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CONDITION ASSESSMENT AND LIFE
EXPECTANCY PREDICTION FOR DEVICES

RELATED APPLICATIONS

This application is a continuation of U.S. Pat. application
Ser. No. 10/298,276, filed Nov. 15, 2002, now abandoned,
which is a continuation of U.S. Pat. application Ser. No.
09/877,256, filed Jun. 8, 2001, now abandoned, which is a
continuation of U.S. Pat. application Ser. No. 09/566,301,
filed May 5, 2000, now abandoned, which is a continuation
of U.S. Pat. application Ser. No. 09/419,683, filed May 8,
2000 , now abandoned, which is a continuation of U.S. Pat.
application Ser. No. 09/293,536, filed Apr. 15, 1999, now
abandoned, which claims priority under 35 U.S.C. § 119(e)
on U.S. Provisional application Ser. No. 60/081,848, filed
Apr. 15, 1998.

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of device
maintenance and more specifically to condition assessment
and life expectancy prediction for devices.

BACKGROUND OF THE INVENTION

The failure of critical production devices may result in
lost revenues and emergency maintenance costs. Known
techniques for monitoring devices include breakdown main-
tenance and fixed maintenance techniques. Breakdown
maintenance takes a device out of operation for servicing
when the device breaks down. Taking a device out of
operation, however, may be expensive and time consuming.
Fixed schedule maintenance performs maintenance on a
device according to a fixed schedule. Fixed schedules,
however, typically do not take into account factors that affect
the life expectancy of a device such as operating history,
loading profiles, or operating environments, and may result
in performing maintenance on a device before or after the
device should be serviced. Consequently, known techniques
for monitoring devices may be unsatisfactory in certain
situations.

SUMMARY OF THE INVENTION

In accordance with the present invention, disadvantages
and problems associated with previous techniques for moni-
toring devices may be reduced or eliminated.

According to one embodiment of the present invention,
assessing the condition of a device includes receiving sig-
nals from a sensor that makes electrical measurements of the
device. An expected response of the device is estimated in
accordance with the received signals, and a measured
response of the device is established in accordance with the
received signals. An output residual is calculated according
to the expected response and the measured response. The
condition of the device is assessed by identifying a fault of
the device in accordance with the output residual.

Certain embodiments of the invention may provide one or
more technical advantages. A technical advantage of one
embodiment may be that the condition of a device may be
assessed. Assessing the condition of a device may reduce the
probability of shutting down and performing maintenance
on the device before the device requires servicing, and may
reduce the probability of continuing to operate a device that
requires servicing.

Another technical advantage of one embodiment may be
that the condition of a device may be assessed by subtracting
an expected response of a device from a measured response
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of the device. The resulting unexpected response may yield
information about faults of the device. Yet another technical
advantage of one embodiment may be that an electrical
sensor sensing electrical signals from the device may be
used to detect mechanical, electrical, and electromechanical
faults of the device.

Yet another technical advantage of one embodiment may
be that the life expectancy of a device may be predicted,
which may provide an estimate of when a device will fail or
when to replace a device. Yet another technical advantage of
one embodiment may be that factors that affect the device
are taken into account, which may provide for a more
accurate assessment of the condition of the device and a
more accurate prediction of the life expectancy of the
device.

Certain embodiments of the invention may include none,
some, or all of the above technical advantages. One or more
other technical advantages may be readily apparent to one
skilled in the art from the figures, descriptions, and claims
included herein.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present inven-
tion and its features and advantages, reference is now made
to the following description, taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram illustrating one embodiment of
a system for monitoring and assessing the health of one or
more devices;

FIG. 2 is a block diagram illustrating one embodiment of
a model-based subsystem of the system of FIG. 1;

FIG. 3 is a block diagram illustrating one embodiment of
a system that includes a first device that may be used to
assess the condition and predict the life expectancy of a
second device; and

FIG. 4 is a flowchart illustrating one embodiment of a
method for monitoring one or more devices.

