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2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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AMPLIFIER DESIGN FOR MODELING THE TRANSMISSION
OF A DIGITAL VIDEO SIGNAL OVER
A DATA TRANSMISSION CHANNEL

Abstract. The use of video surveillance systems is used in the areas of security, law and order, in the territories
of protected objects, in monitoring the movement of road vehicles and in other areas.

The main disadvantage of a video surveillance system is its susceptibility to weather influences (rain, fog,
snowfall, etc.), which degrades the quality of the video system by reducing the signal level.

Therefore, the urgency of finding new ways and possibilities to improve the quality of video signals is one of
the priority areas of signal processing. The main task of this work was to determine the main parameters, simulate
the transmission line and amplifier, and select the schematic diagram of the transmitting and receiving path with the
voltage and current ratings.

Both the receiver and the cable video transmitter have different means of adjusting to different transmission line
lengths. The signal at the output of each receiver should be in the range from 0.9 to 1.1 V, and the spread of the total
ohmic resistance of the wires of the video transmission line at the input of the receiver should be no more than
2 — 3%. Based on these parameters, the equipment is configured for transmitting video over the channel. The
magnitude of the mismatch is regulated by potentiometers, which allow smooth adjustment of the video transmission
equipment [1].

As a rule, video transmission over the channel is carried out at a distance of 50 to 1500 m. If it is necessary to
transmit video at distances less than 50 m, additional resistances are connected in series at the receiver input so that
the total line resistance is 30 - 50 Ohm [1].

Key words: data transmission channel, video surveillance, television signal, operational amplifier.

Video surveillance systems are used in the sphere of law enforcement, on the territories of protected
facilities, for monitoring the movement of vehicles and in other areas.

The main disadvantage of a video surveillance system is its vulnerability to weather conditions (rain,
fog, snowfall, etc.), which degrades the quality of the video system by reducing the signal level.

Therefore, the urgency for finding new ways and possibilities of improving the quality of video
signals is one of the priority directions of signal processing. The main task of this article is to determine
the main parameters, to model the transmission line and amplifier, and to select a basic circuit of the
receiving and transmitting path with voltage and current ratings.

Both video cable transmitter and receiver have different settings for various transmission line lengths.
The signal at the output of each receiver should be in the range from 0.9 to 1.1 V, and the value deviations
of the total ohmic impedance on the video transmission line cables at the receiver input should not exceed
2 — 3 %. Based on these parameters, the equipment is configured to transmit video over the channel. The
magnitude of the mismatch is regulated by a potentiometer that allows performing a smooth hardware
configuration of the video transmission [1].

As a rule, video transmission over the channel is carried between 50 and 1500 m. If it is necessary to
transmit video over distances less than 50 m, additional impedances are sequentially turned on at the
receiver input so that the total line impedance becomes 30 — 50 Ohms [1].
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The stray capacitance of the line is compensated by special jumpers in the receiver. The level of
compensation for the stray capacitance of the video transmission line is selected individually for each
transmission line based on the video picture on the test monitor. Also, using a test monitor or an
oscilloscope, the receiver is configured according to the amplitude of the output signal.

Using a multi-channel video receiver to improve the parameters of the received signal, it is
sometimes advisable to connect monitors to the receiver outputs via an impedance series of 51- 82 Ohms.

In addition to interference from radio apparatus and power lines, sometimes the video transmission
line is affected by electromagnetic interference received as a result of a lightning discharge. Such
interferences can be quite strong, as a result of which the equipment for transmitting video through a
twisted pair will fail. To avoid damage, it is necessary to use lightning protection on the video channel
transmission lines.

Figure 1 shows a typical circuit for switching on a differential amplifier. It can be used as a video
signal booster. In this circuit, the amplification factor is calculated using the formula:

K:VOUT :&
V, R.’

IN
where Voyr is the output voltage, V; Viy — input voltage, V; Ry — feedback impedance, Ohm;
R¢ — input impedance of the circuit, Ohm.

Resistors Ry help keep the amplifier in a stable state. It is recommended to select resistors with at
least a nominal accuracy of no more than 0.1 %.
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Figure 1 — A typical circuit of the amplifier switching

A high-speed broadband amplifier is the main component for transmitting a video signal over a data
transmission channel. As a digital signal amplifier, the MAX403 OP-amp from the “Maxim Integrated
Products, Inc” was selected, which was chosen as the most suitable for all requirements after careful
analysis with analogues of this type of OP-amp.

