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1. INTRODUCTION

An electret condenser microphone (ECM) is a microphone designed in the audio frequency range
about 20 Hz-20 kHz [1, 2]. ECM is utilized to accurately measure the arterial pulse in the low-frequency i.e,
1 Hz [2, 3]. The arterial pulse frequency is around 1.5-2.1 Hz at the normal condition of human [4-8].
The ECM works to detect the arterial pulse and is operated by taking a mechanical signal from the arterial
pulse [3]. This ECM is used to measure arterial pulses frequently [9-13]. The arterial pulse measurement is
based on the Traditional Chinese Medicine method [14-16]. Even though ECM has been conducted by many
kinds of literature, the research on ECM is still relevant today. In [3], the arterial pulse recording device has
been designed from ECM using a mechanical filter and electronic filter [17]. In practical applications, this
ECM requires a tool to determine the response of electrical and mechanical responses such that it can be
known whether this ECM is stationery at the frequency of 0.5-10 Hz. By considering this problem, the test
device is required to examine and obtain the frequency response of ECM or even can be used as a human
pulse emulator.

Since the pulse frequency is typically low frequency, between 0.5-2 Hz, special treatment is
implemented to satisfy these frequency ranges. The previous works related to ECM for the application
of low-frequency device has not yet been conducted. The test device based ECM to obtain the frequency
response is constructed in this paper. The test device generates the mechanical signal coming from
the loudspeaker. In this paper, the type of loudspeakers used is an oval woofer type from the TV [18].
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The loudspeaker is then operated in the frequency range 0,5-10 Hz for mechanical vibration such that it can
be used as a pulse emulator. The additional device that is able to drive the loudspeaker is often called a signal
amplifier or an amplifier.

The class A amplifier is selected to eliminate the distortion of the signal. Class A amplifier has
continuous current flows without any distortion because the transistor is operated continuously [19]. This
type of amplifier is a kind of amplifier exhibiting low efficiency as the current flowing in the transistor is
continuous. This study discusses the displacement response on a test device when given a low-frequency
signal from a signal generator amplified by the class A amplifier. Displacement amplifier used as
a mechanical signal source is also utilized as a pulse emulator and mechanical signal generator. Figure 1
shows the configuration of the low-frequency response test the device of ECM using a low-frequency
amplifier and loudspeaker. In front of the loudspeaker, soft silicon rubber is installed and responsible to
increase mechanical coupling between the loudspeaker and ECM. The detail description of the mechanical
coupling has been discussed in [3].

Loud Speakey Soft Silicon
+«— Rubber
Signal Low Frequency
(Generator, Amplifier
ECM

Figure 1. The configuration of the low-frequency response test device of ECM
based low-frequency loudspeaker [3]

To observe the speaker impedance, the impedance test is required to measure the speaker impedance
in the range frequency of 0,5-10 Hz. In this study, the impedance of the speaker is tested using a vector
network analyzer (VNA) [20, 21] type Bode-100. In addition, the low-frequency amplifier is analyzed to
observe the impedance of the amplifier. This paper discusses test devices using low-frequency amplifiers
and low-frequency loudspeakers to measure the response of ECM for arterial pulse sensor [22, 23].
The experimental result has verified the proposed benchmarks.

This paper organized as follows: section 1 introduces the background of this research which is about
the introduction of arterial pulse sensors using ECM and how the background of the test device is made to
determine the frequency response of the ECM that is used as an arterial pulse sensor. Section 2 introduces the
material and the method used in designing arterial pulse test devices, the material consists of low-frequency
loudspeaker and low-frequency amplifiers. The method describes how to operate the arterial pulse test device.
The Results and Discussion are discussed in section 3. And the last, section 4 presents the Conclusion.

2. MATERIAL AND METHOD

To implement the proposed test device, some components are realized to this test device such as
the loudspeaker with low-frequency characters, the amplifier without distortion and has high linearity
and measurement device i.e. oscilloscope and vector network analyzer. The detailed components of
the overall system are explained as follows.

