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Description
Technical Field

[0001] The present invention relates to a method for
automation of objective hearing test based on assess-
ment of auditory evoked potential (AEP), for shortening
testing time, and for minimization of inaccuracy and er-
rors of hearing test that may be resulted from the auto-
mation and time shortening.

Background Art

[0002] The auditory brainstem response (ABR) audi-
ometry is the mostwidely used method for objective hear-
ing test.

[0003] For ABR audiometry, an electrode is placed on
a subject’s head and test stimulus is repetitively present-
ed at least more than 1,500 times. After averaging the
data, patient’s audibility is determined by presence or
absence of Wave V.

[0004] Although a click is commonly used for ABR au-
diometry, this stimulus is inappropriate for estimate of
hearing thresholds on specific frequencies, such as
250Hz, 500Hz, 1000Hz, 2000Hz, 4000Hz, and 8000Hz.
For this reason, tone-pip (or tone-burst) stimulus which
has very short duration and can be presented as individ-
ual frequency, is used for estimate of the frequency-spe-
cific threshold. In this case, the term "tone-pip (or tone-
burst) ABR audiometry" is currently used.

Disclosure of Invention

[0005] In the conventional tone-pip ABR audiometry,
as each frequency-specific threshold should be estimat-
ed separately, it takes about 1.5-2 hours to test hearing
thresholds. In addition, because user’'s determination of
a subject’s hearing threshold depends on visual discrim-
ination of wave V peak in which amplitude decrease more
and more when stimulus intensity gets closer to hearing
threshold, it is difficult to avoid intervention of user’s sub-
jective judgment.

[0006] It is the most serious problem of the conven-
tional ton-pip ABR audiometry that very long time is re-
quired for the hearing test. It takes long time to set man-
ually the test stimulus presented separately according to
frequency and intensity. In addition, each test stimulus
should be presented more than 1,500 times to obtain a
significant signal-to-noise ratio. Most of all, because the
more stimulus intensity gets closer to hearing threshold,
the more amplitude of wave V decreases, it takes long
time for a user to determine the presence or absence of
wave V peak.

[0007] In order to solve above-mentioned problems of
the conventional method, the present invention provides
a method for automation of tone-pip (or tone-burst) ABR
audiometry, which can exclude both manual operation
and user’s subjective judgment. Another object of the
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present invention is to provide a method for determining
objective hearing threshold by computing the gap be-
tween wave V and SN10. Still another object of the
present invention is to provide a method for obtaining
excellent signal-to-noise ratio even after minimizing the
number of averaging. Finally, a device for performing all
above-mentioned objects is disclosed.

[0008] In order to achieve above-mentioned objects,
there is provided a method for automation of tone-pip or
tone-burst ABR audiometry comprising the steps of:

(a) setting test conditions, comprising the steps of:
choosing the number of testing stimuli frequency;
setting filtering frequency of notch filter to eliminate
electrical background noise influxed from electrical
source:

setting frequencies of high-pass band filter and
low-pass band filter to eliminate low-frequency
artifact from brain and high-frequency electrical
harmonics, respectively;

setting the number of EEG data averaging;
setting time range to randomize the time inter-
vals between sequentially presented stimull;
setting both time range and critical intensity val-
ue of potential change, which is needed to clas-
sify an abrupt potential change during the test
as an artifact and to exclude the epoch with the
abrupt potential change from averaging proc-
ess;

setting a critical value which means a significant
potential difference between section A contain-
ing positive peak of wave V and section B con-
taining negative peak of SN10; and setting
standards for both coordinates and graphic im-
ages which are visualized in a user interface;
which is arbitrary done by a user before starting
test.

