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Description

[0001] The present invention relates generally to actively vibration reducing control apparatus and method applicable
to a vehicular engine mount on which a vehicular engine as a vibration source is mounted.
[0002] The present invention particularly relates to adaptive control apparatus and method for actively reducing the
vibration transmitted from the vehicular engine in which a control vibration developed from a control vibration source
is interfered against a vibration transmitted from the engine to a vehicle body to reduce the transmission of the vibration
and a load of an identification operation for a transfer function between the control vibration source and a residual
vibration detector included in a control algorithm to drive the control vibration source is reduced and an improvement
in an accuracy of the identification on the transfer function is achieved.
[0003] In a case of various previously proposed active vibration reducing control apparatuses, transfer functions,
each transfer function being established between a control vibration source and a residual vibration detector, are mu-
tually different from each other according to characteristic deviations for respective apparatuses to which the previously
proposed active vibration reducing control apparatuses are applied and for respective installations on which the pre-
viously proposed actively vibration reducing apparatuses are installed.
[0004] In addition, there is a possibility that each of the transfer functions is varied from its originally established
state due to its characteristic variation along with a use of the apparatus to which each of the previously proposed
active vibration reducing apparatus is applied.
[0005] Hence, in order to execute a highly accurate vibration reducing control, it is desirable to identify the transfer
function after each one of the previously proposed actively vibration reducing control apparatuses is incorporated into
the apparatus to which each one thereof is applied or it is desirable to identify the transfer function whenever a regular
check for the apparatus to which each one thereof is applied.
[0006] A Japanese Patent Application First Publication No. Heisei 6-332471 published on December 2, 1994 exem-
plifies a technique for identifying the transfer function described above.
[0007] In the above-identified Japanese Patent Application First Publication, an identification sound or an identifica-
tion vibration is caused to be developed according to an impulse signal from a control sound source or a control vibration
source and its response is measured by means of a residual noise detector or a residual vibration detector.
[0008] Consequently, the identification of the transfer function required in the control algorithm of an active noise
controller or an active vibration controller can be achieved.
[0009] A time at which the identification sound or the identification vibration is developed according to the impulse
signal is limited to a time immediately before the time transferred from a state in which a noise or the vibration from a
noise source or a vibration source is not developed to a state in which the noise or the vibration is developed. Hence,
the identification of the transfer function can be made without introduction of a remarkable increase in a calculation
load on the controller and without an unpleasant feeling given to a human kind.
[0010] Furthermore, a Japanese Patent Application First Publication No. Heisei 3-259722 published on November
19, 1991 exemplifies another technique of the identification of the transfer function.
[0011] In the latter Japanese Patent Application First Publication, a noise reducing apparatus in which a noise de-
veloped by a compressor installed in a refrigerator and radiated externally through a mechanical room duct is cancelled
before the noise is to be radiated externally through the duct, a loud speaker and a microphone are installed to perform
a noise reduction control within the duct, the control noise is developed from the loud speaker according to the drive
state of the compressor to reduce the noise, and the identification sound is developed from the loud speaker according
to a white noise whenever the compressor is halted in order to prevent a noise control characteristic from being dete-
riorated, and the transfer function between the loud speaker and the microphone is measured to identify a transfer
function filter.
[0012] Since the identification of the transfer function required in the control is possible for each apparatus to which
any one of previously proposed active vibration or noise reducing control apparatuses is applied, a highly accurate
vibration reducing control can be expected.
[0013] On the other hand, although it is necessary to develop the identification sound according to the impulse signal
or the white noise signal in order to identify the transfer function, the impulse signal or the white noise signal is a signal
having frequency components of all frequency bands.
[0014] Hence, even though the identification sound is developed, an output is dispersed over a wide frequency band.
[0015] Then, if the whole output of the identification sound is sufficiently high, the output for each frequency compo-
nent is slight so that the identification of the transfer function becomes insufficient.
[0016] Hence, it is required to develop the identification sound at a high output in order to sufficiently obtain the
output for each frequency component.
[0017] To meet such a requirement as described above, since it is easy to apply the development of the identification
sound at the high output to the actively noise reducing control apparatus in which the loud speaker is a control noise
source if the loud speaker which can provide a large output power is secured in a space of a sufficient margin, the
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above requirement can be achieved with a relatively easiness.
[0018] However, in the case where the above requirement is applied to the actively vibration reducing control appa-
ratus in which the vibration transmitted, e.g., from a vehicular engine to a vehicular body is reduced by a development
of an active supporting force interposed between the vehicular engine and the vehicle body through an active engine
mount, there is a limit in the active supporting force which can be developed by the active engine mount.
[0019] Hence, even though a large amplitude impulse signal or a large amplitude white noise is supplied to the active
engine mount as the control vibration source, a level of the identification sound (or vibration) actually developed is not
so high and it takes a long time to identify the transfer function.
[0020] In addition, when the actual vibration reducing control apparatus for the engine as the vibration source, the
vibration developed from the vibration source is not a vibration such as the white noise which covers all frequency
bands but generally a vibration concentrated into a particular frequency.
[0021] Hence, the identification sound (or vibration) using the white noise signal often cannot carry out the identifi-
cation of the transfer function suitable for an actual use condition.
[0022] Furthermore, suppose a situation under which an actual identification of the transfer function is carried out.
[0023] In the case of the actively vibration reducing control apparatus, it is necessary to identify the transfer function
using a controller mounted in the vehicle to carry out the identification of the transfer function for each vehicle in which
the actively vibration reducing apparatus is mounted in an assembly line of a factory.
[0024] In addition, a time required to complete the identification is needed to be finished in a short period of time so
as not to give a large influence on an assembly speed in the factory.
[0025] In other words, the identification in the transfer function for each vehicle is needed to be carried out by the
controller mounted in each vehicle and having a relatively low capability and to be completed within a limited time
period as is different from that carried out using a computer mounted in an experiment room, having a relatively high
capability and having a large memory capacity.
[0026] US 5 628 499 A discloses an adaptive control apparatus in which the resonance frequency of a control viration
source is varied so as to obtain a specific frequency within a band of external vibrations according to engine speed
and/or vehicle speed.
[0027] It is therefore an object of the present invention to provide adaptive control apparatus and method for actively
reduction vibration, applicable to a vehicular active engine mount, which can relieve a load of an identification process
of a transfer function required for the vibration reduction control and can improve accuracy of the identification of the
transfer function.
[0028] The present invention provides an adaptive control apparatus as set forth in claim 1.
[0029] The invention also provides a method for actively controlling the reduction of a vibration developed and trans-
mitted by a vibration source, as set forth in claim 19.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0030] Fig. 1A is a schematic side view of an automotive vehicle in which an actively vibration reducing control
apparatus in a first preferred embodiment according to the present invention is applicable.
[0031] Fig. 1B is a circuit block diagram of an active vibration controller in the first embodiment shown in Fig. 1A.
[0032] Fig. 2 is a cross sectional view of an example of a vehicular active engine mount to which the actively vibration
reducing apparatus in the first embodiment shown in Fig. 1A is applicable.
[0033] Fig. 3 is a flowchart for explaining a general operation of a vibration reduction process in the first embodiment
shown in Fig. 1A.
[0034] Fig. 4 is a flowchart for explaining a general operation of an identification process of a transfer function in the
first embodiment shown in Fig. 1A.
[0035] Fig. 5 is a frequency characteristic graph for explaining a difference between cases where a sinusoidal wave
is used for an identification signal and where a white noise signal is used for the identification signal.
[0036] Figs. 6A and 6B are frequency characteristic graphs for explaining operation and advantage in the actively
vibration reducing control apparatus in the first embodiment shown in Fig. 1A.
[0037] Fig. 7 is an operational flowchart for explaining the identification process executed in the actively vibration
reducing apparatus in a second preferred embodiment.
[0038] Figs. 8A, 8B, and 8c are waveform charts for explaining a response to a rectangular wave and a theoretical
impulse response.
[0039] Fig. 9 is a characteristic graph representing one example of a phase characteristic difference.
[0040] Fig. 10 is a characteristic graph representing one example of a gain characteristic difference.
[0041] Fig. 11 is an operational flowchart for explaining a part of the identification process of a transfer function in a
case of a third preferred embodiment of the actively vibration reducing apparatus.
[0042] Fig. 12 is an explanatory view of a calculation for providing a phase lag for a result of an FFT processing.
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[0043] Fig. 13 is an operational flowchart for explaining a part of the identification process of the transfer function in
the case of a fourth preferred embodiment of the actively vibration reducing apparatus according to the present inven-
tion.
[0044] Figs. 14A and 14B are waveform charts for explaining the operation in the case of the fourth embodiment.
[0045] Fig. 15 is an operational flowchart for explaining a part of the identification process of the transfer function in
the case of a fifth preferred embodiment according to the present invention.
[0046] Figs. 16A and 16B are waveform charts of the identification signal for explaining an operation of the fifth
preferred embodiment.
[0047] Fig. 17 is a flowchart for explaining the identification process of the transfer function in a case of a sixth
preferred embodiment according to the present invention.
[0048] Figs. 18A and 18B are waveform charts for explaining an operation of the sixth preferred embodiment.
[0049] Figs. 19A and 19B are explanatory views of a pulse formed signal.
[0050] Fig. 20 is a frequency characteristic graph for explaining a gain characteristic of the pulse formed signal shown
in Figs. 19A and 19B.
[0051] Reference will hereinafter be made to the drawings in order to facilitate a better understanding of the present
invention.

