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Abstract. The modern methods of information transfer in the conditions of the
mine have a row of essential shortcomings. In article the possibility of application of
noise-type signals on the basis of the pseudorandom sequences of Hafmen for data
transfer on local force distributive networks of the mine is researched.Establishment
by practical consideration possibilities of application of noise-type signals on the
basis of the pseudorandom sequences of Huffman for data transfer on local force
distributive networks of the mine.The research is conducted by an actual path by
means of laboratory installation ( the device of transfer and reception of information
on the basis of the pseudorandom sequences of Huffman). Synthesis of system is
carried out. The analysis of the obtained experimental data is made. It is established
by practical consideration that at a ratio a signal/hindrance equal 4V and time of
integration of 3 ms the probability of wrong reception is equal to zero. An
opportunity to carry faultless data transfer on force local distributive lines is
confirmed.
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Introduction. Among the technological facilities of the mines, far from the
underground electric substations, where equipment controlled by items of information
(telemechanical) systems is usually placed, there are district drainage and ventilation
systems and mine atmosphere means of control. For the exchange of information with
such objects, you can use dedicated radio channels, wired and optical communication
lines and power distribution networks. The use of radio channels limits the
transmission distance because of the complex geometry of the mine workings, which is
not sufficiently protected against unauthorized interception of information and
different noises, and also causes a number of difficulties in connection with necessity
of obtaining a license for its use. Other existing methods of information transfer such
as the use of fiber optic cable or separately conducted electrical cable, can solve the

above problems, but are economically costly and unreliable.
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In this regard, it is proposed to use the mine precinct power distribution network
as the communication lines. A clear advantage of this method use is the ability to use
them throughout the extent of the mine at minimal cost.

Analysis of recent researches and publications. Choosing the solution of
multi-channel data transmission based on either narrowing or expanding the range of
communication channel, be aware that the characteristics of the spectrum of
interference in the communication channel can change in time and depend on the
structure of communication lines. In this regard, the use of narrowband transmission
systems is quite challenging. The only successful solution was a subsystem of the
PPT-1, designed to transmit TV signals from the mining combine. To realize the
function of remote control, where the requirements for reliability of information
transmission is significantly higher (for 2nd class telecomplex — three orders of
magnitude), the narrowband solution seems a little promising.

Broadband information transmission system with noise-like signals(NLS)[1]
was initially developed for the operating conditions of the channels with interference
of an uncertain nature, including intentional one. The basis of action is the dispersion
of the signal energy in the frequency band, which in some cases exceeds the bandwidth
information (primary) message signal by 2 to 3 orders of magnitude. Receive-side
signal "is being gathered" across the bandwidth of the channel with the method of
correlation processing. For the transmission of information via power distribution
networks broadband as an optimal solution to conditions of the mine is proposed.

In the scientific literature the noise-like signals by their properties are divided
into these types: frequency modulated, multi-frequency, digital frequency, digital
composite frequency, phase-shift keyed signals [2]. In connection with the presence
of powerful jamming, affecting the communication line in mines, it is proposed to use
frequency-modulated NLS, their advantages are: high noise immunity, more effective
use of transmitter power, and comparative ease of obtaining modulated signals.

Frequency modulated signals are continuous signals whose frequency varies

according to a given law.
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Purpose. The aim of this work is the establishment by the method of electric
modeling of the possibility of using NLS based on pseudorandom sequences(PRS) of
Huffman to transfer data over the local power distribution grids of the mine.

Methods. At the moment there are two methods to study extensive power
networks. The first method is analytical one, which makes it impossible to obtain all
the necessary information about the physical phenomena occurring in the network,
since with non-stationary objects the input resistance and the overall distribution of the
signal level are continuously varied.

The second method is electrical simulation, which provides ample opportunities
to explore the different modes of operation. This takes into account all the phenomena
affecting the transmitted signal.

Under the electric modeling implies the creation of a set of active and reactive
resistances of the equivalent cell line which is typed in the network diagram which is
electrically equivalent to a real network located in the mine.

To achieve this goal it is necessary to develop a laboratory setting that allows
to generate a modulated NLS based on the PRS of Huffman coding, which will be sent
to the communication line, and then transmitted to the receiver for subsequent
correlation and integration. The experimental data at different levels of noise in the

communication line will be recorded for further statistical processing.

