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Abstract.

There are some studies in the literature in order to make the interpretation of human tissues
having different characteristics. Some of these studies focused on the evaluation of human face
tissues. Vibration signals generated from vocal cords have been used in these studies about
human face tissues. However, any study using the vibration signals recorded by applying the
external vibration source having fixed frequency value is not available in the literature. In this
study, it is aimed to investigate the frequency characteristics of the vibration signals recorded
from human face. These signals obtained from 9 different regions on the faces of subjects are
analysed using frequency characteristics. In the analysis stage, median and maximum frequency
values are calculated and evaluated. So, the softness and hardness interpretation about these
regions on the face can be made and the frequency ranges of these regions can be determined.
As a result, it is observed that low frequency signals are dominant in hard regions and high
frequency signals are dominant in soft regions.
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1. Introduction
It is known that human tissues show different characteristics and various studies have been
carried out to interpret these differences. In these studies, vibration signals recorded from human
tissues are used and proposed solutions that can help in the detection of various types of disease.
Coyte et al. realized a study on whole-body vibration analysis technologies and modelling. This
study provides a literature review of topics including recent researches about vibration signal
processing and modelling of the bio-dynamic response of the human sitting to vibrations (Coyte
et al., 2015). It is also possible to explain the effects of vibration sources on different human
tissues (Peter et al, 1987), (Zhang et al.,2009), (Yanxi & Qingxia, 2010), (Kitamura, 2010).
Balbinot et al. realized the development of a system integrated with the ZigBee network to
measure human vibration. The developed system allows the separation of human vibrations of
approximately 40 Hz on 3-axes. They explained that vibration in workers working on machines
such as tractors and diggers can contribute to the occurrence of back pain (Balbinot et al., 2008),
(De Capua et al., 2009). Amar et al. tried to explain the damping properties of the human body
as spring and damper system against vibrations applied to human tissue. The main purpose of
the study is to reveal the damping properties of human tissue and to extract the spring and
damping constants of the system (Amar, 2010). Vibration signal analysis has been included in
research on the human face as well as on the human body. In these researches, the analyses have
focused on the vibration signals that are usually occurred in the vocal cords during the talking
(Morillo et al., 2010), (Chen et al., 2014), (Orun, 2017), (Kitamura et al., 2013). However, these
studies are realized using vibration signals having frequencies that exhibit variation depending
on the vocal cords. However, the vibration signals obtained by applying a source of vibration
at a constant frequency on human tissues can provide better information (Torvinen et al., 2002).
In this study, microcontroller-based hardware which gives vibration excitation at constant
frequency was designed. Then, 20 healthy volunteer subjects were identified. Vibrations were
generated by a DC-motor which would provide excitation on the facial regions of the subjects.
And, vibration signals were measured from 9 regions around the sinus regions by means of
hardware including MEMs sensor. So, a database was created for all subjects and their
frequency characteristics have been examined for 9 regions on each human face. During the
analysis part of vibration signals, median and maximum frequency methods were used.
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2. Material and Method
2.1 Creating the Database
Firstly, 20 healthy volunteer subjects (12 males and 8 females, between 25-35 years of age)
were identified in order to create the database. The clinical examinations were performed the
health of nasal cavity. Then, the vibration signals from the regions determined on the face were
recorded and a database was created.

2.2 Measurement Regions
The measurements regions were obtained from the Frontalis muscles denoted as F (Forehead
Region), regions and around the Zygomaticus minor and Zygomaticus major muscles denoted
as MR (Right Cheek Region) and ML (Left Cheek Region) regions. These regions consist of 9
points in the near regions of the frontal and maxillary sinuses and each region point is away 3
cm from the vibration motor. These points are shown in Fig. 1 (Ak, 2019). In this figure, the
measurement points are identified as F1, F2, F3, around the frontal sinus in the forehead; MR1,
MR2, MR3 close to the maxillary sinuses in the right cheek, and ML1, ML2, ML3 close to the
maxillary sinuses in the left cheek (Fokkens et al., 2011), (Cler et al., 2011). Also, the vibration
motor points are shown as black circles.
Fig. 1. Vibration Motor and Measurement Points