First Embodiment

[0052] Figs. 1A through 6B show a first preferred embodiment of an actively vibration reducing control apparatus
according to the present invention.
[0053] Fig. 1A shows a rough side view of an automotive vehicle to which the actively vibration reducing control
apparatus in the first embodiment is applicable.
[0054] In Fig. 1A, an engine 30 is supported on a vehicle body 35 constituted by a suspension member via an active
engine mount 1 which is enabled to develop an active supporting force according to a drive signal.
[0055] Actually, a plurality of passive engine mounts developing respective passive supporting forces according to
relative displacement between the engine 30 and the vehicle body 30 are interposed between the engine 30 and the
vehicle body 35.
[0056] Each of the passive engine mounts include, for example, a normal type engine mount for supporting a weight
by means of a rubber-like elastic body or a well-known fluid seal type mount simulator in which a fluid is sealed in the
interior of the rubber-like elastic body so as to enable it to develop a damping force.
[0057] On the other hand, Fig. 2 shows an example of the active engine mount 1 shown in Fig. 1A.
[0058] The active engine mount 1 shown in Fig. 2 includes: a bolt 2a for attaching an upper part of the active engine
mount 1 integrally onto the engine 30; a bell-shaped encapsulation 2 having an inside portion thereof in a cavity form
and having a lower portion opened; and an inner envelope 3 having its axis faced vertically, having an upper end portion
caulked onto a lower outside surface of the encapsulation 2.
[0059] The inner envelope 3 is formed such that a diameter thereof at a lower end is shorter than that at an upper
end thereof. Its lower end of the inner envelope 3 is bent inwardly and horizontally so that an opening 3a is formed
thereat.
[0060] A diaphragm 4 is disposed whose end is inserted into a caulked portion between the encapsulation 2 and
inner envelope 3 so as to partition an inner space of the encapsulation 2 and the inner envelope 3 into two. An upper
space with respect to the diaphragm 4 is exposed to the atmospheric pressure via a hole (not shown) provided on a
side surface of the encapsulation 2.
[0061] An orifice constituting member 5 is disposed within the inner side of the inner envelope 3. It is noted that, in
the first embodiment, a membrane-shaped elastic body (may alternatively be an extended portion of an outer peripheral
portion of the diaphragm 4) is interposed between the inner surface of the inner envelope 3 and orifice constituting
member 5 so that the orifice constituting member 5 is tightly fitted onto the inner side of the inner envelope 3.
[0062] The orifice constituting member 5 is matched with the inner space of the inner envelope 3 so as to form
approximately cylindrically.
[0063] A circular recess 5a and a portion of the orifice constituting member 5 faced against the opening 3a at the
bottom surface of the inner envelope 3.
[0064] The orifice 5b includes: for example, a groove extended approximately spirally along an outer peripheral
surface of the orifice constituting member 5, a flow passage communicating one end of the groove with the recess 5a:
and a flow passage for communicating the other end of the groove with the opening 3a.
[0065] An inner surface of the inner envelope 3 is adhered onto an inner peripheral surface of a supporting elastic
cylindrical form under vulcanization. An inner peripheral surface of the inner envelope 3 is raised slightly upwardly. An
outer peripheral surface of the supporting elastic body 6 is adhered onto an upper part of an inner peripheral surface
of the outer envelope 7. A diameter of the outer envelope 7 at an upper part thereof is longer than that thereof at a
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lower part thereof.
[0066] An actuator casing 8 is formed in an approximately cylindrical shape having an opening at an upper surface
thereof. A lower end of the outer envelope 7 is caulked onto an upper end of the actuator casing 8. A mounting bolt 9
is projected from a lower end surface of the actuator mounting bolt 9 has its head 9a housed in a cavity portion so as
to extend over an inner bottom surface of the actuator casing 8.
[0067] Furthermore, an electromagnetic actuator 10 is disposed in an inner side of the actuator casing 8.
[0068] The electromagnetic actuator 10 includes: a cylindrical iron-made yoke 10A; an excitation coil 10B with its
axis faced vertically; and a permanent magnet 10C having the magnetic pole surfaces and which is fixed on an upper
surface of the center portion of the yoke 10A on which the excitation coil 10B is wound.
[0069] A flange portion 8A is formed on an upper end of the actuator casing 8. A peripheral edge of a circular metallic
plate spring 11 is inserted into the caulked portion, a magnetizable magnetic path member 17 being fixed by means
of a rivet 11a onto a center part of the plate spring 11.
[0070] It is noted that the magnetic path member 12 is an iron-made disc plate having a slightly smaller diameter
than that of the yoke 10A and having a thickness such that its bottom surface approaches to the electromagnetic
actuator 10.
[0071] Furthermore, a ring-shaped membrane elastic member 13 and a flange portion 14a of a force transmitting
rigidity member 14 are supported on the caulked portion so as to be inserted into the flange 8A and the plate spring 11.
[0072] Specifically, the membrane-shaped elastic body 13, the flange portion 14a of the force transmitting rigidity
member 14, and the plate spring 11 are sequentially overlapped in this sequence on the flange 8A of the actuator
casing 8. The whole overlapped portion is integrally caulked to the lower end of the outer envelope 7.
[0073] The force transmitting rigidity member 14 is a short cylindrical member enclosing the magnetic path member
12.
[0074] A flange 14a is formed on its upper end of the force transmitting rigidity member 14. A lower end of the force
transmitting rigidity member 14 is coupled onto an upper surface of the yoke 10A constituting the electromagnetic
actuator 10. Specifically, a lower end of the force transmitting rigidity member 14 is fitted into a circular groove formed
along a peripheral edge of an upper end surface of the yoke 10A so as to be coupled together.
[0075] It is noted that a spring constant of the force transmitting member 14 during an elastic deformation thereof is
set to be larger than the spring constant of the membrane-shaped elastic body 13.
[0076] In the first embodiment, a fluid member 15 is formed at a portion defined by a lower surface of the supporting
elastic body 6 and an upper surface of the plate spring 11. A sub fluid chamber 16 is formed at a portion defined by
the diaphragm 4 and recess 5a.
[0077] The orifice 5b formed by the orifice constituting member 5 provides means for communicating between the
fluid chamber 15 and the sub fluid chamber 16.
[0078] A fluid such as ethylene glycol is sealed within the fluid chamber 15, the sub fluid chamber 16, and the orifice
5b. A characteristic as a fluid mount determined according to a fluid path formation of the orifice 5b is adjusted to
indicate a high dynamic spring constant and/or a high damping force when an engine shake occurs during a vehicular
running state, viz., while the active engine mount 1 is vibrated over a frequency range from 5Hz to 15Hz.
[0079] The excitation coil 10B of the electromagnetic actuator 10 is so designed as to develop a predetermined
electromagnetic force in response to the drive signal y supplied in a current form from a controller 25 via a wire harness.
[0080] Referring back to Fig. 1B, the controller 25 is constituted by a microcomputer having a CPU (Central Process-
ing Unit), ROM (Read Only Memory), a RAM (Random Access Memory), an Input interface, an Output interface, the
input and output interfaces including an amplifier (,e.g., voltage follower), an Analog-to-Digital Converter, and a Digital-
to-analog converter.
[0081] In a case wherein an idling vibration enclosed sound vibration, enclosed sound vibration, or an acceleration
vibration (a vibration developed when the vehicle is accelerated) is inputted to the vehicle body 35, the drive signal y
is developed and outputted to the active engine mount 1 so as to develop the active supporting force which can reduce
the vibration caused by the above-described engine individual vibrations.
[0082] The idling vibration and enclosed sound vibration are merely caused by, for example, a second-order com-
ponent of an engine revolution in a case of a reciprocating, four-stroke, four-cylinder engine, the engine vibration in
the second-order component of the engine revolution being transmitted toward the vehicle body 35.
[0083] It is, hence, possible to reduce the vibration at the side of the vehicle body 35 if the drive signal y in synchro-
nization with the second-order component of the engine revolution being transmitted toward the vehicle body 35.
[0084] Hence, in the first embodiment, a pulse signal generator 26 is installed which is synchronized with the revo-
lution of a crankshaft of the engine 30 (for example, one whenever the crankshaft has revolved through 180° in the
case of the reciprocating, four-stroke, four-cylinder engine). The reference signal x is supplied to the controller 25 as
a signal representing a developed condition of the vibration in the engine 30.
[0085] A load sensor 22 for detecting a vibration force transmitted from the vehicular engine 30 toward the supporting
elastic body 6 is disposed so as to be inserted between a lower end surface of the yoke 10A of the electromagnetic
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actuator 10 and an upper surface of a flat plate member 8a to form a bottom surface of the actuator casing 8. A result
of detection by means of the load sensor 22 is supplied to the controller 25 in a form of a residual vibration signal e
via a wire harness 23b. The load sensor 22 is constituted by, for example, a piezoelectric device, a magnetostrictive
device, or a strain gauge.
[0086] The controller 25 executes a synchronous-type Filtered-X LMS (Least Mean Square) algorithm which is one
of sequentially updating type adaptive algorithms on the basis of the supplied residual vibration signal e and the ref-
erence signal x. Consequently, the controller 25 is functionally provided with an adaptive digital filter W whose filter
coefficients Wi (i = 0, 1, 2, ---, I-1; I denotes a number of tapes of the digital filter) are variable.
[0087] At an interval of predetermined sampling clocks when the latest reference signal x is inputted to the controller
25, the filter coefficients Wi of the adaptive digital filter are sequentially outputted as the drive signal y.
[0088] At the same time, the filter coefficients Wi of the adaptive digital filter W are appropriately updated on the
basis of the reference signal x and the residual vibration signal e.
[0089] The updating equation of the adaptive digital filters W will be described in the following equation (1) in ac-
cordance with the filtered-X LMS algorithm.

[0090] In the equation (1), a term attached with (n) or (n + 1) denotes a value at one of the sampling time at (n) or
(n + 1) and µ denotes a convergence coefficient.
[0091] In addition, an updating reference signal RT is, theoretically, a value filtered by a transfer function filter C^
such that a transfer function C established between the electromagnetic actuator 10 of the active engine mount 1 and
the load sensor 22 is modeled in a finite impulse response type filter.
[0092] Since a level of the reference signal x is at "1", the term of RT coincides with the impulse responses of the
transfer function filter C^ are sequentially generated in synchronization with the reference signal x. Theoretically, the
drive signal y is developed with the reference signal x filtered by means of the adaptive digital filter W. Then, since the
level of the reference signal x is at " 1 ", the same result is obtained as the result of the filtering process which indicates
the drive signal y even when the filter coefficients Wi are sequentially outputted as the drive signal y.
[0093] Furthermore, the controller 25 executes the vibration reducing processing using the adaptive digital filter de-
scribed above and the identification processing of the transfer function C required for the vibration reduction control is
executed.
[0094] That is to say, since the controller 25 is provided with an identification processing start switch 28 operated at
a timing at which the identification processing of the transfer function C is started.
[0095] For example, when at a final process in the manufacturing line of the vehicle or when a regular check at a
car dealer, an operator operates the identification process start switch 28 so that the identification processing of the
transfer function C is executed within the controller 25. It is noted that during the identification processing of the transfer
function, the normal vibration reduction processing is not executed.
[0096] That is to say, the controller 25 executes the vibration reduction processing in accordance with the synchro-
nous type filtered-X LMS (Least Mean Square) algorithm while the vehicle is running with a vehicular ignition key switch
turned on. It is noted however that when the identification processing start switch 28 is turned to ON (becomes active),
the controller 25 halts the vibration reduction processing but executes the identification processing of the transfer
function C.
[0097] In the first embodiment, the identification processing of the transfer function C is carried out using the iden-
tification signal in a sinusoidal waveform.
[0098] Specifically, the data read processing such that the identification signal in the sinusoidal waveform is continued
to be outputted for a predetermined period of time to the active engine mount 1 in place of the drive signal y and the
residual vibration signal e is read is repeatedly executed, sequentially changing the frequency of the identification signal.
[0099] Next, each time series data of the residual vibration signal e obtained by a corresponding one of each data
read processing is processed under an FFT (Fast Fourier Transform) processing to extract a component corresponding
to the frequency of the identification signal.
[0100] The result of synthesizing extracted each frequency component is under an inverse FFT processing to derive
an impulse response as the transfer function C.
[0101] The derived impulse response is enabled to be replaced with the latest transfer function filter C^ as a finite
impulse response type transfer function filter C^.
[0102] It is noted that the frequency fo of the identification signal is set to a minimum value (fo = fmin, in this embod-
iment, fmin = 10 Hz) when the identification process is incremented by a predetermined increment ∆f (in this embod-
iment, ∆f = 10 Hz) until the incremented frequency has reached to a maximum value fmax (in this embodiment, fmax

