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Drafting Group 3 (DG3) – Magnetrons

DRAFT FINAL REPORT

INTRODUCTION

Drafting Group 3 was set up at the end of the 2nd meeting with the following terms of reference (JRG 46 Rev 2) – 

“Review the measured magnetron emission spectrum data to determine whether there is sufficient data to reach a conclusion on whether more stringent emission masks are achievable.”

REFERENCE DOCUMENTS

JRG – 14, 16, 20, 22, 34, 40, 41, and 52

JRG – 14 contains emission data for 4 X Band low power marine radars.

JRG – 16 contains emission data for 10 X Band marine radars.

JRG – 20 contains emission data for 2 X and 1 S Band marine radars

JRG – 22 contains the background to the current recommendation on the roll-off for primary radars and discusses the operational requirements for maritime mobile radars and the environment in which they need to operate. It concluded that - 
1 it was unlikely that the state of the art technology for magnetrons would significantly change within the lifetime of JRG;

2 Within the lifetime of this JRG future work may lead to a greater assurance that all maritime mobile radars would meet the current ITU requirement ;

3 Maritime mobile radars using magnetrons may need to be excluded from the current ITU design objective.

JRG – 34 contains emission data for 7 X and 3 S Band marine radars

JRG – 40 discusses some of the shortcomings of the indirect method of measurement of emission characteristics of radars contained in Recommendation M.1177

JRG – 41 discusses some of the technical characteristics of airborne radar systems, but contains no measured data

JRG – 52 contains the interim report of DG3.

DATA COLLECTION

JRG – 52 contains an interim summary of the data collected. Most of it is for maritime mobile radars.

Since the issue of that report in December 2005, there have been further attempts to increase the number of data samples. A document was input to the meeting of ITU WP8B in March 2006 appealing for further data. The Chairman of ITU WP8B issued a further appeal on the WP8B e-mail reflector.

THE CURRENT STATUS OF THE WORK OF DG3

At the 3rd meeting of the JRG in January 2006 the Rapporteur for DG3 stated that DG3 would deliver its final report to the 4th meeting of the JRG in November 2006. To meet that time scale any further contributions of data should be sent by mid June to DG3.

There have been a few more contributions to the data base and these have been analysed and combined with the previous data.

Five major radar manufacturers from the UK, USA and JAPAN have contributed to the data.

All of the data refers to maritime mobile radars (Annex 1), with the exception of 3 data sets (Annex 2).

This is a great disappointment to the drafting group. In spite of our efforts at previous meetings to identify from ITU documents all types of radar systems that use magnetrons, there has been no response for the overwhelming majority of systems.

DISCUSSION

The Terms of reference of DG3 clearly state “magnetron radars”. This means all types of magnetrons and all applications, on a global basis.
We have listed the types of magnetrons and applications in Annex 3. The response to our repeated requests for emission data has provided a very small sample of both applications and types of magnetrons (Annexes 1 and 2). Note that maritime mobile radars, the largest sample, use strapped vane cavity magnetrons.

We believe that no further emission data will become available before the fifth and last meeting of the JRG in April 2007. 

We consider that the data collected and analysed is not sufficient to form the basis for a safe judgment on whether magnetron radars are capable of meeting the design objective within the time-scale of this JRG.

In the specific case of maritime mobile radars (Annex 1), significant percentage of the X band samples and some of the S band samples were unable to meet the more stringent emission mask. (The only X band airborne radar data available fails even the current 20dB roll off mask). The sample size at X Band is larger than that of the S Band (slightly over four times the size).
SUMMARY AND CONCLUSION

The available data. is not sufficient to form the basis for a considered judgment on whether magnetron radars are capable of meeting the design objective. Despite all the efforts of the DG3 working group via both the JRG and WP8B it has not been possible to increase the sample sizes. There are a variety of reasons for this, the most important being confidentiality (commercial/security) and cost of acquisition of data.

The limited data available shows that emissions from many of the radar samples analysed do not meet the more stringent emission mask. Technical developments are continuing but to our knowledge will not lead to confidence that future systems could satisfy the design objective within the time scale of this JRG.

