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METHOD AND SYSTEM FOR CONTROLLING 
VEHICLE DECELERATION IN AN ADAPTIVE 

SPEED CONTROL SYSTEM BASED ON VEHICLE 
SPEED 

TECHNICAL FIELD 

[0001] This invention relates to a method and system for 
controlling a maximum allowed vehicle deceleration in an 
adaptive speed control system based on vehicle speed. 

BACKGROUND ART 

[0002] Adaptive Cruise (i.e., speed) Control (ACC) sys 
tems operate much like conventional Cruise Control sys 
tems, With the added capability of being able to sense in-path 
vehicles and to sloW the ACC equipped vehicle in response. 
An ACC equipped vehicle thereby alloWs its operator to 
automatically control the vehicle speed, as With conven 
tional Cruise Control, Without the necessity of having to 
deactivate and reactivate control Whenever sloWer traf?c is 
encountered. 

[0003] As is Well knoWn in the art, existing ACC methods 
and systems use a forWard looking range sensor such as 
radar to sense an in-path vehicle (Which may also be referred 
to as a sensed target or primary target). Based on the radar 
sensor information, such ACC methods and systems then 
determine the range and relative velocity (or range rate) of 
the sensed in-path vehicle. Using the range and range rate, 
the speed of the ACC equipped vehicle is controlled to 
maintain a selected folloWing interval betWeen the ACC 
equipped vehicle and the sensed in-path vehicle. The speed 
of the ACC equipped vehicle is typically controlled by 
automatic control of the vehicle throttle actuator. In more 
advanced ACC methods and systems, vehicle speed may 
also be controlled by automatic control of vehicle brake 
actuators. Such ACC methods and systems have the ability 
to apply a moderate degree of braking to the vehicle to 
achieve further vehicle deceleration (i.e., in addition to 
vehicle deceleration achieved via throttle control) in 
response to an in-path vehicle. 

[0004] Thus, in maintaining the selected folloWing inter 
val, existing ACC methods and systems may decelerate the 
ACC equipped vehicle. In such situations, the deceleration 
the ACC equipped vehicle may take any value up to a 
maximum alloWed deceleration, Which is typically 0.3 g. In 
existing ACC methods and systems, hoWever, such a maxi 
mum alloWed deceleration is constant, regardless of vehicle 
speed. As a result, at higher vehicle speeds, deceleration of 
the ACC equipped vehicle at the maximum alloWed decel 
eration may be perceived as uncomfortable by the vehicle 
operator. Conversely, at loWer vehicle speeds, deceleration 
of the ACC equipped vehicle at that same maximum alloWed 
deceleration may be perceived as insuf?cient by the vehicle 
operator. 

[0005] As a result, there exists a need in an ACC system 
for a method and system for controlling the maximum 
alloWed vehicle deceleration based on the vehicle speed. 
More speci?cally, such a method and system Would set the 
maximum alloWed vehicle deceleration as a function of the 
vehicle speed, increasing the maximum alloWed vehicle 
deceleration at loWer vehicle speeds and decreasing the 
maximum alloWed vehicle deceleration at higher vehicle 
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speeds. Such a method and system Would thereby provide 
the ACC equipped vehicle With a more comfortable response 
for the vehicle operator. 

DISCLOSURE OF INVENTION 

[0006] Accordingly, it is a principal object of the present 
invention to provide, in a vehicle equipped With an adaptive 
speed control system, a method and system for controlling 
the maximum alloWed vehicle deceleration based on the 
speed of the vehicle. 

[0007] According to the present invention, then, in an 
adaptive speed control system for a vehicle, a method is 
provided for controlling vehicle deceleration. The method 
comprises determining a speed of the vehicle, and setting a 
maximum alloWed vehicle deceleration based on the vehicle 
speed determined. 

[0008] Similarly, in an adaptive speed control system for 
a vehicle, a system is also provided for controlling vehicle 
deceleration. The system comprises a receiver capable of 
receiving an input signal indicative of the speed of the 
vehicle, and a controller capable of setting a maximum 
alloWed vehicle deceleration based on the vehicle speed. 

[0009] These and other objects, features and advantages of 
the present invention Will be readily apparent upon consid 
eration of the folloWing detailed description of the invention 
in conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF DRAWINGS 

[0010] FIG. 1 is a simpli?ed block diagram of an adaptive 
cruise control system, including the system of the present 
invention; 
[0011] FIG. 2 is a graph of maximum alloWed vehicle 
deceleration over a range of vehicle speeds according to the 
prior art in a vehicle equipped With an adaptive speed control 
system; 

[0012] FIG. 3 is a graph of maximum alloWed vehicle 
deceleration as a function of vehicle speed according to the 
method and system of the present invention in a vehicle 
equipped With an adaptive speed control system; and 

[0013] FIG. 4 is a ?oWchart of the method of the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0014] Referring to FIGS. 1-4, the preferred embodiment 
of the method and system of the present invention Will noW 
be described. In that regard, FIG. 1 illustrates a simpli?ed 
block diagram of an Adaptive Cruise Control (ACC) system, 
including the system of the present invention, denoted 
generally by reference numeral 10. 

