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ABSTRACT

Human voice intonation is affected by pitch and loudness. Pitch is related to the frequency of human
voice, while Loudness is related to the magnitude of human voice. Someone who does not have vocal
cords, He has no ability to produce voice and speech. This problem is suffered by laryngectomy
patients. Over half of all laryngectomy patients worldwide are using electrolarynx for the
rehabilitation of their speech ability. Unfortunately, the electrolarynx voice is monotonic and flatted
intonation. Small changes in pitch and loudness of electrolarynx will give a better expression in
laryngectomy patients. Previous researches have focused on utilization of Electromyography (EMG)
signal of neck muscle for only pitch control. In this research, the relationship between human voice
intonation (i.e., frequency and magnitude) and EMG signals of neck muscles was studied by looking
for their correlation and their mutual information. Human voice signal and EMG signal of neck
muscle were recorded simultaneuosly while subjects were saying “A” with varying intonation. The
EMG signal of neck muscle was processed using amplifying, filtering, rectifying and “moving
average” process. On the other hand, the human voice was processed by FFT Algorithm to obtain
magnitude and fundamental frequency. The result shows that the correlation coefficient between
human voice magnitudes and EMG signal of neck muscle is 0.93, while the correlation coefficient
between human voice frequency and EMG signal of neck muscle is 0.88. Moreover, the mutual
information between human voice magnitudes and EMG signal of neck muscle is 1.07, while the
mutual information between human voice frequency and EMG signal of neck muscle is 0.65. These
results show that the relationship between human voice magnitudes and EMG signal of neck muscle is
stronger than the relationship between human voice frequencies and EMG signal of neck muscle.
Therefore, it is more appropriate to use the EMG signal of neck muscle for controlling loudness of

electrolarynx than that of the pitch of electrolarynx.

Key words: Neck muscle electromyography signal, Loudness of electrolarynx voice, Laryngectomies

patients, Corerrelation, Mutual Information

1. INTRODUCTION

Human voice is the sound produced by humans using the lungs and the vocal cord in the larynx.
Voice is produced by pumping the air from the lungs, through the vocal cords. When air is pushed
through the vocal cords with sufficient pressure, the vocal cords vibrates. Variation in pitch and
loudness create intonation of human voice [1,2]. Pitch corresponds to the frequency of voice. The
vibration speed of vocal cord influences the pitch. On the other hand, loudness determines how loud

the voice is produced. Loudness corresponds to the magnitude of voice. The tension in the vocal
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muscle and the amount of air pressure from the lungs influences the loudness. Therefore, the higher
the tension of the vocal cord and the greater the pressure of air from lungs,the louder the voice is
produced.

However, not all of voices are meaningful and useful to communicate with others. Infants
babble, humans laugh, cry, whinny, and growl are some examples of voice with little meaning. Some
voices are articulated by oral and nasal cavity for speech. Speech is used to express one's feelings and
desires to others.

Someone who does not have vocal cords, He has no abaility to produce voice and speech. This
problem is suffered by late-stage laryngeal cancer patients. They are usually treated with total
laryngectomy, in which larynx, and tissues around it, including vocal cord, should be removed. By
doing surgery, a hole in front of the patient’s neck, known as stoma, is made. Then, the trachea is
attached to this stoma which is used by the patients to breathe. As the vocal cord of the
laryngectomies patients have been removed, they will not be able to speech anymore. They lost their
ability to speak as they did [3].

To help laryngectomy patients to be able to speak again, an electronic device called
electrolarynx is used. Over half of laryngectomy patients worldwide have used electrolarynx because
it can be used easily and no special requirements are required [3,4]. The basic operation principle of
electrolarynx is to generate vibration which is used by placing it at low chin, so that the air inside the
mouth vibrates. Then, oral and nasal cavities modify the vibration signal into speech by acting as a
resonator for certain frequencies (articulation) [5].

To date, there are three key issues in electrolarynx study; electrolarynx hardware, user
friendliness (patient must use one hand for reaching it from his pocket, applying it to the chin, and
pressing the button for on-off electrolarynx), and monotonic-like robot voice. There are numbers of
research on FElectrolarynx in which related to these issues. Robert R. Riesz patented an activator
hardware of electrolarynx. He placed tone generator at low chin [6]. Richard Lukovic patented a
model of diaphragm as a sounding head of electrolarynx [7]. He also patented solenoid as
electrolarynx activator [8]. Thomas M. Lenox designed hands-free electrolarynx. First, tone generator
was placed at the glasses. Next, there was a tube that goes into the mouth to supply the vibration. To
turn the system on or off, the rotation of the arm was used [9]. Barney and Richard Burtschi
controlled the intonation of electrolarynx by varying resistor (R) and capacitor (C) [10,11]. The
setting was performed manually through a button. Uemi ef al controlled the intonation of
electrolarynx using breath pressure [12], while Mitsuo et al developed electrolarynx with
microcomputer with some installed melodies to sing a song [13]. Hoping that these melodies would
give improvements in the intonation of electrolarynx.