DETAILED DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention and its advantages
are best understood by referring to FIGS. 1 through 4 of the
drawings, like numerals being used for like and correspond-
ing parts of the various drawings.

FIG. 1 is a block diagram illustrating one embodiment of
a system 10 for monitoring and assessing the health of one
or more devices 20. System 10 may be used to assess the
condition of a device 20 and to predict the life expectancy
of device 20. According to one embodiment, system 10 may
use sensors operable to monitor electrical measurements of
device 20 in order to detect mechanical, electrical, or elec-
tromechanical faults of device 20.

According to the illustrated embodiment, device 20 may
comprise any suitable device that may have mechanical,
electrical, or electromechanical faults and that provides
electrical signals from which electrical measurements may
be made. Examples of device 20 include electric motors,
motor-driven equipment, electric generators, electric
batteries, or other suitable device. Examples of electric
motors include single phase and poly phase alternating
current induction motors, alternating current synchronous
motors, direct current motors, universal alternating current/
direct current motors, permanent magnet motors, and
switched reluctance motors. According to one embodiment,
device 20 comprises an electric motor such as a multiphase
alternating current induction motor.
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Device 20 may have a fault such as a mechanical,
electrical, or electromechanical fault. An electrical fault may
comprise a fault that results in altering the flow of current
through device 20. A mechanical fault may comprise a fault
that results in altering structural or mechanical aspects of
device 20.

The signals from a device 20 may comprise measured
input into device 20 and corresponding measured output
from device 20. The signals may represent any suitable
parameter of device 20, for example, electric voltage, elec-
tric current, rotational speed, rotational acceleration, lateral
acceleration, temperature, or other parameter. As an
example, if device 20 comprises a multiphase alternating
current induction motor, the signals may comprise measured
input representing multi-phase voltages and measured out-
put representing multi-phase currents. Electrical measure-
ments of the signals may comprise measurement of electri-
cal signals from device 20.

According to the illustrated embodiment, system 10
includes an interface (IF) 30, a processor 32, a memory 34,
and any suitable number of subsystems 4054 coupled as
shown in FIG. 1. Interface 30 receives signals from devices
20. Processor 32 manages the operation of subsystems
40-54 of system 10, and may comprise any suitable device
operable to accept input, process the input according to
predefined rules, and produce output.

Memory 34 stores data and instructions used by processor
32 and subsystems 40—54, and may include Random Access
Memory (RAM), Read Only Memory (ROM), magnetic
drives, disk drives, Compact Disk (CD) drives, Digital
Video Disk (DVD) drives, removable media storage, other
suitable data storage device, or any combination of the
preceding.

According to the illustrated embodiment, subsystems
40-54 may include a measurement subsystem 40, a model-
based subsystem 42, a signal-based subsystem 44, a classi-
fication subsystem 46, a condition assessment subsystem 50,
a life expectancy prediction subsystem 52, and an interface
subsystem 54 coupled as shown in FIG. 1.

Measurement subsystem 40 monitors device 20 for sig-
nals that include measured input to and measured output
from device 20, and may include a sensor 48 for monitoring
device 20. Device 20 may be monitored continuously in real
time or near real time without disrupting the operation of
device 20 and without human intervention. Measurement
subsystem 40 may also convert analog signals received from
device 20 to digital signals, and may include, for example,
one or more data acquisition cards. According to one
embodiment, analog signals may be received from device 20
and conditioned according to analog filtering techniques to
remove specific high frequency or low frequency compo-
nents. The signals may be sampled to convert the analog
signals to digital signals. Any suitable sampling rate may be
used such as up to 100 kHz or 1 MHz. The digital signals
may then be conditioned and prepared for processing by
other subsystems 42-54. The digital signaling conditioning
may include, for example, digital filtering or scaling.

