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Introduction. Ultrasound is widely used in various applications, such as monitoring the state of
structures, biomedical ultrasound imaging, and information (data) transmission. Ultrasonic trans-
ceivers are one of the modern communication systems, both for short-range and remote access. In-
deed, the technology of the process of transmitting information using communication channels based
on ultrasonic (US) vibrations and the physical implementation of transmission using optical fiber are
widely used in conditions of confidentiality of data processing. At the same time, the needs of wire-
less and wired communication demanded the development of more advanced applications (software,
hardware solutions). In particular, new challenges have arisen requiring transceivers to have high
frequency, wide bandwidth and compact size. Aim. Consider the “technology — opto-ultrasonic”
approach used in data transmission and reception channels. This technology involves the generation
of ultrasound by a pulse using the optical-acoustic effect, followed by the reception and processing
of ultrasonic vibrations. Optical ultrasonic transceivers based on the photo-acoustic (US) principle
of operation have great potential, in particular, to obtain the necessary: (super high) frequency of
the transmitted signal; wide bandwidth (speed); ease of use as transceivers; low manufacturing cost.
Materials and methods. Various methods of spectral analysis (Fourier and Wavelet) have been inves-
tigated to ensure the achievement of the above goal. Results. Compared to traditional technologies of
information reception and transmission, optical ultrasonic transceivers provide high-frequency
communication, wide bandwidth and compact size. Conclusion. The paper investigates the methods
of spectral analysis (Fourier and Wavelet) and proposes, based on these studies, possible options for
the implementation of optical ultrasonic transceivers that can generate ultrasonic pulses with a dura-
tion on a nanosecond scale using an ultrafast laser and receive confidential data with a high degree of
security. At the same time, by combining the principle of generating photo-acoustic ultrasound with
the use of optical fiber, it is possible to obtain compact and inexpensive ultrasonic transceivers.

Keywords: ultrasound, receivers and transmitters (generation) of information, data, communi-
cation channels, fiber optic, bandwidth, technology, laser ultrasound, sensors, optical-acoustic effect.

Introduction

The development of wireless high-frequency communication technology has been going on for
more than 10 years, but it has not received widespread use. The leaders of the mobile markets cannot
agree on a single format for the near-field communication protocol: Apple ignores this direction, and
manufacturers of phones with the Android platform, on the contrary, are promoting [1, 2]. Due to
the fact that the emergence of a generally accepted standard for short-range communication is now ques-
tionable, data transmission via ultrasound could be a good alternative. The advantage of this method
(method) is that, in contrast to NFC (near-field communication), data transmission via ultrasound can be
carried out on almost any phone, since any phone is equipped with a speaker and a microphone [3, 4].
The only thing that is necessary is that the phone processor must be able to carry out the necessary cal-
culations. This is due to the fact that the use of the proposed method does not impose specific require-
ments on the technical characteristics of the phone, but is implemented at the software level. Sound
wave data can be used to exchange information between phones with a wide variety of operating sys-
tems, which is especially important in the current situation of increasing differentiation of mobile plat-
forms. Ultrasound technology can be used not only for data transmission, but also for object recognition
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in space and suppression of physical carriers for undesirable information sources [5, 6]. The theory of
wavelet transform is used to study the processes of processing an ultrasonic signal. Wavelet transform is
a transform using functions localized both in real time and in Fourier frequency space. Basically, it is
divided into two types. One type of wavelet transform is easily reversible. That is, the original signal can
be recovered after being converted. For example, image compression and cleaning [7, 8]. The second
type of wavelet transform is intended for signal analysis. For example, analysis and processing of ultra-
sonic signals. In this work, we propose a variant for implementing a communication channel with ultra-
sonic sensors, which combines the use of ultrasound and a method for creating optical pulses of a given
duration. This improves the efficiency of information transfer compared to standard ultrasonic tech-
niques, while providing reduced signal energy loss and maximum control over the waveforms of the ul-
trasonic transmitter and data receiver [9—-12].