(b) converting subject’s spontaneous EEG, which is
influxed from electrodes placed on a subject’s head
right before starting test, Into a real-time graphic im-
age;

(c) quantitative visualization of FFT analysis data on
periodic artifacts among subject’'s spontaneous
EEG;

(d) filtering distinctive periodic artifacts based on the
FFT analysis data, which is arbitrarily done by a user;
(e) as a preliminary test, presenting standard test
stimulus to a subject according to the test condition
with random time interval fixed in step (a);
real-time counting and notifying the number of ep-
ochs included for averaging and the number of ep-
ochs excluded from averaging process according to
the criteria of epoch fixed in step (a);

averaging the epochs where there seems to be no
abrupt potential change; band-pass filtering of aver-
aged data by applying the frequencies determined
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In step (a) to eliminate low-frequency artifact from
brain and high-frequency electrical harmonics;
notch filtering of stimulus artifact generated in con-
cert with the presented stimulus, by applying the
same frequency as that of the test stimulus ;
real-time imaging of the averaged EEG data on co-
ordinates according to the number of averaging and
coordinates standard fixed in step (a); and
searching the positive peak of evoked wave V, and
setting time section, which is the A and B section
containing wave V positive peak and SN10 negative
peak, respectively.

(f) setting initial intensity of the test stimulus for the
main test, by gradually decreasing or increasing
stimulus intensity, the minimal intensity, at which the
potential difference between A and B section does
not exceed the previously fixed critical value, is found
outand setto Y, wherein the initial stimulus intensity
of a main test is setto Y + Z dB.; and

(9) as a main test, presenting test stimulus of each
frequency, searching the minimal intensity where the
potential difference between A and B section does
not exceed the critical value fixed in advance in step
(a), and determining objective hearing threshold of
each frequency.

[0009] The step (a) is for setting test condition. This
step comprises the steps of: choosing the number of test-
ing frequency; setting filtering frequency of notch filter to
eliminate electrical background noise influxed from elec-
trical source; setting frequencies of high-pass band filter
and low-pass band filter to eliminate low-frequency arti-
fact from brain and high-frequency electrical harmonics,
respectively; setting the number of averaging; setting
time range to randomize the time intervals between se-
quentially presented stimuli; setting both time range and
critical intensity value of potential change, which is need-
ed to classify an abrupt potential change during the test
as an artifact and to exclude the epoch with the abrupt
potential change from averaging process; setting a crit-
ical value which means a significant potential difference
between section A containing positive peak of wave V
and section B containing negative peak of SN10; and
setting specifications for both coordinates and graphic
images which are visualized in a user interface.

[0010] The step (b) is the same as the conventional
method for converting subject’s spontaneous EEG,
which is influxed from electrodes placed on a subject’s
head before starting test, into a real-time graphic image.
[0011] Thestep(c)is aquantitative visualization of FFT
analysis data on periodic artifacts among subject’s spon-
taneous EEG. In this step, a large number of notch filters
are needed to completely eliminate minute artifacts in-
fluxed from electrical harmonics, because the minute ar-
tifacts cannot be completely eliminated by a small
number of notch filters, which are generally used for elim-
ination of electrical harmonics. For accurate filtering of
minute artifacts influxed from electrical harmonics, real-
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time frequency spectrum analysis for influxed potential
is required, and it is desirable to use FFT analysis.
[0012] The step (d) is an arbitrary filtering by a user of
distinctive periodic artifacts, which is based on the FFT
analysis data of step (c). In this step, it is desirable to
prudently use notch filters by considering the frequency
and intensity of electrical harmonics, and the same fre-
quency as that of the corresponding harmonics artifact
is applied as the frequency of a notch filter.