Model-based subsystem 42 may decouple the effect of the
inputs on the outputs from the effect of a disturbance on the
outputs. As an example, model-based subsystem 42 may
decouple the effect of motor inputs comprising three-phase
voltages on the motor outputs comprising three-phase cur-
rents from the effect of disturbances, such as mechanical
load, on the motor outputs. A disturbance may comprise an
undesired variation in or interruption of an electrical or
mechanical parameter. The decoupling may allow model-
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based subsystem 42 to estimate an expected response and
subtract the expected response from a measured response to
determine an unexpected response that may provide infor-
mation about faults of device 20. The measured response
may comprise the measured output of the signals received
by system 10 from device 20. Model-based subsystem 42 is
described in more detail with reference to FIG. 2.

FIG. 2 is a block diagram illustrating one embodiment of
model-based subsystem 42 of system 10. According to the
illustrated embodiment, model-based subsystem 42 includes
a disturbance filter 70, a single-step predictor 72, and an
adder 74. Disturbance filter 70 receives non-delayed and
delayed signals and estimates a disturbance such as
mechanical speed or torque in order to generate a distur-
bance estimate. The received signals may include past and
present voltages and currents, and may also include past and
present temperature, driven load controls, vibration
readings, other suitable measurements, or any combination
of the preceding.

Single-step predictor 72 estimates an expected response in
accordance with the disturbance estimate and other delayed
and non-delayed inputs and outputs. The expected response
may comprise an estimated output of device 20 for given
input. The expected response may be calculated according to
an a priori model such as the p-q-0 model, an empirical
model such as a neural network model of just-in-time
maintenance technology, other model, or a combination of
the preceding. Adder 74 subtracts the expected response
from the measured response received from measurement
subsystem 40 in order to determine an output residual. The
output residual may comprise the difference between the
measured response and the expected response.

Modifications, additions, or omissions may be made to
model-based subsystem 42 without departing from the scope
of the invention. For example, model-based subsystem 42
may have more, fewer, or other modules. Moreover, the
operations of model-based subsystem 42 may be performed
by more, fewer, or other modules. For example, the opera-
tions of disturbance filter 70 and single-step predictor 72
may be performed by one module, or the operations of
single-step predictor 72 may be performed by more than one
module. Additionally, functions may be performed using any
suitable logic comprising software, hardware, other logic, or
any suitable combination of the preceding.

Referring back to FIG. 1, signal-based subsystem 44
processes information received from measurement sub-
system 40, model-based subsystem 42, or both subsystems.
Signal-based subsystem 44 receives the output residue that
may provide information about the faults of device 20, and
extracts spatio-temporal features from the signals. Spatio-
temporal features may comprise information from signal
presented in the space and time frame of device 20, and may
be extracted by transforming the signals to a time-frequency
domain according to any suitable transforms such as fast
Fourier transforms, windowed fast Fourier transforms,
wavelets, or other suitable transforms. According to another
embodiment, condition assessment subsystem 50 may
extract spatio-temporal features directly from measured out-
puts received from classification subsystem 46.

Classification subsystem 46 assigns a fault classifier to
each feature received from signal-based subsystem 44. The
classification may be implemented according to any suitable
procedure. As an example, classification subsystem 46 may
apply a coarse feature extraction to categorize the features
into a number of fault categories. A finer feature extraction
may be applied to the categorized features in order to
classify the faults within each fault category.
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Condition assessment subsystem 50 may analyze infor-
mation received from classification subsystem 46, model-
based subsystem 42, or both in order to assess the condition
of device 20. The condition of device 20 may comprise
information about faults detected at device 20, and may
describe estimates about the current status of impending
failures and uncertainties associated with the estimates. The
condition may also include a description of the repairs
appropriate for the current status and the cost associated
with the repairs, and may also include the equipment effi-
ciency and the cost associated with the efficiency degrada-
tion.

Condition assessment subsystem 50 may include, for
example, a rule based expert 56 and a diagnosis module 58.
Rule-based expert 56 may analyze the fault classification
received from classification subsystem 46 and the output
residuals received from model-based subsystem 42 in order
to determine the condition of device 20. According to one
example, rule-based expert 56 may comprise a fuzzy logic
expert component. Rule-based expert 56 may also provide a
notification of features previously not encountered, which
may indicate faults previously not encountered. Diagnosis
module 58 receives the condition of device 20 from rule-
based expert 56 and formats the information for appropriate
display by interface subsystem 54.

