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VEHICLE CONTROL APPARATUS

TECHNICAL FIELD
[0001] The present invention relates to a vehicle control
apparatus.

BACKGROUND ART
[0002] Conventional vehicle control apparatuses deter-

mine, at a specific timing of an oscillating motion, how large
the oscillating motion 1s. Patent Literature 1 discusses one
example relating to the above-described technique.

CITATION LIST

Patent Literature

[0003] [PIL 1] Japanese Patent No. 4758102
SUMMARY OF INVENTION
Technical Problem
[0004] However, the above-described conventional tech-

nique can determine the oscillating motion only at the specific
timing of the oscillating motion, thereby 1nvolving such a
problem that a delay occurs 1n the determination about the
oscillating motion.

[0005] An object of the present invention 1s to provide a
vehicle control apparatus capable of determining the oscillat-
ing motion with no or less delay.

Solution to Problem

[0006] According to an aspect of the present invention, a
vehicle control apparatus compares an output value of a
vehicle behavior detection sensor and a reference value of a
behavior of a vehicle, and detects that a trailer towed by the
vehicle has an oscillating motion based on a magnitude of an
amplitude of the output value relative to the reference value.

Advantageous Effects of Invention

[0007] Therefore, the vehicle control apparatus according
to the present invention can determine the oscillating motion
with no or less delay.

BRIEF DESCRIPTION OF DRAWINGS

[0008] FIG.11llustrates a configuration of a vehicle control
apparatus according to a first embodiment.

[0009] FIG. 21llustrates a control configuration of an oscil-
lating motion control unit 111 according to the first embodi-
ment.

[0010] FIG. 3 1saflowchartillustrating a tflow of processing
for determining the oscillating motion that 1s performed by an
oscillating motion determination unit 207 according to the
first embodiment.

[0011] FIG. 4 1s a iming diagram illustrating a function of
damping the oscillating motion according to the first embodi-
ment.

[0012] FIG. 51llustrates a control configuration of the oscil-
lating motion control unit 111 according to the second
embodiment.

[0013] FIG. 61satlowchartillustrating a flow of processing
for determiming the oscillating motion that 1s performed by
the oscillating motion determination unit 222 according to the
second embodiment.
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[0014] FIG. 7 illustrates a map indicating a setting of an
oscillating motion presence determination threshold value
Kp, according to an angular velocity o according to the
second embodiment.

[0015] FIG. 8 illustrates a map indicating a setting of an
oscillating motion absence determination threshold value
Kp, according to the angular velocity w according to the
second embodiment.

[0016] FIG.91satiming diagram 1llustrating a function of
damping the oscillating motion according to the second
embodiment.

DESCRIPTION OF EMBODIMENTS

First Embodiment

[0017] First, a configuration will be described.

[0018] FIG. 11llustrates a configuration of a vehicle control
apparatus according to a first embodiment. The vehicle con-
trol apparatus 1s mounted on a towing vehicle that tows a
trailer.

[0019] The vehicle control apparatus 100 according to the
first embodiment 1ncludes a wheel speed sensor 101, a steer-
ing angle sensor 102, a yaw rate sensor 103, an oscillating
motion control unit 111, an engine controller 121, and a brake
controller 122. The wheel speed sensor 101 detects a wheel
speed of the towing vehicle. The steering angle sensor 102
detects how much a driver steers. The yaw rate sensor 103
detects a yawing motion (a yaw rate) of the towing vehicle.
The oscillating motion control unit 111 determines whether
the trailer has an oscillating motion based on an output value
of each of the sensors, and outputs an 1instruction to damp the
oscillating motion to the engine controller 121 and the brake
controller 122 1f determining that the trailer has the oscillat-
ing motion. The engine controller 121 controls an engine
output, and the brake controller 122 controls a braking force,
based on the instruction from the oscillating motion control
unit 111. More specifically, the engine controller 121 reduces
an engine torque, and the brake controller 122 applies a brake
hydraulic pressure to a wheel cylinder (not illustrated).

[0020] FIG. 21illustrates a control configuration of the oscil-
lating motion control unit 111 according to the first embodi-
ment.

[0021] A vehicle body speed estimation unit 201 calculates
a vehicle body speed V from a wheel speed Vw acquired from
the wheel speed sensor 101.

[0022] A model yaw rate calculation unit 202 calculates a
model yaw rate AVz* according to an expression 1 from the
vehicle body speed V and a steering angle 6 acquired from the
steering angle sensor 102.

|Formula 1]
AV = 1 V 5 Expression 1
ST T+A VI
[0023] In this expression, A represents a stability factor,

and 1 represents a wheel base.

[0024] An angular velocity calculation unit 203 calculates
an angular velocity w™ of the model yaw rate when the model
yaw rate AVz* changes sinusoidally, according to an expres-
sion 2 from the model yaw rate AVz* and a second-order
temporal differentiation value AVz*" of the model yaw rate.
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|Formula 2]
. AV 7
Y TN T Avy

[0025] It can be easily anticipated that the model yaw rate
AVz* of zero or a value close to zero would make 1t 1impos-
sible to calculate the angular velocity w*® of the model yaw
rate, lead to a significantly large error in the calculation, or
cause an i1maginary number to be acquired as the angular
velocity w*. In this case, use of a result of a previous calcu-
lation, setting an upper/lower limit on a calculated value, or
the like 1s effective to avoid these problems.

[0026] An amplitude calculation unmit 204 calculates an
amplitude R* of the model yaw rate when the model yaw rate
AVz* changes sinusoidally, according to an expression 3
from the model yaw rate AVz*, a first-order temporal differ-
entiation value AVz*' of the model yaw rate and the angular
velocity o™ of the model yaw rate that 1s calculated by the
angler velocity calculation unit 203.

Expression 2

|Formula 3]

AV 2
R*=\/(AVz*)2+( wf ]

[0027] The amplitude R* of the model yaw rate may be
calculated according to an expression 4 based on the expres-
sion 2 and the expression 3.

Expression 3

|Formula 4]

Expression 4

W‘JMWW—AW”WWZ
_ AY A

[0028] The expression 3 and the expression 4 contain a
subtraction, and thus may be unable to be calculated or lead to
a large error 1n the calculation similarly to the expression 2,
thereby also requiring use of aresult of a previous calculation,
setting an upper/lower limit on a calculated value, or the like.

