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ABSTRACT

The model parameters of analogue and digital radio and TV broadcast-
ing networks are determined on the basis of data on frequency as-
signments to radio broadcasting stations using information on issued
permits for the use of radio frequency channels of existing and planned
radio broadcasting stations. The parameters of the network model are
also determined on the basis of data contained in the database on fre-
quency assignments of a radio frequency service organization or radio
frequency application materials for obtaining an EMC examination con-
clusion submitted to a radio frequency service organization to obtain
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1 Introduction

Despite the widespread introduction of terrestrial digital television broadcasting
(DVB-T standard and others) around the world [1-3], analogue television broadcasting
[4,5] continues in a number of countries. In some cases, it is carried out in the VHF range.
In the same range, analogue FM audio broadcasting [6-8] continues to be carried out, and
various types of digital audio broadcasting [9-11], such as DAB/DAB+, DRM+ [12-14] and
RAVIS, are being introduced. For this reason, it is necessary to consider the conditions for
sharing the spectrum to ensure the coexistence of these types of broadcasting [15-17], which
is especially important for the border areas of countries with different rates of digitalization.

This article examines various scenarios for how all of these broadcast services can
work together and defines the criteria for ensuring electromagnetic compatibility (EMC).
Compatibility criteria and calculation algorithm are considered.

2 Sharing Scenarios

Scenarios for the joint use of analogue television broadcasting of the D/SECAM
standard, FM broadcasting, digital broadcasting in the DRM+ and RAVIS standards in the

radio frequency range 48.5-108 MHz are presented in Table 1.

Table 1

List of scenarios for sharing radio frequency range 48.5-108 MHz

Interference receptor

Interference source

Note

Analog TV D/SECAM standard

48.5-56,5 MHz (1 TVCh)
58-66 MHz (2 TVCh)
76-84 MHz (3 TVCh)
84-100 MHz (4 and 5 TVCh)

58-66 MHz (2 TVCh)
76-84 MHz (3 TVCh)
84-100 MHz (4 and 5 TVCh)

Analog TV D/SECAM standard 48,5-56,5 MHz (1 TVCh)

adjacent channels

EMC assessment in a combined channel
EMC assessment in the lower and upper

)Analog FM radio broadcasting
66-74 MHz
87.5-108 MHz

Estimation of EMC for different carrier
frequencies of the radio channel shifts

DRM+ Digital radio broadcasting
65.9-74 MHz,
87.5-108 MHz

Estimation of EMC for different carrier
frequencies of the radio channel shifts

RAVIS Digital radio broadcasting
65,8-74 MHz
87.5-108 MHz

Estimation of EMC for different carrier
frequencies of the radio channel shifts

IAnalog FM radio broadcasting

66-74 MHz and 87.5-108 MHz

)Analog FM radio broadcasting
66-74 MHz
87.5-108 MHz

Estimation of EMC for different carrier
frequencies of the radio channel shifts

/Analog TV D/SECAM standard 58-66 MHz (2 TVCh)
84-100 MHz (4 and 5 TVCh)

Estimation of EMC for different carrier
frequencies of the radio channel shifts

DRM+ Digital radio broadcasting

Estimation of EMC for different carrier

65,9-74 MHz frequencies of the radio channel shifts
87.5-108 MHz
RAVIS Digital radio broadcasting Estimation of EMC for different carrier
65,8-74 MHz frequencies of the radio channel shifts
87,5-108 MHz
DRM+ Digital radio DRM+ Digital radio broadcasting Estimation of EMC for different carrier
broadcasting 65,9-74 MHz frequencies of the radio channel shifts
87,5-108 MHz
65.9-74 MHz RAVIS Digital radio broadcasting Estimation of EMC for different carrier
87.5-108 MHz 65,8-74 MHz frequencies of the radio channel shifts
87,5-108 MHz
)Analog FM radio broadcasting Estimation of EMC for different carrier
66-74 MHz frequencies of the radio channel shifts
87.5-108 MHz

/Analog TV D/SECAM standard 58-66 MHz (2 TVCh)

84-100 MHz (4 n 5 TVCh)

