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K BOITPOCY Ob OHEHKE IIUK-®AKTOPA
BUOIIOJOBHBIX CUTI'HAJIOB, HCITOJIB3YEMBIX
B I'NIPOAKYCTHUYECKUX CUCTEMAX CBA3U

B naHHOU cTaThe MpOBE/ICHA OLICHKA MUK-(PaKTOpa OMOIOTOOHBIX CUTHANIOB, HCIIOIb3YEMBIX B THIPOAKYCTHYCCKHX
CHCTEMax CBS3H, Ha MPUMEPE UCCIICIOBAHUS CUTHAJIOB, OCHOBAHHBIX Ha MMHUTAIIMH 3aITHCei 3BYKOB Pa3INYHbIX BH-
10B KUTOB. [IpOBe/IcHHBIC PacyeThl M AaHAIN3 JIUTEPATYPhI OKA3BIBAIOT, YTO MPUEMIIEMbIM 3HAYCHHEM MHK-(PaKTOpa
(p £ 4) obnanarT 3amuCcU 3BYKOB CIICAYIOIIMX BUAOB KUTOB: Blue whale, Alaska humpback whale, Atlantic blue
whale u Northeast Pacific blue whale. 3anucu 3ByKOB yKa3aHHBIX BHIOB KATOB II€IECO00pPA3HO MUCIOIB30BATh B CO-
OTBETCTBYIOIINX THAPOAKYCTUIECKUX CHCTEMax CBsi3u. HampoTuB, 3amucu 3BYKOB TaKUX BHIOB KHTOB, Kak Atlantic
finwhale, Atlantic minkewhale, South Pacific blue whale m Western Pacific blue whale, 06manaioT OBBIIIICHHBIM
3Ha4YeHNEM MUK-(pakTopa (p > 4) u 6e3 aganTanuy WX HereIecoo0pa3Ho UCIONh30BaTh. TakuM 00pa3oM, yCTaHOB-
JICHO, 4TO OMONOAOOHbIE CHTHANBI, IPUMEHAEMBIC B THAPOAKYCTHYECKUX CHCTEMax CBS3H, Ha IPUMEPE HCCIICA0Ba-
HHS CUTHAJIOB, OCHOBAaHHBIX Ha HCIOJIb30BAaHWH 3amUCeil 3BYKOB PA3IMYHBIX BHIOB KHUTOB, MOT'YT OOJagaTh Kak
MpUEMIIEMBbIM 3HAaYCHHEM MHUK-(aKTopa, TaK W MOBBINICHHBIM. Ha yka3aHHBIH BBIBOJ IesiecOOOpa3HO 0OpaTHTh
BHHMAaHHE pa3pabOTUMKaM U MPOU3BOAUTENISAM COOTBETCTBYIOIIMX THAPOAKYCTHICCKHX CHCTEM CBSI3U MPH HX MPO-

CKTUPOBAHWH, pC€ain3alilul U UCIIBITAHNUU.