In the study, the sampling frequency of the vibration signals is determined as 350 Hz. A
microcontroller-based hardware consisting of a DC-motor unit and a sensing module at a
fixed distance (3 cm) to this unit for each measurement, has been designed. An interface has
been developed for the communication of this equipment with the computer and the analysis of
the obtained signals. The overall block diagram of the system is shown in Fig. 2 (Ak, 2019).
Fig. 2. System Block Diagram
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2.3 Median and Maximum Frequency
The vibration signals measured from the subjects were analyzed using median and maximum
frequency calculations. Median frequency is defined as the median value of the frequency
values of the signal. 50% of the Power Area of the signal are below the median frequency, 50%
of the Power area values of the signal are above the median frequency. The median frequency
is theoretically defined as (Eq. 1);

(1)
Where, Pj is denoted as Power spectral density values of the signal. Parameter m, explains
length of frequency vector (Chan et al., 2016), (Phinyomark et al., 2012). The maximum
frequency is the frequency magnitude value corresponding to the highest power value.

3. Results
In this study, median and maximum frequency values of each signals were calculated. The
mean of the median frequency values of the F-MR-ML regions of the vibration signals obtained
from 20 volunteer subjects is shown in Fig. 3. The median frequency values in this plot showed
that F region is corresponded to the lowest frequency values and ML region is corresponded to
highest frequency values.
The median frequency value of the F region is 125.78 Hz and the frequency range are 119.81
- 135.33 Hz for all subjects. The median frequency value of the MR region is 130.77 Hz and
the frequency range are 122.72 - 136.85 Hz, the median frequency value of the ML region is
132 Hz and the frequency range is 124.59 - 136.84 Hz.
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Fig. 3. Median Frequency values of F-MR-ML Regions

The maximum frequency values of the F-MR-ML regions is shown in Fig. 4. As in the
median frequency, the face region having the lowest frequency values is F and the face region
having the highest frequency values is ML.

Fig. 4. Maximum Frequency values of F-MR-ML Regions

As a result, it is concluded that low frequency signals are seen in hard tissues and high
frequency signals are seen in soft tissues.

4. Conclusion and Discussion
In this study, vibration signals were measured with MPU-6050 accelerometer sensor and
transferred to the computer with the help of Arduino Uno R3. These signals are recorded with
the designed computer interface and the database is obtained. The database contains vibration
signals from 9 measuring points identified in the face regions of 20 volunteer subjects. Then,
median and maximum frequency values were calculated.
The points in the F region were analysed and the frequency values at the F1 and F3 points
were higher than the frequency values at the F2 points. The points in the MR region were
analysed and the lowest frequency values were found at MR1 points and the highest frequency
values were found at MR3 points. Similarly, the points in the ML region were analysed and the
lowest frequency values were found at ML1 points and the highest frequency values were found
at ML3 points.
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In the literature, there are studies for the analysis of vibration signals (Desmoulin &
Anderson, 2011), (Otamendi, 2017). These studies usually include models and simulations
related to vibrations generated by variable frequency audio signals. In addition, vibration signals
analysis was used to diagnose diseases such as sleep apnea and nasal polyps (Morillo et al.,
2010), (Orun, 2017), (Várady et al., 2010), (Rendon, 2007).
In this study differently, vibration signals obtained by applying a constant frequency source
of vibration to human faces were measured and frequency characteristics were obtained. And,
clearer measurements were obtained.
The results show that this model gives successful results in distinguishing the hard and soft
tissues on the face. The results show that this model gives successful results in distinguishing
the hard and soft tissues on the face. This model is thought to be helpful in the diagnosis of
nasal diseases in future studies. Thus, it is aimed to propose a more harmless and economical
method.
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