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moves on a prede?ned route at a current traveling velocity. A 
value characteristic of the vehicle movement along the pre 
de?ned route is precalculated as a function of the current 
traveling velocity and the prede?ned route. A vehicle function 
is activated as a function of this value. 
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METHOD FOR OPERATING A VEHICLE 

RELATED APPLICATION INFORMATION 

[0001] This application is a continuation of prior applica 
tion U.S. Ser. No. 10/896,184 ?led Jul. 21, 2004, Which 
claimed priority to German Patent Application No. 103 33 
962.0, Which Was ?led in Germany on Jul. 25, 2003, and 
Which is hereby incorporated by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention concerns a method for oper 
ating a vehicle. 

BACKGROUND INFORMATION 

[0003] There are methods for operating a vehicle, in Which 
a route is prede?ned by a navigation device, and in Which the 
vehicle moves on the prede?ned route at a current traveling 
velocity. 

SUMMARY OF THE INVENTION 

[0004] The exemplary method of the present invention for 
operating a vehicle may have the advantage that a value 
characteristic of the vehicle movement along the prede?ned 
route is precalculated as a function of the current traveling 
velocity and the prede?ned route, and that a vehicle function 
is activated as a function of this value. In this manner, a safety 
function may be activated When the predicted vehicle move 
ment represents a safety risk. In addition, information as to 
hoW the driver of the vehicle should drive the vehicle as 
economically and/or safely as possible, based on the expected 
vehicle movement, may be generated for or transmitted to 
him. Consequently, the driving safety may be increased and 
the fuel consumption may be reduced, and a better or more 
effective exhaust-gas composition may also be attained. 
[0005] It may be advantageous When a safety function, in 
particular an accident-prevention function, Which may be in 
the form of a traveling-velocity limitation system, a function 
for occupant protection, Which may provide precharging of 
the brake system or conditioning of at least one restraint 
system, or a driver-information function, Which may be in the 
form of feedback regarding a forthcoming, critical curve, is 
activated as a vehicle function. In this manner, a safety risk 
derived from the predicted vehicle movement may be more 
easily or effectively minimized or reduced beforehand. 
[0006] In addition, it may be advantageous When a function 
relating to vehicle operation, in particular along the lines of 
optimiZing fuel consumption or exhaust-gas composition, 
Which may be Within the scope of feedback regarding the fuel 
consumption or exhaust gas, is activated as a vehicle function. 
In this manner, an optimum fuel consumption or an optimum 
exhaust-gas composition may be produced for a predicted 
vehicle movement. 

[0007] It may be advantageous that When the feedback is 
carried out or performed haptically, in particular at an accel 
erator pedal. In this manner, it may be ensured that the driver 
also senses the feedback and can initiate proper measures, for 
example, completely releasing the accelerator pedal. 
[0008] An additional advantage may be provided When a 
yaW rate is selected as a characteristic value for the vehicle 
movement along the prede?ned route. The yaW rate repre 
sents a reliable value, in particularly for cornering, the driving 
safety to be expected for the prede?ned route and the current 
traveling velocity being able to be quanti?ed With the aid of 
this value. 
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[0009] It may also be advantageous When it is assumed that, 
during the calculation of the characteristic value, an accelera 
tor pedal of the vehicle is not operated. In this manner, the 
safety risk may be deduced from the vehicle movement pre 
dicted by the current thrust of the vehicle and the prede?ned 
route alone, Which means that a safety risk is also detected 
When the driver is no longer accelerating at all. 
[001 0] A further advantage may be provided When the route 
of the vehicle is predetermined, in particular by a navigation 
system, in the form of a set of route points, and When the path 
betWeen the route points is interpolated With the aid of con 
tinuous and differentiable functions. First of all, this alloWs 
the prede?ned route of the vehicle to be approximated in a 
particularly simple and complete manner, and secondly, the 
characteristic value for the expected vehicle movement may 
be derived from this prede?ned route With the aid of math 
ematical functions. 
[001 1] A further advantage may be provided When the char 
acteristic value is determined as a function of a steering angle, 
and When the steering angle is determined as a function of a 
traveling-direction vector and a vector tangent to the traveling 
direction. In this manner, the characteristic value may take 
into account the Windiness of the prede?ned route in a par 
ticularly reliable manner. 
[0012] A further advantage may be provided When the trav 
eling-direction vector is determined as a function of a radian 
measure of the prede?ned route, and When the radian measure 
is determined from a range of the vehicle. In this manner, the 
travel-direction vector may be ascertained With the aid of 
mathematical relationships. 
[0013] A further advantage may be provided When the 
range of the vehicle is ascertained as a function of a vehicle 
acceleration, and When the vehicle acceleration is ascertained 
With the aid of a pulling-force equation. In this manner, the 
range of the vehicle may also be determined in a particularly 
simple and reliable manner With the aid of mathematical and 
physical relationships. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 shoWs a schematic vieW of a predetermined 
road routing for the route of a vehicle. 
[0015] FIG. 2 shoWs a ?owchart for an exemplary func 
tional sequence of the method according to the present inven 
tion. 
[0016] FIG. 3 shoWs a ?owchart for determining a pushing 
force (or thrust) of a non-?ring engine. 