Theoretical implementation. Sequence of maximum length is obtained using
recurrence relations, which are determined by the primitive generating polynomials of
degree m [3].

The length of Huffman PRS is equal to:

n=2"-1,

where m is the number of elements in the initial phase of the PRS.[3,83] For the
purposes of initial familiarization with the method of extended-spectrum suffices it is
enough to use the value of m = 3 for which

n=2%-1=7, generating polynomials:

P(X).=x+x+1 (1),
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or P(x),=x3+x+1
and the corresponding recurrence relations:
o =0, ,Pc ,, (2)
a =0 ,Paq,. (3)
The number of terms in the recurrence relations will always be even. PRS based
on the amounts of (2.3) can be obtained by hardware implementation using a shift

register and the adder by modulo 2, the block diagram of which is shown in figure 1.

Figure 1. Structural scheme of hardware implementation using shift

register and adder by modulo 2

In the general case the shift register consists of cells (storage elements). In each
moment of time defined by the clock frequency, the contents of all cells are shifted one
cell (discharge) to the right, and the contents of the cells corresponding to the members
of the polynomial, are summed modulo 2 and fed into the leftmost cell. If in the

described example, the case in time i contains numbers a_,, a,, a, at the time
moment i+1 it will contain the numbers of a ,=a, ®a,a_,, a,. In other words, the
shift register with feedback generates an infinite sequence a,,a,a,...a, satisfying the
recursive ratio a ,=a_, ®a,i=01... To start the shift register it is necessary to set
initial values a,,a,,....a, ,. Table 1 shows the state of memory cells of the shift register

to all seven cycles of the shear initial shear combination 010.
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1. The state of the memory cells of the shift register with the initial shear

combination 010
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Hardware realization. Design of coal mine distribution network as a
communication line varied. As a result of their analysis as a communication line it was
established that despite its multi design, which is shown in figure 2, coal mine
distribution network is similar to the single-wire line. As a direct line this line is the
group of isolated from ground, but electrically connected wires, and as a reverse - rock

and conductors lying on the ground, such as rails, pipes.

Figure 2. Wiring mine distribution network

Figure 3 shows a block diagram of the laboratory setup of the system
transmission and receiving NLS based on the PRS Huffman. The signal source
randomly generates a sequence of 999 bits. Further, the information signal supplied to
the modulator where it is modulated by a pseudorandom sequence based on the

polynomial (1) with the initial phase 010.
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Figure 3. Structural scheme of the laboratory setup for the experiment

This happens in the following way: when transmitting a logical 0, the PRS is
transmitted as inverted, and if 1 - as non-inverted. This signal is used as the
modulating signal for frequency modulation. With the output of the frequency
modulator signal is supplied to the communication line through a matching capacitor.
In an electric model of a communication line [4,81] 40 u-shaped equivalent circuit of
the line section with a length of 25 meters have been used. The total length of the
model area was 1000 meters. Figure 4 shows the waveform of the information
signal(B) and the PRS modulated information signal (A).

From communication lines modulated signal is supplied to the demodulator
and then to the correlator. The demodulator produces the modulated signal PRS from
the high frequency, which is supplied to full-wave pulse-phase detector performing the
function of a correlator. For normal operation of the receiver PRS transmitter and

receiver must be precisely synchronized.

Figure 4. The waveform of the information signal and the modulated

information signal of PRS
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Synchronization of the PRS generator on the receiving side with a PRS
generator at the transmitter side is carried out at the beginning of the session. Since the
beginning of the communication session carrier frequency signal and its delay time is
known at the receive side, the appearance of the pulse at given frequency runs a PRS
generator at the receiving side. Since the speed of propagation of the radio signal is
large, it can be argued that the PRS generator on the receiving side is started almost
simultaneously with the generator on the transmitting side. At the output of correlator
integrator is installed, which performs the role of lower frequencies filter as the
simplest type of RC circuit.. The signal at the correlator output when the coincidence
of the initial phases of PRS of receiver and transmitter is shown in figure 5(waveform
C), relative to the information signal(waveform D) and in case of discrepancy in figure
6(waveform F) with respect to the information signal(waveform F). After the
correlator signal is fed to a threshold element, assembled on the comparator. The
counter on the transmission side counts the number of transmitted bits, and the counter

at the receiver counts the number of bits taken correctly.

