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(57) ABSTRACT 

An adaptive cruise control system for an automotive vehicle 
includes at least a host vehicle speed detector an engine 
torque control system and a brake control system for con 
trolling at least one of a host vehicle’s speed, an inter-vehicle 
distance, and a relative velocity of the host vehicle to the 
preceding vehicle. When switching from an engine-torque 
control-only operating mode suitable for a relatively small 
required host vehicle’s acceleration/deceleration to an 
engine-torque-control plus brake-control operating mode 
suitable for a relatively large required host vehicle’s accel 
eration/deceleration occurs, an initial value of a host vehi 
cle’s speed command value is reset to a value being offset 
from the host vehicle’s speed by a predetermined value. 
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ADAPTIVE CRUISE CONTROL SYSTEM FOR 
AUTOMOTIVE VEHICLES 

TECHNICAL FIELD 

[0001] The present invention relates to an adaptive cruise 
control system for automotive vehicles, and particularly to 
an adaptive cruise control (ACC) system capable of per 
forming transrnission ratio control, engine control and/or 
brake control, for controlling the host vehicle’s speed and 
the host vehicle’s distance from a preceding vehicle, often 
called an “inter-vehicle distance” or a “vehicle-to-vehicle 

distance”. BACKGROUND ART 

[0002] In recent years, there have been proposed and 
developed various inter-vehicle distance control systems or 
automatic folloWing control systems that the host vehicle 
(ACC vehicle) can automatically folloW a preceding vehicle. 
Such an inter-vehicle distance control system often controls 
the inter-vehicle distance by a combination of transmission 
ratio control, brake control, and engine control (throttle 
control) in presence of preceding vehicle detection or frontal 
vehicular detection, and controls the host vehicle’s speed by 
only the engine control in absence of the preceding vehicle 
detection. In another type of adaptive cruise control (ACC) 
system having an automatic folloWing control function, 
disclosed in Japanese Patent Provisional Publication No. 
11-334554 (hereinafter is referred to as “JP11-334554”), in 
order to more smoothly execute the automatic folloWing 
control Without a feeling of physical disorder irrespective of 
changes in a running condition of the preceding vehicle, 
When sWitching a desired deceleration rate ore of the host 
vehicle betWeen a ?rst desired deceleration rate otec suitable 
for a ?rst state that the preceding vehicle is in a constant 
speed running state and a second desired deceleration rate 
0ter suitable for a second state that the preceding vehicle is in 
a decelerating state, the system operates to gradually sWitch 
the desired deceleration rate 0te of the host vehicle from one 
of ?rst and second desired deceleration rates otec and 0ter to 
the other. 

SUMMARY OF THE INVENTION 

[0003] In the adaptive cruise control system disclosed in 
JP11-334554, concretely When the running state of the 
preceding vehicle shifts from the constant-speed running 
state to the decelerating state, a desired deceleration rate 0te 
of the host vehicle is calculated as a weighted mean of the 
?rst desired deceleration rate otec and the second desired 
deceleration rate an. Therefore, When shifting the constant 
speed running state to a decelerating state of a comparatively 
small demand for deceleration, the conventional system of 
J P11-334554 can realiZe a smooth change in the deceleration 
rate of the host vehicle. In contrast, When shifting the 
constant-speed running state to a decelerating state of a 
comparatively large demand for deceleration, there is an 
increased tendency for a timing at Which a decelerating 
operation of the host vehicle is initiated to be retarded, or 
there is an increased tendency for the magnitude of the 
deceleration rate of the host vehicle to be undesiredly 
reduced. 

[0004] Accordingly, it is an object of the invention to 
provide an adaptive cruise control system for an automotive 
vehicle, Which avoids the aforementioned disadvantages. 

[0005] It is another object of the invention to provide an 
adaptive cruise control system, Which is capable of achieve 
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a smooth transition from one of ?rst and second control 
rnodes (or one of an engine-torque-control-only operating 
mode and an engine-torque-control plus brake-control oper 
ating mode) to the other, ensuring a high control respon 
siveness for a demand for acceleration/deceleration and 
effectively suppressing changes in acceleration/deceleration 
of a host vehicle and. 

[0006] In order to accomplish the aforementioned and 
other objects of the present invention, an adaptive cruise 
control system for an automotive vehicle, comprises a 
vehicle speed detector that detects a host vehicle’s speed, a 
man-machine interface that sets a desired host vehicle speed, 
a plurality of braking-and-driving force control systems that 
control a braking-and-driving force of the host vehicle, so 
that the host vehicle’s speed is brought closer to the desired 
host vehicle speed, and a controller con?gured to be elec 
tronically connected to the vehicle speed detector, the man 
rnachine interface, and the plurality of braking-and-driving 
force control systems, for executing an adaptive cruise 
control, the controller comprising a braking-and-driving 
force control mode selector that selects at least one braking 
and-driving force control system from the plurality of brak 
ing-and-driving force control systems, depending upon a 
host vehicle’s acceleration/deceleration required to bring the 
host vehicle’s speed closer to the desired host vehicle speed, 
the braking-and-driving force control mode selector select 
ing a ?rst braking-and-driving force control system When the 
required host vehicle’s acceleration/deceleration is less than 
a predetermined threshold value, and selecting a second 
braking-and-driving force control system When the required 
host vehicle’s acceleration/deceleration is greater than or 
equal to the predetermined threshold value, and a desired 
host vehicle speed cornpensator that resets the desired host 
vehicle speed set at a sWitching point betWeen the ?rst and 
second braking-and-driving force control systems at a value 
being offset from the host vehicle’s speed by a predeter 
rnined value When sWitching betWeen the ?rst and second 
braking-and-driving force control systems occurs. 

[0007] According to another aspect of the invention, an 
adaptive cruise control system for an automotive vehicle, 
comprises an inter-vehicle distance detector that detects an 
inter-vehicle distance betWeen a host vehicle and a preced 
ing vehicle, a vehicle speed detector that detects a host 
vehicle’s speed, a plurality of braking-and-driving force 
control systems that control a braking-and-driving force of 
the host vehicle, so that the host vehicle’s speed is brought 
closer to a desired host vehicle speed, and a controller 
con?gured to be electronically connected to the inter-vehicle 
distance detector, the vehicle speed detector, and the plural 
ity of braking-and-driving force control systems, for execut 
ing an adaptive cruise control, the controller comprising a 
desired inter-vehicle distance setting section that sets a 
desired inter-vehicle distance from the host vehicle to the 
preceding vehicle, a desired host vehicle speed cornputation 
section that computes the desired host vehicle speed needed 
to bring the inter-vehicle distance closer to the desired 
inter-vehicle distance, a braking-and-driving force control 
mode selector that selects at least one braking-and-driving 
force control system from the plurality of braking-and 
driving force control systems, depending upon a host vehi 
cle’s acceleration/deceleration required to bring the host 
vehicle’s speed closer to the desired host vehicle speed, the 
braking-and-driving force control mode selector selecting a 
?rst braking-and-driving force control system When the 
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required host vehicle’s acceleration/deceleration is less than 
a predetermined threshold value, and selecting a second 
braking-and-driving force control system When the required 
host vehicle’s acceleration/deceleration is greater than or 
equal to the predetermined threshold value, and a desired 
host vehicle speed compensator that resets the desired host 
vehicle speed computed at a sWitching point betWeen the 
?rst and second braking-and-driving force control systems at 
a value being offset from the host vehicle’s speed by a 
predetermined value When sWitching betWeen the ?rst and 
second braking-and-driving force control systems occurs. 