[0015] In general, as is Well knoWn to those of ordinary 
skill in the art, ACC system (10) is a closed loop control 
system intended to respond to potential targets in front of 
and in the same lane of traf?c as the vehicle equipped With 
the ACC system (10). The goal of ACC system (10) is to 
partially automate the continuous longitudinal control of the 
vehicle, thereby providing the vehicle operator With 
improved comfort and convenience. In that regard, ACC 
system (10) may operate in either a normal or a folloWing 
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mode. In normal mode operation, ACC system (10) controls 
the speed of the ACC equipped vehicle to the speed set by 
the vehicle operator as the control speed. In following mode 
operation, ACC system (10) controls the speed of the ACC 
equipped vehicle to the speed of a sensed in-path vehicle 
(Which may be referred to as a sensed target or a primary 
target). 

[0016] More speci?cally, as seen in FIG. 1, the ACC 
system (10) includes a vehicle controller (12) provided in 
communication With a range sensor (14), a speed sensor 
(16), a yaW rate sensor (18), a user interface (20), a throttle 
actuator (22), and a brake actuator (24). As previously 
described, the system (10) extends the function of conven 
tional speed control systems. In that regard, based on range 
and relative velocity information obtained and/or derived 
from forWard looking range sensor (14) and speed sensor 
(16), vehicle controller (12) uses throttle and brake actuators 
(22, 24) to control the speed of the ACC equipped vehicle in 
order to maintain a selected folloWing interval (in seconds) 
betWeen the ACC equipped vehicle and a sensed target (i.e., 
a lead vehicle) in the forWard path of travel of the ACC 
equipped vehicle. 

[0017] The folloWing interval betWeen the ACC equipped 
vehicle and the sensed target is initially set at a default value 
(typically tWo seconds) upon activation of the system (10), 
but may be modi?ed by the vehicle operator to a number of 
other selectable values (typically a value greater than or 
equal to one second, but less than or equal to tWo seconds) 
via user interface (20). The default folloWing interval is 
typically the maximum folloWing interval alloWed, and 
modi?cation of the folloWing interval by the vehicle opera 
tor is permitted betWeen that maximum and a de?ned 
minimum folloWing interval (typically one second). The 
folloWing interval is referred to as headWay, and is de?ned 
as the range to the sensed target (in meters), divided by the 
speed of the ACC equipped vehicle (in meters per second). 
User interface (20) is also used by the vehicle operator to set 
the desired vehicle control speed. 

[0018] As previously noted, ACC systems and methods 
are Well knoWn in the art. As a result, a detailed description 
of the general operation of ACC system (10), including such 
functions as acquisition, discrimination, differentiation, 
selection and tracking of targets, range and relative velocity 
(range rate) determinations, sensor operations, and throttle 
and brake control is unnecessary and, for the sake of brevity, 
is not set forth herein. In connection With the method and 
system of the present invention, such functions of ACC 
system (10) may be undertaken in any fashion knoWn to 
those of ordinary skill. 

[0019] As also previously noted, While maintaining the 
selected folloWing interval, existing ACC methods and 
systems may decelerate the ACC equipped vehicle. In such 
situations, the deceleration the ACC equipped vehicle may 
take any value up to a maximum alloWed deceleration, 
Which is typically 0.3 g. In existing ACC methods and 
systems, hoWever, such a maximum alloWed deceleration is 
constant, regardless of vehicle speed. In that regard, FIG. 2 
is a graphical representation of an example of a maximum 
alloWed vehicle deceleration according to the prior art in an 
ACC equipped vehicle. As seen therein, the maximum 
alloWed vehicle deceleration is 0.3 g, and remains constant 
over the entire range of possible vehicle speeds. 
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[0020] In that regard, the same constant braking force on 
a vehicle, in terms of a vehicle deceleration, is perceived by 
a vehicle operator as much higher, and therefore less com 
fortable, at higher vehicle speeds than at loWer vehicle 
speeds. Thus, at higher vehicle speeds, deceleration of the 
ACC equipped vehicle at the maximum alloWed decelera 
tion may be perceived as uncomfortable by the vehicle 
operator. Conversely, at loWer vehicle speeds, deceleration 
of the ACC equipped vehicle at that same maximum alloWed 
deceleration may be perceived as insuf?cient by the vehicle 
operator. 