[0029] An angular velocity calculation unit 205 calculates
an angular velocity o of a measured yaw rate AVz when the
measured raw rate AVz changes sinusoidally, according to an
expression 5 from the measured yaw rate AVz acquired from
the yaw rate sensor 103 and a second-order temporal differ-
ential value AVz" of the measured yaw rate, similarly to the
angular velocity calculation unit 203.

|[Formula 5]

\/ AVZ
W= {—

AVz

[0030] An amplitude calculation unit 206 calculates an
amplitude R of the measured yaw rate when the measured
yaw rate AVz changes sinusoidally, according to an expres-
sion 6 from a first-order temporal differentiation value AVZ'

Expression 3
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of the measured yaw rate and the angular velocity o of the
measured yaw rate that 1s calculated by the angler velocity

calculation unit 205, similarly to the amplitude calculation
unit 204.

|Formula 6]
7N2
R = \/(sz)z +(AVZ ]
W

[0031] The amplitude R of the measured yaw rate may be
calculated from the first-order temporal differential value
AVz7' and the second-order temporal differentiation value
AVz" of the measured yaw rate AVz, similarly to the method
for calculating the amplitude R* of the model yaw rate, which
1s indicated 1n the expression 4.

[0032] An oscillating motion determination unit 207 com-
pares the amplitude R* of the model yaw rate and the ampli-
tude R of the measured yaw rate, and determines the oscillat-
ing motion. A method for this determination will be described
below.

[0033] A vehicle braking/driving instruction calculation
unit 208 calculates the instruction to be 1ssued to the engine
controller 121 and the brake controller 122.

10034]

[0035] FIG. 31saflowchartillustrating a flow of processing
for determining the oscillating motion that 1s performed by
the oscillating motion determination unit 207 according to the
first embodiment.

[0036] In step 301, the oscillating motion determination
umt 207 determines whether the angular velocity o of the
measured yaw rate 1s equal to or lower than a first angular
velocity m, that does not cause the oscillating motion. If the
oscillating motion determination unit 207 determines YES 1n
step 301, the processing proceeds to step 309. If the oscillat-
ing motion determination unit 207 determines NO 1n step
301, the processing proceeds to step 302.

[0037] In step 302, the oscillating motion determination
umt 207 determines whether the angular velocity o of the
measured yaw rate 1s equal to or higher than a second angular
velocity w, that does not cause the oscillating motion. If the
oscillating motion determination unit 207 determines YES 1n
step 302, the processing proceeds to step 309. If the oscillat-
ing motion determination unit 207 determines NO 1n step
302, the processing proceeds to step 303. The second angular
velocity m, 1s a higher velocity than the first angular velocity
M.

[0038] In step 303, the oscillating motion determination
unit 207 calculates a preliminary oscillating motion index Kp
as a difference between the amplitude R* of the model yaw
rate and the amplitude R of the measured yaw rate. The
preliminary index Kp may be an integral value of the differ-
ence between the amplitude R* of the model yaw rate and the
amplitude R of the measured yaw rate.

[0039] In step 304, the oscillating motion determination
unmit 207 calculates a preliminary oscillating motion index Ki.
The preliminary index Ki 1s calculated according to an
expression 7 from the preliminary oscillating motion index
Kp, a convergence term Kp, of the preliminary oscillating
motion index Ki, and the preliminary oscillating motion

Expression 6

[Processing for Determining Oscillating Motion]
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index Ki calculated during previous execution of the process-
ng.

Kie—max(mm(Kp-Kp,+Ki,Ki . ),0) Expression 7
[0040] In the expression 7, an upper limit value K1 1s
imposed on the preliminary oscillating motion index Ki so
that the oscillating motion determination unmit 207 can deter-
mine a deviation of the control of damping the oscillating
motion without delay even when it takes a long time to damp
the oscillating motion. Further, a lower limit value O 1s
imposed on the preliminary oscillating motion index Ki so
that the oscillating motion determination unit 207 can deter-
mine the oscillating motion without delay, which otherwise
might be caused due to a reduction 1n the preliminary oscil-
lating motion index Ki when the trailer does not have the
oscillating motion.

[0041] In step 305, the oscillating motion determination
unit 207 calculates an oscillating motion 1ndex K (an oscil-
lating tendency index) according to an expression 8 from a
gain au used for the preliminary oscillating motion index Ki,
the preliminary oscillating motion index Ki, a gain ap used
for the preliminary oscillating motion index Kp, and the pre-
liminary oscillating motion index Kp.

K<—opxKp+aixKi

[0042] In step 306, the oscillating motion determination
unit 207 compares the oscillating motion index K and an
oscillating motion presence determination threshold value (a
first determination threshold value) K,, and determines
whether the oscillating motion index K 1s equal to or higher
than the oscillating motion presence determination threshold
value K, . It the oscillating motion determination unit 207
determines YES 1n step 306, the processing proceeds to step
308. If the oscillating motion determination unit 207 deter-
mines NO 1n step 306, the processing proceeds to step 307.

[0043] In step 307, the oscillating motion determination
unit 207 compares the oscillating motion index K and an
oscillating motion absence determination threshold value (a
second determination threshold value) K,, and determines
whether the oscillating motion index K 1s lower than the
oscillating motion absence determination threshold value K,.
I1 the oscillating motion determination unit 207 determines
YES 1n step 307, the processing proceeds to step 309. It the
oscillating motion determination unit 207 determines NO 1n
step 307, the processing ends. In the first embodiment, the
threshold values are assumed to be K,=K,.

[0044] In step 308, the oscillating motion determination
unit 207 sets the determination of the presence of the oscil-
lating motion. Then, the processing ends.

[0045] In step S309, the oscillating motion determination
unit 207 clears the determination of the presence of the oscil-
lating motion. Then, the processing ends.