[0008] According to a further aspect of the invention, a 
method for automatically controlling at least one of a host 
vehicle’s speed, an inter-vehicle distance betWeen the host 
vehicle and a preceding vehicle, and a relative velocity of 
the host vehicle to the preceding vehicle, the method com 
prising detecting the host vehicle’s speed, detecting the 
inter-vehicle distance, detecting the relative velocity, com 
puting a ?rst desired host vehicle speed based on a driver 
selected vehicle speed, computing a second desired host 
vehicle speed based on the inter-vehicle distance and the 
relative velocity, setting a desired host vehicle speed at the 
?rst desired host vehicle speed When the preceding vehicle 
is absent, setting the desired host vehicle speed at the second 
desired host vehicle speed When the preceding vehicle is 
present, selecting a ?rst braking-and-driving force control 
mode suitable for a ?rst demand for acceleration/decelera 
tion When a required host vehicle’s acceleration/deceleration 
is less than a predetermined threshold value, selecting a 
second braking-and-driving force control mode suitable for 
a second demand greater than the ?rst demand for accelera 
tion/deceleration When the required host vehicle’s accelera 
tion/deceleration is greater than or equal to the predeter 
mined threshold value, and resetting the desired host vehicle 
speed computed at a sWitching point betWeen the ?rst and 
second braking-and-driving force control modes at a value 
being offset from the host vehicle’s speed by a predeter 
mined value When sWitching betWeen the ?rst and second 
braking-and-driving force control modes occurs. 

[0009] The other objects and features of this invention Will 
become understood from the folloWing description With 
reference to the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a system block diagram shoWing one 
embodiment of the adaptive cruise control system interact 
ing With a brake ?uid pressure control system and an engine 
control system. 

[0011] FIG. 2 is a How chart illustrating a control routine 
executed Within the adaptive cruise control system of the 
embodiment of FIG. 1. 

[0012] FIG. 3 is a block diagram shoWing a closed-loop 
control system containing at least a vehicle speed control 
section (band a running resistance estimation section @and 
constructing an essential part of the adaptive cruise control 
system of the embodiment. 

[0013] FIG. 4 is a block diagram shoWing arithmetic 
processing executed Within a drive shaft torque control 
section @contained in the vehicle speed control section Q) 
shoWn in FIG. 3. 

[0014] FIG. 5A is a time chart shoWing the relationship 
betWeen a host vehicle’s speed Vsp and a host vehicle’s 
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speed command value Vsp*, obtained When shifting from 
the engine-torque-control-only operating mode to the 
engine-torque-control plus brake-control operating mode in 
the system of the embodiment. 

[0015] FIG. 5B is a time chart shoWing a point of time 
When the preceding vehicle is detected. 

[0016] FIG. 5C is a time chart shoWing a characteristic 
curve of changes in acceleration/deceleration. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] Referring noW to the draWings, particularly to FIG. 
1, there is shoWn the system block diagram of the automo 
tive adaptive cruise control system of the embodiment. As 
hereinafter described in detail, the adaptive cruise control 
system of the embodiment makes a judgment on the pres 
ence or absence of the preceding vehicle (or relevant target 
vehicle) or a frontally located object. The adaptive cruise 
control system of the embodiment controls the host vehicle’s 
speed by only the engine control (exactly, engine torque 
control) in absence of the preceding vehicle detection, so 
that the host vehicle speed is adjusted or brought closer to 
the driver-selected host vehicle speed set by the driver. 

[0018] Conversely in presence of the preceding vehicle 
detection, a desired inter-vehicle distance D* is calculated so 
that a time-to-collision-contact, Which Will be hereinafter 
referred to as an “inter-vehicle time”, is maintained at a 
predetermined constant time Th. The inter-vehicle time 
(time-to-collision-contact) represents an elapsed time before 
the host vehicle is brought into collision-contact With the 
preceding vehicle or the frontally located object. The inter 
vehicle time is usually arithmetically calculated from an 
expression TC=D/(dD/dt), Where TC denotes the inter-ve 
hicle time, D denotes an actual relative distance (or an actual 
inter-vehicle distance), and a derivative dD/dt of actual 
relative distance D is calculated as a rate of change dD/dt of 
actual relative distance D With respect to t. The time rate of 
change dD/dt corresponds to a relative velocity AV of the 
host vehicle to the preceding vehicle (or the frontally located 
object). The driver-selected host vehicle speed is set as an 
upper limit of the host vehicle speed, and additionally a 
desired host vehicle speed V1* is calculated in such a 
manner as to maintain the desired inter-vehicle distance D* 
calculated. The system of the embodiment executes the 
adaptive cruise control (concretely, the inter-vehicle dis 
tance control) by Way of a combination of the engine torque 
control and brake control (brake torque control), so that the 
host vehicle speed is brought closer to desired host vehicle 
speed V1*. That is, the system of the embodiment properly 
selects either of the host vehicle’s control and the inter 
vehicle distance control, depending on the presence or 
absence of the preceding vehicle detection. 

[0019] As shoWn in FIG. 1, the adaptive cruise control 
system of the embodiment includes a vehicle speed set 
sWitch (serving as a desired host vehicle speed setting 
means) 1, an inter-vehicle distance detector (serving as an 
inter-vehicle distance detecting means and a relative veloc 
ity detecting means) 2, a vehicle speed detector (serving as 
a host vehicle’s speed detecting means) 3, an adaptive cruise 
control (ACC) controller 4, a brake-?uid pressure control 
system 5, and an engine control system 6. Vehicle speed set 
sWitch 1 is located substantially at the central position of the 
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steering Wheel. Vehicle speed set switch 1 is comprised of a 
set sWitch portion needed to set the desired host vehicle 
speed V1* (a set host vehicle speed) by Way of manual 
operation of the driver during driving of the vehicle, an 
accelerate sWitch portion needed to increase the desired host 
vehicle speed V1* by a set value AVup* by Way of manual 
operation of the driver during the adaptive cruise control, 
and a coast sWitch portion needed to decrease the desired 
host vehicle speed V1* by a set value AVdOWn* by Way of 
manual operation of the driver during the adaptive cruise 
control. As appreciated, the previously-discussed three 
operation sWitches, that is, the set sWitch portion, the accel 
erate sWitch portion, and the coast sWitch portion, function 
as a man-machine interface for manually setting the desired 
host vehicle speed. 

[0020] Inter-vehicle distance detector 2 functions to detect 
the presence or absence of the preceding vehicle. That is, 
inter-vehicle distance detector 2 is used as an obj ect detector 
that captures, recogniZes, or detects the preceding vehicle 
(or relevant target vehicle) or a frontally located object. 
When the preceding vehicle is captured by means of inter 
vehicle distance detector 2, the inter-vehicle distance detec 
tor further functions to detect or monitor an inter-vehicle 
distance D (a vehicle-to-vehicle distance or a separating 
distance betWeen the host vehicle and the preceding vehicle 
or a relative distance of the frontally located object or the 
preceding vehicle relative to the host vehicle), and to detect 
or monitor a relative velocity AV of the host vehicle relative 
to the preceding vehicle. Actually, inter-vehicle distance 
detector 2 is comprised of a frontal object detector section 
(frontal objector detecting means) and a frontal object 
detector signal processing circuit (frontal object detector 
signal processing means). A scanning laser radar sensor is 
used as the frontal object detector section so as to capture, 
recogniZe, sense or detect the preceding vehicle or a fron 
tally located object. The previously-noted frontal object 
detector signal processing circuit receives an input signal 
from the frontal object detector section and processes the 
input signal to determine the presence or absence of the 
preceding vehicle, so as to derive inter-vehicle distance D as 
Well as relative velocity AV. As is generally knoWn, the 
scanning laser radar sensor includes a scanning device, 
containing both a transmitter and a receiver. The scanning 
device of the laser radar sensor transmits a pulse of light 
(laser beam) in a horiZontal line, back and forth. The 
scanning device measures the time of ?ight of the pulse of 
light, and then the relative distance or the inter-vehicle 
distance is calculated on the basis of the time interval from 
the transmitted pulse (the time When the laser beam is 
emitted from the host vehicle) to the received pulse (the time 
When the receiver receives the laser Wave re?ected from the 
preceding vehicle). Instead of the use of the scanning laser 
radar, a millimeter-Wave radar sensor may be used for object 
detection. Alternatively, by image-processing image data of 
a stereocamera using a charge-coupled device (CCD) image 
sensor, the system is able to determine the host vehicle’s 
distance from the preceding vehicle, that is, inter-vehicle 
distance D betWeen the host vehicle and the preceding 
vehicle. 