Wi(n + 1) = Wi(n) -µRTe(n) (1)
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= 150 Hz).
[0103] It is noted that the frequency fo of the identification signal is incremented by half (∆f/2) of the predetermined
increment ∆f, exceptionally, when the frequency fo exceeds a minimum value fL in a predetermined frequency band
and has reached to a maximum value fU.
[0104] In details, the frequency fo of the identification signal is selected with a relatively narrow frequency interval
within a predetermined frequency band (fU - fL) and is selected with a relatively wide frequency interval within a pre-
determined frequency band (fmin through fU and fL through fmax).
[0105] In the first embodiment, a predetermined frequency band is set to 20 through 80 Hz.
[0106] A resonant phenomenon continuously appears on the engine supporting system which is a controlled system
within the frequency band.
[0107] That is to say, since continual resonance peaks appear in a vicinity to 50 Hz at which a resonance of a
suspension member system appears and in an approximate range between 20 Hz and 30 Hz on which a bend reso-
nance of each of the engine mount characteristic and the vehicle body 35 gives a remarkable influence, the predeter-
mined frequency band (fU through fL) is set between 20 Hz and 80 Hz with a frequency margin taken into consideration.
[0108] As described above, the inverse FFT processing derives the impulse response as the transfer function. How-
ever, to cope with an inconvenience that the frequency interval of the selected identification signal is different between
those of the predetermined frequency band and of the other frequency bands, an interpolation of each frequency
component of the identification signal is carried out before the inverse FFT processing so that the interval of the fre-
quency components is set to be constant.
[0109] Specifically, for the frequency components in the other frequency bands, an average value of each mutually
adjacent frequency component is derived and the derived average value is the frequency component placed between
these two mutually adjacent frequency components.
[0110] Next, the operation of the actively vibration reducing control apparatus in the first embodiment will be described
below.
[0111] When the engine shake occurs, the active engine mount 1 functions as a supporting device having the high
dynamic spring constant and the high damping force since the flow passage formation of the orifice 5a has properly
been selected.
[0112] Hence, the engine shake developed on the vehicular engine 30 is damped by means of the active engine
mount 1 and the vibration level on the vehicle body side 35 is accordingly reduced.
[0113] It is not necessary to displace positively the movable plate 12 against the engine shake.
[0114] In details, when the engine shake occurs, a flow passage shape of the orifice 5b is properly selected.
[0115] As the result of this, the active engine mount 1 shown in Figs. 1A and 2 functions as a supporting device
having the high dynamic spring constant and the high damping force since the flow passage function of the orifice 5a
has properly been selected.
[0116] Hence, the engine shake developed on the vehicular engine 30 is damped by means of the active engine
mount 1 and the vibration level on the vehicle body side 35 is accordingly reduced.
[0117] It is not necessary to displace positively the movable plate 12 against the engine shake.
[0118] In a case where the vibration having the frequency equal to or higher than the engine idling vibration frequency
such that the fluid within the orifice 5a becomes sticky and it becomes possible for the communication of the fluid
between the fluid chamber 15 and the sub fluid chamber 16 is inputted, the controller 25 executes a predetermined
arithmetic and/or logic operation and outputs the drive signal y to the electromagnetic actuator 10, and develops the
active supporting force capable of reducing the vibration on the active engine mount 1.
[0119] The above-described predetermined arithmetic and/or logic operation executed in the controller 25 during the
input of the engine idling vibration or of the enclosed sound vibration will be described with reference to Fig. 3.
[0120] Fig. 3 shows a flowchart of the vibration reduction control executed in the controller 25 shown in Fig. 1A.
[0121] It is noted that the enclosed sound vibration means a kind of vibration such that the engine 30 is revolved
from a low speed toward a high speed during the vehicle started to run and the engine vibration is sounded on a
vehicular compartment.
[0122] At a first step 101, the CPU of the controller 25 is cleared to zero a counter i.
[0123] Thereafter, the routine goes to a step 104 in which a filter coefficient Wi of the i-th number in the adaptive
digital filter W is outputted as the drive signal.
[0124] At a step 104, the CPU of the controller 25 outputs the drive signal y.
[0125] At a step 105, the CPU of the controller 25 reads the residual vibration signal e.
[0126] At a step 106, another counter j is cleared to zero and the routine goes to a step 107. The filter coefficient Wj
of the j-th number in the adaptive digital filter W is updated in accordance with the equation (1).
[0127] Upon the completion of the updating processing at the step 107, the routine goes to a step 108 in which the
CPU of the controller 25 determines whether the subsequent reference signal x is inputted. If no subsequent reference
signal x is inputted, the routine goes to a step 109 in order to execute an updating of the subsequent filter coefficient
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of the adaptive digital filter or to execute the output processing of the drive signal y.
[0128] At a step 109, the CPU of the controller 25 determines whether the counter j has reached to the number of
times Ty (Accurately, a value of the output number of times Ty subtracted by one in order to start the counter j from
zero (j > Ty -1). This determination is based on whether the filter coefficients Wi of the adaptive digital filter W is
outputted as the drive signal y. If No at the step 109, the routine goes to a step 110 in which the counter j is incremented
(j = j + 1) and, thereafter, the routine returns to the step 107 in which the above-described processing is repeated.
[0129] However, if " Yes " at the step 109, the routine goes to a step 112 in which the counter i (More particularly, a
value of the counter i added by one in order to start the counter i from zero) is started at the latest output number of
times Ty. Then, the routine returns to the step 102 in which the above-described processing is repeated and executed.
[0130] After the processing of Fig. 3 is repeatedly executed. The filter coefficients Wi of the adaptive digital filter are
sequentially supplied to the electromagnetic actuator 10 as the drive signal y at the interval of the sampling clock from
a time point at which the reference signal x is inputted.
[0131] As a result of this, although the magnetic force according to the drive signal y is developed on the excitation
coil 10B, a constant magnetic force is given from the permanent magnet 10C to the magnetic path member 12 so that
the magnetic force by means of the excitation coil 10B may be acted upon the magnetic force on the permanent magnet
10C. When no drive signal y is supplied to the excitation coil 10B, the magnetic path member 12 is displaced at a
neutral position at which the supporting force by means of the spring force 11 is balanced to the magnetic force of the
permanent magnet 10C. In this neutral state, when the drive signal y is supplied to the excitation coil 10B, the magnetic
force developed on the excitation coil 10B is opposite to the magnetic force of the permanent magnet 10C. At this time,
the magnetic path member 12 is displaced in the direction such that the clearance against the electromagnetic actuator
10 is incremented. On the contrary, if the direction of the magnetic force developed on the excitation coil 10B is the
same as that of the magnetic force of the permanent magnet 10C, the magnetic path member 12 is displaced in a
direction such that the clearance against the electromagnetic actuator 10 is decreased.
[0132] Since the magnetic path member 12 is displaceable in both normal and reverse directions, the volume of the
main fluid chamber 15 is varied if the magnetic path member 12 is displaced. Since the vibration in the volume causes
an expansion spring of the supporting elastic body 6 due to its volume variation to the varied, the active supporting
force in both of the normal and reverse directions is developed on the active engine mount 1.
[0133] Each filter coefficient Wi of the adaptive digital filter W which serves as the drive signal y is sequentially
updated using the above equation (1) in accordance with the synchronous-type Filtered-X LMS algorithm. Hence, after
each filter coefficient Wi of the adaptive digital filter W is converged into an optimum value upon an elapse of a certain
period of time, the drive signal y is supplied to the active engine mount 1. Consequently, the idling vibration and/or
enclosed sound vibration transmitted from the engine 30 toward the active engine mount 1 can be reduced.
[0134] The operation of the vibration reduction processing to be executed during the vehicular running condition has
been described with reference to Fig. 3.
[0135] On the other hand, the identification process before the vehicle is under shipment when the operator turns
the identification process start switch 28 to ON.
[0136] That is to say, when the identification process of the transfer function C is started, the CPU 25A of the controller
25 sets, at a step 201, the frequency fo of the identification signal to the minimum value fmin (in this embodiment, 10
Hz) from among the frequency band (fmin through fmax) in which the vibration reduction control is executed which is
required to execute the identification processing.
[0137] Thus, the routine goes to a step 202 in which the sinusoidal wave with the frequency of fo is supplied to the
active engine mount 1 as the identification signal.
[0138] At this time, the electromagnetic actuator 10 within the active engine mount 1 is driven by means of the
identification signal to develop the identification vibration so that the identification vibration is transmitted to the weight
sensor 22 via each member.
[0139] At a step 203, the CPU of the controller 25 reads the residual vibration signal e.
[0140] At a step 204, the CPU of the controller 25 determines whether sufficient numbers of residual vibration signals
e have been read (e+).
[0141] It is noted that a value set as the sufficient numbers of the residual vibration signals may be equal to or above
a quotient of a time required for the impulse response to be sufficiently damped divided by a sampling clock since the
transfer function C can be derived as the impulse response.
[0142] However, it is desirable for the read numbers of the residual vibration signals e to be set to a power of 2 (2n,
n = arbitrary integer) since the FFT calculation is carried out after a time series residual vibration signal e is read.
[0143] In addition, it is desirable for the value set as the sufficient numbers of the residual vibration signals e to be
a minimum value from among the numerical values of the power of 2 exceeding the quotient of the time required for
the impulse response to be sufficiently damped divided by the sampling clock since, if extremely large numbers of the
residual vibration signals e were read, the time required to read this extremely large number of the residual vibration
signals e would become long and the time required for the FFT calculation becomes long.
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[0144] For example, if the sampling clock has a period of 2 milliseconds and the time required for the impulse re-
sponse to be sufficiently damped is 0.2 seconds, 0.2 (seconds)/2 (milliseconds) = 100.
[0145] Hence, the set value at the step 204 is 128.
[0146] Referring back of the step 224 of Fig. 4, if the determination at the step 204 is " NO ", the routine returns to
the step 202 to repeat the output processing of the identification signal at the step 202 and the read processing of the
residual vibration signal e (step 203) is repeated.
[0147] If " YES " at the step 204, the routine goes to a step 205.
[0148] At the step 205, the CPU of the controller 25 determines whether the present frequency fo falls in a range,
the range being equal to or above the minimum value fL of the predetermined frequency band and being below the
maximum value fU (fL % fo < fu).
[0149] If the determination at the step 205 is " NO ", the routine goes to a step 206 in which an increment ∆f is added
to the present frequency fo (fo = fo + ∆f) so as to derive a new frequency fo.
[0150] On the other hand, if the determination of the step 205 is " YES ", the routine goes to a step 207 in which the
half (∆f/2) of the increment ∆f is added to the present frequency fo to calculate the new frequency fo.
[0151] Next, at a step 208, the CPU of the controller 25 determines whether the new frequency fo exceeds the
maximum value fmax of the frequency used to carry out the identification processing.
[0152] If " NO " at the step 208, the routine returns to the step 202 to repeat the same processes.
[0153] Hence, the series of processing from the step 202 to the step 207 is executed until the determination at the
step 208 gives " YES ".
[0154] In details, the series of processes at the steps 202 and 203 are executed for the frequency fo varying by the
increment ∆f or by the half of the increment ∆f (∆f/2) in the range from fmin to fmax.
[0155] If the step 208 indicates " YES ", the redidual vibration signal e stored as the time series data at the process
of the step 203 has the same number as kinds of the frequency fo.
[0156] If the determination of the step 208 is " YES ", the routine goes to a step 209 in which the FFT calculation is
made for the respective time series data on the residual vibration signal e stored for each frequency fo to extract
frequency components from the respective time series data.
[0157] It is, however, noted that the required frequency component is not the frequency components of all frequencies
for each time series data but only the components corresponding to the frequency of the original sinusoidal wave
determined according to the corresponding frequency fo.
[0158] Hence, at the step 209, a strict FFT calculation to each time series data is not carried out but the calculation
sufficient to derive the frequency component of the frequency fo corresponding to each time series may be carried out.
[0159] Then, at a step 210, the CPU of the controller 25 executes an interpolation calculation based on the respective
frequency components derived at step 209 so as to make the frequency intervals between each frequency component
uniform.
[0160] Specifically, a selection interval when the frequency fo of the identification signal falls within the predetermined
frequency band fL through fU is ∆f/2 and the selection interval when the frequency fo falls within the other frequency
band is ∆f.
[0161] Hence, an average value of the mutually adjacent two frequency components is calculated from among the
respective frequency components derived for the frequency band in which the selection interval is ∆f and the average
value is the frequency component between these two frequency components.
[0162] Then, the routine goes to a step 211 in which the CPU of the controller 25 calculates an inverse FFT for each
frequency component whose frequency interval becomes uniform through the interpolation. While the inverse FFT
calculation causes each frequency component to be converted into the impulse response on a time axis.
[0163] At a step 212, the CPU of the controller 25 stores the impulse response derived at the step 211 as a new
transfer function filter C^.
[0164] Upon the completion of the storage of the transfer function filter C^, the identification processing of the present
transfer function C shown in Fig. 4 is ended.
[0165] In the first embodiment, the transfer function C is identified at an arbitrary timing after the active engine mount
1 and the controller 25 have actually been mounted and the transfer function filter C- is substituted by the identified
transfer function C.
[0166] Hence, as compared with a case where the transfer function C derived in an experimental room is applied to
all vehicles, the transfer function filter C^ having a high accuracy can be used for the vibration reduction control and
the identification of the transfer function C for each regular check can cope with a variation in the vibration transmission
system due to an aging effect on each assembly part. Thus, a preferable vibration reduction control can be achieved.
[0167] Although the transfer function C can be achieved even when the identification signal, for example, of the white
noise is developed, the output of the identification vibration is dispersed over a wide frequency band as denoted by a
broken line of Fig. 6 when the white noise signal is supplied to the electromagnetic actuator 10 to generate the iden-
tification vibration.
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[0168] Therefore, to obtain the transfer function with high accuracy, an adaptive calculation based on the identification
vibration developed from the white noise signal needs to be carried out over a relatively long time.
[0169] In the first embodiment using the identification signal generated on the basis of the sinusoidal wave, the output
of the identification vibration is concentrated over a particular frequency as denoted by a solid line of Fig. 5.
[0170] Consequently, the whole calculation time duration becomes not only be shortened for each individual fre-
quency but becomes shortened as compared with the case where the identification using the white noise is carried out.
[0171] Consequently, the identification of the transfer function C can be made in a relatively short period of time even
in a case where the controller 25 with a relatively low calculation capability and the calculation period is used.
[0172] Hence, even in a case where the identification process of the transfer function C is carried out with the iden-
tification process start switch 28 operated in the last process of the manufacturing line, a large influence of the identi-
fication process is given on the manufacturing line speed is not given. Even when the identification process start switch
28 is operated for each regular check at the car sales dealer to carry out the identification process of the white noise
signal, a large augument in the operation time can be avoided.
[0173] In the first embodiment, since the frequency of the sinusoidal waveform as the identification signal during the
identification process of the transfer function C is selected with a wide interval (∆f) in the other frequency band than
the predetermined frequency band, the identification of the transfer function C can be carried out with the high accuracy,
the increase in the calculation band suppressed at minimum.
[0174] In details, as shown by a gain characteristic of Fig. 6A, minute resonance peaks appear on the actual transfer
function of the vibration transmission system in the first embodiment between 20 Hz and 80 Hz. However, since the
frequency of the identification signal is selected with the fine interval (∆f/2) in the frequency band (20 through 80 Hz),
the transfer function C can be represented with the high accuracy in the transfer function filter C^.
[0175] In addition, the frequency of the identification signal is selected with the wide interval (∆f) and the frequency
components between each wide interval (∆f) is derived through the interpolation calculation (white marks in Fig. 6A
denote respective frequency components actually measured using the identification signal and black marks in Fig. 6A
denote the frequency components estimated by means of the interpolation).
[0176] However, since the minute resonance peaks doe not appear on the other frequency band, the transfer function
can highly accurately be represented even when the frequency components are included partially in those derived
through the interpolation calculation.
[0177] On the other hand, as shown by the gain characteristic of Fig. 6B, the selection interval of the frequency of
the identification signal is fixed to ∆f.
[0178] In this case, it is not possible to represent with the high accuracy the actual transfer function by the transfer
function filter C^. On the contrary, if the interval ∆f itself becomes finer, the load on the identification process is remark-
ably increased and the time to carry out the identification processes in the short period of time cannot be achieved.
[0179] Since the interpolation is carried out before the inverse FFT process is executed so that the interval of each
frequency component can be made uniform, the FFT processing can be carried out without a special trouble to derive
the transfer function filter C^.

