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Foreword 



The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the 
radio-frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without 
limit of frequency range on the basis of which Recommendations are adopted. 



The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional 
Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups. 



Policy on Intellectual Property Right (IPR) 



ITU-R policy on IPR is described in the Common Patent Policy for ITU-T/ITU-R/ISO/IEC referenced in Annex 1 of 
Resolution ITU-R 1. Forms to be used for the submission of patent statements and licensing declarations by patent 
holders are available from http://www.itu.int/ITU-R/go/patents/en where the Guidelines for Implementation of the 
Common Patent Policy for ITU-T/ITU-R/ISO/IEC and the ITU-R patent information database can also be found.  
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RECOMMENDATION  ITU-R  M.1583-1* 



Interference calculations between non-geostationary mobile-satellite 
service or radionavigation-satellite service systems  



and radio astronomy telescope sites 
(Question ITU-R 236/8) 



 



(2002-2007) 



 



Scope 



This Recommendation describes a methodology to be used to calculate the amount of data loss due to 
interference produced by a non-GSO mobile-satellite or radionavigation-satellite service system at a radio 
astronomy site. This methodology is based on the calculation of the epfd produced by the considered active 
system at the radio astronomy site. 



The ITU Radiocommunication Assembly, 



considering 
a) that, in some cases, the radio astronomy service and space services (space-to-Earth) have 
been allocated to adjacent or nearby frequency bands; 



b) that the radio astronomy service is based on the reception of emissions at much lower 
power levels than are generally used in other radio services; 



c) that, due to these low received power levels, the radio astronomy service is generally more 
susceptible to interference from unwanted emissions than other services; 



d) that due to the characteristics of non-geostationary (non-GSO) satellite systems, and in 
particular to the time-varying nature of interference, the level of interference from such satellites 
into radio telescopes cannot be evaluated in the same way as for the case of GSO satellites, 



recommends 



1 that the determination of unwanted emission levels produced by a non-GSO 
radionavigation-satellite service (RNSS) or a mobile-satellite service (MSS) systems on radio 
astronomy sites should be based on the method described in Annex 1; 



2 that when performing this determination, the antenna pattern described in Recommendation 
ITU-R RA.1631 should be used to model radio astronomy antennas; 



3 that the percentage of time during which an equivalent power flux-density (epfd) threshold 
level is exceeded should also be determined in accordance with the method described in Annex 2. 



 



 



                                                 
* This Recommendation should be brought to the attention of Radiocommunication Study Group 7. 
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Annex 1 
 



Calculation of unwanted emission levels produced by a non-GSO RNSS 
or an MSS system at radio astronomy sites 



 



The methodology described here, based on the “equivalent power flux-density” (epfd) concept, is 
intended for use in calculating the power flux-density (pfd) levels produced by unwanted emissions 
of a non-GSO satellite system into radio telescopes, taking into account the characteristics of both 
the satellite system and the radio telescope antenna. The value of the epfd is the aggregate of the 
contributions from all satellite emissions expressed as the pfd of a single equivalent source on the 
boresight (peak of main beam) of the radio telescope. 



1 Required parameters 
Due to the particular characteristics of non-GSO satellite systems, it is clear that the level of the 
interference from such satellites into a radio telescope cannot be evaluated in the same way as 
for GSO satellites. A statistical approach is needed which takes into account the dynamic aspect of 
non-GSO satellites. 



The evaluation of interference resulting from the satellites at the radio telescope during the 
integration time (2 000 s) should be based on statistical calculations and should take into account 
the parameters of both the satellites and the radio telescope. 



Non-GSO satellite system parameters: 
– the number of satellites visible in the sky at the radio astronomy station; 
– the detailed orbital characteristics of the satellites; 
– the pfd radiated by each satellite at the radio telescope within the radio astronomy band 



considered, which may be estimated using a model of unwanted emissions mask. 



Radio telescope parameters: 
– the antenna location; 
– the antenna pattern and antenna gain; 
– the practical range of pointing directions;  
– the boresight pointing direction; 
– the off-axis angles between the boresight of the antenna of the radio astronomy station and 



the directions of the transmitting satellites; 
– the integration time (2 000 s). 



2 Calculation of epfd at radio astronomy sites 
The receiving gain of a radio telescope in the direction of a non-GSO satellite (as opposed to GSO) 
varies with time chiefly because of the movement of the satellite and the fine angular structure of 
the radio telescope’s side-lobe pattern. There will be times when the telescope gain in the direction 
of a satellite is much higher than 0 dBi, and other times when it is less.  



In addition, in the case of multiple satellites of a non-GSO system, all their contributions must be 
included and properly taken into account. 
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This may be done using the concept of epfd originally defined to assess possible sharing conditions 
between GSO and non-GSO systems. In the section below the concept is developed for the case of 
a radio astronomy station subject to interference from non-GSO satellites. 



2.1 Definition of epfd 
When an antenna receives power, within its reference bandwidth, simultaneously from transmitters 
at various distances, in various directions and at various levels of incident pfd, the epfd is that pfd 
which, if received from a single transmitter in the far field of the antenna in the direction of 
maximum gain, would produce the same power at the input of the receiver as is actually received 
from the aggregate of the various transmitters. 



The instantaneous epfd is calculated using the following formula: 
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where: 
 Na : number of non-GSO space stations that are visible from the radio telescope 
 i : index of the non-GSO space station considered 
 Pi : RF power of the unwanted emission at the input of the antenna (or RF radiated power 



in the case of an active antenna) of the transmitting space station considered in the 
non-GSO system (dBW) in the reference bandwidth 



 θi : off-axis angle (degrees) between the boresight of the transmitting space station 
considered in the non-GSO system and the direction of the radio telescope 



 Gt (θi) : transmit antenna gain (as a ratio) of the space station considered in the non-GSO 
system in the direction of the radio telescope 



 di : distance (m) between the transmitting station considered in the non-GSO system and 
the radio telescope 



 ϕi : off-axis angle (degrees) between the pointing direction of the radio telescope and the 
direction of the transmitting space station considered in the non-GSO system 



 Gr(ϕi) : receive antenna gain (as a ratio) of the radio telescope, in the direction of the 
transmitting space station considered in the non-GSO system (see Recommendation 
ITU-R RA.1631) 



 Gr,max : maximum gain (as a ratio) of the radio telescope 
 epfd : instantaneous equivalent power flux-density (dB(W/m2)) in the reference bandwidth at 



the radio telescope. 



The epfd calculation in equation (1) assumes that the pfd due to all interfering sources is directed at 
the boresight of the receiving antenna, where the antenna gain is maximum. However, radio 
astronomy protection criteria are based on a 0 dBi contour of the radio astronomy antenna. Using 
the approach in equation (1), the pfd due to all interfering sources directed at the 0 dBi gain of the 
receiving antenna, can be determined as follows:  
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The dBi0=rGepfd values resulting from equation (2), averaged (in linear form) over a 2 000 s 



integration time, can be compared with pfd levels (defined assuming a 0 dBi receiving antenna gain 
in the direction of interference and given this integration time). 
NOTE 1 – It is assumed that each transmitter is located in the far field of the radio telescope (that is, at 
a distance greater than 2D2/λ where D is the effective diameter of the radio telescope and λ is the observing 
wavelength). Though this may not always be satisfied, it is considered to be an adequate approximation. 
NOTE 2 – For some telescopes, the direction of maximum gain (boresight direction) may not always 
coincide with the geometrical axis of the radio telescope. 
NOTE 3 – In the case of active antennas, Pi should be taken as the radiated RF power rather than the power 
at the input to the antenna. 
NOTE 4 – The antenna gain of the transmitting station, Gt (θi) is taken at the frequency of the radio 
astronomy band considered. This may differ from the gain at the frequencies of the intended transmissions. 



 



 



 



 



 



Annex 2 
 



Distribution of epfd levels 



 



This Annex describes a way to derive epfd statistics over the whole sky. 



1 Division of the sky into cells of approximately equal solid angle 
The first step of this approach is to divide the sky into M rings parallel to the horizon and equally 
spaced in terms of elevation angle, from 0° to 90°. The width of each ring is 90/M°. The next step is 
to divide these rings into cells whose azimuth width is chosen to provide an integer number of cells 
per ring and is approximately equal to: 



  
)cos(



/90
elevation



M                 degrees 



Figure 1 provides an example of division based on a step of 3° width in elevation, this divides the 
sky into 30 rings of 3° of elevation angle. Then, the azimuth width is approximately equal to: 



  
)cos(



30/90
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                degrees 



Elevation is a mean elevation in a given ring. 
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1583-01



FIGURE 1



Example of division of the sky in cells of approximately



9 square degrees of solid angle



87° (3 cells)



84° (9 cells)



45° (90 cells)



48° (72 cells)



3° (120 cells)



3°  



This leads to a division of the sky into 2 334 cells of approximately 9 square degrees of solid angle 
each. Table 1 provides the number of cells for each ring corresponding to this example. 



TABLE 1 



Example of division of the sky into square cells  
of about 9 square degrees solid angle 



Lower 
elevation of 



the ring 
(degrees) 



Ring 
solid 
angle 



(square 
degrees) 



Cumulative 
solid angle 



(square 
degrees) 



Azimuth
step 



(degrees)



Number of 
cells in the 



ring 



Cell solid 
angle 



(square 
degrees)



Cumulative 
number of 



cells 



Percentage 
of solid 
angle 
(%) 



Cumulative
solid 
angle 
(%) 



0 1 079.51 1 079.51 3 120 9.00 120 5.23 5.23 
3 1 076.55 2 156.05 3 120 8.97 240 5.22 10.45 
6 1 070.64 3 226.69 3 120 8.92 360 5.19 15.64 
9 1 061.79 4 288.49 3 120 8.85 480 5.15 20.79 



12 1 050.04 5 338.53 3 120 8.75 600 5.09 25.88 
15 1 035.41 6 373.93 3 120 8.63 720 5.02 30.90 
18 1 017.94 7 391.87 3 120 8.48 840 4.94 35.84 
21 997.68 8 389.55 3 120 8.31 960 4.84 40.67 
24 974.68 9 364.23 3 120 8.12 1 080 4.73 45.40 
27 949.01 10 313.24 3 120 7.91 1 200 4.60 50.00 
30 920.75 11 233.99 4 90 10.23 1 290 4.46 54.46 
33 889.95 12 123.94 4 90 9.89 1 380 4.31 58.78 
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TABLE 1 (end) 



Lower 
elevation of 



the ring 
(degrees) 



Ring 
solid 
angle 



(square 
degrees) 



Cumulative 
solid angle 



(square 
degrees) 



Azimuth
step 



(degrees)



Number of 
cells in the 



ring 



Cell solid 
angle 



(square 
degrees)



Cumulative 
number of 



cells 



Percentage 
of solid 
angle 
(%) 



Cumulative
solid 
angle 
(%) 



36 856.72 12 980.66 4 90 9.52 1 470 4.15 62.93 
39 821.14 13 801.81 4 90 9.12 1 560 3.98 66.91 
42 783.31 14 585.12 4 90 8.70 1 650 3.80 70.71 
45 743.34 15 328.46 4 90 8.26 1 740 3.60 74.31 
48 701.32 16 029.79 5 72 9.74 1 812 3.40 77.71 
51 657.39 16 687.17 5 72 9.13 1 884 3.19 80.90 
54 611.65 17 298.82 5 72 8.50 1 956 2.97 83.87 
57 564.23 17 863.06 6 60 9.40 2 016 2.74 86.60 
60 515.27 18 378.33 6 60 8.59 2 076 2.50 89.10 
63 464.90 18 843.23 6 60 7.75 2 136 2.25 91.35 
66 413.25 19 256.48 8 45 9.18 2 181 2.00 93.36 
69 360.47 19 616.95 9 40 9.01 2 221 1.75 95.11 
72 306.70 19 923.65 10 36 8.52 2 257 1.49 96.59 
75 252.09 20 175.74 12 30 8.40 2 287 1.22 97.81 
78 196.79 20 372.53 18 20 9.84 2 307 0.95 98.77 
81 140.95 20 513.49 24 15 9.40 2 322 0.68 99.45 
84 84.73 20 598.21 40 9 9.41 2 331 0.41 99.86 
87 28.27 20 626.48 120 3 9.42 2 334 0.14 100.00 



 



 



2 epfd distribution for a cell 
First, a random choice is made for a pointing direction of the radio astronomy service antenna 
which will lie within a specific cell on the sky as defined in § 1. Then, the starting time of the 
constellation is randomly chosen. The epfd is then evaluated for each time sample over a 2 000 s 
integration time. The average epfd corresponding to this trial is then calculated for the chosen 
pointing direction and starting time of the constellation. 