Life expectancy prediction subsystem 52 predicts the
expected useful life, or life expectancy, of device 20. The life
expectancy may reflect an estimate of an expected time to
failure and an uncertainty associated with the estimate and
a predicted status of incipient failures. Life expectancy
prediction subsystem 52 may analyze the operating history
of device 20 and the condition assessment received from
condition assessment subsystem 50 in order to predict the
life expectancy of device 20. The operating history may
include indicators of the expected lifetime, such as electrical
power quality, motor ambient temperature, motor load
torque pulsation, or other indicators. The indicators may
comprise parameters operable to affect the condition or life
expectancy of device 20. The cumulative effect of the
indicators may be taken into account when predicting the
life expectancy of device 20.

According to the illustrated embodiment, life expectancy
prediction subsystem 52 includes a filter 60, a predictor 62,
an uncertainty estimator 64, and a prognosis module 68.
Filter 60 may comprise a filter that conditions the rate of
change. Filter 60 may use non-adaptive, adaptive, or both
non-adaptive and adaptive filtering of unmeasurable or
unmeasured complex system state variables. Predictor 62
predicts the life expectancy in accordance with information
received from filter 60. Predictor 62 may use adaptive or
non-adaptive single or multistep-ahead prediction of the
measured complex system output variables. Uncertainty
estimator 64 calculates the uncertainty of the life expect-
ancy. Prognosis module 68 receives information about the
predicted life expectancy and uncertainty and formats the
information for reporting by interface subsystem 54.

Interface subsystem 54 communicates information
between a user and system 10, and may comprise, for
example, a condition assessment panel and a life expectancy
prediction panel. The condition assessment panel may be
used to communicate the existence of or absence of a fault,
the severity of a fault, the type of a fault, the progression of
a fault, the speed of a fault, the urgency of a fault, or any
suitable combination of the preceding.

The condition assessment panel may include, for
example, a fault indicator indicating the existence of a fault,
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a caution indicator indicating the existence of novel features,
which may indicate faults previously not encountered, a
normal indicator indicating normal operation of device 20,
other indicator, or any combination of the preceding. The
fault type may be represented by one or more lights or other
indicators, a portion or all of which may be lit or otherwise
selected in order to indicate the severity of the fault.

A life expectancy prediction panel may be used to display
the estimated life expectancy and the uncertainty of the
estimate. The life expectancy prediction panel may be used
to communicate the expected lifetime, the rate of deterio-
ration of the expected lifetime, the uncertainty of the
expected lifetime, other indicator, or any combination of the
preceding. The life expectancy prediction panel may use any
suitable indicators to display this information.

According to one embodiment, interface subsystem 54
may display other suitable information. As an example,
interface subsystem 54 may display information regarding
environmental or operating conditions that may affect the
assessment of the condition or the prediction of the life
expectancy such as the quality of the power supply or
variations of the driven load or mechanical speed. As
another example, interface subsystem 54 may display the
efficiency of device 20 in the assessed condition. Recom-
mended repairs for the assessed condition may also be
displayed, along with a priority list for the recommended
repairs and an estimated schedule. The cost associated with
reduced equipment efficiency due to the assessed condition
and the cost associated with the recommended repairs
including the downtime to perform the recommended repairs
may also be presented.

Interface subsystem 54 may comprise one or more com-
puters and may include appropriate input devices, output
devices, mass storage media, processors, memory, or other
components for receiving, processing, storing, and commu-
nicating information according to the operation of system
10. As used in this document, the term “computer” refers to
any suitable device operable to accept input, process the
input according to predefined rules, and produce output, for
example, a personal computer, work station, network
computer, wireless telephone, personal digital assistant, one
or more microprocessors within these or other devices, or
any other suitable processing device.

