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Background. Currently digital microwave radio relay links operating in centimeter bands and in the lower part of millimeter
bands (3.4 - 40.5 GHz) are widely used in the leading countries to construct their telecommunication infrastructure. Taking
into account the lack of spectrum in these frequency bands and growing necessity to transmit high-rate applications with the
help of brand-new radio relay equipment of the world leading manufacturers of such equipment, tendency to operate in higher
parts of millimeter bands is becoming more real and practicable. At the same time, the terahertz band (100-3000 GHz) which is
not used at the present time (because of complexity of construction of radio relay equipment that could operate in this band) is
also very perspective for introduction of the future radio relay equipment (for the reason of high information capacity of 100-
3000 GHz band). The Research Telecommunication Institute of the National Technical University of Ukraine and the Institute
of Electronics and Communications of the Ukrainian Academy of Science developed the prototype of the transceiver for opera-
tion in the lower part of the terahertz band (130-132 GHz band). For this reason there was a necessity to conduct research con-
cerning operation of the prototype in 130-132 GHz band (that is to test quality of operation of separate blocks of transceiver by
changing parameters of transmitting signals passing through it).

Objective. The purpose of the research is the parameters variation of multichannel digital broadcasting TV signals based on
DVB-C standard when TV signal is transmitted through the 130 GHz transceiver prototype. DVB-C standard has been chosen
for this research to have opportunity to analyze signals with different modulation schemes (from QAM-64 to QAM-256),
which allowed investigating the influence of certain prototype node parameters on the signal parameters that were transmitted
through it

Methods. To conduct the research the experimental installation has been constructed with several parts in it (transceiver, sub-
system for generation of DVB-C television signals, subsystem for measurement of DVB-C television signal parameters). The
research has been conducted in three stages using a step-by-step approach with application of one-channel, two-channel and
three-channel signals of DVB-C standard.

Results. Results of the research showed that the use of the transceiver (that has common heterodyne for transmitting and re-
ceiving parts) in the lower part of terahertz band (130 GHz) permits to transmit three TV broadcasting channels of DVB-C
standard in 24 MHz bandwidth with transmission rate of 125 Mbit/s with high subjective quality of all TV programs.
Conclusions. The results of the research demonstrated high quality of digital TV signals transmission by means of transceiver
constructed for application in terahertz band (130-132 GHz). The reason for such conclusion is that harmonic distortions have
not been observed and phase noise of heterodyne has not led to significant channel symbols distortion on signal constellation.
The next step in future research will include the research of the quality of DVB-C signal transmission for cases when terahertz
radio link is used and specific heterodynes are applied in transmitting and receiving parts of the transceiver prototype. In the
future the transceiver can be used for construction of digital microwave radio relay links in terahertz band for transmission and
reception of digital TV signals with high rate both for broadcasting and other applications such as Internet.

Keywords: terahertz band; transceiver; transmitting and receiving parts; TV broadcasting multichannel signal; DVB-C stand-
ard.

world leading manufacturers have already presented a
wide variety of radio relay equipment operating in E-
band. Besides, the scientific society of certain countries
considers the possibility to use some parts of spectrum
from 100 GHz to 3000 GHz (terahertz band) for intro-
duction of the future radio relay links [2].

First of all, the terahertz band is very perspective for
introduction of future radio relay links because it pro-
vides high information capacity (its capacity is 100

Introduction

Currently a large amount of digital radio relay
equipment operating in the band 3.4-40.5 GHz has been
introduced in Ukraine and other countries. Taking into
account the excessive occupancy of this band tendency
for new radio relay links to be operated in higher parts
of millimeter bands is becoming more practicable (E-
band, 71-76 GHz, 81-86 GHz, 92-95 GHz) [1]. The
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times more than centimeter bands one). Secondly, the
terahertz band is convenient for the reason that no inter-
ferences are expected from other radio electronic
equipment, so it will allow the simplest methods of
modulation and antinoise coding to be implemented in
it.

The radiation in terahertz band can have wide prac-
tical applications, for example, for transmission of TV
signals of high quality. But on the other hand, terahertz
waves are located in spectrum area between the micro-
wave radiation and the middle infrared area, and it is
very difficult to work with terahertz band for two rea-
sons. First of all, necessary electronic components for
construction of radio equipment in terahertz band are
absent now, and secondly, significant absorption of
electromagnetic waves energy by different hydromete-
ors takes place (it means that extension of intervals of
radio relay links is limited to distances from hundreds
of meters to several kilometers).