This operation is repeated to obtain a statistical distribution of the epfd in the considered cell. 
The methodology involves a number of trials, each of which calculates the averaged epfd level over 
a 2 000 s integration interval. The greater the number of trials, the more accurate this distribution 
will be. A sufficient number of trials is needed to achieve the required confidence level in the 
results. In particular, the number of trials multiplied by the 2 000 s integration time should be 
significantly higher than the period of the constellation. It is also necessary to ensure adequate 
statistical sampling over the full period of the constellation. Once it is found that no further 
significant change occurs in the distribution, it can be concluded that a sufficient number of trials 
has been performed. This check can be done either automatically as an integral part of the 
simulation, or manually, by stopping the simulation at regular intervals. 
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3 Output in terms of percentage of data loss 
The epfd determination described in § 2 provides a distribution of epfd levels for each cell of the 
sky which can be compared to the threshold levels used for radio astronomical measurements. 
When these levels are exceeded, some radio astronomy data will be lost. The percentage of this loss 
is defined as the sum of these losses in all cells over the number of trials. Figure 2 shows an 
example of the percentage of data loss per cell over the whole sky for a non-GSO RNSS 
constellation. 



 



FIGURE 2 
Distribution of data loss over the sky 
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Foreword 



The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the 
radio-frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without 
limit of frequency range on the basis of which Recommendations are adopted. 



The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional 
Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups. 



Policy on Intellectual Property Right (IPR) 



ITU-R policy on IPR is described in the Common Patent Policy for ITU-T/ITU-R/ISO/IEC referenced in Annex 1 of 
Resolution ITU-R 1. Forms to be used for the submission of patent statements and licensing declarations by patent 
holders are available from http://www.itu.int/ITU-R/go/patents/en where the Guidelines for Implementation of the 
Common Patent Policy for ITU-T/ITU-R/ISO/IEC and the ITU-R patent information database can also be found.  
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RECOMMENDATION  ITU-R  M.585-5* 



Assignment and use of maritime mobile service identities 
 



(1982-1986-1990-2003-2007-2009) 



 



Scope 



This Recommendation provides guidance to administrations for the assignment and conservation of maritime 
mobile service identities (MMSI). Formats for ship stations, coast stations, aircraft participating in search 
and rescue operations, aids to navigation, and craft associated with a parent ship are described as well as 
some limitations which constrain assignments for ships which utilize the satellite services of the global 
maritime distress and safety system (GMDSS). Guidance is provided for future mobile satellite systems and 
the reuse of decommissioned numbers. 



 



The ITU Radiocommunication Assembly, 



considering 
a) the need for a unique ship identity for safety and telecommunication purposes; 



b) that the unique number should be the maritime mobile service identity (MMSI); 



c) the need for this identity to be usable with automated radiocommunication systems; 



d) that the identities assigned to ship stations, coast stations, aircraft participating in search 
and rescue operations, aids to navigation, craft associated with a parent ship, and used for 
establishing group calls should be of a similar nature; 



e) that it is possible to use the MMSI to establish a telephone call to a ship after routing 
through the public switched networks to an appropriate coast station; 



f) that the public switched networks in many countries have restrictions on the maximum 
number of digits that may be dialled or keyed to identify the called ship station and the routing coast 
station, which would prevent the translation of the complete MMSI directly into a diallable number 
for the ship that is compliant with ITU-T Recommendation E.164; 



g) that whatever restrictions may be required should, in the interests of the development of 
automatic shore-to-ship operations, be as few as possible; 



h) that mobile-satellite systems enable the maritime community to participate in or interwork 
with international public correspondence telecommunication systems on a fully automatic basis, 
utilizing the numbering, naming and addressing scheme pertaining to the service being used; 



                                                 
*  This Recommendation should be brought to the attention of International Association of Marine Aids to 



Navigation and Lighthouse Authorities (IALA), International Civil Aviation Organization (ICAO), 
International Hydrographic Organization (IHO) and International Maritime Organization (IMO). 
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j) that the current generation of mobile-satellite systems participating in the global maritime 
distress and safety system (GMDSS) have signalling and routing characteristics requiring ships 
using these networks to have an MMSI ending with three zeroes; 



k) that the numbering scheme specified for future generations of mobile-satellite systems 
participating in the GMDSS will be designed to meet the needs of the international public 
correspondence service and is unlikely to offer the facility to incorporate any part of the MMSI in a 
diallable number for a ship, 



recommends 
1 that ships complying with the International Convention for the Safety of Life at Sea, 1974, 
as amended, and other ships equipped with automated radiocommunication systems, including 
Automatic Identification Systems (AIS), Digital Selective Calling (DSC), and/or carrying alerting 
devices of the GMDSS should be assigned maritime mobile service identities in accordance with 
Annexes 1, 2, 3, 4 or 5 to this Recommendation, as appropriate; 



2 that ship, coast stations, and aircraft participating in search and rescue operations using 
digital selective calling equipment in accordance with Recommendation ITU-R M.493 should use 
their 9-digit numerical identities transmitted as a 10-digit address/self-identity, normally with a 
digit 0 added at the end of the identity (see also Recommendation ITU-R M.1080); 



3 that ship, coast stations, and non-shipborne stations using AIS equipment in accordance 
with Recommendation ITU-R M.1371 should use their 9-digit numerical identities; 



4 for the purpose of ensuring compatibility with the GMDSS, the numbers, names and 
addresses of ship earth stations participating in international telecommunication services should be 
made readily available to all authorized entities by the telecommunication service providers 
concerned; 



5 that the guidance given in Annex 6 to this Recommendation should be employed regarding 
the reuse of MMSI, particularly those with three trailing zeroes. 



 



 



 



Annex  1 
 



Assignment of identification to ship station  



1 Ships participating in the maritime radio services mentioned in recommends 1 should be 
assigned a nine digit unique ship station identity in the format M1I2D3X4X5X6X7X8X9 where in the 
first three digits represent the Maritime Identification Digits (MID) and X is any figure from 0 to 9. 
The MID denotes the geographical area of the administration responsible for the ship station so 
identified. 



2 Restrictions may apply with respect to the maximum number of digits, which can be 
transmitted on some national telex and/or telephone networks for the purpose of ship station 
identification. 
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3 The maximum number of digits that could be transmitted over the national networks of 
many countries for the purpose of determining ship station identity was six. The digits carried on 
the network to represent the ship station identity are referred to as the “ship station number” in this 
text and in the relevant ITU-R Recommendations. The use of the techniques described below 
should have made it possible for the coast stations of such countries to engage in the automatic 
connection of calls to ship stations. 



To obtain the required nine digit ship station identity a series of trailing zeros would have to be 
added automatically to the ship station number by the coast station in order to complete a shore-
originated telephone call, for example, carried over the public switched telephone network: 
 



 Ship station number Ship station identity  



 M1I2D3X4X5X6 M1I2D3X4X5X6070809  
 
4 In accordance with the above, and the relevant ITU-T Recommendations, a numbering plan 
was instituted for Inmarsat Standard B, C and M systems, which also requires that MMSI with three 
trailing zeroes be assigned to ships fitting standard B, C and M ship earth stations. 



5 The above restrictions do not necessarily apply to Inmarsat Standard C systems, as they are 
not diallable terminals from the public switched telephone network but are only data terminals. 



6 With respect to Inmarsat Standard B and M systems and as long as the above restrictions 
apply, ships reasonably expected to be affected by the above limitations should only be assigned 
ship station identities with X7X8X9 = 000. 



7 Group ship station call identities for calling simultaneously more than one ship are formed 
as follows: 
 



  01M2I3D4X5X6X7X8X9 
 



where the first figure is zero and X is any figure from 0 to 9. The MID represents only the territory 
or geographical area of the administration assigning the group ship station call identity and does not 
therefore prevent group calls to fleets containing more than one ship nationality. 



8 With the evolution of global mobile-satellite systems, ships earth stations are able to 
participate in international public correspondence telecommunication services. Ship earth stations 
having this functionality may be assigned international telecommunication numbers that have no 
direct correspondence with the ship station MMSI. Those authorized to assign the numbers, names 
and addresses associated with such ship earth stations should maintain a record of the cross 
reference relationships with the MMSI, for example in an appropriate database. For the purposes of 
GMDSS the details of these relationships should be made available to authorized entities such as 
but not limited to the Rescue Coordination Centres (RCC)1. Such availability should be on an 
automatic basis, 24 hours per day 365 days per year. 



                                                 
1 IMO Resolution A.1001(25) requires that distress priority communications in these systems should, as far 



as possible, be routed automatically to an RCC. 
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Annex  2 
 



Assignment of identification to coast station 



1 Coast stations and other stations on land participating in the maritime radio services 
mentioned in recommends 2 should be assigned a nine-digit unique coast station identity in the 
format 0102M3I4D5X6X7X8X9 where the digits 3, 4 and 5 represent the MID and X is any figure 
from 0 to 9. The MID reflects the territory or geographical area in which the coast station or coast 
earth station is located. 



2 As the number of coast stations decreases in many countries, an administration may wish to 
assign MMSI of the format above to harbour radio stations, pilot stations, system identities and 
other stations participating in the maritime radio services. The stations concerned should be located 
on land or on an island in order to use the 00MIDXXXX format. 



3 The administration may use the sixth digit to further differentiate between certain specific 
uses of this class of MMSI, as shown in the example applications below:  
a) 00MID1XXX  Coast radio stations 
b) 00MID2XXX  Harbour radio stations 
c) 00MID3XXX  Pilot stations, etc. 



4 This format scheme creates blocks of 999 numbers for each category of station, however 
the method is optional and should be used only as a guidance. Many other possibilities exist if the 
administration concerned wishes to augment the scheme. 



5 Group coast station call identities for calling simultaneously more than one coast station are 
formed as a subset of coast station identities, as follows: 
 



  0102M3I4D5X6X7X8X9 
 



where the first two figures are zeros and X is any figure from 0 to 9. The MID represents only the 
territory or geographical area of the administration assigning the group coast station call identity. 
The identity may be assigned to stations of one administration which are located in only one 
geographical region as indicated in the relevant ITU-T Recommendations. 



6 The combination 0102M3I4D506070809 should be reserved for a Group Coast Station Identity 
and should address all 00MIDXXXX stations within the administration. The administration may 
further augment this use with additional Group Call identities, i.e. 00MID1111, etc. 



7 For the purpose of the GMDSS the details of these MMSI assignments should be made 
available to authorized entities such as, but not limited to, RCC. Such availability should be on an 
automatic basis, 24 hours per day 365 days per year. 



8 The combination 010293949506070809 is reserved for the All Coast Stations Identity and 
should address all VHF 00XXXXXXX stations. It is not applicable to MF or HF coast stations. 
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Annex  3 
 



Assignment of identification to aircraft 



1 When an aircraft is required to use maritime mobile service identities for the purposes of 
conducting search and rescue communications with stations in the maritime mobile service, the 
responsible administration should assign a nine-digit unique aircraft identity, in the format 
111213M4I5D6X7X8X9 where the digits 4, 5 and 6 represent the MID and X is any figure from 0 to 9. 
The MID represents only the territory or geographical area of the administration assigning the 
aircraft call identity. 



2 The format shown above will accommodate 999 aircraft per MID. If the administration 
concerned has more Search and Rescue (SAR) aircraft than 999 they may use an additional country 
code (MID) if it is already assigned by the ITU. 



3 The administration may use the seventh digit to differentiate between certain specific uses 
of this class of MMSI, as shown in the example applications below: 
a) 111MID1XX  Fixed-wing aircraft 
b) 111MID5XX   Helicopters 



4 This format scheme creates blocks of 99 numbers for each of the category of stations, 
however, the method shown here is optional. 



5 The combination 111213M4I5D6070809 should be reserved for a Group Aircraft Identity and 
should address all 111MIDXXX stations within the administration. The administration may further 
augment this with additional Group Call identities, i.e. 111MID111, etc.  



6 For the purpose of search and rescue the details of these MMSI assignments should be 
made available to authorized entities such as, but not limited to, RCC. Such availability should be 
on an automatic basis, 24 hours per day 365 days per year. 



