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A NEURAL EVENT PROCESS

FIELD

The present invention relates to a neural event process and a system for performing the
process. The process may advantageously be used to extract data representing a response

produced by a patient's auditory or vestibular system.

BACKGROUND

Systems have been developed to obtain an auditory evoked response (AER) or brainstem
auditory evoked response (BAER) for a patient representing activity of the patient's
auditory system. The AER is an electrical brain wave or neural response obtained from
electrodes placed on the patient in response to a stimulus, normally a sound. Depending of
the latency of the response and the placement of the electrodes, different classes or types of
AERs can be obtained. Those with the shortest latency are generated by the inner ear and
the auditory nerve, and are referred to as electrocochleography responses. The next
response reflects activity within the auditory brainstem and is referred to as an auditory
brainstem response (ABR). Further detail is provided in Hall, James W, III; Handbook of
Auditory Evoked Responses; Allyn and Bacon; Needham Heights, Massachusetts, 1992.

Electrocochleography ("ECOG" or "ECochG") systems are currently used to perform
diagnoses of the cochlea and vestibular apparatus. In the case of the vestibular system,
recently analysis for this specific part of the ear has been referred to as
electrovestibulography (EVestG), being a specific sub-class of ECOG. The systems are
used to produce a patient neural response which involves placing a recording electrode as
close as practical to a patient's cochlea. An acoustic transducer, eg an earphone, is used to
provide an auditory stimulus to evoke the response. For EVestG the patient is however
tilted, in different directions, to evoke a specific response from the vestibular apparatus. It
is not necessary to also use an auditory stimulus for EVestG. An ECOG signal

representing the neural response is used to determine an Sp/Ap ratio that can be used for
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the diagnosis of a number of conditions, particularly Meniere's disease. The first wave,
normally labelled N1, of the response signal is examined to determine the summating
potential (Sp), the action potential (Ap) and the second summating potential (Sp2), as
shown in Figure 1. The response is only of the order of a few pV and is received with

considerable unwanted noise making it difficult to determine and isolate.

For example, the ECOG signal is normally assessed by obtaining multiple samples from a
patient in response to acoustic stimuli, and then obtaining an average Sp/Ap ratio for
diagnosis. This process, however, is neither very sensitive nor specific, as a patient can
have Meniere's disease and a normal ECOG, and alternatively the patient could also have
an abnormal ECOG, but not have Meniere's disease. Accordingly, an alternative process
("the Franz process") has been developed by Professor Burkhard Franz, as described in
International Patent Publication WO 02/47547, which seeks to analyse directly the
vestibular response, rather than the cochlea response, as Meniere's disease is a pathology of
the vestibular system. The Franz process uses an ECOG system to record the response
obtained from a patient asked to tilt their head either forward, backward, contralaterally or
ipsilaterally. The process seeks to identify a periodic signal in the response which is
believed to come from either the semi-circular canals (SCCs) or the otolith organs at
predominantly 23 Hz, but also at 11.5 Hz and 46 Hz. This analysis is done by averaging
the ECOG response over a number of intervals at the frequency of interest, eg 1/23 Hz at
repeated intervals.
:

There are, however, a number of difficulties with the Franz process. Firstly, the process is
not considered to be reliable for all patients, and particularly for inhibitory head tilts and
especially for involuntary head tilts. The process also cannot be easily adopted by an
audiologist without significant training. Also, more significantly, it has been found that
the frequencies of interest, 11.5, 23 and 46 Hz, do not have characteristic signals that can
be reliably located once the background signal for ambient noise has been removed. This
indicates that these frequency components of the ECOG response are primarily induced by
background noise and/or muscle (premotor and/or motor) activity, and any response from

the SCCs and otolith organs is extremely difficult to detect or isolate at these frequencies.



10

15

20

25

30

WO 2006/024102 PCT/AU2005/001330

Similar problems exist with determining and analysing other AERs, such as the ABR.

Accordingly, it is desired to address the above, or provide at least a useful alternative.

SUMMARY

In accordance with the present invention there is provided a neural event process,
including:

receiving a neural response signal;

decomposing said signal using at least one wavelet;

differentiating phase data of said wavelets and said response signal to determine
maxima and minima of said phase data and said signal; and

processing said maxima and minima to determine peaks representing neural events.

The present invention also provides a neural event process, including:

receiving a neural response signal produced by an ECOG system;

decomposing said signal into at least one wavelet representing a centre frequency
having a low frequency in the spectrum of said signal, said wavelet having a small
bandwidth factor;

differentiating phase data of said wavelet and said response signal to determine
maxima and minima of said phase data and said signal; and

processing said maxima and minima to determine an Sp/Ap ratio.

The present invention also provides an auditory brain stem response (ABR) process,
including:

receiving an ABR signal produced by an ABR system;

decomposing said signal into at least one wavelet representing a centre frequency
having a low frequency in the spectrum of said signal, said wavelet having a small
bandwidth factor;

differentiating phase data of said wavelet and said response signal to determine
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maxima and minima of said phase data and said signal; and

processing said maxima and minima to determine Sp and Ap data.

The present invention also provides a system for performing the process.

The present invention also provides a computer readable medium having computer

program code for use in performing the process.

The present invention also provides a neural response system, including:

electrodes for connecting to a person to obtain a neural response signal;

an amplifier for receiving and producing a sampled form of said signal for
processing; and

an analysis module for decomposing said signal using at least one wavelet,
differentiating phase data of said wavelets and said response signal to determine maxima
and minima of said phase data and said signal, and processing said maxima and minima to

determine peaks representing neural events.

The present invention also provides a neural response system, including:

electrodes for connecting to a person to obtain a neural response signal;

an amplifier for receiving and producing a sampled form of said signal for
processing; and

an analysis module for processing said signal to generate a TAP marker to indicate

whether a person has a disorder.

The present invention also provides a neural response system, including:

electrodes for connecting to a person to obtain a neural response signal;

an amplifier for receiving and producing a sampled form of said signal for
processing; and

an analysis module for processing said signal to generate plot of time and frequency
data for peaks in the 70 to 300 Hz range to display activity of components of a person's

auditory system and mark any disorder.
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The present invention also provides a neural response process, including processing a
response signal obtained from a person to generate a TAP marker to indicate whether said

person has a disorder.

The present invention also provides a neural response process, including processing a
response signal obtained from a person signal to generate plot of time and frequency data
for peaks in the 70 to 300 Hz range to display activity of components of a person's auditory

system and mark any disorder.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are hereinafter described, by way
of example only, with reference to the accompanying drawings, wherein:

Figure 1 is a representation of Sp, Ap and Sp2 points related to the first wave of a
generalized ECOG response signal from an ECOG system and defines the summating
potentials Sp and Sp2 and the action potential Ap;

Figure 2 is a schematic diagram of a preferred embodiment of an ECOG system
connected to a patient;

Figure 3 is a response signal recorded by the system;

Figure 4 is a flow diagram of a neural event process performed by the ECOG
system;

Figures 5 to 10 are Sp/Ap plots produced by the neural event process;

Figure 11 is a display of Sp/Ap plots produced using a high pass filter by the ECOG
system;

Figure 12 is a display of Sp/Ap plots produced by the ECOG system by including
DC offsets of the stimulus response;

Figure 13 is a flow diagram of a neural event process performed by a preferred
embodiment of an ABR system connected to a patient;

Figure 14 is a display produced by the ABR system of detected ABR neural events;

Figure 15 is a diagram of different ABR components;
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Figure 16 is a display of Sp/Ap plots for a Parkinson's patient produced by the
ECOG system;

Figure 17 is a display of Sp/Ap plots produced for a patient suffering depression by
the system;

