angle experienced by a motor vehicle, as Well as sensor 
measurement drift errors. The method comprises providing 
a lateral acceleration signal corresponding to a lateral accel 
eration of the vehicle, providing a yaW rate signal corre 
sponding to a yaW rate of the vehicle, providing a steering 
Wheel signal responsive to a sensed steering Wheel angle of 
the vehicle, providing a speed signal corresponding to a 
vehicle speed, calculating a ?rst bank angle estimate depen 
dent on the lateral acceleration signal, the yaW rate signal, 
the steering Wheel signal and the speed signal, calculating a 
suspension reference roll angle in response to said lateral 
acceleration signal, calculating a conservative bank angle 
estimate signal in response to the ?rst bank angle estimate 
and the suspension roll reference angle. 

[0009] In a further aspect of the invention Where the total 
vehicle roll/bank angle is estimated, a system for controlling 
a vehicle includes a lateral acceleration sensor generating a 
lateral acceleration signal corresponding to a lateral accel 
eration of the vehicle, a roll rate sensor generating a roll rate 
signal corresponding to a roll rate of the vehicle, a yaW rate 
sensor generating a yaW rate signal corresponding to a yaW 
rate of the vehicle, a steering Wheel angle sensor generating 
a steering Wheel angle signal corresponding to a steering 
Wheel angle of the vehicle, a speed sensor generating a speed 
signal corresponding to the longitudinal speed of the 
vehicle. A controller is coupled to the lateral acceleration 
sensor, the yaW rate sensor, the steering Wheel angle sensor 
and the speed sensor. The controller calculates a ?rst roll 
angle signal in response to the roll rate signal and calculates 
a second roll angle signal corresponding to a suspension 
reference roll angle in response to the lateral acceleration 
signal. The controller calculates a bank angle signal in 
response to the lateral acceleration signal, the yaW rate 
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signal, the steering Wheel signal and the speed signal. The 
controller sums the ?rst roll angle signal, the second roll 
angle signal and the bank angle signal to obtain a ?nal roll 
angle estimate. 

[0010] One advantage of the present invention is that drift 
of the measured signal is reduced so that the present inven 
tion is more accurate in relatively long banked turns. 

[0011] Other advantages and features of the present inven 
tion Will become apparent When vieWed in light of the 
detailed description of the preferred embodiment When 
taken in conjunction With the attached draWings and 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a front vieW of a motor vehicle illustrat 
ing various operating parameters of a vehicle experiencing 
a turning maneuver on a banked road surface. 

[0013] FIG. 2 is a top vieW of a motor vehicle illustrating 
various operating parameters of a vehicle experiencing a 
turning maneuver on a banked road surface. 

[0014] FIG. 3 is a block diagram shoWing a portion of a 
microprocessor interconnected to sensors and controlled 
devices Which may be included in a system according to the 
present invention. 

[0015] FIG. 4 is a block diagrammatic vieW of the ?nal 
roll angle determination according to the present invention. 

[0016] FIG. 5 is a logic ?ow block diagram in accordance 
With the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0017] A method according to the present invention is 
intended for use With yaW control systems or rollover 
control systems Which are typically implemented With elec 
tronically controlled hydraulically actuated or electrically 
actuated braking systems in automotive vehicles, hoWever, 
the invention could easily be adapted for use in yaW control 
systems or rollover control systems on other motor vehicles, 
such as Watercraft and aircraft as Well as on other vehicle 
systems, such as active tilt or active suspension Where it 
Would be desirable to knoW the underlying road bank angle. 

[0018] Referring noW to FIGS. 1 and 2, various operating 
parameters and variables used by the present invention are 
illustrated as they relate to the application of the present 
invention to a ground based motor vehicle 10. Those skilled 
in the art Will immediately recogniZe the basic physics 
represented by these illustrations, thereby make the adapta 
tion to different types of vehicles easily Within their reach. 
These parameters Will be described in greater detail beloW. 

[0019] FIG. 3 illustrates the component parts of a system 
12 in Which the present invention has been implemented 
successfully. Accordingly, a controller 14 receives inputs 
from a steering Wheel angle sensor 16, a yaW sensor 18, 
Wheel speed sensors 20, a lateral acceleration sensor 22 and 
a roll rate sensor 24. Lateral acceleration, roll orientation 
and speed may be obtained using a global positioning 
system (GPS) Although not illustrated, other sensors and 
accelerometers could be employed in addition to, or as 
substitutes for those illustrated, depending upon the system 
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being controlled and the available system sensor set While 
still making use of the present invention. As an example, the 
present invention could be carried out With equivalent 
operability and functionality using data to generate estimates 
of yaW rate and lateral acceleration if the cost, complexity or 
other considerations made it WorthWhile to eliminate the 
actual sensors. 