[0046] Next, a function will be described. [Function of
Damping Oscillating Motion]

[0047] FIG. 4 1s a iming diagram illustrating a function of
damping the oscillating motion according to the first embodi-
ment, 1n which the oscillating motion starts from time T1.
Signals 1n the diagram with a suflix “_a” added thereto are
signals when the oscillating motion 1s not damped. On the
other hand, signals 1n the diagram with a suffix “b” added
thereto are signals of the vehicle control apparatus according
to the first embodiment, and signals when the vehicle control
apparatus detects the oscillating motion and performs the
control for damping the oscillating motion. Further, 1n either

Expression 8
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case, the model yaw rate AVz* corresponds to a model yaw
rate based on an input from the driver.

[0048] When the oscillating motion 1s not damped, the
amplitude of the yaw rate AVz_a detected by the yaw rate
sensor mounted on the towing vehicle 1s ever increasing rela-
tive to the model yaw rate AVz* based on the input from the
driver. As a result, the preliminary oscillating motion index
Kp_a, which 1s the difference between the amplitude of the
model yaw rate AVz* and the amplitude of the yaw rate
AVz_a, continues increasing. From time T2 when the prelimi-
nary oscillating motion index Kp_a exceeds the convergence
term Kp, of the preliminary oscillating motion index Ki, the
preliminary oscillating motion index Ki_a also starts increas-
ing to reach the upper limit value K1 of the oscillating
motion index. However, no determination 1s made about the
oscillating motion, so that the amplitude of the yaw rate
AVz_a continues increasing and the safety of the trailer and
the towing vehicle continues deteriorating.

[0049] On the other hand, the first embodiment exhibits a
similar movement to the configuration that does not damp the
oscillating motion until time T3. However, at time T3, the
oscillating motion index K_b reaches or exceeds the oscillat-
ing motion presence determination threshold value K, and
the angular velocity w_b of the yaw rate 1s higher than the first
angular velocity m, that does not cause the oscillating motion
while being lower than the second angular velocity m, that
does not cause the oscillating motion. Therefore, the deter-
mination of the presence of the oscillating motion 1s set. As a
result, the engine controller 121 reduces an engine torque
Te_b, and the brake controller 122 applies a brake hydraulic
pressure P_b, which slows down a vehicle body speed Vcar_
b. Slowing down the vehicle body speed can damp the oscil-
lating motion, which contributes to improvement of the sta-
bility of the vehicle.

[0050] Further, damping the oscillating motion leads to a
reduction in the amplitude of the yaw rate, and thus a reduc-
tion 1n the preliminary oscillating motion index Kp_b. When
the preliminary oscillating motion index Kp_b falls below the
convergence term Kp, of the preliminary oscillating motion
index Ki at time T4, the preliminary oscillating motion index
Ki_b also starts reducing. When the oscillating motion index
K _b falls below the oscillating motion determination absence
threshold value K, at time TS, the determination of the pres-
ence of the oscillating motion 1s reset, which returns the
engine torque Te_b and the brake hydraulic pressure P_b into
a uncontrolled state.

[0051] The conventional vehicle control apparatuses can
determine the oscillating motion only at the specific timing of
the oscillating motion, thereby involving such a problem that
a delay occurs in the determination about the oscillating
motion and thus a delay occurs 1n 1intervention of the control
for damping the oscillating.

[0052] On the other hand, the first embodiment allows the
vehicle control apparatus to constantly determine the oscil-
lating motion to thereby realize a quick determination about
the oscillating motion and speedy control for damping the
oscillating motion, without additionally providing a new sen-
sor to a conventional slip prevention apparatus. As a result,
the vehicle control apparatus can enhance the satety and
reduce a control amount, thereby succeeding in relieving
discomfort of a passenger.

[0053] In the first embodiment, the vehicle control appara-
tus determines the oscillating motion by comparing the mea-
sured yaw rate AVz and the model yaw rate AVz*. When the
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towed trailer has the oscillating motion, a lateral change
amount, such as the yaw rate, a lateral acceleration, a slip
angle of the vehicle, transitions sinusoidally. Therefore, the
vehicle control apparatus can highly accurately determine the
oscillating motion by monitoring the yaw rate, which i1s one of
the examples of the lateral change amount, and comparing the
monitored yaw rate with the model.

[0054] In the first embodiment, the vehicle control appara-
tus estimates the model yaw rate AVz* based on the vehicle
body speed V estimated from the wheel speed Vw. A path of
the vehicle that 1s provided from the steering angle 0 depends
on the vehicle body speed V, 1.e., the wheel speed Vw. There-
fore, the vehicle control apparatus can highly accurately esti-
mate a yaw rate supposed to act on the vehicle when the
vehicle runs along the path provided from the steering angle
0 (the model yaw rate AVz*) by estimating the model yaw rate

AVz* from the wheel speed Vw.

[0055] In the first embodiment, the vehicle control appara-
tus estimates the angular velocities w and w* of the measured
yaw rate AVz and the model yaw rate AVz* from the mea-
sured yaw rate AVz, the model yaw rate AVz*, and the sec-
ond-order temporal differential values AVz" and AVz*" of the
measured yaw rate AVz and the model yaw rate AVz*. This
estimation allows the vehicle control apparatus to accurately
estimate the angular velocities w and w* without use of a
complicated calculation.

[0056] In the first embodiment, the vehicle control appara-
tus estimates the amplitudes R and R* of the measured yaw
rate and the model yaw rate from the measured yaw rate AVz
and the model yaw rate AVz*, the first-order temporal differ-
ential values AVZz' and AVz*' of the measured yaw rate and the
model yaw rate, and the angular velocities @ and o™ of the
measured yaw rate and the model yaw rate. Alternatively, the
vehicle control apparatus estimates the amplitudes R and R*
from the measured yaw rate AVz, the model yaw rate AVz*,
the first-order temporal differential values AVz' and AVz* of
the measured yaw rate and the model yaw rate, and the sec-
ond-order differential values AVz" and AVz*" of the mea-
sured yaw rate and the model yaw rate. This estimation allows
the vehicle control apparatus to highly accurately estimate the
amplitudes R and R* without use of a complicated calcula-
tion.

[0057] In the first embodiment, the vehicle control appara-
tus increases the oscillating motion index K for determining
the oscillating motion as the difference between the ampli-
tude R* of the model yaw rate and the amplitude R of the
measured yaw rate (the preliminary oscillating motion index
Kp) widens, and reduces the oscillating motion index K as
this difference shrinks. The oscillating motion can be deter-
mined from the difference between the amplitude R* of the
model yaw rate and the amplitude R of the measured yaw rate,
whereby the vehicle control apparatus can highly accurately
determine the oscillating motion by increasing or reducing
the oscillating motion 1ndex K according to the difference
between the amplitudes.