Figures 18 and 19 are displays of Sp/Ap plots produced for a Meniere's patient by
the system;

Figures 20 to 24 are displays of TAP measurement markers produced by the system
for a number of patients;

Figure 25 is a diagram of averaged wavelet coefficients against frequency generated
by the system; and

Figure 26 is a display of HF/LF ratio data markers produced for a number of
different patients by the system.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

An ECOG system 2, as shown in Figure 2, is used to obtain Sp/Ap plots, as shown in
Figures 5 to 10, from a patient who is subjected to a single stimulus, eg an involuntary
head tilt. The Sp/Ap plots are generated from the ECOG signal produced in response to
the stimulus. The ECOG signal is obtained from electrodes 10, 12 and 14 electrically
connected to an amplifier circuit 22 of a computer system 20 of the ECOG system 2. A
first electrode 10 (eg a ECochG Electrode produced by Bio-Logic Systems Corp
(http://www.blsc.com/pdfs/HearCatalog.pdf) is placed on the tympanic membrane of an

ear of a patient 4. A second electrode 12 is placed on the patient's earlobe, as a reference
point, and a third electrode 14 is connected to the patient's forehead and to the common
point of the amplifier. A shield connection 16 is also made to an electrical isolation shield
18 normally placed around the testing room. The shield 18 is connected to the shield of
the amplifier 22. To obtain an auditory ECOG signal a continuous auditory signal is
applied to the ear, comprising alternating polarity acoustic clicks, However, for a
vestibular ECOG signal (ie a EVestG signal) the patient 4, as shown in Figure 2, is placed
on a chair 6, such as a recliner lounge chair, that allows the patient's head to be tilted either

voluntarily or involuntarily. Tilt chairs have been specifically produced by Neuro Kinetics
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Inc. (hitp://www.neuro-kinetics.com) that enable a patient to be tilted and produce a
response to this stimulus which is less corrupted by muscle artefact. An involuntary head
tilt is obtained by an assistant manipulating the chair 6 so as to induce the head tilt without
any patient neck muscle activity. A typical sequence is 20 seconds in a neutral position, 20
seconds tilted and 20 seconds neutral when tilted back up. The head tilt is done for
approximately the same angle as a maximum voluntary head tilt that could be achieved by
the patient themself. Tilts are back, forward, ipsilateral and contralateral. Though less
effective and less location specific, it is, however, also possible for the ECOG system 2 to
produce Sp/Ap plots derived from a response from the combined auditory and vestibular
system that is produced without any specific stimulus. This is based on recorded
spontaneous background activity of the auditory and vestibular system. For a voluntary
head tilt,to obtain a stimulated response, the patient is asked to sit in the chair upright with
their head in the neutral position for 20 seconds, and then their head tilted forward for 20
seconds, back to ngutral for 20 seconds, backwards again for 20 seconds, neutral for 20
seconds, ipsilateral to the electrode 10 for 20 seconds, neutral for 20 seconds, contralateral

to the electrode 10 for 20 seconds and then neutral for 20 seconds.

The neural response produced on electrodes 10 to 14 is continuously recorded by the
ECOG system 2. The neural response signal for each tilt is a time domain voltage signal
having multiple frequency components. The main components of interest are up to 22,500
Hz, and accordingly the sampling rate used by the system 2 is chosen to be 44.1kHz. With
this rate the Sp peak (depending on the signal to noise ratio (S/N)) is only a few samples
wide. The signal is characterised by distinct regions in time: (i) a background region
comprising primarily background ambient noise; (i) an onset region for the start of tilt
(approximately 0-5 seconds after tilt onset) which includes the response of the semi
circular canals and otolith organs; (iii) a transient region for the remainder of the tilt
(approximately 5-10 seconds after tilt onset) which includes the response of the semi
circular canals (decaying) and otolith organ; and (iv) a steady state region (approximately
10-20 seconds after tilt onset) which includes essentially the response of the otolith organs.
An example of a recorded response signal for an involuntary tilt is shown in Figure 3, and

the elements of the signal are described in the table below
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Tilt Segment Time (sec)
Background 5-20
Onset 20-25
Transient 20-30
Steady state 30-40
Onset (tilting back up) 40-45
Transient (tilting back up) 40-50
Steady state (tilting back up) 50-60

The computer system 20 of the ECOG system 2 includes the amplifier 22 and a
communications module 24 for handling the output of the amplifier 22 and then storing the
response as a voltage signal over time as a wave file using a computer program such as
Adobe Audition (http://www.pacific.adobe.com/products/audition/main.html) provided by
a capture module 26. The amplifier 22 includes a CED 1902 isolated pre-amplifier and a
CED Power 1401 analogue to a digital converter (ADC). Both the CED 1902 and CED
1401 ADC are produced by Cambridge Electronic Design Limited (http://www.ced.co.uk).
The CED 1401 ADC has an excellent low frequency (less than a few Hz) response. The

computer system 20 has further software modules, including an analysis module 28 and a
display module 30. The analysis module 28 includes computer program code (eg.

MATLAB® code, http://www.mathworks.com) responsible for performing neural event

extraction processes, as shown in Figures 4 and 13, in conjunction with the other software
modules. The analysis module 28 also executes a number of different filters used to filter
the response signal samples, as discussed below. The graphics display module 30
generates a user interface 32 for an operator of the ECOG system 2 to provide input
controls so that the operator can control the neural event extraction process, and to
generate displays of neural event data, such as the Sp/Ap plots shown in Figures 5 to 10.
The computer program code of the software modules 24 to 30 of the computer system 20
are run on an operating system 34, such as Microsoft Windows or Linux, and the hardware
used may include the amplifier 22 and a standard personal computer 20, such as that

produced by IBM Corporation (http:/www.ibm.com). ECOG recording systems are

produced by Bio-Logic Systems Corp (http://www.blsc.com/hearing/). Whilst the neural
event extraction process may be performed under the control of the software of the

modules 24 to 34, it will be understood by a skilled addressee that steps of the process can
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be performed by dedicated hardware circuits, such as ASICs and FPGAs, and also
performed by components or modules distributed across a computer communications

network, such as the Internet.

The neural event extraction process uses known temporal and frequency characteristics of
an Sp/Ap plot to try to accurately locate an evoked response from the patient. Basically
only a rough shape of the plot and the expected latency between the points of interest is
known. Latency between the points corresponds to a frequency range of interest.
Accordingly, the Sp/Ap plot is known to exhibit a large phase change across a frequency
range of interest at points on the Sp/Ap plot, in particular, the Sp, Ap, onset of Sp, offset of
Ap and beginning of Sp2 points. The neural event extraction process operates to produce a
representative data stream that can be used to determine neural events occurring in the
right time frame and with appropriate latency that can be considered to constitute
characteristic parts of an evoked response. The same principle can also be applied to other

AERs, as discussed below.

