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(7) ABSTRACT

A method of conditioning a signal being communicated
between a system to be controlled and a controller may
include monitoring an actual output signal and conditioning
the actual output signal. The method also includes deter-
mining the difference between the actual output signal and
the condition signal and causing the actual output signal to
be filtered based on the relationship between the difference
between the actual output signal and the conditioned signal.
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SYSTEM AND METHOD FOR CONDITIONING A
SIGNAL

TECHNICAL FIELD

[0001] The present disclosure relates generally to a system
and method for filtering a signal and, more particularly, to a
system and method for implementing a signal conditioner
that is varied based on signal posture.

BACKGROUND

[0002] Many control systems include multiple sensors to
monitor various system parameters and thereafter commu-
nicate this system information back to the controller. Each
sensor generates an output signal, which is read by the
controller, in preparation for subsequent system control.
However, it is often difficult to discern the true signal from
the noise if the noise includes a similar frequency as
compared to the true signal. One known solution includes
utilizing a band pass filter to filter noise at a first frequency
and thereafter allowing the true signal frequency, which is at
a second differing frequency, to pass through the filter.

[0003] Known filtering techniques include utilizing a band
pass filter to filter out noise which may be characterized
within a first frequency band and to allow the true signal,
which may be characterized within a second and different
frequency band, to pass through the filter. However, band
pass filters are often not acceptable since the frequency of
noise may be similar to the frequency of the true signal when
the signal is prone to fluctuation. Moreover, since the band
pass filter is a passive element its effectiveness in providing
a quality signal is significantly dependent on the range of
signals being filtered.

[0004] For example, U.S. Patent Application Publication
No. U.S. 2001/0020789, dated Sep. 13, 2001 to Nakashima,
discloses utilizing look-up tables or maps identifiably based
on desired motor/generator torque to provide the appropriate
level of signal filtration. The signal from the torque sensor
is input into a response characteristic compensation section
of the motor/generator controller, such as a first order low
pass filter that transmits or passes signals at a frequency
below a given cutoff frequency, and attenuates signals with
a frequency above the given cutoff frequency. Unfortunately,
if the torque output signal is similar in frequency to that of
the system noise, then the filter is likely to become less
effective.

[0005] Furthermore, many output signal types for use on
high performing systems, such as torque control of an
electric motor, for example, require the ability to aggres-
sively control the motor to obtain certain performance
mandates. In response to the need to provide aggressive
response to the speed/torque signal of an electric motor, the
electric motor tends to experience high frequency torque
oscillations, which can result in instability and/or surging of
the motor. Moreover, high frequency oscillations may cause
undesirable operational noise, reducing the useful life of the
motor, and/or adversely effecting operator comfort in
instances where the electric motor is utilized to animate a
work machine, for example.

[0006] The present invention addresses one or more of the
aforementioned problems.

SUMMARY OF THE INVENTION

[0007] In accordance with one exemplary aspect of the
disclosure, a method for conditioning a signal is provided.
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The method may include conditioning a signal being com-
municated between a system to be controlled and a control-
ler. The method may further include monitoring an actual
output signal, conditioning the actual output signal, deter-
mining the difference between the actual output signal and
the condition signal, and causing the actual output signal to
be filtered based on the relationship between the actual
output signal and the conditioned signal.

[0008] In accordance with another exemplary aspect of the
disclosure, a method for conditioning a signal is provided.
The method may include conditioning a signal being com-
municated between a system to be controlled and a control-
ler. The method may further include monitoring an actual
output signal, conditioning the actual output signal, deter-
mining the difference between the actual output signal and
the condition signal, and applying at least one of a filter and
closed loop control to the actual output signal based on the
relationship between the actual output signal and the con-
ditioned signal.