Interface subsystem 54 may present information in any
suitable manner, for example, using audio, video, or both.
Information may be presented using, for example, numbers,
text, graphics, colors, sound, or any combination of the
preceding. Interface subsystem 54 may include a cathode ray
tube, a gauge, a liquid crystal display, a light emitting diode,
a speaker, or any combination of the preceding.

Subsystems 40-54 and memory 34 may be integrated or
separated according to particular needs. For example, the
present invention contemplates the functions of subsystems
40-54 being provided using a single computer system, for
example, a single personal computer. If subsystems 40-54
are separated, one subsystem may be coupled to another
subsystem using one or more local area networks (LLANs),
metropolitan area networks (MANSs), wide area networks
(WANS), a global computer network such as the Internet, or
any other appropriate wire line, wireless, or other links.

As used in this document, “each” refers to each member
of a set or each member of a subset of a set. Modifications,
additions, or omissions may be made to system 10 without
departing from the scope of the invention. For example,
system 10 may have more, fewer, or other modules. As an
example, signal-based subsystem 44 may be omitted from
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system 10. Moreover, the operations of system 10 may be
performed by more, fewer, or other modules. For example,
the operation of reducing false alarms and missed faults may
be performed by rule-based expert 56 instead of model-
based subsystem 42.

Examples of other features that may be included in system
10 may be found in U.S. Pat. No. 5,479,571, hereby incor-
porated herein by reference in its entirety; U.S. Pat. appli-
cation Ser. No. 10/298,276, filed Nov. 15, 2002, pending,
hereby incorporated herein by reference in its entirety;
which is a continuation of U.S. Pat. application Ser. No.
09/877,256, filed Jun. 8, 2001, now abandoned, hereby
incorporated herein by reference in its entirety; which is a
continuation of U.S. Pat. application Ser. No. 09/566,301,
filed May 5, 2000, now abandoned, hereby incorporated
herein by reference in its entirety; which is a continuation of
U.S. Pat. application Ser. No. 09/419,683, filed Oct. 14,
1999, now abandoned, hereby incorporated herein by refer-
ence in its entirety; which is a continuation of U.S. Pat.
application Ser. No. 09/293,536, filed Apr. 15, 1999, now
abandoned, hereby incorporated herein by reference in its
entirety; which claims priority under 35 U.S.C. § 119(e) on
U.S. Provisional application Ser. No. 60/081,848, filed Apr.
15, 1998, hereby incorporated herein by reference in its
entirety.

Additionally, functions may be performed using any suit-
able logic comprising software, hardware, other logic, or any
suitable combination of the preceding. As an example,
software may comprise neural network software. Neural
networks may be used to learn the characteristics of device
10 by introducing feedback into a conventional feed-forward
architecture.

Examples of neural networks may be found in Neural
Networks: A Comprehensive Foundation, by S. Haykin,
Prentice-Hall, Inc., 1999; Pattern Recognition Using Neural
Networks: Theory and Algorithms for Engineers and
Scientists, by C. G. Looney, Oxford University Press, 1997,
or in New Results on Recurrent Network Training: Unifying
the Algorithms and Accelerating Convergence, by A. Atiya
and A. G. Parlos, IEEE Transactions on Neural Networks,
Vol. 11, No. 3, pp. 697-709, May 2000.

Functions may be performed by using more traditional
linear and nonlinear procedures such as linear or nonlinear
least-squares procedures as presented in textbooks such as
System Identification: Theory of the User, by L. Ljung,
Prentice-Hall, Inc., 1999; Adaptive Filter Theory, S. Haykin,
Prentice-Hall, Inc., 1996; or Linear Estimation, by T.
Kailath, A. H. Sayed, and B. Hassibi, Prentice-Hall, Inc.,
2000.

System 10 may provide certain advantages over known
techniques. Known techniques for monitoring devices
include breakdown maintenance and fixed maintenance
techniques. Breakdown maintenance takes a device out of
operation for servicing when the device breaks down. Tak-
ing a device out of operation, however, may be expensive
and time consuming.

