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Summary
At its March/April 2010 meeting, Working Party 4A updated Annex 9 to Document 4A/278, the working document towards a preliminary draft new Recommendation providing a methodology to calculate the statistics of interference received by the fixed service from space-to-Earth emissions for frequency bands above about 17 GHz.  
It was also decided to develop an accompanying working document towards a preliminary draft new Report, which provides examples of, and describes possible implementations of the methodology, based on the text from Annex 1 of Document 4A/250 and proposed revisions of the PDN Report in Document 4A/331. This new working document towards a preliminary draft new Report is contained in Annex 1 to this document.
Since the working document towards a preliminary draft new Recommendation was liaised to Working Party 5C to seek its views, it was also decided to send this working document towards a preliminary draft new Report to Working Party 5C to seek its views.
It is planned that future revisions of this document will reflect the use of integrated water vapour content (IWVC) once the more detailed data is made available on the SG 3 data bank. 
Administrations are invited to review the working document and provide comments at the July 2010 meeting of WP 4A.


Annex:  1

Annex 1
WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT
NEW REPORT ITU‑R [SF].[STATMETH]
Example of a possible mathematical implementation of the methodology for statistically calculating the interference received by the fixed service from
space-to-Earth emissions for frequency bands above about 17 GHz
1	Description of statistical I/N calculation methodology
In principle the calculation of the interference-to-thermal noise (I/N) ratio into a network of fixed service (FS) receivers is very simple. The I/N level at the input of an FS receiver is given by:

				(1)
where:
	pfd =	power flux-density of the interference in the direction of the its source (dBW/m²/MHz) at the Earth’s surface;
	GRx FS (φ) =	relative gain of receiving FS antenna in the direction of interference φ degrees off its bore-sight axis (dBi) in accordance with Recommendation ITU‑R F.1245-1;
	G1m² =	gain of a 1 m² antenna at the frequency of interest (dBi);
	N =	receiver thermal noise (dBW/MHz);
	RxFSL	= receiver feeder system loss (dB);
	Lbs =	beam spreading loss on the interference signal in accordance with § 2.3.2 of Annex 1 to Recommendation ITU‑R P.618-10 for an average year;
	Latm (ρk ) =	attenuation due to atmospheric gases in accordance with Recommendation ITU‑R P.676‑8. For angles of arrival < 5º, the method described in Annex 1 is used. For angles of arrival ≥ 5º, the method described in Annex 2 is used. Latm is a function of the water vapour density ρk. The water vapour density ρk is the mid-point of the kth range for surface water vapour density values where k is an integer with values ranging from 1 to n. In a computer simulation, the entire range of possible values of surface water vapour density is divided into NSWVD equal increments each having its own probability of occurrence in order to approximate a continuous distribution. A value of NSWVD = 50 is proposed;
		Lp = polarization advantage (dB).
Equation (1) includes polarization isolation in the calculation of I/N in general, therefore NOTE 7 in the reference pattern of Rec. ITU‑R F.1245-1 has been suppressed. 


Two options are available to calculate the surface water vapour density (SWVD), implementing either:
1. based on annual distribution of the SWVD values determined at each of the centre points of the incremental areas (“test points”) of the test area; or 
2. based on a common atmospheric profile by taking the average of the 80th percentile SWVD at each of the “test points” of the test area.

1) based on the annual distribution of SWVD values determined at each of the test points

		
where:

		
where:
	ρmax [footnoteRef:1] =	water vapour density exceeded for 0.1% of the time in a year; [1:  	The surface water vapour densities (g/m3) are stored in a series of tables on a (latitude/longitude) grid representing the value exceeded for the following percentages of time: 99, 98, 97, 95, 90, 80, 70, 50, 30, 20, 10, 5, 3, 2, 1, 0.5, 0.3, 0.2 and 0.1 and are available from http://www.itu.int/oth/R0A04000023/en and http://www.itu.int/oth/R0A0400002A/en. The value of SWVD, ρmax , that which is exceeded for 0.1% of the time, in the absence of any other data corresponding to smaller percentages of time is assumed to be the maximum. The value of SWVD which is exceeded for 99% of the time is typically very small but varies with geographic location. To simplify the calculation of Δρ, the minimum value for SWVD, which is exceeded for 100% is extrapolated from the data for the values of SWVD exceeded for 97, 98 and 99% of the time. In the event that such calculation results in an extrapolated value that is negative, a value of zero is assumed. (Details on how the cumulative distribution function for the SWVD is interpolated and extrapolated into 1001 points to generate the probability distribution function are provided in the Excel® spreadsheet provided section 1 of Appendix 1.)] 

	ρmin =	water vapour density exceeded for 100 % of the time; and
	NSWVD =	number of discrete values of equal range in surface water vapour density (SWVD) used in approximating the continuous SWVD probability distribution function.