The neural event extraction process, as shown in Figure 4, involves recording the voltage
response signal output by the amplifier 22 in response to a head tilt (step 302). Where
necessary a 50 or 60 Hz mains power notch filter is applied to the recording in the
amplifier stage to remove power frequency harmonics. The response signal from the
amplifier 22 may also be high pass filtered (for example by a 120 Hz 1 pole Butterworth
filter) to enable the extraction process to generate improved Sp/Ap peak plots (eg as shown
in Figure 11) at step 350. If the very low frequency data is retained, ie < 10 Hz, then this
can be used to plot (at step 350) discriminate "dc" magnitude threshold shifts prior to a
neural event. These threshold shifts are shown in Figure 12 and relate to the onset region
(largest shift and therefore at the bottom of Figure 12), the transient region (next largest
shift) and the steady state region (lowest shift and at top). Examination of this very low
frequency data, and in particular the magnitude shifts, can be used to aid the diagnosis of
central nervous system disorders, as described below, and in particular illustrate more
cortical influences on the vestibular system. Absence or enhancement of the shifts tend to

indicate a disorder.
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The recorded response signal is decomposed in both magnitude and phase using a complex
Morlet wavelet (step 304) according to the definition of the wavelet provided in equation
(1) below, where ¢ represents time, Fy, represents the bandwidth factor and F, represents the
centre frequency of each scale. Other wavelets can be used, but the Morlet is used for its
excellent time frequency localisation properties. The neural response signal x(¢) is

convolved with each wavelet.

t2
F2mE gt ———
1 2Fp
¥ Morler ()= J—e D
27Ky

To directly measure the vestibular system, seven scales are selected to represent wavelets
with centre frequencies of 12000 Hz, 6000 Hz, 3000 Hz, 1500 Hz, 1200 Hz, 900 Hz and
600 Hz. Different frequencies can be used provided they span the frequency range of
interest and are matched to appropriate bandwidth factors, as discussed below. The
wavelets extend across the spectrum of interest of a normal vestibular Sp/Ap response
signal, and also include sufficient higher frequency components so that the peaks in the
waveform can be well localised in time. Importantly, the bandwidth factor is set to less
than 1, being 0.1 for the scales representing 1500 to 600 Hz and 0.4 for all remaining
frequencies. Using a bandwidth factor that is so low allows for better time localisation at
lower frequencies, at the cost of a frequency bandwidth spread, which is particularly
advantageous for locating and determining neural events represented by the response
signal. Magnitude and phase data is produced for each scale representing coefficients of

the wavelets.

The phase data for each scale is unwrapped and differentiated (306) using the "unwrap"
and "diff" functions of MATLAB. Any DC offset is removed, and the result is normalised
for each scale to place it in a range from -1 to +1. This produces therefore normalised,

zero average data providing a rate of phase change measurement for the response signal.



10

15

20

25

30

WO 2006/024102 PCT/AU2005/001330

-11 -

A first derivative of the phase change data (actually a derivative of a derivative) is obtained
for each scale (308), and normalised in order to determine local maxima/minima rates of
phase change (320). To eliminate any false peaks, very small maxima/minima are
removed at a threshold of 1% of the mean absolute value of the first derivative (322). All
positive slopes from the first derivative (308) are set to 1, negative slopes to -1 and then a
second derivative of the phase change data is obtained (310) to produce -2 and +2 step
values. Each scale is then processed to look for resulting values of -2 and +2 which
represent points of inflexion for the determined maxima and minima (320). For these
particular loci, a value of 1 is stored for all scales. For the low frequency scale, ie 600 Hz,
the actual times for both the positive and negative peaks are also stored for analysis to

further isolate the driven responses as discussed below.

The original response signal in the time domain (312) is also processed to detect points
which may be points of maximum phase change for comparative analysis with the
extracted phase peaks from the wavelet analysis. Firstly the mean and maximum of the
original signal is determined. The signal is then adjusted to have a zero mean. Using this
signal, the process locates and stores all points where the signal is greater than the mean
minus 0.1 of the maximum in order to identify regions where an Ap point is least likely
(positive deviations above axis) and to exclude in later derivatives maxima as a
consequence of noise. The slope of the original response is obtained by taking the
derivative of the original response, and then also determining the absolute mean of the
slope. For the result obtained, all data representing a slope of less than 10% of the absolute
mean slope is set to 0. A derivative is then obtained of this slope threshold data (314)
which is used to define the local maxima/minima of the slope (316). Similarly, the
absolute mean of this result is also obtained and a threshold of 10% of the mean used to
exclude minor maxima/minima (step 318). All positive slopes of the original response are
set to 1 and the negative slopes are set to -1, and then a second derivative obtained (314).
From this derivative each scale is examined to find values of -2 and +2, representing points

of inflexion. The position of these loci are stored for the positive and negative peaks.

For each scale, if there is a positive peak, ie a maximum, determined from the first slope
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derivative, then for any peaks corresponding to these times (+1 or -1) these are set to 0 in
any scale in which they appear in order to initially selectively look for the Ap point which
will be a minima. The same is also done for points that were previously deemed unlikely
regions for an Ap point found during the original processing of the time domain response
signal (312). The times of the peaks determined during processing of the phase data, and
that determined during processing of the time domain signal, are compared (step 324).
Because of scale dependant phase shifts inherent in detecting each wavelet scales phase
maxima, the wavelet scale maxima are compared with those detected in the time domain
and shifted to correspond to a magnitude minima in the time domain. Thus potential Ap

loci (326) are determined.

The loci times for the low frequency scale, scale 7 representing 600 Hz, are searched to
attempt to locate the Sp point, as it is most likely that the preceding steps have determined
the Ap point, due to the size of the signal and the difficulty of normally locating the Sp
point. This search is undertaken over a range of normally 0.1 to 0.9 ms (depending on the
noise level; for example the lower limit of 0.1 may be increased, say to 0.5) before the
potential Ap point looking for +2 values (i.e. negative peaks) in this range. If the value of
the original response signal at the potential Sp point is greater than 0.9 of the potential Ap
point (a negative value), then both the Ap loci and the potential Sp loci are stored. If an Sp
point is located 0.1 to 0.9 ms before the Ap point, then the 600 Hz scale loci time for the
Ap point and the time domain minima, proximal to that Ap point, are checked to determine
whether they are at the same point in time. If this is not the case, then the scale loci is reset
to match the time domain loci to take into account any limitations in time localisation
properties associated with the wavelet decompositions. For verification, similar location
procedures for the Sp point can be performed on the other scales, but this is not needed in

all cases.

All of the scales are then processed (step 330) to look for maxima across the scales and
link them to form a chain across as small a time band as possible. This allows false Aps
associated with all of the scales to be eliminated. The analysis module 28 is able to use a

"Chain maximum-eliminate "false" maxima" routine of MATLAB® to perform this step.
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As described below, a Sp/Ap plot is formed by processing the time domain signal (or
averaging the time domain signals obtained) centred on the local maxima determined
previously. Following the Sp/Ap plot formation process, maxima/minima values are
further determined to establish the baseline (ie the average level before the evoked

response, as shown in Figure 1) necessary to calculate the Sp/Ap.

Using firstly the +2 values, and then the -2 values if no +2 values are found, for the points
of inflexion determined from the phase data, the loci is searched in the range allocated to
the Sp previously determined (typically 0.5 to 0.9 ms before Ap). For each Ap, remaining

after the elimination process (330) the Sp times are found and averaged to record an Sp.

The baseline is found (340) by starting at the Sp point' -0.2 to -0.6 ms (based on average
Sp/Ap shape), and again beginning with the +2 point inflexion values, and then -2 point
inflexion values (if necessary) of the phase data in a time range initially allocated to the
baseline. For each Sp plus offset, the potential baseline times are found and averaged to
record an initial baseline time. If the baseline time does not meet a baseline check, then
the process is repeated starting with the new baseline time estimate. This process is
repeated until a baseline check is met, which may be whether a baseline is within a
predetermined time range from the Ap and Sp. The average magnitude at the determined
time is used. Alternatively, the baseline can be determined as being the mean of the first

300 samples of the Sp/Ap plot.

Sp2 is found (330) by also using firstly the +2 values for the points of inflexion of the
phase data, and then if there a no +2 values using the -2 values, and searching for loci in
the range allocated (initially 1.3 ms after the Ap). For each Ap plus offset, the Sp2 times
are determined and then averaged to record an Sp2 time. The average magnitude at the

determined time is used.