[0020] Controller 14 is preferably microprocessor based. 
Those skilled in the art Will appreciate in vieW of this 
disclosure that a processor Within the controller and its 
associated peripheral equipment could be structured accord 
ing to several different architectures. In a preferred embodi 
ment, hoWever, the processor is con?gured so that a control 
program is sequentially read for each unit command from a 
read-only memory (ROM) 26, Which stores preset control 
programs. Unit commands are executed by a central pro 
cessing unit (CPU) 28. The processor integrally includes an 
input-output control circuit (I/O) 30 for exchanging data 
With external devices and a random access memory (RAM) 
32 for temporarily holding data While the data are being 
processed. 
[0021] Controller 14 may also be programmed With a 
spring mass model 34, Which corresponds to the suspension 
of the automotive vehicle. The spring mass model varies for 
each type of vehicle and suspension con?guration. The 
model 34 generates a predetermined output based upon the 
sensed conditions such as lateral acceleration. 

[0022] Controller 14 IS coupled to a safety system 40. As 
previously noted, an exemplary application of the present 
invention includes a braking system having active yaW 
control or rollover control capability. For instance, a vehicle 
equipped With an active yaW control capable electronically 
controlled hydraulic braking system Would include a 
hydraulic control unit operatively connected to brake actua 
tors in cooperation With Wheel and tire assemblies. The 
hydraulic control unit and brake actuators may be con 
structed in a knoWn manner such as that commonly 
employed on Ford Motor vehicles equipped With ABS 
brakes in use today. 

[0023] Those skilled in the art Will appreciate in vieW of 
this disclosure that Wheel speed sensors 20 could comprise 
any of a variety of devices or systems employed in auto 
motive vehicles for determining individual Wheel speeds as 
Well as a longitudinal velocity of the vehicle. One type of 
automotive speed sensor suitable for use With the present 
invention comprises a speed module for receiving input 
from multiple Wheel speed sensors adapted to indicate the 
speed of the individual Wheels. The speed module derives a 
longitudinal vehicle speed signal by combining the signals 
from the individual Wheel speed sensors. One such type of 
speed signal module is embodied in brake control modules 
presently used in Ford Motor Company vehicles. The indi 
vidual Wheel speeds are ascertained using pulse generators 
disposed at each Wheel. 

[0024] Roll rate sensor 24 may sense the roll condition of 
the vehicle based on sensing the height of one or more points 
on the vehicle relative to the road surface. Sensors that may 
be used to achieve this include a radar-based proximity 
sensor, a laser-based proximity sensor and a sonar-based 
proximity sensor. Roll rate sensor 24 may also sense the roll 
condition based on sensing the linear or rotational relative 
displacement or displacement velocity of one or more of the 



US 2003/0182025 A1 

suspension chassis components Which may include a linear 
height or travel sensor, a rotary height or travel sensor, a 
Wheel speed sensor used to look for a change in velocity, a 
steering Wheel position sensor, a steering Wheel velocity 
sensor and a driver heading command input from an elec 
tronic component that may include steer by Wire using a 
hand Wheel or joy stick. The roll condition may also be 
sensed by sensing the force or torque associated With the 
loading condition of one or more suspension or chassis 
components including a pressure transducer in an act of 
suspension, a shock absorber sensor such as a load cell, a 
strain gauge, the steering system absolute or relative motor 
load, the steering system pressure of the hydraulic lines, a 
tire laterally force sensor or sensors, a longitudinal tire force 
sensor, a vertical tire force sensor or a tire sideWall torsion 
sensor. 

[0025] The roll condition of the vehicle may also be 
established by one or more of the folloWing translational or 
rotational positions, velocities or accelerations of the vehicle 
including a roll gyro, the roll rate sensor 24, the yaW rate 
sensor, the lateral acceleration sensor, a vertical acceleration 
sensor, a vehicle longitudinal acceleration sensor, lateral or 
vertical speed sensor including a Wheel-based speed sensor, 
a radar-based speed sensor, a sonar-based speed sensor, a 
laser-based speed sensor or an optical-based speed sensor. 