[0021] In contrast, the present invention provides, in the 
ACC system (10) of FIG. 1, a method and system for 
controlling the maximum alloWed vehicle deceleration 
based on the vehicle speed. More speci?cally, the present 
invention sets the maximum alloWed vehicle deceleration as 
a function of the vehicle speed, increasing the maximum 
alloWed vehicle deceleration at loWer vehicle speeds and 
decreasing the maximum alloWed vehicle deceleration at 
higher vehicle speeds. In such a fashion, the present inven 
tion provides the ACC equipped vehicle With a more com 
fortable response for the vehicle operator. 

[0022] In that regard, FIG. 3 is a graphical representation 
of a preferred example of a maximum alloWed vehicle 
deceleration according to the present invention in an ACC 
equipped vehicle. As seen therein, at loW vehicle speeds, 
such as approximately 10 miles per hour or less, the maxi 
mum alloWed vehicle deceleration is approximately 0.3 g, 
the maximum vehicle deceleration typically employed in 
prior art ACC methods and systems. HoWever, as the speed 
of the ACC equipped vehicle increase, the maximum vehicle 
deceleration alloWed decreases to a minimum of approxi 
mately 0.2 g at higher vehicle speeds such as approximately 
100 miles per hour or greater. As those of ordinary skill Will 
appreciate, the preferred maximum alloWed vehicle decel 
eration shoWn in FIG. 3 is an exponential function of the 
vehicle speed. More speci?cally, the preferred maximum 
alloWed vehicle deceleration according to the present inven 
tion may be de?ned by the equation: 

[0023] Where MAXDECEL is the maximum alloWed 
vehicle deceleration, and VEHSPD is the vehicle speed. 

[0024] Referring again to FIG. 1, the system of the present 
invention is preferably included in vehicle controller (12). In 
that regard, vehicle controller (12) includes a receiver (not 
shoWn) capable of receiving an input signal from speed 
sensor (16) indicative of the speed of the ACC equipped 
vehicle. Vehicle controller (12) also includes a controller 
(not shoWn) capable of setting a maximum alloWed vehicle 
deceleration based on the vehicle speed. It should be noted 
here that the controller (as Well as vehicle controller (12) of 
ACC system (10)) may take the form of an appropriately 
programmed microprocessor, or any equivalent thereof. 

[0025] In that regard, to set a maximum alloWed vehicle 
deceleration based on the vehicle speed, the controller is 
capable of adjusting the maximum alloWed vehicle decel 
eration in an inverse relationship to the vehicle speed. More 
speci?cally, the controller is capable of decreasing the 
maximum alloWed vehicle deceleration as the vehicle speed 
increases, and of increasing the maximum alloWed vehicle 
deceleration as the vehicle speed decreases. 
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[0026] According to the system of the present invention, 
the maximum allowed vehicle deceleration is preferably 
capable of varying continuously. As previously noted, the 
maximum alloWed vehicle deceleration is preferably de?ned 
as an exponential function of the vehicle speed, as in 
equation (1) above. HoWever, the maximum alloWed vehicle 
deceleration may be de?ned as any of a number of other 
inverse functions of the vehicle speed, such as linear, Where 
the maximum alloWed vehicle speed generally decreases as 
the vehicle speed generally increases, and generally 
increases as the vehicle speed generally decreases. Regard 
less of the function employed, the maximum alloWed 
vehicle deceleration preferably varies betWeen approxi 
mately 0.2 g at loWer vehicle speeds and approximately 0.3 
g at higher vehicle speeds. 

[0027] Referring noW to FIG. 4, a ?oWchart of the method 
of the present invention is shoWn, denoted generally by 
reference numeral 40. As seen therein, the method (40) of 
the present invention comprises determining (42) a speed of 
the vehicle, and setting (44) a maximum alloWed vehicle 
deceleration based on the vehicle speed determined. In that 
regard, as described above in connection With the system of 
the present invention, setting (44) a maximum alloWed 
vehicle deceleration based on the vehicle speed includes 
adjusting the maximum alloWed vehicle deceleration in an 
inverse relationship to the vehicle speed, including decreas 
ing the maximum alloWed vehicle deceleration as the 
vehicle speed increases, and increasing the maximum 
alloWed vehicle deceleration as the vehicle speed decreases. 