[0021] Vehicle speed detector 3 is comprised of a vehicle 
speed sensor that detects an actual host vehicle’s speed 
(simply, a host vehicle’s speed) Vsp, and a vehicle speed 
sensor signal processing circuit that processes the vehicle 
speed sensor signal to derive host vehicle’s speed data Vsp. 
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[0022] Adaptive cruise control controller (ACC control 
ler) 4 generally comprises a microcomputer. ACC controller 
4 includes an input/output interface (I/O), memories (RAM, 
ROM), and a microprocessor or a central processing unit 
(CPU). The input/output interface (1/0) of ACC controller 4 
receives input information from various engine/vehicle 
sWitches and sensors, namely vehicle speed set sWitch 1, 
inter-vehicle distance detector 2, and vehicle speed detector 
3. Within the ACC controller, the central processing unit 
(CPU) alloWs the access by the I/O interface of input 
informational data signals from vehicle speed set sWitch 1, 
inter-vehicle distance detector 2, and vehicle speed detector 
3. Then, the CPU of ACC controller 4 is responsible for 
carrying the engine-torque-control/brake-?uid-pressure con 
trol program stored in memories and is capable of perform 
ing necessary arithmetic and logic operations containing an 
adaptive cruise control management processing including 
electronic engine torque control achieved through engine 
control system (engine torque control system) 6 as Well as 
active brake control achieved through brake-?uid pressure 
control system (brake torque control system or simply, brake 
control system) 5. Computational results (arithmetic calcu 
lation results), that is, calculated output signals are relayed 
via the output interface circuitry of the ACC controller to 
output stages, namely a throttle valve actuator included in 
engine control system 6 and electromagnetic solenoids con 
structing part of a hydraulic modulator (or a brake-?uid 
servo system) included in brake-?uid pressure control sys 
tem 5. The adaptive cruise control management processing 
is eXecuted as a main program by the CPU of ACC controller 
4. Brake-?uid pressure control system 5 receives a brake 
?uid pressure command signal representative of a brake 
?uid pressure command value Pbr from the output interface 
circuitry of the ACC controller, to produce a brake-?uid 
pressure (a Wheel-brake cylinder pressure) based on com 
mand value Pbr, and to apply a braking force (or braking 
torque) based on the brake-?uid pressure command value 
Pbr to road Wheels. On the other hand, engine control system 
6 receives a throttle opening command signal representative 
of a throttle opening command value 0r from the output 
interface circuitry of the ACC controller, to adjust the 
throttle opening of the throttle valve located in the induction 
system of the engine mounted on the vehicle on the basis of 
throttle opening command value 0r. In the shoWn embodi 
ment, only the engine control system 6 corresponds to a ?rst 
braking-and-driving force control means performing the 
engine-torque-control-only operating mode. Engine control 
system 6 and brake-?uid pressure control system 5 both 
correspond to a second braking-and-driving force control 
means performing the engine-torque-control plus brake 
control operating mode. 

[0023] Referring noW to FIG. 2, there is shoWn the 
adaptive cruise control management processing eXecuted by 
the CPU of ACC controller 4. 

[0024] At step S001, host vehicle’s speed Vsp detected by 
vehicle speed detector 3, inter-vehicle distance D and rela 
tive velocity AV both detected by inter-vehicle distance 
detector 2, and signal values of sWitch signals from vehicle 
speed set sWitch 1 comprised of the set sWitch portion, the 
accelerate sWitch portion, and the coast sWitch portion are 
read. 

[0025] At step S002, desired inter-vehicle distance D* is 
calculated from the folloWing expression, so that the inter 
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vehicle time (time-to-collision-contact) is maintained at the 
predetermined constant time Th such as 2 seconds during the 
adaptive cruise control in the presence of the preceding 
vehicle detection. 

[0026] Where D* denotes the desired inter-vehicle dis 
tance, Th denotes the predetermined constant inter-vehicle 
time, and Vsp denotes the current value of the host vehicle’s 
speed (the latest up-to-date information data signal from 
vehicle speed detector 3). As discussed above, step S002 
serves as a desired inter-vehicle distance setting section 
(desired inter-vehicle distance setting means) that sets 
desired inter-vehicle distance D* from the host vehicle to the 
preceding vehicle. 

[0027] At step S003, a check is made to determine Whether 
or not the preceding vehicle is detected or captured by means 
of inter-vehicle distance detector 2. In absence of the pre 
ceding vehicle detection, the routine proceeds from step 
S003 to step S004. Conversely, in presence of the preceding 
vehicle detection, the routine proceeds from step S003 to 
step S005. 

[0028] At step S004, the desired host vehicle speed V1* is 
computed or determined based on the set vehicle speed 
selected by manual operation of the driver via vehicle speed 
set sWitch 1. For instance, if the driver operates the accel 
erate sWitch portion, the desired host vehicle speed V1* is 
increased by the set value AVup*. Conversely, if the driver 
operates the coast sWitch portion, the desired host vehicle 
speed V1* is decreased by the set value AV *. down 

[0029] At step S005, the desired host vehicle speed V1* is 
computed based on the actual inter-vehicle distance (or 
actual relative distance) D, the desired inter-vehicle distance 
D*, the relative velocity AV of the host vehicle to the 
preceding vehicle, and the host vehicle’s speed Vsp, from 
the folloWing arithmetic expression for inter-vehicle dis 
tance/relative velocity feedback control processing, such 
that actual inter-vehicle distance D and actual relative veloc 
ity AV are properly adjusted to match or attain the desired 
inter-vehicle distance D*. As described previously, relative 
velocity AV can be calculated as a rate of change dD/dt of 
actual relative distance D With respect to t. 

[0030] Where KL denotes an inter-vehicle distance feed 
back gain, and KV denotes a relative velocity feedback gain. 
The previously-noted steps S004 and S005 serve as a desired 
host vehicle speed computation section (desired host vehicle 
speed computation means) that computes the desired host 
vehicle speed V1*. 

[0031] At step S006, a check is made to determine Whether 
sWitching from the engine-torque-control-only operating 
mode (an engine-control-only braking/driving force control 
mode, in other Words, the absence of the preceding vehicle 
detection) to the engine-torque-control plus brake-control 
operating mode (an engine-control plus brake-control brak 
ing/driving force control mode, in other Words, the presence 
of the preceding vehicle detection) occurs. When the ansWer 
to step S006 is in the af?rmative (YES), the routine ?oWs 
from step S006 to step S007. Conversely When the ansWer 
to step S006 is in the negative (NO), the routine ?oWs from 
step S006 to step S008. 
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[0032] Brie?y, the processor of the ACC controller incor 
porated in the system of the embodiment operates to select 
a ?rst braking-and-driving force control (the engine-control 
only braking/driving force control mode) in case that a 
required acceleration/deceleration value is small in the 
absence of the preceding vehicle detection, and to select a 
second braking-and-driving force control (the engine-con 
trol plus brake-control braking/driving force control mode) 
in case that the required acceleration/deceleration value is 
large in the presence of the preceding vehicle detection. That 
is, the processor of the ACC controller has a braking-and 
driving force control mode selector (a braking-and-driving 
force control mode selection means) that properly selects a 
system operating mode from the ?rst and second braking 
and-driving force control modes depending upon the mag 
nitude of the host vehicle’s acceleration/deceleration needed 
to bring host vehicle’s speed Vsp closer to desired host 
vehicle speed V1*. 