We conclude that the available emission data does not support the adoption of more stringent emission masks for magnetron based radars within the remaining timescale of the JRG.

Lead contact: Adil Abbas – e-mail: aa1@f2s.com
ANNEX 1

Emission data for maritime mobile radars

A significant amount of data has had to be rejected, mostly due to it not complying with the recommended techniques in ITU M.1177 – direct method.

There are many variables including output power, frequency band, pulse width, rise time, etc.

The usable data consists of 100 % IMO type systems at S Band, and 85% at X Band. 

This is not surprising as the non-IMO radars only operate at X Band.

In order to simplify the presentation of the final data it was decided to create a simple matrix as a function of frequency band, with the following criteria – 

1 pass/fail the current Spurious Emission (SE) level of – 60dBc;

2 pass/fail the current roll-off of – 20 dB/decade;

3 pass/fail current OOB value for B-40 ;

4 Pass/fail the design objective roll-off of – 40 dB/decade.

This has resulted in the following matrix - 

Radar Emission profile matrix (Maritime mobile)

	
	
	X-Band (%)
	S-Band (%)*

	1
	Pass current SE1 level of -60dBc
	77
	100

	2
	Pass current Roll-off of -20dB/decade
	73
	84

	3
	Pass current OOB2 value for B-40
	93
	100

	4
	Pass design objective Roll-off of -40dB/decade 
	38
	64


1 Spurious emission

2 Out-of-band

* the sample size is very small
It is most important to note the following – 

All spectrum data submitted for the analysis is based upon:

Production versions that are currently available in the market;

Spectrum measurement is according to ITU-R M.1177 - Direct method; 

X-band power range for the sample data set is from 2kW to 25kW, mobile marine type;

All S-band radar data sets reflect 30kW model only, mobile marine type.

ANNEX 2

Non-maritime emission data

1 Sample S-Band (2.8 GHz) Meteorological Radar – Ground based with the following spectrum features:  

Pass 

Roll-off of -20dB/decade;

Current OOB Value for B-40;

Current Spurious emission (SE) level of -60dBc.

Fail

Roll-off -40dB/decade. 
1 Sample X-Band airborne weather radar with the following spectrum features:

Pass

Current OOB Value for B-40; 

Current SE level of -60dBc.

Fail

Current Roll-off of -20dB/decade.

1 Sample Aeronautical Radionavigation (2.8GHz) radar with the following spectrum features:

Pass

Current roll-off of – 20dB/decade;

Current OOB Value for B-40;
Current SE level of -60dBc;

Roll off of -40dB/decade.

ANNEX 3

Magnetron types and operational uses

In JRG-52 the interim report of DG3, we identified from ITU Recommendations and Industry sources the main types of magnetrons, although there were many shortcomings in the information available.

The main types are cavity and co-axial. There are sub-divisions within those types and we have identified tuneable cavity, strapped vane co-axial, long anode, rising sun and closed end rising sun. (See also Recommendation ITU-RM.1314) 

As was pointed out in JRG-52 we were unable to directly relate these sub-divisions to all the ITU radar bands and their operational uses, and this remains the position.

With regard to the operational usage, the ITU recommendations include the following – radiodetermination, radionavigation, radiolocation, aeronautical, maritime, meteorological, wind profiler, automobile, ground mapping, airborne search, weather, search and rescue, beacon transponder, maritime shipborne, ground air traffic control, fishing, leisure craft, river transport, Vessel Traffic, and space (EESS and SRS).
Out of all these types of magnetron and operational uses we have obtained multiple sets of data only on Maritime mobile, and single samples on meteorological ground based, airborne weather and aeronautical radionavigation.

The multiple sets of maritime mobile radar data are not surprising, in that to our knowledge it is the only type of radar that has a required global type approval regime through the SOLAS requirements of IMO, the technical requirements of the IEC, and the Marine Equipment Directive of the European Community.

The single largest population of radars is for maritime leisure craft. This contributed about 18% of the total maritime mobile samples and is also subject to a type approval regime through the European RTT and E Directive, coupled to an IEC technical standard.  

In both of these maritime mobile cases the IEC standard is based upon ITU Recommendations SM.329 and SM.1541.