Second Embodiment

[0180] Figs. 7 through 10 show a second preferred embodiment of the actively vibration reducing control apparatus
according to the present invention.
[0181] Fig. 7 shows a flowchart representing the concept of the identification process executed by the controller 25
in the same way as Fig. 4 described in the first embodiment. The other structure of the actively vibration reducing
control apparatus in the second embodiment is the same as that described in the first embodiment.
[0182] In details, in the second embodiment, when the determination that fo > fmax (YES) is made at the step 208,
the routine goes to a step (step 301) at which a phase delay is provided for each time series of the residual vibration
signals e derived at the data processing and to a step (step 302) at which an amplitude of each time series of the phase
delay provided in the residual vibration signals e.
[0183] The phase lag (delay) processing at the step 301 is a processing such that the phase lag corresponding to
the half time (To/2) of the period To of the sampling clock is provided for each time series of the residual vibration
signals e achieved through the data read processing.
[0184] Specifically, to which degree of phase of the frequency of each identification signal corresponding to one of
respective time series of the residual vibration signals e the time (To/2) corresponds is derived or previously derived.
[0185] Thereafter, the sets of time series of the residual vibration signal e are processed by means of the filter having
the characteristic such as to provide the delay corresponding to the phase so that the phase delay corresponding to
the time (To/2) is provided for each time series.
[0186] It is noted that, in the vibration reduction processing shown in Fig. 3 and executed in synchronization with the
sampling clock, the drive signal y is actually constituted by rectangular waveform continued signals, each having a
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time width of To which corresponds to the period of the sampling clock as shown in Fig. 8A.
[0187] It is desirable that the impulse response between the active engine mount 1 as the control vibration source
and the weight sensor 22 as the residual vibration detector is the response when the rectangular wave having the width
of the period of To is deemed to be an impulse.
[0188] Fig. 8B shows a waveform of the response to the impulse as described above.
[0189] On the other hand, the waveform of the response to a theoretical impulse is shown in Fig. 8C since the
theoretical impulse is such a pulse having no time width as denoted by P in Fig. 8A.
[0190] With the phase characteristics between the waveform shown in Fig. 8B and that shown in Fig. 8C taken into
consideration, a phase advance (phase lead) corresponding to the time (To/2) with respect to the waveform of Fig. 8B
is provided for the waveform shown in Fig. 8C.
[0191] In other words, the waveform shown in Fig. 8B corresponding to the transfer function filter C^ which is pref-
erable to the vibration reduction control has the phase lag (phase delay) corresponding to the time (To/2) with respect
to the waveform shown in Fig. 8C corresponding to the transfer function measured using the sinusoidal wave as the
identification signal.
[0192] Since such a phase lag as described above indicates a constant value in a time domain, the phase lag tends
to become gradually increased as the frequency of the identification signal becomes higher.
[0193] Therefore, such a phase lag as shown in Fig. 9 is provided at the step 301 for each time series of the residual
vibration signal e according to the frequency of the corresponding identification signal.
[0194] Consequently, the phase lag for each frequency is provided to the impulse response derived according to the
inverse FFT processing at the step 211 and the accuracy of the phase characteristic of the transfer function C^ can
be improved.
[0195] On the other hand, the amplitude correction processing at the step 302 of Fig. 7 is a processing such that the
amplitude of each time series of the residual vibration signal e for which the phase lag is provided at the step 301 is
reduced so that as the frequency of the corresponding identification signal becomes high, a reduction width becomes
wide.
[0196] That is to say, the phase difference shown in Figs. 8B and 8C is present between the transfer function filter
C^ preferable to the vibration reduction control and the transfer function measured using the sinusoidal wave as the
identification signal.
[0197] In addition, in the gain characteristic between both waveforms shown in Figs. 8B and 8C, the difference
according to the period To (width of the rectangular wave) of the sampling clock is present.
[0198] Specifically, the gain characteristic of the transfer function filter C^ preferable to the vibration reduction control
with respect to that of the transfer function measured using the sinusoidal wave as the identification signal is such that
the reduction width becomes large as the frequency becomes high as shown in Fig. 10.
[0199] The gain characteristic as shown in Fig. 10 is determined on the basis of the period To of the sampling clock
and can previously be derived through a simulation.
[0200] The gain characteristic is corrected in a tendency as shown in Fig. 10 according to the frequency of the
corresponding identification signal at the step 302 for each time series of the residual vibration signal e which the phase
lag is provided at the step 301.
[0201] Consequently, the gain characteristic of the impulse response achieved by the inverse FFT processing at the
step 211 is corrected for each frequency and the accuracy of the transfer function filter C^ can be improved.
[0202] As described above, in the second embodiment, since both of the phase characteristic and gain characteristic
of the transfer function filter C^ can be more highly accurate, the more preferable vibration reduction control can be
achieved.

Third Embodiment

[0203] Figs. 11 and 12 show a third preferred embodiment of the actively vibration reducing control apparatus.
[0204] Fig. 11 shows a flowchart indicating a part of the identification processing of the transfer function.
[0205] The other steps than those shown in Fig. 11 are the same as those shown in Fig. 4.
[0206] The other structure is the same as that described in the first embodiment.
[0207] In the third embodiment, the predetermined phase delay (lag) is provided at a step 401 for each frequency
component as the result of the FFT processing at the step 209 without execution of the phase delay processing and
amplitude adjustment processing for each time series of the residual vibration signal e as described in the second
embodiment.
[0208] At a step 402, the level of each frequency component is reduced so that the amplitude for each frequency
component of the transfer function is adjusted.
[0209] In other words, the calculation to give the phase lag θ to a real part A and imaginary part B of the frequency
component for each frequency derived through the FFT processing at the step 209 is as follows:
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[0210] The real part A and the imaginary part B of each frequency component is converted into the real part A' and
the imaginary part B', for example. as shown in Fig. 12.
[0211] The phase delay θ can be derived through a look-up technique with reference to a table, for example, shown
in Fig. 9 in the same way as the second embodiment.
[0212] Consequently, the accuracy of the phase characteristic of the transfer function filter C^ can be improved.
[0213] The level of each frequency component for which the phase characteristic is provided at the step 401 is
reduced by referring to a table such as shown in Fig. 10 at a step 402 of Fig. 11.
[0214] Consequently, the gain characteristic of the impulse response achieved through the inverse FFT processing
at the step 211 is corrected for each frequency and the accuracy of the gain characteristic of the transfer function filter
C^ can be improved.
[0215] The same result and advantage as those described in the second embodiment can be achieved in the third
embodiment.

