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Abstract. Local content modification provided to subscribers of the terrestrial digital television signal is
necessary to provide the technical possibility of organizing inserts of local content signals, such as TV programs
of regional broadcasters, as well as information on emergency situations. Broadcast multiplexes of federal TV
programs are designed for use within the corresponding time zone (A, B, C, D, M). In each time zone, there are a
number of regions, in each of which there are local TV and radio companies that produce local content that must
be delivered to the subscribers of the whole subject. The task of embedding/modifying content at each remote
transmitting station is performed by an inserter or local content insertion device (ETSI TS 102773). The reliability
parameters of the restorable system for organizing terrestrial television broadcasting at a remote station with
the content modification were calculated in this article. Tables and a graph of the broadcasting system states
are presented, on the basis of which, systems of Kolmogorov differential equations are compiled. It was found
that additional redundancy organized by connecting the output stream from the RX1 receiver directly to the
transmitting device allows for a 2.5-fold increase in the average operating time between failures, as well as
an increase in the availability factor by 5.26 percent. All calculations were performed using the SimInTech
software package. The influence of automatic redundancy of the local content inserter and the transmitter on
the occurrence of errors in the stream that affect the quality of the output signal is considered. The relationship
between the availability factor and the components of the Quality of Service parameter — SAE, SDE, and SIE is
determined.
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Pesiome. Mogndukaums KOHTEHTa, NpefocTaBnseMoro aboHeHTam adUpHOro UM@POBOro TeNEBU3MOHHOIO CUT-
Hana, Heobxoamma ans obecrnevyeHnss TEXHUYECKO BO3MOXHOCTU OpraHM3aumm Bpe3ok CUrHanoB MECTHOMO Ha-
MOJIHEHUSA, TaKNX KaK TeNIenporpamMmMbl PErMoHasIbHbIX BewaTtenern nnn nHdopmMauma TepPUTOpUasbHbIX OpraHoB
'O YC. BewaTtenbHble MynbTUMAEKCHl peaepasibHbIX TeNenporpaMmm pacCymTaHbl HA UCMNONb30BaHME B pamMKax co-
OTBETCTBYIOLLEN BPEMEHHOW 30HbI (A, B, B, I, M). B KaXa0n BpeMeHHOW 30He HaxoaMTCs Lenbli pPsa, PErmoHOB,
B K&XAO0M N3 KOTOPbIX CYLLECTBYIOT MECTHbIE TeNepaanoKOMMNaHun, BbiNMyCKalLWMe KOHTEHT JIOKaNIbHOIO Xapakre-
pa, KOTOpbI HE0H6XO0AUMO [OCTaBUTL 10 aDOHEHTOB LLENOro cybbekTa. 3agadvy Bpesku/Moandukaumm KOHTEHTa Ha
Kaxaon yoaneHHoW nepegaroLeit CTaHUMM BbINOJSIHAET MHCEPTEP MW YCTPOWCTBO BCTABKW JIOKA/IbHOIO KOHTEHTA
(ETSITS 102773). B ctatbe NpOBEOEH pacyHeT NapamMeTpPOB HAAEXHOCTN BOCCTaHABIMBAEMOMN CUCTEMbI OpraHn3a-
UMM 9OUPHOro TENEBELLAHNS HA YAANEHHOW CTaHLMK C Y4ETOM MOAMdUKaLMK KOHTeHTa. MNpeacTaBneHsbl Tabnumubl
1 rpad COCTOSAHUIM CUCTEMbI BELLLAHNA, HA OCHOBaHMM KOTOPbIX COCTaBfIeHbl CUCTeMbl auddepeHLumnanbHbiX ypas-
HeHun A.H. Konmoroposa. YCTaHOBNEHO, YTO AOMOJIHUTENIbHOE PE3EPBMPOBAHME, OPraHN30BaHHOE NYTEM MOAKIIO-
YeHUs BbIXOOQHOIo NoToka ¢ npmemMHunka RX1 HenocpeacTBEHHO Ha NepejatoLLee yCTPOMCTBO, MO3BONSET B 2.5 pasa
NoBbLICUTb CpeaHee BpeMsS HapaboTKM Mexay 0TKazaMu, a Takxke MOBbICUTb 3Ha4YeHNE KO3hDULMEHTA FOTOBHOCTHU
Ha 5.26%. Bce pacyeTbl BbINOAHEHbBI C UCNOIb30BAHMEM NMPOrpaMMHOro komnnekca SiminTech. PaccmMoTpeHo Baun-
SIHME aBTOMaTMYECKOr0 PE3EPBMPOBaHMS 060PYA0BaHMS BPE3KM KOHTEHTA U NepeaaTymka Ha BO3HMKHOBEHME OLLIN-
0K B NOTOKE, BIMSIIOLLMX HA KA4EeCTBO BbIXOAHOIO curHana. OnpeaeneHa B3anMoCcBs3b KO3hULMEHTA TOTOBHOCTU
1 cocTasnaowmx napametpa Quality of Service — SAE, SDE u SIE.

