Subject: Activities of the Special Committee on Regulatory/Procedural Matters related to Resolution 18 (Kyoto, 1994)

United Kingdom, Germany

RESERVATION OF CAPACITY WITHOUT ACTUAL USE

Reliability of databases-facilities of satellite monitoring stations

1.	Introduction

The UK and the Federal Republic of Germany operate monitoring stations for space services and participate with these stations in the ITU International monitoring system.

The facility of the UK is sited at Baldock Radio Station in Hertfordshire and the facility of the Federal Republic is sited at Leeheim. Both stations operate two large aperture antennas and several smaller antennas for monitoring radio communications from space stations.

The monitoring of both stations is carried out according to Article 20 of the Radio Regulations, using as a basis for their activities the ERC recommendation T/R 01-0') "Monitoring of satellite transmissions". The ITU Handbook for Monitoring Stations published by ITU-R Study Group 1 describes the methods and equipment required to perform satellite monitoring.

2.	Background

The ERC recommendation states, "that from the point of view of emissions monitoring, there is a difference between operational monitoring of a particular space station system and the more general monitoring of the use of the frequency spectrum and of cases of interference between different systems and services". The ITU Handbook describes the main functions of a satellite monitoring station to be:

(	Regular and systematic observation of the radio frequency spectrum with the aim of detecting and identifying space station emissions;

(	Determination of occupancy and percentage use of transponders;

(	Measurement and recording of the characteristics of space station emissions,

(	Investigation and elimination of harmful interference by space stations - if appropriate, in cooperation with terrestrial and other space monitoring stations;

(	Investigation and elimination of harmful interference by up-link transmitters, i.e., by measuring the signal as retransmitted by the space station as for space stations,

(	Performance of measurements and recordings in technical and scientific projects;

(	Detection of illicit use of transponders.

3.	Monitoring Performed

The work carried out by the two satellite monitoring sites broadly follows the above recommendation. This paper is intended to provide an overview of the tasks of the stations and to give some information with respect to the systems used. The systems employed to do this monitoring are described in Annexes 5 and 6.

3.1	Baldock Monitoring Station for Space Services

3.1.1	Arc atlas monitoring

Arc Atlas monitoring is done at least once per month and takes the form of a full observation of the visible geostationary arc. This monitoring is automated, with each known satellite in turn acquired and boresighted with all key emissions measured and recorded. Annex 1 shows samples of the monitoring data.

Each satellite observed has the following recorded:

-	Location

-	Polarisation tilt

-	Transponder occupancy

-	Power flux density of selected emissions

-	Bandwidth of selected emissions

-	Spectrum plot of all transponders

The information acquired is used for:

-	As a reference to complement the ITU document "List of geostationary space stations by orbital positions and frequency bands".

-	As a comparison to the IFL to provide a realistic assessment in cases of interference resolution.

-	To provide frequency band occupancy information.

-	To confirm geostationary space station coordination parameters.

3.1.2	Band monitoring

Band monitoring takes the form-n of more detailed regular observations on specific frequency bands where all emissions are measured and recorded on identified satellites using that particular band of frequencies. This is an automated task with examples of the monitoring data shown in Annex 2.

Each satellite observed has the following recorded:

-	Location

-	Occupancy of transponders in a frequency band

-	Power flux density of all emissions

-	Bandwidth of all emissions

The information acquired is used for:

-	An assessment of the growth in use of particular services.

-	To provide information in areas that have the greatest potential for conflict with other services.

3.1.3	Inclined satellite monitoring

All satellites identified as having an inclination of greater than l' are observed over a 24 hr period to determine their maximum deviation from a nominal geostationary location. This is an automated task with examples of the monitoring data in Annex 3.

Each satellite observed has the following recorded:

-	Angular pointing of the antenna on boresight of the beacon three times per hour

-	Power flux density of beacon

The information acquired is used for:

-	As an reference for interference resolution.

-	Conformity to coordination parameters.

3.1.4	New launches

All new geostationary satellites are observed in detail once they have taken up their coordinated location. This is a manual task and may require several visits before a full assessment is made.

Each satellite observed has the following recorded:

-	Angular pointing of the antenna on boresight of the beacon

-	Beacon frequency and power flux density

-	Transponder arrangement

-	Polarisation tilt

The information acquired is used for:

-	To provide a data file for all future observations on the satellite and a "mask" for all automated tasks.

3.1.5	Daily checks of power flux density of selected emissions

Detailed twice daily observations of satellite emissions that have been identified as having a potential in areas of interference resolution. This task is fully automated but takes a lower priority to preceding activities.

Each satellite observed has the following recorded:

-	Angular pointing of the antenna on boresight of the beacon twice per day

-	Power flux density and bandwidth of emission

The information acquired is used for:

-	Provide a database for resolution of interference cases.

3.1.6	Occupancy monitoring

A more detailed observation on transponder occupancy is carried out using smaller fixed antennas with software to produce waterfall plots (see Annex 4).

Each satellite observed has the following recorded:

-	The 24 hr occupancy of a specific satellite transponder

The information acquired is used for:

-	To provide detailed information on spectrum utilization.