[0058] In the first embodiment, the vehicle control appara-
tus determines that the trailer has the oscillating motion 11 the
oscillating motion index K 1s equal to or higher than the
oscillating motion presence determination threshold value
K,, and determines that the trailer does not have the oscillat-
ing motion 11 the oscillating motion index K 1s lower than the
oscillating motion absence determination threshold value K,.
In other words, the vehicle control apparatus can determine
the oscillating motion with such a simple configuration that
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compares the oscillating motion index K determined from the
difference between the amplitude R* of the model yaw rate
and the amplitude R of the measured yaw rate with the thresh-
old values K, and K,.

[0059] In the first embodiment, the vehicle control appara-
tus does not determine that the trailer has the oscillating
motion even 1f the oscillating motion index K 1s equal to or
higher than the oscillating motion presence determination
threshold value K,, as long as the angular velocity as the
output value 1s equal to or lower than the first angular velocity
m, that does not cause the oscillating motion or equal to or
higher than the second angular velocity m, that does not cause
the oscillating motion. This arrangement can prevent the
oscillating motion from being falsely detected in a scene
where the oscillating motion does not occur.

[0060] In the first embodiment, the vehicle control appara-
tus compares the measured yaw rate AVz and the model yaw
rate AVz*, and detects that the trailer towed by the towing
vehicle has the oscillating motion 1f a gradual increase occurs
in the difference (the preliminary index Kp) of the amplitude
of the measured yaw rate AVz from the model yaw rate AVz*.
When the oscillating motion starts, the amplitude of the yaw
rate increases, thereby exhibiting the gradual increase 1n the
difference of the amplitude of the measured yaw rate AVz
from the model yaw rate AVz*. Therefore, the vehicle control
apparatus can quickly and accurately determine the oscillat-
ing motion by determining that the trailer has the oscillating
motion when the difference of the amplitude gradually
1ncreases.

[0061] In the first embodiment, the vehicle control appara-
tus damps the oscillating motion by slowing down the
vehicle, 1 the trailer 1s determined to have the oscillating
motion. Slowing down the speed of the vehicle body can
damp the oscillating motion, which contributes to the
improvement of the stability of the vehicle.

[0062] Next, advantageous eflects will be described.

[0063] The vehicle control apparatus according to the first
embodiment brings about advantageous etfects that will be
listed below.

[0064] (1) The vehicle control apparatus includes the yaw
rate sensor 103 (a vehicle behavior detection sensor) that
detects the yaw rate acting on the vehicle, the model yaw rate
calculation unit 202 (a vehicle behavior reference value cal-
culation unit) that calculates the model yaw rate AVz* based
on the output values of the wheel speed sensor 101 and the
steering angle sensor 102, which are other sensors than the
yaw rate sensor 103, and the oscillating motion determination
unit 207 (an oscillating detection unit) that compares the
measured yaw rate Avz, which 1s the output value of the yaw
rate sensor 103, and the model yaw rate AVz* to detect that the
trailer towed by the towing vehicle has the oscillating motion
based on the magnitude of the amplitude of the measured yaw
rate AVz relative to the model yaw rate AVz*.

[0065] Therefore, the vehicle control apparatus can deter-
mine the oscillating motion with no or less delay.

[0066] (2) The vehicle control apparatus includes the yaw
rate sensor 103 that detects the yaw rate acting on the vehicle,
the model yaw rate calculation unit 202 (the vehicle behavior
reference value calculation unit) that estimates the yaw rate
supposed to act on the vehicle from the steering angle 6 and
the vehicle body speed V as the model yaw rate AVz*, the
oscillating motion determination unit 207 (the oscillating
detection unit) that compares the measured yaw rate Avz,
which 1s the output value of the yaw rate sensor 103, and the
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model yaw rate AVz* to detect that the trailer towed by the
towing vehicle has the oscillating motion 1f the amplitude of
the measured yaw rate AVz increases relative to the model
yaw rate AVz*, and the vehicle braking/driving instruction
calculation unit 208 (a speed reduction control unit) that
slows down the speed of the towing vehicle 1f the oscillating

motion 1s detected by the oscillating motion determination
unit 207.

[0067] Theretfore, the vehicle control apparatus can deter-
mine the oscillating motion with no or less delay, and thus can
damp the oscillating motion swiitly.

[0068] (3) The vehicle control apparatus includes the yaw
rate sensor 103 that detects the yaw rate acting on the vehicle,
the model yaw rate calculation unit 202 (a yaw rate reference
value calculation unit) that calculates the model yaw rate
AVz*, which 1s the reference value of the yaw rate, based on
the steering angle 0 and the vehicle body speed V, the ampli-
tude calculation unit 206 (a first amplitude calculation unit)
that calculates the amplitude from the measured yaw rate
AVz, which 1s the output value of the yaw rate sensor 103, the
amplitude calculation unit 204 (a second amplitude calcula-
tion unit) that calculates the amplitude of the model yaw rate
AVz*, the oscillating motion determination unit 207 (an
amplitude comparison unit) that compares the amplitude R*
of the model yaw rate AVz* and the amplitude R of the
measured yaw rate AVz, and the oscillating motion determi-
nation unit 207 (an oscillating detection unit) that detects that
the trailer towed by the towing vehicle has the oscillating
motion if the comparison reveals the gradual increase 1n the

difference of the amplitude R of the measured yaw rate AVz
from the amplitude R* of the model yaw rate AVz*.

[0069] Therefore, the vehicle control apparatus can deter-
mine the oscillating motion with no or less delay.

Second Embodiment

[0070] First, a configuration will be described.

[0071] FIG. 51llustrates a control configuration of the oscil-
lating motion control umit 111 according to a second embodi-
ment.

