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Mobile maritime radars using magnetrons

Background

The ITU-R adopted in 2001 Recommendation SM.1541. It contains in Annex 8 the requirements for OOB domain emissions for primary radars. In Recommendation SM.1539 the requirements for the boundary between OOB domain and the spurious domain emissions are described. 

RR Appendix 3 contains Category A requirements for spurious emissions for radiodetermination systems and these were applicable to radars installed after 1 January 2003. At WRC-03 in Annex 1 of Appendix 3 – Determination of the boundary between the out-of-band and spurious domains – in Paragraph 3 the following text was agreed.

“ …..Further guidance on the boundary between the out-of-band and spurious domains for primary radar is provided in the most recent version of Recommendation ITU-R SM.1541.”

It should be noted that SM.1541 has not been incorporated by reference into the Radio Regulations.

Annex 8 of SM.1541 calls for a roll-off of the OOB domain emissions at 20 dB/decade for primary radars.

Since 1 January 2003 the mobile maritime radar industry has been working to meet this roll-off requirement.

Annex 8 of SM.1541 also contains a ‘design objective’ for future radars of 40 dB/decade.

It is a requirement of the International Convention for the Safety of Life at Sea (SOLAS) published by the International Maritime Organization (IMO) that ships to which the Convention applies carry radar. There are worldwide 70,000 such radars using magnetrons which assist in the safety of persons and the ship. These radars operate under extreme environmental conditions, are required to have high reliability with minimum maintenance and a 20-year life. Any design changes considered for such radars should reflect the operational requirement.

In addition, there are more than a million smaller magnetron-based radars in service. 
Input documents

JRG 7, 14, 16, 17, 19, 20 and 21

Consideration of the input documents, in particular those containing measured data of current technology for such radars has shown that many such radars are unable to meet the existing requirement of SM.1541 and current work is directed towards finding solutions whereby the 20 dB/decade requirement could be met as well feasibility work that seeks means whereby the 40 dB/decade might be met.

The documents that contain measured data (14, 16, 17, and 19) indicate some samples of laboratory work beyond state of the art technology. The status of this technology is unlikely to change within the time scale of the JRG work programme.
Various areas of further study have been identified which will continue during and beyond the JRG time scale, and these are included in the work programme.

To meet the current requirement, various possible components of a future radar system, are being investigated, and work on improving the magnetron emissions is continuing.

An example of such components is the use of filters. The problems in their use in a maritime environment are extensive. They include power loss, reduction in receiver sensitivity and adverse effects on the magnetron emissions. All these affect detection capability. This is more significant at this time as IMO has completed a revision of radar performance standards that include a requirement for a more stringent detection capability. In addition, there are many physical problems e.g. size and weight, large costs involved, problems associated with magnetron frequency drift over time, the impracticality of replacing magnetrons whilst at sea, coupled with then a need to readjust filter characteristics. (See also JRG-7 Page 78 sections A 5.3 and A 5.4)

With regard to magnetron radars operating at short pulse, shortening the rise time can reduce occupied bandwidth in some systems, but in most cases state of the art radars already approach the practical limit, for optimum stability and minimum spurious emissions. 

In summary, the documents considered using state of the art technology, show that further work is required to guarantee meeting the 20 dB/decade in 100% of cases, and very few radars would be capable of meeting the design objective.

Note 1 - It is recognized that magnetron based radar equipment similar to that used in the mobile maritime radar environment may also be in use in airborne radars e.g. weather radars, and obstacle avoidance radars and fixed locations on land e.g. ASMI radars at airports.

Current findings

It is unlikely that state of the art technology will significantly change during the lifetime of the JRG. 

Future work, some of which has been identified here, may lead to a greater assurance that all mobile maritime radars would meet the current requirement.

Many other studies will need to be identified and completed successfully before there is a possibility that a future design objective could be met.

Preliminary proposal

Mobile maritime radars using magnetrons may need to be excluded from the design objective in this current proposal for the revision of SM.1541. The proposed revision could include the reasons for the exclusion and retain the need for further study for this class of radars.

