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Abstract

The purpose of this study is to recognize the frequency of
tinnitus sounds objectively by electroencephalogram
(EEQG). In order to diagnose disorder causing tinnitus, it’s
necessary to know what type of the frequency that a per-
son with tinnitus hears is. However, there’re no effective
methods to recognize the tinnitus sounds objectively.
Therefore, we aim to recognize the frequency of tinnitus
tone by using EEG. As the first stage of this research, we
investigate whether there’re differences among EEG when
subjects listen to various pure tones. If the differences
exist, we test whether the EEG data can be classified ac-
cording to the frequencies of sounds. As a result, we
found two possibilities. One possibility is that EEG
changes differently when subjects listen to various pure
tones. The other one is that EEG can be classified accord-
ing to sound frequencies.

1. Introduction

Tinnitus is a phenomenon that a person hears sounds
even though there is no sound source. Some patients with
tinnitus hear the sounds which synchronize with the heart
beat and others hear the continuous sounds which are like
pure tones. In order to diagnose disorder causing the latter
type of tinnitus, it is necessary to recognize the pitch of
tinnitus[1]. To recognize the pitch of the pure tones that a
person with tinnitus hears, there are some clinical assess-
ments of tinnitus[2]. Two methods for recognizing the
pitch of sounds are used in clinical practice. One method
is asking patients to put their tinnitus tones into onomato-
poeic words. The other method is the conventional way to
get tinnitus pitch match. In this method, patients compare
their tinnitus tones with pure tones coming from an audi-
ometric equipment. Then, they choose one pure tone
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which is the closest to their tinnitus tones. In any case,
these methods are inaccurate because of ambiguity caused
by patients' subjective assessments. This is why it’s im-
possible to recognize the frequencies of tinnitus tones
objectively. The current state is that tinnitus tones cannot
be recognized by any person other than the patient.

Therefore, we aim to construct a system that makes it
possible to recognize the tinnitus tone objectively by us-
ing EEG. The EEG is an electric signal obtained on the
scalp. We can recognize human’s inner state objectively
by using EEG, since EEG responds to feelings and five
senses directly. Objective recognition of the tinnitus tones
would help doctors grasp worsening of symptoms and
decide the course of treatment. Moreover, objective and
accurate estimation of the tinnitus tone can prevent the
patients from hearing tinnitus. When a patient hears tinni-
tus, the system generates the anti-phase sound at the same
time so that the anti-phase sound cancels out the tinnitus
tone. To make this system come true, the system is needed
to react to the tinnitus quickly. The EEG signal is suitable
for this system because it responds to sounds quickly.

As the first stage of this research, we investigate
whether the EEG changes differently when subjects listen
to various pure tones. If the differences exist, we test
whether the EEG data can be classified according to the
frequencies of sounds. Firstly, we conduct an EEG meas-
urement when subjects listen to 11 pure tones and no
sound. Next, we apply significance test to the obtained
data to investigate the differences among the EEG ac-
quired when subjects listen to various pure tones. Finally,
we extract the EEG features from the data and classify the
features according to sound frequencies.

2. Proposed Method

In this section, we explain the EEG measurement
scheme and the EEG analysis.



Figure 2: International 10-20 system

2.1 EEG Measurement

We have done an EEG measuring experiment when sub-
jects listen to 11 pure tones and no sound. The sound fre-
quencies we choose are 125, 250, 500, 800, 1000, 1500,
2000, 3000, 4000, 6000, and 8000 Hz based on the con-
ventional pitch match method. They are actually used for
tinnitus pitch match in clinical practice. We set the noise
level constant with a noise level meter. The noise level we
choose is 50 dBA. 10 subjects take part in this experiment,
although some subjects don’t participate in the experiment
all days. Table 1 shows the number of subjects whose
EEG is measured. They sit on a chair and wear an EEG
measurement device and a headphone. We record the EEG
signals when subjects listen to pure tones with their eyes
closed. Measurement time is 30 seconds. We measure the
EEG once for each frequency. Subjects listen to 3 or 4
types of sounds a day randomly. In addition, we measure
the EEG of 10 subjects twice when subjects listen to no
sounds on a different day. The measurement time of this
experiment is also 30 seconds.

We use a simple electroencephalograph (Figure 1) to
measure the EEG signal. Conventionally, measurement
devices with many sensors are used for recording EEG
signals. This type of device has the shape of cap and sub-
jects experience pain because of pressure on their head.
Moreover, subjects are put gel as an electrolyte on the
scalp when wearing the device on the head. In addition, it
takes the subjects tens of minutes to wear. Considering the

stress condition, it cannot be expected to use this type of
measurement device in everyday life. On the other hand, a
simple electroencephalograph has the shape of a band and
this shape gives subjects no pressure on their head. The
measurement point is Fpl based on the international 10-
20 system (Figure 2). Fpl is located on the left frontal
cortex, the area which is related to sensibility. It takes
about 1 minute to wear per person. Subjects are put water
on their foreheads as an electrolyte. For these reasons, a
simple electroencephalograph gives subjects no stress and
seems to be utilizable in everyday life.