On the other hand, intonation can also be controlled by using Electromyography (EMG) signal
of neck muscle. The EMG signal is a signal that shows the electrical activity of muscle. The value of

EMG signal is in related to the activity of the muscle [14]. The more muscle activity, the greater the
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EMG signal produced. EMG signal is detected via a pair of electrode that is placed at neck strap
muscle. Heaton and Step utilized EMG signal of neck muscle to control the pitch of electrolarynx
[15,16]. Seven electrodes were used in order to detect EMG signal of neck muscle. Pitch controlling is
performed via VCO (Voltage Controlled Oscillator).

Variation in pitch and loudness creates intonation of human voice. Therefore, the intonation of
electrolarynx is not only determined by the pitch control but also by the loudness control. This
research evaluates the relationship between the two elements that affect intonation of human voice (i.e.
frequency and magnitude) and EMG signal of neck muscle. This work is very important because it
will reveal which one has a stronger relationship to the EMG signal of neck muscle. Therefore, this

research offers the possibility to improve the intonation control of electrolarynx.

2. MATERIALS AND METHODS

For that purpose, seventy eight human voice productions were recorded from three normal
subjects of different ages. These three normal subjects were males, who were 21, 24 and 41 years old.
Each subject was asked to say “A” 26 times repeatedly with a varied intonation. The reason behind
this recording design was to focus on the observation of the frequency and magnitude of the human
voice from certain productions. If the voice was produced in more various units (such as reading
words or sentences), the observation would be biased and unfocused.

The human voices and EMG signals were recorded simultaneously to the subjects. The
recording process was conducted using voice recording and EMG instruments unit. The recorded
human voice then was processed using FFT algorithm to obtain its frequency and magnitude. FFT
was used with 512 data points and Hanning method for the window.

A pair of general-purpose surface-electrode (positive and negative) was placed at neck muscle
(sternocleidomastoid muscle), while a ground surface electrode was placed at sternum. The shape of
the electrodes was circular with the diameter of 2 cm. The raw EMG signals typically have amplitudes
in the range of mV, thus a powerful medical instrumentation with thousands gain was needed. The
presence of EMG signal could be found within the frequency of 20 - 500 Hz, but dominant at 40 —
200 Hz. Some filters were required for eliminating higher and lower frequency and also power line
inference noises. Band Pass Filter (BPF) was used to eliminate EMG signal with frequency lower than
40 Hz and higher than 200 Hz. FIR filter was used with its parameters; frequency stopl = 38 Hz,
frequency passl = 42 Hz, frequency pass2 = 198 Hz, and frequency stop2 = 202 Hz. On the other
hand, notch filter 50 Hz was also used to eliminate power line interference noise.

In the next process, the EMG signal was rectified using full wave rectification to translate the
raw EMG signals into single polarity (positive). The rectified EMG signal of the neck muscles was
then extracted to find the envelope signal. One of the various ways in obtaining the envelope signal is
by applying the moving average process. Suppose that the sequence of original data y1, y2, y3, y4, ...,

and yk were initially obtained. The moving average process was calculated using Eq. (1).



(1

Xiis moving average element, while yx and n are the original data and the number of members in the
subgroup respectively. The first element of the moving average process was obtained by forming
subgroups consisting of n initial data, and its average which was later obtained. The average of this
subgroup was the initial value of the moving average Xi. The next element of the moving average was
obtained by shifting forward the subgroups in which the first value of initial data of previous
subgroup was left behind and the next value of initial data was taken to be the members of new
subgroup. The average of this new subgroup was used to be the second value of the moving average,
X>[17]. This process was then repeated over the entire data. The value of n affected the softness of the
produced envelope signal. The greater the value of n, the more coarse signal envelope produced. In
this study, the value n = 10 was selected.

As mentioned earlier, the purpose of this research is to study which relationship to the EMG
signal of neck muscle is stronger, the magnitude of human voice or the frequency of human voice. To
get an answer, the existing data must be processed by some tools. Two kinds of tools were used in this
study, namely, correlation and mutual information which were used separately.

Correlation is a way of measuring the linear relationship between two random variables. The

correlation coefficient » between two variables can be calculated using Eq. (2) [18] :
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x and y are two variables that are correlated, while n is the number of data. The value of the
correlation coefficient shows the strength of linear relationship between two variables. Two variables
will have a correlation if one variable influences the other variables, either in the same direction or the
opposite directions. Greater value of » indicates a stronger correlation. The ranges of 7 is 0 to 1. In this
study, the calculation of 7 is performed using Pearson’s method.