Concerning creation of electronic components for te-
rahertz band it is important to note that scientists and
engineers worldwide are working on this problem and
collaborating. Using recent achievements in nanotech-
nology area, a team of scientists from Chalmers Univer-
sity of Technology and University College London de-
veloped and produced the prototype of the high-
frequency amplifier of radio signals that has the widest
bandwidth at the present time. Its bandwidth starts at
several gigahertz level and ends at value of 235 GHz
[3]. In this bandwidth amplifier provides amplification
of radio signal for more than 15 dB. Upper limit of op-
erating frequency is located in the area of 1.5 THz that
exceeds operating frequencies for all similar equipment
developed earlier.

Research Institute of Telecommunications of Na-
tional Technical University of Ukraine “Igor Sikorsky
Kyiv Polytechnic Institute” in cooperation with the In-
stitute of Electronics and Communications of the
Ukrainian Academy of Science takes an active part in
research of terahertz band, in creation of electronic
components and also takes part in development of tele-
communication equipment based on above-mentioned
components (such as transmitting and receiving parts of
radio relay equipment operating in 130-132 GHz band
[2-10)).

The purpose of the above-mentioned activity is to
research modification of TV broadcasting multichannel
signal based on DVB-C standard when this signal is
transmitted between separate blocks inside the proto-
type of 130 GHz band transceiver. DVB-C standard has
been chosen for this research to have opportunity to
analyze signals with different position modulations
(from QAM-64 to QAM-256). It allowed influence of

parameters of prototype blocks on signal parameters
that have been transmitted inside of prototype to be ana-
lyzed with precise conclusions.

Main part

To research changes of TV broadcasting multichan-
nel signals based on DVB-C standard upon their trans-
mission inside of the prototype (in terahertz band) the
experimental installation has been constructed. The dia-
gram of this installation is shown in Fig.1.
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Fig.1. Diagram of experimental installation constructed for
the research of DVB-C TV broadcasting multichannel signals

As it can be seen in Fig.1, measurements of parame-
ters of DVB-C signals have been implemented at the
input of transmitting part and at the output of receiving
part of the prototype. To perform measurements trans-
mitter output was connected to the receiver input by
means of waveguide line.

Simplified block diagram of transceiver operating in
terahertz band and its photo are represented in Fig.2 and
Fig.3. The measurement equipment that was used at all
stages of the research was the following:

e ST-2 ROVER analyzer of TV signals;

e Receiver of digital cable television of DVB-C
standard (Homecast) connected to TV set (Samsung).
The receiver has been used for determination of quality
of DVB-C signal in the relative scale of percentage at
the transmitter input and at the receiver output for te-
rahertz band;

e Tuner of digital television QBox TBS5880 that
was connected to computer by means of the USB-cable.
The tuner is designated for reception of constellation
diagrams and numeric indexes of demodula-
tion/decoding quality of DVB-C TV signals (such as
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signal-to-noise ratio (SNR)) at the transmitter input and
at the receiver output in terahertz band.
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Fig.2. Simplified block diagram of the transceiver designed
for operation in terahertz band
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Fig.3. Photo of the transceiver designed for operation in te-
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The use of ST-2 ROVER signal analyzer permits to
measure the following parameters of DVB-C signals at
the transmitter input and at the receiver output
(in terahertz band):

= Signal level (LEV), dBm;

= Carrier-to-noise ratio (C/N), dB;

= Noise margin (N. MAR), dB;

= TV signal spectrum flatness (FLAT), dB;

= Coefficient of bit error rate (BER).

It is important to note that ST-2 ROVER signal ana-
lyzer was operated in the emulation mode during the
research process. For this reason values of signal power
obtained with the help of ST-2 ROVER signal analyzer
are 15 dB less then ones obtained with the help of
TBS5880 tuner.

The research of multichannel signal parameters
(Fig.4) of DVB-C digital television (both in transmit-
ting and receiving parts) of the terahertz band has been
conducted on step-by-step basis. It means that 1-
channel, 2-channel and 3-channel signals of DVB-C
standard have been applied consequently. Input signal
parameters are represented in Table 1. Generation of
DVB-C signals has been implemented with the help of
WISI OV75 transmodulator based on DVB-S TV
broadcasting signals (parameters of DVB-S signals are
also represented in Table 1). DVB-S TV broadcasting
signals specified in Table 1 has been received by reflec-
tor antenna with convertor (HOT BIRD downlink satel-
lite signals in orbital position 13E have been used).