DETAILED DESCRIPTION 

[0017] In FIG. 1, reference numeral 1 designates a vehicle, 
Which moves in accordance With a prede?ned route 5. Pre 
de?ned route 5 is based on so-called routing points 20 and 
route nodes 25, Which are, e. g. selected by a navigation device 
of the vehicle in a manner knoWn to one skilled in the art. In 
this context, routing points 20 mark discrete route points 
along the prede?ned route 5, and route nodes 25 designate 
intersections, at Which prede?ned route 5 crosses other roads. 
[0018] At a time t0, vehicle 1 is at a routing point 20, Which 
is also designated by P0 in FIG. 1 and referred to in the 
folloWing as a ?rst routing point P0. Routing point 20 subse 
quently selected by the navigation device is designated in 
FIG. 1 by P1 and is also referred to in the folloWing as second 
routing point P1. According to FIG. 1, the navigation device 
at least speci?es routing points P0, P1, . . . , Pn, Where n 0 NO, 
and it also stipulates a route node 25, Which is also referred to 
as Q0 in the folloWing. 
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[0019] The navigation device is provided with digital road 
data, which include, in part, a description of the network in the 
form of such routing points 20 and route nodes 25. The 
navigation device guides the driver with the aid of the set of 
route points and intersections, which represent the optimum 
connection from the current position, i.e. in this example ?rst 
routing point P0, to the destination. The route points are 
displayed within a Cartesian coordinate system, for which the 
GPS signal (GPSIglObal positioning system) received by the 
navigation device supplies a reference point 30 that repre 
sents the origin of the coordinate system, as in FIG. 1. 
[0020] In the following, the method of the present invention 
is exemplarily described with the aid of a ?owchart according 
to FIG. 2. In this context, the method of the present invention 
may be implemented by software and/ or hardware in the 
engine control unit of the vehicle. 
[0021] Vehicle 1 in FIG. 1 moves at velocity v(t) along 
prede?ned route 5, which is stipulated by the navigation 
device, using the set of routing points Pj, jIO, 1, . . . , n and 
route node Q0. For the sake of simplicity, route node Q0 is 
also interpreted below as one of routing points Pj. Since this 
set of points describes the route in an insu?iciently accurate 
and non-differentiable manner, interpolation shall be carried 
out between routing points Pj . This occurs after the start of the 
program, at a program point 1 00. For example, splines may be 
used as an interpolation method, i.e. an interpolation is car 
ried out in sections for a few points, using polynomials of low 
order (e. g. third degree). 
[0022] An exact description of this interpolation method 
may be found, for example, in “Taschenbuch der Mathema 
tik” (“Paperback Book of Mathematics”) (Bronstein, 
Semendjajew, 25th edition, p. 758). Furthermore, it is 
assumed that the interpolation method yields a continuous, 
differentiable description of prede?ned route 5 in parametric 
form in the form of curve C: 

l 

C:[xl(r)]=[f(r)] rE[r0,r,,]ER. () X20) g(r) 

