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(57) ABSTRACT 

A vehicle lateral control system that integrates both vehicle 
dynamics and kinematics control. The system includes a 
driver interpreter that provides desired vehicle dynamics and 
predicted vehicle path based on driver input. Error signals 
between the desired vehicle dynamics and measured vehicle 
dynamics, and between the predicted vehicle path and the 
measured vehicle target path are sent to dynamics and 
kinematics control processors for generating a separate 
dynamics and kinematics command signals, respectively, to 
minimize the errors. The command signals are integrated by 
a control integration processor to combine the commands to 
optimize the performance of stabilizing the vehicle and 
tracking the path. The integrated command signal can be 

(51) Int. Cl. used to control one or more of front Wheel assist steering, 
B60T 7/12 (200601) rear-Wheel assist steering or diiTerential braking. 
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METHOD AND APPARATUS FOR 
PREVIEW-BASED VEHICLE LATERAL CONTROL 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to a system for 
providing vehicle lateral stability control and, more particu 
larly, to a system for providing vehicle lateral stability 
control that integrates vehicle dynamics control from sensor 
measurements and target path projections, and path tracking 
control that integrates vehicle kinematics control With 
vehicle dynamics control. 

[0003] 2. Discussion of the Related Art 

[0004] Vehicle dynamics typically refers to the yaW, side 
slip and roll of a vehicle and vehicle kinematics typically 
refers to vehicle path and lane tracking. Vehicle stability 
control systems are knoWn in the art for providing stability 
control based on vehicle dynamics. Further, lane keeping 
and/or lane tracking systems are knoWn that use vehicle 
kinematics. If the vehicle is traveling along a curve Where 
the road surface has a loW coe?icient of friction because of 
ice or snoW, vehicle dynamics and kinematics are both 
important. Conventionally, vehicle dynamics and kinematics 
control Were performed separately and independently 
although they may be coordinated by a supervisory control, 
but only to an extent that they do not interfere With each 
other. 

[0005] A typical vehicle stability control system relies 
solely on the driver steering input to generate a control 
command for steering assist and/or differential braking. 
HoWever, driver response and style vary greatly, and there is 
no reliable Way to identify the driving skill level and the 
driving style to determine hoW the driver is handling a 
particular driving situation. Contributing factors include 
driver incapacity, lack of experience, panic situation, etc. 

[0006] Further, during a path tracking maneuver, the 
vehicle may encounter stability problems because of sensor 
data quality, such as noise, sloW through-put and possible 
environmental disturbances. Also, because the road surface 
condition is unknoWn, and typically is not considered for 
path-tracking control, the same control design for a high 
coef?cient of friction surface may generate a signi?cant 
vehicle oscillation or even instability for a vehicle traveling 
on a loW coef?cient of friction surface. 

SUMMARY OF THE INVENTION 

[0007] In accordance With the teachings of the present 
invention, a vehicle lateral control system is disclosed that 
integrates both vehicle dynamics control and kinematics 
control. The system includes a driver interpreter that gen 
erates desired vehicle dynamics and a predicted vehicle path 
based on driver input. Error signals betWeen desired and 
measured vehicle dynamics, and betWeen the predicted 
vehicle path and the measured vehicle path are sent to 
dynamics and kinematics control processors, respectively, 
for generating separate dynamics and kinematics command 
signals. The command signals are integrated by a control 
integration processor to combine the commands and reduce 
the error signals to stabiliZe the vehicle as Well as tracking 
the path. The integrated command signal can be used to 
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control a front-Wheel assist steering, rear-Wheel assist steer 
ing and/or differential braking. 

[0008] Additional features of the present invention Will 
become apparent from the folloWing description and 
appended claims, taken in conjunction With the accompa 
nying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 is a block diagram of a vehicle lateral 
control system that combines both vehicle dynamics and 
kinematics control, according to an embodiment of the 
present invention; 

[0010] FIG. 2 is a block diagram of the motion/path 
prediction processor of the system shoWn in FIG. 1; 

[0011] FIG. 3 is a block diagram of the command inter 
preter processor of the system shoWn in FIG. 1; 

[0012] FIG. 4 is a block diagram ofthe kinematics control 
processor of the system shoWn in FIG. 1; and 

[0013] FIG. 5 is a depiction of a vehicle traveling along a 
curved path. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0014] The folloWing discussion of the embodiments of 
the invention directed to a vehicle lateral control system that 
combines both vehicle dynamics control and kinematics 
control is merely exemplary in nature, and is in no Way 
intended to limit the invention or its applications or uses. 

