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Director, Radiocommunication Bureau 

the methodology of the planning software: the analysis 

Please find attached the simplified description of the analysis process used in the planning software (Attachment 1).

Attachment: 1

Attachment 1

Compatibility analysis and associated programmes

1 General

The programmes produced by the EBU Technical Department (EBU TD) for the purpose of compatibility analysis in the context of RRC-04/06 consist of a set of individual with each one dedicated to a specific task or tasks.  This approach was followed in order to provide for flexibility in the use of the programmes as it is then possible to run individual programmes several times with different input conditions in order to investigate specific aspects of the planning process.  It is also possible to run different programmes on different computers in order to get some measure  of parallel processing.  However, there are some limitations  dictated by such an approach.  In particular, it is essential to run the programmes which prepare input files in the form needed by the compatibility analysis programmes before any compatibility calculations can be carried out.  On the other hand, if it is not intended to carry out any calculations involving Other Service (OS) assignments then it is not necessary to go through any of the steps involved in the preparation of the OS data files.

In most cases, there are separate programmes for the VHF and UHF bands.  This was also done in order to provide for increased flexibility.  However, the internal workings of these programmes is essentially the same, the primary differences result only from the need to take frequency differences into account.  In any descriptions which follow, the distinction between VHF and UHF will be made only when necessary, or when it does not exist.

An inherent part of any compatibility analysis is the ability to make field strength predictions.  The routines needed, in the case of terrestrial paths,  for this purpose were prepared by the EBU TD on the basis of the RRC-04 Report and the subsequent corrections to the mixed path calculation process proposed by WP 3K.  A complete calculation package based on these routines has already been published separately and thus this aspect will not be referred to in any detailed comments made below.  In the case of some OS, it has been necessary to take free space propagation into account and this has been done separately as it does not form part of the package mentioned above.

2 Input data preparation

In order to provide reasonable speed when making calculations, the data needed by the programmes is held in binary form and it is thus necessary to have some programmes which perform the data conversion from the text form resulting from data extraction routines provided by the BR.

In order to avoid difficulties with the names given to input data files, these names have been pre-determined and the BR export routines use the same names as the data conversion routines discussed here.

2.1 Analogue assignments

In the case of analogue assignments, two stages are involved in the data conversion process.  An initial stage, which is common to VHF and UHF, is to convert the text form data exported by the BR into a file in an intermediate text form.  A second stage provides for the conversion from the intermediate text form file into the binary form file used in subsequent calculations.  This double conversion process was used because programmes which could undertake most of the processing needed in the second stage already existed, had been checked and could be re-used with little modification.

The first stage of conversion is undertaken by a single programme called ser2tva.  This programme does little data checking and its only output is a single text file 

The second stage of the conversion is undertaken by two programmes called tvanoisvhf and tvanoisuhf. These programmes carry out a considerable amount of data checking, in particular to ensure that there is sufficient consistency in their input data to permit non-ambiguous calculations to be carried out.  For example, checks are made to ensure that the quoted channel and the assigned channel are consistent, that the vision offset and the offset frequency are consistent.  In addition, in the case that a transmitting antenna height above ground level  is missing or is zero, the proposals of the PXT in this regard are implemented.  The programmes also calculate the noise limited coverage radius on each of 36 bearings around the transmitter site and sort the assignment records on the output file into ascending frequency sequence to avoid delays in any subsequent access to those records.

The output files from the programmes tvanois... are called yyy_an_cov.bin where yyy  represents a prefix which may be chosen by the user.  It must be noted that at present, at least, the only distinction made between VHF and UHF files is in the prefix chosen by the user.  This will be changed in a future version of these programmes in order to avoid files being overwritten by accident.  This change has not yet been made as it seemed to be inadvisable in the middle of a planning exercise.

The prefix referred to in the previous paragraph is set in a configuration file called RRC.cfg  where the mixed use of upper and lower case is essential in any of the software is to be used on a Unix-like system.  The use of the data on this file is described in detail in the 'User Documentation' .

Although, strictly speaking, the subsequent processing of the data on the xxx_an_cov.bin  files is really a matter of computation, it is dealt with here in a section on data preparation as it is essential that this step be undertaken before any data preparation is started on the digital requirement files.