[0023] Points of reference 15 are generated for this inter 
polation, which are used for setting prede?ned route 5 on the 
basis of routing points Pj. According to FIG. 1, at least “m” 
points of reference 15 are provided for prede?ned route 5. 
Parameter r constitutes a radian measure, which represents a 
real number between radian measure r0 at ?rst routing point 
P0 that may be equal to Zero, and maximum, added radian 
measure m for the considered, prede?ned route 5, at nth 
routing point Pn. x1 and x2 are coordinates in the Cartesian 
coordinate system having origin 30. All of the points on 
prede?ned route 5 may be represented by coordinates x1 and 
x2 in equation (1 ), as a function of parameter r. In this context, 
f(r) and g(r) are rational, continuously differentiable func 
tions. 
[0024] In addition, “s” designates the range that the vehicle 
has while rolling, based on the current position, i.e. under the 
assumption that the driver takes his or her foot away from the 
accelerator pedal. 
[0025] At a program point 105 following program point 
100, an initialization is carried out for a subsequently 
executed, integration routine. In this context, the initial values 
for the subsequent integration are indexed (or set) to 0 and 
correspond to the values at the time of calling up (or initiat 
ing) the integration routine. In this example, this time is time 
t0. Range s0 is equal to Zero at the start, i.e. at time t0. At time 
t0, velocity v0 corresponds to the value of the sensor signal of 

Jul. 9, 2009 

a velocity sensor at time t0, i.e. v0q/(t0). Acceleration vO at 
time t0 corresponds to the value of the differentiated velocity 
signal at time t0, that is: 

90:‘;(l0) 

[0026] Parameterr is initially equal to Zero, i.e. r0:0, and an 
integration variable “i”, which designates the ith integration 
step, is likewise equal to Zero at time t0. Subsequently, the 
method branches to a program point 110. At the program 
point 110, it is checked if velocity vi in the ith integration step 
is greater than Zero. If this is the case, then the method 
branches to program point 115, otherwise the method is 
ended. Therefore, the integration is aborted when the precal 
culated velocity for the ith integration step is less than or equal 
to 0. This means that no more kinetic energy is present. 
[0027] An integration step is carried out or performed at 
program point 115. The precalculation performed in this con 
text is based on the pulling-force equation: 

(2) 

[0028] In this equation: 
[0029] v 
[0030] Fth(v) is the vehicle acceleration, 
[0031] Pa is the pushing force (or thrust) of the non-?ring 

engine, 
[0032] is the gradient-speci?c road resistances at time t0, 

[0033] cw is the drag coef?cient, 
[0034] v is the vehicle velocity, 
[0035] m is the vehicle mass, and 
[0036] e is the mass-increase factor to compensate for the 

rotational inertias. 
[0037] The pulling-force equation corresponds to a normal, 
non-linear, 2nd-order differential equation. In order to calcu 
late range “s”, the equation is solved for “v” and numerically 
integrated. 
[0038] An integration step is made up of 3 computational 
operations: 

[0039] a) Velocity vi+1 current for the (i+1)th integration 
step is yielded from the sum of last velocity value vi and 
the product of the corresponding acceleration value 
vdoti (vi) and integration time constant dt: 

[0040] For example, 500 ms may be selected for dt. 
[0041] a) Calculating the acceleration from the pulling 

force equation in view of the initial values or the values 
from the previous integration step, using the following 
equation: 

[0042] FIG. 3 shows how thrust Fth(vi) is calculated as a 
function of velocity vi for the current integration step. In a 
multiplication element 200, vi is initially multiplied by over 
all transmission ratio U, which is known in the engine control 
unit and describes the gear ratio from the transmission input 
to the wheels, and therefore, vi is converted to a predicted 
engine speed nENGpred, for integration step “i”. Character 
istic curve KFMDS, which is denoted by reference numeral 
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205 in FIG. 3, is then addressed, using predicted engine speed 
nENGpredi. Characteristic 205 ascertains the drag torque of 
the engine as a function of predicted engine speed nENGpredl 
and may be identi?ed in an experiment, on a test stand, in that 
the engine is pulled (or driven) in an un?red state by a second 
engine. 
[0043] In this context, the drag torque is measured by a 
torque-measuring hub and plotted versus the corresponding 
engine speed. In a summing element 210, torque demand of 
the ancillary components mdverln, Which is knoWn in the 
engine control unit, is then added to the drag torque at the time 
of initiating the integration, i.e. at time t0 of initiating the 
integration routine. Thus, thrust torque Mth(vi) is yielded at 
the output of summing element 210. In a division element 
215, this is divided by Wheel radius rwheel knoWn in the engine 
control unit, so that thrust Fth(vi) for the ith integration step is 
yielded at the output of division element 215. The How chart 
according to FIG. 3 may also be implemented in the engine 
control unit in the form of softWare and/or hardWare. 