2.1. Low-frequency loudspeaker

Commonly, the existing speaker has a frequency response in the range between 20 Hz to 20 kHz,
however, in this study, the proposed speaker is designed to satisfy the frequency range of 0.5-10 Hz. Figure 2
shows the schematic equivalent circuit of the proposed speaker. The proposed speaker consists of two
components, i.e: the electrical and the mechanical component. The electrical component is composed by
the moving coil, while the mechanical component consists of diaphragm and spring.

According to Figure 2, the mathematical model of the loudspeaker can be derived as follows:

Sp(w) = joL + Re + ——— (1

](ow )

“wLm/ Rm

where the loudspeaker impedance is represented by Sp(w), the resistance of the loudspeaker coil is assumed
by Re, the inductance of the loudspeaker coil is denoted by Le, the mass of diaphragm is represented by Cm,
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the spring diaphragm of the loudspeaker is related by Lm and the losses of spring diaphragm is represented
by Rm. The parameters of the low-frequency loudspeaker are described in Table 1.

Mechanical Table 1. The parameter of
Part the loudspeaker modelling

Electrical Part Parameter Description Value
Re Loudspeaker coil resistance 6.1Q
Le Loudspeaker coil inductance 0.11 mH
Lm Spring diaphragm of the 7.5 mH
loudspeaker
Rm Spring diaphragm losses 8.9Q
Cm Diaphragm mass 306 uF
Amplifier  Class A Amplifier 1-1000
Hz

Figure 2. The Modeling of Loudspeaker

According to Figure 2, the loudspeaker has a resonant frequency. The resonant frequency is
the relationship between the mechanical resonant frequency of the diaphragm and the moving coil
represented in (2) as follows:

fres =5 \/g ©)

where f,..s is the resonant frequency of the loudspeaker, S is the stiffness of the spring compliance
loudspeaker and M is the mass (weight) of all components moving on the loudspeaker. S is a notation for
the loudspeaker stiffness system in centimetres per dyne which consists of a spider or spring system that
positions the moving part again at the rest position. This moving part position can move forward
or backwards from the rest position according to the signal given to the loudspeaker. The strength of this
spring will determine how much force is given by voice-coil. The greater the value of S, the greater the force
that the moving coil must be given. Whereas, M represents all components loaded from loudspeakers such as
diaphragms, cones, and moving coils as well as included in this M component. Based on the aforementioned
explanation, it can be concluded that the type of woofer loudspeaker has the character of S which is lower
than other types of loudspeakers and M is greater than other types of loudspeakers.

To find out the force acting on the diaphragm of the loudspeaker provided by the voice coil,
the combination of the electrical and mechanical domain must be incorporated and added. Magnetizing force
to obtain a large force that affects the moving force of the loudspeaker represented in the following:

f =Bl
e = Blu (3)

where B is the magnetic field strength (T), I is the length of the conductor in the magnetic field (m),
f is the force in Newton (N), u is the speed from moving the moving part loudspeaker (1m/s), i is the current
passing through the moving coil from the loudspeaker (4) and e is the voltage supplying moving coil from
the loudspeaker (V). Mechanical quality factor and electrical quality factor are represented this following (4):

Qgs = 21fsCR,
QMS = EimRm (4)

fs = 21 /CruRom

where Qys represents the mechanical quality factor, Qgs denotes the electrical quality factor and fs is
the resonance frequency.

2.2. Low-frequency amplifier

Since the audio amplifier [24] has a frequency response in the range frequency of 20-20 kHz,
the amplifier is conditioned in the range frequency of 0.5-10 Hz. In this paper, the basic principle of
the low-frequency amplifier using modified Class A is introduced. The schematics of the circuit are
shown in Figure 3 and Figure 4. The proposed amplifier is composed by Darlington transistors and several
passive components.
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Figure 3. The proposed of low-frequency amplifier Figure 4. Signal conditioner

based class-A amplifier

The parameters of the proposed amplifier are listed in Table 2. Ry is a resistor that acts as a buffer
between the signal source and the main circuit such that it does not overload the signal generator, Ryp
and Rp; is a voltage divider that provides voltage and current to the base of T; transistor, R is a resistor that
regulates the current of Darlington transistors T; and T,. R is the resistor to compensate the deviation
of Darlington transistors T; and T,, Ck is to compensate for the sine wave signal and the Ry, is the resistor to
compensate between the loudspeaker and amplifier.