Correlation is a valid tool if the measured variables are considered linecar. However, if the
variable linearity is absurbed, another tool is required to calculate the nonlinear dependence. In this
present study the nonlinear dependence is measured by mutual information. Mutual information is a
quantitative measurement of how much a random variable (X) gives information about another
random variable (Y) [19]. Mutual Information is often used to rank sources of information based on
the assumption that the uncertainty of each variable is represented by a probability distribution which

the function can be represented by entropy. Entropy is a statistical measure that summarizes

randomness [20]. Figure 1 shows the illustration of mutual information of two variables. The

calculation of mutual information is calculuted by Eq. (3) — (7).



I(X,Y) = H(X) - HX/Y) = H(Y)-H(Y/X) ... 3)

H(X,Y) = H(X) + H (Y/X) = H(Y) + H (X/Y)... (4)
H(X) =¥ P(X) .Log: P(X)... (5)
H(Y) = ¥ P(Y). Logz P(Y)... (6)
H(X,Y) = YYP(X,Y).log: P(X,Y)... (7)

I(X,Y) is mutual information of X and Y, H(X) and H(Y) are entropy of X and Y, H(X/Y) and H(Y/X)
are entropyof X independent of Y and entropi of Y independent of X. P(X) and P(Y) are the
probablity of X and Y, while P (X,Y) is the joint probablity of X and Y. The mutual information
measures the information which is shared by Y and X. If Y and X are independent i. e., Y does not give
any information about X, so that their mutual information is zero. In extreme case, if Y and X are
identical then all of information about Y is shared with X. Thus, In case of identity, the mutual
information is the same as the uncertainty contained in Y (or X) alone namely the entropy of Y (or X).
Thus, the mutual information value ranges is 0 to entropy of Y (or X). In this research, mutual

information was calculated by R Software with Minet Library [21].

3. RESULTS

When the subjects said “A”, EMG signal of neck muscle can be seen in Fig. 2. Figure 2 (A) is
raw of EMG signal of neck muscle. X axes is time in second (s), while Y axes is magnitude of EMG
signal of neck Muscle in milivolt (mV). Figure 2 (B) is rectified EMG signal of neck muscle. The
overall data of this figure is over the baseline. Figure 2 (C) is output of moving average process EMG
signal of neck muscle. Peak value of envelope signal is lower than peak value of rectified EMG signal.
It is due to the effect of moving average process.

On the other hand, human voice is processed by FFT method. From the FFT process, frequency
spectrum of human voice i.e., frequncy and magnitude is obtained. Some of frequency spectrum are
displayed in table I, while the peak value of EMG envelope signal which is recorded simultaneously
to human voice is also displayed.

Using Eq. (2), » between human voice spectrum (frequency and magnitude) and EMG signal of
neck muscle can be calculated. The result shows that the » value between the magnitude of human
voice and EMG signal of neck muscle was 0.93, while r value between the human voice frequency
and EMG signal of neck muscle was 0.88. Fig. 3 shows the plot of magnitude of human voice and
EMG signal of neck muscle. X axes is magnitude of human voice in dB, while Y axes is magnitude of
EMG signal of neck muscle in mV. Figure 3 shows that the data have a good linearity trend with

uniform data spread. Figure 4 shows the plot of human voice frequency and EMG signal of neck
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muscle. X axes is frequency of human voice in dB, while Y axes is magnitude of EMG signal of neck
muscle in mV. It is due to the data accumulation in some places. Therefore, trend linearity of data is
lower than the Fig. 3.

The relationship between the human voice and EMG signal of neck muscle was also calculated
by mutual information. The result of mutual information was obtained by applying R software with
MINET library which is displayed in Table II. The mutual information between the magnitude of
human voice and the EMG signal of neck muscle was 1.07. This result is higher than the mutual
information between the frequency of the human voice and EMG signals of neck muscle, which is

only 0.65.

4. DISCUSSION

Goldstein classified human voice by grouping "High, Normal, Soft, Loud, and Low". He
related human voice frequency (pitch) to EMG signals of neck muscle [22]. This classification is less

accurate, however. In Our study, the magnitude and frequency of human voice are classified

accurately by measured value. The results show that both of coeficient corellation, r. It
means there are strong relationship between human voice magnitude with EMG
signal of neck muscle, and strong relationship between human voice frequency
with EMG signal of neck muscle. However, » of human voice magitude and EMG
signal is higher than r of human voice frequency and EMG signal. Moreever, the

mutual information of human voice magnitude and EMG signals of neck muscle are also higher

than the mutual information of human voice frequency and EMG signals of neck muscle. Figure 3,

and 4, and Table II provide the evidence on the issue. This indicates that the magnitude of
the human voice gives mwore information on EMG signals of neck wmuscle
compared with the frequency of human voice. As a result, the EMG signals of
neck muscle is more appropriate for controlling the loudness of electrolarynx
rather than for controling the pitch of electrolarynx, and the electrolarynx
speech will be more naturally.