[0009] 1t is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restrictive of
the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incorpo-
rated in and constitute a part of this disclosure, illustrate
several exemplary embodiments of the invention and,
together with the description, serve to explain the principles
of the invention. In the drawings,

[0011] FIG. 1 is a schematic view of a power module
system in accordance with an exemplary aspect of the
invention;

[0012] FIG. 2 is a table showing an exemplary corner
frequency chart accordance with an exemplary aspect of the
invention;

[0013] FIG. 3 is a flow chart of an exemplary operation
for conditioning a signal in accordance with the invention;

[0014] FIG. 4 is a graph showing the unconditioned signal
and the corresponding conditioned signal for a period of
time;

[0015] FIG. 5 is a table showing an exemplary tuning
scheme in accordance with an exemplary aspect of the
invention; and

[0016] FIG. 6 is a flow chart of a second exemplary
operation for conditioning a signal in accordance with the
invention.

DETAILED DESCRIPTION

[0017] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings. Wherever possible, the same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

[0018] Referring to FIG. 1, a work system 10 may be
equipped with a power source 12 such as an internal
combustion engine, for example, and a transmission 14. The
transmission 14 may have neutral, a plurality of forward
gear ratios, and one or more reverse gear ratios; however, it
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also include a wide variety of transmission types such as a
continuous variable transmission (e.g., hydrostatic, hydro-
mechanical, direct electric, electromechanical, etc.) or other
transmission configuration known by those having ordinary
skill in the art of transmission technology.

[0019] The transmission 14 may be a hybrid transmission
which divides engine torque between an electromechanical
transmission 16 and a mechanical transmission 18. The
transmission 14 may be used to propel a machine (not
shown) via a ground-engaging element 20. The ground-
engaging element 20 may include, for example, traction
wheels or tracks. The electromechanical transmission 16
may include a power generator 22, for example, an electric
generator, operably coupled to electric motor(s) 24. The
mechanical transmission 18 may include a planetary gearing
mechanism 26.

[0020] The motor 24 may include an output shaft 28
operably coupled to the planetary gearing mechanism 26,
and the planetary gearing mechanism 26 may be operably
coupled to an input shaft 30 of the power generator 22 as is
understood by those of ordinary skill in the art. The plan-
etary gearing mechanism 26 may include one or more gears
(not shown), clutches (not shown), and shafts, including an
output shaft 32 coupled to the ground-engaging element 20.
The engine 12 may include an output shaft 34 operably
coupled to the planetary gearing mechanism 26.

[0021] The work system 10 may include a controller 36 to
implement closed loop control of the system 10. The control
may include proportional, proportional plus integral, or
proportional plus integral and differential, as is customary.
The controller 36 may be embodied in one or more micro-
processors. Numerous commercially available microproces-
sors can be adapted to perform the functions of the controller
36. It should be appreciated that the controller 36 could be
readily adapted to control operation of the engine 12 and the
transmission 14. The controller 36 may be electrically
coupled with a control lever mechanism 38, for example, an
operator-controlled lever. The control lever mechanism 38
may be movable to input to the controller 36 a desired
ground speed of the machine associated with the ground-
engaging element 20.

[0022] The work system 10 may also include one or more
sensors 40 electrically coupled to the controller 36. The
sensors 40 may directly or indirectly sense output of any of
the signal sources such as, for example, the motor 24, engine
speed, engine load, and/or ground speed of the ground-
engaging element 20. The controller 36 may be configured
to process and/or monitor signals received from the sensors
40.

[0023] Each sensor 40 provides an output signal to the
controller 36 which, in turn, adapts for differing perfor-
mance characteristics of the sensor 40. Generally, a band-
pass filter may be employed to improve the output signal
received by the controller, however this may be ineffective
if the noise to be filtered is similar in stature relative to the
true signal.

[0024] Referring to FIG. 2, a corner frequency chart 42,
which is specific to the system being monitored and con-
trolled, is provided and is representative of one of the signal
outputs such as engine speed, for example. The corner
frequency chart 42 includes a corner frequency axis 44 and
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a variance axis 46. The variance may be defined as the
difference between the true sensed signal and the filtered
signal. A first region 48, located along and adjacent to the
corner frequency axis 44, is representative of signals pri-
marily made up of noise. A second region 50, which extends
along the length of the corner frequency axis 44, is indica-
tive of signals which are largely mixed (i.e., mix between
true and noise) and cannot readily be defined. Finally, a third
region 52 is provided outside of both the first and second
regions 48 and 50 and is indicative of a true signal being
output by the sensor 40.

