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CLASSIFICATION OF SEMATOSENSORY
EVOKED POTENTIAL WAVEFORMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to provisional
patent application Ser. No. 61/256,795, entitled “Classifica-
tion of Sematosensory Evoked Potential Waveforms,” filed on
Oct. 30, 2009, and which is incorporated by reference herein
in its entirety and which is assigned to the assignee of the
currently claimed subject matter.

BACKGROUND

[0002] 1. Field

[0003] The subject matter disclosed herein relates to clas-
sification of sematosensory evoked potential waveforms.
[0004] 2. Information

[0005] Individuals who may have had injuries to their
peripheral nerve, spinal cord, brain stem, or primary soma-
tosensory cortex may be examined to detect severity of an
injury or to monitor neural structures within their somatosen-
sory pathways. One way of examining the integrity and func-
tional status of the somatosensory nerve pathway is by moni-
toring evoked potentials. In this context, the term “evoked
potentials™ is intended to refer to electrical responses gener-
ated by an individual’s nervous system in response to sensory
stimuli. Somatosensory evoked potentials (SEPs) may com-
prise of a series of waves that may reflect sequential activation
of neural structures along somatosensory pathways.

[0006] A dorsal column-lemniscal system may comprise
an anatomical substrate of SEPs within a Central Nervous
System. Intraoperative SEP monitoring in this context refers
to techniques used for reducing risks of iatrogenic injury to a
spinal cord during spinal surgery or neurosurgery, for
example. SEP waveforms may be recorded and evaluated.
However, SEP recordings may be accompanied by noise sig-
nals which may decrease quality of an SEP recording, making
identification of one or more peak signal values of an SEP
recording more challenging. Such noise signals, for example,
may affect accuracy of latency/amplitude measurements or
undermine methods of processing SEP recordings, for
example. Such noise signals, also referred to in this context as
artifacts, may comprise relative transient phenomena from
physiologic or non-physiologic sources.

BRIEF DESCRIPTION OF DRAWINGS

[0007] Non-limiting and non-exhaustive aspects are
described with reference to the following figures, wherein
like reference numerals refer to like parts throughout the
various figures unless otherwise specified.

[0008] FIGS. 1A-C illustrate examples of noise signals
extracted from SEP recordings.

[0009] FIGS. 2A-C illustrate examples of SEP waveforms
extracted from SEP recordings.

[0010] FIG. 31isaschematic diagram ofa system for artifact
processing according to an implementation.

[0011] FIG. 4A illustrates an example of an SEP recording
comprising noise signals according to an implementation.
[0012] FIG. 4B illustrates a chart of a frequency spectrum
for an SEP recording according to an implementation.
[0013] FIG. 4C illustrates another example of an SEP
recording comprising noise signals according to an imple-
mentation.
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[0014] FIG. 4D illustrates another chart of a frequency
spectrum for an SEP recording according to an implementa-
tion.

[0015] FIGS. 5A and 5B show an example calculation of
zero-crossing points in SEP recordings according to an
implementation.

[0016] FIG. 6 illustrates an SEP classifier according to an
implementation.

DETAILED DESCRIPTION

[0017] Some portions of the detailed description are pre-
sented in terms of algorithms or symbolic representations of
operations on binary digital signals stored within a memory
ofaspecific apparatus or special purpose computing device or
platform. In the context of this particular specification, the
term specific apparatus or the like includes a general purpose
computer or other computing device once it is programmed to
perform particular functions pursuant to instructions from
program software. Algorithmic descriptions or symbolic rep-
resentations are examples of techniques used by those of
ordinary skill in the signal processing or related arts to convey
the substance of their work to others skilled in the art. An
algorithm is here, and generally, considered to be a self-
consistent sequence of operations or similar signal processing
leading to a desired result. In this context, operations or
processing involves physical manipulation of physical quan-
tities. Typically, although not necessarily, such quantities
may take the form of electrical or magnetic signals capable of
being stored, transferred, combined, compared or otherwise
manipulated.