Estimation of EMC for different carrier

frequencies of the radio channel shifts
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RAVIS Digital radio
broadcasting

65.8-74 MHz
87.5-108 MHz

RAVIS Digital radio broadcasting

Estimation of EMC for different carrier

65,8-74 MHz frequencies of the radio channel shifts
87.5-108 MHz
DRM+ Digital radio broadcasting Estimation of EMC for different carrier
65,9-74 MHz frequencies of the radio channel shifts
87,5-108 MHz
)Analog FM radio broadcasting Estimation of EMC for different carrier
66-74 MHz frequencies of the radio channel shifts
87.5-108 MHz

/Analog TV D/SECAM standard 58-66 MHz (2 TVCh)

84-100 MHz (4 and 5 TVCh)

Estimation of EMC for different carrier
frequencies of the radio channel shifts

Scenarios for the joint use of analog television broadcasting of the D/SECAM
standard, digital television broadcasting of the DVB-T2 standard and digital broadcasting
of the DAB/DAB+ standard in the radio frequency range 174-230 MHz are presented in

Table 2.

Table 2

List of scenarios for sharing radio frequency range 174-230 MHz

Interference receptor

Interference source

Note

Analog TV D/SECAM standard

DAB/DAB+ Digital radio broadcasting

EMC assessment for different carrier frequency

174-230 MHz 174-230 MHz offsets of a radio channel/frequency block
Digital TV standard DVB-T2 DAB/DAB+ Digital radio broadcasting EMC assessment for different carrier frequency
174-230 MHz 174-230 MHz offsets of a radio channel/frequency block

174-230 MHz

DAB/DAB+ Digital radio broadcasting | DAB/DAB+ Digital radio broadcasting

174-230 MHz

EMC assessment in a combined frequency block;
EMC assessment in the lower and upper adjacent
frequency blocks

Digital TV standard DVB-T2

EMC assessment for different carrier frequency

174-230 MHz offsets of a radio channel/frequency block
Analogue TV standard D/SECAM EMC assessment for different carrier frequency
174-230 MHz offsets of a radio channel/frequency block

To determine sharing conditions in these frequency bands, it is necessary to con-
sider all presented scenarios. Based on the results of the analysis, it is necessary to de-
termine the frequency-territorial separations at which EMC is ensured between various
broadcast services.

3 Compatibility criteria and calculation algorithm

The main requirement when carrying out EMC calculations is the protection of ex-
isting or planned for use services in an already established EMC in a given territory.

For existing or planned services, the service area (area of reliable reception) is cal-
culated using the appropriate values of the minimum usable field strength and taking into
account interference from all potential sources of interference, with the exception of de-
clared services.

The service area calculated in this way (area of reliable reception) of the services
and the values of the reference used field strength calculated for its control points are
fixed and used in further calculations as the reference service area of protected services
in existing network.
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The following criteria are used for EMC calculation:

1) the indicator “exceeding the used field strength”, based on calculating the value of
the usable field strength (Ess) at the border of the reference service area of the protected
services and comparing the calculated value with the value of the reference usable field
strength (E/);

2) the indicator “excess of usable field strength”, based on the calculation of the
useful station strength (Eus) within the reference service area of the protected services
and comparison of the calculated value with the value of the usable field strength (Efs).

The calculation of Eu is carried out taking into account the inclusion of the proposed
services (or a group of services that form the SFN) into an already formed existing or
planned network.

The indicator “exceeding the used field strength” (AE) is calculated for each services
of the existing network (both existing and planned) using the formula:

AE 2 Ers — E, dB, (1)
where

AE — excess of the usable field strength, dB;

Ers — usable field strength at the reference point of the reference coverage area of
the protected services of the existing network, taking into account the declared services,
dB(uV/m);

E: — reference value of the usable field strength, dB(uV/m). The permissible value of
exceeding the reference usable field strength AE at control points for digital TV and radio
broadcasting is not should exceed 0.3 dB, for analog FM broadcasting — 0.5 dB.