1. Statement of the problem

It is required to research and develop a new approach “opto-ultrasound” effective for use in data
transmission and reception channels. This technology involves the generation of ultrasound by a pulse
due to the optical-acoustic effect. Optical ultrasonic transceivers based on the photo-acoustic principle of
operation have a great potential for obtaining a high frequency of the transmitted signal, a wide band-
width (speed), ease of use as transmitters and a relatively low cost of implementation.

2. Solution of the problem. Methods and Approaches

2.1. Digital signal processing

Continuous signals are described by continuous functions of time. The instantaneous values of such
signals change in time smoothly, without abrupt jumps (breaks). Many real signals are continuous. These
include, for example, electrical signals in the transmission of speech, music and images [1, 4]. All signals
are divided into four groups according to the way of presentation: analog, discrete, quantized and digital.

In order to start transmitting useful information using signals, it is necessary to modify the carrier
frequency so that it repeats the patterns of the useful signal. This transformation is called modulation.
Vibrations of various shapes (rectangular, triangular, etc.) can be used as a carrier. However, harmonic
oscillations are most often used [12—14]. Depending on which of the parameters of the carrier oscilla-
tion changes, the following types of modulation are distinguished: amplitude, frequency, phase, etc.
[10, 11]. Modulation with a discrete signal is called digital modulation or keying. The following types of
keying are available: frequency shift keying, phase shift keying, amplitude shift keying, and quadrature
amplitude shift keying. Fig. 1 shows the main characteristics of signals, spectra of modulated signals
depending on the modulation parameters [13—15].
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Fig. 1. Modulation of the signal and their spectrum
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2.2. Wireless communication system using ultrasonic signals

This system includes a transmission module and a receiving module (Fig. 2). The transmission
module receives input signals from the wireless device, modifies the received input signals so that it
converts each received input signal into a cor-
responding ultrasonic signal, and wirelessly f")_.j ' _~
transmits each said ultrasonic signal through |
the ultrasonic channel [8, 9]. L

The receiving module (Fig. 2) receives ;
the transmitted ultrasonic signals, reconstructs [
the corresponding input signals, and allows :
each corresponding input signal to be output ;
through one or more output devices. Conver-
sion of input signals can include compression,  Fig. 2. Block diagram of a wireless communication system
encoding, and modulation of input signals. using ultrasonic signals: TM — transmission module,
The input signals can be voice audio signals RM - receiving module

put signals g

allowing the use of a telephone call support system by provinding ultrasonic communication capabili-
ties. For example, communication between a wireless headset and a mobile phone. The transmit and re-
ceive modules can be linked to a wireless headset and a mobile phone to provide ultrasonic communica-
tion and, if necessary, radio frequency communication between them [2, 3].

i Receiving module
Transmission Module &

Y

Receive audio input

- |

Convert ultrasonic signal to digital

Receive ultrasonic signal

Compress audio signal

signal
Encode compressed signal Digital signal demodulation
Digital modulation of encoded Decode demodulated signal
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¢ A 4

Unpack decoded audio signal

Convert modulated signal to
analog ultrasonic signal

v
Outputting the reconstructed audio
signal through the audio output

v devices

Amplify ultrasonic signal

v

Transmit ultrasonic signal

Fig. 3. Block diagram of the organization of the transmitting and receiving process
of ultrasonic communication

In Fig. 3 is a block diagram based on ultrasonic communication (Fig. 2), schematically illustrating
the process of ultrasonic communication between the transmitting module and the receiving module.
According to this process, the transmitting module receives an input audio signal through one or more
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receivers, such as a microphone, and converts the received audio signal in accordance with one or more
modification methods with different conditions, which ultimately result in a corresponding ultrasonic
signal. As shown in Fig. 3, the modification can include: compressing the input audio signal, encoding
the compressed signal, resulting in the encoded and compressed audio signal at this stage. The encoded
audio signal can then be digitally modulated in accordance with one or more modulation techniques
such as single-carrier and / or multi-carrier modulation, i.e. OFDMA or CDMA modulation. This stage
will allow you to move on to the digital signal, which is the input audio signal. The digital signal can
then be converted to an analog ultrasonic signal, which is fed to the transducer of the transmission mo-
dule to enable the transmission of the ultrasonic signal. The transmission of ultrasonic signals may be
accomplished, as indicated above, by one or more acoustic output devices that can output ultrasonic sig-
nals, such as speakers, piezoelectric devices, and the like. These devices can be included as part of
the transmission module or be external to it (for example, a speaker of a wireless device associated with
the transmission module). The ultrasonic analog signal can be amplified for transmission by the amplifi-
er of the transmission module.