[0072] The oscillating motion control unit 111 according to
the second embodiment 1s configured similarly to the first
embodiment illustrated 1n FIG. 2 except for a yaw rate esti-
mation unit 221 and an oscillating motion determination unit
222. Therefore, 1n the following description, similar compo-
nents to the first embodiment will be i1dentified by the same
reference numerals as the first embodiment, and will not be
redundantly described. In the following description, only the
yaw rate estimation unit 221 and the oscillating motion deter-
mination unit 222 will be described.

[0073] The yaw rate estimation unit 221 calculates a yaw
rate estimated value AVz according to an expression 9.

|Formula 7]
Ver + Vg Ver + Vg Expression 9
2 2
AVz =
: Wib
[0074] In the expression 9, V., Vir, Vor, Vor, and w,

represent a speed of a front left wheel, a speed of a front right
wheel, a speed of a rear left wheel, a speed of a rear right
wheel, and a track width, respectively.
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[0075] The oscillating motion determination unit 222 com-
pares the amplitude R* of the model yaw rate and the ampli-
tude R of the measured yaw rate, and determines the oscillat-
ing motion. A method for this determination will be described
below.

[0076]

[0077] FIG. 61satlowchartillustrating a flow of processing
for determining the oscillating motion that i1s performed by
the oscillating motion determination unit 222 according to the
second embodiment. Steps including similar processing to
the first embodiment illustrated 1n FIG. 3 will be identified by
the same step numbers as the first embodiment, and will not
be redundantly described below.

[0078] In step 321, the oscillating motion determination
umt 222 calculates the oscillating motion index Kp as the
difference between the amplitude R* of the model yaw rate
and the amplitude R of the measured yaw rate.

[0079] In step 322, the oscillating motion determination
unit 222 acquires an oscillating motion presence determina-
tion threshold value Kp, corresponding to the angular veloc-
ity w of the measured yaw rate from a map. As illustrated 1n
FIG. 7, this map 1s characterized in the following manner.
When the angular velocity m 1s equal to or lower than a third
angular velocity w, at which the trailer less likely has the
oscillating motion, the oscillating motion presence determi-
nation threshold value increases as the angular velocity
reduces. When the angular velocity  1s equal to or higher
than a fourth angular velocity w, at which the trailer less
likely has the oscillating motion, the oscillating motion pres-
ence determination threshold value increases as the angular
velocity o increases. A maximum value (a third determina-
tion threshold value) and a minimum value (a fourth determai-
nation threshold value) of the oscillating motion presence
determination threshold value Kp, are Kp, _and Kp,, . .
respectively.

[0080] In step 323, the oscillating motion determination
unit 222 compares the oscillating motion index Kp and the
oscillating motion presence determination threshold value
Kp,, and determines whether the oscillating motion index Kp
1s equal to or higher than the oscillating motion presence
determination threshold value Kp, . It the oscillating motion
determination unmt 222 determines YES 1n step 323, the pro-
cessing proceeds to step 308. If the oscillating motion deter-
mination umt 222 determines NO 1n step 323, the processing
proceeds to step 324.

[0081] In step 324, the oscillating motion determination
umt 222 acquires an oscillating motion absence determina-
tion threshold value Kp, corresponding to the angular veloc-
ity w of the measured yaw rate from a map. As illustrated 1n
FIG. 8, this map i1s characterized in the following manner.
When the angular velocity  1s equal to or lower than a fifth
angular velocity w. at which the trailer less likely has the
oscillating motion, the oscillating motion absence determi-
nation threshold value increases as the angular velocity
reduces. When the angular velocity w 1s equal to or higher
than a sixth angular velocity w at which the trailer less likely
has the oscillating motion, the oscillating motion absence
determination threshold value increases as the angular veloc-
ity  1ncreases. A maximum value (a fifth determination
threshold value) and a minimum value (a sixth determination
threshold value) of the oscillating motion absence determi-
nation threshold value Kp, are Kp,_ .. and Kp,_ . , respec-

[Processing for Determining Oscillating Motion]
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tively. In the second embodiment, the threshold values Kp,
and Kp, are assumed to be Kp,>Kp, regardless of the angular
velocity m.

[0082] In step 325, the oscillating motion determination
unit 222 compares the oscillating motion index Kp and the
oscillating motion absence determination threshold value
Kp,, and determines whether the oscillating motion index Kp
1s lower than the oscillating motion absence determination
threshold value Kp,. I the oscillating motion determination
unit 222 determines YES 1n step 325, the processing proceeds
to step 309. If the oscillating motion determination unit 222

determines NO 1n step 325, the processing ends.
[0083] Next, a function will be described.

| Function of Damping Oscillating Motion]

[0084] FIG.9 1s a timing diagram 1llustrating a function of
damping the oscillating motion according to the second
embodiment, 1n which the oscillating motion starts from time
T1. The signals 1n the diagram with the suffix *“_a” added
thereto are the signals when the oscillating motion 1s not
damped. On the other hand, signals 1n the diagram with a
suifix “ ¢ added thereto are signals of the vehicle control
apparatus according to the second embodiment, and signals
when the vehicle control apparatus detects the oscillating
motion and performs the control for damping the oscillating
motion. Further, in either case, the model yaw rate AVz*
corresponds to the model yaw rate based on the input from the
driver.

[0085] When the oscillating motion 1s not damped, the
oscillating motion index Kp_a, which 1s the difference
between the amplitude of the model yaw rate AVz* and the
amplitude of the measured yaw rate AVz_a, 1s ever increasing,.
However, no determination 1s made about the oscillating
motion, so that the amplitude of the yaw rate AVz_a continues
increasing and the safety of the trailer and towing vehicle
continues deteriorating.

[0086] On the other hand, the second embodiment exhibaits
a stmilar movement to the configuration that does not damp
the oscillating motion until time T3'. However, at time 13", the
oscillating motion index Kp_c reaches or exceeds the oscil-
lating motion presence determination threshold value Kp, c,
so that the determination of the presence of the oscillating
motion 1s set. As a result, the engine controller 121 reduces an
engine torque Te_c, and the brake controller 122 applies a
brake hydraulic pressure P_c, which slows down a vehicle
body speed Vcar_c. Slowing down the vehicle body speed can
damp the oscillating motion, which contributes to the
improvement of the stability of the vehicle.