Using operating functions of WISI OV75 transmo-
dulator it was possible to modify such parameters of
DVB-C signal as modulation (QAM-16, QAM-32,
QAM-64, QAM-128, QAM-256), rate (symbol or bit
rate depending on modulation and interference immuni-
ty coding), intermediate frequency (in frequency band
47 - 862 MHz).
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Fig.4 Diagram of three-channel DVB-C signal

Each of three DVB-C TV signals represented in Fig.2
contains MPEG traffic flow with ability to transmit 5-6
TV programs of standard definition quality in open ac-
cess.
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Table 1. Input parameters of digital TV broadcasting signals (HOT BIRD satellite downlink signals operated in orbital
osition 13E have been used)

i FE
Channel | Input signal, Il;termedlate S}I';nbol /rate, Bit rate, Modulati c Information | Bandwidth,
number MHz requency, sym/sec MBit/sec odulation Reed- rate, MBit/s MHz
MHz Conv.
Solomon

1 11179 1429 27500 55 QPSK 3/4 | 188/204 38,015 36

2 11137 1387 27500 55 QPSK 3/4 | 188/204 38,015 36

3 11334 1584 27500 55 QPSK 3/4 | 188/204 38,015 36

Results of the first stage of the research of DVB-C
signal (carrier frequency F=850 MHz) when transmit-

ting in terahertz band are represented in Tables 2-3 and
in figures 5-6.
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Fig.5 Constellation diagrarh of DVB-C signél when QAM-64
modulation is applied

Fig.6 Constellation diagram of DVB-C signal when QAM-128
modulation is applied

Table 2. Parameters of TV broadcasting one-channel signal of DVB-C standard (carrier frequency /= 850 MHz) that
have been measured with the use of ROVER ST-2 signal analyzer and Homecast receiver

Measure- LEV, C/N, N. MAR, FLAT, . Symbol rate, Quality,
ment port dBm dB dB dB BER | Modulation Msymb/sec %
Transmitter | 3 3| 3¢ 16 23 | <10® | QAM-64 6,875 100
input
Receiver 33,5 >36 13 2 <10% |  QAM-64 6,875 100
output
Transmitter |, ¢ >36 13-14 3.4 | <10® | QAM-128 5,895 92-100
mnput
Receiver 36,5 >36 12 2 <10% | QAM-128 5,895 92-100
output
Transmitter |, ; 5 >36 20 23 | <10® | QAM-256 5,156 33-60
mnput
Receiver 286 3334 9 2.4 <10% | QAM-256 5,156 33-60
output

Table 3. Parameters of TV broadcasting one-channel signal of DVB-C standard (carrier frequency f'= 850 MHz) that
have been measured with the use of TBS8550 tuner

Results of measurements at the .
. . . Results of measurements at the receiver out-
Channel parameters transmitter input (in terahertz .
band) put (in terahertz band)
Frequency, . LEV, SNR, dB LEV, SNR, dB

MHz Modulation dBm BER dBm BER
QAM-64 -35 38,6 <107 -51 36,2 <10
850 QAM-128 -35 4278 <10 -51 42,12 <10
QAM-256 -29 38,6 510 -51 37,4 9-10®

When the second stage of the research was conduct-
ed the second receiving channel of transmodulator
WISI OV75 (B input) have been activated in experi-
mental installation (DVB-S TV signal received from

Results of the research represented in Tables 2 and 3
show that interference immunity margin equals to 9 dB
even when QAM-256 modulation is applied (that is ac-
ceptable to provide reliable broadcasting of TV pro-
grams with accepted quality of 33-60%).
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HOT BIRD satellite has been applied at the B input — DVB-C signals (Fig.2). This DVB-C signals have been
Table 1). applied in terahertz band at the input of the transceiver
When converting DVB-S signals into DVB-C ones  transmitting part. After that necessary measurements
with the help of transmodulator, carrier frequencies have been carried out at the output of the transceiver
£1=850 MHz and £, = 858 MHz have been chosen for receiving part (Tables 4,5,6).
Table 4. Parameters of TV broadcasting two-channel signal of DVB-C standard (channel Nel, intermediate frequency
F,= 850 MHz) that have been measured with the use of ROVER ST-2 signal analyzer and Homecast receiver

Symbol .
Measurement LEV, CIN, dB N.MAR | FLAT, BER Modulation rate, Quality,
port dBm dB dB %
Msymb/s
Trai‘:fprzfter 226 34 9 5 <10° | QAM-64 | 6875 100
R:Ef;fr -39 31 6 6 <10 QAM-64 6,875 100
Trai“;;’l?ter 238 36 1 3 <10° | QAM-128 | 5892 | 60-100
Rjﬁf};ﬁfr -36.7 34 8 5 <10® | QAM-128 5892 | 60-100
Trai‘;i)mufter -18 34 6 2 10° | QAM-256 | 5,156 18-23
Rgsgf 27 29 5 3 10 QAM-256 5,156 18-23