[0013] The step (e) is a preliminary test. In this step,
after searching the wave V peak, the A and B section,
which comprises wave V peak and SN10 peak, respec-
tively, is determined. In detail, the step (e) comprises the
steps of: presenting standard test stimulus (e.g. 2KHz,
90dBHL, standard stimulus can be arbitrarily set by a
user) to a subject according to the test condition with
random time interval which is set in step (a); real-time
counting and notifying the number of epochs included
(accepted) for averaging and the number of epochs ex-
cluded (rejected) from averaging process according to
the criteria of the epoch with the abrupt potential change
fixed in step (a); averaging the accepted epochs where
there seems to be no abrupt potential change; band-pass
filtering of averaged data by applying the frequencies de-
termined in step (a) to eliminate low-frequency artifact
from brain and high-frequency electrical harmonics;
notch filtering of stimulus artifact generated in concert
with the presented stimulus, by applying the same fre-
quency as that of the test stimulus; real-time imaging of
the averaged EEG data on coordinates, according to the
number of averaging and coordinates standard fixed in
step (a); and after searching the positive peak of evoked
wave V, setting time sections which are both A and B
sections containing wave V positive peak and SN10 neg-
ative peak, respectively. An example of conditional sen-
tences used to set the A and B section is as follows; "if
the generation time of wave V peak, which is between 6
ms and 9 ms of averaged EEG section, is set to X, A
section is (X - 0.5) ms ~ (X + 0.5) ms and B section is (X
+1.5)ms ~ (X +3.5) ms."

[0014] The step (f) is setting initial intensity of the test
stimulus for main test. By gradually decreasing stimulus
intensity (e.g. 90, 85, 80, 75 dBHL or dBnHL) in the pre-
liminary test, minimal intensity, at which the potential dif-
ference between A and B section does not exceed the
critical value fixed in advance in step (a), is found out and
set to Y. The initial stimulus intensity of a main test is set
toY + ZdB. (Z could be 5, 10, 15, 30, etc.)

[0015] Finally, the step (g) is a main test. After present-
ing test stimulus of each frequency to a subject and
searching the minimal intensity of each frequency where
the potential difference between A and B section does
not exceed the critical value fixed in advance in step (a),
the objective hearing threshold of each stimulus frequen-
cy is determined. Detail methods and processes applied
to step (g) are the same as that of step (e).
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Brief Description of the Drawings
[0016]

FIG. 1 is a configuration chart of a device for per-
forming objective automated hearing test, not part
of the present invention.

[32] FIG. 2 is a flow chart illustrating whole process
of objective automated hearing test according to a
preferred embodiment of the present invention.

Mode for the Invention

[0017] Hereinafter, the preferred embodiment of the
present invention will be described with reference to the
accompanying drawings.

[0018] The present invention provides with a method
for automated tone-pip (or tone-burst) ABR test without
both manual operation and user’s subjective judgment,
for determination of objective hearing thresholds based
onthe gap betweenwave V and SN10, and for acquisition
of excellent signal-to-noise ratio by only minimal number
of averaging.

[0019] The device for performing objective automated
hearing test s firstly described and embodiments for per-
forming automated tone-pip ABR test without both man-
ual operation and user’s subjective judgment, determi-
nation of objective hearing thresholds based on the gap
between wave V and SN10, and obtaining excellent sig-
nal-to-noise ratio by only minimal number of averaging
are described in this specification.

[0020] FIG. 1 is a configuration chart of a device for
performing objective automated hearing test not being
part of the present invention.

[0021] Referring to FIG. 1, the part for both EEG anal-
ysis and hearing threshold determination is firstly illus-
trated 100.

[0022] Ifevoked EEG analysis dataindicates that hear-
ing threshold is not determined, next stimulus is present-
ed 102.

[0023] Concerning the method of stimulus presenta-
tion, unpredictable stimulus to both a user and a subject
is presented in the present invention. This is accom-
plished by random processing of stimulus presenting part
and is totally different from the conventional method.
Generally used frequencies of tone-pip (or tone-burst)
stimuli for objective hearing test are as follows; 250Hz,
500Hz, 1000Hz, 2000Hz, and 8000Hz. The number of
tone-pip stimulus can be increased by applying subdivid-
ed frequency interval.

[0024] Wide range of stimulus intensity from maximum
of 130dBSPL to minimum can be used for the test.
[0025] Teststimulusis presented to a subject’s ear not
directly through a speaker but after passing trigger part
104. The trigger part transmits synchronization signal
(114) of stimulus onset time to the EEG analysis part
100, which is needed to define initial time for averaging,
and at the same time presents the stimulus to a subject
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through a speaker 106.