KnioueBble cnoBa: pervoHannsaums KoHTeHTa, T2-MI noTtok, mynbtunnekc, Quality of Service, adpupHoe Tenese-
LaHMe, pesepBrupoBaHmne, HaaexXHOCTb

e Moctynuna: 18.03.2021 » fopa6oTaHa: 12.04.2021 ¢ MpuHaTa kK ony6nukoeaHuio: 12.07.2021

Ana untnpoBanua: Cain C.B., CopokuH H.1O., Tuccen O.B. OueHka napamMeTpoB HaAEXHOCTN KoMrekca obopyno-
BaHWUS cTaHumn adupHoro TteneselwaHnsa DVB-T2 ¢ pervoHanusaumein koHTeHTa. Russ. Technol. J. 2021;9(5):26—35.
https://doi.org/10.32362/2500-316X-2021-9-5-26-35

MpospayHocTb PUHAHCOBOWN AEATENbHOCTU: HUKTO M3 aBTOPOB HE MMeeT PUHAHCOBOM 3auHTEPECOBAHHOCTU B
npencTaB/ieHHbIX MaTepuanax unM MeToaax.

ABTOpr 3asBng10T 00 OTCYTCTBUA KOH¢J'II/1KT3. NHTEepPEeCOB.

GLOSSARY: INTRODUCTION
DVB-T2—Digital Video Broadcasting— Regional adaptation at the DVB-T2 broadcasting
Terrestrial 2 stations may be performed by the use of local content
T2-MI—T?2 Modulator Interface inserters conforming to European Telecommunications
PLP—Physical Layer Pipes Standards Institute specification—ETSI TS 102773.
QoS—~Quality of Service The most popular models are produced by ENENSYS
QoE—~Quality of Experience Technologies, France (TxEdge T2), NPP Triada-TV,
SAE—Service Availability Error Russia (TTV-PLPSW-0401) and Nevion, Norway
SDE—Service Degradation Error (CP330 T2-Bridge). Part of the main T2-MI stream
SIE—Service Impairment Error containing multiplex package services may be updated
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Fig. 1. A scheme for organizing broadcasting at a typical transmitting station

with the local content using PLP substitution. Setting
the local content insertion device into operation implies
installing an additional equipment to receive local
TV channel packages, thus affecting the reliability
parameters of the broadcasting system at the station as
well as the Quality of Service (QoS) performance index.

According to GOST R 58912-2020 National
Standard [1], “the parameters of the end-to-end
transmission of DTV signal at the broadcasting facility
are used to assess the distortion of TV signal transmitted

from the receiving point at digital transmitting stations
before it reaches the land-based (terrestrial) digital TV
stations. These parameters characterize the quality of
the end-to-end TV signal transmission at two levels:

e video and audio quality of experience (QoE);

e JoS.”

The reliability parameters are assessed at point IF-3
(Figure 7.1, Chapter 7 of the Handbook on Organizing
Digital Terrestrial Television Broadcasting Networks and
Systems Implementation [2]). Throughout the study, the
section of broadcasting system within the limits of points
IF-2 and IF-3 [2], which hardware is implemented at the
remote typical transmitting station, is under consideration.
As the paper deals with the transmitting section of a
typical transmitting station, it would be reasonable to rest
on the objective QoS assessment, since the direct-to-home
receiving path has not been assessed here.