[0018] It has proven convenient at times, principally for
reasons of common usage, to refer to such signals as bits, data,
values, elements, symbols, characters, terms, numbers,
numerals or the like. It should be understood, however, that all
of these or similar terms are to be associated with appropriate
physical quantities and are merely convenient labels. Unless
specifically stated otherwise, as apparent from the following
discussion, it is appreciated that throughout this specification
discussions utilizing terms such as “processing,” “comput-
ing,” “calculating,” “determining” or the like refer to actions
or processes of a specific apparatus, such as a special purpose
computer or a similar special purpose electronic computing
device. In the context ofthis specification, therefore, a special
purpose computer or a similar special purpose electronic
computing device is capable of manipulating or transforming
signals, typically represented as physical electronic or mag-
netic quantities within memories, registers, or other informa-
tion storage devices, transmission devices, or display devices
of the special purpose computer or similar special purpose
electronic computing device. For example, a specific comput-
ing apparatus may comprise one or more processors pro-
grammed with instructions to perform one or more specific
functions.

[0019] A method or system is provided for classifying
somatosensory evoked potential (SEP) recordings of SEP
waveforms. An “SEP waveform,” as used herein, may refer to
a series of electrical waves that may indicate sequential acti-
vation of neural structures along somatosensory pathways.
Such somatosensory pathways may be located, for example,
within a human spinal cord. Typically, an SEP recording may
refer to one or more recorded signals comprising a combina-
tion of one or more SEP signal waveforms and one or more
noise signal waveforms. Thus, for example, an SEP recording
be stored in a digital format in a memory device, as an
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example. In at least some embodiments, as suggested previ-
ously, recordings may be created in an environment that may
also result in one or more noise signal waveforms along with
oneormore SEP signal waveforms. As mentioned previously,
an SEP recording may be obtained from an individual’s soma-
tosensory pathways.

[0020] Inembodiments inaccordance with claimed subject
matter, as described in more detail below, SEP recordings
may be classified based at least in part on certain character-
istics. Without limitation, examples of such characteristics
may include time-based (temporal) or frequency-based char-
acteristics. Such characteristics, for example, may be
employed to make determinations regarding SEP recordings
of sufficient quality to be employed to evaluate an individu-
al’s somatosensory pathways, for example.

[0021] In some situations, an SEP recording may be suffi-
ciently affected by ambient noise signals that it may be more
effective to discard the particular recording. For example, in
some embodiments, an SEP composite recording may be
obtained by averaging or otherwise filtering or processing
sufficiently suitable SEP recordings. However, an SEP
recording sufficiently affected by noise to warrant discarding
may degrade even an SEP composite recording, for example.
Therefore, by omitting such SEP recordings for example,
SEP composite recordings may be obtained by averaging a
smaller number of suitable SEP recordings than if such SEP
recordings were included, as an example.

[0022] An “artifact,” as used herein, may refer to one or
more noise signal waveforms which may affect an SEP
recording, Artifacts may comprise transient phenomena from
physiologic or non-physiologic sources, for example.

[0023] SEP recordings containing sufficient artifacts to
impact evaluation of an individual’s somatosensory path-
ways, for example, may be detected and potentially omitted,
if desired. Having such a capability, for example, may permit
SEP recordings to be taken over a period of time in which
such SEP recordings are not overly influenced or affected by
the presence of noise signals in the SEP recordings.

[0024] For example, an SEP recording in some circum-
stances may include a signal amplitude or enough artifacts at
a level so that degradation of the SEP recording may be
difficult to compensate or adjust through signal processing.
Signal processing, typically in the form of signal averaging or
signal filtering, for example, refers to techniques used to
distinguish between an SEP signal waveform and a noise
signal waveform. For example, noise signal waveforms may
be produced at least in part by spurious or background elec-
trical signals picked up by recording electrodes. If this hap-
pens, typically, such noise signals are combined with SEP
signal waveforms as a part of the recording process that
produces an SEP recording, for example. Artifact rejection in
this context refers to detecting and omitting those SEP record-
ings with sufficient levels of noise signals that it would diffi-
cult to compensate or adjust through signal processing for
degradation of an SEP composite recording if the SEP com-
posite recording were to include those SEP recordings. Arti-
fact detection and omission, therefore, may comprise an
effective tool for selecting SEP recordings for a SEP compos-
ite recording.