Modeling the amplifier and transmission line.

The simulation results in OrCAD 9.1 for resistor impedances and long line values on a twisted pair
are shown in figure 2.

e e ]
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Figure 2 — Transmission line modeling
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With a line length of 100 meters, figure 3 clearly shows signal delays of 0.62 us. The signal is clear,
its amplitude is about 1.5 V.

Figure 3 — Diagrams of antiphase signals U(R3; 2) and U(T2; B-) at the output of a long line of 100 meters on the same scale

There is the second signal in the opposite phase after the amplifier, which is clearly visible on the
oscillogram. Figure 4 shows the signals transmitted through a 200-meter line.

Figure 5 — Voltage and current ratings of circuit components
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On a 200-meter line, we would like to note that the signal delay had increased to 1.2 ps. The signal
amplitude had decreased to 1.4 V. Each pulse is distinct, but it is noticeably declining.

Figure 6 shows peaks in the signals U (R3; 2) and U (T»; B, which occur when a 10 pF capacitors are
inserted to load the circuit. Small bursts (peaks) are noticeable at 0.75, 1.85, and 2.05 us for the U (R3; 2)
signal and for the U (T2; B-) signal at 0.75, 0.8, 1.75, 1.95, and 2.15 ps.

Similar measurements were also made for lines from 300 to 1000 meters with 100 m increments.

After receiving the simulation measurement data, the following results were obtained at a speed of
10 Mbit/s and a speed of 100 Mbit/s; it is summarized in tables 1 and 2.

o U(R3:2) o U(R6:1)

Figure 6 — Diagrams of antiphase signals U(R3; 2) and U(T2; B-) at the output
of a long line of 100 meters with capacitive parameters on the same scale

Table 1 — Video signal transmission performance at 10 Mbit/s

Characteristics Measurement data
Line length, m 100 200 300 400 500 600 700 800 900 1000
Signal amplitude, V 1,5 1,3 1,2 1 0,9 0,8 0,7 1,2 1,1 1
Signal delay, us 0,65 1,2 1,75 2,3 2,85 3,4 3,95 4,5 52 5,59

Table 2 — Video signal transmission performance at 100 Mbit/s

Characteristics Measurement data
Line length, m 100 500 1000
Signal amplitude, V 1,5 0,9 1
Signal delay, ps 559 2750 5490

Devices that use fully differential amplifiers have certain specifications. The main requirements are
high linearity and the necessary signal amplitude. Linearity is achieved by using a well-chosen feedback
line and setting the amplification factor by means of resistors, as well as appropriate supply voltage. The
signal amplitude can be adapted using the appropriate amplification factors. The MAX403 operational
amplifier, which was selected for the simulation, requires the installation of bypass capacitors of 0.01 and
0.1 pF. All capacitors must be grounded. Sinusoidal noise output can lead to loss of dynamic range and

— 4) ——
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increased distortion. In addition, capacitive loads must be isolated from the amplifier output by small-
value resistors. This is particularly true when the load has a resistive component that exceeds 500 Ohms.
A typical A/D converter has a capacitive element of about 10 pF, and the component can be resistive for
over 1000 Ohms. During transmission over a data channel, such as a coaxial one, the resistive component
will be 50 Ohms; over a twisted pair it will be 100 Ohms. The usage of appropriate resistors will be
sufficient to isolate any subsequent capacitance [5]. The supply voltage is set to +12 V and — 12 V, the
general output mode is 0 V [4]. The basic circuit of the receiving and transmitting path is shown in figure 7.

e [0
100 ano

oo
12vdE—

o .

+
12vide=—

Figure 7 — Basic circuit of the receiving and transmitting path with voltage and current ratings

One of the simulation results is shown in the figure 8.

Figure 8 — Diagrams of antiphase signals U(Uy; N) and U(Ris; 1) at the output
of a long line of and output signal U(Rz; 2) at 100 Mbit/s on the same scale

During a change of the data transfer rate over the TP26AWG twisted pair cable, there was a
noticeable variation in the signal level and delay. With an increase in the signal transmission rate
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compared to 10 Mbit/s, no significant changes in the amplitude were noticeable, but the signal delay was
significantly reduced up to 10~3 seconds.

