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Abstract. To implement the environmental monitoring program, it is proposed to use the
upper parts of power line towers for the placement of measuring sensors of various kinds. The
analysis of possibilities of application of various ways of telemetric information transmission
over long distances in the presence of powerful electromagnetic interference is carried out.
It was found that the most appropriate in this situation for the transmission of information
to use analog fiber-optic communication lines. The use of analog FOCL, which takes into
account a number of features we have established the peculiarities of the transmission of analog
optical signals, allows you to transmit information at distances greater than 500 km without
amplification. According to the results of calculation of the FOCL parameters and experimental
studies, the limiting distances for information transmission and the permissible power for the
used laser radiation are determined.
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Annotanug. [lns peanusalMy IporpaMMbl 9KOJOTMUYECKOTO MOHUTOPMHIA Ipeajaraetcs
HCITIOJIb30BaTh BEPXHUE YACTU OIOP JUHUI JIeKTponepeaay sl pa3MelleHUs U3MePUTEbHbIX
IaTYNKOB pas3nndHoro tuma. [IpoBemeH aHaIW3 BO3MOXKHOCTEH NPUMEHEHMS Pa3IMIHBIX
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CIIOCO00B mepeaadyr TeJIeMETPUUeCKOl MH(pOpMaLMY Ha OOJbIINE PACCTOSIHUS MPU HATUYUU
MOIIHBIX 2JIEKTPOMarHUTHBIX MOMEX. YCTaHOBJIEHO, UTO HauboJjee 1ejecoodpa3Ho B JaHHOM
cUTyalluu [JIs1 Mepeaayud MHOOpMalMM MCIIO0Jb30BaTh aHAJIOTOBbIE€ BOJOKOHHO-OMNTUYECKUE
auHun cBsa3u. HMcnonb3oBanue ananoropoit BOJIC, yuuThiBaroleil psa yCTaHOBIECHHBIX
HaMU OCOOEHHOCTEeU Tepenayn aHajJOTOBBIX ONTUUYECKMX CHUTHAJIOB, TO3BOJISIET IepenaBaTh
nHpopMalMio Ha paccrosgHus Oomee 500 kM 6e3 ycwmwreHmst. Ilo pesynbratam pacuera
napamerpoB BOJIC u bsKCIepUMEHTANIbLHBIX MCCIENOBAHUNM OIpelesieHbl IpelesibHbIe
paccTosiHUSI mepeaayd MHGOpMalUMKd M JOMYCTUMasi MOIIHOCTb HCIIOJIb3yeMOIO JIa3epHOTO
U3JTyYEHUSI.

>

KmoueBbie cioBa: TeiaeMeTpuyeckass WHGOpMALNs, BICKTPOMarHUTHasI 0OCTaHOBKa,
OINTUYECKUI CUTHAJI, BOJOKHO, 3aTyXaHMe, PAacCTOSIHUE, MOIIHOCTb JIA3€PHOr0 M3JIYYCHMSI,
aHaJOroBbIll (hopMaT mepegayr MHGOpMaLUY, OTHOLIEHUE CUTHAJ/IIIyM

Ccouika npu nurapoBannn: PesnukoB b.K., Cremanenkos I'.B., Mcaenko JI.W., JlorBuHOBa
E.A., Tlaunn A.B., KonwsibenbHukoB H.IO. OcobGeHHocTu miepemauu TeaeMETPUUYECKON
uHpoOpMaALMU C KMCIIOJIb30BAHMEM AHAJIOIMOBOM BOJOKOHHO-ONTUYECKOW JMHUM CBSI3M Ha
0oJbIINE PACCTOSIHUS B CJIOXKHOM 3JIEKTpOMarHUTHoO# obctaHoBKe // HayuHo-TexHuyeckue
BenoMmoctu CIIGITTY. ®usuko-matematuueckue Hayku. 2023. T. 16. Ne 3.2. C. 143—149.
DOI: https://doi.org/10.18721/JPM.163.224

CraThsl OTKPBITOrO nOCTyIa, pacrnpoctpaHsgeMas no jguueH3un CC BY-NC 4.0 (https://
creativecommons.org/licenses/by-nc/4.0/)