The indicator “excess of usable field strength” is checked for each distribution zone
of the existing network (both existing and planned) using the formula:

Eus 2 Ess, (2)
where

Eus — useful field strength for terrestrial television and radio broadcasting, dB(puV/m);

Ers— the usable field strength at the reference point of the reference coverage area of
the protected services of the existing network, taking into account the declared services,
dB(uV/m).

The declared services (or a group of services forming the SFN) is compatible with
the existing television and radio broadcasting network if two conditions are met:

1) the permissible value of the indicator AE is not exceeded at all control points on
the border of the reference coverage area of each protected services of the existing
network;

2) the useful field strength exceeds the used field strength at all control points lo-
cated within the reference coverage area of each protected services of the existing net-
work.

To determine the used field strength at the reference point of the reference coverage
area of the protected services of the existing network, the value of the interfering field
strength from the declared services (or a group of services forming the SFN) — sources of
interference is calculated. Then all the obtained values are added using the power addi-
tion method according to the formula:

Ej; E

E, =101g[zi'=11010 +1010]. )

where
Er— strength of the interfering field from the i-th proposed services, dB(uV/m);
E; — reference value of the usable field strength, dB(pV/m);
| — the number of declared services that form the SFN.
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To determine the reference value of the used field strength at the control point of the
coverage area of the protected services of the existing network, the values of the inter-
fering field strength from all services in the formed existing or planned network are cal-
culated. Then all the obtained values are added using the power addition method ac-
cording to the formula:

Efl E

E, =101g{z:110'° +10 lmomJ. 3)

where

Er— reference value of the usable field strength, dB(uV/m);

Em — interfering field strength from the n-th services, dB(uV/m);

Emin — minimum usable field strength of the protected services, dB(uV/m);

N — number of services (interference sources) in the existing or planned network.

When determining the reference value of the field strength E, used, the number of
services (interference sources) in an existing or planned network can be limited. In this
case, several services (no more than 20) with the highest Er values are taken into ac-
count.

If the result of the EMC assessment is positive for the proposed services (or a group
of services forming the SFN), the following is carried out:

— calculation of the service area (area of reliable reception), which during the sub-
sequent protection of the declared services will be considered as a reference;

—sel ction of reference control points;

— ca culation of the reference field strength used.

A negative result of the EMC assessment, depending on the degree to which the
permissible value AE is exceeded, means the need to adjust the parameters of the pro-
posed services (or a group of services that form the SFN) or, in some cases, the need to
carry out additional calculations that take into account in more detail the nature of the
route, the characteristics of propagation and etc.

The method for assessing EMC based on the AE indicator is applicable when pro-
tecting services of both analogue and digital television and radio broadcasting systems.
The use of this criterion when assessing EMC allows us to provide the necessary protec-
tion for existing and planned services.

When using this method, the effectiveness of EMC assessment depends, first of all,
on the accuracy of taking into account the state of EMC when calculating the reference
field strength used.

When protecting the proposed services, you should be guided by the requirements
for the planned coverage or size of the service area.

To determine the used field strength at the control point of the coverage area of the
proposed services, the values of the interfering field strength from all services in the
formed existing or planned network are calculated. Then all the obtained values are
added using the power addition method according to the formula:

Eq E

E, :101g[zf_11010 +10 175"} (5)

where
E.p — used field strength for the proposed services, dB(uV/m);
Ern— interfering field strength from the I-th services, dB(uV/m);
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Emin — minimum usable field strength of the proposed services, dB(pV/m);

L — number of services (interference sources) in the existing or planned network.

When determining the field strength to be used for the proposed services Eyp, the
number of services (interference sources) in the existing or planned network may be lim-
ited. In this case, several services (no more than 20) with the highest Er values are taken
into account.

4 Conclusion

This article discusses various scenarios for the joint operation of terrestrial digital tele-
vision broadcasting DVB-T, analogue television broadcasting, analogue FM audio broad-
casting, digital audio broadcasting DAB/DAB+, DRM+ and RAVIS. Compatibility criteria and
calculation algorithm are considered.

In the future, it is planned to develop algorithms for calculating the reference service
area of an existing or planned distribution network; to calculate EMC between existing and
planned services and declared services; and to calculate the service area of the proposed
television and radio broadcasting services.
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