Conclusions. The long line based on a twisted pair TP26AWG and MAX403 operational amplifier
was selected. The signal delay was reduced to 10™3 seconds. The signal amplitude became about 1 V,
which allowed us to completely restore the received signal at the reception. Data transmission was
simulated at 10 Mbit/s and 100 Mbit/s, which fully allowed transmitting a digital signal over a distance of
more than half a kilometer with acceptable distortion.

M. Ampees', P. Cagun?, T. [lapaosal, 3. K. Tembipkanosa!, FO. lapmamosa’

'FymapOek JlaykeeB aTbIHAarbl AJIMaThl SHEPTETUKA XKoHe GaillaHbIc yHUBEpCHTETI, Anmarsl, Kasakcran;
?Kasak KaThIHAC KOJIaphl YHHBepcHTeTi, Anmarsl, Kazakcran

KAYINICI3AIK TEJEJIUIAPBIHIAF I BAUJIAHBIC APHACHI APKBLIBI
KAMEPA MEH MOHUTOP APACBIHJIAFbI CAH/IBIK CUTHAJI KYIIEATKIIITH )KOBAJIAY

AnHoTtanus. beiiHeOakpuiay JKyHenepiH maijganaHy KayilcCi3[miK, 3aHIbUIBIK, KYKbIK KOpFay OpBIHAAPBIHA,
KY3€TLJIeTiH HbICaHap ayMarbIH/a, KOJI KeJIK KypaliapbIHbIH KO3FaJIbICBIH OaKbliay Ke3iH/e kaHe Oacka skepliepie
KOJIJIaHbUIAbI.

Beiinebakpuay xyiieciHiH 0acTbl KEMILLIIT — aya paibIHBIH dcepiHe OeiiMainiri ((kanObIp, TyMaH, Kap, T.0.) api
OyJ1 curHaU )KyieciH a3aiiTy apKpUIbl OeiiHe )KYHECIHIH canachlH TOMEHIETE/].

CoHJpIKTaH OeiiHe CUTrHaJIap calachlH )KaKCapTyIbIH JKaHa )KOJIapbl MEH MYMKIHIIKTEPIH 134€y/IiH 63eKTUIIr
— CHUTHaJI eHJEYIiH 0achiM OarbITTapbIHBIH Oipi Oonbin caHaiaibl. JKYMBICTBIH HEri3ri MiHAETI —Herisri napa-
METpJIep/l aHBIKTay, JJIEKTp Oepy JKellici MeH KYLIEWTKIIITI MMHUTalusiay jKOHE KepHey MEH TOK KepCeTKilTepi
apKbUIBI Oepy XoHE KaObLIAY KOJIBIHBIH TYOCTCHIII CXeMaChIH TaHIay.

KaObunarplThiH a, Kabenbaik OeiiHe TapaTKBIITBHIH Ja TapaTy JKeJNICIHIH op TYpJl Y3bIHABIFbIHA apHAJFaH
OpTYpIi perTey Kypaiaapsl Oap. OpOip KaObULIAFBINITHIH MbFbIChIHAaFel Curnan 0,9-man 1,1 B-ka neitinri
Janasonzia Ooiysl THIC, all KaOBLUINAFBILITHIH Kipedepicineri OeitHe Oepy Kellici ChIMAAPBIHBIH )KUBIHTBIK OMJIBIK
Kezepricidig wamsipaysl 2-3% - naH acnaybsl Tvic. OCbl IapaMeTpliepre CcyieHe OTBIPBIN, jKaOIbIK OelfHeHi apHa
apKbUIBI XKibepyre Oekimaenesi.

Caiikecci3iik OTEHIIMOMETPIIEPMEH perTeneni, Oy OeiiHe curnai Oepy »aOIbIKTapbIHbIH KYMBICHIH OlpKeJIKi
perreyre MyMKiHaik 6epeni [1].

Oxerre, KaHa! apKbUibl Oeiine Oepy S50-geH 1500 M-re AeiiHri KambIKTHIKTA XKYy3ere acklpbuiaibl. Erep GeliHeHi
50 M-7IeH a3 KallbIKThIKTA Kibepy KakeT Oojica, pecHBEp KipiCiHIE KOChIMINA KeAepriiep Ti30eKTed KOChUIAIbI,
CcoH/1a kbl chI3bIK Keneprici 30 - 50 Om Gomnanst [1].

Tyiiin ce3nep: OcitHeOaKbLIAY, TEICAUIAPIBIK CUTHAI, KeAe KYIICHTKIIL.