[0015] FIG. 1 is block diagram of a vehicle lateral stability 
control system 10, according to an embodiment of the 
present invention. As Will be discussed in detail beloW, the 
control system 10 combines both vehicle dynamics control 
and vehicle kinematics control to improve the stability 
control of the vehicle and path tracking performance. Vari 
ous vehicle sensors are used to provide the dynamics con 
trol, including a yaW rate sensor, a lateral acceleration sensor 
and a vehicle speed sensor, and one or more of a vision 
system, a radar system and/or a map data base With a GPS 
sensor are used to provide the kinematics control. The 
vehicle dynamics control controls the vehicle yaW rate 
and/or side-slip (rate), and the vehicle kinematics control 
controls vehicle path and/or lane tracking. 

[0016] The system 10 generates an integrated control 
command that is sent to an actuator 12 to assist the driver in 
controlling the vehicle to provide the lateral stability control 
and path tracking control. The actuator 12 is intended to be 
any one or more of several control actuators used in vehicle 
stability control systems, such as front-Wheel steering assist 
actuators, real-Wheel steering assist actuators, differential 
braking actuators, etc., all Well knoWn to those skilled in the 
art. 

[0017] For the discussion beloW, the folloWing nomencla 
ture is used: 

[0018] a: distance betWeen the vehicle front axle and the 
vehicle center of gravity; 

[0019] b: distance betWeen the vehicle rear axle and the 
vehicle center of gravity; 

[0020] Cf: vehicle front tire cornering stiffness; 
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[0021] Cr: vehicle rear tire cornering stiffness; 

[0022] I2: vehicle moment of inertia to the center of 
gravity; 
[0023] L: feedback gain of a state observer; 

[0024] m: vehicle mass; 

[0025] 
[0026] 
[0027] 

r: vehicle yaW rate; 

u: vehicle speed; 

vy: vehicle lateral speed; 

[0028] x: system state variables; 

[0029] 6f: vehicle front Wheel angle; and 

[0030] Br: vehicle rear Wheel angle. 

[0031] The system 10 includes a hand-Wheel angle sensor 
14 that measures the angle of the vehicle hand-Wheel to 
provide a signal indicative of the driver steering intent. The 
hand-Wheel angle sensor 14 is one knoWn device that can 
provide driver steering intent. Those skilled in the art Will 
recogniZe that other types of sensor, such as road Wheel 
angle sensors, can also be employed for this purpose. Also, 
the driver input can be a braking input or a throttle input in 
other embodiments. 

[0032] The signal from the hand-Wheel angle sensor 14 is 
provided to a driver interpreter 16. The driver interpreter 16 
includes a command interpreter processor 20 that interprets 
the driver input as desired yaW rate and/or side-slip (rates 
based on the hand-Wheel angle signal. In other Words, the 
processor 20 interprets the driver steering to desired vehicle 
dynamics. In one non-limiting embodiment, the command 
interpreter processor 20 uses a tWo-degree of freedom 
bicycle model for a high-coe?icient of friction surface, Well 
knoWn to those skilled in the art. The desired yaW rate and/or 
the desired side-slip (rate) signals are sent to a subtractor 24. 

[0033] Additionally, sensor measurement signals from 
sensors 26 are provided to the subtractor 24. The subtractor 
24 subtracts the signals and provides a vehicle dynamical 
error signal Aedyn. The sensors 26 are intended to represent 
any of the sensors used in the system 10, including, but not 
limited to, a yaW rate sensor, a lateral acceleration sensor and 
a vehicle speed sensor. If the command interpreter processor 
20 provides a yaW rate signal, then the actual measurement 
from the vehicle yaW rate sensor is used. If the command 
interpreter processor provides a desired side-slip rate signal, 
then an estimate of the side-slip rate is provided from the 
yaW rate sensor and the lateral acceleration sensor. It is Well 
knoWn in the art hoW to provide an estimate of the side-slip 
rate. 