[0087] Further, damping the oscillating motion leads to a
reduction in the amplitude of the yaw rate, and thus a reduc-
tion 1n the oscillating motion index Kp_c. When the oscillat-
ing motion index Kp_c falls below the oscillating motion
absence determination threshold value Kp, ¢ at time T5', the
determination of the presence of the oscillating motion 1s
reset, which returns the engine torque Te_c and the brake
hydraulic pressure P_c into the uncontrolled state.

[0088] Inthe second embodiment, when the angular veloc-
ity w of the measured yaw rate 1s higher than the third angular
velocity w; and lower than the fourth angular velocity w,, the
vehicle control apparatus determines that the trailer has the
oscillating motion 11 the oscillating motion index Kp 1s equal
to or higher than the oscillating motion presence determina-
tion threshold value Kp, ., ..., and determines that the oscillat-
ing motion 1s maintained until the oscillating motion index
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Kp falls below the oscillating motion absence determination
threshold value Kp,, . after that. On the other hand, when the
angular velocity o of the measured yaw rate 1s equal to or
lower than the third angular velocity m,, or equal to or higher
than the fourth angular velocity w,, the vehicle control appa-
ratus does not determine that the trailer has the oscillating
motion until the oscillating motion index Kp reaches or
exceeds the oscillating motion presence determination
threshold value Kp, larger than the oscillating motion pres-
ence determination threshold value Kp,, ., and determines
that the trailer does not have the oscillating motion 1f the
oscillating motion index Kp falls below the oscillating motion
absence determination threshold value Kp, larger than the
oscillating motion absence determination threshold value
Kp,_ . . In other words, the vehicle control apparatus changes
the oscillating motion presence determination threshold
value Kp, and the oscillating motion absence determination
threshold value Kp, according to the likelthood of the oscil-
lating motion. This control can realize both the prevention of
the delay 1n the determination about the oscillating motion,
and the prevention of the false detection of the oscillating
motion.

Other Embodiments

[0089] Havingdescribed aspects for embodying the present
invention based on the embodiments, the specific configura-
tion of the present invention 1s not limited to the configura-
tions described 1n the embodiments. The embodiments are
kept included 1n the present invention even 1f a design or the
like thereot 1s changed without departing from the gist of the
present invention.

[0090] Forexample, the embodiments have been described,
by way of example, assuming that each of the sensors is
mounted on the vehicle. However, the vehicle control appa-
ratus may be configured to receive a sensor value from out-
side, without each of the sensors mounted on the vehicle.
Further, the oscillating motion control unit 111, and a part or
whole of the engine controller 121 and the brake controller
122 may be built 1n a same device.

[0091] In a case where the vehicle control apparatus
includes a unit for detecting the vehicle body speed, without
relying on the wheel speed, the vehicle control apparatus may
calculate the model yaw rate from the towing vehicle body
speed. Further, the model yaw rate 1s not limited to the model
yaw rate calculated from the expression 1, and may be cor-
rected based on, for example, a steering angular velocity or
the lateral acceleration of the vehicle body.

[0092] Inthe embodiments, the oscillating motion presence
determination threshold value K, and the oscillating motion
absence determination threshold value K, are set to the same
value as each other, but may be set to different values from
each other.

[0093] In the embodiments, the yaw rate 1s used as the
reference signal based on the model and the measured signal,
but may be replaced with the lateral acceleration or the slip
angle (sideslip angle) of the vehicle.

[0094] Further, especially the slip angle of the vehicle does
not have to be directly acquired by the sensor as the measured
signal, and may be a signal estimated from an alternative
signal.

[0095] The determination of the presence of the oscillating
motion and the determination of the absence of the oscillating
motion may be made with use of two or more among an
oscillating motion index calculated from the yaw rate, an
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oscillating motion index calculated from the lateral accelera-
tion, and an oscillating motion 1index calculated from the slip
angle of the vehicle, for the purpose of enhancing robustness.
[0096] Inthe embodiments, the brake hydraulic pressure 1s
used as the braking force, but another braking method, such as
a regenerative braking force, may be used as the braking
force.

[0097] Not only the braking force generator of the towing
vehicle but also a braking force generator of the trailer may be
used.

[0098] The unit for reducing the engine torque may be
omitted.
[0099] Inthe second embodiment, the vehicle control appa-

ratus increases/reduces the oscillating motion presence deter-
mination threshold value Kp, and the oscillating motion
absence determination threshold value Kp, according to the
angular velocity w of the measured yaw rate with use of the
maps 1llustrated 1n FIGS. 7 and 8. However, it can be easily
anticipated that the vehicle control apparatus can also achieve
another embodiment and bring about similar advantageous
elfects by correcting the oscillating motion 1ndex Kp indi-
cated 1n step 321 illustrated 1n FIG. 6.

[0100] Further, embodiments of the present invention may
be configured 1n the following manner.

[0101] (1) A vehicle control apparatus includes a vehicle
behavior detection sensor configured to detect a behavior
acting on a vehicle, a vehicle behavior reference value calcu-
lation unit configured to calculate a reference value of the
behavior of the vehicle, based on an output value of another
sensor than the vehicle behavior detection sensor, and an
oscillating detection unit configured to compare the output
value of the sensor and the reference value and detect that a
trailer towed by a towing vehicle has an oscillating motion,
based on a magnitude of an amplitude of the output value
relative to an amplitude of the reference value.

[0102] (2) Inthe vehicle control apparatus described 1n the
item (1), the behavior of the vehicle 1s at least one of a yaw
rate, a lateral acceleration, and a slip angle of the vehicle.
[0103] (3) Inthe vehicle control apparatus described 1n the
item (2), the output value of the sensor and the retference value
are at least one of a yaw rate, a lateral acceleration, and a slip
angle.

[0104] (4) Inthe vehicle control apparatus described 1n the
item (3), angular velocities of the output value and the refer-
ence value are estimated from the output value and the refer-
ence value, and second-order temporal differential values of
the output value and the reference value.