[0025] In an exemplary embodiment, a corner frequency
or tuning function 54 may be provided as an estimation to
determine whether a signal is noise. The corner frequency
function 54 includes a first slope 56, having little or no
corner frequency value and is predominately used to heavily
filter out noise (enclosed within the first region 48). Asecond
and a third slope 58, 60 of the function 54 are respectively
enclosed by the second region 50 (mixed noise and true
signal) and third regions 52 (true signal). A fourth slope 62
of the corner frequency function 54 is fully enclosed by the
outermost region 52 and is predominately a true signal and
thus the corner frequency of the low pass filter is set high so
as to not filter any of the true signal and thus the corner
frequency of the low pass filter is set high so as to not filter
any of the true signal.

[0026] Referring to FIG. 3, an exemplary operation 100 of
the work system 10 is described. The operation 100 com-
mences at step 105 and proceeds to step 110 where the
controller 36 receives an actual output signal indicative of a
system signal such as electric motor speed, for example, for
control of ground speed of the ground engaging element 20,
that is, if the work system 10 were employed on a mobile
machine for instance. Alternatively, the controller 36 may
receive a actual output signal indicative of speed of the
power source 12. It is envisioned that the exemplary opera-
tion 100 may be used singularly or in multiple instances in
accordance with any closed loop control system having an
actual output signal, such signal being known to those
having ordinary skill in the art of control system technology.

[0027] Control then continues to step 115, where the filter
is applied to the signal. Thereafter in step 120, the controller
36 determines the difference between the actual and the
filtered signals. The corner frequency table 42 (FIG. 2) now
may be utilized since the signal frequency and the difference
between the filtered and actual frequencies (variance) is
known.

[0028] Next, in step 125, the controller 36 determines
whether the variance between the actual signal and the
filtered signal is small. If, in step 125, the controller 36
determines that the variance is small, control continues to
step 130. Otherwise, if the variance is not small then control
jumps to step 135.

[0029] In step 140, the controller 36 establishes a condi-
tioned signal based on the status of the actual signal relative
to the corner frequency function 42. That is, if the variance
is negligible the signal is conditioned by significant appli-
cation of the filter. In contrast, if the variance, for a particular
corner frequency, results in the signal having an unknown
characteristic, then the signal is filtered, albeit to a lesser
degree than if it were noise. However, as the corner fre-
quency of the signal increases, and additionally, the variance
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increases, such a signal is more clearly classifiable as a true
signal and consequently the filter is not employed.

[0030] As the control proceeds, in step 140, the controller
36 progresses the control back to step 110 wherein a new
actual signal may be determined and a new variance calcu-
lated in preparation for continued signal conditioning.

[0031] Referring to FIG. 4, it may be seen that the true
signal closely relates to the conditioned signal when opera-
tion 100 is being employed to control the speed of an engine,
for example. Trace 64 includes a true speed signal 66 and a
conditioned speed signal 68. A first region 70 (approxi-
mately 2110 RPM), which is indicative of noise control
(heavy filter or low corner frequency), is provided between
zero and 1.5 seconds. A second region 72 is indicative of a
response or true signal control (lighter or no filtering or high
corner frequency) and is provided between 1.5 and 6 sec-
onds.

[0032] In addition to employing a filter which varies based
on previous signal posture, it is envisioned that any closed
loop control known to those having ordinary skill in the art
may be employed in combination with the present system.
However, one exemplary control scheme may include estab-
lishing a deadband around the command for aggressively
tuning the system when a true signal is detected.