[0034] The driver interpreter 16 also includes a motion/ 
path prediction processor 30 that receives the hand-Wheel 
angle signal. The prediction processor 30 generates an 
objectively predicted path signal of the trajectory or the path 
of the vehicle as y=[yoyl . . . FIG. 2 is a block diagram 

of the prediction processor 30, according to one embodiment 
of the present invention, that includes a vehicle dynamics 
estimation processor 32 and a vehicle kinematics estimation 
processor 34. 

[0035] The vehicle dynamics estimation processor 32 is 
shoWn in FIG. 3 and estimates the vehicle lateral velocity vy 
based on sensor inputs of the vehicle speed u, the steering 
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angle 6f and the vehicle yaW rate r. The vehicle dynamics 
estimation processor 32 includes a bicycle model processor 
40, a feedback gain processor 42 and a subtractor 44. The 
bicycle model processor 40 receives the hand-Wheel angle 
signal 6f and the vehicle speed signal u and estimates vehicle 
states X including vehicle yaW rate and lateral speed. The 
vehicle yaW rate from the bicycle model processor 40 and 
the yaW rate signal r from the sensors 26 are applied to the 
subtractor 44 that generates an error signal that is sent to the 
feedback gain processor 42. The feedback gain processor 42 
applies a gain L to the error signal that is sent to the bicycle 
model processor 40 to generate the vehicle state. Equation 
(1) beloW provides the calculation in the bicycle model 
processor 40 to determine the state variables X as: 

Vy 
+ 

Vy 

Cf-a Cr-b 

[0036] The vehicle state signal from the vehicle dynamics 
estimation processor 32 is then sent to the vehicle kinemat 
ics estimation processor 34 to determine the vehicle heading 
With respect to a ?xed vehicle coordinate system (X, Y) as: 

Where IP is the orientation of the vehicle. Thus, the pre 
dicted vehicle trajectory can be calculated as: 

2(1):XWHIBé-drzXWHAX (5) t0 

9 A f A A A (6) (r) : YUO) + Y-dr 2: Wm) + A)’. 
'0 

[0037] The predicted path signal from the prediction pro 
cessor 30 is sent to a subtractor 46. The system 10 also 
includes a path projection processor 50 that provides a target 
path signal to the subtractor 46. The path projection proces 
sor 50 can include one or more of a vision system, a radar 

system and/or a map system With a GPS sensor, all knoWn 
to those skilled in the art, and available on some vehicle 
models. The target path signal may be different depending 
on What type of device the path projection processor 50 uses. 
For example, if the path projection processor 50 uses as 
radar system for collision avoidance, then the target path 
signal may be used to avoid another vehicle. HoWever, if the 
path projection processor 50 uses a map system, then the 
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target path system may just folloW the road curvature. The 
processor 50 provides a target path signal to the subtractor 
46 indicative of the curvature of the road ahead of the 
vehicle as a target path signal. The subtractor 46 generates 
a kinematical error signal Aekin shoWn in equation (7) beloW, 
Where Wi is a Weighting factor, as the difference betWeen the 
predicted vehicle path from the prediction processor 30 and 
the target path from the processor 50. The Weighting factor 
Wi is used to properly Weight the contributing importance of 
each path error, such as for reducing the Weighting of 
projected paths farther from the vehicle. 

N (7) 
Aekin = Z WiAyi 

[:1 

[0038] The error signal Aedlyn from the subtractor 24 is sent 
to a dynamics control processor 54. The dynamics control 
processor 54 uses the error signal Aedlyn to generate a 
dynamics control command signal zscmdidyn intended to 
minimize the dynamical error signal Aedyn. The dynamics 
control processor 54 can employ any suitable algorithm for 
this purpose, such as proportional-integral-derivative (PID) 
control. Many such algorithms exist in the art, as Would be 
appreciated by those skilled in the art. 