3.2	Leeheim Monitoring Station for Space Services

3.2.1	Monitoring the spectrum occupancy by geostationary and nongeostationary space stations emissions

This means the systematic observation of the radio frequency spectrum on the basis of the following objectives:

a)	to measure and to identify the basic characteristics of all discoverable emissions from space stations;

b)	to determine whether limits are exceeded or whether there are deviations from the internationally coordinated data;

c)	to derive a statement on the actual occupancy of the frequency bands by space stations from the findings;

d)	to derive a statement on the actual occupancy of the geostationary orbit positions by space stations from the findings;

e)	to use the findings to achieve a more efficient use of the radio frequency spectrum.

Dependent on the kind of emission the results of observations and measurements may include

(	Location (in case of GEO-satellite)

(	Orbital elements (in case of Non-GEO-satellites)

(	Frequency

(	Bandwidth

(	Kind of emission

(	Polarisation characteristics

(	Power flux density referenced to bandwidth (e.g. 4 kHz)

(	Total power flux density (on demand)

In case of TV-emission

(	sound sub carrier frequencies

(	coding

(	program source

The results are stored in a database and completed with a spectrum plot for each monitored emission. They are referenced to the published data and weighted.

3.2.2	Band monitoring

This is done in the form of special investigations on specific frequency bands or with respect to specific satellite systems. Band monitoring may include geostationary satellites and/or non -geostationary satellites.

The results are stored in a database and completed with a spectrum plot for each monitored emission. They are referenced to the published data and weighted.

Dependent on the kind of emission the results of observations and measurements may include the same characteristics as mentioned in 3.2. 1.

3.2.3	Position measurements

In cases where an increased satellite inclination may result on an increased interference potential with respect to a neighbourhood satellite the occupied position window is measured. This is done with monopulse-autotracking over a 24 hour period. The results are comparable to those given in Annex 3 with the exception that the angle measurement results in the azimuth and elevation plane are referenced to the centre of the earth.

3.2.4	Measurement of orbital elements

This is not a regular task. If autotracking of a non-geostationary satellite is possible, then the angle measurement results are stored and used for the calculation of the orbital elements. The quality of the results is dependent on the length of the registered orbit path.

Orbital elements are of significant importance in case of identifying unknown satellites. An exempla for the derivation of orbital elements from angle measurement results and the calculation of a satellite ground track with respect to an un-coordinated operated satellite network is given in Annex 7.

3.2.5	Pre-launch monitoring

During the pre-phase of the launch of a geostationary satellite the frequencies used for telemetry and tracking are monitored with respect to the geostationary orbit. This task is done on request by interested organisations.

The measurements are automised, lead to a very qualified result and makes the positioning phase more safe.

3.2.6	Publication of monitoring results

All observation and measuring results are stored in the MEDAS database. With respect to the frequency management or other customers reports are established which consider to a large extent their demands.

Examples:

Annex 8:	Print out of detailed monitoring results of a geostationary space station. This form is normalised and between geostationary and nongeostationary satellites there are only a few deviations.

Annex 9:	Spectrum plot with the results of a bandwidth measurement.

Annex 10:	Frequency band occupancy by emissions from geostationary and nongeostationary space stations. Comparison with the national frequency allocation plan. In the original print out the different services have different colours. This allows an easy comparison.

Annex 11:	Occupancy of the geostationary orbit by space stations. Occupied positions are coloured green, positions occupied by unknown space stations are marked red and positions which could not be verified as occupied are not coloured.

Annex 12:	Comparison between assigned and used frequencies.
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Sample of measurements recorded during Arc monitoring

Satellite�:�EUTELSAT 2F3��Assigned Longitude�:�16.0o E��Measured Longitude�:�16.01o E��Antenna Elevation�:�28.75o��Antenna Azimuth�:�159.84o��



Time�Date�-3dB�B/W�-16dB�B/W�-26dB�B/W�EIRP dBW�Frequency GHz�Pol�Remarks��17:27�16Aug95�.0029�.0744�.2636�16.88�11.4528�X�Beacon��17:28�16Aug95�4.27�10.43�20.51�50.73�11.16194�X�TV��17:31�16Aug95�6.33�11.46�17.31�50.46�11.55627�X�TV��

� EMBED Word.Picture.6  ���
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Sample of measurements recorded during band monitoring

Satellite�:�DFS Koper. 2��Assigned Longitude�:�28.5 E��Measured Longitude�:�28.52 E��Antenna Elevation�:�24.92 ��Antenna Azimuth�:�145.26��



