Informasiya texnologiyalar1 problemlari, 2020, Nel, 34-40

Mihail 1. Kuryachiy!, Vyacheslav V. Kapustin?, DOI: 10.25045/jpit.v11.i1.05
Alexander S. Popov?

L2Department of Television and Control Tomsk state university of operation systems and radio
electronics, Tomsk, Russia

3Russian Television and Broadcasting Network, Kemerovo, Russia

Lkur@tu.tusur.ru, 2peregnun@mail.ru, *mailrus@bk.ru

DIGITAL ON-AIR BROADCASTING SYSTEM’S NOISE IMMUNITY LEVEL
ESTIMATION METHOD, BASED ON CONSTELLATION DIAGRAM IMAGES OFDM

Received: 25.01.2019 Revised: 28.03.2019 Accepted: 27.06.2019

In digital terrestrial TV broadcasting is necessary to periodically monitor the quality of the digital
signal in monitoring systems for digital television transmitters. Research in this area signals the
following fact. During the normal operation of the transmitter, its MER should not fall below
35dBm/uV. However, there are cases when, at the nominal MER level, there is no television image.
This is due to GPS desynchronization of the reference signal of the transmitter, and it directly affects
the final image on the television receiver. To establish this fact, it is necessary to analyze the image
of the star chart of the OFDM signal. The proposed method allows to assess the level of noise
immunity based on the images of the constellations COFDM. This method can be used to assess the
quality of the final television image in the digital terrestrial TV broadcasting.
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Introduction

It is decided to measure the number of basic parameters for the estimation of digital on-air
broadcasting systems (DTV) quality. First of all, one needs to understand whether the signal
strength at the receiver is sufficient, because signal reception quality directly depends of it. If the
level is low, it means that there is no reliable reception, therefore, there is no sound and image.
One of the important parameters of digital systems is MER (Modulation Error Ratio) which can
be correlated with the signal/noise ratio in analog communication systems. Third parameter is BER
(Bit Error Ratio). It describes the frequency of occurrence of mistakenly recovered bits in the
demodulated data stream and for DVB standard. The last parameter is the constellation diagram
which is a graph of symbol arrangement on the amplitude-phase plane formed by the accumulation
in a definite time. Usually, the diagram is seen as a qualitative rather than a quantitative parameter,
allowing estimating the nature of the RF input signal distortion [1]. We will about it in detail.

Aim of research

Development of a method for indirect estimation of the noise immunity level in digital on-air
broadcasting systems.

Tasks of research

1. To develop a method for indirect estimation of noise immunity level in digital on-air
broadcasting systems based on the constellation diagram image processing.

2. To assess the accuracy of the developed method.

Proposed approach

To achieve the aims and do the tasks of the research, the experimental measurements are
carried out using a special measuring complex (figure 1). The measuring complex is designed to
control and measure variables of the digital terrestrial signal DVB-T2.
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Figure 1. Block diagram of measurement system

Formation of the DVB-T2 signal was carried out using the multistandard modulator DekTec
DTA-115 GOLD connected to the PC via PCI interface, TV with tuner DVB-T2 (multi-plp)
DekTec's PCI modulator for most QAM-, OFDM- and VSB-based modulation standards. The
DTA-115 has a programmable output level with perfect signal quality (figure 2) [2].

Figure 2. Laboratory in Department of Television and Control TUSUR the stand «DVB-T2»

For data transmission, the MPEG-TS transport stream with a bit rate of 22,394,118 bps is used.

The overview of known methods for image parameters estimation [3] and noise immunity of
DTV systems [4, 5] suggests the following.The settings of first multiplex broadcasting transmitter
in the city of Tomsk clocked at 474 MHz are used as the DVB-T2 transmission parameters (table
1, figure 3).

Table 1
Transmitter options
Parameter Value
Stream type TS
TX mode SISO
FFT mode 32k
Guard interval 1/32
PLP modulation 64QAM
PLP Code Rate 2/3
Pilot pattern PP4
Maximum bit rate 27 641 574 bps
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DekTec StreamXpress - DVE-T2 Modulation Paramy - : — [ﬂj
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Figure 3. Signal parameters DVB-T2 in soft DekTec StreamXpress
Duration of the guard interval at the given transmission settings equals to 224 ms.

Table 2
Signal options
Level of signal, dBuV | 58,3 54,2 49,2 44,3 40,1 35,3
MER, dB >35 >35 >35 31,7 26,9 20,9
preLBER 140E-5 |150E-5 |1,70E-5 |4,10E-5 |1,1E-4 8,5E-3
postLBER <1,0e-8 <1,0e-8 <1,0e-8 <1,0e-8 <1,0e-8 <1,0e-8

Figure 4 shows a fragment of the constellation diagram that is used for indirect estimation of
DTV broadcasting system's noise immunity. It is decided to select an image area of 94x94 pixels.

Figure 4. DVB-T2 standard signal at a level of 60 dBuV constellation
diagram (modulation 64-QAM, 32k carrier, protection interval 1/32)
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A similar area is taken from the constellation diagram image at a level of 40 dBuV signal.
Diagrams accumulation time is 30 seconds. These areas images are processed using the software
plugin ImageJ (figure 5, 6) [6].

Figure 5. DVB-T2 standard signal at a level of 40,1 dBuV constellation diagram
(modulation 64-QAM, 32k carrier, protection interval 1/32)

a) b)
Figure 6. Constellation diagram fragment a) signal level at the input is 60 dBuV;
b) signal level at the input is 40,1 dBuV
Results

The results of constellation diagrams’ fragments image processing performed in ImageJ shows
the ratio of direct and indirect measurements for on-air DTV systems with feedback (figure 7) [7].