The transmitted ultrasonic signal can be received (detected) in the receiving module, which can then
reconstruct the original input audio signal with an accuracy that depends on the quality and conditions
of the communication, as well as on the components and configuration of the system. Reconstruction of
the input audio signal can include as shown in Fig. 3, converting the ultrasonic analog signal to a digital
signal, demodulating the digital signal according to the modulation techniques used to modulate
the original input signal (for example, using FMDMA-reversed or CDMA-reversed). The resulting sig-
nal can be a recovered decoded and compressed audio signal, which can then be decoded and decom-
pressed to thereby restore the original audio signal. The reconstructed audio signal can then be output
using the built-in or separate audio output device such as speaker, headset, etc.

The article proposes a variant of the implementation of a communication channel with ultrasonic
sensors, which combines the use of ultrasound and a method of creating optical pulses of a given dura-
tion. This improves communication efficiency over standard ultrasonic techniques, while providing
reduced signal energy loss and maximum control over the waveforms of the ultrasonic transmitter and
data receiver.

2.3. Description of the opto-ultrasonic transmitter and receiver system

The block diagram shown in Fig. 4 [16] illustrates the transmission of a stream of infrared and
ultrasonic signals. Microcomputers control the operation of the system. Initially, an optical pulse is
transmitted from an ultrasonic receiver. After receiving the optical pulse in another unit, the ultrasonic
pulse is transmitted back to the receiver unit. The transmission time of the optical signal is negligible,
so the microcontroller (on the receiving device) starts a timer when the optical signal is sent. Therefore,
the timer value when the ultrasonic pulse is detected in the receiver is the transit time of the ultrasonic
signal between the transducers. From this transmission time and speed of sound, the distance between
the transducers can be calculated. This approach is limited to situations where transducers and associated
electronics can be installed at both ends of the distance being measured [17-19].

Ultrasonic Transmitter Module Ultrasonic Receiver module
. ‘ . ‘ Amplifier / ‘ . ‘ Data
Microcontroller Driver p Microcontroller
‘ ‘ Comparator ‘ ‘ output
Opti .
p .cal Driver
receiver
Fig. 4. Block diagram of the system
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2.4. Optical description of the signal

An IR transmitter (infrared wavelength range of 870 nm) is an LED that is turned on (pulsed) by
a transistor connected to a microcomputer [20, 21]. This pulse (0.5 ms) acts as a trigger signal. The lens
built into the LED provides a 10 degree beam width.

The photodiode on the ultrasonic transmitter (IR receiver) is equipped with an IR cut filter to pre-
vent accidental room illumination. Its current output is converted into a voltage pulse by an input am-
plifier. Subsequent amplifier stages increase the signal level and act as a high pass filter to further re-
duce low frequency noise. At the output of the comparator, the optical signal has the shape shown in
Fig. 5 (the transmitted signal has a similar shape). The rising edge of the pulse is the synchronization
signal.

Fig. 5. Received optical pulse

2.5. Transmission of an ultrasonic signal

Conventional ceramic piezoelectric transducers are used for both the transmitter and receiver.
The tuned transducer rings (40 kHz) when excited by a single square-wave pulse (pulse). Due to the low
damping, the transmitted wave sequence has a long exponential decay due to a single pulse or pulse.
While the signal transmission rise time is different, there is no received signal.

The voltage waveform of the transmitter transmitter is shown in Fig. 6.