[0026] Concerning the location of electrodes placed to
a subject, it is recommended to place an electrode on
the upper part of subject’s frontal lobe in the preferred
embodiment of the present invention performing objec-
tive automated hearing test. The frontal lobe is a proper
spot for minimizing difficulties accompanied by electrode
placement. In addition, even when diverse methods sug-
gested in the present invention for improving signal-to-
noise ratio are applied to hearing test, evoked EEG with
excellent signal-to-noise ratio can be drawn out from the
frontal lobe without any deterioration.

[0027] EEG influxed from the subject’s frontal lobe is
transmitted to EEG sampling part 112 through electrode
connecting part 110.

[0028] Both EEG data and synchronization signal of
stimulus onset time, which are drawn out by EEG sam-
pling part and inputted by trigger part, respectively, are
simultaneously transmitted to EEG analysis & hearing
threshold determination part 100. After real-time analyz-
ing, the subject’s final hearing threshold of each stimulus
frequency is determined.

[0029] FIG. 2 is a flow chart illustrating whole process
of objective automated hearing test according to a pre-
ferred embodiment of the present invention.

[0030] Referring to FIG. 2, in advance of performing
objective automated hearing test, test condition is set
200.

[0031] Test condition setting comprises the steps of:
choosing the number of testing frequency; setting filtering
frequency of notch filter to eliminate electrical artifacts
influxed from electrical source; setting frequencies of
high-pass band filter and low-pass band filter to eliminate
low-frequency artifact from brain and high-frequency
electrical harmonics, respectively; setting the number of
averaging; setting time range to randomize the time in-
tervals between sequentially presented stimuli (i.e., inter-
stimulus interval, I1S1); setting both time range and critical
intensity value of potential change, which is needed to
classify an abrupt potential change during the test as an
artifact and to exclude the epoch with the abrupt potential
change from averaging process; setting a critical value
which means a significant potential difference between
section A containing positive peak of wave V and section
B containing negative peak of SN10; and setting stand-
ards for both coordinates and graphic images which are
visualized in a user interface.

[0032] After setting test condition, subject’s spontane-
ous EEG, which is influxed from electrodes attached to
the subject’s head before testing, can be converted into
a real-time graphic image. This step is the same as the
conventional methods 202.

[0033] Next step 204 is a quantitative visualization of
FFT analysis data on periodic artifacts among subject’s
spontaneous EEG. In this step, many number of notch
filters are needed to completely eliminate minute artifacts
influxed from electrical harmonics, because the minute
artifacts cannot be completely eliminated by a small
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number of notch filters, which are generally used for elim-
ination of electrical harmonics. For accurate filtering of
minute artifacts influxed from electrical harmonics, real-
time frequency spectrum analysis of influx potential is
required, and it is desirable to use FFT analysis.

[0034] Based on the FFT analysis data, distinctive pe-
riodic artifacts are arbitrarily filtered by a user 206. In this
step, it is desirable to use notch filters considering the
frequency and intensity of electrical harmonics, and the
same frequency as that of the corresponding harmonics
artifact is applied as the frequency of a notch filter.
[0035] The accuracy and reliability of hearing test can
be increased by a preliminary test followed by a main
test. In this step, once a user presses the start button,
standard test stimulus is presented 208. Though 2KHz,
90dBHL (or 60dBnHL) tone-pip stimulus is usually used
as a standard test stimulus, it can be arbitrarily set by a
user. All the test stimulus containing standard test stim-
ulus are presented to a subject with random time interval
fixed in the step of test condition setting.

[0036] While standard test stimulus is presented to a
subject, an abrupt potential change, which distorts the
final data of averaging, can be generated together with
evoked potential by tone-pip stimulus. During ensemble
averaging process, it is desirable to completely eliminate
the epochs, which are containing the abrupt potential
change 210. The elimination of epochs is accomplished
according to the criteria fixed in the step of test condition
setting, which includes time section and critical intensity.
[0037] The epochswithoutabrupt potential change are
averaged by the conventional method 212.