An artefact, being a spike of about 3 samples wide, is produced at the tip of Ap due to the

selection of local minima in the time domain based on scale determined loci proximal
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thereto. The samples corresponding to the spike (which may be up to 5 samples) should be
removed, and this is done (342) by using the values of the points on either side of the spike
to interpolate values into the removed sample positions. A filter, such as a 15 point

moving average filter, can then be applied after removal to smooth the response.

Based on the Sp, Sp2 and Ap neural events determined, the ratios Sp/Ap and Sp2/Ap are
calculated and displayed with the plot of the vestibular response (350). The plot is
generated by the display module 30 using the times/loci of the maxima and minima

determined by the neural event extraction process.

In summary, the neural event extraction process uses a complex time frequency approach
with a variable bandwidth factor to determine the points where maximum/minimum phase
changes occur across a range of frequencies characteristic of neural events associated with
an Sp/Ap plot. The maximum/minimum phase change is used to establish the Ap, Sp, Sp2
and baseline points. Being able to determine these points enables elimination of other
phase change events that are not related to an Sp/Ap plot, such as those produced by
background noise. Also, maximum/minimum phase change points are correlated with
events in the time domain to reduce time localisation error inherent in the use of the

frequency domain representation provided by the wavelet analysis.

Figure 5 shows an example of a display produced by the ECOG system 2 following
analysis of a 1 second region of a steady state response (14.4 seconds after head tilt onset)
to a voluntary backwards head tilt (patient's eyes open). The Sp/Ap ratio is determined to
be 22.6% by the analysis module. The horizontal scale is 1 ms, equivalent to 44.1 samples
of the evoked response signal. Figure 9 shows a similar display produced following
analysis of a 10 second region of a steady state response (10 seconds after head tilt onset)

where the Sp/Ap ratio is determined to be 28%.

Figures 6, 7 and 8 also show Sp/Ap plots produced using the ECOG system 2. The plots
are for a non voluntary movement on a tilt chair. Figure 6 is a plot for the onset region,

Figure 7 is a plot for the transient region and Figure 8 is a plot for the steady state region.
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All the plots have a baseline, Ap and Sp (and Sp2 seen normally only with tone stimulus
responses and also for the onset period or component of excitatory tilt responses) point
marks that can be determined by the neural event extraction process of the analysis module
28. Figure 10 also shows Sp/Ap plots produced for the onset region (dark), steady state
region (light) and for the transient region (medium). In this Figure, the Sp and Ap is

shown as only that determined for the steady state response.

The system 2 as described is able to perform an accurate analysis of a response from the
vestibule that not only can be used for the detection of Meniere's disease, but can also be
used for diagnosis of Parkinson's disease and depression as discussed below. Also other
neural events can be sought and determined, such as those produced by other auditory
nuclei. The system 2 can be configured to obtain other AERs and the analysis module 28
used to accurately process the AER obtained, such as an ABR.

Latency considerations relevant to the Auditory Brainstem Response (ABR) allow for the
separation then generation of Sp/Ap like waveforms from each main nuclei. Responses
from subnuclei like the Medial Nucleus of the Trapeziod Body, Lateral Superior olive and
Medial superior olive of the superior olivary complex are also separable. Responses could
also be obtained from the visual pathway and its nuclei, indeed most evoked response

pathways.

For the ABR, the system 2 is adjusted so the analysis module 28 executes an ABR process,
as shown in Figure 13, and the electrodes 10 and 12 are rearranged to obtain an ABR
response, instead of an ECOG response. In particular, the patient 4, remains at rest, and
the electrodes 10 and 12 are used as surface electrodes, with one being placed on each
mastoid, and the additional electrode 14 used on the forehead. The patient’s leg is again
connected to the shield 18. The stimulus produced by the computer system 20 is an
audible click (100us) or tone pip (5 ms), eg 80dB SPL (sound pressure level), repeated
about 300-1000 times. Each stimulus is 200ms apart. The first 10ms post stimulus is
recorded. The ABR process, as shown in Figure 13, is primarily the same as the neural

event process described above with reference to Figure 4, except for the following:



10

15

20

25

30

WO 2006/024102 PCT/AU2005/001330

-16 -

@) The first stage of the process (302) performs segmentation by recording the 10 ms
of interest from the 200 ms of each response signal received. The recorded 10 ms
time domain signal is then filtered using a 500Hz - 4kHz bandpass 6 pole
Butterworth filter.

(i)  The wavelet scales used in the step 304 have the same bandwidth factors, except a
very small bandwidth factor of 0.05 is used for the lowest frequency scale, 600 Hz.

(i)  Additional processing (802) is performed after step 330 to determine the Ap point
marks corresponding to each of the subnuclei of interest. This is done on the basis
of the latencies of the Aps in comparison with the time domain data in order to
construct an Sp/Ap plot for the nuclei and subnuclei of interest, eg 3.2 ms to 4.4 ms
for peak Il of an ABR.

Figure 14 is a display produced of a plot showing the neural events detected by the system
2 from 25 ABR stimulus recordings, with the neural events corresponding to peaks Il to V
of an ABR delineated. The data for each of the detected neural events, at times associated
with the events, can be averaged to produce Sp/Ap plots for the nucleus of intetest. Figure
15 illustrates the timing, ie the latency, of the different ABR components for the different
nuclei and subnuclei, which include the auditory nerve (AN), the dorsal cochlea nucleus
(DCN), ventral cochlea nucleus (VCN), medial nucleus of trapezoid body (MNTB), lateral
superior olive (LSO), medial superior olive (MSO), lateral lemniscus (LL), central nucleus
of inferior colliculus (ICC), pericentral nucleus of inferior colliculus (ICP), external
nucleus of inferior colliculus (ICX) and medial geniculate body (MGB). The responses
from the nuclei and subnuclei are separable into different events as shown in Figure 14.
Using a tone instead of a click enables a response to be evoked from the lamina in the
nucleus of interest. The neural event detected using a click is a response from the entire
tonotopic region of the nucleus. However by using a tone only, one lamina or layer of the
nucleus is excited allowing for the localisation within the nucleus of any departures from a

normal response.

A further application of the ECOG system 2 is detecting the degeneration of cells in the
Basal Ganglia (eg Substantia Nigra in Parkinson's Disease) by accurately detecting the 70-
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300Hz inter-event intervals (time-frequency representations) and changes in the neural
Sp/Ap response characteristics (including Ap width, Sp peak height, etc) consequent to
changes in the Basal Ganglia and other connected structures observed in the vestibular
response and believed to be modulated by Basal Ganglia outputs via the reticular formation
to the vestibular nuclei. This is particularly useful for quantitatively measuring the efficacy
of therapies and drugs to treat, as well as for the early detection of, Parkinson's disease.
Figure 16 shows two Sp/Ap plots produced by the system 2 for a Parkinsons patient, one
where the patient is without medication (upper), and another where the patient is with
levodopa medication (lower with a deliberate offset for clarity). The effect of the
medication is indicated by the Ap width, ie the TAP measurement, the Sp magnitude
change and the general change in the Sp/Ap plots. The TAP is a time measure from the
minima peak ("notch") before the Sp peak horizontally to the upward arm of the Ap, as
shown in Figure 16. Alternatively, a different TAP measure could be the internal width of

the Ap horizontally at the Sp notch vertical level used in the preceding definition.