Fixed schedule maintenance performs maintenance on a
device according to a fixed schedule. Fixed schedules,
however, typically do not take into account factors that affect
the life expectancy of a device such as operating history,
loading profiles, or operating environments, and may result
in performing maintenance on a device before or after the
device should be serviced.

Consequently, known techniques for monitoring devices
may be unsatisfactory in certain situations. Moreover,
known techniques typically do not measure the long-term
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performance and assess the condition of a device while the
device is operating. Furthermore, known techniques also do
not predict equipment failure in time to allow for adequate
planning of maintenance. Accordingly, system 10 may pro-
vide certain advantages over known techniques.

FIG. 3 is a block diagram illustrating one embodiment of
a system 200 that includes a first device that may be used to
assess the condition and predict the life expectancy of a
second device. The first device may be mechanically or
otherwise coupled to the second device.

According to the illustrated embodiment, system 200
includes an electric motor 210 coupled by a mechanical
coupling 212 to motor driven equipment 214. According to
one embodiment, system 10 may assess the condition and
predict the life expectancy of electric motor 210 and assess
the condition and predict the life expectancy of motor driven
equipment 214. System 10 may receive signals representing
measurements from electric motor 210, driven load 214, or
both electric motor 210 and driven load 214. The motor
measurements may include motor input representing voltage
and motor output representing current. Motor measurements
may also include condition indicators such as vibration,
temperature, speed, other suitable indicator, or any combi-
nation of the preceding.

The condition assessment and predicted life expectancy of
electric motor 210 may be analyzed in conjunction with
signals comprising load measurements from driven equip-
ment 214 in order to assess the condition and predict the life
expectancy of driven equipment 214. Load measurements
may include load input representing flow rate or other
parameter and driven equipment output representing pres-
sure or other parameter. Load measurements may also
include other indicators such as vibration, temperature,
speed, other suitable indicator, or any combination of the
preceding.

FIG. 4 is a flowchart illustrating one embodiment of a
method for monitoring device 20. The method may be used
to assess the condition of device 20 and predict a life
expectancy for device 20. The method begins at step 100,
where system 10 receives signals from device 20 through
interface 30. The signals may represent measured inputs into
device 20 and measured outputs from device 20.

The signals are preprocessed at step 104. Preprocessing
may include conditioning and then sampling the signals at
measurement subsystem 40. The expected and measured
responses may be estimated from the signals at step 108 by
model-based subsystem 42. Model-based subsystem 42 may
decouple the effect of the measured inputs on the measured
outputs from the effect of a measured or estimated distur-
bance on the measured outputs. The output residuals are
calculated from the expected and measured responses at step
112 by subtracting the expected response from the measured
response. The output residuals may provide information
about faults of device 20.

Spatial-temporal features are extracted at step 116 by
signal-based subsystem 44. The features may represent
faults of device 20. Fault classifiers are assigned to the
features at step 120 by classification subsystem 46. Condi-
tion assessment subsystem 50 analyzes the output residuals
from model-based subsystem 42 and the fault classification
from classification subsystem 46 in order to assess the
condition of device 20 at step 124.

Life expectancy prediction subsystem 52 analyzes the
device condition and life expectancy indicators to estimate
the device life expectancy and uncertainty of the device life
expectancy at step 128. Interface subsystem 54 reports the
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results at step 130. The results may report the condition of
device 20, the predicted life expectancy of device 20, the
uncertainty of the predicted life expectancy, or other suitable
information. After reporting the results, the method termi-
nates.

Modifications, additions, or omissions may be made to the
method without departing from the scope of the invention.
Additionally, steps may be performed in any suitable order
without departing from the scope of the invention.

Certain embodiments of the invention may provide one or
more technical advantages. A technical advantage of one
embodiment may be that the condition of a device may be
assessed. Assessing the condition of a device may reduce the
probability of shutting down and performing maintenance
on the device before the device requires servicing, and may
reduce the probability of continuing to operate a device that
requires servicing.

Although an embodiment of the invention and its advan-
tages are described in detail, a person skilled in the art could
make various alterations, additions, and omissions without
departing from the spirit and scope of the present invention
as defined by the appended claims.