Table 5. Parameters of TV broadcasting two-channel signal of DVB-C standard (channel Ne2, intermediate frequency
F,= 858 MHz) that have been measured with the use of ROVER ST-2 signal analyzer and Homecast receiver

Symbol .
Measurement LEV, CIN, dB N. MAR FLAT, BER Modulation rate, Quality,
port dBm dB dB %
Msymb/s
Trai‘;lspmufter 28 36 14 3 <10 QAM-64 6,875 100
Rgsngr 236 33 8 4 <108 QAM-64 6,875 100
Trai“rls;’li“er 229 36 1 4 <10° | QAM-128 | 5892 | 60-100
Rj&fgf -36.6 32 8 4 <108 QAM-128 5,892 60-100
Trai‘;lsp‘?lfter 174 34 16 3 107 QAM-256 | 5,156 18-23
Rjﬁf};ﬁfr 27 30 7 4 10° QAM-256 | 5,156 18-23

Table 6. Parameters of TV broadcasting two-channel signal of DVB-C standard that have been measured with the use of
TBS8550 tuner

Results of measurements at the Results of measurements at the receiver
Channel parameters transmitter input (in terahertz .
band) output (in terahertz band)
Fre&‘;‘l’:cy’ Modulation | LEV,dBm | SNR,dB | BER | LEV,dBm | SNR,dB BER
QAM-64 -38 38,6 <10 -54 37,4 <10
850 QAM-128 -38 42,12 <10® -54 41,07 <10
QAM-256 26 38 <10 -38 35 9107
QAM-64 35 38,6 <10® -54 36,2 <10®
858 QAM-128 -38 38,6 <10® -54 39,43 <10®
QAM-256 -26 38,6 <10 -38 34,14 7-10™
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Results of the research obtained during the sec-
ond research stage show that parameters of each sig-
nal became worse in comparison with the previous
research for one-channel signal. In our case when
QAM-256 modulation is applied BER parameter has
been deteriorated to 10°, margin of interference im-
munity has been decreased to 7dB, signal quality
have been reduced by 10-20%. When TBS5880 re-
ceiver is used BER parameter has been deteriorated
to 10™ that corresponds to signal quality equal to 18-
23%. But even under such circumstances HomeCast
receiver demodulates DVB-C TV signals and pro-
vides high image quality.

When conducting the third research stage the
third channel of TV broadcasting multichannel sig-
nal has been introduced in the research process (Ta-
ble 1). The 3" TV channel has been obtained with
the help of DVB-S OPENBOX receiver (by means
of signal on intermediate frequency that IRD-2600

CODICO SCOPUS receiver demodulates to traffic
flow). After that the traffic flow via ASI interface
enters the QAM modulator (RADYNE
COMSTREAM QAM-256) where the necessary
modulation (QPSK, QAM-16, QAM-32, QAM-64,
QAM-128, QAM-256), traffic flow rate (symbol or
bit depending on modulation and interference im-
munity coding), signal carrier frequency (f; = 842
MHz) and traffic flow frame format (188 byte) are
chosen.

When the traffic flow have passed through output
of QAM modulator (RADYNE COMSTREAM
QAM-256) and output of transmodulator (WISI
OV75, see Fig.1) it arrives at combiner (at the output
of which TV signal reaches transceiver operating in
terahertz band). Results of the measurement of pa-
rameters of DVB-C three-channel TV signal are rep-
resented in Tables 7,8,9,10.

Table 7. Parameters of TV broadcasting three-channel signal of DVB-C standard (channel Nel, intermediate frequency
F,= 842 MHz) that have been measured with the use of ROVER ST-2 signal analyzer and Homecast receiver

Symbol .
Measurement | LEV, C/N, dB N. MAR FLAT, BER Modulation rate, Quality,
port dBm dB dB %
Msymb/s

Trai‘;ﬁfter 33 36 15 2 <10® QAM-64 6,875 100
RSSE;Z? 44 30 5 3 <10*® QAM-64 6,875 100
Trai‘:lspr?li“er 32 36 17 2 510° | QAM-128 5.892 67-92
R:Sf;ter 43 31 7 2 10 QAM-128 5,892 67-92
Trai‘:lspr?li“er 23 >36 11 2 <10* | QAM-256 5.156 33-60
R;‘;f;zfr 32 29 0 3 10 QAM-256 5,156 33-60

Table 8.Parameters of TV broadcasting three-channel signal of DVB-C standard (channel No2, intermediate frequency
F,= 850 MHz) that have been measured with the use of ROVER ST-2 signal analyzer and Homecast receiver