The headphone we use is “AKG-made headphone
K702” (frequency range: 10-39,800 Hz, impedance: 62
ohms). The noise level meter is “data logger noise level
meter” (frequency range: 31.5-8,000 Hz, range: 30-130
dBA).

The sampling frequency of the data acquired by the
simple electroencephalograph is 1024 Hz. We apply fre-
quency transformation to the obtained EEG data per se-
cond, using hanning window. Then, the amplitude spectra
are obtained every 1 Hz. As a result, we get 30 data from
each measurement. In this paper, we focus on the 20 am-
plitude spectra in the EEG frequency band from 4 to 23
Hz.

2.2 EEG Analysis
2.2.1 Significance Test

In order to investigate whether EEG changes differently
according to sound frequencies, we conduct significance
test. Significance test is the method to know whether a
hypothesis is true or not. In this paper, we use two-sided
test. Two-sided test is used to investigate whether there is
a difference between two specimens or not.

We choose a pure tone from 11 frequencies and apply
significance test to the amplitude spectra of all subjects’
EEG data obtained when subjects listen to the pure tone
and no sound. We repeat this test for all frequencies. First-
ly, we make a null hypothesis that there is no difference
between two specimens that are the EEG recorded when
subjects listen to a pure tone and no sound. We set a sig-
nificance level to 0.05. Next, we calculate the test statistic.
Finally, we compare the test statistic with half of the sig-
nificance level. If the test statistic is smaller, we reject the
hypothesis and admit the existence of the significant dif-
ference between the two specimens.

Table 1: The number of subjects

sound frequency [Hz] | 125 | 250 | 500 | 800

1000 | 1500 | 2000 | 3000 | 4000 | 6000 | 8000

7 10 7 10

number of subjects

7 7 7 10
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Table 2: The results of significance test

sound EEG frequency[Hz]

frequency [Hz] | 4 | S | 617|819 |10}11}12]13}14]15]16{17|18]19]20]21}22)}23
125 o o) o o
250 o) o o o} o
500 clo|jo}lo]lo
800 o o|lo|lo|o|o
1000 o e} o o o o)
1500
2000 o| o o o o|lo|o]|o]| o
3000 o o | o o
4000 olo] o
6000 olo] o
8000 o

2.2.2 Principal Component Analysis

Principal component analysis enables the major com-
ponent of high dimensional data to be grasped effectively
with low dimension. In this analysis, we get principal
component by setting the axis in the direction that maxim-
izes the variance of the data. Under the experimental con-
dition, the differences among the sound frequencies are
the principal element. We assume that the principal com-
ponent analysis can extract the influence of the sound
frequencies as the principal component.

We focus on the data of individuals in this analysis. We
choose two sound frequencies from 11 frequencies and
there’re 55 pairs. We apply principal component analysis
to each pairs of amplitude spectra whose dimension num-
ber is 20. By using this analysis, we get 20-dimensional
characteristics from 1st to 20th principal component. In
general, the amount of information contained in the char-
acteristics is adequate if the cumulative contribution ratio
is over 0.80. In the case of using the EEG data, we con-
firmed that the cumulative contribution ratio of all pairs is
over 0.80 when the dimension number is over 8 compo-
nents.

2.2.3 Discrimination Analysis

We classify the EEG data of individuals to two classes
by linear discriminant analysis and Mahalanobis' general-
ized distance. We apply these analyses to the characteris-
tics acquired by principal component analysis.

Linear discriminant analysis is one of the classification
methods. The boundary line which separates the data into
two classes is determined so as to minimize the within-
class variance and maximize the between-class variance.
We use this method since some pairs seem to be linearly
classified.

Mahalanobis' generalized distance is also a classification

method. In this analysis, one sample of data is classified
based on the distance between the average of each class
and the sample, considering the standard deviation. We
use Mahalanobis' generalized distance since this method
has a possibility to classify the data near the boundary line
of linear classification.

We classify the data of 6 subjects who participated in
the measurement of all frequencies. 55 times classifica-
tions are conducted per data of individuals. The dimension
number of feature amount we use for the classification is
from 1 to 8 based on the cumulative contribution ratio. To
calculate the accuracy rates, we use the leave-one-out-
cross-validation (LOOCY).

3. Results

In this section, we show the results of significance test
and classification.