Since both parameters (subjective, QoE along with
objective, QoS) are of equal significance, the paper
aims at calculating the availability factor and reliability
parameters of the broadcasting system as well as at
determining the relationship between the availability
factor and objective QoS assessment, which could be
calculated using hardware for digital data stream control
and analysis.

ASSESSMENT OF RELIABILITY PARAMETERS
FOR THE TERRESTRIAL BROADCASTING SYSTEM

A scheme for organizing broadcasting including
local insertions is generally shown in Fig. 1.

To calculatereliability, this scheme can be represented
as two elements connected in parallel (equipment for
receiving main RX1 and local RX2 streams) along with
two elements connected in series: local content inserter
(LCI) and DVB-T2 TX Transmitter.

A scheme for calculating reliability is presented in
Fig. 2. In practical use of the broadcasting system with
content modification, the source of local (modifying)
T2-MI stream is usually not fully interchangeable with
the source of the main one.

—  RXI1 ]
LCI u X
—  RX2 I

Fig. 2. A scheme for calculating reliability

Therefore, the following calculation is performed
specifically for the case, when the system is operable
with functioning of either both sources (i.e., insertion is
performed), or only the main one (the signal of the main
T2-MI package is transmitted without local insertion
[3]). In this case, the local source would not replace the
main one when the latter fails [4].

It would be ineffective to use the coefficient method
for calculating reliability parameters in determining the
availability of the broadcasting system, since a unit of
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equipment is considered as the system element. That
means the implementation of hardware and software
complex as a single facility, while there is no initial
data on the coefficients of conditions and loads as well
as on the basic failure and recovery rates for the modern
equipment under consideration. Also, according to the
analysis of the equipment documentation [5-7], there is
no data on an average operating time between failures or
other reliability parameters which would allow calculating
the system availability factor. In this regard, the dynamic
modeling method applying the system of differential
equations of A.N. Kolmogorov [8] is used in this paper.
Conditions for calculating reliability parameters for the
scheme shown in Fig. 2 may be characterized as follows:

1) the broadcasting system is recoverable, i.e., the
failed component can be recovered and further used;

2) two or more components cannot fail simultaneously [8];

3) only one component can be recovered at a time [8];

4) RX1 and RX2 units are not interchangeable, and the
system is operable with functioning of either RX1,
or both RX1 and RX2. Here, it should be considered
that different content may be broadcasted. The
system is inoperable when either RX1, or both
RX1 and RX2 fails; however, when these units are
simultaneously operable, the insertion is performed;

5) the unit that is not actually operating cannot pass
into the failure state;

6) the inoperable state of the system means the
absence of broadcasting signal, but since the paper
considers a remote unattended broadcasting station,
the equipment preceding the failed unit remains
operable and therefore can also fail, despite the
overall inoperable state of the system.

Equipment failure may be characterized by the
following conditions [9]:

e for the RX1 and RX2 units: interference effect on
the quality of reception and transmission over the
delivery channel; hop failure; failure on the side of
the data stream formation; hardware and software
failures of the receiver; signal errors resulting
in broadcasting the output signal by the receiver
incorrectly;

e for the LCI unit: hardware and software failure;
insertion error; input signal errors preventing
substitution; equipment synchronization problems;

e for the TX unit: hardware and software failure;
signal errors preventing broadcasting; equipment
synchronization  problems; T2-MI  delay
mismatch.

The listed factors are considered when determining
actual values of failure and restoration rates for specific
equipment separately, calculated on the basis of the
equipment operations manual similarly to the method
proposed in [9]. Numerical values of failure and recovery
rates are the following:

X, =y = 0.00054; &, = 0.00226; &, = 0.00101;
m, =m,=0.082; m; = 0.038; m, = 0.038.