Introduction

The rapid development of mankind has led to a sharp deterioration of the ecological situation
on the planet [1—7]. This, in turn, greatly affects the activities of people and the behavior of liv-
ing organisms [8§—10]. In such a situation, environmental monitoring systems that are placed in
different parts of the territory become extremely important [11—13]. When placing environmental
monitoring complexes in remote from settlements, there are many problems, which are associated
with the provision of electric power equipment, its protection from various negative influences
and stable transmission of information about the state of the environment in real time over long
distances [14—15]. The solution to these problems, in addition to transmitting information, is to
place a multifunctional complex for environmental monitoring on top of the power line (transmis-
sion line). In this case the information will have to be transmitted in a complex electromagnetic
environment. One of the options for solving this problem is the use of fiber optic communication
lines (FOCL) [1, 11]. Developed designs of digital fiber-optical communication lines (FOCL)
allow information to be transmitted without the use of optical amplifiers for distances up to 500
km. It is proposed to use a 150 mW laser for transmission. If the terrain changes, the distance
between the complexes can be reduced. Therefore, it is necessary to search for new solutions for
transmitting information from multifunctional complexes of environmental monitoring over long
distances. One of the variants of such a solution is presented in the current work.

Construction of analog fiber-optic communication line and its parameters
for transmitting telemetric information over long distances

Analog signals with amplitude-pulse modulation are the most appropriate for the transmission
of telemetry information. It is proposed that each number (e. g., temperature value) be represented
as a sequence of pulses, the amplitude of each of which carries a certain digit. Such sequences
are used in radio monitoring and radiolocation systems. Amplitude values in relative units (0.95,
0.955, 0.96, 0.965, ..., 0.995) correspond to digits (0, 1, 2, ..., 9), the comma is transmitted with
a relative amplitude of 0.4, and marks the beginning and stopping of transmission - with relative
amplitude 1. The duration of the information components of the parcel is 1 ms, the duration of
the transmission start and stop marks is 2 ms. The interval between pulses is 2 ms. When using
such temporal characteristics of the sequence the overrun of chromatic dispersion at A = 1550
nm on the optical fiber length L = 500 km is about 2.2 ns. Fig. 1 shows an example signal for
transmitting a temperature value 7= 294.5 K.
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Fig. 1. Sequence of command codes in the form of rectangular pulses to transmit
the temperature value 7= 294.3 K in analog form over the FOCL
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The proposed method of information transmission is fundamentally new in the field of telem-
etry information transmission via fiber-optic transmission system using amplitude-pulse modu-
lation. This method also allows the use of radiation sources with internal modulation by pump
current. In this case it is possible to vary the depth of modulation within a large range. In exper-
iments a laser source of radiation with a power of 150 mW is used, the depth of modulation of
which varies in the range from 30% to 70%. The level of optical power p, injected into the optical
fiber is about 20 dBm. To avoid manifestation of nonlinear effects, further increase in optical
power is inexpedient.

Since the telemetry information is transmitted as a sequence of pulses with pulse ampli-
tude modulation, this allows the use of a subcarrier frequency F, in the range from 100 kHz to
200 MHz. This improves the characteristics of the proposed transmission system, in particular,
to provide a large pass-through time of the FOCL when transmitting a signal over long distances,
as well as improving the signal-to-noise ratio (SNR), which increases the optical budget of the
transmission line. The signal reception bandwidth in this case is from 0.1 to 1 MHz.

Existing digital fiber-optic transmission systems require an SNR on the receiving side of at least
20 dB. The proposed system shows that SNR = 6 dB is sufficient. In this case the error in deter-
mining the amplitude of the pulse is 0.1%, and bit error ratio BER = 1073, Modern photodetectors
have a sensitivity of up to 90 dB.
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Fig. 2. Structure diagram of the fiber-optic transmission system: semiconductor laser /
with A = 1550 nm, direct modulated laser power supply 2, optical fiber 3, photodetector 4,
tunable LC-filter 5, electronic key 6, frequency tunable high-stability quartz generator 7,
multifunction power supply &, information processing device 9, control device 10, sensors
for measuring various physical quantities in the environment //— 16, personal computer /7
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When transmitting an optical signal over a fiber optic line, the length of which in this case is
500 km, it accumulates noise, which usually does not exceed 8 dB. It is also necessary to take into
account the operating margin of 3 dB.

The structural diagram of the proposed fiber-optic transmission system is shown in Fig. 2.

>

Calculation of fiber-optic communication line

The most important parameters of the designed FOCL are: the rise time ts of the optical
system, the time of the signal transmitted through the optical fiber 7, and the energy balance a,.

The energy balance ag is the predicted sum of the optical signal losses on all components of
the fiber-optic communication line. The energy balance of a fiber-optic communication line is
calculated mainly at the stage of line design and selection of channel-forming equipment.