[0044] Portion F0t0 of road resistance dependent on the 
gradient corresponds to the value of the gradient-dependent 
portion of the road resistance at time t0 of the initiation of 
integration. It is assumed that the gradient-dependent portion 
F0t0 of the road resistance is measured or calculated. One 
option for calculating this portion F0t0 is described in German 
Patent Document No. 102 26 678. The gradient-dependent 
portion of the road resistance at time t0 is only used as an 
approximation for such a future portion, i.e. until a desired 
distance to the destination of a route selected by the naviga 
tion device is reached. In future systems, it is conceivable that 
the forthcoming curve of portion F0t0 along prede?ned route 
5 Will be knoWn, eg as a part of the information of a neW 
generation of navigation devices. Drag coe?icient cW, the 
vehicle mass, and mass-increase factor “e” are knoWn to be 
constant quantities. It is possible for the vehicle mass to be 
corrected in a manner knoWn to one skilled in the art, using 
additional mass adaptation. Consequently, the vehicle accel 
eration may be completely determined for every integration 
step. 
[0045] Range sl-+1 of vehicle 1 having the kinetic energy 
present at time t0 is yielded by the sum of the range from the 
previous integration step and the product of the velocity of the 
previous integration step and integration time constant dt, that 
is: 

[0046] For calculated range si, corresponding value ri in the 
parameter representation of C according to equation (1) must 
be ascertained for prede?ned route 5. Range sl-+1 may be 
represented as the radian measure of curve C for ri, rm, as 
folloWs: 

Where 
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[0047] In this context, ri are the parameters for points of 
reference 15 of prede?ned route 5, Where rl-0[rO,rn]0R. There 
fore, each integration step is assigned a point of reference 15. 
[0048] If one solves the above equation for rl.+ 1, thenparam 
eter rl-+1 of curve C is knoWn for every range sl-H: 

_ _ 5i+l —5i (8) 

r;+1_r,+ 65m) . 

Br 

[0049] The method then branches to a program point 120. 
At program point 120, tangent vector Ti at C(ri) may noW be 
calculated in integration step “i”, as Well. Ti describes the 
predicted longitudinal vehicle direction in the range or at 
distance si to the current position of vehicle 1, i.e. to ?rst 
routing 

Point P0: 

[0050] 

6m) (9) 

T(r-) = a’ 
‘ 6m) ' 

Br 

[0051] It is assumed that the driver selects steering angle 
(xi-WHEEL in such a manner, that the course of the vehicle 
folloWs prede?ned route 5, i.e. that at point C(ri), the driver 
steers for subsequent point C(rm). Given this assumption, the 
vector of the steering direction may be calculated as the 
difference of C(rl-H) and C(ri): 

H i+ _ i 10 

D(ri)z[f(r 1) f(r)]- ( ) 80m) — 80;) 

[0052] Steering angle (xi WHEEL may noW be calculated from 
the scalar product of T and D: 

(11) Si bl 
[INA/HEEL : ar COS[ :1 El 

[0053] Consequently, the folloWing predicted yaW rate may 
be calculated from the so-called single-track model: 

Vi 'IIiWHEEL (12) 

