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Introduction

Section 8 of Recommendation ITU-R P.372-8 describes qualitatively a method for predicting the median and standard deviation of the distribution resulting from the convolution of two or more types of radio noise distributions.  It is now known that this method is incorrect.  This proposal presents a detailed description of a more statistically correct method for combining the various radio noise sources.
Background

Recommendation ITU-R P.372 is widely used in many ITU-R applications and covers the estimation of radio noise from natural and man-made sources over a wide range of frequencies.

There are occasions where more than one type of noise needs to be considered because two or more types are of comparable size. This can be true at any frequency, in general, but occurs most often at HF where atmospheric, man-made and galactic noise can be of comparable size (see Recommendation ITU-R P.372-8, Fig. 2, 10 MHz, for example). In the existing method (Section 8 of Recommendation ITU-R P.372-8) for obtaining the median value and distribution for the sum of two or more noise processes, the resultant median noise power is given by the sum of the median noise powers of the individual noise processes. The standard deviation of the resultant noise is obtained by summing noise powers determined one standard deviation above the median power for each of the noise processes involved, and then subtracting the resultant median noise power from that result.  The resultant noise is assumed to be log-normally distributed. 

Spaulding and Stewart (Spaulding, A.D. and Stewart, F.G., NTIA Report 87-212 An Updated Noise Model for Use in IONCAP, http://www.its.bldrdoc.gov/pub/ntia-rpt/87-212/index.php) showed that it is not correct to sum the medians and they developed a method that is more statistically correct.  Spaulding and Stewart based their formulas on the premise that the outcome from the convolution of several log-normal distributions can be approximated by a log-normal distribution.
However, this approximation sometimes does not hold, for example when the noise power for the noise sources are comparable, or when at least one of the input distributions has a large upper or lower decile deviation. Neudegg (Neudegg, D., Statistical addition method for external noise sources affecting HF-MF-LF systems, Radio Science, Vol 36, pp1659-1667, 2001) has shown that the computed combined median noise power can be in error by up to 12dB. Under the conditions where the atmospheric noise deciles Du Dl are large (>12dB), the existing software relating to the combined noise statistics (Du, Dl, SigmaDl, SigmaFam, SigmaDu) can be in error by several dBs at low HF, and in excess of 50dB near 1MHz.

In this proposal, the method has been slightly modified and a methodology has been produced that solves those problems.
The noise figures for each of the noise sources defined in Recommendation ITU-R P.372-8  (Fa values expressed in decibels), are assumed to have a distribution represented by two half-normal distributions each side of the median value Fam. The lower half-normal distribution has a standard deviation σl (= Dl / 1.282) below the median and the upper half-normal distribution has a standard deviation σu (= Du / 1.282) above the median.

The corresponding noise factors (fa values expressed in watts) have log-normal distributions each side of the median. From Section 4 of Recommendation ITU-R P.1057, the mean value (αi) and variance (βi) of the fa distribution for the i-th noise source are given by
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where:


c = 10 / ln(10) = 4.343.
(3)

Note that in Section 4 of Recommendation ITU-R P.1057, the parameters m and  are the mean and the standard deviation of the natural logarithm of the independent variable x, whereas here Fami and i are the mean and the standard deviation of ten times the common logarithm of the independent variable x, so that 
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If the fa values from each noise source are convolved into one total distribution and the individual noise processes are assumed to be independent, then the mean (αT) and variance (βT) of the total distribution are equal to the sum of the means and the sum of the variances of each process
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Since the Fa values are normally distributed, their convolution always results in a normal distribution.  On the assumption that the convolution of the log-normally distributed fa values results in a log-normal total distribution, the median, FamT, and standard deviation, σT , of the corresponding total distribution of Fa values is obtained by inverting equations 1 and 2
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The assumption of a log-normal total distribution of fa values is valid only when the number of contributing processes is large, or when one process dominates the others (Spaulding and Stewart, 1987).  Since there are only three noise sources considered here, this assumption will break down when they are of comparable strength, with the result that the median value of the total distribution, computed from equation 6, can be less than the largest component median.  Experience has shown that this tends to occur when the upper and/or lower decile deviation of one or more noise figures exceeds a value of 12dB, leading to a large value of βT and hence σT.