7 The MMSI assigned to SAR aircraft should also be available from the ITU MARS database 
(see Radio Regulations (RR) No. 20.16). 



 
 



Annex  4 
 



Assignment of identification to AIS Aids to Navigation (AtoN) 



1 When a means of automatic identification is required for a station aiding navigation at sea, 
the responsible administration should assign a nine-digit unique number in the format 
9192M3I4D5X6X7X8X9 where the digits 3, 4 and 5 represent the MID and X is any figure from 0 to 9. 
The MID represents only the territory or geographical area of the administration assigning the call 
identity for the navigational aid. 



2 The format shown above applies to all types of AtoN as listed in the most recent version of 
Recommendation ITU-R M.1371, see AIS Message 21 parameter “Type of aids to navigation” and 
the associated table for this parameter. This format is used for all AIS stations for the transmission 
of messages that relate to AtoN. In the case where an AIS base station is collocated with an AIS 
AtoN station the messages related to the base station operation should be assigned an identification 
number in the format given in Annex 2. 
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3 The format scheme shown above will accommodate 10 000 AtoN per MID. If the 
administration concerned has more than 10 000 they may use an additional country code (MID) if it 
is already assigned by the ITU giving a further 10 000 identities. 



4 The administration may use the sixth digit to differentiate between certain specific uses of 
the MMSI, as shown in the example applications below: 
a) 99MID1XXX  Physical AIS AtoN 
b) 99MID6XXX  Virtual AIS AtoN 



5 This format scheme creates blocks of 999 numbers for each category of station, however 
the method shown here is optional and should be used only as a guidance. 



6 In addition to the use of the sixth digit to differentiate between specific navigational aids as 
explained above, the seventh digit may be used for national purposes, to define areas where the AIS 
AtoN are located or types of AIS AtoN to the discretion of the administration concerned. 



7 The details of these MMSI assignments should be made available but not limited to the 
International Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) and 
appropriate national authorities. 



8 The assigned MMSI to aids of navigation should also be available from the ITU MARS 
database (see RR No. 20.16). 



 



 



 



Annex  5 
 



Assignment of identification to craft associated with a parent ship  



1 Craft associated with a parent ship, need unique identification. These crafts which 
participate in the maritime mobile service should be assigned a nine-digit unique number in the 
format 9182M3I4D5X6X7X8X9 where the digits 3, 4 and 5 represent the MID and X is any figure 
from 0 to 9. The MID represents only the territory or geographical area of the administration 
assigning the call identity for the craft associated with a parent ship. 



2 This numbering format is only valid for devices on board craft associated with a parent 
ship. A craft may carry multiple devices which would be identified by the MMSI assigned to the 
craft. These devices may be located in lifeboats, life-rafts, MOB-boats or other craft belonging to a 
parent ship. 



3 A unique MMSI should be assigned for each craft associated with a parent ship and will 
have to be separately registered and linked to the MMSI of the parent ship. 



4 The format scheme shown above will accommodate 10 000 crafts associated with parent 
ships per MID. If the administration concerned has more than 10 000 they may use an additional 
country code (MID) if it is already assigned by the ITU giving a further 10 000 identities. 



5 The assigned MMSI to these craft associated with a parent ship should also be available 
from the ITU MARS database (see RR No. 20.16). 
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Annex  6 
 



Guidance on the conservation and management of MMSI 



1 Administrations should employ the following measures to manage the limited MMSI 
numbering resource, particularly for the reuse of MMSI with three trailing zeroes, in order to avoid 
depletion of MID and the corresponding MMSI series: 
a) implement effective national procedures for MMSI assignment and registration; 
b) provide the Bureau with regular updates of assigned numbers in conformity with RR 



No. 20.16; 
c) ensure that the period from the expiration of the ship station licence associated with the 



number assignment until the date of reassignment of that number is sufficient for the 
changes to be incorporated in the relevant ITU service publications, taking into account the 
standard intervals between successive published editions; 



d) ensure that when ships move from the flag of registration of one administration to that of 
another administration, all of the assigned means of ship station identification, including the 
MMSI, are reassigned as appropriate and that the changes are notified to the Bureau as soon 
as possible (see RR No. 20.16). 



2 It is essential for a lapsed number assignment to remain dormant before taking it back into 
use again, in order to avoid confusion over the origin of distress communications or over the 
responsible parties for billing and reconciling accounts for maritime radiocommunications. 



3 The objective is to ensure that a period of five years should pass before a lapsed MMSI is 
reused and entered into national and international databases pursuant to RR No. 20.16. 



4 Administrations could also apply the above procedures to MMSI assigned with 2, 1 or no 
trailing zeroes in the interests of the long term conservation of MMSI and MID resources. However 
these number formats are normally not critical to the assignment of an additional MID to an 
administration (see Section VI of RR Article 19). 
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RECOMMENDATION  ITU-R  M.633-4* 



Transmission characteristics of a satellite emergency position-indicating 
radio beacon (satellite EPIRB) system operating through 



a satellite system in the 406 MHz band 



 



 



(1986-1990-2000-2004-2010) 



 



Scope 



This Recommendation provides transmission characteristics of a satellite emergency position-indicating 
radio beacon system (satellite EPIRBs) operating in the 406 MHz band. 



 



The ITU Radiocommunication Assembly, 



considering 



a) that satellite EPIRBs can be used for distress alerting in the maritime, land and aeronautical 
environments; 



b) that satellite EPIRBs with common characteristics may be employed in diverse operating 
environments; 



c) that satellite EPIRBs are one of the prime alerting means in the Global Maritime Distress 
and Safety System (GMDSS) of the International Maritime Organization (IMO); 



d) that all ships to which Chapter IV of the International Convention for the Safety of Life at 
Sea (SOLAS), 1974, (as amended in 1988) applies, are required by Regulation IV/7.1.6 to carry a 
satellite EPIRB from 1 August 1993; 



e) that SOLAS Regulation IV/7.1.6 provides for the carriage of a satellite EPIRB operating in 
the 406 MHz band; 



f) that all aeroplanes and helicopters for which Parts I, II and III of Annex 6 of the 
Convention on International Civil Aviation apply, are required to carry at least one satellite EPIRB 
operating in the 406 MHz band (referred to as Emergency Locator Transmitter (ELT) in the ICAO 
documentation),  



noting 



a) the current and planned availability of operational Cospas-Sarsat satellites in orbit; 



b) the current and projected availability of the Cospas-Sarsat ground system, 



                                                 



* This Recommendation should be brought to the attention of the International Maritime Organization 
(IMO), the International Civil Aviation Organization (ICAO), the International Mobile Satellite 
Organization (IMSO) and the Cospas-Sarsat Secretariat. 
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recommends 



1 that the transmission characteristics and data formats for a satellite EPIRB operating 
through a satellite system in the 406 MHz band should be in accordance with Cospas-Sarsat 
Document C/S T.001 (Issue 3, Revision 10, October 2009 titled Specification for 406 MHz 
Cospas-Sarsat Distress Beacons). 



NOTE 1 – A copy of document C/S T.001 (Issue 3, Revision 10, October 2009) can be obtained 
free of charge from the Cospas-Sarsat Secretariat (mail@cospas.sarsat.int) or the Cospas-Sarsat 
website (http://www.cospas-sarsat.org/). 
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RECOMMENDATION  ITU-R  P.526-11 



Propagation by diffraction 



(Question ITU-R 202/3) 



 



(1978-1982-1992-1994-1995-1997-1999-2001-2003-2005-2007-2009) 



 



Scope 



This Recommendation presents several models to enable the reader to evaluate the effect of diffraction on 
the received field strength. The models are applicable to different obstacle types and to various path 
geometries. 



The ITU Radiocommunication Assembly, 



considering 



a) that there is a need to provide engineering information for the calculation of field strengths 
over diffraction paths, 



recommends 



1 that the methods described in Annex 1 be used for the calculation of field strengths over 
diffraction paths, which may include a spherical earth surface, or irregular terrain with different 
kinds of obstacles. 



 



 



 



 



Annex 1 



1 Introduction 



Although diffraction is produced only by the surface of the ground or other obstacles, account must 
be taken of the mean atmospheric refraction on the transmission path to evaluate the geometrical 
parameters situated in the vertical plane of the path (angle of diffraction, radius of curvature, height 
of obstacle). For this purpose, the path profile has to be traced with the appropriate equivalent Earth 
radius (Recommendation ITU-R P.834). If no other information is available, an equivalent Earth 
radius of 8 500 km may be taken as a basis. 



2 Basic concepts 



Diffraction of radiowaves over the Earth’s surface is affected by terrain irregularities. In this 
context, before going further into the prediction methods for this propagation mechanism, a few 
basic concepts are given in this section. 
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2.1 Fresnel ellipsoids and Fresnel zones 



In studying radiowave propagation between two points A and B, the intervening space can be 
subdivided by a family of ellipsoids, known as Fresnel ellipsoids, all having their focal points at A 
and B such that any point M on one ellipsoid satisfies the relation: 
 



  
2



AB MBAM
λ+=+ n  (1) 



 



where n is a whole number characterizing the ellipsoid and n = 1 corresponds to the first Fresnel 
ellipsoid, etc., and λ is the wavelength. 



As a practical rule, propagation is assumed to occur in line-of-sight (LoS), i.e. with negligible 
diffraction phenomena if there is no obstacle within the first Fresnel ellipsoid. 



The radius of an ellipsoid at a point between the transmitter and the receiver can be approximated in 
self-consistent units by: 
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or, in practical units: 
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where f is the frequency (MHz) and d1 and d2 are the distances (km) between transmitter and 
receiver at the point where the ellipsoid radius (m) is calculated. 



Some problems require consideration of Fresnel zones which are the zones obtained by taking the 
intersection of a family of ellipsoids by a plane. The zone of order n is the part between the curves 
obtained from ellipsoids n and n – 1, respectively. 



2.2 Penumbra width 



The transition from light to shadow defines the penumbra region. This transition takes place along a 
narrow strip (penumbra width) in the boundary of geometric shadow. Figure 1 shows the penumbra 
width (W) in the case of a transmitter located a height, h, above a smooth spherical earth, which is 
given by: 
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where: 



 λ:  wavelength (m) 



 ae: effective Earth radius (m). 
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2.3 Diffraction zone 



The diffraction zone of a transmitter extends from the LoS distance where the path clearance is 
equal to 60% of the first Fresnel zone radius, (R1), up to a distance well beyond the transmitter 
horizon where the mechanism of troposcatter becomes predominant. 



2.4 Obstacle surface smoothness criterion 



If the surface of the obstacle has irregularities not exceeding Δh, 



where: 



  [ ] 3/12λ04.0 Rh =Δ                 m (5) 



where: 



 R: obstacle curvature radius (m) 



  λ: wavelength (m) 



then the obstacle may be considered smooth and the methods described in § 3 and 4.2 may be used 
to calculate the attenuation. 



2.5 Isolated obstacle 



An obstacle can be considered isolated if there is no interaction between the obstacle itself and the 
surrounding terrain. In other words, the path attenuation is only due to the obstacle alone without 
any contribution from the remaining terrain. The following conditions must be satisfied: 



– no overlapping between penumbra widths associated with each terminal and the obstacle 
top; 



– the path clearance on both sides of the obstacles should be, at least, 0.6 of the first Fresnel 
zone radius; 



– no specular reflection on both sides of the obstacle. 



2.6 Types of terrain 



Depending on the numerical value of the parameter Δh (see Recommendation ITU-R P.310) used to 
define the degree of terrain irregularities, three types of terrain can be classified: 



a) Smooth terrain 



The surface of the Earth can be considered smooth if terrain irregularities are of the order or less 
than 0.1R, where R is the maximum value of the first Fresnel zone radius in the propagation path. In 
this case, the prediction model is based on the diffraction over the spherical Earth (see § 3). 
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b) Isolated obstacles 



The terrain profile of the propagation path consists of one or more isolated obstacles. In this case, 
depending on the idealization used to characterize the obstacles encountered in the propagation 
path, the prediction models described in § 4 should be used. 



c) Rolling terrain 



The profile consists of several small hills, none of which form a dominant obstruction. Within its 
frequency range Recommendation ITU-R P.1546 is suitable for predicting field strength but it is not 
a diffraction method. 