Fourth Embodiment

[0216] Figs. 13, 14A, and 14B show a fourth preferred embodiment of the actively vibration reducing control apparatus
according to the present invention.
[0217] Fig. 13 shows a part of a flowchart representing the identification processing executed in the case of the fourth
embodiment.
[0218] The other structure of the fourth embodiment is the same as that described in the first embodiment.
[0219] That is to say, in the fourth embodiment, the impulse response derived through the inverse FFT processing
at the step 210 (transfer function filter C^) is delayed by a half tap (To/2) at a step 501 to derive the transfer function
filter C^'.
[0220] This is different from the technique described in each of the second and third embodiments.
[0221] The new transfer function filter C-' is used as the transfer function filter C- of the vibration reduction control.
[0222] Specifically, the routine goes from the step 210 to the step 501 in which the transfer function filter C- is delayed
by the half tap on the basis of the following equation to calculate the new transfer function C^'.

[0223] In details, the transfer function filter C^ as shown in Fig. 14A us delayed by the half tap to provide the transfer
function filter C^' as shown in Fig. 14B. Then, the transfer function filter C^' as shown in Fig. 14B is substituted by the
transfer function filter C^ for the vibration reduction control at the step 212.
[0224] Since, in the fourth embodiment, the phase delay (lag) for each frequency component is not provided as is
different from the case of each of the second and third embodiments, the accuracy becomes lowered to some degree
but the phase characteristic of the transfer function becomes sufficiently high as compared with the case where no
phase delay is provided.
[0225] In addition, since the calculation becomes easy as compared with the provision of the phase delay for each
frequency component, the increase in the calculation load of the controller 25 can be suppressed.

Fifth Embodiment

[0226] Figs. 15 and 16 show a fifth preferred embodiment of the actively vibration reducing apparatus according to
the present invention.
[0227] Fig. 15 shows a flowchart indicating a part of the identification processing executed in the fifth embodiment.
[0228] Figs. 16A and 16B show waveform charts indicating the identification signal outputted from the controller 25
during the execution of the identification process, Fig. 16A being an example of the identification signal having a rel-
atively low frequency and Fig. 16B being an example of the identification signal having the relatively high frequency.

C^'0 = 0 ; and

C^'i = (C^(i - 1) + C^i)/2.
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The other structure in the fifth embodiment is the same as that in the first embodiment.
[0229] In details, in place of the technique used in each of the second, third, and fourth preferred embodiments, the
phase and amplitude of the identification signal are properly selected so that the phase characteristic and the gain
characteristic of the impulse response as the finally derived transfer function are made so as to have high accuracies
in the same way as described in the second embodiment.
[0230] Specifically, as shown in Fig. 15, the routine goes from the step 201 to the step 601.
[0231] The phase delay θo is read by referring to the table, for example, as shown in Fig. 9 on the basis of the present
frequency fo of the identification signal and the amplitude Ao is read by referring to the table. for example, as shown
in Fig. 10.
[0232] Then, the routine goes to a step 602 to output the identification signal in a sinusoidal waveform having the
frequency fo, the phase (-θo), and the amplitude Ao.
[0233] Then, the routine goes to the step 203 to read the residual vibration signal e. The processings of the steps
602 and 203 are repeated until the determination at the step 204 gives " YES ".
[0234] If the determination at the step 208 is " NO ", the routine returns to the step 601 and the above-described
processing is repeatedly executed in accordance with the new frequency fo.
[0235] When such a processing as described above is executed, the identification signal is provided with the phase
delay (lag) corresponding to the time width (To/2).
[0236] In other words, since, for example, as shown in Figs. 16A and 16B, the phase delay corresponding to the
time width (To/2) is provided for the whole identification signal, the phase delay is included in the transfer function as
a part of the characteristics of the vibration transmission system.
[0237] As a result of this, the accuracy of the phase characteristic of the transfer function filter C^ can be improved
in the same way as the second embodiment.
[0238] In addition, since, at the step 601, the amplitude Ao is set for each frequency fo so that as the frequency
becomes high, as shown in Fig. 10, the amplitude becomes small, the difference in amplitude Ao for each frequency
is included in the transfer function as a part of the characteristic of the vibration transmission system. The accuracy of
the gain characteristic of the transfer function filter C^ can be improved.
[0239] The same result and advantage in the fifth embodiment as those described in the second embodiment can
be achieved.
[0240] In addition, in the fifth embodiment, since the phase and amplitude of the identification signal are adjusted,
the calculation processing is not increased as in each embodiment of the second and third embodiments and the
calculation load on the controller 25 can be relieved.

Sixth Embodiment

[0241] Figs. 17 through 18B show a sixth preferred embodiment of the actively vibration reducing apparatus accord-
ing to the present invention.
[0242] Fig. 17 shows a flowchart of a part of the identification process of the transfer function.
[0243] The other structure of the sixth embodiment is the same as that in the first embodiment.
[0244] That is to say, since, in the sixth embodiment, the CPU of the controller 25 reads the residual vibration signal
e in synchronization with the sampling clock furthermore finer than the sampling clock used for the vibration reduction
control so as to derive the impulse response (transfer function filter C^) which is a discrete signal having an interval
between each signal component shorter than the period To.
[0245] Specifically, the process at each step 202 and 203 is executed at any one of 1/n interval (n denotes an arbitrary
integer equal to 2 or more) of the period To to generate the time series of the residual vibration signal e at the interval
of (To/n).
[0246] Then, if the generated time series is used to execute the processes of the steps 209 and 211.
[0247] Thus, the discrete impulse response at the interval of To/n is once derived.
[0248] If the impulse response is derived, the routine of Fig. 17 goes to a step 701 in which each numerical value of
the discrete impulse response at the interval of To/n is retrieved sequentially by an n number from a head and is
averaged.
[0249] In details, at the step 701, each numerical value of the impulse response derived at the step 211 is averaged
for each period To to generate a new time series.
[0250] Then, the routine goes to a step 702 in which the CPU of the controller 25 shifts the new time series derived
at the step 701 backward on the time axis one by one and the new time series in which 0 is added to its head is the
impulse response as a finally achieved transfer function.
[0251] Then, the routine of Fig. 17 goes to the step 212 in which the impulse response as the final transfer function
is substituted into the transfer function filter C^ used for the vibration reduction control.
[0252] Figs. 18A and 18B show waveforms, each indicating one example of the operation result in the sixth embod-
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iment.
[0253] Figs. 18A shows the impulse response (an impulse response at an excessive sampling) derived at the step
211 of Fig. 17 when n = 4. Then, at the step 701, the average value to the excessively sampled impulse response is
derived for each period To and each average value corresponds to a value which is just an intermediate value within
the corresponding one period To.
[0254] Fig. 18B shows the impulse response as each time series derived at the step 701 and in which 0 is added to
its head.
[0255] When each time series derived at the step 701 is shifted one by one backward on the time axis, each numerical
value of the corresponding one time series gives the intermediate value within the period To.
[0256] Consequently, each time series becomes equivalent to the impulse response for which the phase lag (delay)
corresponding to the time width (To/2).
[0257] Hence, the accuracy of the phase characteristic of the transfer function C^ can be improved.

Other Considerations

[0258] The actively vibration reducing control apparatus is applicable not only to the automotive vehicle as described
in each embodiment but also to another actively vibration reducing control apparatus which actively reduces the vibra-
tion developed from and transmitted from a vibration source other than the engine 30 shown in Fig. 1A.
[0259] For example, the present invention is applicable to an apparatus for actively reducing the vibration developed
from a machine tool and transmitted toward a floor or an inside of a factory compartment on which the machine tool
is installed.
[0260] Although the synchronous type Filtered-X LMS algorithm is applied to each embodiment as the control algo-
rithm to generate the drive signal y, the applicable algorithm may be, for example, a normal type Piltered-X LMS algo-
rithm.
[0261] It is noted that the numerical value of each of the minimum value fmin, the maximum value fmax, the minimum
value fL, and the maximum value fU is only an example and is properly set according to the characteristic of the controlled
object to which the present invention is applicable.
[0262] Furthermore, the tables shown in Figs. 9 and 10 are only the examples. The table shown in Fig. 9 and rep-
resenting the phase delay (lag) may properly be set according to the period To of the sampling clock for the vibration
reduction control and the table shown in Fig. 10 and representing the gain characteristic may properly be set according
to the period To of the sampling clock and the characteristic of the vibration transmission system.
[0263] A theoretical concept on the processes at the steps 301 and 302 in the second embodiment and on the
processes at the steps 401 and 402 in the third embodiment will be described below in details with reference to Figs.
19A, 19B, and 20.
[0264] That is to say, an inverse Fourier transform of a frequency response is the impulse response.
[0265] The response to a pulse-shaped input having a width of the period To of the sampling clock is actually required
as the transfer function filter C^.
[0266] A Laplace transform of the impulse response is resulted in 1.
[0267] On the other hand, a signal f(t) in the pulse shape having the width a as shown in Fig. 19 an be expressed
as a sum of two steps functions f1(t) and f2(t) as shown in Fig. 19B. That is to say, f(t) = f1(t) + f2(t).
[0268] Hence, the Laplace transform of f(t) is expressed as: F(s) = 1/s - 1/s e-as --- (2)', wherein s denotes a Laplace
transform operator and s = jω.
[0269] When the frequency characteristic is derived when jω is substituted into s in the equation (2)',

[0270] The gain thereof is

[0271] The phase delay (lag) is

F(jω) = - {sin(aω) + j(1 - cos(aω))}/ω (2)".

|F(jω)| = {2(1 - cos(aω))}1/2/ω (3).

∠F(jω) = (1 - cos(aω))/sin(aω) (4).
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[0272] The signal f(t) in the pulse shape having the width of a has the relations of the equations (3) and (4) with
respect to a true impulse signal.
[0273] Hence, the similar relations (the case where the comparison is made in terms of the frequency characteristic)
are present between the response waveform to the signal f(t) in the pulse shape having the width a and the response
waveform to the true impulse signal.
[0274] Hence, the corrections of the equations (3) and (4) are made to the impulse response so that the impulse
response can be transferred into the response to the pulse-shaped signal.
[0275] The gain characteristic of the equation (3) is the characteristic shown in Fig. 20 and is divided by a so as to
give a low-frequency gain to 1: {2(1-cos(aω))}1/2/a ω --- (3)'.
[0276] The phase lag (delay) of the equation (4) gives a time delay of a/2.
[0277] As described above, the method of correcting the gain characteristic is, specifically, such as to make the
amplitude correction for the sinusoidal wave as the identification signal in accordance with the equation (3)', such as
to make the amplitude correction for the process before the Fourier transform at the step 302 in accordance with the
equation (3)', or such as to make the correction for multiplying the process after the Fourier transform at the step 402.

Claims

1. An adaptive control apparatus comprising:

a control vibration source (1) which is enabled to develop a control vibration to be interfered against a vibration
developed by a vibration source (30);
a reference signal generator (26) for detecting a vibration condition of the vibration source (30) and outputting
a vibration condition indicative signal as a reference signal (x);
a residual vibration detector (22) for detecting a residual vibration after the interference of the control vibration
against the vibration developed by the vibration source (30) and for outputting a residual vibration signal (e)
an active vibration controller (25) for driving the control vibration source (1) so as to reduce the vibration
developed by the vibration source (30), using a control algorithm including a transfer function between the
control vibration source (1) and the residual vibration detector (22) on the basis of the reference signal (x) and
the residual vibration signal (e);
an identification signal supplier (202) for supplying a plurality of identification signals, in the form of sinusoidal
waveforms, to the control vibration source (1);
a response signal reader (203) for reading the residual vibration signal (e) when a control vibration corre-
sponding to each of the plurality of identification signals supplied by the identification signal supplier is devel-
oped by the control vibration source (1) in synchronization with a sampling clock;
a transfer function identifier (209,211) for identifying the transfer function on the basis of the residual vibration
signal (e) read by the response signal reader; and
a frequency selectore (201,205-208) for selecting one by one the frequencies of the respective plurality of
sinusoidal identification signals supplied by the identification signal supplier, so that a frequency interval be-
tween mutually adjacent selected frequencies in a particular frequency band (fL-fU) is shorter than that in any
other frequency band.