Figure 5. The signal at the coincidence of the initial phases of the PRS

receiver and transmitter
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Figure 6. Signal in case of discrepancy of the initial phases of the PRS

receiver and transmitter

Resalts. The developed laboratory setup allows to obtain data to evaluate the
statistical parameters of the communication channel at different ratios of signal/noise
and integration time of the signal, and also allows you to change the amplitude and
frequency of signal, amplitude of noise and attenuation in the communication line.

The decision on whether there is the noise at the receiver input at the moment
or the signal has a threshold device, assembled on the comparator. If the voltage
applied to the threshold device more than a threshold value, a decision is made that at
the receiver input the signal is present, and if less than the reception threshold, it is
considered that no signal is present. When receiving a single signal on the background
of additive (added to the signal in the communication line) interference the following
situations may arise: the correct reception signal, a pass signal, a correct identification
signal, the false signal reception. The study is performed by measuring the number of
accepted and missed when sending pulses of length 999 bits with 10 retransmissions
and the change of integration time. Then the frequency of correct reception is
calculated:

Pn = L’
999

where is the number of correctly received pulses and incorrect P, =1-P, receiving
signals.
Figure 7 shows the experimental dependence of the frequency of erroneous

reception from the ratio of signal/noise at different integration time of the signal. On
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the basis of the obtained experimental data it is shown that with increasing integration
time, the probability of erroneous reception is reduced. The optimal integration time
for this case is 3ms. With increasing integration time more than 3ms the opposite
effect will be observed where the probability of incorrect reception will increase. This
Is because in this case, the integrator does not contain the chain of relief. The longer
the integration time the greater the capacitance of the capacitor of the integrator. This
means that the integrator capacitor accumulate more energy and not time runs out.

This will distort the value of the following bits of data.

0.45

T. =1ms
0.405 i Foy
Fou, -
0.36 T pmems
P
020315 T =3ms
i iF
HH_H__"-ﬂ-\
o 077 _
03 T1 P =dms
in 225 ~ — 04
T, =4ms
Fog 013 \ i Pos
~o0ass \\\
Fos, L
i (.09 \
0.045 <
'-h-.";‘_i_‘__s
0
0 1 2 3 4 5 é

Figure 7. The experimental dependence of the frequency of erroneous

reception from the ratio of signal/noise at different integration time of the signal

Discussion. The method of electrical modeling provides ample opportunities to
explore the different modes of operation. In this regard, to investigate the possibility of
data transmission via power grids in mines developed a laboratory setting. The length
of the electric cable in this experiment was 1000 meters which is enough to confirm
the possibility of transmission of information at the local mine grid.

The analysis of coal mine distribution network as a communication line was
established that, despite its multi design, this network of mine like a single-line. As a

direct line this line is the group isolated from ground, but connected the wires, and as a
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reverse - rock and conductors lying on the ground, such as rails, pipes. This method
has the ease of connecting the receiving-transmitting equipment to the power cable.

The choice of a primitive irreducible polynomial of third degree allows to obtain
a single maximum autocorrelation function, which would allow for independent
transmission 7 channels of communication, which have noise-like signals based on a
single generating polynomial with different initial phases.

This method of information transmission enables error-free reception when the
ratio signal/noise is equal to 4, which confirms the study. If you use the pre-error-
correcting-encoded and when the ratio signal/noise is equal to 1 (the noise level will be
equal to the signal level) it is possible to receive signals.

In view of the above it can be concluded that it is possible to conduct error-free
data transmission over power distribution lines as a district of the mine.
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METOIUKA BUKOPUCTAHHSA INYMOITOAIBHUX CUT'HAJIIB IS
MEPEJAYI IHOOPMALII MO KABEJBHIN JIIHII EJIEKTPOMEPEXKI
. C. 3ubanos