[0026] Referring back noW to FIGS. 1 and 2, the present 
invention determines an estimate of the vehicle roll angle, 
yv, Which represents the sum of the vehicle tilt, due to 
suspension compliance, and a road bank angle, YR. This is 
accomplished by using three separately derived roll angle 
estimates. One roll angle estimate is based on the roll rate 
signal, a second is based on the lateral acceleration and the 
spring mass model, and one based on a conservative road 
bank estimate. By compensating the roll angle estimate in 
this manner, the bank angle can be accurately estimated for 
most dynamic lateral conditions a vehicle Will encounter in 
a controlled situation, improving the overall yaW control 
performance in common dynamic lateral events. 

[0027] Referring noW to FIG. 4, a model for determining 
the roll angle according to the present invention is shoWn. 
The model is preferably programmed Within controller 14. 
Controller 14, as mentioned above, determines three angles. 
The ?rst angle is based upon the output of roll rate sensor 24 
as explained above. The output of roll rate sensor 24 is 
coupled to an integrator 42. The output of integrator 42 in 
turn is coupled to a high pass ?lter 44. By combining 
integrator 42 With high pass ?lter 44 drift issues are elimi 
nated. By determining a roll angle based upon the roll rate, 
a high frequency vehicle roll angle is determined. The 
integration of the roll rate signal determines the roll angle. 
The output of the high pass ?lter 44 is coupled to a summing 
junction 46. 

[0028] The output of the lateral acceleration sensor 22 of 
FIG. 3 may also be used to determine a roll angle. The roll 
angle is based upon the spring mass model 34 shoWn in FIG. 
3 together With the lateral acceleration signal. The output of 
the suspension roll angle is coupled through a loW pass ?lter 
50. Preferably, the spring mass model has a single degree of 
freedom With the external lateral force excitation. The model 
provides the roll angle due to the difference in suspension 
de?ection along the axial or lateral direction of the vehicle 
When subjected to a lateral force. The lateral force may be 
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induced from either turning maneuvers or from a gravity 
component due to the road bank. The roll angle determined 
is further fed into a loW pass ?lter to obtain a loW frequency 
component of vehicle roll angle. The roll angle determined 
by the spring and mass model is ?ltered by loW pass ?lter 50 
and the resulting loW frequency suspension roll angle is 
coupled to summing junction 46. 

[0029] In block 52 a ?rst road bank angle estimate is 
obtained using the vehicle speed lateral acceleration sensor, 
yaW rate sensor, and steering Wheel angle sensor shoWn in 
FIG. 3. The ?rst road bank estimate is obtained using the 
teachings described beloW in FIG. 5 or in US. application 
Ser. No. 09/761,157, the disclosure of Which is incorporated 
by reference herein. The ?rst road bank angle estimate is 
coupled With the output from the spring mass model in block 
48 to obtain a conservative road bank estimate in block 54. 
The “conservative” road bank estimate is referred to as 
conservative if the absolute value is smaller than that of the 
true road bank angle. That is, a road bank estimate is 
conservative if the estimate is closer to a ?at or horiZontal 
surface than the road’s actual elevation. The ?rst road bank 
angle estimate is reduced by the amount of the absolute 
value of the suspension roll if its absolute value has the same 
sign as the ?rst road bank angle estimate. Further, a dynamic 
factor block 56 may also be factored into the conservative 
road bank estimate. The dynamic factor block 56 Will be 
further described beloW. 

[0030] The output of the conservative road bank estimate 
block 54 is preferably loW pass ?ltered in block 58, Which 
in turn is summed at summing junction 46. 

[0031] Summing junction 46 sums the road bank estimate, 
the spring mass model roll angle, and the roll angle deter 
mined from the roll rate sensor to form a ?nal roll angle in 
block 60. Preferably, a simple addition of all the signals is 
performed. HoWever, Weighted sums could be used. 

[0032] Referring noW to FIG. 5, the ?rst road bank 
estimate block 52 is described in further detail. Using 
equations of motion for a rigid body the folloWing relation 
ship can be obtained: 

oty=um+v— g sin(yv) (1) 

[0033] Where: 

[0034] oty=lateral acceleration measured by an 
accelerometer on the vehicle; 

[0035] u=longitudinal velocity of vehicle; 

[0036] uu=yaW rate; 

[0037] v=time derivative of the lateral velocity; 

[00%] 

[0039] 

g=gravitational constant; and 

yv=vehicle bank angle. 

[0040] From this, if We assume that the time derivative of 
the lateral velocity, v, is approximately Zero, We can set 

ay — 14w (2) 

g 
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[0041] We note that there Will be error, primarily due to 
leaving v out, however, the vehicle bank angle estimate, 9, 
Will be valid When v Would otherWise be Zero, e.g., lateral 
dynamics are steady state. This is What others have done, 
particularly the ’658 reference. 