Table 2. The parameter of proposed amplifier

Parameters Value
Rg, 100 Q
Ryg 10 KQ
Rpe 1 KQ

R, 8Q
Rg 24Q
Ry, 140
T; 2N3035
T, 2N3055
Cg 33 uF

To determine the voltage of amplifier affecting the force of loudspeaker, the force of motor using
Ohm's law relating to a Lorentz actuator can be calculated. The motor voltage must be replaced by a short
circuit to determine the impedance of a voltage source [25]. The force of loudspeaker which affecting
the amplifier voltage can be described by

ﬂsl[

F = Bil = 25N )

c
where B is the flux density of the loudspeaker magnetic field around the coil in Tesla [T]. [ is the length
of the voice coil inside the magnetic field. To determine the dynamic response Tr, of the cone displacement
x which related to mass m to drive the force of excitation F can be described by

Cs
TF,x(w) = % =

(6)

w? . w
O 4201
mg J(“)O

where w = 2nf, { is damping ratio, C, is compliance and the resonant frequency of mechanical part w, is

k

c 1
C; =—-andw, = [—=.
Sk 0 m

2vkm’

The resonant frequency of the mechanical part is called "eigenfrequency" [11] and denotes as fj.
The f; is equal to wy/27 called by fundamental resonant frequency. Around its the fundamental frequency,
the loudspeaker actuator is matched with the force due to the displacement of the cone against the stiffness
of the loudspeaker suspension. In this study, the loudspeaker resonant frequency f, is 193 Hz, but
the loudspeaker is operated at a lower frequency in the range of 0.5-10 Hz by designing a special amplifier
that is able to operate at a very low frequency such that can drive the motor force of loudspeaker.
The complete description of the experimental setup of the low-frequency amplifier is later discussed in
the following section.

calculated by: { =
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2.3. Experimental setup

This study proposes a new test device for testing a performance of the ECM that operates in
the frequency of arterial pulse region. In addition, test devices can be used for mechanical pulse emulator
the same as the arterial pulse. To design the test device, the researchers conduct an experiment by measuring
the impedance and gain of loudspeaker using a Bode-100 type vector network analyzer (VNA). Based on
the experiment, it can be obviously seen that the loudspeaker impedance rate in the frequency
range 0.5-10 Hz. In addition, the gain of the loudspeaker is also measured using this VNA in the frequency
range 0.5-10 Hz.

To characterize the Class A amplifier, the output voltage on the amplifier is conditioned constant
even though the input frequency is varied in the range of 0.5-10 Hz. This output voltage is then represented
by displacement of the diaphragm of the loudspeaker. This displacement is then conditioned at a desired
constant value by varying the input voltage of the signal generator. In order to verify the performance
of the proposed test device, a novel class A power amplifier design and a low-frequency loudspeaker are
verified in Figure 5. The test benchmark consists of several components i.e: signal generator, digital storage
oscilloscope, power supply, Class A amplifier and loudspeaker. Each of those components has its function.
The signal generator produces the sine wave. The Class A amplifier is supplied by the power supply,
the loudspeaker generates the mechanical vibration driven from the Class A amplifier. To measure
the amplitude response, digital storage oscilloscope (DSO) is connected to the terminal V;, and V,,; of
Class A amplifier. The experimental setup parameters are listed in Table 3.

The experimental setup of the proposed system is clearly shown in Figure 5, while the detailed test
device is shown in Figure 6. The ECM stand is the ECM holder aiming to support and maintain the ECM
position. ECM is the focus of research which is the main objective in this study. Soft silicon rubber is utilized
to adjust mechanical coupling between the loudspeaker and ECM diaphragms. The description of the ECM
system as an arterial pulse sensor is explained in detail in [3]. In this research, the main topic is the design
of a test device to generate a mechanical signal such as human pulse arterial signals which the loudspeaker is
conditioned in the frequency range 0.5-10 Hz with a displacement of 0-1.5 mm,,,.