However, to the extent of our knowledge, no previous research has

employed the EMG signal for controlling the loudness. A proposed wodel of



controlling of loudness of electrolarynx is shown at Figure 5. A laryngectomy
patient speaks using electrolarynx device. A microphone converts electrolarynx
speech to be electrical signal which is then amplified or attenuated by an
amplifier. The magnitude of amplification changes dynamically depending upon
the preprocessed EMG signals of neck muscle.

EMG signals of Neck wuscle has been used by several researchers to
improve the performance of Elektrolarynx, but none of them use EMG signals of
neck muscle to control the dynamic loudness of elektrolarynx. Goldstein et al. used
the EMG signals of neck muscle to control the pitch (fundamental frequency) of
elektrolarynx [3,22]. Pitch setting was done by controlling the frequency of
vibration of elektrolarynx. Before using, the volunteers were trained how to use
it. The results are reported that 60-70% of spoken sentence have correct
intonation. Goldstein et al did not mention anything about the dynamic
loudness control of electrolarynx, whereas in our study the relationship between
loudness with EMG signal of neck muscle is stronger than the relationship
between pitch with EMG signals of neck muscle.

While the loudness is controlled by EMG signals, the electrolarynx pitch can be controlled

by other alternative mechanisms, one of which is the use of pressure of respiration at stoma, as
demonstrated by Uemi [12]. Another option is by combining the control of pitch (which is developed
by Goldstein) as well as the loudness (which is proposed in this study) simultaneously using EMG
signal. One side of EMG signal of neck muscle is applied for pitch control, while another side of
EMG signal is utilized for amplification scheme, which results in dinamic loudness variation of
electrolarynx. Therefore, by enabling the control of both pitch and loudness, it is expected that the

electrolarynx produces better intonation of artificial speech.

5. CONCLUSION

The intonation of electrolarynx is not only determined by the pitch control but also by the

loudness control. Previous researches have focused on the utilization of Electromyography (EMG)
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signal of neck muscle for pitch control only. In this research, the relationship between EMG signals of
neck muscles and human voice intonation (frequency and magnitude) was studied from the
correlation coefficient » and the mutual information. The results show that the relationship between
the human voice magnitude and the EMG signal of neck muscle (correlation coefficient » and mutual
information are 0.93 and 1.07 respectively) is stronger than the relationship between the human voice
frequency and the EMG signal of neck muscle (correlation coefficient » and mutual information are
0.88 and 0.65 respectively). Therefore, the EMG signals of neck muscle is more appropriate for
controlling the loudness of electrolarynx than for controling the pitch of electrolarynx. This opens the
possibility to improve the control of intonation, not only by pitch control, but also by manipulating

the dynamic loudness of electrolarynx.
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FIGURES and TABLES
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X and Y are two random variables,

I(X,Y) is mutual information of X and Y,

H(X) and H(Y) are entropi of X and Y,

H(X/Y) and H(Y/X) is entropi X independent Y and entropi Y
independent X.

Fig. 1. Mutual Information of two variables
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Fig. 2. The raw, rectified, and moving average process output of EMG signal of neck muscle
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Fig. 4. Plot of human voice frequency and EMG signal of neck muscle
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Fig. 5. The proposed model of Loudness control of Electrolarynx Speech
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Table I. Some of the output data of FFT process (frequency and magnitude) of human voiceand the

output data of moving average process of EMG signal of neck muscle

Spectrum Output
Frequency of of MA
» Human Voice of
Volunteer Repetition EMG

Freq Mag Signal
(Hz) (db) (mV)

1 115 -63 0,011
2 143 -64 0,009

3 126 -66 0,009
Subjectl 4 114 -62 0,0099
5 103 -64 0,011

26 116 -62 0,0098

1 166 -52 0,014

2 167 -49 0,016

Subject2 3 170 -55 0,015
4 167 -50 0,019

26 166 -52 0,017

1 117 -57 0,015

2 115 -59 0,011

3 164 -53 0,015

Subject3 4 153 -58 0,011
5 130 -59 0,012

26 154 -55 0,015

Table II. Result of Mutual Information between Human voice (frequency and magnitude) and EMG

signal of neck muscle.

Variable 1 Variable 2 Result of MI
Mag. of Voice = EMG Signal 1,0736
Freq. of Voice =~ EMG Signal 0,6502
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	To help laryngectomy patients to be able to speak 