[0033] At step S007, as Will be appreciated from the 
folloWing expression, an initial value of host vehicle’s speed 
command value Vsp* is reset at a value being offset from the 
current value of the host vehicle’s speed by a predetermined 
value AV1*. 

[0034] Where AV1* is obtained by the expression AV1*= 
TBXA+KL1(D—D*)+KV1'AV, Where "5B represents a value 
that is determined depending upon a responsiveness of host 
vehicle’s speed Vsp to host vehicle’s speed command value 
Vsp*. In the system of the shoWn embodiment, the value "5B 
is determined by the expression 'cB=Mv/Ksp, Where Mv 
denotes a vehicle Weight, and Ksp denotes a ?xed gain for 

the vehicle speed control section @(described later). Ais an 
acceleration/deceleration value of the host vehicle just 
before sWitching from the engine-torque-control-only oper 
ating mode to the engine-torque-control plus brake-control 
operating mode. In the system of the shoWn embodiment, 
the acceleration/deceleration value A is estimated or calcu 
lated as a time rate of change in host vehicle’s speed Vsp, 
that is, dVsp/dt. In lieu thereof, the acceleration/deceleration 
value Amay be measured directly by means of a longitudinal 
acceleration sensor (longitudinal G sensor). As discussed 
above, the system of the embodiment has a host vehicle’s 
acceleration/deceleration detection section (host vehicle’s 
acceleration/deceleration detection means) that detects or 
estimates the host vehicle’s acceleration/deceleration. KL1 
and KV1 are constants. KL1 is an inter-vehicle distance 
feedback gain used for arithmetic calculation for the initial 
value of host vehicle’s speed command value Vsp*, Whereas 
KV1 is a relative velocity feedback gain used for arithmetic 
calculation for the initial value of host vehicle’s speed 
command value Vsp*. As set forth above, step S007 serves 
as a desired host vehicle speed compensator (desired host 
vehicle speed compensating means) that resets the desired 
host vehicle speed set at a sWitching point betWeen the ?rst 
and second braking-and-driving force control means at a 
value being offset from the host vehicle’s speed by prede 
termined value AV1* When sWitching betWeen the ?rst and 
second braking-and-driving force control systems occurs. 

[0035] At step S008, in order to prevent the acceleration/ 
deceleration value of the host vehicle from exceeding a 
predetermined limit value, the time rate of change in desired 
host vehicle speed V1* in the positive direction is limited by 
a predetermined upper limit. The time rate of change in 



US 2002/0152015 A1 

desired host vehicle speed V1* in the negative direction is 
limited by a predetermined loWer limit. Host vehicle’s speed 
command value Vsp* is set based on the desired host vehicle 
speed V1* of the limited time rate of change (see the 
loWer-right graph of step S008). 

[0036] At step S009, arithmetic calculation for host 
vehicle speed control is executed Within the vehicle speed 
control section @shown in FIG. 3. Within vehicle speed 
control section Q) a braking/driving force (or a braking/ 
driving torque) or a drive shaft torque command value TWr, 
Which is needed to bring host vehicle’s speed Vsp closer to 
host vehicle’s speed command value Vsp*, is calculated. 

[0037] At step S010, arithmetic calculation for braking/ 
driving torque control (or drive shaft torque control) is 
executed Within the drive shaft torque control section Q) 
shoWn in FIG. 4. Within drive shaft torque control section 
@ the throttle opening command value Br and the brake 
?uid pressure command value Pbr, Which are needed to 
bring a braking/driving torque TW closer to a desired brak 
ing/driving torque value substantially corresponding to drive 
shaft torque command value TWr, are calculated. 

[0038] Details of arithmetic calculation for host vehicle 
speed control (see step S009) are hereunder described in 
reference to the block diagram shoWn in FIG. 3. 

[0039] First of all, Within vehicle speed control section Q) 
drive shaft torque command value TWr, Which is needed to 
bring host vehicle’s speed Vsp closer to host vehicle’s speed 
command value Vsp*, is calculated. Second, running resis 
tance estimation section Q) receives tWo input signals, 
namely drive shaft torque command value TWr and host 
vehicle’s speed Vsp, and estimates the running resistance 
based on the tWo input signal values TWr and Vsp so as to 
derive an estimate Tdh of running resistance. It is possible 
to eliminate bad in?uences or factors exerted on the control 
system oWing to a gradient of the sloped road surface such 
as an uphill grade, air resistance or Wind resistance, rolling 
resistance, and the like, by feeding back the estimate Tdh of 
running resistance. The estimate Tdh of running resistance is 
calculated from the folloWing expression 

[0040] Where H(s) denotes a ?lter, Mv denotes a vehicle 
Weight, s denotes a Laplace operator or a Laplace variable, 
Vsp denotes the host vehicle speed, and TWr denotes the 
drive shaft torque command value. 

[0041] On the assumption that an unWanted disturbance 
signal that affects the control system’s output signal is 
eliminated by feeding back the estimate Tdh of running 
resistance, a transfer characteristic from host vehicle’s speed 
command value Vsp* to host vehicle’s speed Vsp is repre 
sented by the folloWing expression 

[0042] Regarding the expression (2) representing the 
transfer characteristic, it is possible to match or tune the 
responsiveness of the host vehicle speed control system With 
or to a desired control responsiveness by properly setting the 
?xed gain Ksp for vehicle speed control section 

[0043] Details of arithmetic calculation for braking/driv 
ing torque control (see step S010) are hereunder described in 
reference to the block diagram shoWn in FIG. 4. 
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[0044] As shoWn in FIG. 4, drive shaft torque control 
section @is comprised of an engine torque command value 
arithmetic-calculation section 2-1, a throttle opening com 
mand value arithmetic-calculation section 2-2, an engine 
torque arithmetic-calculation section 2-5, a braking/driving 
shaft torque correction value arithmetic-calculation section 
2-6, and a braking force arithmetic-calculation section 2-7. 
Engine torque command value arithmetic-calculation sec 
tion 2-1 arithmetically calculates an engine torque command 
value Ter based on drive shaft torque command value TWr, 
taking into account an automatic transmission operating 
condition, a transmission ratio of the automatic transmis 
sion, and the like. Throttle opening command value arith 
metic-calculation section 2-2 arithmetically calculates 
throttle opening command value 0r based on both engine 
torque command value Ter and engine speed Ne. Engine 
torque arithmetic-calculation section 2-5 arithmetically cal 
culates an engine torque value Telim, Which Will be here 
inafter referred to as an “engine braking torque”, produced 
When the throttle opening is a predetermined value substan 
tially corresponding to a fully-closed position of the throttle 
valve, from both throttle opening command value Br and 
engine speed Ne. Braking/driving shaft torque correction 
value arithmetic-calculation section 2-6 arithmetically cal 
culates a braking/driving shaft torque correction value TWO 
of braking/driving shaft torque produced by the engine 
based on engine braking torque Telim, When the throttle 
opening is the predetermined value substantially corre 
sponding to a fully-closed position of the throttle valve. 
Braking force arithmetic-calculation section 2-7 receives 
drive shaft torque command value TWr, engine speed Ne, 
and braking/driving shaft torque correction value TWO, and 
arithmetically calculates brake-?uid pressure command 
value Pbr to be input into the brake-?uid servo system of 
brake-?uid pressure control system 5. 

[0045] The drive shaft torque control system including 
drive shaft torque control section @of FIG. 4 is hereunder 
described. 