[0042] To provide greater accuracy in determining a bank 
angle estimate When the lateral dynamics are not steady 
state, the bias introduced by this assumption must be con 
sidered. 

[0043] At block 70 the processor starts the illustrated logic 
?oW block diagram When the operator keys on the vehicle 
ignition. The processor then moves to block 72 Where 
parameters and operating conditions of the vehicle are 
updated from various sensors, Where the various sensors are 
read and their data input to the processor. If this is the ?rst 
time through the algorithm all of the variables are initialiZed 
With predetermined values. The processor then steps to 
block 74 Where three unique estimates of the vehicle bank 
angle 9“ at 9m and 9,, are determined. 

[0044] The ?rst bank angle estimate, 9, is determined 
using measured or estimated lateral acceleration data 
according to the folloWing relationship: 

‘ifAflwy-Azé) (3) 

[0045] Where: 

[0046] ya=a bank angle estimate based on mea 
sured lateral acceleration; 

[0047] A1=a transfer function relating bank angle 
to vehicle lateral acceleration, Where: 

—gL (4) 

[0048] A2=a transfer function relating steering 
Wheel angle to vehicle lateral acceleration, Where: 

[0049] G=steering ratio relating actual tire angle, 
0t, to steering Wheel angle, 6; 

[0050] K=calibrated coef?cient related to speci?c 
vehicle handling characteristics; and 

[0051] G=steering Wheel angle. 

[0052] The second bank angle estimate, 9w, is determined 
using measured or estimated yaW rate data according to the 
folloWing relationship: 

[0054] yw=bank angle estimate based on measured 
yaW rate; 
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[0055] B1=a transfer function relating bank angle 
to vehicle yaW rate, Where: 

gKu (7) 

[0056] B2=a transfer function relating steering 
Wheel angle to vehicle yaW rate, Where: 

G14 (8) 

[0057] The third bank angle estimate, 9,, is determined 
using measured or estimated lateral acceleration and yaW 
rate data in a rearranged version of Equation (2) from above, 
as folloWs: 

yv : sinilLémy — 14(0)] (9) 

[0058] Where: 

[0059] yv=vehicle bank angle estimate based on 
measured lateral acceleration and yaW rate data 
based on the simpli?ed equation of motion. 

[0060] Once the processor has the three estimates from 
above, it proceeds to block 76 and calculates the bank angle 
bias due to the lateral dynamics. The processor determines 
the bias by the folloWing equation: 

dn 
4 

(10) 
bias = IDNCFI + 

[0061] Where: 

[0062] DNCF=a dynamics compensation factor, 
Which is generally a function of the three estimates 
and the longitudinal velocity, Which may take the 
folloWing form: 

DNCF =A1(‘?Q-‘?v)+(‘?w—‘?v);and (11) 

div . . . 
E = a numer1cally estimated time rate of change of the 

third bank angle estimate. 

[0063] The processor then proceeds to block 78 Where bias 
is used to account for the error introduced from simplifying 
Equation (1) into Equation Together, DNCF and 

div (12) 
E 
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[0064] account for hoW much change in lateral dynamics, 
or v, the vehicle may be experiencing. 

[0065] In step 78, the frequencies of the third bank angle 
estimate are decomposed into a plurality of frequency bands. 
The number of bands depends on many things including the 
desired accuracy and system to Which it is applied. In one 
constructed embodiment, three frequency bands Were used. 

[0066] In step 80, the DNCF is ?ltered to obtain a fre 
quency band dynamic compensation factor corresponding to 
each of the frequency bands of the third bank angle deter 
mined in step 78. The decomposed frequency bank angles of 
each band are subject to a reduction in step 82 based on a 
multiplicative factor betWeen Zero and 1 that is a function of 
the dynamic compensation factor. The multiplicative factor 
in each band is chosen to remove bias in that band. The 
?ltering of step 68 may, for eXample, be loW pass ?ltering 
selected for the frequency ranges of decomposition per 
formed in step 78. The step 82 may further comprise the 
determination and use of the rate of change for the third bank 
angle estimate, By. 
[0067] In step 84, the frequency band reductions of step 82 
are summed together in step 84 to form a ?nal road bank 
angle estimate. By performing a reduction based on the 
dynamic compensation factor, a more accurate estimation of 
road bank angle may be determined. Such a determination is 
believed to be extremely useful in maneuvers even on snoW 
and ice While avoiding false or nuisance activation on a 
banked road. 