Another application is detecting the decrease or increase in activity of cells in the Basal
Ganglia (eg Thalmus in depression) co-incident with changes in depressive state by again
accurately detecting changes in the 70-300 Hz inter-event intervals (time-frequency
representations) and changes in the neural Sp/Ap response characteristics (including Ap
width, Sp peak height, etc) consequent to changes in the Basal Ganglia and other
connected structures observed in the vestibular response and believed to be modulated by
Basal Ganglia outputs via the reticular formation to the vestibular nuclei. This is
particularly useful for quantitatively measuring the efficacy of therapies and drugs to treat
depression, as well as the detection of depression (particularly in intellectually disabled
and those with limited communication skills). Figure 17 shows two Sp/Ap plots produced
by the system 2 for a patient suffering depression. One plot is before the patient is
medicated (lower and light), and the second plot has been taken three hours after the
patient has been medicated with SSRIs (Selective Serotonum Uptake Inhibitors) (upper
and dark). Again, the effect of the medication is indicated especially by the Ap width, ie

the TAP measurement marker.
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Figure 18 shows an Sp/Ap plot produced by the system for a Meniere's patient with
(lower) and without medication (upper), this again shows the stark differences between the
Sp/Ap plots, and the Ap width measure, TAP. The medication used was AVIL™ (43.5
mg). Figure 19 shows Sp/Ap plots comparing a Meniere's patient with symptoms on the
left side (upper) but not on the right side (lower).

The analysis module 28 of the system 2 is able to produce a series of markers to
discriminate between patients that have, or to determine whether they have, a disorder,
such as a central nervous system (CNS) disorder, and in particular whether they are
depressed, suffering Meniere's disease, or suffering Parkinson's disease. The markers
include (i) the Sp/Ap point marks, (ii) the TAP measurement, being the time and duration
of Ap (plus the Sp peak depending on the TAP period definition used), and (iii) a HF/LF
ratio being the ratio of the high frequency energy to the low frequency energy of the
average wavelet coefficients of the scales, as shown in Figure 25. The HF/LF ratio is a
ratio for the response signal of the high frequency and low frequency areas beneath the plot
of the averaged wavelet coefficients against frequency for the respective ranges 50 to 500
Hz and 2 to 28 Hz, as shown in Figure 25. Figures 20 to 24 show a variety of TAP
measurements obtained for different patients, and illustrate how they can be discriminated.
Figure 26 shows how the HF/LF ratio can be used as a discriminating marker. Other
markers are provided by analysis of scales for the 70 to 300 Hz range to determine
alterations to the response signal and Sp/Ap plots due to modulation by the Basal Ganglia
components. The alterations may be the presence or absence of peaks or distribution
changes for time against frequency representations for this range. Peaks within this range,
particularly proximal the ranges 70-90 Hz, 110-150 Hz and 200-300 Hz, may indicate
activity of the Basal Ganglia components. If those markers are used, additional scales are

used by the neural event process for the 70 to 300 Hz range.

To assist diagnosis, the magnitude, phase, frequency and time data extracted by the neural
event process can be used to generate three dimensional or four dimensional (with color)

plots for responses obtained from patients.
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Many modifications will be apparent to those skilled in the art without departing from the
scope of the present invention as herein described with reference to the accompanying

drawings.
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CLAIMS

1. A neural event process, including:

receiving a neural response signal,

decomposing said signal using at least one wavelet;

differentiating phase data of said wavelets and said response signal to determine
maxima and minima of said phase data and said signal; and

processing said maxima and minima to determine peaks representing neural events.

2. A neural event process as claimed in claim 1, wherein said decomposing is

performed using wavelets with a bandwidth factor less than one.

3. A neural event process as claimed in claim 2, wherein said wavelets have centre

frequencies across a frequency spectrum of said signal.

4, A neural event process as claimed in claim 3, wherein said differentiating includes
generating a number of derivatives of said phase data produced by said decomposing, and
said maxima and minima of said phase data represent rate of change of phase of scales of

said wavelets.

5. A neural event process as claimed in claim 4, wherein said differentiating includes
generating a number of derivatives of said response signal to produce said maxima and
minima of said signal, and said processing includes correlating said maxima and minima of

said phase data and said signal based on time data for said maxima and minima.

6. A neural event process as claimed in claim 5, wherein said processing includes

eliminating false peaks by applying threshold data to said maxima and minima.

7. A neural event process as claimed in claim 6, wherein said correlating includes

linking said maxima across said scales and across a time band to eliminate false peaks.
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8. A neural event process as claimed in claim 7, wherein said processing includes
applying predetermined latency ranges for said peaks to said maxima and minima to

determine said peaks.

9. A neural event process as claimed in claim 8, wherein said receiving includes
filtering and sampling said response signal for said decomposing, differentiating and

processing.

10. A neural event process as claimed in claim 2, wherein said bandwidth factor is
between 0.05 and 0.4.

11. A neural event process as claimed in claim 10, wherein said bandwidth factor is 0.1

for low frequency scales and 0.4 for other scales.

12. A neural event process as claimed in claim 10, wherein said bandwidth factor is

0.05 for the lowest frequency scale.

13. A neural event process as claimed in claim 9, including filtering said response

signal to remove at least one artefact.

14. A neural event process as claimed in claim 1, wherein said neural events are

represented by Sp and Ap markers corresponding to said peaks.

15. A neural event process as claimed in claim 1, wherein said maxima and minima of

said phase data and said signal are compared to generate an Sp/Ap plot.

16. A neural event process as claimed in claim 1, wherein said neural response signal is

produced by an ECOG system in response to a head tilt of a person.

17. A neural event process as claimed in claim 1, wherein said neural response is

produced by an ABR system in response to an auditory stimulus of a person.
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18. A neural event process as claimed in claim 16 or 17, wherein said maxima and
minima are used to generate data indicating whether said person has a central nervous

system disorder.

19. A neural event process as claimed in claim 16 or 17, wherein said maxima and
minima are used to generate data indicating a response by said person to medication for a

central nervous system disorder.

20. A neural event process as claimed in claim 16, wherein said maxima and minima

are used to generate data indicating whether said person has Meniere's disease.

21. A neural event process as claimed in claim 16, wherein said maxima and minima
are used to generate data indicating a response by said person to medication for Meniere's

disease.

22, A neural event process as claimed in claim 16, wherein said maxima and minima

are used to generate data indicating whether said person has Parkinson's disease.

23, A neural event process as claimed in claim 16, wherein said maxima and minima
are used to generate data indicating a response by said person to medication for Parkinson's

disease.

24. A neural event process as claimed in claim 16, wherein said maxima and minima

are used to generate data indicating whether said person has depression.

25. A neural event process as claimed in claim 16, wherein said maxima and minima

are used to generate data indicating a response by said person to medication for depression.

26. A peural event process as claimed in claim 1, wherein said maxima and minima

represent a response obtained direct from the vestibular system of a person.
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27. A neural event process as claimed in claim 1, wherein said maxima and minima

represent components of the vestibular system.

28. A neural event process as claimed in claim 1, wherein said maxima and minima
represent a response obtained direct from auditory nuclei and subnuclei of the ear of a

person.

29. A neural event process, including:

receiving a neural response signal produced by an ECOG system;

decomposing said signal using at least one wavelet representing a centre frequency
having a low frequency in the spectrum of said signal, said wavelet having a small
bandwidth factor;

differentiating phase data of said wavelet and said response signal to determine
maxima and minima of said phase data and said signal; and

processing said maxima and minima to determine Sp and Ap data.

30. A neural event process, including:

receiving an auditory brain stem response (ABR) signal produced by an ABR
system;

decomposing said signal at least one wavelet representing a centre frequency
having a low frequency in the spectrum of said signal, said wavelet having a small
bandwidth factor;

differentiating phase data of said wavelet and said response signal to determine
maxima and minima of said phase data and said signal; and

processing said maxima and minima to determine peaks representing neural events.