AnoTanis. CyuacHi cnocoou nepeoaui inghopmayii 6 ymosax wmaxmu mMaromes HU3Ky
CYMmMeEBUX Heoonikie. Y cmammi O00CHONCYEMBbCA MONCIUBICb  3ACMOCOBAHHS
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WYMONOOIOHUX CUSHANI8 HA OCHOBI NCe8008UNAOKO8UX noclidognocmeti Xagpgmana
051 nepedadi OAHUX NO OLIAHKOBUM CULOBUM PO3NOOLILYUM Mepedcam WAaxmu.
Memoto 0ocniodcenHs AGNAEMbCA 6CMAHOBIEHHA OOCHIOHUM ULIAXOM MONCIUBOCHLE
3ACMOCOBAHHS WYMONOOIOHUX CUCHANIB HA OCHOBI NCEBO0BUNAOKOBUX NOCTIIO0BHOCMEL
Xapdmana ons nepedaui Oamux no OLIAHKOBUM CULOBUM PO3NOOLILYUM MEPENCaAM
waxmu. Jocnio nposooumvcs GQi3UUHUM ULISAXOM 3d OOHOMO20I0 1aO0paAmopHOL
yemanosku( npunady nepeoavi ma nputiomy iHgopmayii Ha 0CHO8I NCeB0BUNAOKOBUX
nocuioosnocmeil Xaggmana). I[lposedeno cunmes cucmemu. Ilposedeno ananis
OaHUX, WO 00EpPIHCAHI 8 pe3VIbmami eKCnepumMernmy. 3’ 1C08aH0 WAAXOM NPOBEOEHH s
oocnioy, wo npu CRIBBIOHOWEHHI cueHal/3aeada, ske Oopienoe 4B ma wuacy
IHMe2pyB8anHs 3IMC IMOBIPHICMb NOMUIKOBO2O NPUUOMY OO0pIBHIOE HYai0. [losedeno
MOXMCIUBICMb  8eCmU  OE3NOMUNKOBY nepeoayy OaHux hno CUulo8uM OLIAHKOBUM
PO3NOOIIbYUM JIHIAM ULAXNU.

Kuarw4oBi ciaoBa: wiymonodionuii cucnan, nceedo6uUnadkosa nocaioo6Hicmb
Xagpgmana, poznodinvui meperci waxmu

METOJAUKA HUCHOJIb30BAHUS TYMOIIOAOBHbIX CUT'HAJIOB IJIs1
HEPEJAYU UHOOPMAIIUMU 110 KABEJIBHOU JIMHUUA SJIEKTPOCETH

. C. 3uobanos

AnHotanusi. CogpemeHnnble cnocobwvl nepedauu UHGOPMAyUU 8 YCI08UAX WUAXNbL
umerom pso CyuwjeCmeeHHvlX Hedocmamkos. B cmamve uccnedyemcs 603moacHocms
NpUMEHeHUs.  UWYMONOOOOHbIX  CUSHANIO8  HA  OCHOBE  NCEBOOCIYYAUHBIX
nocnedosamenvrocmeil Xaghgpmana ona nepedayu OAHHBLIX NO YYACMKOBLIM CUNOBLIM
pacnpeoenumenvHbiM cemam waxmol. Llenvto ucciedosanus s1611emcs yCmaHogieHue
ONBIMHBIM NYMeM B03MONCHOCU NPUMEHEHUS ULYMONOOOOHbIX CUSHANO8 HA OCHOB8E
ncesoocayuatiHblx nociedosamenvrocmeil Xaggmana 0nsn nepedauu OAHHBLIX NO
VUACMKOBLIM CUNIOBbIM PACHPeOenumebHblM cemam waxmosl. Onvim npoooumcs
Quszuueckum nymem ¢ nomowpio aabopamoprou ycmanosku (npubopa nepeoauu u
npuema  uHgopmayuu Ha  OCHOBe  NCEBOOCHVYAUHBIX  NOCNe008ameNbHOCHEl
Xagppmana). Ilposeden cunmes cucmemol. Ilposeden ananuz OaHHbIX, NOTYUEHHLIX 8
pe3yromame 9Kcnepumenma. Buisicneno nymem nposedenmus onvima, umo npu
COOMHOUWleHUU CUcHan/nomexa, pasHoe 4B u epemenu unmecpuposanus 3mc
8EPOSIMHOCMb OWUOOYHO20 Npuema pasHa Hyaro. J[oKa3aHa 803MONCHOCb GeCmiu
be30uub0uHy0 nepedayy OAHHLIX NO CUNOBBLIM YUACMKOBLIM DPACNPEOeUMeNlbHbIM
JIUHUSM WLAXTBL.

KaroueBbie CJIOBA: UWYMONno0000OHbLIL cuzna, ncegoocayyaina
nocneooseamensvHocms Xaghpmana, pacnpeoenumenvrole cemu wiaxmaol
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