K. cn.: muk-gaxTop, OMOTIOZOOHBIE CUTHANBI, THAPOAKYCTHYECKHE CUCTEMBI CBS3H

BBEJEHUE

N3BectHO [1-8], uTO I rUAPOAKYCTUYECKUX CH-
creM cBsizu (TACC) omHMMU U3 CaMBIX BaXKHBIX Xa-
PaKkTepUCTHUK  SBIAIOTCS ~ TIOMEXOYCTOHYHMBOCTB,
CKPBITHOCTbh, CKOPOCTb MEpeAaun JaHHBIX, YHEPrOmo-
Tpebienne, nmuk-gpakrop. Ilepeurncnennsie moka3zare-
T HE B MOCIEIHIOI OYepeb 3aBUCIT OT TUIIOB CHUT-
HaJOB, KOTOPBIE HWCIIOIB3YIOTCI B TOW WIM HHOHU
I'ACC. Mnuorue I'ACC, u3BecTHBIC B HACTOSIIEE
BpeMsi [2—8], MOCTPOECHBI Ha OCHOBE Y3KOIMOJIOCHBIX
CUTHAJIOB
U IIUPOKO PACHPOCTPAHEHHBIX IIYMOIIOJOOHBIX CHT-
HaJoB. BMecTte ¢ TeM B HacTosmiee BpeMs aKTHBHO
CTaJIO pa3BMBaThCA HampasieHue npuMmeHeHus B ACC
CHUTHAJIOB, OCHOBAaHHBIX Ha HWCIIOIH30BAHUU 3aIMUCEH
3BYKOB PasiIMYHBIX JKUBOTHBIX, OOHMTAIONINX B MOP-
CKMX W TNPECHBIX BoJax (Ouorono0HbIe curHamisl) [1,
9-17]. CToUT OTMETUTD, UTO PAJl XapaKTEPUCTUK HUC-
nonb3yemMbix B [TACC OHOITOOOHBIX CHUTHAJIOB eIle
Majio OCBEIICH B JIUTEPATYPE U CPEIU HUX CTOUT BBI-
JISJIUTh 3HAYeHHE NMUK-(hakTopa OHOIMOMOOHBIX CHUT-
HajoB. MszBectHo [2-4, 18-20], dro yBeawMYEHHOE
3HaYeHHe NMHK-(PaKTOpa OrpaHUYHMBAET pealln3yeMble
3HAYCHHS OJHeprerudyeckor 3ddexTuBHOCTH mEpe-
JTAIOIIETO yCTPOWCTBA, CHIKAET ITOMEXOYCTOWYH-
BOCThH TpHEMa, YCIOXHSACT U YIOpPOKaeT MpUMEHsIe-
MyIo ammaparypy. Mcxoas u3 3TOro, McclieZjoBaHHE
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BOIIPOCOB, CBSI3AHHBIX C OIICHKOW MHK-(akTopa OwO-
nono6ubix curaaioB ['TACC, aBmsieTcst aKTyalbHBIM.

Ilensto HgaHHOW CTAaTBW SBISETCS OIICHKA ITHK-
¢akTopa OHMOMOAOOHBIX CHUTHAJIOB, HCIIOJIB3YEMbIX
B ['ACC, Ha mpuMepe HccIeI0oBaHus 3aIiceil 3ByKOB
Pa3IM4HBIX BUJOB KUTOB.

HNCCIIEJOBATEJIBCKASA YACTb

B kauecTBe OMONO00HBIX CUTHAJIOB B3SThI 3aIIUCH
3BYKOB Pa3JIMYHBIX BHUJIOB KUTOB, KOTOpPBIE B HACTOS-
mee BpeMsl HAIUIH IIHPOKOE MPUMEHEHUE B COOTBET-
cryromux 'ACC [1, 10, 11, 15-17]. Uccaenyemblie
3amucH 3BYKOB KHTOB PAaCIOJIOKEHBI B 0asze, mpel-
ctaBieHHoW B [21]. B IIpunoxxenun Ha puc. 1-8 npu-
BEJICHBI TMPUMEPHl OTPE3KOB BPEMEHHBIX AHArpamMm
CHUTHAJIOB IJISl Pa3MUYHBIX BHUJOB KHUTOB, "Hape3aH-
Hble" HaMU ¢ MOMOIIbIO Nporpammel Fractan u3 3amnu-
ceit 6askbl.

[IpoBeneM ¢ MOMOIIBIO CHCTEMBI MaTEMaTHIECKOTO
MO/ICIIUPOBAHUS ¥ WHXKECHEPHBIX BBIYMCICHUH Scicos-
Lab omnenky 3HaueHUs MuK-¢pakTopa CHUTHAJIOB, MPE-
CTaBJICHHBIX B UCTOYHUKE [21].

Jns wuccnemoBaHuii ObUTM OTOOpaHBI TPUMEPHO
mo 50 BpeMmeHHBIX Hape3ok mo 5000 Touek u3 Aua-
rpaMM 3BYKOB Ka)XJOTO BHA KUTOB.
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[Mony4eHHbIe 3HAUSHNUS TUK-PAKTOPA UCCIIEYEMbIX OUOJIOTHUECKUX CUTHAIIOB

Ne HazBanue Buma xurta 3nadyeHne muk-hakropa, p
/1

1 Blue whale [3+3.6]

2 Alaska humpback whale [2.8+3.8]

3 Atlantic blue whale [2.3+4]

4 Atlantic fin whale [3.3+7.1]

5 Atlantic minke whale [3+5.3]

6 South Pacific blue whale [3.3+4.8]

7 Northeast Pacific blue whale [2.2+3.5]

8 Western Pacific blue whale [2.5+5.4]

OueHky 3Ha4eHUS MUK-(aKTOpa CUTHAJIOB OCYIIe- 3AKJIIOYEHHE

CTBIISUTML C TIOMOIIBIO CJIEAYIOMIETO BRIpaXKeHUs [18,
22-247]:

1€ Umax — MakcHMalbHOE 3HaYEHHE CUTHaJIa, 0 —
CpeIHEeKBaJpaTHYHOE 3HAUYCHHE CUTHAJIA.