To avoid this problem, when an upper or lower decile deviation of the noise figure for at least one noise component exceeds 12dB, the σT calculated by equation (7) should be restricted to a maximum value of
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where γT is the noise factor for the simple power sum of the individual median noise factors
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Software to replace Spaulding's NOIS2.EXE has been developed that not only performs single point noise calculations, but also world maps. It allows atmospheric, galactic, and man-made noise to be combined, or displayed separately. Thus, it can be used to re-create the World Fam maps of Recommendation ITU-R P.372-8 (that came from CCIR Report 322-3). These results have been verified as identical. It also has the ability to choose the method used to combine the noise (Spaulding's modified or Simple power sum). This software is intended to replace NOIS2.EXE. 

Another modification has been made to the extraction of the Du, Dl, SigmaDl, SigmaFam, SigmaDu parameters from Figs. 15c to 38c for atmospheric noise. For a specific season and local time block, these parameters are usually different in the northern hemisphere from the southern hemisphere. Thus, a value for a location just north of the geographic equator can be significantly different (~10dB) from the value just south of the equator. To solve this problem, values are linearly interpolated when the latitude of the location is between the Tropic of Cancer and the Tropic of Capricorn (+/- 23.5 degrees). 
Proposal
In order to remove the possibility of unrealistic values of noise when two or more types of noise are combined, it is proposed that Section 8 of Recommendation ITU-R P.372-8 be replaced with the following.

8
The combination of noises from several sources

There are occasions where more than one type of noise needs to be considered because two or more types are of comparable size. This can be true at any frequency, in general, but occurs most often at HF where atmospheric, man-made and galactic noise can be of comparable size (Fig. 2, 10 MHz, for example).
The noise figures for each of the noise sources defined above (Fa values expressed in decibels), are assumed to have a distribution represented by two half-normal distributions each side of the median value Fam. The lower half-normal distribution has a standard deviation σl (= Dl / 1.282) below the median and the upper half-normal distribution has a standard deviation σu (= Du / 1.282) above the median. The corresponding noise factors (fa values expressed in watts) have log-normal distributions each side of the median.

The median, FamT, and standard deviation, σT , of the noise figure for the sum of two or more noise processes are given by
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where:



c = 10 / ln(10) = 4.343
(18)
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and Fami and σi are the median and standard deviation of the noise figures for the component noise sources. For atmospheric noise, these are extracted from Figs. 15 to 38. For man-made noise, they are extracted from Fig. 10 and Table 2. For galactic noise, Fam is given by equation (14) and σi is set at 1.56dB (= 3/1.282).
The upper decile deviation, DuT, of the noise figure for the sum of two or more noise processes is given by


DuT = 1.282 σT            (dB)
(21)
where σT is calculated by using the upper decile deviations of the noise components to compute the σi (= Du / 1.282) in equations (19) and (20).

The lower decile deviation, DlT, of the noise figure for the sum of two or more noise processes is given by


DlT = 1.282 σT            (dB)
(22)
where σT is calculated by using the lower decile deviations of the noise components to compute the σi (= Dl / 1.282) in equations (19) and (20).

When an upper decile deviation of the noise figure for at least one noise component exceeds 12dB, the σT calculated by equations (17) to (20), using the upper decile deviations of the noise components, should be restricted to a maximum value of 
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where γT is the noise factor for the simple power sum of the individual median noise factors
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Similarly, when a lower decile deviation of the noise figure for at least one noise component exceeds 12dB, the σT calculated by equations (17) to (20), using the lower decile deviations of the noise components, should be restricted to the maximum value given by equation (23).

___________________
_1233993524.unknown

_1233994220.unknown

_1235217827.unknown

_1233994609.unknown

_1234006690.unknown

_1233994581.unknown

_1233993795.unknown

_1233994014.unknown

_1233993777.unknown

_1233992796.unknown

_1233992986.unknown

_1233738124.unknown

_1233741117.unknown

_1233564016.unknown