[0046] Drive shaft torque control section @arithmetically 
calculates throttle opening command value Br and the brake 
?uid pressure command value Pbr, both needed to realiZe 
drive shaft torque command value TWr calculated Within 
vehicle speed control section (D shoWn in FIG. 3. The 
relationship betWeen a driving shaft torque TW and an engine 
torque Te is represented by the folloWing expression 

[0047] Where Rt denotes a torque ampli?cation factor of a 
torque converter, Rat denotes a transmission ratio of the 
automatic transmission, Rdef denotes a differential gear 
ratio, Je denotes a moment of inertia of the engine, Ne 
denote the engine speed, and Tbr denotes a brake torque 
command value Tbr (described later). 

[0048] Taking into account the previously-noted expres 
sion (3), engine torque command value Ter is calculated 
from the folloWing expression (4), With respect to the drive 
shaft torque command value TWr. 

[0049] Throttle opening command value 0r, Which is 
needed to produce the engine torque command value Ter 
calculated from the previously-noted expression (4), is com 
puted from a preprogrammed throttle opening versus engine 
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torque characteristic map (simply, a preprogrammed engine 
map). By comparing the throttle opening command value 0r 
calculated to a predetermined threshold value, a check is 
made to determine Whether the throttle opening correspond 
ing to throttle opening command value Sr is the predeter 
mined value, such as “0”, substantially corresponding to the 
fully-closed position of the throttle valve. When the throttle 
opening command value Sr is greater than 0, that is, in case 
of 0r>0, it is possible to realiZe or produce a drive shaft 
torque corresponding to drive shaft torque command value 
TWr by Way of only the engine torque control Without using 
the brake control. In case of 0r=0, the throttle opening is 
adjusted to the predetermined value substantially corre 
sponding to the fully-closed position of the throttle valve. In 
this time, taking into account the drive shaft torque output by 
the engine With the throttle fully closed, a brake manipulated 
variable, Which is need to bring drive shaft torque TW closer 
to drive shaft torque command value TWr, is arithmetically 
calculated. Thus, the rule of distribution betWeen engine 
torque command value Ter and brake torque command value 
Tbr is determined as folloWs. (A) In case of 0r>0, brake 
torque command value Tbr and drive shaft torque TW are 
represented by the folloWing expressions (5) and 

T br=0 (5) 

T W=Rt-Rat-Rdef-Te-Je(dNe/dt) (6) 

[0050] In this case, the system operates to produce the 
engine torque Te calculated from the folloWing expression 
(7), With respect to the drive shaft torque command value 
TWr. 

[0051] (B) In case of 0r=0, the engine torque Te is set at 
the engine braking torque Telirn produced When 0r=0. Thus, 
the previously discussed expression (3) is modi?ed as the 
folloWing expression 

[0052] In this case, the system operates to produce the 
brake torque Tbr calculated from the folloWing expression 
(9), With respect to the drive shaft torque command value 
TWr. 

[0053] Therefore, the brake-?uid pressure command value 
Pbr, that is, the brake manipulated variable, is derived or 
calculated from the folloWing expression (10), With respect 
to the brake torque command value Tbr calculated from the 
expression 

[0054] The brake-?uid pressure command value Pbr, cal 
culated from the expression (10), is used in presence of the 
preceding vehicle detection. Conversely, in absence of the 
preceding vehicle detection, the brake-?uid pressure com 
mand value Pbr is set at “0”. That is, the brake control is not 
used, and thus the system executes the engine-torque-con 
trol-only operating mode. 

[0055] The previously-discussed arithmetic operations 
executed Within drive shaft torque control section @is 
described in detail in reference to the block diagram of FIG. 
4. 

[0056] Within the engine torque command value arith 
metic-calculation section 2-1 receives four input signals, 
namely drive shaft torque command value TWr, transmission 
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ratio Rat, torque ampli?cation factor Rt, and engine speed 
data Ne needed to calculate the derivative dNe/dt of engine 
speed Ne, and then calculates engine torque command value 
Ter based on the four input data TWr, Rat, Rt, and dNe/dt 
from the previously-discussed expression Throttle open 
ing command value arithmetic-calculation section 2-2 
receives tWo input signals, namely engine torque command 
value Ter and engine speed Ne, and then calculates or 
retrieves throttle opening command value 0r suitable to 
output the engine torque command value Ter from the 
preprogrammed engine map. After this, engine torque arith 
metic-calculation section 2-5 receives tWo input signals, 
namely engine speed Ne and throttle opening command 
value Br, and then calculates or retrieves engine braking 
torque Telirn based on the tWo input data Ne and Br from a 
preprogrammed throttle opening versus engine braking 
torque characteristic map. Braking/driving shaft torque cor 
rection value arithmetic-calculation section 2-6 arithmeti 
cally calculates the second term (i.e., Rt~Rat~Rdef~Telim= 
TWO) of the right side of the expression (9) based on the 
engine braking torque Telim. Braking force arithmetic-cal 
culation section 2-7 receives three input signals, namely 
braking-driving shaft torque correction value TWo, drive 
shaft torque command value TWr, and engine speed data Ne 
needed to calculate the derivative dNe/dt of engine speed 
Ne, and then executes the operation of addition 
of —TWr, +Rt~Rat~Rdef~Te1im, and —Je(dNe/dt) using the 
expression (9), so as to derive the brake torque Tbr. In 
addition to the above, braking force arithmetic-calculation 
section 2-7 calculates the brake-?uid pressure command 
value Pbr based on the brake torque Tbr calculated using the 
expression (10). 
[0057] According to the adaptive cruise control system of 
the embodiment, When the preceding vehicle detection is 
absent, the control routine ?oWs from step S001 through 
steps S002, S003, S004, S006, S008, and S009 to step S010. 
At step S004, the driver-selected vehicle speed (the set 
vehicle speed) set by manual operation of the driver via 
vehicle speed set sWitch 1 is determined as the desired host 
vehicle speed V1*. Thereafter, at step S008, the desired host 
vehicle speed V1* Whose time rate of change is limited by 
the predetermined upper or loWer limits, is determined as the 
host vehicle’s speed command value Vsp*. Through step 
S009, drive shaft torque command value TWr that is needed 
to bring host vehicle’s speed Vsp closer to host vehicle’s 
speed command value Vsp*, is calculated. Subsequently to 
step S009, at step S010, throttle opening command value 0r, 
Which is needed to bring the braking/driving torque TW 
closer to the desired braking/driving torque value substan 
tially corresponding to drive shaft torque command value 
TWr, is calculated. On the other hand, brake-?uid pressure 
command value Pbr is set to “0”. Therefore, in absence of 
the preceding vehicle detection, the ACC system of the 
embodiment executes the engine-torque-control-only oper 
ating mode, so that host vehicle’s speed Vsp is brought 
closer to host vehicle’s speed command value Vsp* by Way 
of only the engine torque control. 

[0058] In contrast to the above, When sWitching from a 
state that the preceding vehicle detection is absent to a state 
that the preceding vehicle detection is present takes place, in 
flow chart of FIG. 2, the routine ?oWs from step S001, 
through steps S002, S003, S005, S006, S007 and S009 to 
step S010. At step S005, desired host vehicle speed V1* is 
computed based on the actual inter-vehicle distance D, 
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desired inter-vehicle distance D*, relative velocity AV of the 
host vehicle to the preceding vehicle, and host vehicle’s 
speed Vsp, so that actual inter-vehicle distance D and actual 
relative velocity AV are properly adjusted to match or attain 
the desired inter-vehicle distance D*. At step S007, the 
initial value of host vehicle’s speed command value Vsp* is 
set at a value (Vsp+AV1*) being offset from the current 
value of host vehicle speed Vsp by the predetermined val 
ue AV1*. Thereafter, through step S009, drive shaft torque 
command value TWr that is needed to bring host vehicle’s 
speed Vsp closer to host vehicle’s speed command value 
Vsp*, is calculated. Then, at step S010, throttle opening 
command value Br and brake-?uid pressure command value 
Pbr, Which are needed to bring the braking/driving torque 
TW closer to the desired braking/driving torque value sub 
stantially corresponding to drive shaft torque command 
value TWr, are calculated. Thus, in presence of the preceding 
vehicle detection, the ACC system of the embodiment 
eXecutes the engine-torque-control plus brake-control oper 
ating mode, so that host vehicle’s speed Vsp is brought 
closer to host vehicle’s speed command value Vsp* by Way 
of both the engine torque control and the brake control. 