2.7 Fresnel integrals 



The complex Fresnel integral is given by: 
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where j is the complex operator equal to √–1, and C(ν) and S(ν) are the Fresnel cosine and sine 
integrals defined by: 
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The complex Fresnel integral Fc(ν) can be evaluated by numerical integration, or with sufficient 
accuracy for most purposes for positive ν using: 



 40for
4



)–(
4



)exp()(
11



0



<≤

























=ν 



=
x



x
jba



x
jxF



n



nn
n



c  (8a) 



  4for
4



)–(
4



)exp(
2



1
)(



11



0



≥

























+










 +=ν 



=
x



x
jdc



x
jx



j
F



n



nn
n



c  (8b) 



where: 



  x = 0.5 π ν 2 (9) 
 



and an, bn, cn and dn are the Boersma coefficients given below: 



a0 = +1.595769140 b0 = -0.000000033 c0 = +0.000000000 d0 = +0.199471140
a1 = -0.000001702 b1 = +4.255387524 c1 = -0.024933975 d1 = +0.000000023
a2 = -6.808568854 b2 = -0.000092810 c2 = +0.000003936 d2 = -0.009351341
a3 = -0.000576361 b3 = -7.780020400 c3 = +0.005770956 d3 = +0.000023006
a4 = +6.920691902 b4 = -0.009520895 c4 = +0.000689892 d4 = +0.004851466
a5 = -0.016898657 b5 = +5.075161298 c5 = -0.009497136 d5 = +0.001903218
a6 = -3.050485660 b6 = -0.138341947 c6 = +0.011948809 d6 = -0.017122914
a7 = -0.075752419 b7 = -1.363729124 c7 = -0.006748873 d7 = +0.029064067
a8 = +0.850663781 b8 = -0.403349276 c8 = +0.000246420 d8 = -0.027928955
a9 = -0.025639041 b9 = +0.702222016 c9 = +0.002102967 d9 = +0.016497308
a10 = -0.150230960 b10 = -0.216195929 c10 = -0.001217930 d10 = -0.005598515
a11 = +0.034404779 b11 = +0.019547031 c11 = +0.000233939 d11 = +0.000838386
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C(ν) and S(ν) may be evaluated for negative values of ν  by noting that: 



  C(–ν) = – C(ν) (10a) 



  S(–ν) = – S(ν) (10b) 



3 Diffraction over a spherical Earth 



The additional transmission loss due to diffraction over a spherical Earth can be computed by the 
classical residue series formula. A computer program GRWAVE, available from the ITU, provides 
the complete method. A subset of the outputs from this program (for antennas close to the ground 
and at lower frequencies) is presented in Recommendation ITU-R P.368.  



The following subsections describe numerical and nomogram methods which may be used for 
frequencies 10 MHz and above. For frequencies below 10 MHz, GRWAVE should always be used. 
Section 3.1 gives methods for over-the-horizon paths. Section 3.1.1 is a numerical method. 
Section 3.1.2 is a nomogram method. Section 3.2 is a method applicable for the smooth earth case 
for any distance and for frequencies 10 MHz and above. This utilizes the numerical method 
in § 3.1.1. 



3.1 Diffraction loss for over-the-horizon paths 



At long distances over the horizon, only the first term of the residue series is important. Even near 
or at the horizon this approximation can be used with a maximum error around 2 dB in most cases. 



This first term can be written as the product of a distance term, F, and two height gain terms, GT 
and GR § 3.1.1 and § 3.1.2 describe how these terms can be obtained from simple formula or from 
nomograms. 



3.1.1 Numerical calculation 



3.1.1.1 Influence of the electrical characteristics of the surface of the Earth 



The extent to which the electrical characteristics of the surface of the Earth influence the diffraction 
loss can be determined by calculating a normalized factor for surface admittance, K, given by the 
formulae: 



in self-consistent units: 



 [ ] 4/1–
22



3/1–



)60()1–(
2 σλ+ε














λ
π= e



H
a



K  for horizontal polarization (11) 



and 
 



 [ ] 2/1
22 )60( σλ+ε= HV KK   for vertical polarization (12) 



 



or, in practical units: 
 



  [ ] 4/1–
223/1– )/00018()1–()(36.0 ffaK eH σ+ε=  (11a) 



 



  [ ] 2/1
22 )/00018( fKK HV σ+ε=  (12a) 
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where: 



 ae : effective radius of the Earth (km) 



 ε : effective relative permittivity 



 σ : effective conductivity (S/m) 



 f : frequency (MHz). 



Typical values of K are shown in Fig. 2. 
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If K is less than 0.001, the electrical characteristics of the Earth are not important. For values of K 
greater than 0.001 and less than 1, the appropriate formulae given in § 3.1.1.2 can be used. When K 
has a value greater than about 1, the diffraction field strength calculated using the method of 
§ 3.1.1.2 differs from the results given by the computer program GRWAVE, and the difference 
increases rapidly as K increases. GRWAVE should be used for K greater than 1. This only occurs 
for vertical polarization, at frequencies below 10 MHz over sea, or below 200 kHz over land. In all 
other cases the method of § 3.1.1.2 is valid. 



3.1.1.2 Diffraction field strength formulae 



The diffraction field strength, E, relative to the free-space field strength, E0, is given by the formula: 
 



  dB)()()(log20 21
0



YGYGXF
E



E ++=  (13) 



 



where X is the normalized length of the path between the antennas at normalized heights Y1 and Y2 



(and where 
0



log20
E
E  is generally negative). 



In self-consistent units: 



  d
a



X
e



3/1



2
β 



















λ
π=  (14) 



 



  h
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3/1



2



2
β2 




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










λ
π=  (15) 



or, in practical units: 
 



  dafX e
3/2–3/1β188.2=  (14a) 



 



  hafY e
3/1–3/23– β10575.9 ×=  (15a) 



 



where: 



 d : path length (km) 



 ae : equivalent Earth’s radius (km) 



 h : antenna height (m) 



 f : frequency (MHz). 



β is a parameter allowing for the type of ground and for polarization. It is related to K by the 
following semi-empirical formula: 
 



  
42



42



53.15.41



67.06.11
β



KK



KK



++
++=  (16) 



 



For horizontal polarization at all frequencies, and for vertical polarization above 20 MHz over land 
or 300 MHz over sea, β may be taken as equal to 1. 
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For vertical polarization below 20 MHz over land or 300 MHz over sea, β must be calculated as a 
function of K. However, it is then possible to disregard ε and write: 
 



  
3/53/2



2 89.6
fk



K
σ≈  (16a) 



 



where σ is expressed in S/m, f (MHz) and k is the multiplying factor of the Earth’s radius. 



The distance term is given by the formula: 
 



  F(X) = 11 + log (X) – 17.6 X for X ≥ 1.6 (17a) 
 



  F(X) = –20 log (X) – 5.6488X1.425 for X < 1.6 (17b) 
 



The height gain term, G(Y ) is given by the following formulae: 
 



 8–)1.1–(log5–)1.1–(6.17)( 2/1 BBYG ≅  for    B  >  2 (18) 
 



For B < 2 the value of G(Y ) is a function of the value of K computed in § 3.1.1.1: 
 



 )1.0(log20)( 3BBYG +≅    for    10 K    <  B  ≤ 2 (18a) 
 



 [ ]1)/(log)/(log9log202)( +++≅ KBKBKYG   for    K/10  <  B  ≤  10 K (18b) 
 



 KYG log202)( +≅    for                   B ≤  K/10 (18c) 
 



where: 
 



  YB β=  (18d) 
 



Equations (18) to (18c) have been formulated on the assumption that 2.0<K . If used for 2.0>K  
it should be noted that the inequalities defining the applicability of each equation imply a switch 
from equations (18) to (18b) or to (18c) as Y is varied, depending on the value of K. In these cases 
there will be a discontinuity in the value of G(Y) at the switch. For values of Y and K where more 
than one of equations (18) to (18c) are applicable according to the inequalities, it is recommended 
that equation (18) is used in preference to equations (18a) to (18c). Note that even for values of 



2.0<K , there can be a discontinuity between equations (18a) and (18b) of up to 3 dB. 



The accuracy of the diffracted field strength given by equation (13) is limited by the approximation 
inherent in only using the first term of the residue series. Equation (13) is accurate to better than 
2 dB for values of X, Y1 and Y2 that are constrained by the formula: 
 



  limXKYYKYYX >Δ−Δ− ),()β(),()β( 2
2/1



21
2/1



1  (19) 



where: 



  ( )β1280.1096.1 −−=limX  (19a) 



  ( )[ ])0,(),(β1779.1)0,(),( YYYKY Δ−∞Δ−+Δ=Δ  (19b) 
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Δ(Y,0) and Δ(Y,∞) are given by: 
 



  



















 −+=Δ



3.0



255.0)βlog(5.0
tanh15.0)0,(



Y
Y  (19c) 



 



  



















 ++=∞Δ



25.0



255.0)βlog(5.0
tanh15.0),(



Y
Y  (19d) 



 



Consequently, the minimum distance dmin for which equation (13) is valid is given by: 
 



  ),()β(),()β( 2
2/1



21
2/1



1 KYYKYYXX limmin Δ+Δ+=  (19e) 
 



and dmin is obtained from Xmin using equation (14a). 



3.1.2 Calculation by nomograms 



Under the same approximation condition (the first term of the residue series is dominant), the 
calculation may also be made using the following formula: 
 



  )(H)(H)(Flog20 21



0



hhd
E



E ++=                 dB (20) 



 



where: 



 E : received field strength 



 E0 : field strength in free space at the same distance 



 d : distance between the extremities of the path 



 h1 and h2 : heights of the antennas above the spherical earth. 



The function F (influence of the distance) and H (height-gain) are given by the nomograms in 
Figs. 3, 4, 5 and 6. 



These nomograms (Figs. 3 to 6) give directly the received level relative to free space, for k = 1 and 
k = 4/3, and for frequencies greater than approximately 30 MHz. k is the effective Earth radius 
factor, defined in Recommendation ITU-R P.310. However, the received level for other values of k 
may be calculated by using the frequency scale for k = 1, but replacing the frequency in question by 
a hypothetical frequency equal to f / k2 for Figs. 3 and 5 and ,/ kf for Figs. 4 and 6. 



Very close to the ground the field strength is practically independent of the height. This 
phenomenon is particularly important for vertical polarization over the sea. For this reason Fig. 6 
includes a heavy black vertical line AB. If the straight line should intersect this heavy line AB, the 
real height should be replaced by a larger value, so that the straight line just touches the top of the 
limit line at A. 



NOTE 1 – Attenuation relative to free space is given by the negative of the values given by equation (20). If 
equation (20) gives a value above the free-space field, the method is invalid. 



NOTE 2 – The effect of line AB is included in the numerical method given in § 3.1.1. 
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3.2 Diffraction loss for any distance at 10 MHz and above 



The following step-by-step procedure should be used for a spherical-earth path of any length at 
frequencies of 10 MHz and above. The method uses the calculation in § 3.1.1 for over-the-horizon 
cases, and otherwise an interpolation procedure based on a notional effective-earth radius. 



The procedure uses self-consistent units and proceeds as follows: 



Calculate the marginal line-of-sight distance given by: 
 



 ( )212 hhad elos +=  (21) 
 



If d ≥ dlos calculate diffraction loss using the method in § 3.1.1.  No further calculation is necessary. 



Otherwise continue: 



Calculate the smallest clearance height between the curved-earth path and the ray between the 
antennas, h (see Fig. 7), given by: 
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)(4 21



2



hha



d
m



e +
=  (22e) 



 



Calculate the required clearance for zero diffraction loss, hreq, given by: 
 



  
d



dd
hreq



λ
552.0 21=  (23) 



 



If h > hreq the diffraction loss for the path is zero.  No further calculation is required. 
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Otherwise continue: 



Calculate the modified effective earth radius, aem, which gives marginal line-of-sight at distance d 
given by: 
 



  



2



21



5.0 








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+
=



hh



d
aem  (24) 



 



Use the method in § 3.1.1. to calculate the diffraction loss for the path using the modified effective 
earth radius aem in place of the effective earth radius ae, and designate this loss Ah. 



If Ah is negative, the diffraction loss for the path is zero, and no further calculation is necessary. 



Otherwise calculate the interpolated diffraction loss, A (dB), given by: 
 



  [ ] hreq AhhA /1 −=  (25) 
 



4 Diffraction over isolated obstacles  



Many propagation paths encounter one obstacle or several separate obstacles and it is useful to 
estimate the losses caused by such obstacles. To make such calculations it is necessary to idealize 
the form of the obstacles, either assuming a knife-edge of negligible thickness or a thick smooth 
obstacle with a well-defined radius of curvature at the top. Real obstacles have, of course, more 
complex forms, so that the indications provided in this Recommendation should be regarded only as 
an approximation. 