M. Ampees!, P. Cagun?, T. Ilasiora!, J. K. Tembipkanosa', FO. Tapmamosa!

' ANIMaTHHCKHMI yHUBEPCUTET SHEPIETUKM M cBs3M uM. I'ymapOexka [laykeesa, Anmarel, Kazaxcran;
2Kaszaxckuii yHUBEPCUTET MyTeli coobienus, Anmarsl, Kazaxcran

MPOEKTUPOBAHUE YCHUJIUTEJSA HU®POBOI'O CUTHAJIA MEXIY KAMEPOM
N MOHHMTOPOM I10 KAHAJIY CBsI3U B OXPAHHOM TEJIEBUJIEHUN

Annotanusi. [IpumeHeHne cucrteM BuUIeOHAONIOJCHUS NPUMEHSETCs B 30Hax oOecrieueHHss O€30MacHOCTH,
IMpaBoOIIoOpsAAKa, Ha TCPPUTOPUAX OXPAHACMBIX OG’bCKTOB, IIpU KOHTPOJIC 3a ABMKCHUEM HOPOKHBIX TPAHCIIOPTHBIX
CPEJICTB U B IPYIUX 30HAX.

OCHOBHBIM HCIOCTATKOM CHCTCMBI BHHGOH&GJ’I}O}ICHI/IH ABJIACTCA €€ BOCHIPUMMYNBOCTD K IMOTOAHBIM BO3ZLCI?IC-
TBUSM (JI0’K/1b, TYMaH, CHETOMa/I U T.1.), YTO YXyIIIAeT Ka4eCTBO pabOThl BUACOCUCTEMbI 32 CUET CHHKECHUS YPOBHS
CHTHaJa.

HOBTOMy AKTYaJIbHOCTDb ITOMCKAa HOBBIX HyTeﬁ 1 BO3MOXKHOCTEH ITOBBIIICHUS KaueCcTBa BHACOCHUTHAJIOB SABJIACT-
Csl OZIHUM M3 IIPUOPHUTETHBIX HampaBlieHnH 00paboTku curnanoB. OCHOBHOM 3ajaueil JaHHOI paboThl OBLIO orpese-
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JICHWE OCHOBHBIX HapaMeTpOB, MOJACIMPOBAHUE JIMHUH TEepeJadl U YCUINTENs, a TAKKe BHIOOP MPUHIMIHAIBHON
CXEMbI MEePEAAIOIIEro U IPHEMHOr0 TPaKTa ¢ HOMUHAILHBIMU HATIPSHKEHUSMHU U TOKaMH.

U npuemHuK, 1 KaOeJbHbBII BUICONIEPEIATYMK UMEIOT Pa3lIMuHble CPEACTBA HACTPOWKM HA PA3NUYHYIO JJIMHY
nuHUM niepenadr. CHTHAT Ha BBIXOJIE KaXKIOTO MPHEMHHKA JOJHKEH HaxoAWThes B muamaszoHe ot 0,9 mo 1,1 B, a
pa3dpoc CyMMapHOI0 OMHUYECKOTO CONMPOTHBIICHHS MPOBOJIOB JMHUK BHJEONEpeadl Ha BXOE MPUEMHUKA JOJKESH
coctaBiATh He Oonee 2-3%. Mcxons m3 3THX mapaMeTpoB, 00OPYyIOBaHHE HACTPAWBAETCS Ha Nepeaady BHIEO II0
KaHay. BenuuuHa paccoriacoBaHusl peryaupyercs MOTeHIHOMETPaMH, KOTOPbIE MO3BOJISIIOT IJIABHO PETYJINPOBAThH
paboty anmapaTypsl epefadn Buaeocursana [1].

Kax mpaBmio, mepemada BHAeo 1O KaHaTy ocymiecTBisiercss Ha paccrosand or 50 mo 1500 m. Ilpm HeoO-
XOAMMOCTH TIepe/jaull BUACOCUTHANIA HA PACCTOsIHUS MeHee 50 M Ha BXOJle NMPUEMHHKA MOCIE0BATENbHO ITOKIIO-
YaIOTCs JOMOJHUTENbHbBIE COMPOTUBIICHHSI TaK, YTOOBI 00IIee COMPOTHBIICHNE JIMHUN cocTaBisio 30-50 Om [1].

KoueBblie ci1oBa: BUICOHAOIIOICHHE, TEIICBU3MOHHBINA CUTHAJI, OTIEPALMOHHBIN YCHITUTEb.
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