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Abstract. The article presents the results of research in the direction of determining the permissible values of pa-
rameters that are controlled in the baseband during the evaluation of the quality of the operation of the transmitter-
receiver of digital terrestrial television system in DVB-T2 standard at the transport stream level. The main purpose of
this study is to obtain quantitative and qualitative assessments of controlled parameters at the level of transport multi-
program stream in the base band of digital terrestrial television broadcasting systems that are currently not available
in national and international technical literature. In order to achieve the research aim, a mathematical simulation
model of the DVB-T2 digital transmission TV transmission system (transmission path, channel with distortion, receiving
path with appropriate processing and correction) was implemented in the Matlab / Simulink environment and a compu-
tational experiment was carried out, the results of which were analyzed in relevant way of experimental data is the
basis for formulating the corresponding requirements to the level of distortions at the level of the base band stream. As
a result of the conducted studies, evaluations were made of the appropriate parameters used to control the quality of
digital TV system operation at the level of the digital transport multi-program stream. The obtained values can be used
for standardizing and monitoring the level of distortion during the technical operation of the receiving and transmitting
equipment of the relevant standard, as well as certification and commissioning during the introduction of new equip-
ment, as well as the deployment of digital terrestrial television networks.

Key words: digital terrestrial television, DVB-T2, OFDM, transport stream, bit error rate, Matlab.

Anomayia. Y cmammi nadano pe3ynbmamu 00CHIONCEHHs 8 HANPAMKY GUIHAYEHHS NPUNYCMUMUX 3HAYEHb Na-
pamempie, wjo ix KOHMPOIIOIOMb 8 OCHOBHIU CMY3I Ni0 YAC OYIHKU IKOCMI pobomu nepeodasaibHO-NPUUMAIbHO20 Mpa-
KMy cucmemu yughpogoeo Ha3eMHo20 menesizitinozo mosnenus 6 cmanoapmi DVB-T2 na pieni mpancnopmuoco nomo-
Ky. OCHOBHOI0 MeMOI0 Yb020 OOCHIONCEHHS € OMPUMAHHS KIIbKICHUX MA AKICHUX OYIHOK KOHMPOIbOGAHUM Napamem-
pam Ha pieHi MpaHcnopmHo20 6a2amonpozpamHo20 NOMOKY 6 OCHOBHIU CMY3i cucmem Yupposozo HA3eMHO20 menegi-
3IUHO20 MOBIEHHS, WO GIOCYMHI HA NOMOYHULL YAC Y BIMYUSHAHIL Ma MIJCHAPOOHIN mexuiyHit nimepamypi. [[na docse-
Hennst memu docaiddcenn ¢ cepedosuwyi Matlab/ Simulink 6yro peanizosano mamemamuuny imimayiiny modenv na-
CKpI3HO20 mpakmy cucmemu yupposoeo menesiziiinoco mosienus DVB-T2 (nepedasanvruii mpaxm, kanan 3 cnomeo-
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PEHHAMU, NPUUMATLHULL MPAKmM 3 8i0NOBIOHUM 0OPOOISAHHAM Ma KOPEKYico) ma nposedeno 00YUCTIO8ANbHUL eKChepU-
MeHm, pe3yabmamu K020 ma nposedeHull 8i0N0GIOHUN AHANI3 eKCNEPUMEHMATLHUX OAHUX € OCHOBOIO 05l (POPMYIIO-
BaHHS BIONOGIOHUX BUMOZ 00 PIBHIO CNOMBOPEHb HA PI6HI NOMOKY OCHOBHOI cmyeu. Y pesyibmami npogedeHux 0ocui-
0diCeHb Bnepule OMPUMAHO OYIHKU BIONOGIOHUM NAPAMEMPAM, WO SUKOPUCOBYIOMb OISl KOHMPOJLIO SKOCMI pobomu
yupposo2o mpakmy menesiziiHol cucmemu Ha PiHI YUPPOBO2O MPAHCHOPMHO20 6ALAMONPOSPAMHO20 NOMOKY.
Ompumani 3HaueHHss MOJCYMb 6YMU GUKOPUCIAHO NPU HOPMYSAHHI MA KOHMPOIL PIiGHIO CNOMBOPEHb Ni0 4dc MexHiy-
HOI' excniyamayii nputlmManbHO-nepeodsanbHoe0 00IA0HAHHA 8IONOBIOHO20 CMAHOAPMY, d MAKONC cepmugikayiunux
Ppobim ma nyCKOHAA200XHCYBANLHUX POOIM N0 4aAC 8NPOBAOICEHHS HOB020 0OIAOHAHHS, A MAKONC PO32OPMAHHS HOGUX
yudposux epiprux menemepeoic.