In those cases where the direct path between the terminals is much shorter than the diffraction path, 
it is necessary to calculate the additional transmission loss due to the longer path.  



The data given below apply when the wavelength is fairly small in relation to the size of the 
obstacles, i.e., mainly to VHF and shorter waves ( f > 30 MHz). 
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4.1 Single knife-edge obstacle 



In this extremely idealized case (see Figs. 8a) and 8b)), all the geometrical parameters are combined 
together in a single dimensionless parameter normally denoted by ν which may assume a variety of 
equivalent forms according to the geometrical parameters selected: 
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dd
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2121 ααναα⋅
λ



=ν d
 (29) 



 
 



where: 



 h : height of the top of the obstacle above the straight line joining the two ends of 
the path. If the height is below this line, h is negative 



 d1 and d2 : distances of the two ends of the path from the top of the obstacle 



 d : length of the path 



 θ : angle of diffraction (rad); its sign is the same as that of h. The angle θ is 
assumed to be less than about 0.2 rad, or roughly 12º 



 α1 and α2 : angles between the top of the obstacle and one end as seen from the other end. 
α1 and α2 are of the sign of h in the above equations. 



 



NOTE 1 – In equations (26) to (29) inclusive h, d, d1, d2 and γ should be in self-consistent units. 
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Figure 9 gives, as a function of ν, the loss J(ν) (dB). 



J(ν) is given by: 
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where C(ν) and S(ν) are the real and imaginary parts respectively of the complex Fresnel integral 
F(ν) defined in § 2.7. 



For ν greater than –0.78 an approximate value can be obtained from the expression: 
 



  dB1.0–1)1.0–(log209.6)( 2 






 +++= νννJ  (31) 



 



 



 



4.2 Single rounded obstacle 



The geometry of a rounded obstacle of radius R is illustrated in Fig. 8c). Note that the distances d1 
and d2, and the height h above the baseline, are all measured to the vertex where the projected rays 
intersect above the obstacle. The diffraction loss for this geometry may be calculated as: 



  dB),()( nmTvJA +=  (32) 
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where: 



a) J(ν) is the Fresnel-Kirchoff loss due to an equivalent knife-edge placed with its peak at the 
vertex point. The dimensionless parameter ν may be evaluated from any of equations (26) 
to (29) inclusive. For example, in practical units equation (26) may be written: 
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 where h and λ are in metres, and d1 and d2 are in kilometres. 



 J(ν) may be obtained from Fig. 9 or from equation (31). Note that for an obstruction to LoS 
propagation, ν is positive and equation (31) is valid. 



b) T(m,n) is the additional attenuation due to the curvature of the obstacle: 
 



 22/32/1 8.06.3)5.122(2.7),( mmmnmnmT −+−−=          dB               for mn ≤ 4  (34a) 
 



22/32/1 8.06.3)172(2.7)(log206),( mmmnmmnnmT −+−−+−−=   dB     for mn > 4  (34b) 
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 and R, d1, d2, h and λ are in self-consistent units. 



Note that as R tends to zero, T(m,n) also tend to zero. Thus equation (32) reduces to knife-edge 
diffraction for a cylinder of zero radius. 



The obstacle radius of curvature corresponds to the radius of curvature at the apex of a parabola 
fitted to the obstacle profile in the vicinity of the top. When fitting the parabola, the maximum 
vertical distance from the apex to be used in this procedure should be of the order of the first 
Fresnel zone radius where the obstacle is located. An example of this procedure is shown in Fig. 10, 
where: 
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and ri is the radius of curvature corresponding to the sample i of the vertical profile of the ridge. 
In the case of N samples, the median radius of curvature of the obstacle is given by: 
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4.3 Double isolated edges 



This method consists of applying single knife-edge diffraction theory successively to the two 
obstacles, with the top of the first obstacle acting as a source for diffraction over the second obstacle 
(see Fig. 11). The first diffraction path, defined by the distances a and b and the height ,1h′  gives a 
loss L1 (dB). The second diffraction path, defined by the distances b and c and the height ,2h′  gives 
a loss L2 (dB). L1 and L2 are calculated using formulae of § 4.1. A correction term Lc (dB) must be 
added to take into account the separation b between the edges. Lc may be estimated by the following 
formula: 
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which is valid when each of L1 and L2 exceeds about 15 dB. The total diffraction loss is then given 
by: 



  L  =  L1  +  L2  +  Lc (40) 
 



The above method is particularly useful when the two edges give similar losses. 



 



If one edge is predominant (see Fig. 12), the first diffraction path is defined by the distances a and 
b + c and the height h1. The second diffraction path is defined by the distances b and c and the 
height 2h′ . 
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The method consists of applying single knife-edge diffraction theory successively to the two 
obstacles. First, the higher h/r ratio determines the main obstacle, M, where h is the edge height 
from the direct path TxRx as shown in Fig. 12, and r is the first Fresnel ellipsoid radius given by 
equation (2). Then 2h′ , the height of the secondary obstacle from the sub-path MR, is used to 
calculate the loss caused by this secondary obstacle. A correction term Tc (dB) must be subtracted, 
in order to take into account the separation between the two edges as well as their height. Tc (dB) 
may be estimated by the following formula: 
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h1 and h2 are the edge heights from the direct path transmitter-receiver. 



The total diffraction loss is given by: 



  cTLLL –21 +=  (43) 



The same method may be applied to the case of rounded obstacles using § 4.3. 



In cases where the diffracting obstacle may be clearly identified as a flat-roofed building a single 
knife-edge approximation is not sufficient. It is necessary to calculate the phasor sum of two 
components: one undergoing a double knife-edge diffraction and the other subject to an additional 
reflection from the roof surface. It has been shown that, where the reflectivity of the roof surface 
and any difference in height between the roof surface and the side walls are not accurately known, 
then a double knife-edge model produces a good prediction of the diffracted field strength, ignoring 
the reflected component. 
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4.4 Multiple isolated obstacles 



Two methods are recommended for the diffraction over irregular terrain which forms one or more 
obstacles to LoS propagation. The first method assumes that each obstacle can be represented by a 
cylinder with a radius equal to the radius of curvature at the obstacle top, being advisable when 
detailed vertical profile through the ridge is available. 



The second one corresponds to an empirical solution based on the supposition of knife-edge 
obstacles plus a correction to compensate for the higher loss due to a radius of curvature different 
from zero. The calculation takes Earth curvature into account via the concept of an effective Earth 
radius (see Recommendation ITU-R P.452, § 4.3). This method is suitable in cases where a single 
general procedure is required for terrestrial paths over land or sea and for both LoS and 
transhorizon. 



A profile of the radio path should be available consisting of a set of samples of ground height above 
sea level ordered at intervals along the path, the first and last being the heights of the transmitter 
and receiver above sea level, and a corresponding set of horizontal distances from the transmitter. 
Each height and distance pair are referred to as a profile point and given an index, with indices 
incrementing from one end of the path to the other. Although it is not essential to the method, in the 
following description it is assumed that indices increment from the transmitter to the receiver. It is 
preferable but not essential for the profile samples to be equally spaced horizontally. 



4.4.1 Cascaded cylinder method 



The terrain height profile should be available as a set of samples of ground height above sea level, 
the first and last being the heights of the transmitter and receiver above sea level. Distance and 
height values are described as though stored in arrays indexed from 1 to N, where N equals the 
number of profile samples.  



In the following a systematic use of suffices is made: 



 hi : height above sea level of the i-th point 



 di : distance from the transmitter to the i-th point 



 dij : distance from the i-th to the j-th points. 



The first step is to perform a “stretched string” analysis of the profile. This identifies the sample 
points which would be touched by a string stretched over the profile from transmitter to receiver. 
This may be done by the following procedure, in which all values of height and distance are in self-
consistent units, and all angles are in radians. The method includes approximations which are valid 
for radio paths making small angles to the horizontal. If a path has ray gradients exceeding about 5º 
more exact geometry may be justified. 



Each string point is identified as the profile point with the highest angular elevation above the local 
horizontal as viewed from the previous string point, starting at one end of the profile and finishing 
at the other. Viewed from point s, the elevation of the i-th profile sample (i > s) is given by: 
 



  e  =  [(hi  –  hs) / dsi ]  –  [dsi / 2ae ] (44) 
 



where: 



 ae: effective Earth radius, given by: 



 = k × 6 371 (km) 



and 



 k : effective Earth-radius factor. 
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A test is now applied to determine whether any group of two or more string points should represent 
the same terrain obstruction. For samples at spacings of 250 m or less any group of string points 
which are consecutive profile samples, other than the transmitter or receiver, should be treated as 
one obstruction. 



Each obstruction is now modelled as a cylinder, as illustrated in Fig. 13. The geometry of each 
individual cylinder corresponds with Fig. 8c). Note that in Fig. 13 the distances s1, s2 for each 
cylinder are shown as measured horizontally between the vertex points, and that for near-horizontal 
rays these distances approximate to the slope distances d1 and d2 in Fig. 8c). For ray angles to the 
horizontal greater than about 5º it may be necessary to set s1 and s2 to the inter-vertex slope 
distances d1 and d2. 
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Similarly in Fig. 13, the height h of each cylinder is shown as measured vertically from its vertex 
down to the straight line joining the adjacent vertex or terminal points. The value of h for each 
cylinder corresponds to h in Fig. 8c). Again, for near-horizontal rays the cylinder heights may be 
computed as though vertical, but for steeper ray angles it may be necessary to compute h at right 
angles to the baseline of its cylinder. 



Figure 14 illustrates the geometry for an obstruction consisting of more than one string point. The 
following points are indicated by: 



w: closest string point or terminal on the transmitter side of the obstruction which is not part of 
the obstruction 



x: string point forming part of the obstruction which is closest to the transmitter 



y: string point forming part of the obstruction which is closest to the receiver 



z: closest string point or terminal on the receiver side of the obstruction which is not part of 
the obstruction 



v: vertex point made by the intersection of incident rays above the obstruction. 



 



 



 



The letters w, x, y and z will also be indices to the arrays of profile distance and height samples. For 
an obstruction consisting of an isolated string point, x and y will have the same value, and will refer 
to a profile point which coincides with the vertex. Note that for cascaded cylinders, points y and z 
for one cylinder are points w and x for the next, etc. 



A step-by-step method for fitting cylinders to a general terrain profile is described in Appendix 1 to 
Annex 1. Each obstruction is characterized by w, x, y and z. The method of Appendix 1 to Annex 1 
is then used to obtain the cylinder parameters s1, s2, h and R. Having modelled the profile in this 
way, the diffraction loss for the path is computed as the sum of three terms: 



– the sum of diffraction losses over the cylinders; 



– the sum of sub-path diffraction between cylinders (and between cylinders and adjacent 
terminals); 



– a correction term. 
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The total diffraction loss, in dB relative to free-space loss, may be written: 
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where: 



 L'i : diffraction loss over the i-th cylinder calculated by the method of § 4.2 



 L"(w x)1 : sub-path diffraction loss for the section of the path between points w and x for 
the first cylinder 



 L"(y z)i : sub-path diffraction loss for the section of the path between points y and z for 
all cylinders 



 CN : correction factor to account for spreading loss due to diffraction over 
successive cylinders. 



Appendix 2 to Annex 1 gives a method for calculating L" for each LoS section of the path between 
obstructions. 



The correction factor, CN, is calculated using: 



  CN  =  (Pa / Pb)0.5 (46) 



where: 
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and the suffices to round brackets indicate individual cylinders. 



4.4.2  Cascaded knife edge method 



The method is based on a procedure which is used from 1 to 3 times depending on the path profile. 
The procedure consists of finding the point within a given section of the profile with the highest 
value of the geometrical parameter ν as described in § 4.1. The section of the profile to be 
considered is defined from point index a to point index b (a < b). If a + 1 = b there is no 
intermediate point and the diffraction loss for the section of the path being considered is zero. 
Otherwise the construction is applied by evaluating νn (a < n < b) and selecting the point with the 
highest value of ν. The value of ν for the n-th profile point is given by: 



  nbanabn dddh λ=ν /2  (49) 



where: 



  h  =  hn  +  [dan dnb / 2 re]  –  [(ha dnb  +  hb dan)  / dab] (49a) 
 



 ha, hb, hn : vertical heights as shown in Fig. 15 



 dan, dnb, dab : horizontal distances as shown in Fig. 15 



 re : effective Earth radius 



 λ : wavelength 



and all h, d, re and λ are in self-consistent units. 
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The diffraction loss is then given as the knife-edge loss J(ν) according to equation (31) for  
ν > –0.78, and is otherwise zero. 