Table 3. The parameter of experimental setup
Parameters Specification
Power Supply 20V DC
Function generator ~ KMOON, Dual-channel DDS signal Generator
DSO Hantek MSO5074F, 4 channel DSO, 70 MHz

T

[Signal Generator | i : ECM Stand | —

[Louispste

-

Soft silicon /
rubber

Figure 5. The photograph of the low-frequency Figure 6. The configuration of loudspeaker
response test device of the ECM and ECM

3. RESULT AND DISCUSSION

Figure 7 depicts the loudspeaker impedance measurement using VNA type Bode 100 from Omicron
Lab. In this impedance measurement, the loudspeaker is stationary and there is no object hitching on this
loudspeaker. Then, the VNA is set to kick the loudspeaker in the range 0.5-10 Hz. The frequency response
of the loudspeaker is measured by VNA and shown in Figure 8. Based on the measurement, the loudspeaker
has the impedance at about 7.09 Q. Figure 8 shows the loudspeaker gain in the frequency range of 1-10 Hz.
However, the loudspeaker gain tends to be constant at about 0.2477 in the frequency range of 3-10 Hz.
In future, it can be interpreted in the frequency range of 310 Hz that this loudspeaker has a gain of 0.2477 dB.
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Figure 8. The loudspeaker gain measurement using VNA

The voltage ratio between the voltage signal generator which represented as V;,, and the amplitude
voltage at loudspeaker which denoted as V,,,; in every 0.5 Hz sampling is shown in Figure 9. It can be clearly
seen that the ratio of the test device system tends to decrease when the frequency is getting higher. It implies
that the test device system will require larger V;,, if the frequency is raised. Figure 9 shows that the frequency
response value is not fixed. Therefore, signal conditioners as shown in Figure 4 are added as shown in Figure
10 indicating the input voltage V;,, from a signal generator in every 0.5 Hz. Figure 11 shows the frequency
response after signal conditioners from Figure 10 are added. Consequently, the diaphragm displacement of the
test device is stationary at the range 3.36 to 3.46 at the frequency range of 0.5-10 Hz as depicted by Figure 11. It
can be clearly seen that the loudspeaker is operated at low frequencies and can be used as a test device.
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Figure 9. The voltage ratio between the voltage signal generator which represented as V;,, and the amplitude
voltage at speaker which denoted as V,,,; in every 0.5 Hz
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Figure 11. The diaphragm displacement of the loudspeaker in mm,,,
CONCLUSION

The low-frequency response test devices of ECM has been successfully implemented. The test

device has been successfully verified with constant displacement. So the proposed test device is able to used
as a low-frequency response test device.

ACKNOWLEDGEMENT

The research project was supported by the Department of Electrical Engineering University

of Brawijaya.

REFERENCES

(1]

Ottoy, et al., “A low-power MEMS microphone array for wireless acoustic sensors,” 2016 IEEE Sensors
Applications Symposium (SAS), IEEE, pp. 1-6, 2016.

Yudaningtyas E, et al., “Identification of Pulse Frequency Spectrum of Chronic Kidney Disease Patients Measured
at TCM Points Using FFT Processing,” Proceedings of the 15th International Conference on Quality in Research
(OiR): International Symposium on Electrical and Computer Engineering, IEEE, pp. 169—172,2017.
Yudaningtyas, E., et al.. “Electret condenser microphone as a traditional Chinese medicine arterial pulse sensor,”
In MATEC Web of Conferences, vol. 197, pp. 11024, 2018.

Yudaningtyas, E., Djuriatno, W., and Yuwono, R. “Pulse frequency spectrum of subjects whose normal
electrocardiogram (ECG) test,” ARPN Journal of Engineering and Applied Sciences. Asian Research Publishing
Network (ARPN), vol. 10, no. 16, 2015.

Dutt, D. N., and Shruthi, S., “Digital processing of ECG and PPG signals for study of arterial parameters for
cardiovascular risk assessment,” In 2015 International Conference on Communications and Signal Processing
(ICCSP), IEEE, pp. 1506-1510, April 2015.

Yang, C. L., Chang, T. C., and Chen, Y. Y., “Microwave sensors applying for Traditional Chinese Medicine pulse
diagnosis,” In 2017 International Workshop on Electromagnetics: Applications and Student Innovation
Competition, IEEE, pp. 113-115, May 2017.