Knrouosi cnosa: yugpose nasemue menebauenns, DVB-T2, OFDM, mpancnopmuuti nomix, Koegiyicnm nomu-
nok 6imie, Matlab

Annomayusn. B cmamve npusedenvi pezynvmamoi ucciedo8aHusl 6 HANPAGIEHUU ONPeOeNeHUs OONYCIMUMbIX
3HAYEHUU Napamempos, KOmopuvle KOHMPOIUPYIOM 6 OCHOGHOU NOAOCe NpU OYeHKe Kayecmea pabomuvl NpuémHo-
nepeoawezo mpakma cucmemvl Yugpoeoeo HA3eMHO20 MeNesUUOHHO20 sewjanus 6 cmandapme DVB-T2 na yposue
mpanchopmuozo nomoxa. OCHOSHOU Yenblo OAHHO20 UCCIeO08AHUA AGTACMCA NOTYHeHUe KOTUYeCMBEHHbIX U Kaye-
CMBEHHBIX OYEHOK KOHMPOIUPYEMbIM NAPAMEempam Ha ypoeHe MPAHCNOPMHO20 MHOONPOZPAMMHO20 NOMOKA 8 OCHO6-
HOUl nojoce cucmem Yuphposozo HA3eMHO20 MeNeSU3UOHHO20 6eWjaHUs, OCYIMCMEYIOM HA HACMOosAWee 8peMs 8 omeye-
CMBEHHOU U  MeNCOYHAPOOHOU mexHuueckou Jaumepamype. [na Oocmudicenus yemu uUcCle008anuli 6 cpede
Matlab/Simulink 6si1a peanusosana mamemamuueckas umumayuonnas Mooeib CKEO3HO20 MPAKMA CUCMEMbl YUPPO-
6020 menesuzuonnozo eewjanus DVB-T2 (nepedatowyuii mpakm, Kauan ¢ UCKANCEHUSMU, NPUEMHBLL MPAKM ¢ COOMEEN-
cmeyrouell 0opabomkol u Koppexkyuel) u nposedenuss GbIMUCTUMENbHBIIL IKCHEPUMEHM, PEe3VIbManmbl KOMopo2o u
nPo8edéH coomeemcmseyiowuil aHaIu3 IKCHEPUMEHINATLHBIX OAHHBIX AGNIAEMCA OCHOBOU Oid POPMYIUPOSAHUS COOM-
8eMCMEYIOWUX MpebOBaAHUT K YPOBHIO UCKANCEHUL HA YPOBHE NOMOKA OCHOBHOU NOJOCHL. B pezynomame nposedénmbix
UCCIe008aAHULL BNEPBbLE NOTYYEHbl OYEHKU COOMBEMCMBYIOWUM NAPAMEMPAM, KOMOpble UCNOAb3VION 015l KOHMPOIsL
Kauecmea pabomul yu@dpoeoco mpaKkma meiesusuOHHOU CUCIeMbl Had YPOGHE YUPPOBO2O0 MPAHCTIOPIMHO20 MHOZONPO-
epammHoco nomoxa. Ilonyuennvle sHauenus mocym 6vlmb UCNOIb306AHBI NPU HOPMUPOBAHUU U KOHMPOJE YPOGHS UC-
KadiceHull npu mexHu4eckoll SKCnIyamayuy npuémo-nepedaroujeco 060pyo08anus coomeemcmsyowe2o Cmanoapma, a
makoice CepmupuUKAyUOHHbIX pabdom U NycKo-HALA0OYHbIX pabom npu 6HeOpeHUuU HO8020 000PYOOBAHUS, A MAK’CE
PA3BEPMBIBAHUU HOBBIX YUPDPOBLIX FPUPHBIX menecemell.