[0033] Referring to FIG. 6, operation 200 utilizing closed
loop PID deadband control will be described. The system 10
includes the controller 36 to implement closed loop control
of the system 10. The control may be proportional, propor-
tional plus integral, or proportional plus integral and differ-
ential. The controller 36 may be embodied in one or more
microprocessors. Numerous commercially available micro-
processors can be adapted to perform the functions of the
controller 36. It should be appreciated that the controller 36
could be readily adapted to control operation of the engine
12 and the transmission 14 or other system utilizing an
output signal for the basis of control.

[0034] An exemplary operation 200 of the work system 10
commences at step 205 and proceeds to step 210 where the
controller 36 receives desired input command, indicating a
desired output of the motor 24, for example, to produce a
steady-state ground speed of the ground engaging element
20.

[0035] Control then continues to step 215, where the
controller 36 determines the control error or the difference
between the desired input command and the monitored
output of the motor 24.

[0036] Next, in step 220, the controller 36 determines
whether the desired output of the motor 24 is associated with
a zero ground speed of the ground engaging element 20. If,
in step 220, the controller 36 determines that the desired
output of the motor 24 is not associated with a zero ground
speed of the ground engaging element 20, control continues
to step 225. Otherwise, if the desired output of the motor 24
is associated with a zero ground speed of the ground
engaging element 20, control jumps to step 230.

[0037] In step 225, the controller 36 establishes a dead-
band around the error or the difference between the desired
input command and the monitored output. The magnitude of
the deadband may be empirically determined from the
system noise and/or poor resolution of the controller 36
and/or sensors 40.
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[0038] In step 230, the controller does not apply a dead-
band around the error or the difference between the desired
input command and the monitored output. This deadband is
eliminated as precise control may be needed when the
operator is expecting or requesting zero ground speed.

[0039] As the control proceeds, in step 235, the controller
36 determines a torque command (from adjusted difference
or adjusted control error) or other suitable exemplary com-
mand and sends this torque command to step 240 for
operating the motor 24 to generate the desired motor output,
for example, to attain the desired steady-state ground speed.

[0040] Exemplary operation of the work system 10 utiliz-
ing the closed loop PID deadband control commences as an
operator moves the control lever mechanism 38 to command
a desired ground speed of the ground-engaging element 20.
The controller 36 determines a desired output of the motor
24 required to generate the desired ground speed. When
accelerating or decelerating, the controller 36 varies the
torque command for operating the motor 24 based on the
monitored output of the motor in a feedback control system,
for example, a closed loop control system.

[0041] Once the ground-engaging element 20 has reached
the desired speed, it may no longer be desirable for the
controller 36 to continuously vary the torque command
based on minimal differences between the desired output of
the motor 24 and the monitored output of the motor 24.
Instead, it may be more desirable to filter out the minimal
differences that may likely be attributable to poor resolution
of or noise in the system 10, including the controller 36,
and/or the sensors 40.

[0042] The controller 36 may be operating under predomi-
nately or exclusively proportional control when, for
example, the motor 24 is an electric motor. In many indus-
trial applications, the overall gain (or proportional gain) of
the controller may be required to be high due to the response
requirements of the machine. Therefore, a small control
error possibly attributable to poor resolution or noise may
cause the controller 36 to continuously vary the torque
command to attempt to attain the desired steady-state output.
As a result, the motor output may over-respond and con-
tinuously oscillate around the desired steady state output. In
addition, it is possible, depending on the operational fre-
quency of the controller 36 and the necessary frequency
response determined by the controller, the system 10 may
over-respond and become unstable. By establishing a dead-
band around the torque command for attaining the desired
steady state output of the motor, the controller 36 is forced
not to respond to small control errors possibly attributable to
the poor resolution or noise.