What is claimed is:

1. A method for assessing the condition of a device,
comprising:

receiving a plurality of signals from a sensor operable to

make one or more electrical measurements of a device;
estimating an expected response of the device in accor-
dance with the received signals by:
estimating a disturbance from the received signals; and
calculating the expected response in accordance with
the disturbance;

establishing a measured response of the device in accor-

dance with the received signals;

calculating an output residual according to the expected

response and the measured response; and

assessing the condition of the device by identifying a fault

of the device in accordance with the output residual.

2. The method of claim 1, wherein the device comprises
an electric device.

3. The method of claim 1, wherein the device comprises
an electric motor.

4. The method of claim 1, further comprising monitoring
the one or more electrical measurements of the device to
generate the plurality of signals.

5. The method of claim 1, wherein:

the received signals comprise one or more measured

inputs to the device and one or more measured outputs
from the device; and

estimating the expected response of the device in accor-

dance with the received signals further comprises:

estimating a disturbance of the received signals;

decoupling a first effect of the one or more measured
inputs on the one or more measured outputs and a
second effect of the disturbance on the one or more
measured outputs; and

estimating the expected response of the device accord-
ing to the first effect and the second effect.

6. The method of claim 1, further comprising extracting a
spatio-temporal feature from the output residual.

7. The method of claim 1, further comprising extracting a
spatio-temporal feature from the one or more electrical
measurements.

8. The method of claim 1, further comprising classifying
the fault to assess the condition of the device.

9. The method of claim 1, further comprising:

receiving an indicator corresponding to a life expectancy

of the device; and
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estimating the life expectancy associated with the device
in accordance with the condition of the device and the
indicator.

10. The method of claim 1, further comprising:

receiving an indicator corresponding to a life expectancy
of the device;

estimating the life expectancy associated with the device
in accordance with the condition of the device and the
indicator; and

calculating an uncertainty associated with the estimated
life expectancy.

11. A system for assessing the condition of a device,

comprising:
a sensor operable to make one or more electrical mea-
surements of a device to generate a plurality of signals;
and
a processor coupled to the sensor and operable to:
estimate an expected response of the device in accor-
dance with the signals by:
estimating a disturbance from the signals; and
calculating the expected response in accordance with
the disturbance;

establish a measured response of the device in accor-
dance with the signals;

calculate an output residual according to the expected
response and the measured response; and

assess the condition of the device by identifying a fault
of the device in accordance with the output residual.
12. The system of claim 11; wherein the device comprises
an electric device.
13. The system of claim 11; wherein the device comprises
an electric motor.
14. The system of claim 11 the sensor further operable to
monitor the one or more electrical measurements of the
device to generate the plurality of signals.
15. The system of claim 11, wherein:
the signals comprise one or more measured inputs to the
device and one or more measured outputs from the
device; and
the processor is operable to estimate the expected
response of the device in accordance with the signals
by:
estimating a disturbance of the signals;
decoupling a first effect of the one or more measured
inputs on the one or more measured outputs and a
second effect of the disturbance on the one or more
measured outputs; and

estimating the expected response of the device accord-
ing to the first effect and the second effect.

16. The system of claim 11, the processor further operable
to extract a spatio-temporal feature from the output residual.

17. The system of claim 11, the processor further operable
to extract a spatio-temporal feature from the one or more
electrical measurements.

18. The system of claim 11, the processor further operable
to classify the fault to assess the condition of the device.

19. The system of claim 11, the processor further operable
to:

receive an indicator corresponding to a life expectancy of
the device; and

estimate the life expectancy associated with the device in
accordance with the condition of the device and the
indicator.