[0039] The kinematical error signal Aekin from the sub 
tractor 46 is sent to a kinematics control processor 56 that 
generates a kinematics control command signal zscmdikin 
based on the error signal Aekin to minimiZe the kinematical 
error signal Aekin. In one embodiment, the kinematics con 
trol processor 56 uses an optimal control approach that 
minimiZes a prede?ned cost function J or performance 
index. In one embodiment, the cost function J is de?ned in 
a quadratic form at the Weighted difference between the 
predicted path and the target path as: 

(3) 

Where, y(t) and y(t) are the vehicles target offset and 
predicted o?fset, respectively, and T is the previeW time 
period. 

[0040] FIG. 4 is a block diagram of the kinematics control 
processor 56 that employs an optimal control approach. The 
processor 56 includes a fourth-order vehicle dynamics and 
kinematics model processor 58 that receives the hand-Wheel 
angle signal of, the yaW rate signal r, the estimated lateral 
velocity vy and the vehicle speed signal u. The processor 58 
generates a predicted o?fset signal y(t) as C(t)xO+D(t)U. The 
predicted o?fset signal y(t) is sent to a cost function proces 
sor 60 that generates the predetermined cost function J by 
equation (8). Because equation (8) is a second order qua 
dratic, a partial derivative of the cost function J Will go to 
Zero When the cost function J is minimiZed. A processor 62 
takes a partial derivative of the cost function signal J, and a 
processor 64 generates the optimal control signal U. The 
optimal control signal U is the kinematics control command 
signal 6 The optimal control signal U in a discreet 

crndikin ' 
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form in equation (9) beloW provides an optimal steering 
control so that the performance index is minimiZed. 

(9) 

Where, Ci and Di are the system free-response array and 
forced-response array, respectively, and N is the number of 
sampling points used during the previeW time period. 

[0041] The command signal zscmdidyn from the dynamics 
control processor 54 and the optimal control signal U from 
the kinematics control processor 56 are sent to a control 
integration processor 70. The control integration processor 
70 integrates both the dynamics and the kinematics to 
provide an optimiZed system performance for both factors. 
The control integration processor 70 uses a process of 
Weighting, including sWitching, the tWo command signals 
based on the determination of the driving situation. Various 
criteria go into determining the control integration strategy, 
according to the invention. For example, the control inte 
gration processor 70 considers deviations in the con?dence 
level of the driver’s command in target path. If there is 
enough deviation detected betWeen the driver’s steering 
signal and the target path, the con?dence level on each needs 
to be checked, and the one With the higher con?dence level 
Will be used. Further, situation evaluation: is used to deter 
mine Which is more imminent and Which is more severe, 
such as a crash versus a spin. In this case, a crash situation 
has a higher priority over a spin condition, and thus has a 
higher Weight Within a time to crash period. Further, the 
control integration processor 70 considers the time nature of 
the command, such as transient versus steady state. The path 
sensing is typically sloW and re?ects more on vehicle steady 
state, While dynamics is more in transient. Therefore, the 
Weighting function sWitches betWeen transient and steady 
state. 

[0042] The control integration processor 70 outputs a 
command signal zscmd to the actuator 12 as p l(t)6CnwLdyn+ 
pzamcmdihn, Where p(t) is a Weighting function. For pure 
dynamics control, such as stability control, p 1 Will be 1 and 
p2 Will be 0. For a pure kinematics control, such as vehicle 
lane/path tracking, pl Will be 0 and p2 Will be 1. More 
generally, a command signal to the actuator 12 can be 
de?ned as a function of the dynamics and kinematics control 
commands, such as f(ocmdidyn, 6min). 

[0043] The control integration processor 70 is designed to 
handle cases Where kinematics control is constrained as a 
result of sloW sensing or data transfer from the processor 50. 
When the vehicle is traveling at high speeds, properly 
handling the sloW throughput is necessary to avoid signi? 
cant adverse effects. This is also useful in handling some 
occasional loss of data from the sensors. 

[0044] An example of handling the sloW throughput of the 
processor 50 is depicted in FIG. 5 shoWing a vehicle 74 
traveling along a curved path 76. The sampling loop for the 
particular sensor is ATViSms, While the update rate for the 
control is Amlms. Relative to the faster update rate, the 
sensor data is sloWer and can be considered to be static. 
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Because a vision sensor provides data in a set of series points 
(versus only a single value at a time for regular vehicle and 
dynamic sensor), a technique to manipulate the data in a 
faster rate can be provided. 