[0025] An SEP recording may be affected by the presence
of one or more noise signal waveforms. In one particular
embodiment, an SEP composite recording may be generated
by averaging several individual SEP recordings. In this con-
text, however, the term averaging includes weighted averag-

May 5, 2011

ing or other types of signal filtering approaches, such as, for
example, high-pass filtering, law-pass filtering, FIR filtering
or HR filtering, to provide only a few examples. By averaging
several SEP recordings, influence by a particular noise signal
waveform present may be reduced. An SEP composite
recording, for example, that may be produced, may be evalu-
atedto determine at least in part operability or health of neural
structures along an individual’s somatosensory pathways.
[0026] FIGS. 1A-C illustrate examples of noise signals
extracted from SEP recordings. Charts 100, 105, and 110 of
FIGS. 1A-C illustrate examples of measurements of voltage
signals over a time interval. In these examples, voltage signal
levels are shown in increments of milli-volts and time is
shown in milli-seconds. As shown, charts 100, 105, and 110
show voltage signal level measurements that may fluctuate,
such as about 0.05-0.20 mV, over relatively short time incre-
ments, resulting in charts that appear “choppy” as opposed to
“smooth.”

[0027] FIGS. 2A-C illustrate examples of SEP waveforms
extracted from SEP recordings. Charts 200, 205, and 210 of
FIGS. 2A-C illustrate examples of measurements of voltage
signals over a time interval. In these examples, voltage signal
level is shown in increments of milli-volts and time is shown
in milli-seconds. As shown, charts 200, 205, and 210 show
voltage signal level measurements that generally change
amplitude less quickly over short time increments than noise
signals, as shown in FIGS. 1A-C, for example. Here such time
increments may be on the order of 0.1-0.2 ms. Therefore,
charts 200, 205, and 210 illustrate charts that appear relatively
smooth as opposed to those of choppy noise signals, as shown
in charts 100, 105, and 110 of FIGS. 1A-C.

[0028] For example, at a particular time there may be arti-
facts, such as noise transients, with sufficient amplitude that a
signal-to-noise ratio (SNR) of an SEP recording may be
decreased, in some instances to a large extent. Averaging may
be used to address issues such as this. For example, in some
embodiments it may be possible to exclude any trace contain-
ing a signal value level greater than a specific threshold.
Another technique may involve evaluating frequencies within
an SEP recording. For example, a Fast Fourier Transform
(FFT) of an SEP recording may be performed to determine
frequencies of an SEP recording. Frequency or amplitude
criteria may be applied based at least in part on FFT results for
an SEP recording. For example, SEP recordings of may be
rejected or omitted, as previously discussed, for example if a
measured voltage signal level in a band of approximately 30-
to approximately 70-Hz of an SEP recording exceeds
approximately 100 uV.

[0029] Some SEP recordings may be omitted with benefi-
cial results by an approximate 100 uV threshold; however,
this is merely an example and it is not intended that claimed
subject matter be limited in this respect. Nonetheless, selec-
tion of an appropriate voltage signal level threshold may be
challenging. For example, an appropriate voltage signal level
threshold may vary from person to person. A higher threshold
may gather usable SEP recordings but signal quality may be
degraded. Conversely, a lower threshold may reject noisier
SEP recordings and may therefore present SEP recordings
with higher quality. However, use of a lower threshold may
prolong recording time, taking longer to provide neurophysi-
ologists or clinicians with SEP composite recordings to
evaluate an individual’s somatosensory pathways.

[0030] A method of artifact rejection or omission based at
least in part on voltage signal level thresholds may not, how-
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ever, be particularly effective at detecting noise signals hav-
ing low amplitude, relatively speaking, combined with SEP
waveforms with low amplitude. Another method may apply
amplitude discrimination whereby voltage signal levels pro-
duced are evaluated if peak voltage signal level values during
a predefined time period, such as an epoch, are less than a
selected voltage signal level, as discussed below with respect
to FIG. 3. In such approaches, parameters based at least in part
on an amplitude range in an SEP recording, or differences
between two successive signal sample values may be used as
thresholds for artifact rejection or omission. However, again,
a challenge related to selecting appropriate threshold signal
level values exists.