[0043] Furthermore, the controller 36 may be configured
to remove the deadband where small control errors should
be considered. For example, when an operator commands
negligible ground speed of the ground-engaging element 20,
the controller 36 determines an appropriate motor output.
Since it is not desirable for the ground-engaging element 20
and an associated machine to creep, zero steady state error
is required. Therefore, when the desired output of the motor
is associated with zero ground speed of the ground-engaging
element 20, the controller 36 does not implement the dead-
band. As a result, the controller 36 may continuously vary
the torque command for operating the motor 24 to attain the
desired motor output.
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[0044] The operation 200 of the work system 10, such as
that employed to control the electric motor, for example,
may reduce instability and/or surging of the work machine
possibly associated with poor resolution of and/or noise in
the system 10. Further, undesirable operational noise may be
significantly reduced and, as a result, the useful life of the
motor may be extended in addition to providing improved
operator comfort. Creep of the ground-engaging element 20
may also be beneficially reduced since substantially zero
steady state error may be obtained when zero ground speed
is commanded.

[0045] Referring to FIG. 5, it may be scen that a blend of
filtration, pursuant to operation 100, and PID deadband
control, pursuant to operation 200, may be established based
on response control requirements and on the ability to
differentiate between noise and the true signal (value of the
variance parameter). For instance, if there is little response
required and the noise can be differentiated from the true
signal (variance between the signal and the filtered value is
negligible), then the full output of the filter is applied.
Conversely, if the noise cannot be differentiated well (vari-
ance between the signal and the filtered value is significant)
and a fast or high response control requirement is warranted,
then the filter is negated (or significantly reduced) and full
PID control with deadband is employed. When the contri-
bution effort comprises a blend of PID control with dead-
band and filtration effectiveness for a particular response
requirement, then exemplary contribution efforts may be
provided as seen in FIG. 5.

INDUSTRIAL APPLICABILITY

[0046] In operation of work system 10 (FIG. 1), pursuant
to operation 100 (FIG. 3), as the operator moves the control
lever mechanism 38 to command a desired output for the
work system 10, such as the speed of the power source 12,
and/or the speed of the ground engaging element 20, the
output signal is developed and depending on its condition or
posture, the filter will be applied.

[0047] The operation which conditions the output signal
using substantially all of the filter and falls within the first
region 48 (FIG. 2) of the corner frequency chart 42 will now
be described. Since the noise associated with such operation
typically has a given variance band of approximately 10 to
15 RPM during steady-state conditions, the controller deems
the variance to be characterized as “small” (box 125 of FIG.
3). Then, the signal is heavily filtered with a corner fre-
quency relatively small (the relatively small nature of the
corner frequency is system dependent but typically will be
less than 0.5 Hz, for example).

[0048] The operation which conditions using substantially
none of the filter, such signal type falling within the third
region 52 of the corner frequency chart 42, will now be
described. When the output signal has changed such that it
is larger that the typical noise or variance, then the speed
signal is considered to be substantially true. Consequently,
when the variance is determined to be significant, the speed
signal is thereafter lightly filtered with a corner frequency
relatively high (depending on the specific system or machine
application which may be 7 to 8 Hz, for example).
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[0049] Operation which is clearly neither noise nor a true
signal falls within the second region 50 of the corner
frequency chart 42 and includes the status of unknown
(signal being a mixture of both noise and a true signal).
When the output signal is changed such that its variance is
larger that the typical noise, then the speed signal is con-
sidered to be unknown and an intermediate amount of
filtration may be applied to condition such signal. Alterna-
tively, the unknown signal may be left unfiltered as a
conditioning alternative and the subsequent signal may be
subsequently interrogated to determine its disposition so that
a suitable signal conditioning may be later applied. The first,
second, third and fourth slopes 55, 58, 60 and 62 of the
corner frequency function 54 may be stored within the
controller as dividing lines for determination of a signal’s
status or posture.

[0050] Contribution of Filter and Closed Loop PID Dead-
band Control

[0051] Referring to FIG. 5, the work system 10 (FIG. 1)
may be operated pursuant to a blended combination of
operation 100 (filter) and operation 200 (PID control) to,
inter alia, produce the desired control system over a wide
operating range of the system 10. Notably, the tuning
requirement may be defined as the amount that each indi-
vidual algorithm (100 and 200) will contribute to eliminat-
ing the system from over-responding to the false or noisy
feedback signals while allowing the system to respond to the
true signals.