The failure rate A, and recovery rate m, refer to
the RX1 unit, while A, and m,—to the RX2 unit, A,
and my;—to LCI, and A, and m,—to TX, respectively.
Factors affecting the reliability and operability of
telecommunication equipment are also given in
[10-12].

Table 1. System states when the sources are non-interchangeable

No. System RX1 RX2 LCI TX
1 Operable Operable Operable Operable Operable
2 Operable Operable Failure Operable Operable
3 Recovery Failure Operable Inoperable Inoperable
4 Recovery Operable Operable Failure Inoperable
5 Recovery Operable Operable Operable Failure
6 Recovery Failure Operable Failure Inoperable
7 Recovery Failure Failure Inoperable Inoperable
8 Recovery Failure Operable Inoperable Failure
9 Recovery Operable Failure Failure Inoperable
10 Recovery Operable Failure Operable Failure
11 Recovery Operable Operable Failure Failure
12 Recovery Failure Failure Failure Inoperable
13 Recovery Operable Failure Failure Failure
14 Recovery Failure Failure Inoperable Failure
15 Recovery Failure Operable Failure Failure
16 Recovery Failure Failure Failure Failure
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Fig. 3. A transition graph of the broadcasting system states
(the underlined numeration of a state corresponds to the system operability)

Table 1 shows possible states of the broadcasting
system shown in Fig. 2. Table 1 demonstrates that when
signal sources RX1 and RX2 are non-interchangeable,
the system may have only two operable states. Figure 3
shows the transition graph of system states based on the
tabled data.

The edges connecting the system states
characterize the failure and recovery rates of the
system components when transiting from one state to
another.

For the resulting graph, the system of Kolmogorov
differential equations may be written in the following
general form:

< pin)=
= zpj(t)mk+zpj(t)7uk _Pi(z)(zmk +27“k]>(1)
Jik Jik k k

where p (t) are values of the system state probabilities
and i €[1,2,...16] are the numbers of states according to
Table 1 and points of graph (Fig. 3). In Eq. (1), the first
summand describes edges comprising the vertex
number i, while the second summand describes
outcoming edges. For example, the equation for the state
with number 3 may be written as follows:

d
£P3(t) = (M py () + mypg (1) +
+ my p7 (1) + my pg (1)) — P3(t)(7“2 +my),

and other 16 equations have been derived in the same
way.

The availability factor K, ., is defined as follows:

Kapi (D=2, pi(0)=py(6)+ py (1),

icE*

The downtime rate Kjyp; may be written as follows:

Kpri(0) = z p; ()= p3(O) + py(1) + ps(?) +
ieE~
+p6(l‘)+p7(l‘)+p8(l‘)+p9(Z)+plo(I)+p11(Z)+
+015 (D) + pi3 (O + pra(©)+ pys(E) + pyg (D).

The failure stream is calculated as the sum of the
products of failure rates and state probabilities during
system transition from operable to non-operable state
[8], as follows:

Wy =k T oy Ayt Ay iy 0Dy

The recovery stream is defined as the sum of the
products of recovery rates and state probabilities during
system transition from non-operable to operable state
[8], as follows:

qy = mypst mpytmp gt mp,tmpst mypg.

Based on calculations performed using SiminTech
software [1], the steady-state availability factor amounts
to 0.9144 while the downtime rate is 0.086. Steady-state
values of the failure and recovery fluxes are equal to
0.0035, i.e., w, = g, = 0.0035.

The average time between failures in terms of
nominal units may be written as follows [8]:

Russian Technological Journal. 2021;9(5):26-35

30



Assessment reliability parameters of the DVB-T2 broadcasting station’s

equipment with local content insertion

Sergey V. Sai,
Nikolay Yu. Sorokin, Olga V. Tissen

7= KAF% = 09144/ =261.26 units,
1 .

while the average time to recovery may be written in the
following way [8]:

K .
Trec — “DT1/ — 0.086, =

According to GOST R 58020-2017 National
Standard, the integral availability factor of the digital
terrestrial television broadcasting network (from
broadcasting of the Russian federal company to
the bounders of the coverage area with normalized
parameters) should amount at least to 0.9985 for
broadcasting zones A and B. This value involves
only calculations based on the reliability parameters
of specific products/equipment provided by the
manufacturer either with the availability factor value,
or with the value of time between failures. These
parameters are laid down by the manufacturer and are
justified only by the software stability of a particular
device, hardware quality, the ability to operate at
different ambient temperatures, etc., that is, how long
the device can operate performing its functions under
other ideal external conditions.