Pesynbrarer pacueToB npuBeneHs! B Tabnuie. Kak
BUJHO, B IIEJIOM JUIS Pa3JIMYHBIX BHUJOB KMTOB 3Haue-
HUE MUK-(haKTopa HAXOAUTCS MPUMEPHO B JHAIra3oHe
p<[2.2+7.1]. llpoBenemM MHTEpHpPETAINIO TOTYYECH-
HBIX 3HAYEHWU MUK-(aKTopa OMOIOTHMYECKUX CHUTHA-
noB. M3eectHo [18, 19, 22], uTo A1 COBpEMEHHBIX
Ha3eMHBIX CHUCTEM CBSI3U 3HAa4CHUE NMHK-(akTopa Te-
penaBaeMbIX CHTHAJIOB HAXOIUTCS NMPUMEPHO B IHa-
nazoHe p €[l+4]. Anamus pador [2—4, 23, 24] nmoka-
3piBaeT, 4To I'ACC 00/1a1a10T CX0KUMH 3HAUCHHUSAMHM
nuk-pakropa mnepemaBaeMbIX curHaioB. Mcxons us
3TOTO, BO3bMEM YyKa3aHHbIE 3HAYEHUS MHK-(aKTopa
( p €[1+4]) B xauecTBe TpaHUYHBIX. TakuM 00pazoMm,
€CJIM PacCMOTPETh KaXJblii M3 BUAOB KWUTOB, Mpea-
CTaBJICHHBIX B TaOJHIIE TTO OTIEIBHOCTH, TO TPHEMIIe-
MBIM TIHK-(pakTopoM 3amucu 3ByKoB ( p €[1+4]) 006-

JMajgaroT CclIenyromwme BuUIbL: Blue whale, Alaska
humpback whale, Atlantic blue whale uw Northeast
Pacific blue whale. 3anucu 3ByKOB yKa3aHHBIX BUJIOB
KUTOB II€JIeCO00Pa3HO HCHOJIB30BaTh B COOTBETCT-
Bytonmx ['ACC. Hanpotus, 3amucu 3BYKOB TaKHX
BHJIOB KUTOB, Kak Atlantic finwhale, Atlantic minkew-
hale, South Pacific blue whale n Western Pacific blue,
UMEIOT MHK-(hakTop p >4, u Oe3 aganTaluu WX He-

I_ICJ'ICCOO6p33H0 HCIIOJIB30BaTh B COOTBETCTBYIOLIUX
I'ACC.

B nanHO#1 cTaThe aBTOPOM MPOBEEHA OLIEHKA MTUK-
(akTOopa OHWOMOAOOHBIX CHTHAJIOB, HCITOJIB3yEMBIX
B ['ACC, Ha mpuMepe HCCIENOBaHUS CUTHAJIOB —
3anMcell 3ByKOB pa3jIuMYHbIX BUJOB KUTOB. ITpoBeneH-
HBIE pacyeThl U aHalu3 JuTepaTypsl [2—4, 18, 19, 22—
24] TNOKa3bIBAIOT, YTO MPUEMIIEMBIM MHK-(PAKTOPOM
(pe[l+4]) obmanmaroT 3amucu 3BYKOB CIEAYIOIIUX

BUJOB KHTOB, MpEICTaBICHHBIX B Tabiuue: Blue
whale, Alaska humpback whale, Atlantic blue whale
u Northeast Pacific blue whale. 3anucu 3ByKoB yKa-
3aHHBIX BHJIOB KUTOB IENeCOOOPa3HO HCIIOJIL30BATh
B cooTtBercTBYyIomux '’ACC. HanpoTus, 3anucu 3BYy-
KOB JIDYTHX BHJIOB KHTOB M3 TaOIHIBI 00JIaNaloT IMo-
BBIIICHHBIM 3HaueHUeM MHK-(pakTopa (p >4) u 6e3

aJanTaniy uX HEleJIeco00pa3HO MCIOIh30BaTh B CO-
oteercTByromux ["ACC.