Knruesvte cnosa: yugposoe nazemnoe menesuoenue, DVB-T2, OFDM, mpancnopmmuuiii nomox, kosghguyuenm
owubox bumos, Matlab.

1 INTRODUCTION

Important element of digital terrestrial television broadcasting (DTTB) network maintenance
is control of technical operation quality of its separate nodes and whole network. One of tasks that
administration will decide during control of technical operation quality of network is monitoring of
transport stream performance. Such approach to control allows implementing of technical quality monitor-
ing of DTTB service at high level of reliability.

Provision of technical operation quality is quite complex task that arising before administra-
tions during introduction of digital television broadcasting. Successful solving of this task is possi-
ble only with availability of maintenance experience. Simplified approach to solving task of provi-
sion of technical operation quality can lead to high “sensitivity” of DTTB service to set of outer
factors (e.g., dependence from receiving conditions, receiving locations and so on) and decreasing
of attractiveness of transition to digital television broadcasting. In such conditions effective and
operative monitoring of technical operation quality is required. ETSI TR 101 290 is main normative
document that defines basic aspects of MPEG-2 TS monitoring and measurement. But this docu-
ment not defines any threshold values for any parameters controlled during MPEG-2 TS monitor-
ing. Such generalized approach is understandable but this fact leads to some limitation of standard
scope and requires for carrying out of additional maintenance and research studies. The last one is
provided in this article.

2 DETERMINING OF THE REQUIREMENTS TO OPERATION QUALITY
OF DIGITAL BROADCASTING SYSTEM ON TS LEVEL

Basic measurement procedures and parameters controlled on TS level are defined in ETSI TR
101 290 [1]. Although MPEG-2 transport stream analyzer is included in minimal list of measure-
ment equipment for control of technical operation quality of digital terrestrial television broadcast-
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ing network the operational and technical regulations for acceptable number of every type errors are
absent. The experiment has been carried out to determine the requirements to operation quality of
digital broadcasting system on MPEG-2 TS level. Description and the results of the experiment are
given below. Estimation of technical operation quality on TS level is carried out for DVB-T2 sys-
tem with parameters defined in [2-4]. But taking into account that analysis on TS level is substan-
tially not system-depended the results of estimation can be used for any another non-DVB system.

In the DVB-T2 transmitter adaptation to terrestrial channel characteristic has been done at
such system configuration: frequency bandwidth — 8 MHz, base bandwidth frame length — 64800
bit, LDPC code rate — 4/5, modulation method — 256-QAM, OFDM mode — 2k, guard interval —
1/4, pilot pattern (PP) — PP1.

Scheme of the test set-up corresponds to shown in Figure 1. DVB-T2 system input was sup-
plied with multi-program TS that contained data of four television broadcasting services and fol-
lowing Service Information tables — Program Association Table (PAT), Program Map Table (PMT),
Time and Date Table (TDT), Time Offset Table (TOT) and Event Information Table (EIT) and oth-
ers from TS generator.

MPEG-2 TS | DVB-T2 o AWGN | DVB-T2 | MPEG-2TS
generator ~ | transmitter ~ | channel ~ | receiver ~ | analyzer
[}
Y
Noise BER - | Video
generator analyzer monitor

Figure 1 - Test set-up for estimation of impairments on MPEG-2 TS level

The experiment was repeated for four different transport streams. Transport stream parame-
ters used during research are given in Table 1. Distribution of TS resources for PSI/SI data and pro-
gram streams is shown in Figures 2, 3.

Table 1 - Parameters of transport streams used for experiment

Name Average bit-rate Mbit/s Service Information tables
FRANCE 33.189 NIT, SDT, PAT, PMT

TNT 60.964 CAT, NIT, SDT, PAT, TDT, PMT, EIT
DVBT2 33.746 NIT, SDT, PAT, PMT, BAT, TDT, EIT

LUX 20.834 PAT, PMT

PID =259 (0x103) (MPEG Layer Audio): 1,42 % PID = 101 (0x65) (MPEG-4 AVC/ H.264): 93,61 %
PID =265 (0x109) (MPEG-4 AVC/ H.264): 54,15 % PID =256 (0x100) (MPEG Layer Audio): 3,35 %
Service information: 44,43 % Service information: 3,04 %

a) Transport stream France b) Transport stream LUX

Figure 2 - Distribution of resource in transport streams France (a) and Lux (b)
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PID = 5000 (0x1388) (MPEG-2 Video): 32,32 % PID = 120 (0x78) (MPEG-4 AVC/ H.264): 31,07 %
PID = 5001 (0x1389) (MPEG Layer Audio): 3,38 % PID = 130 (0x82) (AC3): 0,54 %