[0028] As With the system of the present invention, 
according to the method of the present invention, the maxi 
mum alloWed vehicle deceleration is preferably capable of 
varying continuously. Once again, the maximum alloWed 
vehicle deceleration is preferably de?ned as an exponential 
function of the vehicle speed, as in equation (1) above, 
although any of a number of other inverse functions of the 
vehicle speed may be used Where the maximum alloWed 
vehicle speed generally decreases as the vehicle speed 
generally increases, and generally increases as the vehicle 
speed generally decreases. As previously noted, regardless 
of the function employed, the maximum alloWed vehicle 
deceleration preferably varies betWeen approximately 0.2 g 
at loWer vehicle speeds and approximately 0.3 g at higher 
vehicle speeds. 

[0029] From the foregoing description, it can be seen that 
the present invention provides, in an ACC system, a method 
and system for controlling the maximum alloWed vehicle 
deceleration based on the vehicle speed. More speci?cally, 
the present invention sets the maximum alloWed vehicle 
deceleration as a function of the vehicle speed, increasing 
the maximum alloWed vehicle deceleration at loWer vehicle 
speeds and decreasing the maximum alloWed vehicle decel 
eration at higher vehicle speeds. In such a fashion, the 
present invention provides the ACC equipped vehicle With a 
more comfortable response for the vehicle operator. 

[0030] While various embodiments of the invention have 
been illustrated and described, it is not intended that these 
embodiments illustrate and describe all possible forms of the 
invention. Rather, the Words used in the speci?cation are 
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Words of description rather than limitation, and it is under 
stood that various changes may be made Without departing 
from the spirit and scope of the invention. 

What is claimed is: 
1. In an adaptive speed control system for a vehicle, a 

method for controlling vehicle deceleration, the method 
comprising: 

determining a speed of the vehicle; and 

setting a maximum alloWed vehicle deceleration based on 
the vehicle speed determined. 

2. The method of claim 1 Wherein setting a maximum 
alloWed vehicle deceleration based on the vehicle speed 
includes adjusting the maximum alloWed vehicle decelera 
tion in an inverse relationship to the vehicle speed. 

3. The method of claim 2 Wherein adjusting the maximum 
alloWed vehicle deceleration comprises decreasing the 
maximum alloWed vehicle deceleration as the vehicle speed 
increases. 

4. The method of claim 2 Wherein adjusting the maximum 
alloWed vehicle deceleration comprises increasing the maxi 
mum alloWed vehicle deceleration as the vehicle speed 
decreases. 

5. The method of claim 2 Wherein the maximum alloWed 
vehicle deceleration is capable of varying continuously. 

6. The method of claim 5 Wherein the maximum alloWed 
vehicle deceleration is capable of varying in a range betWeen 
about 0.2 g and about 0.3 g. 

7. The method of claim 2 Wherein the maximum alloWed 
vehicle deceleration is an exponential function of the vehicle 
speed. 

8. The method of claim 7 Wherein the maximum alloWed 
vehicle deceleration is de?ned by the equation: 

MAXDECEL=0.2+1 60/ (VEHSPD+40)2, 

Where MAXDECEL is the maximum alloWed vehicle 
deceleration, and VEHSPD is the vehicle speed. 

9. In an adaptive speed control system for a vehicle, a 
system for controlling vehicle deceleration, the system com 
prising: 

a receiver capable of receiving an input signal indicative 
of a speed of the vehicle; and 

a controller capable of setting a maximum alloWed 
vehicle deceleration based on the vehicle speed. 

10. The system of claim 9 Wherein, to set a maximum 
alloWed vehicle deceleration based on the vehicle speed, the 
controller is capable of adjusting the maximum alloWed 
vehicle deceleration in an inverse relationship to the vehicle 
speed. 

11. The system of claim 10 Wherein, to adjust the maxi 
mum alloWed vehicle deceleration, the controller is capable 
of decreasing the maximum alloWed vehicle deceleration as 
the vehicle speed increases. 

12. The system of claim 10 Wherein, to adjust the maxi 
mum alloWed vehicle deceleration, the controller is capable 
of increasing the maximum alloWed vehicle deceleration as 
the vehicle speed decreases. 

13. The system of claim 10 Wherein the maximum 
alloWed vehicle deceleration is capable of varying continu 
ously. 

14. The system of claim 13 Wherein the maximum 
alloWed vehicle deceleration is capable of varying in a range 
betWeen about 0.2 g and about 0.3 g. 
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15. The system of claim 10 wherein the maximum 
allowed vehicle deceleration is an exponential function of 
the vehicle speed. 

16. The system of claim 15 Wherein the maximum 
alloWed vehicle deceleration is de?ned by the equation: 
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Where MAXDECEL is the maximum alloWed vehicle 
deceleration, and VEHSPD is the vehicle speed. 

* * * * * 
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