3.1 Significance Test

We applied the significance test to the data obtained
when subjects listen to a pure tone and no sound. We
repeated this test for all frequencies. Table 2 shows the
results of significance test. Circles in Table 2 denote
that there’re significant differences between the data
obtained when subjects listen to the pure tone and no
sound. The data of each sound frequency has the signif-
icant differences at the different EEG frequencies. This
result indicates that EEG changes differently according
to the pure tones. Given this results, amplitude spectra
seem adequate characteristics of the EEG. It is noticea-
ble that many frequencies of sounds have significant
differences in the high EEG frequency band from 19 to
23 Hz. This result means that high EEG frequency
band is important when subjects listen to pure tones.
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Table 3: The average accuracy rates

subject ‘ Linear Mahalanobis

dim. rate dim. rate
A 2 0.66 1 0.63
B 3 0.65 3 0.62
C 1 0.58 1 0.56
D 3 0.60 1 0.57
E 3 0.64 3 0.64
F 4 0.59 4 0.56

Table 4: The average accuracy rates of subject A

frequency[Hz] rate
125 0.70
250 0.66
500 0.64
800 0.70
1000 0.93
1500 0.62
2000 0.66
3000 0.60
4000 0.62
6000 0.58
8000 0.61

3.2 Classification Results

In order to investigate whether the EEG data can be
classified according to the sound frequencies, we clas-
sify the EEG data when an individual subject hears the
sounds of two different frequencies. Table 3 shows that
the best average accuracy rates for each subject and the
dimension numbers which realize them. The average
accuracy rates are calculated by averaging the accuracy
rates for all combinations of the frequencies.

These tables show that the accuracy rates calculated by
linear discriminant analysis are better than by
Mabhalanobis' generalized distance. Linear discriminant
analysis is more suitable for pure tone separation. Alt-
hough the average accuracy rates in Table 3 are about 0.60,
some pairs are separated with high accuracy rates. For
example, Table 4 shows the classification results of the
EEG data of subject A. The results are calculated by linear
discriminant analysis. Each rate is calculated by averaging
the accuracy rates for ten combinations which consist of
the corresponding frequency and another frequency. The
pairs including 1000 Hz are separated with high accuracy
rates. On the other hand, the pairs including 6000 Hz are
separated with low accuracy rates. In other words, some
pairs are separated with high accuracy rates although
others are not. This suggests the possibility that we can
separate the EEG according to the sound frequencies.
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4. Discussion

Some pairs of frequencies are separated with high accu-
racy rates and others are not. There’s a question about
what makes the accuracy rates so different depending on
the pairs of frequencies. We consider that one of the caus-
es of this difference is the dispersion of data. We focus on
the standard deviation calculated by using the data of sub-
ject A. The standard deviation of 1000 Hz is high in the
EEG frequency band from 4 to 8 Hz and low at the EEG
frequency band from 9 to 23 Hz. According to the results
of significance test, frequency band from 19 to 23 Hz is
important when subjects listen to pure tones. The data
with high standard deviation in this frequency band may
not be classified with high accuracy rates. Actually, in this
subject’s case, the standard deviation of 1000 Hz is the
lowest in the 11 sound frequencies, when we focus on the
EEG frequency band from 19 to 23 Hz. It seems important
to consider not only amplitude spectra but also the change
rate of the amplitude spectra varying with time.

5. Conclusions

We aim to recognize the frequency of sounds when sub-
jects listen to pure tones by EEG. In this paper, we inves-
tigate whether the EEG changes differently according to
the pure tones. We also investigate whether the EEG data
can be separated according to the sound frequencies. The
results of significance test show the possibility that the
EEG changes differently depending on the sound frequen-
cies. The classification results indicate the possibility that
the EEG data can be separated according to the sound
frequencies. In the future works, we classify the EEG data
by considering the standard deviation to enhance the accu-
racy rate. Furthermore, we intend to investigate the re-
peatability of the EEG variation within individuals.

References

[1] R. H. Nodar and J. T. Graham, “An Investigation of
Frequency Characteristics of Tinnitus Associated With
Meniere’s Disease”, Archives of Otolaryngology Vol.
82, No. 1, pp. 28-31, 1965.

[2] J.W.P. Hazell, Measurement of tinnitus in humans, D.
Evered, G. Lawrenson (Eds.), Tinnitus (CIBA Founda-
tion Symposium 85), Pitman, London, pp. 35-53, 1981.



ﬂW&E%ﬂﬂb\ﬁ_

it

=l BT WA BE

FRlE &

P1-14—-085

BEZOE IHEE AT A

(BEZBRF)

System for Estimation of Tinnitus Pitch Using EEG
Kei Takayama®, Yasue Mitsukura, Sho Kanzaki (Keio University)

The purpose of this study is to construct a system for estimation of tinnitus pitch using electroencephalograph

(EEG). Recognition of tinnitus pitch is important to diagnose disease causing tinnitus. However, there is no ob-

jective method to recognize tinnitus pitch in conventional ways. Therefore, we aim to construct a system for

recognition of tinnitus pitch using EEG. In this paper, we investigate whether we can objectively discriminate

between low-pitched tinnitus and high-pitched tinnitus from EEG. First of all, we conducted tinnitus

pitch-matching to grasp the tinnitus pitch which patients with tinnitus are hearing. We also measured EEG of

the patients with tinnitus. Next, we test discrimination performance of the EEG data when we classify the data

into a group of low-pitched tinnitus and a group of high-pitched tinnitus. As a result, we found a possibility that

we can estimate tinnitus pitch of patients using EEG.
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