[0031] Approaches as previously described also may pro-
duce a small bias in SEP composite recordings obtained by
averaging. For example, a noise signal at a given point in time
may be independent and characterized by a symmetric, con-
tinuous distribution function with the highest probability den-
sity near zero. However, bias may occur if a distribution
function has narrow peaks at relatively high-amplitude noise
signal value levels and a threshold employed is relatively
close to the noise amplitude signal value level. Biases may
also occur ifnoise signals are not independently distributed at
a given point in time point, for example

[0032] Foratechnique based at least in part on applying an
FFT, in one particular embodiment, SEP recordings with
amplitudes that exceed a given threshold within a given range
of a frequency spectrum may be rejected or omitted. How-
ever, suppose a noise signal source in an operating room
environment comprises a power line which overlaps with the
SEP spectrum. If so, this method may not show significant
differences from a method based at least in part on amplitude
signal value levels.

[0033] In oneimplementation, however, a method for arti-
fact rejection or omission may utilize frequency and temporal
properties of SEP waveforms and noise signal components as
classification criteria to detect and reject SEP recordings. A
method based at least in part on frequency and temporal
properties may utilize reasonably stable parameters-median
frequency or zero-cross rate, for example, as described in
more detail below.

[0034] “Median frequency,” as used herein, may refer to a
midpoint frequency of a power spectrum for an SEP record-
ing. “Zero-cross rate,” as used herein, may refer to a rate of
sign-changes (e.g., between positive and negative voltage
signal value levels) along a plot of an SEP recording for a
given time period. An embodiment, for example, may have a
benefit in that the previously described trade-off that may
occur from employing a higher amplitude versus a lower
amplitude in terms of greater degradation or a longer record-
ing period may be reduced, for example.

[0035] An embodiment of a method as discussed below
may provide an SEP recording classifier for artifact rejection,
for example, although claimed subject matter is not limited in
scope to this particular embodiment. Nonetheless, by using
frequency and temporal properties of SEP waveforms and
noise components as classification criteria to reject SEP
recordings, such a method may boost signal quality and
reduce the number of SEP recordings for satisfactory results.
Of course, claimed subject matter is not limited in scope to
implementation in hardware, software or firmware. Many
combinations are possible. Nonetheless, it is not intended that
claimed subject matter be directed to software per se.
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[0036] A methodor system as described inaccordance with
one embodiment, for example, may be capable of detecting
SEP recordings containing artifacts that may be relatively
frequent or that may have relatively large amplitudes, for
example. As discussed, signal averaging of SEP recordings
may be utilized to extract SEP waveforms from noise signals,
such as electrical signals picked up by recording electrodes,
for example. Artifact rejection, however, may be used to
select appropriate SEP recordings. Accordingly, such a
method or system may comprise an effective tool for select-
ing SEP recordings with sufficient quality in an environment
having noise signal sources present, such as in an operating
room of a hospital or medical center.

[0037] FIG. 3 is a schematic diagram of an embodiment of
a system 300 for artifact rejection according to one imple-
mentation. Such a system 300 for artifact rejection may uti-
lize several criteria, including a voltage signal level threshold
criterion. For example, signals may be accepted for evalua-
tion if peak signal value levels of an SEP recording are less
than a particular signal value level. Such a method or system
may provide artifact rejection in SEP detectors or monitors,
for example. Such a method may be applied on unprocessed
signals to reject SEP recordings based at least in part on
temporal and frequency parameters, including zero-crossing
rate and median frequency, in one particular embodiment, for
example.

[0038] Certain SEP recordings may initially be rejected
based at least in part on threshold voltages contained within
such SEP recordings. Additional classification of SEP record-
ings may also be performed. After signal classification, SEP
recordings may be rejected if determined to be undesirable.
Such a method may boost signal quality for averaging into an
SEP composite recording and may also use fewer SEP record-
ings.