Note that equation (49) is derived directly from equation (26). The geometry of equation (49a) is 
illustrated in Fig. 15. The second term in equation (49a) is a good approximation to the additional 
height at point n due to Earth curvature. 



 



The above procedure is first applied to the entire profile from transmitter to receiver. The point with 
the highest value of ν is termed the principal edge, p, and the corresponding loss is J(νp 



). 



If νp > –0.78 the procedure is applied twice more: 



– from the transmitter to point p to obtain νt  and hence J(νt 
); 



– from point p to the receiver to obtain νr and hence J(νr 
). 



The excess diffraction loss for the path is then given by: 



 L  =  J(νp )  +  T [ J(νt )  +  J(νr )  +  C ]         for νp  >  – 0.78 (50a) 



 L  =  0         for νp  ≤  – 0.78 (50b) 



where: 



 C : empirical correction 



  C  =  10.0  +  0.04D (51) 



 D : total path length (km) 



and 



  T  =  1.0  –  exp [ –J(νp ) / 6.0 ] (52) 



Note that the above procedure, for transhorizon paths, is based on the Deygout method limited to a 
maximum of 3 edges. For line-of-sight paths it differs from the Deygout construction in that 
two  secondary edges are still used in cases where the principal edge results in a non-zero 
diffraction loss. 
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This method can produce discontinuities in predicted diffraction loss as a function of effective Earth 
radius due to different profile points being selected for the principal or auxiliary edges. To produce 
a smooth and monotonic prediction of diffraction loss as a function of effective Earth radius, the 
principal edge, and if they exist the auxiliary edges on either side, can first be found for median 
effective Earth radius. These edges can then be used when calculating diffraction losses for other 
values of effective Earth radius, without repeating the procedure for locating these points. However, 
this method may be less accurate at effective Earth radii greater than or less than the median value. 



The cascaded knife-edge method is used for the diffraction model in Recommendation ITU-R 
P.452-12. Diffraction losses are calculated for two effective Earth radii: the median value, and the 
value exceeded for β% of an average year, for which and Earth-curvature factor of 3 is used. The 
parameter β0 represents the percentage of time anomalous propagation will dominate the overall 
result. An interpolation procedure, based on the inverse complementary cumulative normal 
distribution, is the used to calculate the diffraction loss not exceeded for any percentage time 
between β0 and 50%. However, when calculating the diffraction loss for β0%  time, the method in 
Recommendation ITU-R P.452 uses the principal edge, and if they exist the auxiliary edges, located 
for the median case. This avoids the possibility that a small change in profile details might produce 
a large change in diffraction loss at β0% time due to a change in these edges. 



5 Diffraction by thin screens 



The following methods assume that the obstruction is in the form of a thin screen. They can be 
applied to propagation around an obstacle or through an aperture. 



5.1  Finite-width screen 



Interference suppression for a receiving site (e.g. a small earth station) may be obtained by an 
artificial screen of finite width transverse to the direction of propagation. For this case the field in 
the shadow of the screen may be calculated by considering three knife-edges, i.e. the top and the 
two sides of the screen. Constructive and destructive interference of the three independent 
contributions will result in rapid fluctuations of the field strength over distances of the order of a 
wavelength. The following simplified model provides estimates for the average and minimum 
diffraction loss as a function of location. It consists of adding the amplitudes of the individual 
contributions for an estimate of the minimum diffraction loss and a power addition to obtain an 
estimate of the average diffraction loss. The model has been tested against accurate calculations 
using the uniform theory of diffraction (UTD) and high-precision measurements. 



Step 1:  Calculate the geometrical parameter ν for each of the three knife-edges (top, left side and 
right side) using any of equations (26) to (29). 



Step 2:  Calculate the loss factor j(ν) = 10 J(ν)/20 associated with each edge from equation (31). 



Step 3:  Calculate minimum diffraction loss Jmin from: 
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or, alternatively, 



Step 4:  Calculate average diffraction loss Jav from: 
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5.2 Diffraction by rectangular apertures and composite apertures or screens 



The method described below can be used to predict the diffraction loss due to a rectangular aperture 
in an otherwise totally-absorbing thin screen. The method can be extended to cover several 
rectangular apertures or finite screens, and is thus an alternative method for the finite-width screen 
discussed in § 5.1. 



5.2.1 Diffraction by a single rectangular aperture 



Figure 16 shows the geometry used to represent a rectangular aperture in an infinite totally-
absorbing thin screen. 



 



 



 



The positions of the aperture edges, x1, x2, y1 and y2, are given in a Cartesian coordinate system with 
origin at the point where the straight line from transmitter T to receiver R passes through the screen, 
with propagation parallel to the Z axis. T and R are at distances d1 and d2 respectively behind and in 
front of the screen. 



The field strength, ea, at the receiver in linear units normalized to free space is given in complex 
form by: 
 



  ea(x1,x2,y1,y2) = 0.5(Cx Cy – Sx Sy) + j 0.5 (Cx Sy + Sx Cy) (55) 
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where: 



  Cx = C(νx2) – C(νx1) (56a) 



  Cy = C(νy2) – C(νy1) (56b) 



  Sx = S(νx2) – S(νx1) (56c) 



  Sy = S(νy2) – S(νy1) (56d) 
 



The four values of ν are as given by equation (26) substituting x1, x2, y1 and y2 in turn for h, and 
C(ν) and S(ν) are as given in equations (7a) and (7b) and may be evaluated from the complex 
Fresnel coefficient using equations (8a) and (8b). 



The corresponding diffraction loss La is given by: 
 



  La = – 20 log (ea)                             dB (57) 
 



5.2.2 Diffraction by composite apertures or screens  



The method for a single rectangular aperture can be extended as follows: 



Since in the linear units normalized to free space of equation (55) the free-space field is given by 
1.0 + j 0.0, the normalized complex field es due to a single rectangular screen (isolated from 
ground) is given by: 
 



  es = 1.0 – ea (58) 
 



where ea is calculated using equation (55) for an aperture of the same size and position as the 
screen. 



– The normalized field due to combinations of several rectangular apertures or isolated 
screens can be calculated by adding the results of equation (55) or (58). 



– Arbitrarily shaped apertures or screens can be approximated by suitable combinations of 
rectangular apertures or screens. 



– Since the C(ν) and S(ν) integrals converge to 0.5 + j 0.5 as ν approaches infinity, 
equation (50) can be applied to rectangles of unlimited extent in one or more directions. 



6 Diffraction over a finitely conducting wedge 



The method described below can be used to predict the diffraction loss due to a finitely conducting 
wedge. Suitable applications are for diffraction around the corner of a building or over the ridge of a 
roof, or where terrain can be characterized by a wedge-shaped hill. The method requires the 
conductivity and relative dielectric constant of the obstructing wedge, and assumes that no 
transmission occurs through the wedge material.  



The method is based on UTD. It takes account of diffraction in both the shadow and line-of-sight 
region, and a method is provided for a smooth transition between these regions. 



The geometry of a finitely conducting wedge-shaped obstacle is illustrated in Fig. 17. 
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The UTD formulation for the electric field at the field point, specializing to two dimensions, is: 
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where: 



 eUTD : electric field at the field point 



 e0 : relative source amplitude 



 s1 : distance from source point to diffracting edge 



 s2 : distance from diffracting edge to field point 



 k : wave number 2π/λ 



 
⊥



⏐⏐D : diffraction coefficient depending on the polarization (parallel or perpendicular 
to the plane of incidence) of the incident field on the edge 



and s1, s2 and λ are in self-consistent units. 



The diffraction coefficient for a finitely conducting wedge is given as: 
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where: 



 Φ1 : incidence angle, measured from incidence face (0 face) 



 Φ2 : diffraction angle, measured from incidence face (0 face) 
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 n : external wedge angle as a multiple of π radians (actual angle = nπ (rad)) 



 j = 1−  



and where F(x) is a Fresnel integral: 
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The integral may be calculated by numerical integration. 



Alternatively a useful approximation is given by: 
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where: 
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and the coefficients a, b, c, d are given in § 2.7. 
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where: 



  12β Φ±Φ=  (67) 



In equation (45), ±N are the integers which most nearly satisfy the equation. 
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nRR ,0 are the reflection coefficients for either perpendicular or parallel polarization given by: 
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where: 



 1Φ=Φ for R0 and )π( 2Φ−=Φ n  for Rn 



 fr /1018j 9σ××−ε=η  



 εr : relative dielectric constant of the wedge material 



 σ : conductivity of the wedge material (S/m) 
 f : frequency (Hz). 



Note that if necessary the two faces of the wedge may have different electrical properties. 



At shadow and reflection boundaries one of the cotangent functions in equation (60) becomes 
singular. 



However 
⊥



⏐⏐D  remains finite, and can be readily evaluated. The term containing the singular 
cotangent function is given for small ε as: 
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with ε defined by: 



 +π−β+π=ε nN2  for  12 Φ+Φ=β  (72) 



 −π+β−π=ε nN2  for  12 Φ−Φ=β  (73) 



The resulting diffraction coefficient will be continuous at shadow and reflection boundaries, 
provided that the same reflection coefficient is used when calculating reflected rays. 



The field eLD due to the diffracted ray, plus the LoS ray for π,)( 12 <Φ−Φ  is given by: 
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where: 



 s : straight-line distance between the source and field points. 



Note that at π)( 12 =Φ−Φ  the 2nd cotangent term in equation (60) will become singular, and that 
the alternative approximation given by equation (71) must be used. 



The field strength at the field point (dB) relative to the field which would exist at the field point in 
the absence of the wedge-shaped obstruction (i.e. dB relative to free space) is given by setting e0 to 
unity in equation (59) and calculating: 
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where: 



 s : straight-line distance between the source and field points. 



Note that, for n = 2 and zero reflection coefficients, this should give the same results as the knife 
edge diffraction loss curve shown in Fig. 9. 



A MathCAD version of the UTD formulation is available from the Radiocommunication Bureau. 
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7 Guide to propagation by diffraction 



A general guide for the evaluation of diffraction loss corresponding to § 3 and 4 is shown in Fig. 18. 
This flow chart summarizes the procedure to be adopted in each case. 
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Appendix 1 
to Annex 1 



 
Calculation of cylinder parameters 



The following procedure can be used to calculate the cylinder parameters illustrated in Figs. 8c) 
and 14 for each of the terrain obstructions. Self-consistent units are used, and all angles are in 
radians. The approximations used are valid for radio paths which are within about 5º of horizontal. 



1 Diffraction angle and position of vertex 



Although not used directly as cylinder parameters, both the diffraction angle over the cylinder and 
the position of the vertex are required. 



The diffraction angle over the obstacle is given by: 
 



  θ  =  αw  +  αz  +  αe (76) 



where αw and αz are the angular elevations of points x and y above the local horizontal as viewed 
from points w and z respectively, given by: 
 



  αw  =  (hx  –  hw) / dwx  –  dwx / 2ae (77) 
 



  αz  =  (hy  –  hz) / dyz  –  dyz / 2ae (78) 
 



and αe is the angle subtended by the great-circle distance between points w and z given by: 



  αe  =  dwz / ae (79) 



The distance of the vertex from point w is calculated according to whether the obstruction is 
represented by a single profile sample or by more than one: 



For a single-point obstruction: 



  dwv  =  dwx (80) 



For a multipoint obstruction it is necessary to protect against very small values of diffraction: 
 



  dwv  =  [(αz  +  αe / 2) dwz  +  hz  –  hw ] / θ         for θ · ae  ≥  dxy (81a) 
 



  dwv  =  (dwx  +  dwy) / 2          for θ · ae  <  dxy (81b) 



The distance of point z from the vertex point is given by: 



  dvz  =  dwz  –  dwv (82) 



The height of the vertex point above sea level is calculated according to whether the obstruction is 
represented by a single profile sample or by more than one. 