Symbol .
Measurement | LEV, C/N, dB N. MAR FLAT, BER Modulation rate, Quality,
port dBm dB dB %
Msymb/s
Transmitter |, 36 10 3 <10 QAM-64 6,875 100
input
Receiver -40 33 8 1 <10 QAM-64 6,875 100
output
Transmitter | 5, 30 9 2 107 QAM-128 5.802 67-100
input
Receiver -40 23 4 2 107 QAM-128 5,892 67-100
output
Transmitter |5 >36 10 3 <10 | QAM-256 5.156 33-58
input
Receiver 32 28 0 3 10 QAM-256 5,156 33-58
output

Table 9. Parameters of TV broadcasting three-channel signal of DVB-C standard (channel Nel, intermediate frequency
F;= 858 MHz) that have been measured with the use of ROVER ST-2 signal analyzer and Homecast receiver
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Symbol .
Measurement | LEV, C/N, dB N. MAR FLAT, BER Modulation rate, Quality,
port dBm dB dB %o
Msymb/s

Trairlllspﬁtter 230 33 9 4 <10 QAM-64 6,875 100
Rj;’f’;fr 40 31 7 5 <10 QAM-64 6,875 100
Traﬂlspmu?ter 32 34 9 3 <10 QAM-128 5,892 67-98
R:Sf;fr -40 29 5 4 <10 QAM-128 5,892 67-98
Traﬁlspmu?ter 24 >36 9 3 <10 QAM-256 5,156 33-53
ijlf;zter 32 29 0-1 3 10 QAM-256 5,156 33-53

Table 10. Parameters of TV broadcasting three-channel signal of DVB-C standard that have been measured with the use

of TBS8550 tuner

Results of measurements at the Results of measurements at the receiver
Channel parameters transmitter input (in terahertz .
band) output (in terahertz band)
Frelgl‘;;’;‘cy’ Mi’:}‘:a' I&ﬁl’ SNR, dB BER LEV, dBm SNR, dB BER
QAM-64 -51 38,6 <107 -60 33,71 <107
842 QAM-128 -54 42,12 <10 -57 39,43 <10
QAM-256 -32 38,6 <10® -54 36,8 <10®
QAM-64 -38 38,6 10 -57 37,6 7-10™
850 QAM-128 -54 43,43 <10® -54 39 <10®
QAM-256 -32 38,6 <10® -54 37,4 <10®
QAM-64 -38 38 <107 -57 34,57 <107
858 QAM-128 -54 42,12 <10 -54 39,43 <10
QAM-256 -32 38,6 107 -54 36,8 1,510

Results of the research obtained during the third
research stage show that parameters of each signal
became worse by 5-6 dB (in comparison with the
previous research for DVB-C two-channel signal).
Taking into account the worst case scenario BER
parameter has been decreased when QAM-256
modulation is applied and TBS5880 tuner was used
to measure parameters. The signal quality is equal to
33-53% in this case.

Conclusion

Results of the research of TV broadcasting sig-
nals parameters of DVB-C standard that have been
received with the help of the transceiver prototype
operating in terahertz band showed that the use of
the lower part of the terahertz band (130 MHz) per-
mits to transmit three TV broadcasting channels of
DVB-C standard with 125 Mbit/s total traffic flow
rate in 24 MHz bandwidth having high subjective
image quality.

At the present time transmitting and receiving
parts of radio equipment operating in terahertz band
are supposed to be very demanded in future to pro-
vide broadcasting of High-Definition Serial Digital

Interface (HD-SDI) TV programs (transmission rate
is presumed to reach values around 1.5 Gbit/s). For
example, the use of terahertz band transceiver with
capacity of 5 Gbit/s will allow high quality multi-
plex three-channel D-SDI signal without compres-
sion (or more than 130 TV channels of DVB-C
standard) to be transmitted.

It is also important to note that transceiver oper-
ating in terahertz band is presumed to be used for
construction of high-rate networks for application
not only in telecommunication area but also in other
applications. For example, this equipment can be
used to interconnect scientific measurement equip-
ment and other devices producing significant infor-
mation volumes for scientific application.
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Asoeenko I'JL., €Epmaxog A.B., Hapumnux T.M.