[0038] By band-pass filtering of averaged data, wave
form is changed sharply or softly and low-frequency ar-
tifacts from brain and high-frequency electrical harmon-
ics are eliminated 214.

[0039] As stimulus artifact, which is generated in con-
cert with the presented stimulus, can be reflected to the
final averaged data, notch filtering applying the same fre-
quency as that of the test stimulus is included 216.
[0040] The peak of wave V is found out from the final
averaged data 218.

[0041] After searching the wave V peak, both A and B
sections, which contain the positive peak of wave V and
negative peak of SN10 respectively, are set 220. An ex-
ample of conditional sentences used to set the A and B
sections is as follows; "if the generation time of wave V
peak, which is between 6 ms and 9 ms of averaged EEG
section, is set to X, A section is (X - 0.5) ms ~ (X + 0.5)
ms and B section is (X + 1.5) ms ~ (X + 3.5) ms."
[0042] By gradually decreasing (e.g. 90, 85, 80, 75
dBHL) or increasing (e.g. 95, 100, 105 dBHL) stimulus
intensity, the minimal intensity, at which the potential dif-
ference between A and B section does not exceed the
previously fixed critical value, is found out and setto Y.
The initial stimulus intensity of a main testis setto Y + Z
dB 222.

[0043] In a main test 224 ~ 232, after presenting test
stimulus of each frequency to a subject and searching
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the minimal intensity of each frequency where the poten-
tial difference between A and B section does not exceed
the previously fixed critical value, the objective hearing
threshold of each stimulus frequency is determined. De-
tail methods and processes applied to the main test are
the same as that of a preliminary test except diversity of
test stimulus frequency.

Industrial Applicability

[0044] As described above, according to the preferred
embodiment of the method for objective automated hear-
ing test, users can shorten testing time by automatically
performing tone-pip (or tone-burst) ABR test without both
manual operation and user’s subjective judgment. Fur-
ther, according to the preferred embodiment of the
present invention, in spite of minimization of the averag-
ing number, reliable hearing test data with excellent sig-
nal-to-noise ratio is obtained by applying a decision meth-
od of objective hearing thresholds based on the gap be-
tween wave V and SN10.

Claims

1. A method for automation of tone-pip or tone-burst
auditory brainstem response (ABR) audiometry
comprising the steps of:

(a) setting test conditions, comprising the steps
of: choosing the number of testing stimuli fre-
quency;

setting filtering frequency of notch filter to elim-
inate electrical background noise influxed from
electrical source;

setting frequencies of high-pass band filter and
low-pass band filter to eliminate low-frequency
artifact from brain and high-frequency electrical
harmonics, respectively;

setting the number of EEG data averaging;
setting time range to randomize the time inter-
vals between sequentially presented stimuli;
setting both time range and critical intensity val-
ue of potential change, which is needed to clas-
sify an abrupt potential change during the test
as an artifact and to exclude the epoch with the
abrupt potential change from averaging proc-
ess;

setting a critical value which means a significant
potential difference between section A contain-
ing positive peak of wave V and section B con-
taining negative peak of SN10; and setting
standards for both coordinates and graphic im-
ages which are visualized in a user interface;
which is arbitrally done by a user before starting
test.

(b) converting subject’'s spontaneous EEG,
which is influxed from electrodes placed on a
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subject’s head right before starting test, into a does not exceed the previously fixed critical value,
real-time graphic image; the objective hearing threshold of each stimulus fre-
(c) quantitative visualization of FFT analysis da- quency is determined in step (g).

ta on periodic artifacts among subject’s sponta-

neous EEG; 5

(d) filtering distinctive periodic artifacts based on Patentanspriiche

the FFT analysis data, which is arbitrarily done

by a user; 1. Verfahren zum Automatisieren von Tone-Pip- oder
(e) as a preliminary test, presenting standard Tone-Burst-Hirnstamm-Audiometrie (ABR), umfas-
test stimulus 10 send die Schritte:

to a subject according to the test condition with
random time interval fixed in step (a);

real-time counting and notifying the number of
epochs included for averaging and the number