PID = 5002 (0x138A) (MPEG Layer Audio): 3,38 % PID = 131 (0x83) (AC3): 1,07 %

PID = 5004 (0x138C) (Subtitles DVB): 0,15 % Service information: 67,32 %

Service information: 60,77 %

a) Transport stream DVBT2 b) Transport stream TNT

Figure 3 - Distribution of resource in transport streams DVB-T2 (a) and TNT (b)

In the channel signal-to-noise ratio (SNR) is changed. In the receiver such operations were
made: received stream decoding, analysis of Bit Error Rate (BER) before and after LDPC decoder
(in BER analyzer), analysis of error presence in transport streams at system output, visual monitor-
ing of decoded image of one of services on the computer display.

For determining of threshold values for different priority errors it's possible to use criteria of
subjective failure point (SFP) during decoding and display of particular program stream contents.
Subjective failure point defines border between QEF operation and region with cliff effect on pic-
ture. This effect shows itself in appearance of separate elements of MPEG hierarchical video stream
structure (pixels, blocks, macro blocks, slices) with incorrectly recovered samples of luminance
signal and color-difference signals or their space-temporal shift in adjacent frames of video se-
quence.

For estimation of technical operation quality of DTTB service the analysis interval corre-
sponds to 8-10 seconds as recommended in ETSI TR 101 290.

Measurements were made at six SNR (21 dB, 21.05 dB, 21.125 dB, 21.175 dB, 21.188 dB,
21.190 dB) corresponding to different values of BER after BCH decoder (107 to 107) [5].

Study results are presented on graphic dependencies in Figures 4-11 that describe operation
quality of system on MPEG-2 TS level [6].

Figures 4-5 show distributions in time of error with different priority in FRANCE transport
stream for different BER values at the input of MPEG demultiplexer. From diagrams it can be seen
that with BER increasing number of errors with different priorities increases that will cause inter-
ruption in receiving and decoding of television broadcast service signals. In a case of direct inter-
ruption of information concerning separate video frames decoding some regions or even all the pic-
ture of one or more frames will be impossible.

Total error number of every type (see Table 2) will decrease with decreasing BER in the
channel. From temporal diagrams for Continuity_count_error, PAT_error and TS_sync_error it can
be seen that maximum value of every type errors is different (from about 1500 errors to 1-2 errors).
It's explained by periodicity of transmission for corresponding service information element. For
example, continuity counter value is transmitted in every TS packet. So such type errors appear
more often than others of mentioned above types. Errors PAT _error appear rarely but it doesn't
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mean they are not important — in a case of such error recovering of any program stream from
transport stream becomes impossible or difficult. Frequency of such error events relates to the fact
that PAT is transmitted over some time intervals (not often than once in 0.5 s).

During experiment practically there were no third priority errors what conformed to provi-
sion of ETSI TR 101 290 - such priority errors appear extremely rarely (see Table 2).
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Figure 4 - Time distribution of Continuity _count_error (a), PAT _error (b) events
for different BER in broadcasting channel for FRANCE transport stream

93



ONU®POBI TEXHOJOTIII, Ne23, 2018

Figures 6-7 show time distributions of errors with different priorities in TNT transport stream
for different BER at the input of MPEG demultiplexer. Time distribution of error events and corre-
sponding numbers differ from values obtained for FRANCE transport stream because of the differ-
ence in transport stream structure. However approximate relation of different priority and type er-
rors remains same and with error priority increasing error number (as absolute so relative number)
decreases.
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Figure 11 - Time distribution of TS _sync_error (a) and Transport_error (b) events
for different BER in broadcasting channel for LUX transport stream
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Figures 8-9 show time distributions of errors with different priorities in DVBT2 transport stream
for different BER at the input of MPEG demultiplexer.

Time distribution of error events and corresponding numbers differ from values obtained for
previous transport streams, however approximate relation of different priority and type errors remains
constant and with error priority increasing their number (as absolute so relative) decreases.