31.  Aneural event process as claimed in claim 27, wherein said neural events represent

auditory nuclei and subnuclei.
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32. A neural event response process as claimed in claim 30, wherein said bandwidth

factor is 0.05 for the lowest frequency scale.

33. A system having components for performing the process as claimed in any one of

the preceding claims.

34. A computer readable medium having computer program code for use in performing

the process as claimed in any one of claims 1 to 32.

35. A neural response system, including:

electrodes for connecting to a person to obtain a neural response signal;

an amplifier for receiving and producing a sampled form of said signal for
processing; and

an analysis module for decomposing said signal using at least one wavelet,
differentiating phase data of said wavelets and said response signal to determine maxima
and minima of said phase data and said signal, and processing said maxima and minima to

determine peaks representing neural events.

36. A neural response system as claimed in claim 35, including a tilt chair for tilting a

person to provide a stimulus to evoke said response signal.

37. A neural response system as claimed in claim 36, wherein said electrodes include

an ECOG electrode placed adjacent a tympanic membrane of the person.

38. A neural response system as claimed in claim 35, wherein said decomposing is

performed using wavelets with a bandwidth factor less than one.

39. A neural response as claimed in claim 38, wherein said wavelets have centre

frequencies across a frequency spectrum of said signal.
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40. A neural response system as claimed in claim 39, wherein said differentiating
includes generating a number of derivatives of said phase data produced by said
decomposing, and said maxima and minima of said phase data represent rate of change of

phase of scales of said wavelets.

41. A neural response system as claimed in claim 40, wherein said differentiating
includes generating a number of derivatives of said response signal to produce said
maxima and minima of said signal, and said processing includes correlating said maxima
and minima of said phase data and said signal based on time data for said maxima and

minima.

42. A neural response system as claimed in claim 41, wherein said processing includes

eliminating false peaks by applying threshold data to said maxima and minima.

43. A neural response system as claimed in claim 42, wherein said correlating includes

linking said maxima across said scales and across a time band to eliminate false peaks.

44. A neural response system as claimed in claim 43, wherein said processing includes
applying predetermined latency ranges for said peaks to said maxima and minima to

determine said peaks.

45. A neural response system as claimed in claim 44, wherein said receiving includes
filtering and sampling said response signal for said decomposing, differentiating and

processing.

46. A neural response system as claimed in claim 38, wherein said bandwidth factor is
between 0.05 and 0.4.

47. A neural response system as claimed in claim 46, wherein said bandwidth factor is

0.1 for low frequency scales and 0.4 for other scales.
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48. A neural response system as claimed in claim 46, wherein said bandwidth factor is

0.05 for the lowest frequency scale.

49. A neural response system as claimed in claim 45, wherein said analysis module

filters said response signal to remove at least one artefact.

50. A neural response as claimed in claim 35, wherein said neural events are

represented by Sp and Ap markers corresponding to said peaks.

51. A neural response system as claimed in claim 35, wherein said maxima and minima

of said phase data and said signal are compared to generate an Sp/Ap plot.

52. A neural response system as claimed in claim 35, wherein said neural response

signal is produced in response to a head tilt of a person.

53. A neural response system as claimed in claim 35, wherein said neural response is

produced in response to an auditory stimulus of a person.

54. A neural response system as claimed in claim 52 or 53, wherein said maxima and
minima are used to generate data indicating whether said person has a central nervous

system disorder.

55. A neural response system as claimed in claim 52 or 53, wherein said maxima and
minima are used to generate data indicating a response by said person to medication for a

central nervous system disorder.

56. A neural response system as claimed in claim 52, wherein said maxima and minima

are used to generate data indicating whether said person has Meniere's disease.

57. A neural response system as claimed in claim 52, wherein said maxima and minima

are used to generate data indicating a response by said person to medication for Meniere's
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disease.

58. A neural response system as claimed in claim 52, wherein said maxima and minima

are used to generate data indicating whether said person has Parkinson's disease.

59. A neural response as claimed in claim 52, wherein said maxima and minima are
used to generate data indicating a response by said person to medication for Parkinson's

disease.

60. A neural response system as claimed in claim 52, wherein said maxima and minima

are used to generate data indicating whether said person has depression.

61. A neural response system as claimed in claim 52, wherein said maxima and minima

are used to generate data indicating a response by said person to medication for depression.

62. A neural response system as claimed in claim 35, wherein said maxima and minima

represent a response obtained direct from the vestibular system of a person.

63. A neural response system as claimed in claim 35, wherein said maxima and minima

represent components of the vestibular system.

64. A neural response system as claimed in claim 35, wherein said maxima and minima
represent a response obtained direct from auditory nuclei and subnuclei of the ear of a

person.

65. A neural response system, including:

electrodes for connecting to a person to obtain a neural response signal;

an amplifier for receiving and producing a sampled form of said signal for
processing; and

an analysis module for processing said signal to generate a TAP marker to indicate

whether a person has a disorder.
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66. A neural response system as claimed in claim 65, wherein said disorder includes

one of Meniere's disease, Parkinson's disease and depression.

67. A neural response system as claimed in claim 65, wherein said marker indicates a

response by said person to medication for said disorder.

68. A neural response system as claimed in claim 66, wherein said TAP marker is

generated on the basis of Sp/Ap plot data generated by said processing.

69. A neural response system, including:

electrodes for connecting to a person to obtain a neural response signal;

an amplifier for receiving and producing a sampled form of said signal for
processing; and

an analysis module for processing said signal to generate plot of time and frequency
data for peaks in the 70 to 300 Hz range to display activity of components of a person's

auditory system and mark any disorder.

70. A neural response system as claimed in claim 69, wherein said analysis module
generates at least one diagnostic marker for said disorder, said at least one marker
representing changes in peaks of said data within the 70-90 Hz, 110-150 Hz and 200-300

Hz frequency ranges.

71. A neural response system as claimed in claim 70, wherein said changes include
presence or absence of said peaks and distribution changes for time against frequency

representations of said data.

72. A neural response system as claimed in claim 69, wherein said components are

Basal Ganglia components.
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73. A neural response system as claimed in claim 69, wherein said disorder is one of

Parkinson's disease and depression.

74. A neural response process, including processing a response signal obtained from a

person to generate a TAP marker to indicate whether said person has a disorder.

75. A neural response process as claimed in claim 74, wherein said disorder includes

one of Meniere's disease, Parkinson's disease and depression.

76. A neural response process as claimed in claim 74, wherein said marker indicates a

response by said person to medication for said disorder.

77. A neural response process as claimed in claim 75, wherein said TAP marker is

generated on the basis of Sp/Ap plot data generated by said processing.

78. A neural response process, including processing a response signal obtained from a
person signal to generate plot of time and frequency data for peaks in the 70 to 300 Hz
range to display activity of components of a person's auditory system and mark any

disorder.

79. A neural response process as claimed in claim 78, wherein said analysis module
generates at least one diagnostic marker for said disorder, said at least one marker
representing changes in peaks of said data within the 70-90 Hz, 110-150 Hz and 200-300

Hz frequency ranges.

80. A neural response process as claimed in claim 79, wherein said changes include
presence or absence of said peaks and distribution changes for time against frequency

representations of said data.
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81. A neural response process as claimed in claim 78, wherein said components are

Basal Ganglia components.

82. A neural response process as claimed in claim 78, wherein said disorder is one of

Parkinson's disease and depression.

83. A neural event process substantially as hereinbefore described with reference to the

accompanying drawings.

84. A system substantially as hereinbefore described with reference to the

accompanying drawings.

85. A computer readable medium substantially as hereinbefore described with

reference to the accompanying drawings.