Time�Date�-3dB�B/W�-16dB�B/W�-26dB�B/W�EIRP dBW�Frequency GHz�Pol�Remarks��20:07�1Dec95�.012�.136�.498�15.29�11.45275�Y�Beacon��20:08�1Dec95�.257�.4313�.497�25.81�12.5381�X�G7W��20:09�1Dec95�.106�.1996�****�17.69�12.52396�X�G7W��20:10�1Dec95�.197�.4162�.479�24.52�12.5399�X�G7W��20:12�1Dec95�.036�.0495�****�24.57�12.54024�X�G7W��20:13�1Dec95�.021�.0285�****�25.59�12.54028�X�G7W��20:15�1Dec95�.009�.016�****�25.86�12.54034�X�G7W��20:16�1Dec95�.024�.488�.0496�26.37�12.54038�X�G7W��20:17�1Dec95�.003�****�****�24.43�12.54042�X�G7W��������������������������������
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Sample of measurements recorded during inclination monitoring

figure 2

Inclined satellite figure eight

�





Time�Date�Elevation�Azimuth�EIRP�Frequency GHz�Loc�Pol��13:49�25Aug95�27.71�219.50�11.81�11.19801�33.14�R��14:06�25Aug95�27.73�219.52�11.65�11.19801�33.15�R��14:22�25Aug95�27.74�219.51�11.96�11.19801�33.15�R��14:49�25Aug95�27.70�219.45�11.39�11.19801�33.09�R��15:06�25Aug95�27.65�219.41�11.59�11.19801�33.05�R���annex 4



Sample of measurements recorded during transponder occupancy monitoring

More detailed observations on transponder occupancy using the waterfall plot technique

�
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Monitoring systems

Ku Antenna System

Parameter�Ku Antenna��Frequency Band�10.7 to 12.75 GHz��Type�Cassegrain��Diameter�11.2 m��3dB Beamwidth�0.167 deg��Steering�Manual/Computer��G/T�33.4 dBK��Gain mid band�60.03 dB��Gain accuracy�± 1.1 dB��Frequency Standard�± 1 in 10-9��

�



�annex 6

Basic parameters of the Leeheim monitoring station for space services

Parameter�Antenna 1�Antenna 2�Antenna 3��Frequency bands (GHz)�1.5 … 1.8�2.1 … 2.3�4.3   8.5�10.70 … 12.75�3.2 … 4.2�0.13 … 1.0��Type of antenna�Cassegrain�Cassegrain�Dipol array��Antenna diameter (m)�12�8.5�-��Antenna gain (dBi)�44 … 63�47.7 … 50.5�10 … 18��Half power beamwidth (o)�0.9 … 0.1�0.8 … 0.5�60 … 18��Figure of merit G/T (dBK-1)�17 … 36�25.5 … 29�-��Max. speed of antennas:�-	Azimuth			(o/s)�-	Elevation			(o/s)�Max. acceleration	(o/s2)��16�3.5�10��5�5�5��10�10�10��Antenna steering�manual computer controlled, autotracking�(with exception of 4.3 … 8.5 GHz)�manual computer controlled�manual computer controlled��Polarization�tracking of ellipticity and mean axis of received signal�RHC/LHC�tracking of ellipticity and mean axis of received signal��Doppler frequency shift elimination			(kHz)�±40�±40�±40��Measurement accuracies:�-	PFD				(dB)�-	Frequency���±1�1*10-9���±1�1*10-9���±1.5�1*10-9��Remarks: because of high steering velocity all antennas are able to track LEO-satellites���annex 7
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<<115>>�FREQUENCY�[MHz}���REM�<<116>>�BANDWIDTH/�EMISSION���REM�<<117>>�PFDref EL�[dBW]	[o]	REM�<<118>>

EIRP	DIST	EL�[dBW]	[km]		[o] REM�<<119>>�POL

	REM�<<130>>�STATION/�SERVICE�<<131>>

�OCCUPANCY�<<132>>

MONITORED�YYMMDD:HHHH�<<133>>



NBR/REM/REM��** <53>�1531.50000 MHz			<41>�3000	kHz	<48>�940731	<7> AR11/C 1976�������1531.500�7480�NNNN�580�-141.1	29	2601��RHC	2800�EGEUCP�H24�950817:1120�13	/	/��** <53>�1535.00000 MHz			<41>�4000	kHz	<48>�940731	<7> AR11/C 1976�������1535.000�7480�NNNN�580�-149.4	29	2601��RHC	2800�EGEUCP�H24�950817:1205�14	/	/��** <53>�1537.75000 MHz			<41>�1500	kHz	<48>�940731	<7> AR11/C 1976�������1537.750�7482�NNNN�582�-150.1	29	2601��RHC	2801�EGEUCP�H24�950817:1240�15	/	/��** <53>�1539.25000 MHz			<41>�4500	kHz	<48>�940731	<7> AR11/C 1976�������1539.250�7482�NNNN�582�-144.6	29	2601��RHC	2800�EGEUCP�H24�950818:0630�16	/	/��** <53>�154.25000 MHz				<41>�5500	kHz	<48>�940731	<7> AR11/C 1976�������1541.250�7482�NNNN�582�-144.8	29	2601��RHC	2800�EGEUCP�H24�950818:0600�17	/	/��** <53>�1542.75000 MHz			<41>�2500	kHz	<48>�940731	<7> AR11/C 1976�������1542.750�7482�NNNN�582�-149.2	29	2680��RHC	2800�EGEUCP�H24�950818:0630�18	/	/��** <53>�1544.50000 MHz			<41>�1000	kHz	<48>�940731	<7> AR11/C 1976�������1544.500�4499�1M00�599�-155.0	29	4699�����950711:1200�	/	/��������������
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