Takum 00pa3oM, BO3MOXKHO 3aKJIHOYHUTh, YTO OHO-
nmonoOHbIe curHaibI, wucronbdyembie B 'ACC, Ha
MIpUMEpPE HUCCIICIOBAHUS CHUTHAJIOB, OCHOBAHHBIX Ha
MIPUMEHEHUH 3alncedl 3ByKOB PAa3IMYHBIX BUJOB KH-
TOB, MOTYT 00JaiaTh KakKk MHPUEMIIEMbIM 3HAYCHHEM
MuK-(akTopa, Tak W TMOBBIIICHHBIM. Ha yka3aHHBIH
BBIBOJ[ II€JIeCO00pa3HO 0OpaTHTh BHUMAaHHE pa3pa-
0OTYMKaM ¥ TIPOU3BOJUTEIISIM COOTBETCTBYIOIINX
I'ACC npu ux NpOEKTUPOBAHUHU, pEANHU3aALUU U HUC-
MBITAHUH.

JanpHelre uccacqOoBaHUS B JaHHOW 00JIacTH
ABTOP CBSI3bIBACT C OICHKOW MUK-(AKTOpa CUTHAJIOB
JIPYTUX BHUIOB JXKMBOTHBIX, OOWUTAIONIUX B MOPCKHUX
U TPECHBIX BOJAX, MPUMEHIEMBIX B COOTBETCTBYIO-
mux 'ACC.

HAVYYHOE ITPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 3
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Puc. 1. Bpemennas quarpaMma 3ammcu 3ByKOB
Blue whale
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Puc. 3. Bpemennas quarpamma 3amucu 3ByKOB
Atlantic blue whale
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Puc. 5. Bpemennas auarpamma 3anucy 3ByKOB
Atlantic minke whale
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Puc. 7. Bpemennas auarpamma 3anucy 3ByKOB
Northeast Pacific blue whale
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ON THE EVALUATION OF THE CREST FACTOR
OF BIONIC SIGNALS USED IN HYDROACOUSTIC
COMMUNICATION SYSTEMS

A. A. Gavrishev

North-Caucasus Federal University, Stavropol, Russia

In this article, the authors evaluated the crest factor of bionic signals used in hydroacoustic communication
systems, using the example of the study of signals based on the use of recordings of sounds of various whale
species. The calculations and literature analysis show that the sound recordings of the following whale species
have an acceptable crest factor value (p < 4): Blue whale, Alaska humpback whale, Atlantic blue whale and
Northeast Pacific blue whale. Recordings of the sounds of these types of whales should be used in the appropri-
ate hydroacoustic communication systems. In contrast, recordings of the sounds of such whale species as Atlan-
tic fin whale, Atlantic minke whale, South Pacific blue whale, and Western Pacific blue whale have an increased
crest factor value (p > 4) and without adaptation, it is impractical to use them in appropriate hydroacousticcom-
munication systems. It is established that bionic signals used in hydroacoustic communication systems, based on
the example of the study of signals based on the use of recordings of sounds of various species of whales, can
have both an acceptable value of the crest factor or an increased one. It is advisable to pay attention of the de-
velopers and manufacturers of the corresponding hydroacoustic communication systems to this conclusion dur-
ing designing, testing and implementation of such systems.

Keywords: crest factor, bionic signals, hydroacoustic communication systems

INTRODUCTION RESEARCH PART

It is known [1-8] that noise immunity, stealth, data As bionic signals, we took the recordings of the
transfer rate, power consumption, crest factor and sounds of various whale species, which have now
some other indicators are characteristics of great im- found wide application in the HCSs [1, 10, 11, 15—
portance for hydroacoustic communication systems 17]. The investigated recordings of whale sounds are
(HCSs). The listed indicators not least depend on the stored in the database specified in [21]. Fig. 1-8 (Ap-
types of signals, which are used in one or another pendix) show examples of time diagrams of the stu-
HCS. Many HCS signals currently known [2-8] are  died signals for various whale species obtained with
based on narrow-band signals and widespread noise- the use of the Fractan software.
like signals. At the same time, the direction of using To estimate the peak factor of bionic signals pre-
HCS bionic signals based on the use of recordings of sented in [21] the ScicosLab system of mathematical
sounds of various animals living in sea and fresh wa- modeling and engineering calculations was used.
ters has begun to develop. [1, 9-17]. It should be For the research, approximately 50 time intervals
noted that a number of factors associated with the use  of 5000 points were selected from the sound diagrams
of bionic signals in HCSs are still poorly covered in  of each whale species. The signal crest factor value
the literature, and among them it is worth highlighting  can be estimated using the expression [18, 22-24]:
the value of the peak factor of the used bionic signals.