[0059] During the preceding vehicle detection after the 
initial value of host vehicle’s speed command value Vsp* 
has been set at step S007, the routine flows from step S001, 
through steps S002, S003, S005, S006, S008, and S009 to 
step S010. At step S005, desired host vehicle speed V1* is 
computed so that actual inter-vehicle distance D and actual 
relative velocity AV are properly adjusted to match or attain 
the desired inter-vehicle distance D*. At step S008, the 
desired host vehicle speed V1* Whose time rate of change is 
limited by the predetermined upper or loWer limits, is 
determined as the host vehicle’s speed command value 
Vsp*. At step S009, drive shaft torque command value TWr 
that is needed to bring host vehicle’s speed Vsp closer to 
host vehicle’s speed command value Vsp*, is calculated. 
Then, at step S010, throttle opening command value Br and 
brake-?uid pressure command value Pbr, Which are needed 
to bring the braking/driving torque TW closer to the desired 
braking/driving torque value substantially corresponding to 
drive shaft torque command value TWr, are calculated. Thus, 
during the preceding vehicle detection after the initial value 
of host vehicle’s speed command value Vsp* has been set, 
the ACC system of the embodiment eXecutes the engine 
torque-control plus brake-control operating mode, so that 
host vehicle’s speed Vsp is brought closer to host vehicle’s 
speed command value Vsp* by Way of both the engine 
torque control and the brake control. 

[0060] Referring noW to FIGS. 5A-5C, there are shoWn 
simulation results of the improved adaptive cruise control 
performed by the ACC system of the embodiment, When 
sWitching from the engine-torque-control-only operating 
mode eXecuted in absence of the preceding vehicle detection 
to the engine-torque-control plus brake-control operating 
mode eXecuted in presence of the preceding vehicle detec 
tion occurs. As can be appreciated from changes in host 
vehicle’s speed Vsp and host vehicle’s speed command 
value Vsp* Within the time interval TA of FIGS. 5A-5C, 
When the driver operates the coast sWitch portion of vehicle 
speed set sWitch 1 during the adaptive cruise control based 
on the driver-selected host vehicle speed in absence of the 
preceding vehicle detection, and the host vehicle speed is 
gradually decreasing With the throttle fully closed and thus 
the vehicle is coasting, the engine-torque-control-only oper 
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ating mode is continuously eXecuted. A deceleration rate 
created by the engine-torque-control-only operating mode is 
relatively small as compared to that created by the engine 
torque-control plus brake-control operating mode. During 
the time period TA of FIG. 5A, the actual host vehicle’s 
speed Vsp tends to be gradually separated from host vehi 
cle’s speed command value Vsp*, and a deviation (Vsp 
Vsp*) of host vehicle’s speed Vsp from host vehicle’s speed 
command value Vsp* becomes gradually greater. After this, 
as soon as a transition from a state of the absence of the 

preceding vehicle detection to a state of the presence of the 
preceding vehicle detection occurs at a point of time TB 
(preceding vehicle detecting point), the ACC system of the 
embodiment sWitches its system operating mode from the 
engine-torque-control-only operating mode to the engine 
torque-control plus brake-control operating mode, and sets 
the initial value of host vehicle’s speed command value 
Vsp* at a value being offset from the current host vehicle’s 
speed Vsp by the predetermined value AV1*. If the decel 
eration rate of the vehicle is determined based on the 
comparatively great deviation (Vsp-Vsp*) betWeen host 
vehicle’s speed Vsp and host vehicle’s speed command 
value Vsp* just before the preceding vehicle detecting point 
TB, the vehicle deceleration may rapidly change after the 
time point TB. In contrast, according to the system of the 
embodiment, the initial value of host vehicle’s speed com 
mand value Vsp* is set at a value being offset from the 
current host vehicle’s speed Vsp by the predetermined val 
ue AV1* at the preceding vehicle detecting point TB, and as 
a result the deviation (Vsp-Vsp*) from the initial value of 
host vehicle’s speed command value Vsp* is decreasingly 
adjusted to a comparatively small deviation, that is, prede 
termined value AV1*. As set forth above, in the system of 
the embodiment, the deceleration rate of the vehicle is 
determined based on the comparatively small devia 
tion AV1* at the preceding vehicle detecting point TB, and 
therefore the vehicle can smoothly decelerate from the 
preceding vehicle detecting point TB oWing to the properly 
decreasingly compensated deviation AV1*, While properly 
suppressing changes in the vehicle deceleration (see changes 
in host vehicle’s speed Vsp Within the time interval Tc of 
FIG. 5A). That is to say, the ACC system of the embodiment 
ensures a smooth transition from the engine-torque-control 
only operating mode to the engine-torque-control plus 
brake-control operating mode. Additionally, by virtue of 
sWitching from the engine-torque-control-only operating 
mode suitable for a relatively small change in acceleration/ 
deceleration to the engine-torque-control plus brake-control 
operating mode suitable for a relatively Wide range of 
changes in acceleration/deceleration, the system of the 
embodiment ensures a high control responsiveness for a 
comparatively great demand for deceleration even When the 
preceding vehicle is detected or captured by inter-vehicle 
distance detector 2. In addition to the above, according to the 
system of the embodiment, as described previously, the 
predetermined value AV1* is set (see the previously-noted 
expression AV1*='CB><A+KL1(D—D*)+KV1'AV), taking into 
account the acceleration/deceleration value A of the host 
vehicle just before the transition from a state of the absence 
of the preceding vehicle detection to a state of the presence 
of the preceding vehicle detection. Thus, the system of the 
embodiment ensures a proper continuity betWeen the decel 
eration characteristic based on only the engine torque con 
trol during coasting just before the preceding vehicle detec 
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tion, and the deceleration characteristic based on the brake 
control as Well as the engine torque control just after the 
preceding vehicle detection. Predetermined value AV1* is 
also determined (see the previously-noted expres 
sion AV1*='CB><A+KL1(D—D*)+KV1'AV), taking into 
account inter-vehicle distance D and relative velocity AV at 
the preceding vehicle detecting point TB. Therefore, as can 
be appreciated from the acceleration/deceleration character 
istic curve Within the time interval Tc of FIGS. 5A-5C, the 
decelerating operation can be initiated at once from the time 
point TB that the preceding vehicle is detected or captured, 
responsively to the behavior of the preceding vehicle. 