It should be noted here that the paper deals with
the reliability of the equipment at a typical unattended
remote broadcasting station, rather than of the entire
network, so the values of availability factors differ from
those given in GOST National Standards. According to
[14], “the requirements to K ;. of the most mass network
elements (for example, unattended radio transmitting
television stations with low power transmitters) can be
lower due to the fact that they provide service to isolated
small towns.”

RELIABILITY OF THE BROADCASTING SCHEME
USING NON-INTERCHANGABLE SOURCES WITH
ADDITIONAL REDANDUNCY

If the scheme shown in Fig. 2 is supplemented
by connecting the output of the main stream source
to the input of the transmitting device bypassing the
modification system, then the number of operable states
of the system may certainly increase.

Figure 4 shows a scheme of redundant connection.

| Rx1 ]
LcTr | 1TX
— RX2 R

Fig. 4. A scheme with additional redundancy for
calculating reliability

In case the insertion unit fails, the signal from RX1
is transmitted directly to TX, as well as the unmodified
signal is broadcasted, but when the transmitting station
operates in a single-frequency mode, a difference in
time delays between the signal which has not passed
LCI unit at the considered station and the signal which
has passed LCI unit at the neighboring single-frequency
zone station may occur. This, as well as the fact that
broadcasting an unmodified signal may also represent an
abnormal operating mode, should be considered when
actually using the broadcasting network.

System states are shown in Table 2, whence it follows
that under the given conditions there become more
operable system states than in Table 1. The transition
graph of the system states is plotted in the same way as

Table 2. States of broadcasting system with additional redundancy

No. System RX1 RX2 LCI TX

1 Operable Operable Operable Operable Operable
2 Operable Operable Failure Operable Operable
3 Recovery Failure Operable Inoperable Inoperable
4 Operable Operable Operable Failure Operable
5 Recovery Operable Operable Operable Failure

6 Recovery Failure Operable Failure Inoperable
7 Recovery Failure Failure Inoperable Inoperable
8 Recovery Failure Operable Inoperable Failure

9 Operable Operable Failure Failure Operable
10 Recovery Operable Failure Operable Failure
11 Recovery Operable Operable Failure Failure
12 Recovery Failure Failure Failure Inoperable
13 Recovery Operable Failure Failure Failure
14 Recovery Failure Failure Inoperable Failure
15 Recovery Failure Operable Failure Failure
16 Recovery Failure Failure Failure Failure
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the graph for the system without redundancy, therefore,

it is not presented in the paper for the sake of brevity.
The system of differential equations based on data

given in Table 2 may be also created using Eq. (1).
Thus, the availability factor is defined as follows:

Kppy (1) = 2 i ()= p()+ py () + py(D) + poy(2),

ieE*

while the downtime rate may be written in the following
way:

Kpra()= Y, pi(t)= p3()+ ps(0) + pg(6) +
ieE™
+p7 () + pg (D) + py (1) + po () + py (O +
+P12(f)+ p13(t)+P14(t)+P15(f)+P16(1)-

The failure stream may be defined as follows:
Wy = hypy T Dyt M+ hypy T hpy
+Mpo + Apg +Apy,

while the recovery stream may be written in the
following way:

Gy = Myps+ myp o+ mpy +mps+mpg+

Tmp Tt p g, T mps.

In steady-state mode, the availability factor
calculated for this broadcast scheme using SimiInTech
environment amounts to 0.967, the steady-state value
of the failure stream as well as the recovery stream is
0.0015, 1.e.,at t — oo, w; = g, = 0.0015. The steady-state
downtime design rate is 0.032.