Information is transmitted at a wavelength of A = 1550 nm. Optical power P, of the trans-
mitting laser module (Emcore company) is 150 mW (21.8 dBm), modulation depth is 70%,
line width AL = 0.112 nm at this P, laser bandwidth AF, = 600 MHz, subcarrier frequency F,
= 100 MHz. G.653 standard single-mode optical fiber with offset zero dispersion (triangular
profile) M = 0.3 ps/(nm-km) with attenuation coefficient 0.195 dB/km is used for information
transmission. Optical signal reception is carried out by a photodetector module, which has the
following characteristics: bandwidth AF, = 1 GHz, Noice-equivalent power NEP = 107> W/Hz'.

t,= BIF. = 0.35/100-10° = 3.50 ns, (1)

The time 1s is calculated as follows: 1, = B/AF, is the rise time at the transmitter; t, = B/AF, is the
rise time at the receiver; 1, = B/AF, is the rise time on optical fiber; B = 0.35 is the coefficient,
taking into account the nature of the linear analog signal.

AF, =0.35/(M-AkL ) = 18.5 GHz, )
T, =0.35/600-106=0.58 ns,

t,=0.35/1-10°=0.35 ns, 3)
T,=0.35/22:10°=0.017 ns

T=V(T + 1 +13)=0.519 ns. 4

The energy balance is calculated as follows:
a,=a,—(a,*N-a;tata,), %)
where a, = p, — p, = 104.8 dB is the optical loss budget; p,, = p, — 2 dB = 19.8 dBm is the level
of power injected into the optical fiber; p, = 21.8 dBm is the transmitted power; p, = — 87 dBm

is the the sensitivity level of the photodetector. Calculated for SNR (dB) = 10, with a bandwidth
of AF, = 1 MHz according to the formula (6):

P =10-log (NEP/107) + 5-log (AF) + 0.5:SNR (dB); (6)

a, is the FOCL losses; a .., = 0.195 dB/km is the attenuation coefficient at a wavelength of 1550
nm; L = 500 km is the FOCL length;

a,=0.195-500 = 107.25 dB; 7
a, = 0.05 dB is the losses at welded joints; N = 50 is the number of connections; a, = 1.5 dB is

the losses at the 70% modulation depth of the signal on the transmitting side; a; = 3 dB is the
operating reserve.

a, = 106.8 — (97.5+50:0.05+1.5+3) = 2.3 dB. t))
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The data obtained show that at distances L = 500 km the conditions necessary for information
transfer are fulfilled: t, > t_and a, > 0.

Experimental results and discussion

The main characteristic of FOCL for the transmission of analog signals is the dynamic range.

Fig. 3 shows as an example the results of measuring the output power P from changes in the
laser radiation power P, , which enters the optical fiber for different values of L.

Analysis of the results showed that the dynamic range of our developed FOCL for L = 100 km
is 85 dB, for L = 150 km is 76 dB. The established tendency of changing the value of the dynamic
range shows that the developed FOCL allows to provide a stable transmission of information with
an increase in L up to 500 km.

Pin, dBm

T T -/.4

T T 1T T T T T T T L T T T T T T 1
-$0 -75 -70 -65 -60 -55 -50 -45 -40 -35 -30 -25 -20 -15 =10 -5 0O 5 10 154720 25

Paut, dBm

Fig. 3. Amplitude response of the FOCL. Graphs 1 and 2
correspond to the value of L in km: 100 and 150

Fig. 4 shows, as an example, the results of studies of transmission over the developed FOCL
of rectangular pulses with durations of 2 ms (start and stop number counting) with an interval
between pulses of 2 ms for different values of L.

Analysis of the results shows the stable operation of the FOCL when transmitting information
in the form of a sequence of command codes at a power P, = 100 mW.

Fig. 4. Pulses for sending start commands and completion of number counting
at input 3 and at output 9 for different values of L in km: 100 (a); 150 (b)
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Conclusion

Analysis of the experimental and calculated data confirms the adequacy of the proposed
developments to implement the design of the FOCL to transmit information from multifunc-
tional complexes placed on power lines for distances from 4 to 500 km and more (with different
configurations). Modernization of multifunctional complexes will affect only the control system.

The most realistic direction is the search for solutions related to increasing the value of L for
information transmission using the photodetector module with lower NEP < 107" W/Hz!?, and
the development of inexpensive optical fiber with o, < 0.195 dB/km. At present, it is possible
to increase the L to 600 km when using a pure quartz core fiber, if necessary.
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