[0105] (5) Inthe vehicle control apparatus described 1n the
item (4), the amplitudes are estimated from the output value
and the reference value, first-order temporal differential val-
ues of the output value and the reference value, and the
angular velocities of the output value and the reference value.
[0106] (6) Inthe vehicle control apparatus described 1n the
item (3), the oscillating detection unit increases or reduces an
oscillating tendency index for determining the oscillating
motion according to a difference between the amplitude of the
reference value and the amplitude of the output value.
[0107] (7) Inthe vehicle control apparatus described 1n the
item (6), the oscillating detection unit determines that the
trailer has the oscillating motion 1f the oscillating tendency
index 1s equal to or higher than a first determination threshold
value, and determines that the trailer does not have the oscil-
lating motion 11 the oscillating tendency 1index 1s lower than a
second determination threshold value.
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[0108] (8) In the vehicle control apparatus described 1n the
item (7), the oscillating tendency index 1s an integral value of
a value according to the difference between the amplitude of
the reference value and the amplitude of the output value of
the sensor.

[0109] (9) In the vehicle control apparatus described 1n the
item (4), the amplitudes are estimated from first-order differ-
ential values of the output value and the reference value, and
the second-order differential values of the output value and
the reference value.

[0110] (10)Inthe vehicle control apparatus described inthe
item (3), when an angular velocity of the yaw rate 1s higher
than a third angular velocity and lower than a fourth angular
velocity, the oscillating detection unit determines that the
trailer has the oscillating motion 1f an oscillating tendency
index 1s equal to or higher than an oscillating motion presence
determination threshold value, and determines that the oscil-
lating motion 1s maintained until the oscillating tendency
index falls below an oscillating motion absence determina-
tion threshold value after that.

[0111] (11)Inthe vehicle control apparatus described inthe
item (3), the oscillating detection unit does not determine that
the trailer has the oscillating motion if an angular velocity of
the output value 1s equal to or lower than a first angular
velocity that does not cause the oscillating motion, or equal to
or higher than a second angular velocity that does not cause
the oscillating motion.

[0112] (12)Inthe vehicle control apparatus described inthe
item (3), when an angular velocity of the yaw rate 1s equal to
or lower than a third angular velocity, or equal to or higher
than a fourth angular velocity, the oscillating detection unit
does not determine that the trailer has the oscillating motion
until an oscillating motion index reaches or exceeds an oscil-
lating motion presence determination threshold value larger
than an oscillating motion presence determination threshold
value, and determines that the trailer does not have the oscil-
lating motion 1f the oscillating motion index falls below an
oscillating motion absence determination threshold value
larger than an oscillating motion absence determination
threshold value.

[0113] (13)Inthe vehicle control apparatus described inthe
item (1), the reference value 1s a yaw rate estimated form a
wheel speed.

[0114] (14)Inthe vehicle control apparatus described inthe
item (1), the oscillating detection unit compares the output
value and the reference value, and detects that the trailer
towed by the towing vehicle has the oscillating motion 11 a
gradual increase occurs 1n a difference of the amplitude of the
output value from the amplitude of the reference value.

[0115] (15)Inthe vehicle control apparatus described inthe
item (1), the vehicle control apparatus damps the oscillating
motion by slowing down the vehicle 11 the trailer 1s deter-
mined to have the oscillating motion.

[0116] (16)Inthe vehicle control apparatus described inthe
item (1), the oscillating detection unit compares the output
value and the reference value, and detects that the trailer

towed by the vehicle has the oscillating motion 11 a gradual
increase occurs 1n a difference of the amplitude of the output
value from the amplitude of the reference value.

[0117] (17) A vehicle control apparatus includes a yaw rate
sensor configured to detect a yaw rate acting on a vehicle, a
lateral acceleration sensor configured to detect a lateral accel-
eration acting on the vehicle, a vehicle behavior reference
value calculation unit configured to estimate a yaw rate or a
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lateral acceleration supposed to act on the vehicle as a refer-
ence value from a state of the vehicle, an oscillating detection
unit configured to compare an output value of at least one of
the sensors and the reference value corresponding to the at
least one of the sensors, and detect that a trailer towed by a
towing vehicle has an oscillating motion 1f an amplitude of
the output value increases relative to an amplitude of the
reference value, and a speed reduction unit configured to slow
down a speed of the towing vehicle if the oscillating motion 1s
detected by the oscillating detection unait.

[0118] (18)Inthe vehicle control apparatus described in the
item (17), the oscillating detection unit compares the output
value and the reference value, and detects that the trailer
towed by the towing vehicle has the oscillating motion 1f a
gradual increase occurs 1n a difference of the amplitude of the
output value from the amplitude of the reference value.
[0119] (19) A vehicle control apparatus includes a yaw rate
sensor configured to detect a yaw rate acting on a vehicle, a
yaw rate reference value calculation unit configured to calcu-
late a reference value of the yaw rate, based on a steering
angle and a speed of a vehicle body, a first amplitude calcu-
lation unit configured to calculate an amplitude from an out-
put value of the yaw rate sensor, a second amplitude calcula-
tion unit configured to calculate an amplitude of the reference
value of the yaw rate, an amplitude comparison unit config-
ured to compare the amplitudes respectively calculated by the
first and second amplitude calculation units, and an oscillat-
ing detection unit configured to detect that a trailer towed by
a towing vehicle has an oscillating motion 1f the comparison
reveals a gradual increase 1n a difference of the amplitude of
the output value from the amplitude of the reference value.
[0120] This application claims priority to Japanese Patent
Application No. 2013-194382 filed on Sep. 19, 2013. The
entire disclosure of Japanese Patent Application No. 2013-
194382 filed on Sep. 19, 2013 including the specification, the
claims, the drawings, and the summary 1s incorporated herein
by reference 1n 1ts entirety.

REFERENCE SIGNS LIST

[0121] 100 ... vehicle control apparatus

[0122] 101 ... wheel speed sensor

[0123] 102 ... steering angle sensor

[0124] 103 ... yaw rate sensor

[0125] 111 ... oscillating motion control unit
[0126] 121 ... engine controller

[0127] 122 ... brake controller

[0128] 201 ... vehicle body speed estimation unit
[0129] 202 ... model yaw rate calculation unit
[0130] 203 ... angular velocity calculation unit
[0131] 204 ... amplitude calculation unit

[0132] 205 ... angular velocity calculation unit
[0133] 206 ... amplitude calculation unit

[0134] 207 ... oscillating motion determination unit

[0135] 208 ... vehicle braking/driving 1nstruction calcula-
tion unit

[0136] 221 ... yaw rate estimation unit
[0137] 222 ... oscillating motion determination unit

1. A vehicle control apparatus comprising:

a vehicle behavior detection sensor configured to detect a
behavior acting on a vehicle;

a vehicle behavior reference value calculation unit config-
ured to calculate a retference value of the behavior of the
vehicle, based on an output value of another sensor than
the vehicle behavior detection sensor; and
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an oscillating detection unit configured to compare the
output value of the sensor and the reference value and
detect that a trailer towed by a towing vehicle has an
oscillating motion, based on a magnitude of an ampli-
tude of the output value relative to an amplitude of the
reference value.