It is known [2—4, 18-20] that the exceeded value of _&

the crest factor limits the energy efficiency of the c

transmitting device, reduces the noise immunity of
reception, complicates and increases the cost of the
equipment used. Based on this, the study of issues
related to the assessment of the crest factor of bionic
signals used in HCSs is relevant.

where Uy, is the maximum signal value, ¢ is the rms
signal value.

The calculation results are shown in table. As can
be seen in table., in general, for various whale species,

. S the peak factor value is approximately in the range

The purpose of this article is to assess the peak fac- ] . .
tor of bionic signals applied in HCSs, using the exam- 7 € [2.2+7.1]. Ifet us lr.lterpret t}}e obtained peak fac-
ple of sound recordings of various species of whales. tor values for bionic signals. It is known [18, 19, 22]
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The obtained crest factor values of the studied bionic signals

Ne Whale species name Crest-factor value, p
1 Blue whale [3+3.6]

2 Alaska humpback whale [2.8+3.8]

3 Atlantic blue whale [2.3+4]

4 Atlantic fin whale [3.3+7.1]

5 Atlantic minke whale [3+5.3]

6 South Pacific blue whale [3.3+4.8]

7 Northeast Pacific blue whale [2.2+3.5]

8 Western Pacific blue whale [2.5+5.4]

that for modern terrestrial communication systems the
value of the crest factor of the transmitted signals is
approximately in the range p €[1+4]. Analysis of pa-
pers [2—4, 23, 24] shows that HCSs have similar
values of the peak-factor of the transmitted signals.
Based on this, we take the indicated values of the crest
factor ( p €[1+4]) as boundary values. Thus, if we
consider each of the whale species shown in table.
separately, the following species have an acceptable
peak-factor for sound recording ( p €[1+4]): the blue
whale, the Alaska humpback whale, the Atlantic blue
whale, and the Northeast Pacific blue whale. Their
sound recordings are to be applied in the correspond-
ing HCSs. On the contrary, recordings of sounds of
such species as the Atlantic finwhale, the Atlantic
minke whale, the South Pacific blue whale and the
Western Pacific blue whale have an exceeded value of
the crest factor ( p >4) and without adaptation it is

inappropriate to use them in the HCSs.

CONCLUSION

In this article, the author assessed the peak factor
of bionic signals in the HCSs using the example

of recordings of sounds of various species of whales.
Calculations and analysis of the scholarly sources [2—
4, 18, 19, 22-24] reveal that that the recordings of
several whale species shown in table have an accepta-
ble crest factor (pe[l+4]): the blue whale, the

Alaska humpback whale, the Atlantic blue whale and
the Northeast Pacific blue whale. It is advisable to use
these sound samples of the indicated species in the
HCSs. On the contrary, recordings of the sounds of
such species of whales as the Atlantic fin whale, the
Atlantic minke whale, the South Pacific blue whale
and the Western Pacific blue whale have an exceeded
value of the crest factor (p > 4) and without adaptation
it is impractical to use them in the HCSs.

Thus, considering the example of signal studies
based on the use of recordings of sounds of various
whale species, it is possible to conclude that bionic
signals used in HCSs, can have either an acceptable
value of the crest factor and an increased one. The
developers and manufacturers of the HCSs should
draw attention to this conclusion in their design, test-
ing and implementation work.

The authors associate further studies in this area
with the assessment of the peak factor of signals from
other species of animals living in sea and fresh waters,
and used in the corresponding HCSs.

APPENDIX

Fig. 1. The blue whale sound recording time chart

Fig. 3. The Atlantic blue whale sound recording time chart

Fig. 5. The Atlantic minke whale sound recording time
chart
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Fig. 2. The Alaska humpback whale sound recording time
chart

Fig. 4. The Atlantic fin whale sound recording time chart

Fig. 6. The South Pacific blue whale sound recording time
chart
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Fig. 7. The Northeast Pacific blue whale sound recording
time chart
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