Fig. 6. Measuring form of the transmitter

2.6. Ultrasonic receiver (UR)

An UR with a high gain (x100) amplifies the signal from the receiving sensor, and the output is
connected to a comparator, which, when the signal exceeds the threshold level, detects the received
pulse (Fig. 7). The advantage is a faster rise time and a more accurate waveform, while the disad-
vantage is a much lower transmission amplitude than with conventional multi-cycle waveform exci-
tation. This disadvantage is overcome here by using one-way transmission of the ultrasonic signal.
If the transmitted waveform was not correctly formed by the second pulse, the transducer will ring
excessively [14, 15].
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Fig. 7. Received ultrasonic signal

2.7. Microcomputer signal processing

The microcontroller (Fig. 8) detects the signal from the comparator and records the arrival time,
which allows you to measure the time between the transmission of the optical pulse and the reception
of the ultrasonic pulse. Knowing the speed of sound, the microcontroller converts this information into
the distance between the ultrasonic transducers.
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Fig. 8. Microcontroller circuit

Data is transferred to an external computer using the RS485 serial data bus.

Conclusion

In this work, optical ultrasonic transceivers have been investigated and developed, which can re-
ceive and generate ultrasonic pulses with a duration in the nanosecond range when using an ultrafast
laser. As a result of the development of the opto-ultrasound technology, it can be noted that it is more
efficient than the standard ultrasonic signal, providing with less signal loss and more accurate location
of the reference points of the sensor, in particular, the transmitting and receiving transducers (sensors).
In addition, by combining the principle of generating photo-acoustic ultrasound with optical fibers,
compact ultrasonic transmitters can be obtained.

An optical pulse is used to synchronize the transmitter and receiver. In the block diagram shown in
Fig. 4, an optical pulse is transmitted from the ultrasonic receiver unit, initiated by its microcontroller, to
the ultrasonic transmitter unit. Thus, the proposed approach based on ultrasound signal transmission and
reception using optics (fiber optics) allows obtaining the following advantages:

— the loss of an ultrasonic signal is much less than with traditional reception and transmission;

— the location of the transducers is clearly defined;

— the phase and shape of the pulses are controllable and reproducible.
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OMNTOYJIbTPA3BYKOBbLIE KAHAJIblI CBA3U

B.5. Caudoe’?, B.®. Tenexkun'

" fOxHO-Ypanbckuli 2ocydapcmeeHHbIll yHusepcumem, . YensbuHck, Poccus,
2 Tadxukckull mexHudyeckull yHusepcumem umeHu akademuka M.C. Ocumu,
2. [ywarbe, Pecrniybniuka TadxukucmaH