2. An adaptive control apparatus as claimed in claim 1, wherein the particular frequency band is a frequency band
in which a resonance phenomenon continuously appears on a controlled object including the vibration source (30).

3. An adaptive control apparatus as claimed in claim 1, wherein the transfer function identifier includes: a Fourier
transform calculator (209) for performing a Fourier transform for the residual vibration signal (e) read by the re-
sponse signal reader (203) to derive frequency components corresponding to the frequencies of the respective
plurality of sinusoidal identification signals; an interpolation calculator (210) for performing an interpolation based
on the respective frequency components so that the frequency intervals of the respective frequency components
derived by the Fourier transform calculator (209) become uniform; and an inverse Fourier transform calculator
(211) for performing an inverse Fourier transform for a synthesized frequency component for the respective fre-
quency interval uniformed frequency components from the interpolation calculator (210) to derive an impulse re-
sponse as the transfer function.

4. An adaptive control apparatus as claimed in claim 1, which further comprises a phase lag providing block (301;
401;501) for providing a phase lag corresponding to a time width half a period of the sampling clock for the transfer
function to be derived by the transfer function identifier (209,211).
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5. An adaptive control apparatus as claimed in claim 4, wherein the phase lag providing blocks (301;401;501) delays
the residual vibration signal (e) read by the response signal reader (203) by a half period (To/2) of the sampling
clock so as to provide the phase lag for the transfer function.

6. An adaptive control apparatus as claimed in claim 4, wherein the transfer function identifier comprises: a Fourier
transform calculator (209) for performing a Fourier transform for the residual vibration signal (e) read by the re-
sponse signal reader (203) to derive frequency components corresponding to the frequencies of the respective
plurality of sinusoidal identification signals; and an inverse Fourier transform calculator (211) for performing an
inverse Fourier transform for a synthesized frequency component of the respective frequency components derived
by the Fourier transform calculator (209); and wherein the phase lag providing block (301;401;501) provides the
phase lag for a calculation result of the Fourier transform calculator (209).

7. An adaptive control apparatus as claimed in claim 4, wherein the transfer function identifier (209,211) derives a
discrete impulse response quantitized at the period of the sampling clock and the phase lag providing block (301;
401;501) delays the discrete impulse response by a half tap so as to provide the phase lag for the transfer function.

8. An adaptive control apparatus as claimed in claim 1, which further comprises a phase lag providing block (301;
401;501) for previously providing a phase lag corresponding to a time width half a period of the sampling clock for
the respective plurality of sinusoidal identification signals.

9. An adaptive control apparatus as claimed in claim 1, wherein the transfer function identifier (209,211) derives once
the impulse response in a discrete form quantitized by a predetermined time interval which is shorter than a period
of the sampling clock, averages each numerical value of the impulse response in the discrete form for each period
of the sampling clock to generate a time series of the impulse response, and derives the time series of the impulse
response in which zero is added to a head thereof as a finally derived impulse response.

10. An adaptive control apparatus as claimed in claim 9, wherein the predetermined time interval is a time width cor-
responding to 1/n (n denoting an arbitrary integer equal to 2 or more) the period of the sampling clock.

11. An adaptive control apparatus as claimed in claim 1, which further comprises a gain characteristic corrector (302;
402) for correcting a gain characteristic of the transfer function to be derived by the transfer function identifier
(209,211) on the basis of a period of the sampling clock.

12. An adaptive control apparatus as claimed in claim 11, wherein the gain characteristic corrector (402) reduces an
amplitude of the residual vibration signal (e) read by the response signal reader (203) in such a way that as the
frequency of each sinusoidal identification signal becomes high, a reduction width for the amplitude of the residual
vibration signal becomes wide.

13. An adaptive control apparatus as claimed in claim 11, wherein the transfer function identifier comprises: a Fourier
transform calculator (209) for performing a Fourier transform for the residual vibration signal (e) read by the re-
sponse signal reader (203) to derive frequency components corresponding to the frequencies of the respective
plurality of sinusoidal identification signals; and an inverse Fourier transform calculator (211) for performing an
inverse Fourier transform for a synthesized frequency component of the respective frequency components derived
by the Fourier transform calculator (209); and wherein the gain characteristic corrector (402) reduces a calculation
width of the Fourier transform calculator in such a way that as the frequency of each sinusoidal identification signal
becomes high, a reduction width for the calculation result of the Fourier transform calculator becomes wide.

14. An adaptive control apparatus as claimed in claim 4, which further comprises a gain characteristic corrector (601)
for correcting a gain characteristic of the transfer function to be derived by the transfer function identifier (209,211)
on the basis of the period of the sampling clock.

15. An adaptive control apparatus as claimed in claim 1, which further comprises an amplitude corrector for correcting
an amplitude of each sinusoidal identification signal on the basis of a period of the sampling clock.

16. An adaptive control apparatus as claimed in claim 15, wherein the amplitude of each sinusoidal identification signal
becomes small as the frequency of each identification signal becomes high.

17. An adaptive control apparatus as claimed in claim 6, wherein the phase lag providing block provides the phase
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lag (θ) for a real part (A) and an imaginary part (B) of the frequency component for each frequency of the sinusoidal
identification signals derived by the Fourier transform calculator in the following matrix:

and wherein the phase lag (θ) becomes large as the frequency becomes high

18. An adaptive control apparatus as claimed in claim 1, wherein the vibration source is a vehicular engine (30), the
identification signal supplier supplies each of the plurality of sinusoidal identification signals to the control vibration
source when a switch is turned on, the control vibration source comprises an active engine mount (1), the particular
frequency band ranges from a minimum limit fU, e.g. 20 Hz, to a maximum limit fL, e.g. 80 Hz, the frequency (fo)
of each sinusoidal identification signal being increased from a minimum value fmin, e.g. 10 Hz, to fL by a prede-
termined increment (∆f), being increased from fL to fU by a half of the predetermined increment (∆f/2), and being
increased from above fU to a maximum value fmax, e.g. 150 Hz, by the predetermined increment (∆f), and the
identified transfer function C is substituted into a transfer function filter (C^) for the vibration reduction control
purpose.

19. A method for actively controlling the reduction of a vibration developed and transmitted by a vibration source,
comprising the steps of:

providing a control vibration source which is enabled to develop a control vibration to be interfered against the
vibration developed by the vibration source:
detecting a vibration condition of the vibration source and outputting a vibration condition indicative signal as
a reference signal (x);
detecting a residual vibration after the interference of the control vibration against the vibration developed by
the vibration source and outputting a residual vibration signal (e);
driving the control vibration source so as to reduce the vibration developed by the vibration source, using a
control algorithm including a transfer function between the control vibration source and the residual vibration
detection on the basis of the reference signal (x) and the residual vibration signal (e);
supplying a plurality of identification signals, in the form of sinusoidal waveforms, to the control vibration source;
reading the residual vibration signal (e) when a control vibration corresponding to each of the plurality of
identification signals supplied is developed by the control vibration source in synchronization with a sampling
clock;
identifying the transfer function on the basis of the residual vibration signal read at the previous reading step;
and
selecting one by one the frequencies of the respective plurality of sinusoidal identification signals supplied,
so that a frequency interval between mutually adjacent selected frequencies in a particular frequency band
(fL-fU) is shorter than that in any other frequency band.

Patentansprüche

1. Adaptive Steuervorrichtung, umfassend:

eine Steuervibrationsquelle (1), die in der Lage ist, eine Steuervibration zu entwickeln, die einer Vibration
entgegenwirken soll, die durch eine Vibrationsquelle (30) entwickelt wird;

einen Referenzsignalgenerator (26) zum Erfassen einer Vibrationsbedingung der Vibrationsquelle (30) und
Ausgeben eines Vibrationsbedingungs-Anzeigesignals als ein Referenzsignal (x);

einen Restvibrations-Detektor (22) zum Erfassen einer Restvibration nach der Entgegenwirkung der Steuer-
vibration gegen die Vibration, die durch die Vibrationsquelle (30) entwickelt wird, und zum Ausgeben eines
Restvibrationssignals (e);
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einen aktiven Vibrationscontroller (25), zum Ansteuern der Steuervibrationsquelle (1) so, dass die Vibration,
die durch die Vibrationsquelle (30) entwickelt wird, unter Verwendung eines Steueralgorithmus mit einer Über-
tragungsfunktion zwischen der Steuervibrationsquelle (1) und dem Restvibrationsdetektor (22) auf Grundlage
des Referenzsignals (x) des Restvibrationssignals (e) verringert wird;

eine Identifikationssignal-Zuführungseinheit (202) zum Zuführen einer Vielzahl von Identifikationssignalen, in
der Form von sinusförmigen Wellenformen, an die Steuervibrationsquelle (1);

eine Antwortsignal-Leseeinheit (203) zum Lesen des Restvibrationssignals (e), wenn eine Steuervibration
entsprechend zu jedem der Vielzahl von Identifikationssignalen, die von der Identifikationssignal-Zuführungs-
einheit zugeführt werden, durch die Steuervibrationsquelle (1) synchron zu einem Abtasttakt entwickelt wird;

einen Übertragungsfunktions-Identifizierer (209, 211) zum Identifizieren der Übertragungsfunktion auf Grund-
lage des Restvibrationssignals (e), das von der Antwortsignal-Leseeinheit gelesen wird; und

einen Frequenzwähler (201, 205 - 208) zum Wählen der Frequenzen der jeweiligen Vielzahl von sinusförmigen
Identifikationssignalen, die von der Identifikationssignal-Zuführungseinheit zugeführt werden, nacheinander,
so dass ein Frequenzintervall zwischen zueinander angrenzenden gewählten Frequenzen in einem bestimm-
ten Frequenzband (fL-fU) kürzer als dasjenige in irgendeinem anderen Frequenzband ist.

2. Adaptive Steuervorrichtung nach Anspruch 1, wobei das bestimmte Frequenzband ein Frequenzband ist, in dem
ein Resonanzphänomen kontinuierlich bei einem gesteuerten Objekt, das die Vibrationsquelle (30) einschließt,
auftritt.

3. Adaptive Steuervorrichtung nach Anspruch 1, wobei der Übertragungsfunktions-Identifizierer umfasst: einen Fou-
rier-Transformations-Rechner (209) zum Ausführen einer Fourier-Transformation für das Restvibrationssignal (e),
das durch die Antwortsignal-Leseeinheit (203) gelesen wird, um Frequenzkomponenten abzuleiten, die den Fre-
quenzen der jeweiligen Vielzahl von sinusförmigen Identifikationssignalen entsprechend; einen Interpolationsrech-
ner (210) zum Ausführen einer Interpolation auf Grundlage der jeweiligen Frequenzkomponenten, so dass die
Frequenzintervalle der jeweiligen Frequenzkomponenten, die von dem Fourier-Transformations-Rechner (20) ab-
geleitet werden, gleichförmig werden; und einen Inverse-Fourier-Transformations-Rechner (211) zum Ausführen
einer inversen Fourier-Transformation für eine synthetisierte Frequenzkomponente für die gleichförmig gemachten
Frequenzkomponenten des jeweiligen Frequenzintervalls von dem Interpolationsrechner (210), um eine Im-
pulsantwort als die Übertragungsfunktion abzuleiten.