(a) Einstellen von Testbedingungen, umfassend
die Schritte:

of epochs excluded from averaging process ac- 15 Auswahlen der Anzahl von Test-Reizfre-
cording to the criteria of epoch fixed in step (a); quenzen;
averaging the epochs where there seems to be Einstellen der Filterfrequenz des Notchfil-
no abrupt potential change; band-pass filtering ters zum Entfernen von elektrischem Hin-
of averaged data by applying the frequencies tergrundrauschen, das von der elektrischen
determined in step (a) to eliminate low-frequen- 20 Quelle einstrémt;
cy artifact from brain and high-frequency elec- Einstellen der Frequenzen von Hochpass-
trical harmonics; Bandfilter und Tiefpass-Bandfilter zum Ent-
notch filtering of stimulus artifact generated in fernen von niederfrequenten Artefakten aus
concert with the presented stimulus, by applying dem Gehirn bzw. hochfrequenten elektri-
the same frequency as that of the test stimulus ; 25 schen Oberschwingungen;
real-time imaging of the averaged EEG data on Einstellen der Zahl der EEG-Daten-Mittel-
coordinates according to the number of averag- wertbildung;
ing and coordinates standard fixed in step (a); Einstellen des Zeitbereichs zum Randomi-
and sieren der Zeitintervalle zwischen sequen-
searching the positive peak of evoked wave V, 30 ziell dargebotenen Reizen;
and setting time section, which is the A and B Einstellen des Zeitbereichs und des Werts
section containing wave V positive peak and der kritischen Intensitat der Potentialande-
SN10 negative peak, respectively. rung, die bendtigt werden, um eine abrupte
(f) setting initial intensity of the test stimulus for Potentialdanderung wahrend des Tests als
the main test, by gradually decreasing 35 Artefakt einzustufen und den Zeitraum mit
orincreasing (e.g. 95, 100, 105 dBHL) stimulus der abrupten Potentialdnderung aus dem
intensity, the minimal intensity, at which the po- Vorgang der Mittelwertbildung auszuschlie-
tential difference between A and B section does Ben;
not exceed the previously fixed critical value, is Einstellen eines kritischen Werts mit der Be-
found out and set to Y, wherein the initial stim- 40 deutung eines signifikanten Potentialunter-
ulus intensity of a main testis setto Y + Z dB,; schieds zwischen Abschnitt A, der ein po-
and sitives Maximum der Welle V enthalt, und
(g) as a main test, presenting test stimulus of Abschnitt B, der ein negatives Maximum
each frequency, searching the minimal intensity von SN10 enthalt; und
where the potential difference between Aand B 45 Einstellen von Standardwerten sowohl fir
section does not exceed the critical value fixed Koordinaten als auch fiir graphische Abbil-
inadvancein step (a), and determining objective dungen,
hearing threshold of each frequency. die in einer Benutzerschnittstelle visuali-
siert werden;
The method of claim 1, wherein at step (d) 50 was von einem Benutzer vor dem Beginn
the filtering step is arbitrarily performed by applying des Tests frei wahlbar durchgeflhrt wird;
the frequency of corresponding periodic artifact as
the frequency of a notch filter. (b) Umwandeln des spontanen EEG eines Sub-
jekts, das von Elektroden einstrémt, die unmit-
55

The method of claim 1, wherein after presenting test
stimulus of each frequency to a subject and search-
ing the minimal intensity of each frequency where
the potential difference between A and B section

telbar vor dem Beginn des Tests an dem Kopf
eines Subjekts platziert worden sind, in eine gra-
phische Echtzeit-Abbildung;

(c) Quantitatives Visualisieren von FFT-Analy-
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sedaten von periodischen Artefakten in dem
spontanen EEG des Subijekts;

(d) Filtern von charakteristischen periodischen
Artefakten auf der Grundlage der FFT-Analyse-
daten, was von einem Benutzer frei wahlbar
durchgefiihrt wird;