BBenenue. YIbTpa3ByK OIMPOKO HCIIONB3YETCS B PA3IMYHBIX NPHIIOKECHHUIX, TAKMX KaK MOHH-
TOPHHI COCTOSIHHSL KOHCTPYKLMH, OWOMEIMIIMHCKas YyIbTPa3BYKOBas BH3yaJlM3alus, INPHEMO-
nepenada nHGopManuu (IaHHBIX). YJIBTPa3BYKOBBIC IPHEMO-TIEPEIATINKH SBISIOTCS OJHON M3 CO-
BPEMECHHBIX CHCTEM KOMMYHMKAIIMH KakK Ha OJIMDKHEM, TaK M yIaJIeHHOM JocTyne. /[lelicTBUTENbHO,
TEXHOJIOTHSI TIpoliecca Mepeaadn HHPOPMarH C ITIOMOIIBI0O KaHAIOB CBS3HM Ha OCHOBE YIIBTPa3BYKO-
BeIX (Y3) Konebanuii M (hU3NUECKON peanu3anuyl Iepeladdl ¢ MIOMOIIbI0 ONTOBOJIOKHA HaXOIST
00JIbIIIOE PUMEHEHHE B YCIOBUSAX KOH(DHUACHIMAIBHOCTH 00pabOTKH JaHHbIX. [Ipu 3TOM HOTpEO-
HOCTH OeCIpPOBOJHON U MPOBOTHON KOMMYHHUKAIIMU NOTpeOOBaIH pa3paboTKy 0ojiee COBEPIIEHHBIX
NPUIOKEHUH (porpamMmM, annapaTHbhIX pelieHnii). B yacTHOCTH, BO3HHUKIIM HOBBIE TPOOJIEMHBIC BbI-
30BBI, TpeOyrouue, 9TOO MPHUEMO-TIEPEIATINKH UMENN BBICOKYIO YacTOTY, IUPOKYIO MOJIOCY TPo-
MyCKaHUS M KOMITakTHBIE pasMepsl. Lleib mcciaenoBaHusi. PaccMOTpeTs MOAXOMA «TEXHOJOTHS —
ONTOYNBTPA3BYK», MPHUMEHAEMBIN B KaHallaX MpHUEMO-IIepeiadl JaHHBIX. DTa TEXHOJOTHS MPEeao-
JaraeT TeHEepalMio YJIbTpa3ByKa MMITYJIECOM C IOMOIIBbIO ONTHKO-aKycTHYeckoro addekra, ¢ mo-
CIICAYIONIMM TpUeMOM M 00paboTkoi VY3-konebanuil. ONTHYECKHE YIBTPAa3BYKOBBIC IPHUEMO-
nepeaTIvKy, OCHOBaHHbBIE HA (oToakycTnueckoM (Y3) mpHHIHIIE IeHCTBHA, NMEIOT 0OIBIION To-
TEHLIMAJ, B YaCTHOCTH, JUIA IOJIYYEHHsS HEOOXOAMMOH (CyNepBBICOKOI) YacTOTHI IEpeaBacMoro
CHUTHAJIa; MIMPOKOH ITOJIOCHI ITPOITYCKaHUs (OBICTPOICHCTBIE); TIPOCTOTHI HCIIOJIB30BAHUS B KAUECTBE
IpUEMO-TIepeIaTINKOB; HE BHICOKYIO CTOMMOCTh U3TrOTOBIICHNs. MaTepuanasl U MeToabl. beim nc-
CJIeIOBaHbl pa3IMyHble METOJbI CTIeKTpaIbHOrO aHau3a (Pypre u Belirner), mo3pomstoniue odec-
MEYHUTh JIOCTHKEHHUS TIOCTABJICHHOH Bhille 1end. Pe3yabrarsl. [o cpaBHEHHIO C TpaIUIIMOHHBIMU
TEXHOJIOTHSIMU TIPUEMO-Tiepejadyl MHPOPMAIK ONTHYECKHE YJIbTPa3BYKOBBIC MPUEMO-TIEPENIaTYnKN
00eCTIeYnBalOT BEICOKOYACTOTHYIO CBSI3b, IHPOKYIO MOJIOCY MPOIMYCKAHUSA U KOMIIAKTHBIE Pa3MEpHI.
3akaiouenue. B paboTe mccienoBaHel METOABI cliekTpaidbHOTro aHanu3a (Pypre u BeiiBrer) n
IPE/UIOKEHBl HAa MX OCHOBE BO3MOXXHBIC BapHaHThl pEAM3alUM ONTHYECKUX YIIBTPa3BYKOBBIX
IpUEMO-TIepeIaTINKOB, KOTOPhIe MOTYT T€HEPHUPOBATh YIHTPA3BYKOBBIC HMITYJIBCHI C AJIHTEIHHO-
CTBIO B MacmTabe HaHOCEKYH/] C IIOMOIILIO CBEPXOBICTPOTO J1a3epa U NPUHUMATH C BHICOKOH CTerle-
HBIO 3alIMIIEHHOCTH KOH(UIEHInanbHble NaHHble. [Ipn 3TOM KOMOMHUpYS NpPHUHIMI TE€HEpaLUH
(hoTOaKyCTHYECKOTO yIbTPa3ByKa ¢ IPUMEHEHHEM OINTOBOJIOKHA, MOXKHO IOJYYUTh KOMIAKTHBIC H
HEJIOpOTHUE YIbTPa3BYKOBbIE IPHUEMO-TIEPEIaTIHKH.

Knrouesvie cnosa: ynempaszgyx, npuemMHuxu u nepedamyuxy (cenepayus) ungopmayuu, Oanmwle,
KAHAbl C6A3U, ONMOBOIOKHO, NOJIOCA NPONYCKAHUS, MEXHON02USA, 1A3ePHbII YIbMPa3eyK, OamuuKu,
ONMUKO-aKycmu4eckutl d¢hgexm.
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