4. Adaptive Steuervorrichtung nach Anspruch 1, die ferner einen Block (301; 401; 501), der eine Phasennacheilung
bereitstellt, umfasst, um eine Phasennacheilung entsprechend zu einer Zeitbreite von einer halben Periode des
Abtasttakts für die Übertragungsfunktion, die durch den Übertragungsfunktions-Identifizierer (209, 211) abgeleitet
werden soll, bereitzustellen.

5. Adaptive Steuervorrichtung nach Anspruch 4, wobei der Block (301, 401; 501), der eine Phasennacheilung be-
reitstellt, das Restvibrationssignal (e), das von der Antwortsignal-Leseeinheit (203) gelesen wird, um eine halbe
Periode (To/2) des Abtasttakts verzögert, um so die Phasennacheilung für die Übertragungsfunktion bereitzustel-
len.

6. Adaptive Steuervorrichtung nach Anspruch 4, wobei der Übertragungsfunktions-Identifizierer umfasst: einen Fou-
rier-Transformations-Rechner (209) zum Ausführen einer Fourier-Transformation für das Restvibrationssignal (e),
das durch die Antwortsignal-Leseeinheit (203) gelesen wird, um Frequenzkomponenten entsprechend zu den
Frequenzen der jeweiligen Vielzahl von sinusförmigen Identifikationssignalen abzuleiten; und einen Inverse-Fou-
rier-Transformations-Rechner (211) zum Ausführen einer inversen Fourier-Transformation für eine synthetisierte
Frequenzkomponente der jeweiligen Frequenzkomponenten, die von dem Fourier-Transformations-Rechner (209)
abgeleitet werden; und wobei der Block (301; 401; 501), der eine Phasennacheilung bereitstellt, die Phasennach-
eilung für ein Berechnungsergebnis des Fourier-Transformations-Rechners (209) bereitstellt.

7. Adaptive Steuervorrichtung nach Anspruch 4, wobei der Übertragungsfunktions-Identifizierer (209, 211) eine dis-
krete Impulsantwort, quantisiert bei der Periode des Abtasttakts, ableitet und der Block (301; 401; 501), der eine
Phasennacheilung bereitstellt, die diskrete Impulsantwort um einen halben Abgriff verzögert, um so die Phasen-
nacheilung für die Übertragungsfunktion bereitzustellen.
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8. Adaptive Steuervorrichtung nach Anspruch 1, die ferner einen Block (301; 401; 501), der eine Phasennacheilung
bereitstellt, umfasst, um eine Phasennacheilung, die einer Zeitbreite der Hälfte einer Periode des Abtasttakts für
die jeweilige Vielzahl von sinusförmigen Identifikationssignalen entspricht, vorher bereitzustellen.

9. Adaptive Steuervorrichtung nach Anspruch 1, wobei der Übertragungsfunktions-Identifizierer (209, 211), sobald
die Impulsantwort in einer diskreten Form durch ein vorgegebenes Zeitintervall quantisiert ist, welches kürzer als
eine Periode des Abtasttakts ist, jeden numerischen Wert der Impulsantwort in einer diskreten Form für jede Pe-
riode des Abtasttakts mittelt, um eine Zeitserie der Impulsantwort zu erzeugen, und die Zeitserie der Impulsantwort
ableitet, in der Null zu dem Kopf davon als eine abschließend abgeleitete Impulsantwort hinzugefügt wird.

10. Adaptive Steuervorrichtung nach Anspruch 9, wobei das vorgegebene Zeitintervall eine Zeitbreite entsprechend
zu 1/n (wobei n eine beliebige ganze Zahl gleich zu 2 oder mehr bezeichnet) der Periode des Abtasttakts ist.

11. Adaptive Steuervorrichtung nach Anspruch 1, die ferner eine Verstärkungscharakteristik-Korrektureinheit (302;
402) zum Korrigieren einer Verstärkungscharakteristik der Übertragungsfunktion, die durch den Übertragungs-
funktions-Identifizierer (209, 211) abgeleitet werden soll, auf Grundlage einer Periode des Abtasttakts zu korrigie-
ren.

12. Adaptive Steuervorrichtung nach 11, wobei die Verstärkungscharakteristik-Korrektureinheit (402) eine Amplitude
des Restvibrationssignals (e), das durch die Antwortsignal-Leseeinheit (203) gelesen wird, in einer derartigen
Weise reduziert, dass dann, wenn die Frequenz jedes sinusförmigen Identifikationssignals hoch wird, eine Verrin-
gerungsbreite für die Amplitude des Restvibrationssignals breit wird.

13. Adaptive Steuervorrichtung nach Anspruch 11, wobei der Übertragungsfunktions-Identifizierer umfasst: einen Fou-
rier-Transformations-Rechner (209) zum Ausführen einer Fourier-Transformation für das Restvibrationssignal (e),
das durch die Antwortsignal-Leseeinheit (203) gelesen wird, um Frequenzkomponenten entsprechend zu den
Frequenzen der jeweiligen Vielzahl von sinusförmigen Identifikationssignalen abzuleiten; und einen Inverse-Fou-
rier-Transformations-Rechner (211) zum Ausführen einer inversen Fourier-Transformation für eine synthetisierte
Frequenzkomponente der jeweiligen Frequenzkomponenten, die durch den Fourier-Transformations-Rechner
(209) abgeleitet werden; und wobei die Verstärkungscharakteristik-Korrektureinheit (402) eine Berechnungsbreite
des Fourier-Transformations-Rechners in einer derartigen Weise verringert, dass dann, wenn die Frequenz von
jedem sinusförmigen Identifikationssignal hoch wird, eine Verringerungsbreite für das Berechnungsergebnis des
Fourier-Transformations-Rechners breit wird.

14. Adaptive Steuervorrichtung nach Anspruch 4, die ferner eine Verstärkungscharakteristik-Korrektureinheit (601 )
zum Korrigieren einer Verstärkungscharakteristik der Übertragungsfunktion, die durch den Übertragungsfunktions-
Identifizierer (209, 211) abgeleitet werden soll, auf Grundlage der Periode des Abtasttakts korrigieren.

15. Adaptive Steuervorrichtung nach Anspruch 1, die ferner eine Amplituden-Korrektureinheit zum Korrigieren einer
Amplitude von jedem sinusförmigen Identifikationssignal auf Grundlage einer Periode des Abtasttakts umfasst.

16. Adaptive Steuervorrichtung nach Anspruch 15, wobei die Amplitude von jedem sinusförmigen Identifikationssignal
klein wird, wenn die Frequenz von jedem Identifikationssignal hoch wird.

17. Adaptive Steuervorrichtung nach Anspruch 6, wobei der Block, der eine Phasennacheilung bereitstellt, die Pha-
sennacheilung (θ) für einen Realteil (A) und einen Imaginärteil (B) der Frequenzkomponente für jede Frequenz
der sinusförmigen Identifikationssignale, die durch den Fourier-Transformations-Rechner abgeleitet werden, in
der folgenden Matrix bereitstellt:

und wobei die Phasennacheilung (θ) groß wird, wenn die Frequenz hoch wird.

18. Adaptive Steuervorrichtung nach Anspruch 1, wobei die Vibrationsquelle ein Fahrzeugmotor (30) ist, die Identifi-
kationssignal-Zuführungseinheit jedes der Vielzahl von sinusförmigen Identifikationssignalen an die Steuervibra-
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tionsquelle zuführt, wenn ein Schalter eingeschaltet wird, die Steuervibrationsquelle eine aktive Motoranbringung
(1) umfasst, das bestimmte Frequenzband im Bereich von einer minimalen Grenze fU, z.B. 20 Hz, bis zu einer
maximalen Grenze fL, z.B. 80 Hz liegt, wobei die Frequenz (fo) von jedem sinusförmigen Identifikationssignal von
einem minimalen Wert fmin, z.B. 10 Hz, bis fL um ein vorgegebenes Inkrement (∆f) erhöht wird, von fL auf fU um
eine Hälfte des vorgegebenen Inkrements (∆f/2) erhöht wird und von oberhalb fU auf einen maximalen Wert fmax,
z.B. 150 Hz, um das vorgegebene Inkrement (∆f) erhöht wird, und die identifizierte Übertragungsfunktion C in ein
Übertragungsfunktionsfilter (C^) für den Zweck einer Vibrationsverringerungssteuerung eingesetzt wird.

19. Verfahren zum aktiven Steuern der Verringerung einer Vibration, die durch eine Vibrationsquelle entwickelt und
übertragen wird, umfasst die folgenden Schritte:

Bereitstellen einer Steuervibrationsquelle, die in der Lage ist, eine Steuervibration zu entwickeln, die der Vi-
bration, die durch die Vibrationsquelle entwickelt wird, entgegenzuwirken;

Erfassen einer Vibrationsbedingung der Vibrationsquelle und Ausgeben eines Vibrationsbedingungs-Anzei-
gesignals als ein Referenzsignal (x);

Erfassen einer Restvibration nach dem Entgegenwirken der Steuervibration gegen die Vibration, die durch
die Vibrationsquelle entwickelt wird, und Ausgeben eines Restvibrationssignals (e);

Ansteuern der Steuervibrationsquelle, um so die durch die Vibrationsquelle entwickelte Vibration unter Ver-
wendung eines Steueralgorithmus mit einer Übertragungsfunktion zwischen der Steuervibrationsquelle und
der Restvibrationserfassung auf Grundlage des Referenzsignals (x) und des Restvibrationssignals (e) zu ver-
ringern;

Zuführen einer Vielzahl von Identifikationssignalen, in der Form von sinusförmigen Wellenformen, an die Steu-
ervibrationsquelle;

Lesen des Restvibrationssignals (e), wenn eine Steuervibration entsprechend zu jedem der Vielzahl von Iden-
tifikationssignalen, die zugeführt werden, durch die Steuervibrationsquelle in Synchronisation zu einem Ab-
tasttakt entwickelt wird;

Identifizieren der Übertragungsfunktion auf Grundlage des Restvibrationssignals, das in dem vorangehenden
Leseschritt gelesen wird; und

Wählen der Frequenzen der jeweiligen Vielzahl von sinusförmigen Identifikationssignalen, die zugeführt wer-
den, nacheinander, so dass ein Frequenzintervall zwischen zueinander angrenzenden gewählten Frequenzen
in einem bestimmten Frequenzband (fL - fU) kürzer als dasjenige in irgendeinem anderen Frequenzband ist.