(e) als Vorversuch Darbieten eines Standard-
Testreizes gemal den Testbedingungen mit ei-
nem in Schritt (a) festgelegten beliebigen Zei-
tintervall an ein Subjekt;

Echtzeit-Zahlen und Melden der Anzahl von
Zeitrdumen, die in der Mittelwertbildung enthal-
ten sind, und der Anzahl von Zeitrdumen, die
gemal den in Schritt (a) festgelegten Kriterien
von der Mittelwertbildung ausgeschlossen sind;
Mitteln der Zeitraume, bei denen keine abrupte
Potentialdnderung vorzuliegen scheint;
Bandpass-Filtern der gemittelten Daten durch
Anwenden der in Schritt (a) festgelegten Fre-
quenzen, um niederfrequente Artefakte von
dem Gehirn und hochfrequente elektrische
Oberschwingungen zu entfernen;

Notchfiltern des zugleich mit dem dargebotenen
Reiz erzeugten Reizartefakts durch Anwenden
der gleichen Frequenz wie jene des Testreizes;
Echtzeit-Bildgebung der gemittelten EEG-Da-
ten auf Koordinaten geman der Zahl der Mittel-
wertbildung und den in Schritt (a) festgelegten
Standardkoordinaten; und

Ermitteln des positiven Maximums der evozier-
ten Welle V und Einstellen des Zeitabschnitts,
der der A- bzw. B-Abschnitt ist, der das positive
Maximum der Welle V bzw. das negative Maxi-
mum von SN10 enthalt;

(f) Einstellen der Anfangsintensitat des Testrei-
zes fir den Haupttest durch allmahliches Ver-
ringern oder Erhéhen (beispielsweise 95, 100,
105 dBHL) der Reizintensitat, wobei die Mindes-
tintensitat, bei der der Potentialunterschied zwi-
schen dem A- und dem B-Abschnitt den zuvor
festgelegten kritischen Wert nicht Giberschreitet,
ermittelt wird und auf Y gesetzt wird, wobei die
Anfangs-Reizintensitat bei einem Haupttest auf
Y + Z dB gesetzt wird; und

(9) als Haupttest Darbieten von Testreizen mit
jeder Frequenz, Ermitteln der Mindestintensitat,
bei der der Potentialunterschied zwischen dem
A- und dem B-Abschnitt den zuvor in Schritt (a)
festgelegten kritischen Wert nicht Giberschreitet,
und Bestimmen der objektiven Horschwelle fiir
jede Frequenz.

Verfahren gemal Anspruch 1, wobei bei Schritt (d)
der Filterschritt frei wahlbar durch Anwenden der
Frequenz des entsprechenden periodischen Arte-
fakts als Frequenz eines Notchfilters durchgefiihrt
wird.
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3. Verfahren gemaf Anspruch 1, wobei nach dem Dar-
bieten eines Testreizes mit jeder Frequenz an ein
Subjekt und Ermitteln der Mindestintensitat fir jede
Frequenz, bei der der Potentialunterschied zwi-
schen dem A- und dem B-Abschnitt den zuvor fest-
gelegten kritischen Wert nicht tGberschreitet, die ob-
jektive Horschwelle fiir jede Reizfrequenz in Schritt
(g) bestimmt wird.

Revendications

1. Procédé permettant d’automatiser une évaluation
audiologique des potentiels évoqués du tronc céré-
bral (ABR) comprenant les étapes suivantes :