86. A neural response system substantially as hereinbefore described with reference to

the accompanying drawings.

87. A neural response process substantially as hereinbefore described with reference to

the accompanying drawings.



PCT/AU2005/001330

WO 2006/024102

1/21

,ﬁﬁg ,

L 34NOI4

=4,

(AR



PCT/AU2005/001330

WO 2006/024102

2121

¢ 34dNOld




WO 2006/024102 PCT/AU2005/001330

321

15000
10000
5000

-
50RO
~100D0

60 secoinds 50D

~2poo

20 seconds 20 seconds 20 seconds
- ~bac-l&gmund:—‘-—~———qbaek—ti]t—f——~——v- —backgreund— — -annno

SRS000

m:10.47 3150 n 0mRE0 W0 3] 400 344610 4 25503 hrrs

FIGURE 3



PCT/AU2005/001330

WO 2006/024102

4/21

(zve)
1oejouy dy sAowsy

(osg)
dy/ds
ale|noeo 10|d

(o¥g)
}08yd
usy} ds uo paseq
suljeseq 92207

\

(oge)
sdg |eul =
sdy Jeul =
ds uo peseq
sdy osje} sjeulw|g

(8z¢g)
dy P

¥ 34NOld

(zze)
syead

osfe} uojeuIwg

(¥ze)
seuw

asedwo)

uo paseq
dg 91e007]

(92¢)
100} dy |egusjod =
Jajueo Ajelodwe; pue
syead as|e} sjeulul|g

(o1e)
aseud P
-< AP/P B
(oze)
< ui/xew sseyd
|eoco]
i (80¢g)
aseuyd
p/p ]
%mvmu_ (90¢)
os|ej uoneuwI|g eselud  w—
A
(o1€) (v0g)
Hiw/xeul urewoq
[820] bay-awiy
; A
(4% (z1e) _ (
- - 20€)
o wewoq I 1009




PCT/AU2005/001330

WO 2006/024102

5121

9 34NOld

008 002 009 005 00¥ 00€ 00Z 00l
T T : T T _

- T T T

JS48°C = % ones dejzds  $0€ 02 = % oljed de/ds

G 34dN9Oid

008 004 009 00S 00F 00% 00c 0oL
T ‘ T

A

Gi-

)
3

o)
)

1020°0L = % Olfe1 defgds  9185ZZ = % one: deyds

spnjubep

spnjubep



PCT/AU2005/001330

WO 2006/024102

6/21

8 3dNoOld

008 002 009 00G 00t 00¢€ 00C 00L

o T T T T T T T T 30L-

— - ml

- — wl W
)

- 1y S
c
o

L / Jz- @

L TN > ~, N SN 0

WV AT

= ] ! ! 1 1 i ] 1 =P

LOZO'0L = % oNjel dejgds 918522 = % onel deyds

. 34N9l4

00F 00¢ ooN 0oL
T T T T

008 00Z 009 005
I I 1

BETY'G = % oljel derzds gL 2 2T = % onel deyds

aspmuben



PCT/AU2005/001330

WO 2006/024102

7121

6 34N2id

s =sajdwes | ¥

o o 91887 [BULION

b

7142 ¥¥Z 212 061 €31 9EL 60L 78 95 67

g0

99L=JEPU pPaUI|2a. WOIJ S8 29 Y Us|

apnyufiew pajeas



PCT/AU2005/001330

WO 2006/024102

0L 34NOld

03 1] ¥9] 88 OFl=u—— 03 1| ¥8| suejuo gZj=Uu—— 33 LI US| U0 7, JG=U—

sw=sajdwes | ¥

8/21

o5, 8z=dyidg )13 1sd) )sod 2850Z-01=8S ‘%0Z=dy;dg 31 1sd] }sod 28sQ|-0=SUBI-UO
‘orez=dyids
3n 15d) 3s0d 3886-0=Uo -:SN|NLUYS Jo seseld Jusiayip 1oj sjo|d 55)89A3 Jo uosuedwo]

apnyuBew papas



PCT/AU2005/001330

WO 2006/024102

9/21

L 34NOId

O3 1jus)ssdn oz=u —— O3F LlYsjsuenuodngiz=u — D3 Ljysjuodn g, 9ol=u ——
O3 LUl ss y82=U —— O3 1| }d} suey uo ggg=u ---- O3 11U uo g, gll=u — O3 11yelB6gGL/Lee=u ——

sw=sojdwes |y

"Swig’L ‘Y%ep=ssdn swg’| ‘Y%ee=suesjuo dn isweQ ‘%ez=uodn iswyp’| ‘9ge=SSs ‘sWwg’| ‘%zZ=Sueljuo
‘swg'L ‘%9z =uo ‘swg'l ‘Y% L1=6q -:dvl ‘onel dyids 93 60-8-G1 LOVL ZHOZ 1 Yomuang sjod | 3y dH LI

apnyubew pajeos



PCT/AU2005/001330

WO 2006/024102

¢} 3dNOi4

O3 11yl ssdnpgl=u— D3 1jYs| suejuo dngg=u——  DF [|1¥s|uodn g, gp=u—ro0
O3 1Ys] ss 9G{=u— O3 11 ys) suejpuo g/=u —— O3 Liys| uo g,9g=u——r 03 11¥a1 Bq g i/68g=u—

swi= sa|dwes L'yy

10/21

'Sw'g ‘%8c=ssdn iswg’L ‘ygz=suesjuo dn isw} ‘YL L=uodn
‘SWIQ’L “%.g=SS SWZ'} ‘%gZ=SUBIUO 'SW9"0 ‘%0G =UO ‘swe'} ‘%/Z=0q - dv 1 ‘onel dy/ds 93 50-8-G1 LO¥) LI

apnyubew pajeoss



PCT/AU2005/001330

WO 2006/024102

11/21

(zve)
1oej8lY dy anoway

[

(ove)
3o8yo
usy} dg uo paseq
aujjeseq 9)e007]

A

(c08)
fousiey

uo paseq s,dy
19jonu sulwiLled

A

(oge)
sdg jeuy =

sdy [eul} =

dg uo peseq sdy asje} ajeuilwl|g

A

(sze)
dy

(0gg)
dy/ds
ajejnoeo 10|d

€l 3dNnoid

(zze)
syead

asje} uoleuw|3

(vee)

A

sawll}
asedwo)

uo paseq
dg sje00

(9z¢)
100] dy |enusjod =
Jajueo Ajjerodwsy pue
syead asje} sjeulwig

(01€)
aseyd P
< PP -
(0zg)
- ulwy/xew sseyd
|eoo]
< (80¢)
aseyd
p/p -
mmu__%w (g0¢)
osie} UoeUILIS °seld =
]
(a1€) (vog)
ujw/xew ujewoq
|eoo bay-awn|
A Y
(r1e) < (z1€) -
ey uewoq |- _&Em%womm
pue1p/p awl]




PCT/AU2005/001330

WO 2006/024102

12121

¥l 3dNOld

Jaqunu JuaAs

8/ LL VO LGOGEVY QL 6C CC Gl 8 L

L L LT L L L T

uoileulwl|e Jeye —— Uoleuiwl x Uoloe|es alojeq —

INWRS }O1]2 §Z S3Wll) JUaA3 |elnaN ¥gV

Gl
GC
G¢E
Gv
GG

(sw) awy




PCT/AU2005/001330

WO 2006/024102

13/21

Gl 3dNold

[s] sunp
2100 10°0 8000 900'0 #0070 2000 0
¥ < H i 1 [
l ® H
L i 1 1 [
ZI00 100 ) 5000 RO 2000
L] < H i ¥
i g9N i
2150 X0 5O00 000 —5000 050
T T )!HVAH\\. < T T
3 X0l 001 ]
- doi -
2107 00 TO00 w00 00 2000
T T T < 7 T
B N ]
210D 190 BO0o T 00 2000
i os . BINA )
2107 ) IV 000 00 2000
T T T =~
| NOA.  NOG i
1 1 1 i 1
2100 Ty BO6D 0T 00 2000
1 L } I m<
i NY i
1 ] i i §