[0039] Referring to FIG. 3, an individual 305 may be sub-
jected to repetitive electrical stimuli, which may be delivered
by a surface or needle electrode from an electrical stimulator
310. Such stimuli may be delivered to a periphery nerve to
elicit somatosensory evoked potentials, which may be
recorded in part through use of an amplifier, such as by
amplifier 315. A filter 320 may be applied to also filter noise
signals from an SEP recording. For example, certain frequen-
cies which may be known to contain signals unrelated to an
SEP waveform may be filtered from an SEP recording. After
filtering, a filtered SEP recording may be provided to a thresh-
old rejection element 325. Threshold rejection element 325
may, for example, reject SEP recordings having one or more
peak voltage signal values greater than an upper threshold
signal value. A criterion adjustment element 330 may provide
such threshold signal value levels utilized by threshold rejec-
tion element 325. Criterion adjustment element 330 may, for
example, dynamically adjust such threshold signal values for
a given individual based at least in part on evaluation of
somatosensory evoked potentials.

[0040] If an SEP recording has peak signal value levels
approximately below the threshold signal value of threshold
rejection element, the SEP recording may be classified by an
SEP classifier 335. SEP classifier 335 may comprise a
Median Frequency (M.F.) rejection element 340 and a Zero
Crossing Rate (ZCR) rejection element 345, for example, in
this particular embodiment.

[0041] M.F. rejection element 340 may reject an SEP
recording having a median frequency that is not approxi-
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mately within a selected range, as discussed below with
respect to FIG. 4. A median frequency may be computed as

£
Jmedian

D PRI= D PR

k=0 k

ot

=f .
“median

where, P(f,) comprises a k,, sample of a power spectrum of
said at least one evoked potential recording, . comprises a
sampling frequency, and f,,,;,,, comprises said median fre-
quency.

[0042] ZCR rejection element 345 may reject an SEP
recording having a zero-crossing rate that is not approxi-
mately within a selected range, as discussed below with
respect to FIGS. 5A and B.

[0043] Use of a combination of a threshold rejection ele-
ment 325, an M F. rejection element 340, and a ZCR rejection
element 345, as opposed to merely a single threshold rejec-
tion element 325 may likewise provide a beneficial embodi-
ment. A display device 355 may visually display a measured
zero-crossing rate or a median frequency of an SEP record-
ing. System 300 may therefore comprise an effective tool for
selecting SEP recordings. Such a technique may be applied to
unprocessed signals to select SEP recordings based at least in
part on temporal and frequency parameters, including zero-
crossing rate and median frequency.

[0044] FIG. 4A illustrates an example SEP recording
according to one implementation. Chart 400 of FIG. 4A illus-
trates an SEP recording that is relatively smooth and has not
been adversely affected by the presence of one or more noise
signals to an extent that suggest rejection or omission.
[0045] FIG. 4B illustrates a chart 405 of a frequency spec-
trum for an SEP recording according to one implementation.
A frequency spectrum of an SEP recording may be calcu-
lated, in one embodiment, by, for example, performing an
FFT to determine which frequencies are present in the SEP
recording, A median frequency in this context comprises a
midpoint of a frequency spectrum for an SEP recording and
divides a power spectrum for an SEP recording into two
approximately equal parts, such that half of the power spec-
trum is below the median frequency and half of the power
spectrum is above the median frequency. Frequency charac-
teristics of SEP waveforms may differ from frequency char-
acteristics of noise signal waveforms. If a median frequency
is equal to or below a selected criterion such as, for example,
20 Hz in the example shown in FIGS. 4A and 4B, an SEP
recording may be classified as a waveform in which noise
signals have not degraded an SEP waveform sufficient to
result in rejection or omission. Chart 405 shows a median
frequency of approximately 12 Hz for an SEP recording. In
the event that a threshold median frequency comprises 20 Hz,
such an SEP recording may be further processed. If, on the
other hand, a median frequency shown in chart 405 for an SEP
recording were greater than a threshold 20 Hz, such an SEP
recording may instead be classified as a waveform in which
noise signals have degraded an SEP waveform sufficient to
result in rejection or omission.