2.1.1 Analogue coverage analysis

Programmes called tvacovxxx , where xxx can be vhf  or uhf  are provided to perform an analysis of the interference limited coverage of each of the analogue assignments, taking into account interference from co-channel and adjacent-channel analogue assignments, together with overlapping- channel analogue assignments in the case of the VHF band.  The calculated interference limited boundaries are subsequently limited to the relevant national boundary in order to give interference limited service boundaries.  The limit to national boundaries can give rise to some anomalies in the cases where an administration is responsible for an assignment which is situated in the territory of some other administration or where an administration is responsible for an assignment which is situated in one of its overseas territories.  As these situations have to be identified individually, it is not yet certain that this has been done correctly in all cases.  The situation where a given administration has assignments in the territory of a neighbouring administration and also has overseas territories is of particular difficulty here.

The coverage analysis can take rather a long time to run, especially in the case where all analogue assignments for the entire planning area are taken into account.  That is the result of a large number of calculations being necessary as an iterative process is needed to determine the interference limited coverage boundaries.  The process used is illustrated to some extent in Annex 5.2.2 of the RRC-04 Report, although it must be pointed out that the apparent need for only three steps in the iteration process is a large over-simplification.  In practice some simplification is introduced in the case of lower power assignments, whose radiated power in either plane of polarisation is no more than 10 dBW at VHF and no more than 20 dBW at UHF where it is assumed that the interfering field strength does not vary across the coverage area – the nuisance field strength, of course, may vary as a function of the receiving antenna directivity discrimination.  This simplification provides a large increase in speed without introducing significant differences in the size of the coverage areas or the values of calculated usable field strength.

Additional programmes called tvaconxxx are provided so that the various coverage and service boundaries may be displayed in the form of maps.  (The Java map display programmes which were originally supplied were intended as an interim measure intended to fill a gap until the BR produced similar programmes to perform this task.)

It should be noted that there is an tvanoisxxx option available, activated by means of a suitable entry in the RRC.cfg file, which provides a human readable text file giving more details of the coverage calculation results in the case of individual named analogue assignments.

2.2 Digital requirements

Only a single programme, dig2bin, is needed to convert the set of digital requirement text files from the BR export routines into suitable binary requirement files.  There are three of these files.  One is  called yyy_contours.bin and this file is common the the VHFand UHF cases.  The other two files are called yyy_dig_cov.bin and yyy_dig_cov.bin where the only distinction between the VHF and UHF cases is the prefix given by the relevant entry in the RRC.cfg  file.  As mentioned earlier, this potential naming problem will be addressed in a later version of the software.

During the conversion process a large number of checks are made with regard to data validity.  In addition, test point to represent the noise limited service boundaries are calculated for assignments; in this case, they are service and not coverage boundaries as they take into account the effect of national boundaries.  (The comments made above in connection with the limitation to national boundaries is also relevant here.)  If the requirement is an allotment, the service area boundary is notified by the responsible administration.  However, if it is specified that the entire national boundary is to be used, then this is replaced by a simplified representation of that boundary containing no more than 99 test points.

Additional tasks undertaken by this programme are the linking together of requirements which are defined to be linked by the responsible administration and deriving a suitable standard reference planning configuration and relevant reference network for allotments which have been notified with no identification of a reference network.  This was done as there is no indication in the RRC-04 Report how to calculate the outgoing interference from an allotment except for specific reference network cases.

This programme only checks data validity for a single requirement or for a set of linked requirements.  It does not make any check for the reasonableness of any requirements; for example, no check is made to see how many requirements are proposed to provide coverage in any given area.

There are also two programmes digconvhf and digconuhf which provide text files containing the boundary contours for all requirements for display using BR programmes.  (The Java map display programmes which were originally supplied were intended as an interim measure intended to fill a gap until the BR produced similar programmes to perform this task.)