[0061] As Will be appreciated from the above, When the 
vehicle is in the coasting state during the adaptive cruise 
control that the host vehicle’s speed Vsp is determined or set 
by manual operation of the driver via the coast sWitch 
portion of vehicle speed set sWitch 1, there is a limit to the 
deceleration rate created by means of only the engine torque 
control, and thus the deviation betWeen the actual host 
vehicle’s speed Vsp and the desired host vehicle speed V1* 
(or host vehicle’s speed command value Vsp*) tends to 
become greater. That is, a demand for deceleration becomes 
greater. In this case, the ACC system of the embodiment 
quickly sWitches the system operating mode from the 
engine-torque-control-only operating mode selected in case 
of a relatively small change in acceleration/deceleration to 
the engine-torque-control plus brake-control operating mode 
selected in case of a relatively Wide range of changes in 
acceleration/deceleration. OWing to quick sWitching from 
the engine-torque-control-only operating mode to the 
engine-torque-control plus brake-control operating mode, 
the host vehicle can be decelerated With a better response to 
the relatively large demand for deceleration. Synchronously 
With sWitching of the system operating mode, the desired 
host vehicle speed V1* (or the initial value of host vehicle’s 
speed command value Vsp*) is not based on the driver 
selected vehicle speed, but set at a value being offset from 
host vehicle’s speed Vsp by predetermined value AV1* in a 
direction decreasing of the host vehicle’s speed. The ACC 
system of the embodiment achieves smooth sWitching from 
the engine-torque-control-only operating mode performed 
by the ?rst braking-and-driving force control means to the 
engine-torque-control plus brake-control operating mode 
performed by the second braking-and-driving force control 
means, While ensuring a high control responsiveness for a 
comparatively great demand for deceleration and effectively 
properly suppressing changes in the host vehicle’s accelera 
tion/deceleration. Additionally, during sWitching from the 
engine-torque-control-only operating mode to the engine 
torque-control plus brake-control operating mode, that is, at 
the sWitching point TB from the absence of the preceding 
vehicle detection to the presence of the preceding vehicle 
detection, predetermined value AV1* that is needed to set 
the initial value of host vehicle’s speed command value 
Vsp* is determined, taking into account acceleration/decel 
eration value A of the host vehicle just before the sWitching 
point TB. This ensures a proper continuity betWeen the 
acceleration/deceleration characteristic based on the engine 
torque-control-only operating mode and the acceleration/ 
deceleration characteristic based on the engine-torque-con 
trol plus brake-control operating mode, before and after the 
sWitching point TB. Furthermore, the desired host vehicle 
speed V1* (or host vehicle’s speed command value Vsp*) at 
the sWitching point TB, in other Words, predetermined val 
ue AV1* is set, taking into account the inter-vehicle distance 
D and relative velocity AV in addition to acceleration/ 
deceleration value A of the host vehicle just before the 
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sWitching point TB. This ensures a quicker acceleration/ 
deceleration starting response to changes in the behavior of 
the preceding vehicle just after the sWitching point (the 
preceding vehicle detecting point) TB. In the shoWn embodi 
ment, an engine torque control means (that is, engine control 
system 6) is used as the ?rst braking-and-driving force 
control means. The engine torque control means (i.e., engine 
control system 6) and brake torque control means (i.e., 
brake-?uid pressure control system 5) are both used as the 
second braking-and-driving force control means. Only the 
engine torque control means (engine control system 6) is 
selected in case of a relatively small demand for deceleration 
in absence of the preceding vehicle detection. The engine 
torque control means (engine control system 6) and brake 
torque control means (brake-?uid pressure control system 5) 
are both selected in case of a relatively large demand for 
deceleration in presence of the preceding vehicle detection. 
In the event that there is a transition betWeen a state of the 
absence of the preceding vehicle detection and a state of the 
presence of the preceding vehicle detection, the system of 
the embodiment can give much quicker responses to tWo 
different decelerating requirements, namely a small demand 
for deceleration and a large demand for deceleration. The 
operation and effects of the ACC system of the embodiment 
have been discussed in the presence of sWitching from the 
engine-torque-control-only operating mode (the ?rst brak 
ing-and-driving force control) to the engine-torque-control 
plus brake-control operating mode (the second braking-and 
driving force control), the fundamental concept of the 
present invention can be applied to sWitching from the 
engine-torque-control plus brake-control operating mode 
(second braking-and-driving force control) to the engine 
torque-control-only operating mode (?rst braking-and-driv 
ing force control). As previously discussed, in the shoWn 
embodiment, the engine torque control means (that is, 
engine control system 6) is used as the ?rst braking-and 
driving force control means, Whereas the engine torque 
control means (engine control system 6) and brake torque 
control means (brake-?uid pressure control system 5) are 
both used as the second braking-and-driving force control 
means. In lieu thereof, the engine torque control means (that 
is, engine control system 6) may be used as the ?rst 
braking-and-driving force control means, Whereas the brake 
torque control means (brake-?uid pressure control system 5) 
may be used as the second braking-and-driving force control 
means. 

[0062] The entire contents of Japanese Patent Application 
No. P2001-116675 (?led Apr. 16, 2001) is incorporated 
herein by reference. 

[0063] While the foregoing is a description of the pre 
ferred embodiments carried out the invention, it Will be 
understood that the invention is not limited to the particular 
embodiments shoWn and described herein, but that various 
changes and modi?cations may be made Without departing 
from the scope or spirit of this invention as de?ned by the 
folloWing claims. 

What is claimed is: 
1. An adaptive cruise control system for an automotive 

vehicle, comprising: 

a vehicle speed detector that detects a host vehicle’s 
speed; 

a man-machine interface that sets a desired host vehicle 
speed; 
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a plurality of braking-and-driving force control systems 
that control a braking-and-driving force of the host 
vehicle, so that the host vehicle’s speed is brought 
closer to the desired host vehicle speed; and 

a controller con?gured to be electronically connected to 
the vehicle speed detector, the man-machine interface, 
and the plurality of braking-and-driving force control 
systems, for executing an adaptive cruise control; the 
controller comprising: 

(a) a braking-and-driving force control mode selector 
that selects at least one braking-and-driving force 
control system from the plurality of braking-and 
driving force control systems, depending upon a host 
vehicle’s acceleration/deceleration required to bring 
the host vehicle’s speed closer to the desired host 
vehicle speed; the braking-and-driving force control 
mode selector selecting a ?rst braking-and-driving 
force control system When the required host vehi 
cle’s acceleration/deceleration is less than a prede 
terrnined threshold value, and selecting a second 
braking-and-driving force control system When the 
required host vehicle’s acceleration/deceleration is 
greater than or equal to the predetermined threshold 
value, and 

(b) a desired host vehicle speed cornpensator that resets 
the desired host vehicle speed set at a sWitching point 
betWeen the ?rst and second braking-and-driving 
force control systems at a value being offset from the 
host vehicle’s speed by a predetermined value When 
sWitching betWeen the ?rst and second braking-and 
driving force control systems occurs. 

2. An adaptive cruise control system for an automotive 
vehicle, comprising: 

an inter-vehicle distance detector that detects an inter 
vehicle distance betWeen a host vehicle and a preceding 
vehicle; 

a vehicle speed detector that detects a host vehicle’s 
speed; 

a plurality of braking-and-driving force control systems 
that control a braking-and-driving force of the host 
vehicle, so that the host vehicle’s speed is brought 
closer to a desired host vehicle speed; and 

a controller con?gured to be electronically connected to 
the inter-vehicle distance detector, the vehicle speed 
detector, and the plurality of braking-and-driving force 
control systems, for executing an adaptive cruise con 
trol; the controller comprising: 

(a) a desired inter-vehicle distance setting section that 
sets a desired inter-vehicle distance from the host 
vehicle to the preceding vehicle; 

(b) a desired host vehicle speed cornputation section 
that computes the desired host vehicle speed needed 
to bring the inter-vehicle distance closer to the 
desired inter-vehicle distance; 

(c) a braking-and-driving force control mode selector 
that selects at least one braking-and-driving force 
control system from the plurality of braking-and 
driving force control systems, depending upon a host 
vehicle’s acceleration/deceleration required to bring 
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the host vehicle’s speed closer to the desired host 
vehicle speed; the braking-and-driving force control 
mode selector selecting a ?rst braking-and-driving 
force control system When the required host vehi 
cle’s acceleration/deceleration is less than a prede 
terrnined threshold value, and selecting a second 
braking-and-driving force control system When the 
required host vehicle’s acceleration/deceleration is 
greater than or equal to the predetermined threshold 
value, and 

(d) a desired host vehicle speed cornpensator that resets 
the desired host vehicle speed computed at a sWitch 
ing point betWeen the ?rst and second braking-and 
driving force control systems at a value being offset 
from the host vehicle’s speed by a predetermined 
value When sWitching betWeen the ?rst and second 
braking-and-driving force control systems occurs. 