[0046] FIG. 4C illustrates another example SEP recording
according to one implementation. Chart 410 of FIG. 4C illus-
trates an SEP recording that is relatively choppy and in which
noise signals have degraded an SEP waveform sufficient to
result in rejection or omission.
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[0047] FIG. 4D illustrates a chart 415 of a frequency spec-
trum for an SEP recording according to one implementation.
As illustrated, chart 415 shows that the frequency spectrum
for an SEP recording shown in chart 410 has several fre-
quency peaks. For example, chart 415 shows frequency peaks
atabout 8 Hz, 22 Hz, 40 Hz, and 54 Hz. Chart 415 also shows
that a median frequency for an SEP recording in this example
is about 22 Hz. If a threshold median frequency comprises 20
Hz, an SEP recording having this frequency spectrum may be
classified as a waveform in which noise signals have degraded
an SEP waveform sufficient to result in rejection or omission.
[0048] FIGS. 5A and 5B illustrate voltage signal measure-
ments over a time period for an SEP recording according to
one implementation. Charts 500 and 505 of FIGS. 5A and 5B,
respectively, illustrate that voltage signal value levels of SEP
recordings may fluctuate between a positive voltage value
(measured inuV in this example) and a negative voltage value
during a given time period. In this example, an observed time
period is 100 milli-seconds. Of course, claimed subject mat-
ter is not limited in scope in these respects. This is merely an
example provided for purposes of illustration.

[0049] FIGS.5A and 5B show for a particular embodiment
a calculation of zero-crossing points in SEP recordings. A
zero-crossing rate in this context refers to the rate of sign-
changes along an SEP recording. For a particular embodi-
ment, for example, it may be computed or calculated as

=
cr= ?Z(; [Hsys0—p <0}

[0050] where s is the SEP recording of length T and an
indicator function IT{A} is “1” if its argument A is true and
“0” if otherwise; however, again, claimed subject matter is
not limited in scope in this respect. Other approaches to
calculating zero crossings are possible and are intended to be
included within the scope of claimed subject matter.

[0051] A zero-crossing rate may be used as a primitive
pitch detection approach in one embodiment, for example. If,
for example, a zero-crossing rate is less than a threshold
value, an SEP recording may be classified as a waveform in
which noise signals have not degraded an SEP waveform
sufficient to result in rejection or omission. In one example, a
threshold zero-crossing rate value may be approximately
within a range of 1-100 zero-crossings for a given time
period.

[0052] A zero-crossing rate criterion may be utilized to
classify an SEP recording regarding level of noise signals
affecting the recording. Chart 500 of FIG. 5A illustrates an
SEP recording having only six zero-crossings during a 100
milli-second time period. If, for example, a ZCR threshold
value comprises 15 zero-crossings, an SEP recording
depicted in chart 500 may be classified as not significantly
influenced or degraded by noise signals.

[0053] Chart 505 of FIG. 5B, on the other hand, illustrates
an SEP recording having more than 40 zero-crossings during
a 100 milli-second time period. If, for example, a zero-cross-
ing rate threshold value comprises 15 zero-crossings, an SEP
recording depicted in chart 505 may be classified as being
influenced by noise signals and may, in some embodiments,
for example, be removed from further processing.

[0054] Median frequency and zero-crossing rate be com-
puted for an SEP recording. If such values exceed selected
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thresholds, such an SEP recording may be omitted. If, on the
other hand, such values do not exceed selected thresholds, the
SEP recording may be processed further. A large sample may
beutilized to determine threshold values of median frequency
and zero-crossing rate in one particular embodiment. Alter-
natively, such threshold values may be set or selected by users
in an alternate embodiment.

[0055] A frequency property may be considered as a rea-
sonably stable indicator of an SEP recording. A spectral range
of an SEP waveform may be stably different from that of
noise signals, for example. Likewise, median frequency may
be an indicator of a suitable SEP waveform. Although median
frequency may comprise a reliable characteristic, zero-cross-
ing rate may also be used as a temporal indicator in combi-
nation with median frequency to achieve further refinement in
some embodiments.

[0056] Application of an SEP classifier for artifact rejection
based at least in part on median frequency and zero-crossing
rate may in some situations increase reliability of SEP record-
ings and spinal cord monitoring. By using both frequency and
atemporal property of SEP waveforms and noise components
as classification criteria to reject SEP recordings, such an
embodiment may boost signal quality and employ fewer SEP
recordings for a composite.