2)  based on the average 80th percentile SWVD value at each of the “test points”
When calculating I/N using the average 80th percentile SWVD, ρk is replaced by ρavg80, which is the average value of 80th percentile SWVD of all test points. The height hamsl (above mean sea level) of each test point, obtained either from Recommendation ITU-R P.1511 or other appropriate topographical data base, is also replaced by the average height, which is the average value of hamsl of all test points.
Editor’s Note: It was found after extensive simulation, that the statistical attenuation calculation using the average 80th percentile SWVD values of all test points (occupying a total of 25,000 km²) around the centre location gives nearly identical results as using the 80th percentile SWVD for each test point.  From the results, it can be concluded that the effect of weighting the I/N results obtained using the 80th percentile SWVD values is effectively the same as applying the same weighted 

average values of the 80th percentile SWVD at each location. (Please refer to the example given in Appendix 4 for comparison between results obtained with the average 80th percentile SWVD and the 80th percentile SWVD values.)
1.1	Step 1 – Accounting for the local value(s) of surface water vapour density in calculating the attenuation due to atmospheric gases (Latm(ρ)) when calculating the I/N


The last four terms in equation (1) comprise the four elements of non-free space transmission loss (RxFSL, Lbs, Latm(ρk) and Lp) on the space-to-Earth interference path. For a given orientation of the space-to-Earth interference with respect to the terrestrial receiver, all of the terms in equation (1) are time-invariant with the exception of the last term Latm (ρk). If the term  represents the conditional probability that I/N > x, given a surface water surface vapour density (SWVD) at the FS antenna that equals ρk,  will be equal to 1 for all values of ρ that result in a level of I/N greater than x and zero for all others. At a given orientation τ of the space-to-Earth interference (i.e. for a given position of an interfering satellite), the probability that the I/N level received by the FS receiving antenna will be above an arbitrary threshold of x, taking into account the value in ρ is given by:

			(2)
where PW (ρk ) is the probability that the SWVD ρ is within the range ρk ± Δρ/2 in an average year.  Two options can be used for the SWVD ρ value in, either: 1) Calculation of I/N on each interference path using an “Annual distribution” of SWVD (recommends 4), or 2) Calculation of I/N on each interference path using the “Average 80th percentile” (recommends 3) of SWVD.  In the case of option (2), the value of ρ exceeded for 80% of the time is used to calculate a single value of I/N (which is exceeded for 20% of the time) on each interference path.

Simply stated,  in option (1) is equal to the sum of the conditional probabilities PI/N|W(x|ρk) multiplied by their weighting factors PW (ρk).
Apparent elevation angle is used in the calculation of beam spreading loss Lbs and off-axis angle φ. The methodology used for calculating apparent elevation angle is that of Recommendation ITU‑R P.834-3.
Polarization loss can be conservatively estimated the using the formula:
Lp = 1.7 dB, 0 ° ≤ φ ≤ φ3dB
Lp = 0 dB, φ > φ3dB
The polarization loss only applies when within the 3 dB beamwidth of the FSS antenna. 
The interference level into FS receivers may vary significantly according to different satellite hand‑off strategy. Calculation of interference power into FS receivers should consider appropriate satellite hand-off strategy if applicable. 
2	Step 2 – Accounting for orientation of the FS receiver and factors affecting the total number of samples required for a statistical sample
In the absence of specific FS link orientation data and where no orbital avoidance is employed, it can be assumed that the FS receiver antenna has an uniformly distributed azimuth, Az, which associates with a probability density function pA(i) = 1/M, where M is the number of equal size increments of azimuth. 
The joint probability that I/N > x dB and the FS receiver antenna azimuth Az = αi ± ΔAz/2 is:

			(3)

where is the conditional probability that I/N > x dB given FS receiver antenna azimuth αi ± ΔAz/2  (ΔAz is defined below).
If the FS antenna azimuth rotation step size is selected such that the level of interference calculated from the worst case azimuth will be no less than a value of 1 dB below what it would be using the maximum boresight gain (to a minimum value of 0.1°). The following formula are used to derived the azimuth rotation step size

			(4)
where NAz is the number of azimuth steps required to achieve the 1 dB accuracy for a given FS antenna gain, and ΔAz is the azimuth rotation step size.
Table 1 demonstrates the selection of FS receiver antenna azimuth step size.  Note – Though the calculations and Table 1 are specific to calculation of azimuth increment step size that results in 1 dB accuracy, the methodology can be extended such that any desired level of accuracy may be used in general.  For detailed information regarding the mathematical procedures in deriving the required number of azimuth steps for desired degree of accuracy in a simulation, please refer to Appendix 3.
TABLE 1
Selection of FS antenna azimuth step size associated with a number of azimuth increments
resulting in a 1 dB accuracy with respect to the maximum
	Boundary conditions
	Step Size:
ΔAZ

	Number of Azimuth
Increments: NAZ


	Minimum
D/λ > 
	MaximumD/λ ≤ 
	
	