3. The adaptive cruise control system as claimed in claim 
1, further comprising: 

a host vehicle’s acceleration/deceleration detection sec 
tion that detects the host vehicle’s acceleration/decel 
eration; and Wherein: 

the desired host vehicle speed cornpensator sets the 
predetermined value based on the host vehicle’s 
acceleration/deceleration detected just before the 
sWitching point betWeen the ?rst and second brak 
ing-and-driving force control systems. 

4. The adaptive cruise control system as claimed in claim 
2, further comprising: 

a host vehicle’s acceleration/deceleration detection sec 
tion that detects the host vehicle’s acceleration/decel 
eration; and 

a relative velocity detection section that detects a relative 
velocity of the host vehicle to the preceding vehicle, 
and Wherein: 

the desired host vehicle speed cornpensator sets the 
predetermined value based on the host vehicle’s 
acceleration/deceleration, the relative velocity, and 
the inter-vehicle distance, each detected just before 
the sWitching point betWeen the ?rst and second 
braking-and-driving force control systems. 

5. The adaptive cruise control system as claimed in claim 
1, Wherein: 

the ?rst braking-and-driving force control system corn 
prises an engine control system; and 

the second braking-and-driving force control system corn 
prises a brake control system. 

6. The adaptive cruise control system as claimed in claim 
1, Wherein: 

the ?rst braking-and-driving force control system corn 
prises an engine control system; and 

the second braking-and-driving force control system corn 
prises the engine control system and a brake control 
system. 

7. The adaptive cruise control system as claimed in claim 
2, Wherein: 

the desired inter-vehicle distance setting section calcu 
lates the desired inter-vehicle distance based on the 
host vehicle’s speed and a predetermined inter-vehicle 
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time substantially corresponding to an elapsed time 
before the host vehicle is brought into contact With the 
preceding vehicle. 

8. The adaptive cruise control system as claimed in claim 
2, Wherein: 

the inter-vehicle distance detector comprises a frontal 
object detector section that captures the preceding 
vehicle, and a frontal object detector signal processing 
circuit that receives an input signal from the frontal 
object detector section and processes the input signal to 
determine Whether the preceding vehicle is present or 
absent; and 

the sWitching point corresponds to a sWitching point 
betWeen a state that the preceding vehicle is absent and 
a state that the preceding vehicle is present. 

9. A method for automatically controlling at least one of 
a host vehicle’s speed, an inter-vehicle distance betWeen the 
host vehicle and a preceding vehicle, and a relative velocity 
of the host vehicle to the preceding vehicle, the method 
comprising: 

detecting the host vehicle’s speed; 

detecting the inter-vehicle distance; 

detecting the relative velocity; 

computing a ?rst desired host vehicle speed based on a 
driver-selected vehicle speed; 

computing a second desired host vehicle speed based on 
the inter-vehicle distance and the relative velocity; 

setting a desired host vehicle speed at the ?rst desired host 
vehicle speed When the preceding vehicle is absent; 

setting the desired host vehicle speed at the second 
desired host vehicle speed When the preceding vehicle 
is present; 

selecting a ?rst braking-and-driving force control mode 
suitable for a ?rst demand for acceleration/deceleration 
When a required host vehicle’s acceleration/decelera 
tion is less than a predetermined threshold value; 

selecting a second braking-and-driving force control 
mode suitable for a second dernand greater than the ?rst 
demand for acceleration/deceleration When the 
required host vehicle’s acceleration/deceleration is 
greater than or equal to the predetermined threshold 
value; and 

resetting the desired host vehicle speed computed at a 
sWitching point betWeen the ?rst and second braking 
and-driving force control modes at a value being offset 
from the host vehicle’s speed by a predetermined value 
When sWitching betWeen the ?rst and second braking 
and-driving force control rnodes occurs. 

10. The method as claimed in claim 9, Wherein: 

the ?rst braking-and-driving force control mode corn 
prises an engine-torque-control-only operating mode at 
Which a braking-and-driving force of the host vehicle is 
controlled by Way of only an engine control; and 

the second braking-and-driving force control mode corn 
prises an engine-torque-control plus brake-control 
operating mode at Which the braking-and-driving force 
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of the host vehicle is controlled by Way of a brake 
control as Well as the engine control. 

11. An adaptive cruise control system for an automotive 
vehicle, comprising: 

a vehicle speed detection means for detecting a host 
vehicle’s speed; 

a man-machine interface for setting a desired host vehicle 
speed; 

a plurality of braking-and-driving force control systems 
that control a braking-and-driving force of the host 
vehicle, so that the host vehicle’s speed is brought 
closer to the desired host vehicle speed; and 

a controller con?gured to be electronically connected to 
the vehicle speed detection means, the man-machine 
interface, and the plurality of braking-and-driving force 
control systems, for executing an adaptive cruise con 
trol; the controller comprising: 

(a) a braking-and-driving force control mode selecting 
means for selecting at least one braking-and-driving 
force control system from the plurality of braking 
and-driving force control systems, depending upon a 
host vehicle’s acceleration/deceleration required to 
bring the host vehicle’s speed closer to the desired 
host vehicle speed; the braking-and-driving force 
control mode selecting rneans selecting a ?rst brak 
ing-and-driving force control system When the 
required host vehicle’s acceleration/deceleration is 
less than a predetermined threshold value, and 
selecting a second braking-and-driving force control 
system When the required host vehicle’s accelera 
tion/deceleration is greater than or equal to the 
predetermined threshold value, and 

(b) a desired host vehicle speed cornpensating means 
for resetting the desired host vehicle speed set at a 
sWitching point betWeen the ?rst and second brak 
ing-and-driving force control systems at a value 
being offset from the host vehicle’s speed by a 
predetermined value When sWitching betWeen the 
?rst and second braking-and-driving force control 
systems occurs. 

12. An adaptive cruise control system for an automotive 
vehicle, comprising: 

an inter-vehicle distance detection means for detecting an 
inter-vehicle distance betWeen a host vehicle and a 
preceding vehicle; 

a vehicle speed detection means for detecting a host 
vehicle’s speed; 

a plurality of braking-and-driving force control systems 
that control a braking-and-driving force of the host 
vehicle, so that the host vehicle’s speed is brought 
closer to a desired host vehicle speed; and 

a controller con?gured to be electronically connected to 
the inter-vehicle distance detector, the vehicle speed 
detector, and the plurality of braking-and-driving force 
control systems, for executing an adaptive cruise con 
trol; the controller comprising: 

(a) a desired inter-vehicle distance setting means for 
setting a desired inter-vehicle distance from the host 
vehicle to the preceding vehicle; 
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(b) a desired host vehicle speed computation means for 
computing the desired host vehicle speed needed to 
bring the inter-vehicle distance closer to the desired 
inter-vehicle distance; 

(c) a braking-and-driving force control mode selecting 
means for selecting at least one braking-and-driving 
force control system from the plurality of braking 
and-driving force control systems, depending upon a 
host vehicle’s acceleration/deceleration required to 
bring the host vehicle’s speed closer to the desired 
host vehicle speed; the braking-and-driving force 
control mode selecting rneans selecting a ?rst brak 
ing-and-driving force control system When the 
required host vehicle’s acceleration/deceleration is 
less than a predetermined threshold value, and 
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selecting a second braking-and-driving force control 
system When the required host vehicle’s accelera 
tion/deceleration is greater than or equal to the 
predetermined threshold value, and 

(d) a desired host vehicle speed cornpensating means 
for resetting the desired host vehicle speed computed 
at a sWitching point betWeen the ?rst and second 
braking-and-driving force control systems at a value 
being offset from the host vehicle’s speed by a 
predetermined value When sWitching betWeen the 
?rst and second braking-and-driving force control 
systems occurs. 