N |
0 255 0 255
Count 17940 Min: 45 Count: 23560 din: 0
Mean: 250.071 Max: 255 Mean: 249.997 Max: 255
StdDev: 20.232 Mode: 255 (13876) StdDev: 30.235 Mode: 255 (21200)
a) b)

Figure7. Histogram - a constellation diagramm fragment with the signal level
a) at the input of 60 dBuV; b) at the input of 40,1 dBuV
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Figure 8. The ratio of direct and indirect measurements for on-air DTV systems

These results (figure 8) correlate with the results of MER measurement in the laboratory
conditions. Precision of indirect measurements is not worse than the precision of the direct
measurements. The given method may be used to estimate the quality of on-air DTV systems as
well as to improve the possibilities of inspection devices that are used in television broadcasting.

The position of the I/Q modulator in the circuit can vary depending on how the DVB-T2
modulator is implemented in practice. The COFDM modulation is preceded by the channel coding,
the error correction which is similar in DVB-T2 as in DVB-S satellite transmission.
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Figure 9. Error vector for determining the modulation error ratio

All the interference effects on a digital signal in broadcast TV previously explained cause
the constellation points to exhibit deviations from their nominal position in the center of the
decision fields.

If the deviations are too large, the decision thresholds will be exceeded, and bit errors are
produced. However, the deviations from the decision field center can also be measurement
parameters for the size of any interference quantity.
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Conclusions

What is the object of an artificial measurement parameter like the modulation error ratio?
The MER measurement assumes that the actual hits in the constellation fields were pushed out of
the center of the respective field by the interference quantities (figure 9).

The interference quantities were given error vectors and the error vector points from the
center of the constellation field to the point of the actual hit in the constellation field. Then the
lengths of all these error vectors were measured against time in each constellation field and the
quadratic mean was formed or the maximum peak value was acquired in a time window [8]. This
work has an applied character, its results are used in TV broadcasting.

The work was supported by the Russian Ministry of Science and Higher Education for
Project No. 8.9562.2017 / 8.9 and the RFBR grant No. 16-47-700939.
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OFDM signalmin ulduz diagramlarmin tasvirlari asasinda ragamsal televiziya yayim
sisteminin manealara davamlihq saviyyasinin giymatlandirilmasi metodu

Ragomsal televiziyanin 6tiiriiciilori {iglin monitoring sistemlarinds ragomsal signalin keyfiyyatino
vaxtasirt nozarat edilmalidir. Bu sahado aparilan todgigatlar asagidaki faktin oldugunu
gostormisdir. Otiiriiciiniin normal foaliyysti zamani onun MER-i 35 dBm/mkV-don az
olmamalidir. Lakin bozi hallarda MER-in nominal saviyyasinds televiziya tasviri itir. Bu,
otiirticiiniin dayaq siqnalinin GPS desinxronizasiyasi ilo slagadar bas verir vo bilavasits televiziya
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gebuledicisindaki son tasvira 6z tasirini gostorir. Bu faktin miiayyan edilmasi magsadilo OFDM
signalinin ulduz xaritasinin tasviri tahlil edilmoalidir. Toklif edilon metod COFDM biirclarinin
tasvirlaring asaslanmaqgla maneslora davamliliq saviyyasini giymatlondirmays imkan verir.

Acar sézlar: DVB, DTV, manealara davamliiliq, MER, BER.
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MeTrox OHmEHKHM YPOBHSI MOMEXOYCTOWYMBOCTH ULHM(PPOBOH TeJIeBU3MOHHOH CHCTEMbI
TeJleBeIIAHUsI HA OCHOBE U300paxkeHuii 3Be31HbIX uarpamm OFDM curnana

B cucremax MOHHMTOpHHra [Uisi TEPEJATYUKOB IU(PPOBOTO TEINEBUACHUA HEOOXOAUMO
MEPUOANYCCKH KOHTPOJIMPOBATh Ka4eCTBO MU(PPOBOTO cUrHANA. ViccrenoBanus B 3TOH 00JIacTH
CBUJIETENLCTBYIOT O cieayromieM (akre. Bo BpeMs HopmansHOM paboThl nepeaarunka ero MER
HE JI0JDKEeH onyckaThes Hioke 35 nbm/MkB. Ho ects cimyyan, korna Ha HoMuHaimsHOM ypoBae MER
TEJIEBU3MOHHOE M300paKeHUE OTCYTCTBYET. JTO cBa3aHO ¢ GPS nmecuHXpoHM3AIMH OMOPHOTO
CUTHAJIa TIepeIaTIhKa U HEMOCPEJACTBEHHO BIUSAET HA KOHEYHOE N300paKEeHUE Ha TEIICBU3UNOHHOM
npueMHuke. YToObl yCTaHOBUTH 3TOT (haKT, HEOOXOJMMO MPOAHATH3UPOBATH H300paKEHUE
3Be3qHOM KapThl curHama OFDM. Ilpemnmaraembrii MeToj IO3BOJSET OIEHUTH YPOBEHB
MIOMEXO0YCTOMYUBOCTH, OCHOBBIBASICh Ha N300paxkeHusix co3pe3auii COFDM.

Knrwoueewie cnosa: DVB, DTV, nomexoycmotiuusocmo, MER, BER.
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