1
MANr"O N~ NN ~OCONTOMANTTOONN-O

NO 008 T ol 89N av

NY



PCT/AU2005/001330

WO 2006/024102

14/21

91 34dNoOId

96=U ss 2850y-0E 10 F0-ZL-2 UONEJIPEW NOYM 7 uslied —— G| L=\ SS 38S0F-0E 19 GO-E-1Z UOHEIIPBW Yy | Jusied —

sl | =sajdwes | ¥

P

122 ¥¥Z 1¢ OBLEBL9EL 601 28 55 ¢

TP 91 W A STGE T=dV L
VOTEOIpa OU 305 SWEE [=dV L

%G oljel dy/dS UoESIpaUI JNOYNM PUE %9Z ojel dy/dS UOHEDIPSW YliM SUoSuDEd

Sl

apmyuBew pajeas

g0

S0



PCT/AU2005/001330

WO 2006/024102

15/21

Ll 3dNOIld

/Sl=U S8 28S0Y-0F 19 50-G-1 | UOIEIPBW aigjag —— 2GL=U $5 J3SQy-0F 19 GO-E-Z] UOIEIIPaW Jaye —

swp=ssjdwes |'fF swn

T

y

[ ="

\nw.,...mw .H.UL..._
vl f,,f..:.é S

.../ ° .-\ . o ,. J,_
8158 w«m\ﬁm@ﬁ& o /\ehi) 929 ysa ...mmww\m

,m g 5942 152 mwm;womm L

_Emmr _h_u_, 9

W ‘.q

Wq

Pm w.m

T

7,

vVt

(swgg 0=dv 1 “%Tpr=dy/ds) uopeslpaw (4SS Jaye siyg

(swep'L=dv1 ‘“Y%or=dyjds) aiojeq pessaidaq

SD

gl

apnyubew pajeas



PCT/AU2005/001330

WO 2006/024102

16/21

81 FdNSId

sw | =sajdwes | §f

f
SWg Z=dv 1 '%zg=tv/0S uojeapswsod

sug |=dv'1 '% |9=dvyds uogeapeuiald

*E\.f.ﬁf

1

598 8E8

4 258 Se 86T 122 ¥YT 212 061 €81 9EL 60} 28 55 82

uoneoipaw (J1emoy) 3sod pue (Joddn) aid jusijed seisUS|

apmyufiew pajeas



PCT/AU2005/001330

WO 2006/024102

17121

61 34NOld

_\anwm_uc aje1s Apesls 78 1q WU —— ([p=lepu alels Apesls 28 1q Y8 —

swi=sajdwes L '¥¥

{fewou) Y pue (satauswiijusned

5T

Nl

o H BU) 9607 PUS () %2 =oned chyyd
AT A : ‘|-
TAT I \ VAN o
B RN
_/L\‘ oo

st .

g
9 668 110 Y0 /52 02 €07 949 6v9 229 565 8a5/17G 1 20y 0 EEY 30V 6.6 98 5CE 6T }.4Z YVE VT U6 €91 %€} 60} 78 53 BC |
€9'565 835:1v5 viF JOR OE . ‘ g

apnyufiew pajeas



WO 2006/024102 PCT/AU2005/001330

18/21
Tap: Healthy vs Meniere's subject
25
w O Healthy
3 subject
Q. .
© W Meniere's
- .
subject
Tilt segments
FIGURE 20
Tap: Healthy vs Depressed subject
O Healthy
subject

M Depressed
suject

Tap (ms)

Tilt segments

FIGURE 21



WO 2006/024102

19/21

PCT/AU2005/001330

Healthy vs PD subjects

O Healthy
subject

B PD subject
not on
medication

O PD subject
on

medication
Signal segments
FIGURE 22
Healthy vs Parkinson's/ bipolar subject
O Healthy
subject

W Parkinson's/

bipolar
subject

Signal seg|°ments

FIGURE 23



PCT/AU2005/001330

WO 2006/024102

20/21

Average Tap Across Recording

Jejodiq
Js,uosunyed

r S ] semnuep

S,2I01UBI

(1ea poob)
s,oI81UB N

(4e0 peq)
s,allusy

(uoneopaw
uo jou) suosuped

(uopeaipow
Jaye) pessaide(

S 7Aoo

: r ————  uoieopsw
EES uo suosupied

(uoneoipaw alogeq)
passaide(

QO %N Q
~ v v

de} abeiony

Subjects

FIGURE 24

1 I
o [y Ria]
=

L swapiye0s jajasem pafiesaay

40k

20+

fraquency (Hz)

FIGURE 25



PCT/AU2005/001330

21/21

Hf to Lf Area Ratio

uoijesIpaw uo jou
s,uosupped
s,uosupped
ajqissod

.| passadsq

Ayeay

(oleys passalls)
Ayyesy
(o3e38 passans)
Auyesy

AuyesH

Aujeay

| AuyesH

1 AuesH

uoleoIpaWw uo
passaidag

Ayyeey

Auyesy

w Ayyesy

Ayresy
Ayyesy
AqyesH

Auyeen

Subjects

FIGURE 26

© n < ™ N (@)
ones ease JuH

WO 2006/024102




INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2005/001330

A, CLASSIFICATION OF SUBJECT MATTER
Int. C1 7 A61B 5/04

According to International Patent Classification (IPC) or to bo‘éh national classification and IPC
B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
DWPI +keywords: wavelet, neural and similar terms

MEDLINE -+keywords: wavelet, neural and similar terms

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
Clinical neurophysiology, 115(5) pages 1114-1128, May 2004 “On wavelet analysis of
auditory evoked potentials” Bradley AP et al
X ) ‘ 1-64
Brain research protocols 8(1) pages 16-24, August 2001 “Wavelet transform in the
analysis of the frequency composition of evoked potentials” Quian Quiroga R et al
X 1-64
WO 2004/105601 Al (EVEREST BIOMEDICAL INSTRUMENTS) 9 December 2004
AP Abstract
WO 2002/047547 Al (FRANZ) 20 June 2002
A Abstract
|:| Further documents are listed in the continuation of Box C See patent family annex
e Special categories of cited documents: .

"A"  document defining the general state of the art which is "T" later document published after the international filing date or priority date and not in

not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
- underlying the invention

"E" earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken

alone ’

"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O"  document referring to an oral disclosure, use, exhibition , X
or other means "&"  document member of the same patent family

"P"  document published prior to the international filing date
but later than the priority date claimed

Date of the actual completion of the international search ‘Date of mailing of the intgrza ional ;ﬁarch report
26 October 2005 : :
Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE
PO BOX 200, WODEN ACT 2606, AUSTRALIA
E-mail address: pet@ipaustralia.gov.au XAVIER GISZ
Facsimile No. (02) 6285 3929 Telephone No ; (02) 6283 2064

Form PCT/ISA/210 (second sheet) (January 2004)




INTERNATIONAL SEARCH REPORT International application No.
Information on patent family members PCT/AU2005/001330

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Ausiralian Patent Office is in no way liable for these particulars
which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report
WO 2004105601 AU 2003241369 UsS 2004243017
WO 0247547 AU 20377/02

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.
END OF ANNEX

Form PCT/ISA/210 (patent family annex) (January 2004)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