[0045] Avehicle-?xed coordinate system (X,Y) is de?ned 
at the time Where a set of vision data is read, and a 
vehicle-?xed coordinate system (X,y) is de?ned at each of 
the updating time for control. The position and the orienta 
tion of (X,y) With respect to (X,Y) can be estimated as Qio, 
YO, IPO), similarly based on motion/path estimation from 
equations (l)-(6). Thus, the coordinate transform can be 
performed from Q(,Y) to (X,y) as: 

The sensor data read at the time for (X,Y) is de?ned as: 

Thus, the data can be transformed under (X,y) by equation 
(10) as: 

§=[§o, % b - - - §Nl<w> (12) 

[0046] The foregoing discussion discloses and describes 
merely exemplary embodiments of the present invention. 
One skilled in the art Will readily recogniZe from such 
discussion and from the accompanying drawings and claims 
that various changes, modi?cations and variations can be 
made therein Without departing from the spirit and scope of 
the invention as de?ned in the folloWing claims. 

What is claimed is: 

1. A vehicle lateral control system for a vehicle, said 
system comprising: 

a driver steering intent sensor for providing a driver 
steering intent signal; 

a yaW rate sensor for providing a measured yaW rate 
signal of the yaW rate of the vehicle; 

a lateral acceleration sensor for providing a measured 
lateral acceleration signal of the lateral acceleration of 
the vehicle; 

a vehicle speed sensor for providing a measured speed 
signal of the speed of the vehicle; 

a target path sub-system for providing a target path signal 
indicative of a path of the vehicle; 

a command interpreter processor responsive to the driver 
steering intent signal and generating a desired yaW rate 
signal or a desired side-slip signal; 

a ?rst subtractor responsive to the desired yaW signal and 
the measured yaW rate signal or the desired side-slip 
signal and a side-slip estimation signal, said ?rst sub 
tractor generating a dynamical error signal; 

a motion/path prediction processor responsive to the 
driver steering intent signal and generating a predicted 
path signal of the predicted path of the vehicle; 
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a second subtractor responsive to the predicted path signal 
and the target path signal, and generating a kinematical 
error signal; 

a dynamics control processor responsive to the dynamical 
error signal and generating a dynamics control com 
mand signal; 

a kinematics control processor responsive to the kinemati 
cal error signal and generating a kinematics control 
command signal; and 

a control integration processor responsive to the dynamics 
control command signal and the kinematics control 
command signal, said control integration processor 
integrating the dynamics control command signal and 
the kinematics control command signal into an inte 
grated control command signal. 

2. The system according to claim 1 Wherein the command 
interpreter processor employs a tWo-degree of freedom 
bicycle model using a high coefficient of friction road 
surface to generate the desired yaW rate signal or the desired 
side-slip, signal. 

3. The system according to claim 1 Wherein the motion/ 
path prediction processor includes a vehicle dynamics esti 
mation processor and a vehicle kinematics estimation pro 
cessor, said vehicle dynamics estimation processor 
generating a vehicle state variable signal based on vehicle 
lateral velocity and vehicle yaW rate, and said vehicle 
kinematics estimation processor generating the predicted 
path signal based on the vehicle state variable signals. 

4. The system according to claim 3 Wherein the vehicle 
dynamics estimation processor employs a bicycle model and 
state feedback to generate the state variable signals. 

5. The system according to claim 1 Wherein the dynamics 
control processor employs a PID controller. 

6. The system according to claim 1 Wherein the kinemat 
ics control processor employs an optimal control process 
that minimiZes a prede?ned cost function. 

7. The system according to claim 1 Wherein the driver 
steering intent sensor is a hand-Wheel angle sensor. 

8. The system according to claim 1 further comprising an 
actuator responsive to the integrated command signal from 
the control integration processor. 

9. The system according to claim 8 Wherein the actuator 
is selected from the group consisting of a front-Wheel 
steering assist actuator, a rear-Wheel steering assist actuator 
and/or a differential braking control actuator. 

10. The system according to claim 1 Wherein the target 
path sub-system is selected from the group consisting of a 
vision sub-system, a radar sub-system and a map sub-system 
With a GPS sensor. 

11. The system according to claim 1 Wherein the control 
integration processor transforms a sloW data rate coordinate 
frame to a fast data rate coordinate frame. 