[1 “2]. C. +_ 

11),- If the predicted yaW rate 
exceeds a speci?able value P, then, for example, the driver 
may receive, via the accelerator pedal, a haptic signal that a 
critical curve is forthcoming. Thus, at a program point 125 
folloWing program point 120, it is checked if the magnitude of 
scidoti (Ti) of the predicted yaW rate is greater than or equal 
to speci?ed value P. If this is the case, the method branches to 
program point 135, otherWise the method branches to pro 
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gram point 130. At program point 135, a maximum restoring 
force FFb of 100 percent is selected at the accelerator pedal. 
At program point 130, no restoring force is selected at the 
accelerator pedal. After program point 135 and program point 
130, the method branches to a program point 140. At program 
point 140, integration variable “i” is incremented. The 
method subsequently branches back to program point 110. 
[0054] It Was described hoW predicted yaW rate ‘II,- (or “sci 
doti” (or “psidoti”) as also used herein) may be used to inform 
the driver of imminent risks on prede?ned route 5, using 
haptic signals. As an alternative, an economical or exhaust 
optimiZed driving style may be recommended to the driver as 
a function of predicted yaW rate scidoti (W1), using such a 
haptic signal. When a value preselected With regard to fuel 
consumption is exceeded by the magnitude of scidoti (111,-) of 
the predicted yaW rate, restoring force FFb on the accelerator 
pedal is used for recommending a more economical or more 
exhaust-optimized driving style. Predicted yaW rate scidoti ( 
WI.) may equally be used for other purposes, such as accident 
prevention (e.g. electronic limitation of the velocity), or for 
provisional occupant protection (e. g. precharging of the brake 
system, conditioning of airbag and seat-belt tensioners). 
[0055] In this manner, a vehicle function for preventing 
accidents, protecting occupants, informing the driver, in par 
ticular of imminent risks, or a vehicle function relating to 
vehicle operation and regarding the optimiZation of fuel con 
sumption or the exhaust gas, may be activated as described. 

[0056] When an accelerator pedal is active, a restoring 
force, Which the driver immediately senses at the accelerator 
pedal, via his foot, may be preselected by an electronic con 
trol unit (eg the engine control unit). This restoring force 
may inform one about imminent risks, such as a forthcoming, 
critical curve, or an optimum driving style may be recom 
mended. 

[0057] The exemplary method of the present invention pro 
vides a method for pre-calculating yaW rate scidoti (111,-) along 
forthcoming route 5 on the basis of the current longitudinal 
velocity and the navigation data. This may be used as 
described, for increasing the safety and optimizing fuel con 
sumption and exhaust gas. In this context, predicted yaW rate 
scidoti (‘111) represents a characteristic value for the vehicle 
movement along prede?ned route 5. 
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1-20. (canceled) 
21. A method for operating a vehicle, Which moves on a 

prede?ned route at a current traveling velocity, comprising: 
as a function of the current traveling velocity and the pre 

de?ned route, precalculating a characteristic value for 
the vehicle movement along the prede?ned route; and 

activating a vehicle function as a function of the character 
istic value; 

Wherein the vehicle function is at least one of a function for 
occupant protection and a driver information function 
activated in the form of a haptic feedback. 

22. The method as recited in claim 1, Wherein a precharg 
ing of a brake system or a conditioning of at least one restraint 
system is activated as a function for occupant protection. 

23. The method as recited in claim 1, Wherein the feedback 
is implemented at an accelerator pedal. 

24. The method as recited in claim 1, Wherein the driver 
information function is activated in the form of feedback 
regarding a forthcoming critical curve or for optimizing one 
of fuel consumption and exhaust gas. 

25. The method as recited in claim 1, Wherein a yaW rate is 
selected as the characteristic value. 

26. The method as recited in claim 1, Wherein the calcula 
tion of the characteristic value assumes that an accelerator 
pedal of the vehicle is not operated. 

27. The method as recited in claim 1, Wherein the route is 
predetermined in the form of a set of route points, and a path 
betWeen the route points is interpolated With the aid of con 
tinuous and differentiable functions. 

28. The method as recited in claim 1, Wherein the charac 
teristic value is determined as a function of a steering angle, 
and the steering angle is determined as a function of a trav 
eling-direction vector and a vector tangent to the traveling 
direction. 

29. The method as recited in claim 8, Wherein the traveling 
direction vector is ascertained as a function of a radian mea 

sure of the prede?ned route, and the radian measure is ascer 
tained from a range of the vehicle. 

30. The method as recited in claim 9, Wherein the range of 
the vehicle is ascertained as a function of a vehicle accelera 
tion, and the vehicle acceleration is ascertained With the aid of 
a pulling-force equation. 

* * * * * 