[0068] The processor then proceeds to block 84 and out 
puts the ?nal bank angle estimate to the controller 14 so that 
adjustments can be made in the control calculations. Finally, 
the processor returns through block 86 to block 72, Where it 
Will repeat the bank angle estimation process until the 
vehicle ignition is turned off. 

[0069] Various modi?cations Will no doubt occur to those 
skilled in the arts to Which this invention pertains. For 
eXample, the particular sensors used in conjunction With the 
disclosed method may be varied from those herein, as there 
are numerous possible methods for measuring or estimating 
the longitudinal velocity, yaW rate and lateral acceleration of 
a vehicle. Additionally, the method may be practiced With 
signi?cant changes to the various transfer functions 
described above While remaining Within the calculational 
and logic ?oW scheme described herein. Finally, it should be 
noted that if one desires an estimate of the lateral dynamics 
of Equation (1), it can be calculated using the ?nal bank 
angle estimate. These and all other variations Which, basi 
cally, rely on the teachings to Which this disclosure has 
advanced the art, are properly considered Within the scope of 
this invention as de?ned by the appended claims. 

[0070] While particular embodiments of the invention 
have been shoWn and described, numerous alternate 
embodiments Will occur to those skilled in the art. Accord 
ingly, it is intended that the invention be limited only in 
terms of the appended claims. 

What is claimed is: 
1. A system for controlling a vehicle comprising: 

a lateral acceleration sensor generating a lateral accelera 
tion signal corresponding to a lateral acceleration of the 
vehicle; 
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a yaW rate sensor generating a yaW rate signal correspond 
ing to a yaW rate of the vehicle; 

a steering Wheel angle sensor generating a steering Wheel 
angle signal corresponding to a steering Wheel angle of 
the vehicle; 

a speed sensor generating a speed signal corresponding to 
the longitudinal speed of the vehicle; 

a roll rate sensor generating a roll rate signal; and 

a controller coupled to said lateral acceleration sensor and 
said yaW rate sensor, said steering Wheel angle sensor 
and said speed sensor, said controller calculating a ?rst 
roll angle signal in response to said roll rate signal; 
calculating a bank angle signal in response to said 
lateral acceleration signal, said yaW rate signal, said 
steering Wheel signal and said speed signal, and sum 
ming the ?rst roll angle signal and the bank angle signal 
to obtain a ?nal roll angle estimate. 

2. Asystem as recited in claim 1 further comprising a high 
pass ?lter ?ltering the ?rst roll angle signal. 

3. A system as recited in claim 1 Wherein said controller 
calculates a second roll angle signal corresponding to a 
suspension reference roll angle in response to said lateral 
acceleration signal, and sums the ?rst roll angle signal, the 
second roll angle signal and the bank angle signal to obtain 
a ?nal roll angle estimate. 

4. A system as recited in claim 3 further comprising a ?rst 
loW pass ?lter ?ltering the second roll angle signal. 

5. Asystem as recited in claim 1 further comprising a bank 
angle ?lter ?ltering the bank angle signal. 

6. A system as recited in claim 1 Wherein said controller 
comprises an integrator integrating said roll rate signal to 
obtain the ?rst roll angle signal. 

7. A system as recited in claim 1 Wherein said controller 
calculates a ?rst bank angle estimate dependent on said 
lateral acceleration signal, calculating a second bank angle 
estimate dependent on said yaW rate signal, calculating a 
third bank angle estimate dependent on both said lateral 
acceleration signal and second yaW rate signal, calculating a 
dynamic compensation factor based as a function of said 
?rst bank angle estimate, said second bank angle estimate 
and said third bank angle estimate, decomposing the third 
bank angle estimate into a plurality of third bank angle 
frequency bands, reducing each of the plurality of third bank 
angle frequency bands in response to a multiplicative factor, 
said multiplicative factor being a function of said dynamic 
compensation factor to obtain a plurality of reduced third 
bank angles, and calculating a ?nal bank angle bias estimate 
based on a sum of the plurality of reduced third bank angles. 

8. A method of determining a roll angle comprising: 

providing a lateral acceleration signal corresponding to a 
lateral acceleration of the vehicle; 

providing a yaW rate signal corresponding to a yaW rate of 
the vehicle; 

providing a steering Wheel signal responsive to a sensed 
steering Wheel angle of the vehicle; 

providing a speed signal corresponding to a vehicle speed; 

calculating a ?rst bank angle estimate dependent on said 
lateral acceleration signal, said yaW rate signal, said 
steering Wheel signal and said speed signal; 

calculating a suspension reference roll angle in response 
to said lateral acceleration signal; and 
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calculating a conservative bank angle estimate signal in 
response to the ?rst bank angle estimate and the sus 
pension roll reference angle. 