For a single point obstruction: 



  hv  =  hx (83) 



For a multipoint obstruction: 



  hv  =  dwv αw  +  hw + d 2,wv / 2ae (84) 
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2 Cylinder parameters 



The cylinder parameters illustrated in Fig. 8c) can now be calculated for each of the terrain 
obstacles defined by the string analysis:  



d1 and d2 are the positive inter-vertex distances to the obstacles (or terminals) on the transmitter and 
receiver sides of the obstacle respectively, 



and: 
 



  h  =  hv  +  dwv dvz / 2ae  –  (hw dvz  +  hz dwv) / dwz (85) 
 



To calculate the cylinder radius use is made of two further profile samples: 



 p:  the point adjacent to x on the transmitter side, 



and: 



 q: the point adjacent to y on the receiver side. 



Thus the profile indices p and q are given by: 
 



  p  =  x  –  1 (86) 



and: 
 



  q  =  y  +  1 (87) 
 



If a point given by p or q is a terminal, then the corresponding value of h should be the terrain 
height at that point, not the height above sea level of the antenna. 



The cylinder radius is calculated as the difference in slope between the profile section p-x and y-q, 
allowing for Earth curvature, divided by the distance between p and q. 



The distances between profile samples needed for this calculation are: 
 



  dpx  =  dx  –  dp (88) 
 



  dyq  =  dq  –  dy (89) 
 



  dpq  =  dq  –  dp (90) 
 



The difference in slope between the p-x and y-q profile sections is given in radians by: 
 



  t  =  (hx  –  hp) / dpx  +  (hy  –  hq) / dyq  –  dpq / ae (91) 
 



where ae is the effective Earth radius. 



The cylinder radius is now given by: 
 



  [ ] [ ]3)4(exp–1/ ν−= tdR pq  (92) 
 



where ν is the dimensionless knife-edge parameter in equation (32). 



In equation (92), the second factor is an empirical smoothing function applied to the cylinder radius 
to avoid discontinuities for marginally LoS obstructions. 
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Appendix 2 
to Annex 1 



 
Sub-path diffraction losses 



1 Introduction 



This Appendix provides a method for computing the sub-path diffraction loss for a LoS subsection 
of a diffraction path. The path has been modelled by cascaded cylinders each characterized by 
profile points w, x, y and z as illustrated in Figs. 13 and 14. The sub-path diffraction is to be 
calculated for each subsection of the overall path between points represented by w and x, or by y 
and z. These are the LoS sections of the path between obstructions, or between a terminal and an 
obstruction. 



The method can also be used for a LoS with sub-path diffraction, in which case it is applied to the 
entire path. 



2 Method 



For a LoS section of the profile between profile samples indexed by u and v, the first task is to 
identify the profile sample between but excluding u and v which obstructs the largest fraction of the 
first Fresnel zone for a ray travelling from u to v. 



To avoid selecting a point which is essentially part of one of the terrain obstacles already modelled 
as a cylinder, the profile between u and v is restricted to a section between two additional indices p 
and q, which are set as follows: 



– Set p = u + 1. 



– If both p < v and hp > hp+1, then increase p by 1 and repeat. 



– Set q = v – 1. 



– If both q > u and hq > hq–1, then decrease q by 1 and repeat. 



If p = q then the sub-path obstruction loss is set to 0. Otherwise the calculation proceeds as follows. 



It is now necessary to find the minimum value of normalized clearance, CF, given by hz / F1, where 
in self-consistent units: 



 hz: height of ray above profile point 



 F1: radius of first Fresnel zone. 



The minimum normalized clearance may be written: 
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where: 
 



  (hz)i  =  (hr)i  –  (ht)i (94) 
 



  uvivuii dddF /)( 1 ⋅⋅λ=  (95) 
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(hr)i, the height of the ray above a straight line joining sea level at u and v at the i-th profile point is 
given by: 
 



  (hr)i  =  (hu · div  +  hv · dui) / duv (96) 
 



 (ht)i, the height of the terrain above a straight line joining sea level at u and v at the i-th profile 
point is given by: 
 



  (ht)i  =  hi  +  dui · div / 2ae (97) 



The minimum value of normalized clearance is used to compute the knife-edge diffraction 
geometrical parameter for the most significant sub-path obstruction: 



  2– ⋅=ν FC  (98) 



The sub-path diffraction loss L" is now obtained from Equation (31) or Fig. 9. 



For some applications it may be undesirable to include sub-path diffraction enhancements. In this 
case a value of L" should be set to zero when it would otherwise be negative. 
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RECOMMENDATION  ITU-R  SM.1138-2 



Determination of necessary bandwidths including examples for their calculation 
and associated examples for the designation of emissions 



 



(1995-2007-2008) 



Scope 



This Recommendation serves as a basis for the determination of necessary bandwidths of emissions under 
amplitude, frequency and pulse modulation by various types of signals. Sample calculations and designation 
of emissions are also provided. 



The ITU Radiocommunication Assembly, 



considering 
a) that the assignment of frequencies requires the determination of the necessary bandwidth of 
emissions; 



b) that necessary bandwidth is a key data element of all automated spectrum-management 
systems, 



recommends 



1 that the formulae given in Annex 1 shall be used to calculate the necessary bandwidth when 
required by the Radio Regulations (RR). 



 



Annex 1 
 



Determination of necessary bandwidths, including examples for their calculation 
and associated examples for the designation of emissions 



1 The necessary bandwidth is not the only characteristic of an emission to be considered in 
evaluating the interference that may be caused by that emission. 



2 In the formulation of the table, the following terms have been employed: 
 Bn: necessary bandwidth (Hz) 
 B: modulation rate (Bd) 
 N: maximum possible number of black plus white elements to be transmitted per second, 



in facsimile 
 M: maximum modulation frequency (Hz) 
 C: sub-carrier frequency (Hz) 
 D: peak deviation, i.e. half the difference between the maximum and minimum values of 



the instantaneous frequency. The instantaneous frequency (Hz) is the time rate of 
change in phase (rad) divided by 2π 



 t: pulse duration (s) at half-amplitude 
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 tr: pulse rise time (s) between 10% and 90% amplitude 
 K: an overall numerical factor which varies according to the emission and which depends 



upon the allowable signal distortion. In the case of orthogonal frequency division 
multiplexed multi-carrier signal, K is the number of active sub-carriers as defined by 
equation (52) in Recommendation ITU-R SM.328 



 Nc: number of baseband channels in radio systems employing multichannel multiplexing 
 fp: continuity pilot sub-carrier frequency (Hz) (continuous signal utilized to verify 



performance of frequency-division multiplex systems) 
 Ns: frequency separation between two sub-carriers (kHz). 



 
Necessary bandwidth Description 



of emission Formula Sample calculation 
Designation 
of emission 



I.  NO MODULATING SIGNAL 



Continuous wave 
emission 



– – NONE 



II.  AMPLITUDE MODULATION 



1. Signal with quantized or digital information 



Continuous wave telegraphy, 
Morse code 



Bn = BK 
K = 5 for fading circuits 
K = 3 for non-fading circuits 



25 words per minute 
B = 20, K = 5 
Bandwidth: 100 Hz 



 
 



100HA1AAN 



Telegraphy by on-off keying 
of a tone modulated carrier, 
Morse code 



Bn = BK + 2M 
K = 5 for fading circuits 
K = 3 for non-fading circuits 



25 words per minute 
B = 20, M = 1 000, K = 5 
Bandwidth: 2 100 Hz = 2.1 kHz 



 
 



2K10A2AAN 



Selective calling signal using 
sequential single frequency 
code, single-sideband full 
carrier 



Bn = M Maximum code frequency is: 2 110 Hz 
M = 2 110 
Bandwidth: 2 110 Hz = 2.11 kHz 



 
 



2K11H2BFN 



Direct-printing telegraphy 
using a frequency shifted 
modulating sub-carrier, with 
error-correction, 
single-sideband, 
suppressed carrier  
(single channel) 



Bn = 2M + 2DK 



2
BM =  



B = 50 
D = 35 Hz (70 Hz shift) 
K = 1.2 
Bandwidth: 134 Hz 



 
 
 



134HJ2BCN 



Telegraphy, multichannel 
with voice frequency, 
error-correction, some 
channels are time-division 
multiplexed, single-
sideband, reduced carrier 



Bn = highest central 
frequency + M + DK 



2
BM =  



15 channels; 
highest central frequency is: 2 805 Hz 
B = 100 
D = 42.5 Hz (85 Hz shift) 
K = 0.7 
Bandwidth: 2 885 Hz = 2.885 kHz 



 
 
 
 
 



2K89R7BCW 



2. Telephony (commercial quality) 



Telephony, double-sideband 
(single channel) 



Bn = 2M M = 3 000 
Bandwidth: 6 000 Hz = 6 kHz 



 
6K00A3EJN 



Telephony, single-sideband,  
full carrier (single channel) 



Bn = M M = 3 000 
Bandwidth: 3 000 Hz = 3 kHz 



 
3K00H3EJN 



Telephony, single-sideband, 
suppressed carrier (single 
channel) 



Bn = M – lowest modulation 
frequency 



M = 3 000 
lowest modulation frequency = 300 Hz 
Bandwidth: 2 700 Hz = 2.7 kHz 



 
 



2K70J3EJN 
 











 Rec.  ITU-R  SM.1138-2 3 



 



Necessary bandwidth Description 
of emission Formula Sample calculation 



Designation 
of emission 



2. Telephony (commercial quality) (cont.) 



Telephony with separate 
frequency modulated signal 
to control the level of 
demodulated speech signal, 
single-sideband, reduced 
carrier (Lincompex) (single 
channel) 



Bn = M Maximum control frequency = 2 990 Hz 
M = 2 990 
Bandwidth: 2 990 Hz = 2.99 kHz 



 
 



2K99R3ELN 



Telephony with privacy, 
single-sideband, suppressed 
carrier (two or more 
channels) 



Bn = Nc M – lowest 
modulation frequency in the 
lowest channel 



Nc = 2 
M = 3 000 
lowest modulation frequency = 250 Hz 
Bandwidth: 5 750 Hz = 5.75 kHz 



 
 
 



5K75J8EKF 



Telephony, independent 
sideband (two or more 
channels) 



Bn = sum of M for each 
sideband 



2 channels 
M = 3 000 
Bandwidth: 6 000 Hz = 6 kHz 



 
 



6K00B8EJN 



3. Sound broadcasting 



Sound broadcasting, double-
sideband 



Bn = 2M 
M may vary between 4 000 
and 10 000 depending on the 
quality desired 



Speech and music 
M = 4 000 
Bandwidth: 8 000 Hz = 8 kHz 



 
 



8K00A3EGN 



Sound broadcasting, 
single-sideband, reduced 
carrier (single channel) 



Bn = M 
M may vary between 4 000 
and 10 000 depending on the 
quality desired 



Speech and music 
M = 4 000 
Bandwidth: 4 000 Hz = 4 kHz 



 
 



4K00R3EGN 



Sound broadcasting, single-
sideband, suppressed carrier 



Bn = M – lowest modulation 
frequency 



Speech and music 
M = 4 500 
lowest modulation frequency = 50 Hz 
Bandwidth: 4 450 Hz = 4.45 kHz 



 
 
 



4K45J3EGN 



4. Television 



Television, vision and sound Refer to relevant ITU-R 
documents for the 
bandwidths of the commonly 
used television systems 



Number of lines: 625 
Nominal video bandwidth = 5 MHz 
Sound carrier relative to 
video carrier: 5.5 MHz 
Total vision Bandwidth: 6.25 MHz 
FM sound bandwidth including 
guardbands: 750 kHz 
RF channel Bandwidth: 7 MHz 



 
 
 
 



6M25C3F -- 
 
 



750KF3EGN 



5. Facsimile 



Analogue facsimile by sub-
carrier frequency modulation 
of a single-sideband 
emission with reduced 
carrier, monochrome 



Bn = C + 
2
N  + DK 



K = 1.1 
(typically)  



N = 1 100 corresponding to an index of 
cooperation of 352 and a cycler rotation 
speed of 60 rpm. Index of cooperation is the 
product of the drum diameter and number of 
lines per unit length. 
C = 1 900 
D = 400 Hz 
Bandwidth: 2 890 Hz = 2.89 kHz 



 
 
 
 
 
 
 



2K89R3CMN 



Analogue facsimile; 
frequency modulation of an 
audio frequency sub-carrier 
which modulates the main 
carrier, single-sideband 
suppressed carrier 