Unlike the other transport streams third priority errors have been found during DVBT?2 transport
stream analysis.

Figures 10-11 show time distributions of some types of errors with different priorities in LUX
transport stream for different BER at the input of MPEG demultiplexer. A pattern of their occurrence
is changed at different BER corresponds to previous results for other transport streams but quantitative
measures differ.

Using a video analysis it may be determined the approximate number of errors of each priorities
at which technical operation quality reducing of the digital television broadcasting network will be in
acceptable. In this case presence of errors of a particular type will indicate the end-to-end path point
where failures could potentially take place. The last may be realized by built-in test sub-stream, which
is transmitted together with program streams in the transport stream [7].

During analysis it will be determined two types of threshold values — cumulative and instantane-
ous threshold error number of each priority.

Instantaneous threshold error number will mean error number at which considerable impairments
during decoding/picture displaying of control video monitor are appeared that results in subjective
quality degradation.

Cumulative threshold error number that will be determined by addition of number of different
type errors of the same priority during certain analysis time interval will characterize general technical
operation quality of digital television broadcasting network during analysis time interval. It can be
used to monitor the overall dynamics of technical operation quality change for prevention of failures.

Fro determination the instantaneous threshold error number it will be used time distribution dia-
grams and for the cumulative threshold error number — with dependence for number of errors of corre-
sponding priority from BER.

If the cumulative number of second priority errors over interval of 8 seconds is greater than or
equal to 500-700 errors at average (e.g., priority 2.1), then it points to a significant degradation of the

technical operation quality of digital television broadcasting service and BER >1-107 - the image
will be practically un-decoded. If the number of errors over analysis interval is not more than 2-7 er-
rors of second priority (see Table 2) - this indicates interruption of digital television broadcasting sig-
nal reception over small time period of and, in principle, is permissible and such error number is
threshold. However, in the case of even a slight excess of this threshold it should be carried out a de-
tailed analysis for detection of possible causes of this type errors appearing.

For errors of first priority thresholds are slightly different - the presence of about 8.2-10* errors of
priority 1.4 indicates to BER >1-10" and about 10-50 errors is permissible (see Table 2).

Greater permissible number of errors (threshold) in the latter case does not indicate their lower
importance when assessing the quality of digital television broadcasting service — presence of errors of
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first and second priorities leads to different consequences during recovery of program and/ or transport
streams.

Furthermore it should be noted that a slight excess of the threshold for the error number of priori-
ty 1 probably will be lead to the impossibility of any successful processing of multi-program transport
stream (i.e., all sub-streams simultaneously) while at the same situation for priority 2 errors - only to
decoding disability of certain program streams or separate elementary streams.

Priority 3 errors can not be used for the operational detection of significant degradation of the re-
ception quality or maintenance of digital television broadcasting network. This can be explained by
fact that over almost the entire analysis interval for all transport stream this priority errors were absent.

As regard instantaneous threshold number of errors, on the average, permissible number of first
priority errors is 5-20 errors per single analysis interval, and for the second priority errors - 2-3 errors.
For these values substantial degradation of perceived quality will be not observed and cliff effect will
be absent for a long time.

Table 2 - Statistics of different priorities error appearance

Parameter Value
Instantaneous threshold number of errors of corresponding priority
TS name France TNT DVBT?2 Lux
BER 1-10° | 1.10° | 1.10° | 1.10° | 1-10° | 1.10° | 1.10° 1-10°°
priority 1.4 658 5 2574 20 1685 16 1433 0
priority 1.3 2 16 1 0 3 0 6 0
priority 1.1 6 0 11 0 9 0 14 0
priority 2.1 50 2 361 3 96 3 97 0
priority 2.2 1 0 2 0 4 0 12 0
priority 2.6 1 0 2 0 4 0 0 0
Cumulative threshold number of errors of appropriate priority
priority 1.4 3243 10 12404 59 11956 39 5395 0
priority 1.3 3 16 4 0 10 0 13 0
priority 1.1 16 0 40 0 49 0 41 0
priority 2.1 295 2 1663 7 640 5 355 0
priority 2.2 1 0 7 0 2 0 38 0
priority 2.6 1 0 6 0 2 0 0 0
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