12. A vehicle control system comprising: 

a vehicle dynamics control sub-system for generating a 
vehicle dynamics control command signal; 

a vehicle kinematics control sub-system for generating a 
vehicle kinematics control command signal; and 

a control integration sub-system responsive to the dynam 
ics control command signal and the kinematics control 
command signal, said control integration sub-system 
combining the kinematics control command signal and 
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the dynamics control command signal into an inte 
grated control command signal. 

13. The system according to claim 12 Wherein the dynam 
ics control sub-system is responsive to a plurality of sensor 
signals that measure vehicle dynamics. 

14. The system according to claim 13 Where the sensors 
include a yaW rate sensor, a lateral acceleration sensor and 
a vehicle speed sensor. 

15. The system according to claim 12 Wherein the dynam 
ics control sub-system generates a dynamical error signal as 
the difference betWeen measured vehicle dynamics and 
desired vehicle dynamics estimated from driver steering 
input. 

16. The system according to claim 12 Wherein the kine 
matics control sub-system includes a target path sub-system 
for providing a target path signal indicative of a path of the 
vehicle. 

17. The system according to claim 16 Wherein the target 
path sub-system includes one or more of a vision sub 
system, a radar sub-system and a map sub-system With a 
GPS sensor. 

18. The system according to claim 16 Wherein the kine 
matics control sub-system generates an error signal as the 
difference betWeen the target path signal and a predicted 
path from a driver steering input. 

19. A vehicle lateral control system for a vehicle, said 
system comprising: 

a hand-Wheel angle sensor for providing a driver steering 
intent signal; 

a yaW rate sensor for providing a measured yaW rate 
signal of the yaW rate of the vehicle; 

a lateral acceleration sensor for providing a measured 
lateral acceleration signal of the lateral acceleration of 
the vehicle; 

a vehicle speed sensor for providing a measured speed 
signal of the speed of the vehicle; 

a target path sub-system for providing a target path signal 
indicative of a path of the vehicle; 

a command interpreter processor responsive to the driver 
steering intent signal and generating a desired yaW rate 
signal or desired side-slip signal; 

a ?rst subtractor responsive to the desired yaW rate signal 
and the measured yaW rate signal or the desired side 
slip signal and a side-slip estimation signal, and gen 
erating a dynamical error signal; 
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a motion/path prediction processor responsive to the 
driver steering intent signal and generating a predicted 
path signal of the predicted path of the vehicle, said 
motion/path prediction processor including a vehicle 
dynamics estimation processor and a vehicle kinemat 
ics estimation processor, said vehicle estimation pro 
cessor generating a vehicle state variable signal based 
on vehicle lateral velocity and vehicle yaW rate, and 
said vehicle kinematics estimation processor generat 
ing the predicted path signal based on the vehicle state 
variable signal; 

a second subtractor responsive to the predicted path signal 
and the target path signal, and generating a kinematical 
error signal; 

a dynamics control processor responsive to the dynamical 
error signal and generating a dynamics control com 
mand signal; 

a kinematics control processor responsive to the kinemati 
cal error signal and generating a kinematics control 
command signal; 

a control integration processor responsive to the dynamics 
control command signal and the kinematics control 
command signal, said control integration processor 
integrating in the dynamics control command signal 
and the kinematics control command signal into an 
integrated control command signal; and 

an actuator responsive to the integrated command signal 
from the control integration processor for controlling 
the vehicle. 

20. The system according to claim 19 Wherein the com 
mand interpreter processor employs a tWo-degree of free 
dom bicycle model using a high coef?cient of friction road 
surface to generate the desired yaW rate signal or the desired 
side-slip signal. 

21. The system according to claim 19 Wherein the kine 
matics control processor employs an optimal control process 
that minimiZes a prede?ned cost function. 

22. The system according to claim 19 Wherein the actuator 
is selected from the group consisting of a front-Wheel 
steering assist actuator, a rear-Wheel steering assist actuator 
and a differential braking control actuator. 

23. The system according to claim 19 Wherein the target 
path sub-system is selected from the group consisting of a 
vision sub-system, a radar sub-system and a map sub-system 
With a GPS sensor. 