9. A method as recited in claim 8 further comprising 
providing a roll rate signal corresponding to the roll rate of 
the vehicle; 

integrating the roll rate signal to obtain a roll-rate based 
roll angle; and 

summing the conservative bank angle estimate, the sus 
pension reference roll angle and the roll-rate based roll 
angle to obtain a ?nal roll angle estimate. 

10. Amethod as recited in claim 9 further comprising high 
pass ?ltering said roll-rate based roll angle prior to the 
summing. 

11. Amethod as recited in claim 8 further comprising loW 
pass ?ltering said conservative bank angle estimate signal. 

12. A method as recited in claim 8 Wherein calculating a 
?rst bank angle estimate comprises calculating a ?rst bank 
angle estimate dependent on said lateral acceleration signal; 

calculating a second bank angle estimate dependent on 
said yaW rate signal; 

calculating a third bank angle estimate dependent on both 
said lateral acceleration signal and the yaW rate signal; 

calculating a dynamic compensation factor based as a 
function of said ?rst bank angle estimate, said second 
bank angle estimate and said third bank angle estimate; 

decomposing the third bank angle estimate into a plurality 
of third bank angle frequency bands; 

reducing each of the plurality of third bank angle fre 
quency bands in response to a multiplicative factor, 
said multiplicative factor being a function of said 
dynamic compensation factor to obtain a plurality of 
reduced third bank angles; and 

calculating a ?nal bank angle bias estimate based on a 
sum of the plurality of reduced third bank angles. 

13. The method according to claim 8, further comprising 
calculating said ?rst and second bank angle estimates using 
said steering Wheel angle signal and speed signal. 

14. A method of determining a roll angle of a vehicle 
comprising: 

providing a lateral acceleration signal corresponding to a 
lateral acceleration of the vehicle; 

providing a yaW rate signal corresponding to a yaW rate of 
the vehicle; 

providing a steering Wheel signal responsive to a sensed 
steering Wheel angle of the vehicle; 

providing a speed signal corresponding to a vehicle speed; 
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providing a roll rate signal corresponding to the roll rate 
of the vehicle; 

calculating a ?rst roll angle signal in response to said roll 
rate signal; 

calculating a bank angle signal in response to said lateral 
acceleration signal, said yaW rate signal, said steering 
Wheel signal and said speed signal; and 

summing the ?rst roll angle signal, and the bank angle 
signal to obtain a ?nal roll angle estimate. 

15. A method as recited in claim 14 further comprising 
high pass ?ltering said ?rst roll angle signal before the step 
of summing. 

16. A method as recited in claim 14 further comprising 
calculating a second roll angle signal corresponding to a 
suspension reference roll angle in response to said lateral 
acceleration signal; and Wherein summing comprises sum 
ming the ?rst roll angle signal, the second roll angle signal 
and the bank angle signal to obtain a ?nal roll angle estimate. 

17. A method as recited in claim 16 further comprising 
loW pass ?ltering said second roll angle signal before 
summing. 

18. A method as recited in claim 14 further comprising 
loW pass ?ltering said bank angle signal before summing. 

19. A method as recited in claim 14 Wherein calculating 
a ?rst roll angle signal comprises providing integrating the 
roll rate signal to obtain the roll-rate based roll angle. 

20. A method as recited in claim 14 Wherein calculating 
a bank angle comprises 

calculating a ?rst bank angle estimate dependent on said 
lateral acceleration signal; 

calculating a second bank angle estimate dependent on 
said yaW rate signal; 

calculating a third bank angle estimate dependent on both 
said lateral acceleration signal and the yaW rate signal; 

calculating a dynamic compensation factor based as a 
function of said ?rst bank angle estimate, said second 
bank angle estimate and said third bank angle estimate; 

decomposing the third bank angle estimate into a plurality 
of third bank angle frequency bands; 

reducing each of the plurality of third bank angle fre 
quency bands in response to a multiplicative factor, 
said multiplicative factor being a function of said 
dynamic compensation factor to obtain a plurality of 
reduced third bank angles; and 

calculating a ?nal bank angle bias estimate based on a 
sum of the plurality of reduced third bank angles. 

* * * * * 
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