Bn = 2M + 2DK 



M = 
2
N   



K = 1.1 
(typically) 



N = 1 100 
D = 400 Hz 
Bandwidth: 1 980 Hz = 1.98 kHz 



 
 



1K98J3C -- 
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Necessary bandwidth Description 
of emission Formula Sample calculation 



Designation 
of emission 



6. Composite emissions 



Double-sideband, television 
relay 



Bn = 2C + 2M + 2D Video limited to 5 MHz, audio on 6.5 MHz, 
frequency modulated sub-carrier, sub-carrier 
deviation = 50 kHz: 
C = 6.5 × 106 
D = 50 × 103 Hz 
M = 15 000 
Bandwidth: 13.13 × 106 Hz 
= 13.13 MHz 



 
 
 
 
 
 
 



13M1A8W -- 



Double-sideband radio-relay 
system, frequency division 
multiplex 



Bn = 2M 10 voice channels occupying baseband 
between 1 kHz and 164 kHz 
M = 164 000 
Bandwidth: 328 000 Hz = 328 kHz 



 
 
 



328KA8E -- 



Double-sideband emission of 
VOR with voice 
(VOR: VHF omnidirectional 
radio range) 



Bn = 2Cmax + 2M + 2DK 
K = 1 
(typically) 



The main carrier is modulated by: 
– a 30 Hz sub-carrier 
– a carrier resulting from a 9 960 Hz tone  
– a telephone channel 
– a 1 020 Hz keyed tone for continual 
 Morse identification 
Cmax = 9 960 
M = 30 
D = 480 Hz 
Bandwidth: 20 940 Hz = 20.94 kHz 



 
 
 
 
 
 
 
 
 



20K9A9WWF 



Independent sidebands; 
several telegraph channels 
with error-correction 
together with several 
telephone channels with 
privacy; frequency division 
multiplex 



Bn = sum of M for each 
sideband 



Normally composite systems are operated in 
accordance with standardized channel 
arrangements 
(e.g. Rec. ITU-R F.348). 
3 telephone channels and 15 telegraphy 
channels require the bandwidth: 
12 000 Hz = 12 kHz 



 
 
 
 
 
 



12K0B9WWF 



7. Standard frequency and time signals 
7.1 High frequency (voice) 



Voice announcements, 
double-sideband 



Bn = 2M Speech 
M = 4 000 
Bandwidth: 8 000 Hz = 8 kHz 



 
 



8K00A3XGN 



7.2. High frequency (time code) 



Time code as telegraphy Bn = BK + 2M B = 1/s 
M = 1 
K = 5 
Bandwidth: 7 Hz 



 
 
 



7H00A2XAN 



7.3. Low frequency (time code) 



Time code as telegraphy Bn = BK + 2M B = 1/s 
M = 1 
K = 3 
Bandwidth: 5 Hz 



 
 
 



5H00A2XAN 
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Necessary bandwidth Description 
of emission Formula Sample calculation 



Designation 
of emission 



III-A.  FREQUENCY MODULATION 



1. Signal with quantized or digital information 



Telegraphy without error-
correction (single channel) 



Bn = 2M + 2DK 



2
BM =  



K = 1.2 
(typically) 



B = 100 
D = 85 Hz (170 Hz shift) 
Bandwidth: 304 Hz 



 
 



304HF1BBN 



Telegraphy, narrow-band 
direct-printing with error-
correction (single channel) 



Bn = 2M + 2DK 



2
BM =  



K = 1.2 
(typically) 



B = 100 
D = 85 Hz (170 Hz shift) 
Bandwidth: 304 Hz 



 
 



304HF1BCN 



Selective calling signal Bn = 2M + 2DK 



2
BM =  



K = 1.2 
(typically) 



B = 100 
D = 85 Hz (170 Hz shift) 
Bandwidth: 304 Hz 



 
 



304HF1BCN 



Four-frequency duplex 
telegraphy 



Bn = 2M + 2DK 
B: modulation rate (Bd) of 
the faster channel.  
If the channels are 
synchronized: 



2
BM =  (otherwise, M = 2B)



K = 1.1 
(typically) 



Spacing between adjacent 
frequencies = 400 Hz 
Synchronized channels 
B = 100 
M = 50 
D = 600 Hz 
Bandwidth: 1 420 Hz = 1.42 kHz 



 
 
 
 
 
 



1K42F7BDX 



2. Telephony (commercial quality) 



Commercial telephony Bn = 2M + 2DK 
K = 1 
(typically, but under certain 
conditions a higher value 
of K may be necessary) 



For an average case of commercial 
telephony, 
D = 5 000 Hz 
M = 3 000 
Bandwidth: 16 000 Hz = 16 kHz 



 
 
 
 



16K0F3EJN 



3. Sound broadcasting 



Sound broadcasting Bn = 2M + 2DK 
K = 1 
(typically) 



Monaural 
D = 75 000 Hz 
M = 15 000 
Bandwidth: 180 000 Hz = 180 kHz 



 
 
 



180KF3EGN 



4. Facsimile 



Facsimile by direct 
frequency modulation of the 
carrier; black and white 



Bn = 2M + 2DK 



2
NM =  



K = 1.1 
(typically) 



N = 1 100 elements/s 
D = 400 Hz 
Bandwidth: 1 980 Hz = 1.98 kHz 



 
 



1K98F1C -- 



Analogue facsimile Bn = 2M + 2DK 



2
NM =  



K = 1.1 
(typically) 



N = 1 100 elements/s 
D = 400 Hz 
Bandwidth: 1 980 Hz = 1.98 kHz 



 
 



1K98F3C -- 
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Necessary bandwidth Description 
of emission Formula Sample calculation 



Designation 
of emission 



5. Composite emissions (see Table III-B) 



Radio-relay system, 
frequency division multiplex 



Bn = 2fp + 2DK 
K = 1 
(typically) 



60 telephone channels occupying baseband 
between 60 kHz and 300 kHz; 
rms per-channel deviation: 200 kHz; 
continuity pilot at 331 kHz produces 
100 kHz rms deviation of main carrier. 
D = 200 × 103 × 3.76 × 2.02 
 = 1.52 × 106 Hz 
fp = 0.331 × 106 Hz 
Bandwidth: 3.702 × 106 Hz 
= 3.702 MHz 



 
 
 
 
 
 
 
 
 



3M70F8EJF 



Radio-relay system, 
frequency division multiplex 



Bn = 2M + 2DK 
K = 1 
(typically) 



960 telephone channels occupying baseband 
between 60 kHz and 4 028 kHz; rms per-
channel deviation: 200 kHz;  
continuity pilot at 4 715 kHz produces 
140 kHz rms deviation of main carrier. 
D = 200 × 103 × 3.76 × 5.5 
= 4.13 × 106 Hz 
M = 4.028 × 106 
fp = 4.715 × 106 
(2M + 2DK) > 2 fp 
Bandwidth: 16.32 × 106 Hz = 16.32 MHz 



 
 
 
 
 
 
 
 
 
 



16M3F8EJF 



Radio-relay system, 
frequency division multiplex 



Bn = 2fp 600 telephone channels occupying baseband 
between 60 kHz and 2 540 kHz;  
rms per-channel deviation: 200 kHz; 
continuity pilot at 8 500 kHz produces  
140 kHz rms deviation of main carrier. 
D = 200 × 103 × 3.76 × 4.36 
= 3.28 × 106 Hz 
M = 2.54 × 106 
K = 1 
fp = 8.5 × 106 
(2M + 2DK) < 2 fp 
Bandwidth: 17 × 106 Hz = 17 MHz 



 
 
 
 
 
 
 
 
 
 
 



17M0F8EJF 



Stereophonic sound 
broadcasting with 
multiplexed subsidiary 
telephony sub-carrier 



Bn = 2M + 2DK 
K = 1 
(typically) 



Pilot tone system; 
M = 75 000 
D = 75 000 Hz 
Bandwidth: 300 000 Hz = 300 kHz 



 
 
 



300KF8EHF 
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III-B.  MULTIPLYING  FACTORS  FOR  USE  IN  COMPUTING  D, 
PEAK  FREQUENCY  DEVIATION,  IN  FM  FREQUENCY  DIVISION 



MULTIPLEX  (FM-FDM)  MULTI-CHANNEL  EMISSSIONS 



For FM-FDM systems the necessary bandwidth is: 



Bn = 2M + 2DK 
The value of D, or peak frequency deviation, in these formulae for Bn is calculated by multiplying the rms value of per-channel 
deviation by the appropriate “multiplying factor” shown below. 
In the case where a continuity pilot of frequency fp exists above the maximum modulation frequency M, the general formula 
becomes: 



Bn = 2fp + 2DK 
In the case where the modulation index of the main carrier produced by the pilot is less than 0.25, and the rms frequency deviation 
of the main carrier produced by the pilot is less than or equal to 70% of the rms value of per-channel deviation, the general 
formula becomes either: 



Bn = 2fp          or          Bn = 2M + 2DK 
whichever if greater. 



 Multiplying factor(1) 



Number of  
telephone channels 



Nc 
⎥⎦
⎤



⎢⎣
⎡×



20
 levelreferencemodulationabovedBinvalueantilog)factorPeak(  



3 < Nc < 12 
⎥
⎥
⎥



⎦



⎤



⎢
⎢
⎢



⎣



⎡



×
20



 approvaltionadministratosubject 
licensee,stationorermanufacturequipmentthebyspecifieddBinvaluea



antilog47.4  



12 ≤ Nc < 60 ⎥⎦



⎤
⎢⎣



⎡ +×
20



 log22.6antilog76.3 cN  



 Multiplying factor(2) 



Number of 
telephone channels 



Nc 
⎥⎦



⎤
⎢⎣



⎡×
20



 levelreferencemodulationabovedBinvalueantilog)factorPeak(  



60 ≤ Nc < 240 ⎥⎦



⎤
⎢⎣



⎡ +×
20



 log4–1antilog76.3 cN  



Nc ≥ 240 ⎥⎦



⎤
⎢⎣



⎡ +×
20



 log01–15antilog76.3 cN  



(1) In the above chart, the multipliers 3.76 and 4.47 correspond to peak factors of 11.5 and 13.0 dB, respectively. 
(2) In the above chart, the multipliers 3.76 correspond to peak factors of 11.5 dB. 
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Necessary bandwidth Description 
of emission Formula Sample calculation 



Designation 
of emission 



IV.  PULSE  MODULATION 



1. Radar 



Unmodulated pulse 
emission t



KBn
2=  



K depends upon the ratio of 
pulse duration to pulse rise 
time. Its value usually falls 
between 1 and 10 and in 
many cases it does not need 
to exceed 6 



Primary radar 
range resolution = 150 m 
K = 1.5 (triangular pulse where t ~  tr, 
only components down to 27 dB from the 
strongest are considered) 
Then: 



 ⎥
⎦



⎤
⎢
⎣



⎡ ×=
lightofvelocity



)resolution(range2t  



   
810  3



150  2
×
×=  



    = 1 × 10–6 s 



Bandwidth: 3 × 106 Hz = 3 MHz 



 
 
 
 
 
 
 
 
 
 
 
 
 
 



3M00P0NAN 



2. Composite emissions 



Radio-relay system 
t
KBn



2=  



K = 1.6 



Pulse position modulated by 36 voice 
channel baseband; pulse width at half 
amplitude = 0.4 µs 
Bandwidth: 8 × 106 Hz = 8 MHz 
(Bandwidth independent of the number of 
voice channels) 



 
 
 
 



8M00M7EJT 



3. Standard frequency and time signals 
3.1 High frequency (tone bursts) 



Ticks used for epoch 
measurement 



Bn = 2/tr tr = 1 ms 
Bandwidth: 2 000 Hz = 2 kHz 



 
2K00K2XAN 



3.2 Low frequency (time code) 



Time code leading edge 
used for epoch 
measurement 



Bn = 2/tr tr = 1 ms 
Bandwidth = 2 000 Hz = 2 kHz 



 
2K00K2XAN 



V. MISCELLANEOUS 



Orthogonal frequency 
division multiplexing 
(OFDM) or coded 
OFDM (COFDM) 



Bn = Ns·K 53 active sub-carriers are used, each spaced 
312.5 kHz apart (K = 53 and 
Ns = 312.5 kHz). Data sub-carriers can be 
BPSK, QPSK, QAM modulated 
Bn = 312.5 kHz × 53 = 16.6 MHz 



16M6W7D 
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