The average time between failures may be written in
nominal units in the following way:

K
—Kar2/ _0967 _ '
h= AZ - 4.0015 =644.67 units,

while the average time to recovery may be written as
follows:

rec — Kpr2/ _0.032 _ -
T2 = A = 0.0015= 21.33 units.

Thus, the following conclusions have been drawn
from the research.

When using direct non-standard redundancy, the
availability factor of the broadcasting system at a
typical transmitting station with content modification
s 5.26% higher than that of a similar scheme without
redundancy.

Conversion to the physical time shows that the
redundancy allows reducing the equipment downtime
by 19 days, 4 hours and 47 minutes per year.

With the equipment recovery time being almost
equal, the average time between failures for the system
with redundancy is 2.5 times higher than for that without
redundancy, which corresponds to a longer operability
interval for the complete set of equipment at a typical
transmitting station.

It should be noted that the calculated availability
factors for the set of equipment at the remote transmitting
station are practical, not regulatory values been
determined for the worst-case scenario with allowance
for the influence of possible external factors. In the paper,
the probability of all the assumed faults happening to
the equipment during the considered period is taken as
one unit (worst-case scenario); however, this probability
may be much lower in actual use.

RELATION OF THE AVAILABILITY FACTOR AND
QOS COMPONENTS

According to the Guidelines on Measurements for
Digital Terrestrial Television Broadcasting Systems
[15], developed by the International Telecommunication
Union (ITU), QoS is characterized by the following
three main parameters:

e Service Availability Error (SAE);

e Service Degradation Error (SDE);

e Service Impairments Error (SIE).

The numerical values for these parameters are
determined on the basis of the data stream analysis for
certain errors of the first, second or third priority,
according to ETSI TS 101290. Based on formulas for
calculating the parameters given in [15], it may be
assumed that in steady-state mode SAE — 0, SDE — 0,
SIE — 0. For the considered case with additional
redundancy, the steady-state mode is defined at
t €[225;00).

Thus, the quality of service could be also assessed
in a steady-state mode only. The considered scheme for
organizing broadcasting with additional redundancy has
two automatic recovery points for digital stream:

e redundancy in LCI unit during the system transition
from state 1 to state 2 and from state 5 to state 10
and back;

e redundancy in TX unit during the system transition
from state 1 to state 4 and from state 2 to state 9 and
back.

Automatic redundancy for TX implies switching
from the main source of digital data stream (LCI
device) to the redundant one (receiver of the federal
signal RX1) in the event of a certain number of errors
in the stream or complete absence of packages within a
specified time. Automatic redundancy for LCI implies
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transition from the insertion mode when both streams
from RX1 and RX2 are used to broadcasting only the
basic T2-MI version from RX1 when errors occur in
local digital stream. Reverse switching is possible
when the main source is recovered and a specified
number of correct packages are available. The absence
of the main stream packages or errors during the
waiting time when transiting to redundancy results in
QoS decrease, in particular by SAE and SDE parameters
(TS _sync _loss, PAT error, PMT error, PCR_error).
Depending on the conditions of redundant switching,
the decrease in QoS by these parameters causes short-
term absence of the image on the subscriber receiver
screen, image pixelation and typical image splitting
into blocks. Also, redundancy may result in content
replacement in the service subjected to modification by
the main scheme. Reverse switching to the main source
is less problematic, since it occurs in the absence of
errors, but can also cause a decrease in QoS, in
particular by SIE parameter (Continuity count_error,
Transport_error), which at a single occurrence can be
unnoticed by the subscriber’s subjective perception,
except for changing the content of the modified channel.
Moments of automatic redundancy for the system
under consideration refer to the transient mode and are
limited to time interval ¢ €(0;225), so the percentage
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of time providing a subscriber with the signal of a
given quality may be directly characterized by the
availability factor, i.e., with an appropriate QoS for a
selected time period.

CONCLUSIONS

Calculations of reliability parameters for LCI
system at a typical DVB-T2 transmitting station using
the system of differential equations of Kolmogorov
have determined that at practically equal time of
equipment recovery with and without additional
redundancy, the average operating time between
failures of the system with redundancy is 2.5 times
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corresponds to a longer interval of operability of the
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