(a) définir des conditions de test comprenant les
étapes suivantes :

choisir le nombre de fréquences de stimu-
lation de test ;

définir la fréquence de filtrage d’un filtre a
élimination de bande pour éliminer le bruit
de fond électrique provenant de la source
électrique ;

définirdes fréquences defiltre passe-bande
haut et passe-bande bas pour éliminer res-
pectivement les artéfacts basse fréquence
du cerveau et les harmoniques électriques
a haute fréquence ;

définir le nombre de données d’EEG
moyennes ;

définir une plage de temps pour randomiser
les intervalles de temps entre les stimulipré-
sentés en séquence ;

définir a la fois une plage de temps et une
valeur d’intensité critique de changement
de potentiel, qui est nécessaire pour classer
unchangementde potentiel abrupt au cours
du test comme étant un artéfact et pour ex-
clure la durée contenant le changement de
potentiel abrupt du processus de calcul de
moyenne ;

définir une valeur critique qui signifie une
différence de potentiel significative entre la
section A contenant un pic positif d’'onde V
et la section B contenant un pic négatif
SN10; et

définir des standards pour a la fois les coor-
données et les images graphiques qui sont
visualisées sur une interface utilisateur ;
ce qui est effectué de maniére arbitraire par

un utilisateur avec de commencer le test ;

(b) convertir 'EEG spontané du patient, qui est
relevé au moyen d’électrodes placées surla téte
d’'un patient juste avant de commencer le test,
en une image graphique en temps réel ;
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(c) effectuer une visualisation quantitative des
données d’analyse FFT sur des artéfacts pério-
diques d’'EEG spontané d’un patient ;

(d)filtrer des artéfacts périodiques distinctifs sur
la base des données d’analyse FFT, ce qui est
effectué de maniere arbitraire par un utilisateur ;
(e) comme test préliminaire, présenter un stimu-
lus de test standard a un patient conformément
ala condition de testavec unintervalle de temps
aléatoire fixé a I'étape (a) ;

compter en temps réel et notifier le nombre de
durées incluses dans le calcul de moyenne et
le nombre de durées exclues du processus de
calcul de moyenne conformément aux critéres
de durée fixés a I'étape (a) ;

moyenner les durées ou il semble ne pasy avoir
de changement de potentiel abrupt ;

filtrer par un filire passe-bande les données
moyennées en appliquant les fréquences déter-
minées a I’étape (a) pour éliminer 'artéfact bas-
se fréquence du cerveau et les harmoniques
électriques a haute fréquence ;

filtrer par un filtre a élimination de bande l'arté-
fact de stimulus généré de concert avec le sti-
mulus présenté en appliquantla méme fréquen-
ce que celle du stimulus de test ;

imager en temps réel les données d’EEG
moyennées sur des coordonnées conformé-
ment au nombre de standards de coordonnées
et de moyennes fixés a I'étape (a) ; et
rechercher le pic positif de 'onde V évoquée, et
définir une section de temps, laquelle est la sec-
tion A et la section B contenant respectivement
un pic positif V et un pic négatif SN10 ;

(f) définir une intensité initiale du stimulus de
test pour le test principal, en diminuant ou en
augmentant graduellement (par exemple, 95,
100, 105 dBHL) l'intensité du stimulus, I'intensi-
té minimale, a laquelle la différence de potentiel
entre la section A et la section B n’excéde pas
la valeur critique préalablement fixée, est trou-
vée et fixée a 'Y, ou l'intensité initiale du stimulus
d’un test principal est fixéea Y + Z dB ; et

(g) comme test principal, présenter un stimulus
de test de chaque fréquence, rechercher l'inten-
sité minimale ou la différence de potentiel entre
lasection A etla section Bn’excéde pas lavaleur
critique fixée a 'avance a I'étape (a), et déter-
miner un seuil d’audition objectif pour chaque
fréquence.

Procédé selon larevendication 1, dans lequel a I'éta-
pe (d), I'étape de filtrage est arbitrairement effectuée
en appliquant la fréquence de l'artéfact périodique
correspondant comme la fréquence d’un filtre a éli-
mination de bande.

Procédé selon larevendication 1, dans lequel, aprés
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avoir présenté un stimulus de test de chaque fré-
quence a un patient et avoir recherché I'intensité mi-
nimale de chaque fréquence ou la différence de po-
tentiel entre la section A et la section B n’excédait
pas la valeur critique préalablement fixée, le seuil
d’audition objectif de chaque fréquence de stimulus
est déterminé a I'étape (g).
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