[0057] FIG. 6 illustrates an SEP classifier 600 according to
one implementation. As shown, SEP classifier 600 may
include a processor 605 and a memory 610. Memory 610 may
store instructions executable by processor 605 so that proces-
sor 605 is able to classify SEP recordings based at least in part
on median frequency or zero-crossing rate, for example.
[0058] Methodologies described herein may be imple-
mented by various approaches depending at least in part upon
applications according to particular features or examples. For
example, such methodologies may be implemented in hard-
ware, firmware, software, or any combinations thereof. How-
ever, it is not intended that claimed subject matter cover
software per se. In a hardware implementation, for example,
a processing unit may be implemented within one or more
application specific integrated circuits (ASICs), digital signal
processors (DSPs), digital signal processing devices
(DSPDs), programmable logic devices (PLDs), field pro-
grammable gate arrays (FPGAs), processors, controllers,
micro-controllers, microprocessors, electronic devices, or
other devices units designed to perform functions such as
those described herein or any combinations thereof.

[0059] Likewise, in some embodiments, methodologies
may be implemented with modules (e.g., procedures, func-
tions, and so on) that perform functions described herein or
any combination thereof. Any machine readable medium tan-
gibly embodying instructions may be used in implementing
such methodologies, for example. In an embodiment, for
example, software or code may be stored in a memory and
executed by a processing unit. Memory may be implemented
within a processing unit and/or external to the processing
unit. As used herein the term “memory” refers to any type of
long term, short term, volatile, nonvolatile, or other memory
and is not to be limited to any particular type of memory or
number of memories, or type of media upon which memory is
stored.

[0060] Likewise, a storage medium may take the form of an
article of manufacture. A storage media may comprise any
available media that may be accessed by a computer, com-
puting platform, computing device, or the like. By way of
example but not limitation, a computer-readable medium
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may comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other magnetic
storage devices, or any other medium that may be used to
carry or store desired program code in the form of instructions
or data structures and that may be accessed by a computer,
computing platform or computing device.

[0061] In some circumstances, operation of a memory
device, such as a change in state from a binary one to a binary
zero or vice-versa, for example, may comprise a transforma-
tion, such as a physical transformation. With particular types
of memory devices, such a physical transformation may com-
prise a physical transformation of an article to a different state
or thing. For example, but without limitation, for some types
of memory devices, a change in state may involve an accu-
mulation and storage of charge or a release of stored charge.
Likewise, in other memory devices, a change of state may
comprise a physical change or transformation in magnetic
orientation or a physical change or transformation in molecu-
lar structure, such as from crystalline to amorphous or vice-
versa. The foregoing is not intended to be an exhaustive list of
all examples in which a change in state for a binary one to a
binary zero or vice-versa in a memory device may comprise a
transformation, such as a physical transformation. Rather, the
foregoing are intended as illustrative examples.

[0062] A storage medium typically may be non-transitory
or comprise a non-transitory device. In this context, a non-
transitory storage medium may include a device that is tan-
gible, meaning that the device has a concrete physical form,
although the device may change its physical state. Thus, for
example, non-transitory refers to a device remaining tangible
despite this change in state.

[0063] While there has been illustrated or described what
are presently considered to be example features, it will be
understood by those skilled in the art that various other modi-
fications may be made, or equivalents may be substituted,
without departing from claimed subject matter. Additionally,
many modifications may be made to adapt a particular situa-
tion to teachings of claimed subject matter without departing
from concepts described herein. Therefore, it is intended that
claimed subject matter not be limited to particular examples
disclosed, but that such claimed subject matter may also
include all aspects falling within the scope of appended
claims, or equivalents thereof.

What is claimed is:

1. A method, comprising:

classifying at least one evoked potential recording based at

least in part on a median frequency of said at least one
evoked potential recording and a measured zero-cross-
ing rate of said at least one evoked potential recording;
and

rejecting said at least one evoked potential recording based

at least in part on said median frequency and said zero-
crossing rate being approximately within a particular
range.

2. The method of claim 1, further comprising recording
said at least one evoked potential recording in response to one
or more somatosensory stimulus.

3. The method of claim 1, wherein said at least one evoked
potential recording is obtained from a human or animal body.

4. The method of claim 1, further comprising averaging at
least two acceptable evoked potential recordings to generate
a composite evoked potential recording.
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5. The method of claim 1, wherein said median frequency
is computed as

where, P(f,) comprises a k,, sample of a power spectrum of
said at least one evoked potential recording, . comprises a
sampling frequency, and f,,_ ;,,, comprises said median fre-
querncy.