Jocaimxennss mepeaayi TteneBisiiinux curHadiB crangapty DVB-C no npuiiMajibHO-nepelaBajibHOMY TPAKTY
TeparepuoBoOro JianazoHy

IMpodnemaruka. Ha nanuii yac 1y1s moOyIoBU TeleKOMYHIKaliiHOT iHOPACTPYKTYpH MPOBIIHUX KpaiH CBITY HIMPOKOTO
3aCTOCYBaHHS OTpUMAJHU IUPPOBI pamiopenciini miHi 38’ s13Ky (LIPPJI3), mo mepeBakHO TPAIFOIOTH B Jiana3oHi CAHTUMETPOBUX
XBUJIb Ta HIDKHIN YaCTUHI Jiama3oHy MitiMeTpoBuX XBmib (3,4 — 40,5 ['T1r). Oxnak yepe3 HecTauy palioduacTOTHOTO Pecypcy Ta
HEOOXIIHICTh Tepe/adi BUCOKOIIBUIKICHUX TIOTOKIB iH(popMaIli ocTaHHIM yacoM mpu po3ropranti HoBux [PPJI3 cmocrepira-
€ThCS TCHJICHIIiS 10 TOJIANBIIOr0 MEPEXOIy Ta OCBOEHHS BEPXHBOT JUISHKH Aialla30Hy MUTIMETPOBHX XBHJIb, pajiopenciiHe ooa-
JIHAHHS SKOTO HIMPOKO MPEJCTABICHO MPOBITHUMH BUPOOHUKAMHU HA TEICKOMYHIKAIiiHOMY PUHKY. [lepcrieKTHBHUM 7151 TT00Y-
noBu MaiiOyTHIX 1[PPJI3 € Takox i Teparepuosuii aianazon gactot 100 — 3000 ['Tu, sikuii Mae gyxe BemuKy iHpOpMALiiHy €M-
HICTb, aJie KMl MOKU [0 HE BUKOPUCTOBYThCS Yepe3 CKIIAIHICTh NOOYI0BH PaIioTPaKTy paaiopeneitHoro obnanHanus. Hayko-
BO-JIOCHI/THAH IHCTHTYT TENEKOMYHIKaliil Ta [HCTHTYT €leKTPOHIKM Ta 3B’s3Ky YKpaiHCHbKOI AKajeMil HayK po3poOMIH MakeT
npuitomornepeaanaya fianasony 130-132 [T, BHACIIOK YOr0 aKTyalbHOO CTaja 3ajlaya TeCTYBaHHs SIKOCTI po0OOTH oro okpe-
MHX OJOKIB IIUISIXOM TOCTI/PKEHHS 3MiHM TTapaMeTpiB CHTHAMIB, 10 MEPEAAOTHCS Yepe3 HhOTO.

Meta pociimkens. JocmipKeHHs 3MiHM TapamMeTpiB 0araToKaHaNbHOTO CHIHANY LHU(POBOTO TeneOaueHHs CTaHAAPTY
DVB-C npu iioro nepejaui uepe3 MakeT npuitMaibHo-niepenaBaiibHoro Tpakty aianasony 130 I'Tu. Craugaptr DVB-C st ipo-
BEJICHHSI JIOCIIDKEHb OyJI0 00paHo Yepe3 MOMKIUBICTh (JOPMYBAHHSI CUTHAIIB 3 PI3HOI MO3HIiHHICTIO MOy il (Big QAM-64
10 QAM-256), o 103BOJIIIO AOCTITUTH BILTUB TIAPAMETPIB OKPEMUX BY3JIiB MAaKeTy Ha MapaMeTpH CUTHATIB, 10 MepeaaBanucs
yepe3 HbOTo.

Metonuka peasizamii. st gocipkeHHs 0yio 310paHO eKCIIEPUMEHTANbHY YCTaHOBKY, JI0 CKIAy K0T YBIHIUIM MpHi0-
MoriepesiaBay, mijcucrema (popMyBaHHS TeneBi3iiHnx curHanis crangapry DVB-C, niacucrema BUMIpIOBaHHS MapamMeTpiB CUT-
HaniB crangapty DVB-C. JlocmipkeHHsS TPOBOAMIOCH MOETANHO: OylO BHUKOPUCTAHO OJHOKAHAIBHHM, JBOXKAHAIBHUN Ta
TproxKaHaMbHIN curHann DVB-C.

Pe3yabTaTi Aocaimkenb. PesynbraTi JOCHiKEHHs MMOKa3alid, IO BHKOPHCTaHHS HIDKHBOI YACTHHH TEpareplioBOro
nianazony yacrot (130 I'Tu) 3i cmyroro 24 MI' no3Bosisie TiepenaTu yepes npuiioMonepesiaBay, 1[0 Ma€e CIUTbHUN TeTepoIiH
JUIsL TIEpeIaBaIbHOTO Ta MPUHMAIBLHOTO TPAKTY, TPH KaHAIHM TeneBi3iiiHoro MoBneHHs cranaapry DVB-C i3 3aranbHOrO MmIBH-
KICTIO TPaHCIIOPTHOT'O TOTOKY Ha piBHi 125 Mbit/c 3 BUcOKOI0 Cy0’€KTHBHOIO SIKICTIO BiATBOpeHHS BCix TB mporpam.