It must be noted that it is not possible at this stage to calculate the interference limited coverage areas for digital requirements as the channels which will be assigned to them in a plan are not yet known.  The coverage analysis can only be done, possibly in a process similar to that for analogue assignments referred to above, after a plan has been established

2.3 Other service assignments

The programme to convert OS assignments from text form to binary form is called os2bin and is complicated by the fact that there are multiple service types involved and, to one extent or another, they all need different treatment.  In practice, each of the general service type, for example ALTX, FXTX, MLRX etc., is converted separately although there is much commonality in the sub-processes involved.  It is to be noted that as a result of discussions within the PXT, the cases of service types FXTP, FBTP and ALTP are treated as transmit-only as they were originally notified using Form T14 which make no provision for any reception conditions to be specified and which was not intended to include provision for protection of any of the unspecified reception locations.

For some of the OS assignments, the transmitting and receiving locations, which can be regarded as suitable test point locations, are given explicitly.  In other cases, there are indications which need to be processed.  One such indication is that the national boundary is to be used and for this purpose the relevant set of points in the IDWM is used.  (It is to be noted that the IDWM boundary points for each territory have been converted in a separate process to form closed one or more boundaries for that territory.  These closed boundaries can be seen in the map displays of coverage and service areas produced by programmes which use the results from, for example, tvaconxxx or digconxxx.)  Another indication is that the transmitter or receiver location are to be situated on a 'circle' with a given radius around some given location.  In this case, a set of test points is generated to represent this circle.  The number of test point used for this purpose is a function of the radius of the circle and varies from one (in the case of a radius of up to 5 km) to 100 (in the case of a radius of more than 159 km).  For reasons of symmetry and the desire to have a closed boundary, a minimum of three test points is generated if the radius is more than 5 km.  The location of test points is limited in all cases so that they do not go outside the relevant national boundary.

During the OS data conversion process, a number of additional checks are made.  These include comparison between any quoted bearing of maximum radiation and the calculated bearing from the transmitter to the receiver site, comparison between quoted and calculated beamwidth and a check for the distance between the transmitting and receiving sites.

The binary files produced by the conversion process are called yyy_os.bin and, again, the only distinction between VHF and UHF files is provided by the choice of the prefix yyy.  As mentioned earlier, this potential naming problem will be addressed in a later version of the software.

Programmes called osconxxxare provided to convert any OS boundaries to a form suitable for map display.  It should be noted that a boundary is available only if it contains at least three test points.  (The Java map display programmes which were originally supplied were intended as an interim measure intended to fill a gap until the BR produced similar programmes to perform this task.)

3 Compatibility calculations

[A separate description of the steps for each of the programmes which perform  compatibility analyses between digital requirement, or between digital requirements and analogue or OS assignments,  has not yet been completed.  The description given below applies in general terms to all of these programmes.]

There are separate programmes: 

d2dxxx to compute the incompatibilities between digital requirements;

d2axxx to compute potential interference from digital requirements to analogue assignments; 

a2dxxx to compute potential interference from analogue assignments to digital requirements;

d2oxxx to compute potential interference from digital requirements to OS assignments;

o2dxxx to compute potential interference from OS assignments to digital requirements.

In each case xxx may be either vhf or uhf.   These programmes perform the various compatibility analyses which lead to the preparation of input files for the synthesis process.  

Each of these programmes considers, in turn, the potential interactions between any given digital requirement and all relevant requirements or assignments.  Relevant in this case means that there is any possibility of interference being caused, this is initially a function of the frequency difference between the digital requirement and the other requirement or assignment.  (To avoid too much repetition, these are referred to as the digital record and the other record, respectively,  in this abbreviated description.  Similarly, there will be references to 'wanted record' and 'interfering record', without necessarily any further clarification.)  

3.1 Frequency check

If the digital record and the other record are co-channel, adjacent-channel or have an overlapping-channel relationship then more examination is necessary.  

3.2 Global distance check

A detailed examination is, however, not carried out if the minimum separation distance is more than 1000 km.  The minimum separation distance is determined as follows:

if the digital record is for an assignment, the separation distance is calculated from the site of the digital transmitter to the nearest  point on the boundary of the other record.  In this process, individual separation distances are calculated for any notified contours for a digital allotment in addition to any calculated assignment boundary points or notified reception points in the case of OS;

if the digital record is for an allotment, it is necessary to calculate separation distances from each of the notified contours to any of the same set of points as described in the previous indent.

(The above distance check removes many other records from any further consideration.)  

In any case where a digital record is notified by the responsible administration to have more than one acceptable channel, then some or all of the following steps must be carried out for every acceptable channel.  