6. The method of claim 5, wherein a threshold median
frequency is approximately within a range between 10 Hzand
150 Hz.

7. The method of claim 6, wherein said threshold median
frequency is user-selectable.

8. The method of claim 6, wherein said at least one evoked
potential recording is classified as rejected if said median
frequency is substantially equal to or higher than said thresh-
old median frequency.

9. The method of claim 1, further comprising presenting
said median frequency on a display device.

10. The method of claim 1, wherein said zero-crossing rate
is computed as

T-1

1
cr = ?Z [Mses-1 < 0}

=0

where s comprises said at least one evoked potential record-
ing of length T and an indicator function TT1{A} is 1 if argu-
ment A is true and 0 if otherwise.

11. The method of claim 10, wherein a threshold zero-
crossing rate is approximately within a range of 1 to 100.

12. The method of claim 11, wherein said threshold zero-
crossing rate is user-selectable.

13. The method of claim 11, wherein at least one evoked
potential recording is classified as rejected if the measured
zero-crossing rate is substantially equal to or higher than said
threshold zero-crossing rate.

14. The method of claim 1, further comprising presenting
said measured zero-crossing rate on a display device.

15. The method of claim 1, wherein said evoked potential
recording comprises a somatosensory evoked potential (SEP)
recording,

16. The method of claim 1, wherein said evoked potential
recording comprises at least one of the following: an electro-
encephalogram, nerve conduction recording, visual evoked
potentials, audio evoked potentials, or any combination
thereof.

17. The method of claim 1, further comprising receiving
one or more binary digital signals representative of said at
least one evoked potential recording.
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18. An apparatus, comprising;

a computing platform;

said computing platform to classify at least one evoked
potential recording based at least in part on a median
frequency of said at least one evoked potential recording
and a measured zero-crossing rate of said at least one
evoked potential recording; and

reject said at least one evoked potential recording based at
least in part on said median frequency and said zero-
crossing rate being approximately within a particular
range.

19. The apparatus of claim 18, wherein said computing
platform is capable of averaging at least two acceptable
evoked potential recordings to generate a composite evoked
potential recording.

20. The apparatus of claim 18, wherein said evoked poten-
tial recording comprises a somatosensory evoked potential
(SEP) recording.

21. The apparatus of claim 18, wherein said computing
platform is capable of computing said median frequency as

L
Fmedian: 2

D, PR= ), P
k=0 = Fonedian

where, P(f,) comprises a k,, sample of a power spectrum of
said at least one evoked potential recording, f, comprises a
sampling frequency, and f,,,;,,,, comprises said median fre-
quency.

22. The apparatus of claim 18, wherein said computing
platform is capable of computing said zero-crossing rate as

T-1

1
zer = TZ [Hs,s0-p <0}

t=0

where s comprises said at least one evoked potential record-
ing of length T and an indicator function TI{A} is 1 if argu-
ment A is true and 0 if otherwise.
23. An article comprising: a storage medium having stored
thereon instructions executable by a processor to:
classify at least one evoked potential recording based at
least in part on a median frequency of said at least one
evoked potential recording and a measured zero-cross-
ing rate of said at least one evoked potential recording;
and

reject said at least one evoked potential recording based at
least in part on said median frequency and said zero-
crossing rate being approximately within a particular
range.

24. The article of claim 23, wherein said instructions are
further executable by said processor to average at least two
acceptable evoked potential recordings to generate a compos-
ite evoked potential recording.

25. The article of claim 23, wherein said instructions are
further executable by said processor to record said at least one
evoked potential recording in response to one or more soma-
tosensory stimulus.
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26. The article of claim 23, wherein said instructions are
further executable by said processor to compute said median
frequency as

= S A
k=0 k=f,

“median

where, P(f,) comprises a k,, sample of a power spectrum of
said at least one evoked potential recording, f. comprises a
sampling frequency, and f,,, ., comprises said median fre-
quency.
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27. The article of claim 23, wherein said instructions are
further executable by said processor to compute said zero-
crossing rate as

where s comprises said at least one evoked potential
recording of length T and an indicator function TT{A} is
1 if argument A is true and 0 if otherwise.
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