20. The system of claim 11, the processor further operable

to:

receive an indicator corresponding to a life expectancy of
the device;

estimate the life expectancy associated with the device in
accordance with the condition of the device and the
indicator; and
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calculate an uncertainty associated with the estimated life
expectancy.
21. Computer-implemented logic for assessing the con-
dition of a device, the logic embodied in a medium and
operable to:

receive a plurality of signals from a sensor operable to
make one or more electrical measurements of a device;
estimate an expected response of the device in accordance
with the received signals by:
estimating a disturbance from the received signals; and
calculating the expected response in accordance with
the disturbance;

establish a measured response of the device in accordance

with the received signals;

calculate an output residual according to the expected

response and the measured response; and

assess the condition of the device by identifying a fault of

the device in accordance with the output residual.

22. The logic of claim 21, wherein the device comprises
an electric device.

23. The logic of claim 21, wherein the device comprises
an electric motor.

24. The logic of claim 21, further operable to monitor the
one or more electrical measurements of the device to gen-
erate the plurality of signals.

25. The logic of claim 21, wherein:

the received signals comprise one or more measured
inputs to the device and one or more measured outputs
from the device; and

the logic further operable to estimate the expected

response of the device in accordance with the received

signals by:

estimating a disturbance of the received signals;

decoupling a first effect of the one or more measured
inputs on the one or more measured outputs and a
second effect of the disturbance on the one or more
measured outputs; and

estimating the expected response of the device accord-
ing to the first effect and the second effect.

26. The logic of claim 21, further operable to extract a
spatio-temporal feature from the output residual.

27. The logic of claim 21, further operable to extract a
spatio-temporal feature from the one or more electrical
measurements.

28. The logic of claim 21, further operable to classify the
fault to assess the condition of the device.

29. The logic of claim 21, further operable to:

receive an indicator corresponding to a life expectancy of
the device; and

estimate the life expectancy associated with the device in
accordance with the condition of the device and the
indicator.

30. The logic of claim 21, further operable to:

receive an indicator corresponding to a life expectancy of
the device;

estimate the life expectancy associated with the device in
accordance with the condition of the device and the
indicator; and

calculate an uncertainty associated with the estimated life
expectancy.

31. A system for assessing the condition of a device,

comprising:

means for receiving a plurality of signals from a sensor
operable to make one or more electrical measurements
of a device;
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means for estimating an expected response of the device
in accordance with the received signals by;
estimating a disturbance from the received signals; and
calculating the expected response in accordance with
the disturbance;

means for establishing a measured response of the device
in accordance with the received signals;

means for calculating an output residual according to the
expected response and the measured response; and

means for assessing the condition of the device by iden-
tifying a fault of the device in accordance with the
output residual.

32. A method for assessing the condition of a device,

comprising:

monitoring at a sensor one or more electrical measure-
ments of a device to generate a plurality of signals, the
device comprising an electric device comprising an
electric motor;

receiving the plurality of signals from the sensor, the
received signals comprising one or more measured
inputs to the device and one or more measured outputs
from the device;

estimating an expected response of the device in accor-
dance with the received signals by:
estimating a disturbance of the received signals;
decoupling a first effect of the one or more measured
inputs on the one or more measured outputs and a
second effect of the disturbance on the one or more
measured outputs; and
estimating the expected response of the device accord-
ing to the first effect and the second effect;
establishing a measured response of the device in accor-
dance with the received signals;
calculating an output residual according to the expected
response and the measured response;
assessing the condition of the device by identifying a fault
of the device in accordance with the output residual by:
extracting a first spatio-temporal feature from the out-
put residual; and
extracting a second spatio-temporal feature from the
one or more measurements; and
classifying the fault to assess the condition of the
device;
receiving an indicator corresponding to a life expectancy
of the device;
estimating the life expectancy associated with the device
in accordance with the condition of the device and the
indicator; and
calculating an uncertainty associated with the estimated
life expectancy.
33. The method of claim 1, wherein the device comprises
a generator.
34. The method of claim 1, wherein the device comprises
motor-driven equipment.
35. The system of claim 11, wherein the device comprises
a generator.
36. The system of claim 11, wherein the device comprises
motor-driven equipment.
37. The logic of claim 21, wherein the device comprises
a generator.
38. The logic of claim 21, wherein the device comprises
motor-driven equipment.
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