TELKOMNIKA Telecommun Comput El Control, Vol. 18, No. 3, June 2020: 1368 - 1375



TELKOMNIKA Telecommun Comput EI Control a 1375

Zhang, A., Yang, L., and Dang, H., “Detection of the typical pulse condition on Cun-Guan-Chi based on image
sensor,” Sensors & Transducers, vol. 165, no. 2, pp. 46, 2014.

Jeng, Y. N., Yang, T. M., and Lee, S. Y. “Response identification in the extremely low frequency region of an
electret condenser microphone,” Sensors, vol. 11, no. 1, pp.623-637,2011.

Chen, Y. Y., and Chang, R. S., “A study of new pulse auscultation system,” Sensors, vol. 15, no. 4,
pp- 8712-8731, 2015.

Nomura, S., et al., “Identification of human pulse waveform by silicon microphone chip,” 2011 IEEE International
Conference on Systems, Man, and Cybernetics, IEEE, pp. 1145-1150, October 2011.

Nomura, S., Hanasaka, Y., and Ogawa, H., “Multiple Pulse Wave Measurement Toward Estimating Condition Of
Human Arteries,” I4ADIS International Journal on WWW/Internet, vol. 11, no. 3,2013.

Jeng, Y. N., Yang, T. M., and Lee, S. Y., “Response identification in the extremely low frequency region of an
electret condenser microphone,” Sensors, vol. 11, no. 1, pp. 623-637, 2011.

Lue, J. H., et al., “Simple two-channel sound detectors applying to pulse measurement,” Life Science Journal,
vol. 11, no. 4, pp. 421-423,2014.

Yao, L., et al., “A topic modeling approach for traditional Chinese medicine prescriptions,” IEEE Transactions on
Knowledge and Data Engineering, vol. 30, no. 6, pp. 1007-1021, 2018.

Wang, D., Zhang, D., and Lu, G., “An optimal pulse system design by multichannel sensors fusion,” IEEE journal
of biomedical and health informatics, vol. 20, no. 2, pp. 450-459, 2015.

Wang, H., et al., “Shape-preserving preprocessing for human pulse signals based on adaptive parameter
determination, ” IEEE transactions on biomedical circuits and systems, vol. §, no. 4, pp. 594-604, 2013.
Yudaningtyas, E., ‘“Nonlinearity compensation of low-frequency loudspeaker response using internal
model controller,” TELKOMNIKA Telecommunication Computing Electronics and Control, vol. 17, no. 2,
pp. 946-955,2019.

Breitband-Systeme/Fullrange Systems, SC 5.9-8 Ohm, Art. No. 8006, VISATON.

Self, D. “Audio power amplifier design handbook,” Routledge, 2002.

M. Horibe, “Performance comparisons between impedance analyzers and vector network analyzers for impedance
measurement below 100 MHz frequency,” 2017 89th ARFTG Microwave Measurement Conference (ARFTG),
Honololu, HI, pp. 1-4,2017.

W. Li, et al., “Optical Vector Network Analyzer Based on Single-Sideband Modulation and Segmental
Measurement,” in IEEE Photonics Journal, vol. 6, no. 2, pp. 1-8, April 2014.

M. Peltokangas, et al., “Monitoring Arterial Pulse Waves with Synchronous Body Sensor Network,” in /EEE
Journal of Biomedical and Health Informatics, vol. 18, no. 6, pp. 1781-1787, Nov 2014.

L. Wang and D. Wen. “Research on Non-Invasive Arterial Pulse Sensor and Detecting System,” 2009 2nd
International Conference on Biomedical Engineering and Informatics, pp. 1-5, Oct 2009.

G. Pillonnet, et al., “A high performance switching audio amplifier using sliding mode control,” 2008 Joint 6th
International IEEE Northeast Workshop on Circuits and Systems and TAISA Conference, Montreal, QC, 2008,
pp. 305-309, 2019.

Schmidt, “Low Frequency Sound Generation by Loudspeaker Drivers,” www.rmsacoustics.nl, Ed. Published by
RMS Acoustics & Mechatronics the Netherlands,2017.

Low-frequency response test device of electret condenser microphone (Erni Yudaningtyas)