BucnoBkn. [IpoBeneHe TOCHPKEHHsSI BKa3ye Ha BHCOKY SIKICTh Mepeladi CHTHANiB [U(POBOro TeleOaueHHs! CTaHAapTy
DVB-C npuitoniomepeiaBadem TepareprioBoro Jiarna3oHy, OCKUIbKA HEJTiHIHHI CIOTBOPEHHS TPAKTy He OyIii moMiueHi a (a3oBi
LIYMH TFeTEPOJMHY HE BUKIMKAIN 3HAYHOIO PO3CIFOBAHHS CHMBOJIB Ha CHTHANBbHOMY cy3ip’i. [loganbumm kpokom Oyne mocii-
JDKEHHS SIKOCTI mepesiayi curHaiiB crangapry DVB-C nns Bunaaky pajioinii Ta OKpeMHX TeTepO/IMHIB B TIepeIaBalbHOMY Ta
npuiiMaibHoMy Tpaktax. [IpuiiomornepenaBayu B MoJanbiioMy Moxe OyTH BUKopucTanuii /s no0ymosu LIPPJI3 TeparepiioBoro
JlianazoHy JUis nepeadi Ta NpuiioMy BUCOKOLIBHAKICHIX CUTHANIB IIM(POBOTO TeraebaueHHs, [HTepHeTy TOIIO.

KurouoBi cioBa: TepareproBuiil miama3oH; mpuiioMoriepenaBay; MpUAMaNbHO-TIEPEIaBAIBHIN TPAKT; OaraTOKaHATbHWMN
curHan mudposoro tenedadenus; crangapt DVB-C.

Asoeenko I'JL., Epmaxosé A.B., Hapvimnuux T.H.

HccaenoBanne mnepeaay TeseBH3HOHHBIX CcHTHad0B cTaHaapra DVB-C mno mnpueMo-nepenamomemMy TpakTy
TeparepuoBoro AMana3oHa

IIpo6aemaTuka. B HacTosmee BpeMs [UId MOCTPOCHHS TEIEKOMMYHHKAUMOHHOH MH(MPACTPYKTYphl BEAYIIUX CTPAaH MHpa
IIPOKOE MPUMEHEHNE TTOTyUYHIN IA(POBBIE PaIHOpENCHHbIC IMHUH CBS3H, KOTOPbIE MPEHMYIIIECTBEHHO paboTaloT B JHana3oHe
CAaHTHMETPOBBIX BOJIH 1 HIKHEH YacTH JiMana3oHa MAUTUMETPOBHIX BonH (3,4 — 40,5 I'T). Onnako, u3-3a HEXBATKU pauoyac-
TOTHOTO pecypca U HeOOXOAMMOCTH Hepeaayl BEICOKOCKOPOCTHBIX MOTOKOB MH(OPMALMH B MOCIEAHEE BpeMs IIPH Pa3BepThIBa-
urn HOBBIX [[PPJI3 HaGmromaeTcs TeHACHINS K TaTbHEHIIEMY TIEpEX0y U OCBOCHHIO BEPXHETO YUacTKa JHUAIa30Ha MIJUTHMET-
POBBIX BOJIH, pajiiopelieiiHoe 000pyI0BaHHe KOTOPOTO MIMPOKO MPEACTABICHO BEAyIIUMH ITPOU3BOANTEISIMH Ha TEICKOMMYHH-
KalMoHHOM pbiHKe. [lepcniexktuBHbIM U1 ocTpoenus Oynyimux LIPPJI3 siBisiercs Takke u TeparepioBsliil auanazon gactot 100
—3000 I'Tx, KoTOpBIH MMEET OUeHb OONBIIYI0 HHYOPMAMOHHYIO EMKOCTB, HO KOTODBIH TTOKA €IIE HE NCIIONIb3YeTCs U3-3a CIOK-
HOCTH TIOCTPOCHHS PaJMOTpaKTa pajropesieiHoro 06opysoBanus. Hay4aHo-nuccnenoBaTenbCkiuii HHCTUTYT TeIEKOMMYHHUKAIMH 1
WHCTUTYT €NeKTPOHUKU M CBSI3M YKPAMHCKOW aKaJeMUM HayK pa3padoTaid MakeT mpuemoriepenarduka auanazona 130 — 132
[T, BeencTBHE Yero akTyalbHOH CTana 3aa4a TECTHPOBAHMS KauecTBA PabOThI €T0 OTAEIBHBIX OJOKOB MyTeM M3MEHEHHS Ma-
PaMeTpOB CHUI'HAJIOB, KOTOPBIE MEPEIaloTCs Yepe3 Hero.