3.3 Specific distance check

A further distance check is made with the value of 1000 km replaced by a distance which is calculated from the characteristics of the wanted record and the interfering record.  

(This check can remove more other records from further consideration.)

3.4 Transmitter location check

A check is made to determine if the transmitter of any interfering assignment or any test point of an interfering allotment (such a test point represents a set of transmitters) is inside the service area of the wanted record.  If it is inside and it is co-channel or overlapping-channel, then the two records are considered to be incompatible and no further checks are needed.

In the case of records related to broadcasting, it is assumed that if both are assignments and if there is no more than 5 km between the transmitter sites, then they can be considered compatible.  Such an assumption cannot be applied to allotments as there is no information available about the real transmitter locations.

The checks made here relate only to records from a single administration (except in the case of cross-border agreements) and any assumptions made here can be corrected as necessary by the concerned administration(s).

3.5 Service area overlap check

In the case of co-channel allotments, a check is made to determine if there is a service area overlap as it is assumed that this will not be considered compatible, because no information is available about the real transmitter locations.

The checks made here relate only to records from a single administration (except in the case of cross-border agreements) and any assumptions made here can be corrected as necessary by the concerned administration(s).

3.6 Interference calculations

The basic rule applied here is that an interference calculation is made for the path from every possible transmitter location to every possible receiver location:

in the case of an interfering broadcasting assignment, the only possible transmitter location is the transmitter site;

in the case of an interfering broadcasting allotment, the interference sources are reference networks (consisting of a set of transmitters) situated at each of the service boundary test points;

in the case of an OS assignment, there may be a single transmitter location or there may be multiple transmitter locations, for example in the case of MLRX or AMRX service types;

in the case of a wanted broadcasting assignment, the receiver locations are those calculated around the perimeter of the service area;

in the case of a wanted broadcasting allotment, the receiver locations are the service boundary test points;

in the case of an OS assignment, there may be a single receiver location or there may be multiple receiver locations, for example in the case of FBRX or ALTX service types.

There is thus the potential for very large numbers of interference calculations and these are time consuming.  This especially true in the case of allotments as there can be many test points and if the interference source is a reference network then the path from each constituent transmitter must be considered separately.  While it would be possible to stop such calculations as soon as an incompatible situation is encountered (and thus save a considerable amount of time), this is not considered advisable:

administrations may wish to know what are the worst case results in any particular situation in order to help them with coordination discussions;

if it is decided to relax any of the compatibility conditions, there may not be enough results available without making a new set of calculations.  If a complete set of results is available, it will usually be possible to re-process them very rapidly with the new compatibility conditions.

Other than these considerations, the actual calculation process is relatively straightforward and follows the description given in §5.3.1of the RRC-04 Report.

3.7 Intermediate data preparation

The outputs from the various analysis programmes are combined by programmes read44xxx and read74xxx into a form suitable for use by the synthesis programme.  It is at this stage that any linked sets of input requirements are combined into a single 'pseudo requirement' which is what the synthesis programmes need if they are to consider such linked sets as an indivisible unit.  As has been noted elsewhere, the input files to the synthesis programmes do not contain any information which permits those programmes to identify the administration responsible for any given requirement.

3.8 Output data preparation

The final programmes, readsynthxxx, in this series convert the output from the synthesis programmes into lists of 'real requirements' (that is requirements which are identifiable in terms of the administrative notifications) together with the channels assigned by the synthesis programmes.  It is only at this stage that it is currently possible to identify in which parts of the planning area there have been serious problems, either with the contents of the requirements, for example data errors which cannot be detected earlier because the requirement conforms to the data specifications but which may not be what the relevant administration intended,or with excessive demands on the spectrum.

4 Overall coverage/service analyses

It is to be expected that further analysis programmes will be needed to demonstrate what interference limited coverage/service areas can be achieved by a digital plan, what will be its interaction with analogue broadcasting assignments during the transition period and what will be its impact on OS assignments.  In the case of OS, it may also be necessary to evaluate the impact of existing analogue assignments on OS reception where there are cases of interference form entries in the digital plan.

None of this set of  overall analysis programmes has yet been written.
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� This description has been prepared by K. Hunt, EBU Technical Department, member of the Planning Exercise Team.
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