Revendications

1. Un appareil de commande adaptative comprenant:

une source de vibration de commande (1) qui est activée pour produire une vibration de commande destinée
à interagir avec une vibration produite par une source de vibration (30);
un générateur de signal de référence (26) pour détecter une condition de vibration de la source de vibration
(30) et émettre un signal indiquant une condition de vibration, en tant que signal de référence (x);
un détecteur de vibration résiduelle (22) pour détecter une vibration résiduelle après l'interaction de la vibration
de commande avec la vibration produite par la source de vibration (30), et pour émettre un signal de vibration
résiduelle (e);
une unité de commande de vibration active (25) pour exciter la source de vibration de commande (1) de façon
à réduire la vibration produite par la source de vibration (30), en utilisant un algorithme de commande incluant
une fonction de transfert entre la source de vibration de commande (1) et le détecteur de vibration résiduelle
(22), sur la base du signal de référence (x) et du signal de vibration résiduelle (e);
un générateur de signaux d'identification (202) pour fournir à la source de vibration de commande (1) une
multiplicité de signaux d'identification, sous la forme d'ondes sinusoïdales;
un lecteur de signal de réponse (203) pour lire le signal de vibration résiduelle (e) lorsqu'une vibration de
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commande correspondant à chacun de la multiplicité de signaux d'identification fournis par le générateur de
signaux d'identification, est produite par la source de vibration de commande (1) en synchronisme avec une
horloge d'échantillonnage;
un identificateur de fonction de transfert (209, 211) pour identifier la fonction de transfert sur la base du signal
de vibration résiduelle (e) qui est lu par le lecteur de signal de réponse; et
un sélecteur de fréquence (201, 205-208) pour sélectionner une par une les fréquences de la multiplicité
respective de signaux d'identification sinusoïdaux qui sont fournis par le générateur de signaux d'identification,
de façon qu'un intervalle de fréquence entre des fréquences sélectionnées mutuellement adjacentes dans
une bande de fréquence particulière (fL-fU) soit plus court que dans toute autre bande de fréquence.

2. Un appareil de commande adaptative selon la revendication 1, dans lequel la bande de fréquence particulière est
une bande de fréquence dans laquelle un phénomène de résonance apparaît continuellement sur un objet com-
mandé incluant la source de vibration (30).

3. Un appareil de commande adaptative selon la revendication 1, dans lequel l'identificateur de fonction de transfert
comprend: un calculateur de transformation de Fourier (209) pour effectuer une transformation de Fourier pour le
signal de vibration résiduelle (e) lu par le lecteur de signal de réponse (203) pour déterminer des composantes
de fréquence correspondant aux fréquences de la multiplicité respective de signaux d'identification sinusoïdaux;
un calculateur d'interpolation (210) pour effectuer une interpolation basée sur les composantes de fréquence res-
pectives, de façon que les intervalles de fréquence des composantes de fréquence respectives qui sont détermi-
nées par le calculateur de transformation de Fourier (209) deviennent uniformes; et un calculateur de transforma-
tion de Fourier inverse (211) pour effectuer une transformation de Fourier inverse pour une composante de fré-
quence synthétisée, pour les composantes de fréquence respectives ayant l'intervalle de fréquence uniformisé,
provenant du calculateur d'interpolation (210), afin de déterminer une réponse impulsionnelle en tant que fonction
de transfert.

4. Un appareil de commande adaptative selon la revendication 1, comprenant en outre un bloc de retard de phase
(301; 401; 501) pour fournir un retard de phase correspondant à une durée égale à la moitié d'une période de
l'horloge d'échantillonnage pour la fonction de transfert à déterminer par l'identificateur de fonction de transfert
(209, 211).

5. Un appareil de commande adaptative selon la revendication 4, dans lequel le bloc de retard de phase (301; 401;
501) retarde le signal de vibration résiduelle (e) lu par le lecteur de signal de réponse (203) d'une demi-période
(To/2) de l'horloge d'échantillonnage, de façon à fournir le retard de phase pour la fonction de transfert.

6. Un appareil de commande adaptative selon la revendication 4, dans lequel l'identificateur de fonction de transfert
comprend: un calculateur de transformation de Fourier (209) pour effectuer une transformation de Fourier pour le
signal de vibration résiduelle (e) lu par le lecteur de signal de réponse (203), pour déterminer des composantes
de fréquence correspondant aux fréquences de la multiplicité respective de signaux d'identification sinusoïdaux;
et un calculateur de transformation de Fourier inverse (211) pour effectuer une transformation de Fourier inverse
pour une composante de fréquence synthétisée des composantes de fréquence respectives déterminées par le
calculateur de transformation de Fourier (209); et dans lequel le bloc de retard de phase (301; 401; 501) fournit
le retard de phase pour un résultat de calcul du calculateur de transformation de Fourier (209).

7. Un appareil de commande adaptative selon la revendication 4, dans lequel l'identificateur de fonction de transfert
(209, 211) détermine une réponse impulsionnelle discrète quantifiée à la période de l'horloge d'échantillonnage,
et le bloc de retard de phase (301; 401; 501) retarde d'une demi-prise la réponse impulsionnelle discrète, de façon
à fournir le retard de phase pour la fonction de transfert.

8. Un appareil de commande adaptative selon la revendication 1, qui comprend en outre un bloc de retard de phase
(301; 401; 501) pour fournir préalablement un retard de phase correspondant à une durée de la moitié d'une
période de l'horloge d'échantillonnage pour la multiplicité respective de signaux d'identification sinusoïdaux.

9. Un appareil de commande adaptative selon la revendication 1, dans lequel l'identificateur de fonction de transfert
(209, 211) détermine tout d'abord la réponse impulsionnelle sous une forme discrète quantifiée par un intervalle
de temps prédéterminé qui est plus court qu'une période de l'horloge d'échantillonnage, fait la moyenne de chaque
valeur numérique de la réponse impulsionnelle sous la forme discrète, pour chaque période de l'horloge d'échan-
tillonnage, pour générer une série temporelle de la réponse impulsionnelle, et détermine la série temporelle de la
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réponse impulsionnelle dans laquelle zéro est ajouté à sa tête comme une réponse impulsionnelle déterminée
finalement.

10. Un appareil de commande adaptative selon la revendication 9, dans lequel l'intervalle de temps prédéterminé est
une durée correspondant à la fraction l/n (n désignant un entier arbitraire égal à 2 ou plus) de la période de l'horloge
d'échantillonnage.

11. Un appareil de commande adaptative selon la revendication 1, comprenant en outre un correcteur de caractéris-
tique de gain (302; 402) pour corriger une caractéristique de gain de la fonction de transfert à déterminer par
l'identificateur de fonction de transfert (209, 211), sur la base d'une période de l'horloge d'échantillonnage.

12. Un appareil de commande adaptative selon la revendication 11, dans lequel le correcteur de caractéristique de
gain (402) réduit une amplitude du signal de vibration résiduelle (e) lu par le lecteur de signal de réponse (203),
de manière que lorsque la fréquence de chaque signal d'identification sinusoïdal devient élevée, une largeur de
réduction pour l'amplitude du signal de vibration résiduelle devienne grande.

13. Un appareil de commande adaptative selon la revendication 11, dans lequel l'identificateur de fonction de transfert
comprend: un calculateur de transformation de Fourier (209) pour effectuer une transformation de Fourier sur le
signal de vibration résiduelle (e) lu par le lecteur de signal de réponse (203), pour déterminer des composantes
de fréquence correspondant aux fréquences de la multiplicité respective de signaux d'identification sinusoïdaux;
et un calculateur de transformation de Fourier inverse (211) pour effectuer une transformation de Fourier inverse
pour une composante de fréquence synthétisée des composantes de fréquence respectives déterminées par le
calculateur de transformation de Fourier (209); et dans lequel le correcteur de caractéristique de gain (402) réduit
une largeur de calcul du calculateur de transformation de Fourier d'une manière telle que lorsque la fréquence de
chaque signal d'identification sinusoïdal devient élevée, une largeur de réduction pour le résultat de calcul du
calculateur de transformation de Fourier devienne grande.

14. Un appareil de commande adaptative selon la revendication 4, qui comprend en outre un correcteur de caracté-
ristique de gain (601) pour corriger une caractéristique de gain de la fonction de transfert à déterminer par l'iden-
tificateur de fonction de transfert (209, 211) sur la base de la période de l'horloge d'échantillonnage.

15. Un appareil de commande adaptative selon la revendication 1, qui comprend en outre un correcteur d'amplitude
pour corriger une amplitude de chaque signal d'identification sinusoïdal sur la base d'une période de l'horloge
d'échantillonnage.

16. Un appareil de commande adaptative selon la revendication 15, dans lequel l'amplitude de chaque signal d'iden-
tification sinusoïdal devient faible lorsque la fréquence de chaque signal d'identification devient élevée.

17. Un appareil de commande adaptative selon la revendication 6, dans lequel le bloc de retard de phase fournit le
retard de phase (θ) pour une partie réelle (A) et une partie imaginaire (B) de la composante de fréquence pour
chaque fréquence des signaux d'identification sinusoïdaux déterminée par le calculateur de transformation de
Fourier, dans la matrice suivante:

et dans lequel le retard de phase (θ) devient grand lorsque la fréquence devient élevée.

18. Un appareil de commande adaptative selon la revendication 1, dans lequel la source de vibration est un moteur
de véhicule (30), le générateur de signaux d'identification fournit chacun de la multiplicité de signaux d'identification
sinusoïdaux à la source de vibration de commande lorsqu'un interrupteur est fermé, la source de vibration de
commande comprend une monture de moteur active (1), la bande de fréquence particulière s'étend depuis une
limite minimale fU, par exemple 20 Hz, jusqu'à une limite maximale fL, par exemple 80 Hz, la fréquence (fo) de
chaque signal d'identification sinusoïdal étant augmentée à partir d'une valeur minimale finin, par exemple 10 Hz,
jusqu'à fL avec un incrément prédéterminé (∆f), étant augmentée de fL jusqu'à fU d'une moitié de l'incrément pré-
déterminé (∆f/2), et étant augmentée à partir d'au-dessus de fU jusqu'à une valeur maximale fmax, par exemple
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150 Hz, avec l'incrément prédéterminé (∆f), et la fonction de transfert identifiée C est substituée dans un filtre de
fonction de transfert (C^) dans le but d'effectuer la commande de réduction de vibration.

19. Un procédé pour commander de manière active la réduction d'une vibration produite et transmise par une source
de vibration, comprenant les étapes suivantes:

on fournit une source de vibration de commande qui est activée pour produire une vibration de commande
destinée à interagir avec la vibration produite par une source de vibration;
on détecte une condition de vibration de la source de vibration et on émet un signal d'indication de condition
de vibration, en tant que signal de référence (x);
on détecte une vibration résiduelle après l'interaction de la vibration de commande avec la vibration produite
par la source de vibration, et on émet un signal de vibration résiduelle (e);
on excite la source de vibration de commande de façon à réduire la vibration produite par la source de vibration,
en utilisant un algorithme de commande incluant une fonction de transfert entre la source de vibration de
commande et la détection de vibration résiduelle, sur la base du signal de référence (x) et du signal de vibration
résiduelle (e);
on fournit à la source de vibration de commande une multiplicité de signaux d'identification, sous la forme
d'ondes sinusoïdales;
on lit le signal de vibration résiduelle (e) lorsqu'une vibration de commande correspondant à chacun de la
multiplicité de signaux d'identification fournis est produite par la source de vibration de commande en syn-
chronisme avec une horloge d'échantillonnage;
on identifie la fonction de transfert sur la base du signal de vibration résiduelle lu à l'étape de lecture précé-
dente; et
on sélectionne une par une les fréquences de la multiplicité respective de signaux d'identification sinusoïdaux
fournis, de façon qu'un intervalle de fréquence entre des fréquences sélectionnées mutuellement adjacentes
dans une bande de fréquence particulière (fL-fU) soit plus court que dans toute autre bande de fréquence.
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