[0052] When substantially all of the contribution effort is
provided by the closed loop PID deadband control 200, the
PID deadband control 200 is substantially responsible for
eliminating over-responsive signals, false signals and noisy
feedback. Notably, a substantially true signal has been
detected and the system response and performance is most
effective with PID control without interference from band
filtering.

[0053] Conversely, when substantially all of the contribu-
tion effort is provided by the filter, the filter control 100 is
substantially responsible for eliminating over responsive
signals, false signals and noisy feedback. Notably, a sub-
stantially steady-state signal has been detected and, accord-
ingly, signal conditioning to provide high response is not
warranted. Rather, to prevent over-response of the signal, the
filter may be employed to prevent false and undue system
responses.

[0054] 1t may be seen that the contribution of filter and
PID control with deadband may be blended to obtain a
performance conditioning based on the response control
requirement and the ability to differentiate between noise
and the true signal. For instance, if a high or fast response
were warranted then the significant contributor would be the
PID control with deadband. However, if medium response
control were required and the ability to differentiate the
signal were poor then a filter range between 5-35% com-
bined with a PID control with deadband range between
65-95% would be effective. Notably, as the ability to dif-
ferentiate the noise from the true signal increases the con-
tribution effort of the filter is increased (for example 50%
filter, 50% PID control with deadband for medium response
control). Further, if slow response control is a requirement
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and the ability to differentiate the signal is poor then a filter
range between 50-70% combined with a PID control with
deadband range between 30-50% would be effective. Nota-
bly, as the ability to differentiate the signal increases the
contribution effort of the filter is increased (for example, as
high as 95% filter and 5% PID control with deadband for
slow response control).

[0055] 1t will be apparent to those skilled in the art that
various modifications and variations can be made in the
disclosed system and method for conditioning a signal
without departing from the scope or spirit of the invention.
Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed herein. It is
intended that the specification and examples be considered
as exemplary only.

What is claimed is:

1. Amethod of conditioning a signal being communicated
between a system to be controlled and a controller, the
method comprising:

monitoring an actual output signal;
conditioning the actual output signal;

determining the difference between the actual output
signal and the conditioned signal; and

causing the actual output signal to be filtered based on the
relationship between the actual output signal and the
conditioned signal.

2. The method according to claim 1 wherein conditioning
the actual output signal includes one of applying a filter to
the actual output signal or refraining from applying a filter
to the actual output signal.

3. The method according to claim 1 wherein filtration of
the actual output signal is based on predetermined corner
frequency data associated with the actual output signal.

4. A method of conditioning a signal being communicated
between a system to be controlled and a controller, the
method comprising:
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monitoring an actual output signal;
conditioning the actual output signal;

determining the difference between the actual output
signal and the conditioned signal; and

applying at least one of a filter and closed loop control to
the actual output signal based on the relationship
between the actual output signal and the conditioned
signal.

5. The method according to claim 4 further comprising
applying at least one of a filter and closed loop control to the
actual output signal based on a response control require-
ment.

6. The method according to claim 4 wherein the closed
loop control consists of PID closed loop control with dead-
band.

7. The method according to claim 4 wherein the closed
loop control includes determining a difference between the
actual output signal and a desired input command signal,
establishing a deadband around the difference and applying
the closed loop control to the actual output signal based on
a relationship between the difference and the deadband.

8. A method of controlling a motor, the method compris-
ing:

monitoring an actual output signal of the motor;
conditioning the actual output signal of the motor;

determining the difference between the actual output
signal and the conditioned signal; and

causing the actual output signal to be filtered based on the
relationship between the actual output signal and the
conditioned signal.

9. The method according to claim 8 further comprising
applying at least one of the filter and closed loop control to
the actual output signal based on the relationship between
the actual output signal and the conditioned signal.
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