2. The vehicle control apparatus according to claim 1,
wherein the behavior of the vehicle 1s at least one of a yaw
rate, a lateral acceleration, and a slip angle of the vehicle.

3. The vehicle control apparatus according to claim 2,
wherein the output value of the sensor and the reference value
are at least one of a yaw rate, a lateral acceleration, and a slip
angle.

4. The vehicle control apparatus according to claim 3,
wherein angular velocities of the output value and the refer-
ence value are estimated from the output value and the refer-
ence value, and second-order temporal differential values of
the output value and the reference value.

5. The vehicle control apparatus according to claim 4,
wherein the amplitudes are estimated from the output value
and the reference value, first-order temporal differential val-
ues of the output value and the reference value, and the
angular velocities of the output value and the reference value.

6. The vehicle control apparatus according to claim 3,
wherein the oscillating detection unit increases or reduces an
oscillating tendency index for determining the oscillating
motion according to a difference between the amplitude of the
reference value and the amplitude of the output value.

7. The vehicle control apparatus according to claim 6,
wherein the oscillating detection umit determines that the
trailer has the oscillating motion 11 the oscillating tendency
index 1s equal to or higher than a first determination threshold
value, and determines that the trailer does not have the oscil-
lating motion 11 the oscillating tendency 1index 1s lower than a
second determination threshold value.

8. The vehicle control apparatus according to claim 7,
wherein the oscillating tendency 1index 1s an integral value of
a value according to the difference between the amplitude of
the reference value and the amplitude of the output value of
the sensor.

9. The vehicle control apparatus according to claim 4,
wherein the amplitudes are estimated from the output value,
the reference value, first-order differential values of the out-
put value and the reference value, and the second-order dif-
terential values of the output value and the reference value.

10. The vehicle control apparatus according to claim 3,
wherein, when an angular velocity of the yaw rate 1s higher
than a third angular velocity and lower than a fourth angular
velocity, the oscillating detection unit determines that the
trailer has the oscillating motion 1f an oscillating tendency
index 1s equal to or higher than an oscillating motion presence
determination threshold value, and determines that the oscil-
lating motion 1s maintained until the oscillating tendency
index falls below an oscillating motion absence determina-
tion threshold value after that.

11. The vehicle control apparatus according to claim 3,
wherein the oscillating detection unit does not determine that
the trailer has the oscillating motion if an angular velocity or
the output value 1s equal to or lower than a first angular
velocity that does not cause the oscillating motion, or equal to
or higher than a second angular velocity that does not cause
the oscillating motion.

12. The vehicle control apparatus according to claim 3,
wherein, when an angular velocity of the yaw rate 1s equal to
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or lower than a third angular velocity or equal to or higher
than a fourth angular velocity, the oscillating detection unit
does not determine that the trailer has the oscillating motion
until an oscillating motion index reaches or exceeds an oscil-
lating motion presence determination threshold value larger
than an oscillating motion presence determination threshold
value, and determines that the trailer does not have the oscil-
lating motion 1f the oscillating motion 1ndex falls below an
oscillating motion absence determination threshold value
larger than an oscillating motion absence determination
threshold value.

13. The vehicle control apparatus according to claim 1,
wherein the reference value 1s a yaw rate estimated form a
wheel speed.

14. The vehicle control apparatus according to claim 1,
wherein the oscillating detection unit compares the output
value and the reference value, and detects that the trailer
towed by the towing vehicle has the oscillating motion 1f a
gradual increase occurs 1n a difference of the amplitude of the
output value from the amplitude of the reference value.

15. The vehicle control apparatus according to claim 1,
wherein the vehicle control apparatus damps the oscillating
motion by slowing down the vehicle if the trailer 1s deter-
mined to have the oscillating motion.

16. A vehicle control apparatus comprising:

a yaw rate sensor configured to detect a yaw rate acting on

a vehicle;

a lateral acceleration sensor configured to detect a lateral
acceleration acting on the vehicle;

a vehicle behavior reference value calculation unit config-
ured to estimate a yaw rate or a lateral acceleration
supposed to act on the vehicle as a reference value from
a state of the vehicle;

an oscillating detection unit configured to compare an out-
put value of at least one of the sensors and the reference
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value corresponding to the at least one of the sensors,
and detect that a trailer towed by a towing vehicle has an
oscillating motion 1f an amplitude of the output value
increases relative to an amplitude of the reference value;

and

a speed reduction unit configured to slow down a speed of
the towing vehicle if the oscillating motion 1s detected
by the oscillating detection unit.

17. The vehicle control apparatus according to claim 16,
wherein the oscillating detection unit compares the output
value and the reference value, and detects that the trailer
towed by the towing vehicle has the oscillating motion 11 a
gradual increase occurs 1n a difference of the amplitude of the
output value from the amplitude of the reference value.

18. A vehicle control apparatus comprising;:

a yaw rate sensor configured to detect a yaw rate acting on
a vehicle;

a yaw rate reference value calculation unit configured to
calculate a reference value of the yaw rate, based on a

steering angle and a speed ot a vehicle bodys;

a first amplitude calculation unit configured to calculate an
amplitude from an output value of the yaw rate sensor;

a second amplitude calculation unit configured to calculate
an amplitude of the reference value of the yaw rate;

an amplitude comparison unit configured to compare the
amplitudes respectively calculated by the first and sec-
ond amplitude calculation units; and

an oscillating detection unit configured to detect that a
trailer towed by a towing vehicle has an oscillating
motion 1f the comparison reveals a gradual increase 1n a
difference of the amplitude of the output value from the
amplitude of the reference value.
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