Leas uccieroBanumii. Mccienopanue M3MEHEHHs TapaMeTPOB MHOTOKAHAIBHOTO CHTHANIA LU(POBOTO TEJNEBUACHHS CTaH-
napta DVB-C npu ero nepeznaue gepe3 MakeT npueMo-nepeaaroniero tpakra auanasona 130 [T, Craagapt DVB-C nns mpose-
JICHUSI MCCIIEI0BaHUi ObIT BBIOpaH M3-32 BO3MOXKHOCTH (JOPMHPOBAHMS CHUTHAJIOB C PA3HON MO3HIIMOHHOCTHIO MOIYJIAINH (OT
QAM-64 1o QAM-256), 4TO TO3BOJIMIO MCCIICA0BATh BIUSIHKC TAPAMETPOB OTACIBHBIX y3JI0B MAKeTa Ha MapaMeTpPhl CUTHAJIOB,
KOTOpBIC Yepe3 HEero nepeiaBaiuch.
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Metonuka peaausanuu. {1 ucciuenoBanns Obuia coOpaHa HKCIEPUMEHTANBHAS YCTAHOBKA, B COCTaB KOTOPOH BOIILTH
npreMorepeIaTunK, nojacuctemMa GopMUpOBaHUS TEJIEBU3HOHHBIX CUTHANOB cranaapra DVB-C, nojicucremMa n3MepeHust mapa-
MeTpoB curHanoB cranaapta DVB-C. HccienoBanue mpoBOAMIOCH TOITAHO: ObLIM HCIOJB30BAHBI OJHOKAHAJIBHBIH, IBYXKa-
HaJbHBIA 1 TpexKaHanbHbIN curHansl DVB-C.

Pe3yabTaThl HccaenoBaHMil. Pe3ynpTaThl HccieI0BaHUS TTOKA3AIIH, YTO UCIIONB30BAHUE HIDKHETO y4acTKa TepareprioBoro
nuana3zona yactot (130 I'T) ¢ monocoit wactor 24 MI'11 mo3BOJISET IepenaTh uepes MpUeMONepeIaTIuK, IMCIOIINIA OOIIHi Te-
TEPOJMH JUIsl TIePEAOIIero 1 MPHEMHOTO TPAKTOB, TPU KaHaia TeleBM3MOHHOTO Bemanus crannapty DVB-C ¢ obmieit ckopoc-
TBIO TPAHCIOPTHOTO TIOTOKAa Ha ypoBHe 125 MOWT/C ¢ BBICOKMM CyOBEKTHBHBIM KadecTBOM BOCIpOM3BeneHHs Bcex 1B mpo-
rpamm.

BoiBoabl. [IpoBeneHHOE HCCIEIOBaHHE MOKA3bIBACT HA BHICOKOE KA4ECTBO IEpeNayd CUTHATOB IH()POBOTO TEICBUICHUS
cragaapra DVB-C npuemonepenaTyukoM TepareploBOro Hana3oHa, Tak KaKk HEIMHEWHbIe MCKaXKEHHS TpaKTa 3aMEueHbl He
0611, a pa30BBIC ITyMBI TETEPOANHA HE BBI3BAN 3HAUYUTETHHOTO PA3CEsHUS CHMBOJIOB HA CHTHATBHOM cO3Be3uH. [lanpHeimmm
maroMm OyZIeT WCCiIe0BaHne KadecTBa Iepeaadn cCurHainoB cranaapta DVB-C mus cirydas paAHoNMHIN U OTJCTBHBIX TeTepOIH-
HOB B MEpeAarolieM M NpHEeMHOM TpakTtax. [IpuemornepenaTyuk B AambHEHIIEM MOXKET OBITH HCIONB30BAH JUIS TOCTPOCHHS
LIPPJI3 TeparepiioBoro auana3oHa Ajst Mepeaad U IpreMa BHICOKOCKOPOCTHBIX CHTHAJIOB IU(POBOTo TeaeBUICHuS, IHTEepHETA
N.T.IL.

KiroueBble c10Ba: TepareplioBblil Anana3oH; NpueMonepeaaTyrK; MpueMo-IepeaaBaoiui TpakT; MHOIOKaHAIbHbINA CHUT-
Hai uudposoro TenesuaeHus; cranaapt DVB-C.