	200.00
	-
	0.10
	3 600

	160.00
	200.00
	0.10
	3 600

	133.33
	160.00
	0.125
	2 880

	100.00
	133.33
	0.15
	2 400

	80.00
	100.00
	0.20
	1 800

	66.67
	80.00
	0.25
	1 440

	50.00
	66.67
	0.30
	1 200

	40.00
	50.00
	0.40
	900

	33.33
	40.00
	0.50
	720

	26.67
	33.33
	0.60
	600

	20.00
	26.67
	0.75
	480

	-
	20.00
	1.00
	360

















3	Step 3 – Accounting for the orientation of interference and the orientation of the FS receiver
Given that not all fixed service receivers will be oriented at or near the worst case azimuth (i.e. pointing toward or near the strongest source of interference), proper account of the distribution of the fixed service receivers in azimuth and the interference received by the FS at each possible orientation must be made to ensure that the probability of occurrence of interference takes into account all possible directions in azimuth and all possible orientations of the FS receiver. 
Equations (5)-(10) which follow assume that the azimuth AZ of the FS receiving antenna = i. 
Let PI/N,A,S (x, αi,l ) represent the probability that I/N > x dB and that the orientation of the source of interference from an interfering satellite has orientation l, and that the azimuth AZ of the FS receiving antenna is i. Mathematically, we have:

			(5)
Using conditional probabilities we can write:

			(6)
The probability that the I/N level > x given the orientation l of an interfering satellite signal for a fixed azimuth αi of the FS receiving antenna is equal to:

			(7)
Note that in the case of a GSO satellite, the orientation τ of the interferer S is a constant and not a function of time. 
Equation (7) can be simplified given that PS(τl) has a uniform probability equal to the time increment of the simulation divided by the total simulation time (or 1/S where S is the total number of time steps in the simulation) resulting in the simplified expression:

			(8)

From equation (8), the probability  that an FS receiving antenna, at any given location, will receive interference above an arbitrary threshold of x dB for any direction (i.e. 0°   < 360°) over the entire simulation time is given by the expression:

			(9)

Given a large number of FS receiving antennas, it can be assumed that  has a uniform probability of 1/M where M is the total number of azimuth steps per location used in the simulation. Equation (9) can then be simplified as follows:

			(10)
4	Step 4 – Accounting for the distribution of fixed service receivers over a larger area
In the case where account of the differing climatic conditions over area larger needs to be considered, the weighting factors associated with each smaller area within that larger area or region can be used to ensure that each smaller area is represented proportionally to the total. 
The probability that the location B = j representing the incremental area Aj within the total area of a larger region represented by AT can be approximated by:

			(11)
While the use of local data in sharing studies used to develop technical limits on one or more services may result in non-uniform levels of interference (depending upon location) being received by the fixed service, it is also recognized that with respect to interference originating from non‑geostationary sources of interference originating from space, that some locations can be vulnerable to high levels of interference by virtue of location irrespective of local climate. Fixed service networks are typically designed to operate with uniform sets of characteristics within a given country or in a small region encompassing neighbouring countries. Between geographically dispersed regions, the characteristics of fixed service networks may vary considerably. For this reason, the total area AT over which both the impacts due to local climate and vulnerability of location can be weighted is any contiguous area of 25 000 km².
The calculation of ΔAj and AT can be calculated using the approximations as described below:
The equation for the calculation of each incremental area is:

	          	(12)




	N =	Total number of incremental areas comprising the geographical region of the simulation.
NOTE – Some judgement may need to be exercised when establishing the simulation parameters for the area in which the I/N is to be calculated to ensure that the minimum total test area is at least 25 000 km² and that the I/N calculated is representative for the entire area and not just for one point or smaller area within it. In establishing the simulation parameters, the following details need to be addressed: 
1)		Situations where the total area (AT) of the region in which interference is being calculated is slightly greater than 25 000 km² but less than twice that amount. In this situation, the I/N should be calculated in one contiguous area. 
2)		The total number of incremental areas (N) should not be less than 9.  The maximum number of incremental areas depends upon the resolution of the topographical database used and the minimum distance between each of the centre points of the incremental areas.  Appropriate caution should be exercised when selecting the number of incremental areas given the size of the total test area and the resolution of the topographical database used. 

3)		In calculating the I/N ratio over the total area AT, the relative sizes of the individual components (ΔAj) comprising the total area should be as close to 1 as possible to ensure that the I/N calculated at one location does not unduly impact the result over the entire test area. To ensure this, the following condition should be met: , j = 1 to N.
4)		In the case of some fixed service networks, it may be appropriate to represent the total test area of 25 000 km² using two or more nearby non-contiguous regions provided that the fixed service over the total test area has a uniform set of characteristics. An example may be a city on a coastline that is part of the same fixed service network as one of more small islands off-shore. In this situation, it may be better to represent the incremental area representing the island(s) with a shape other than that depicted by the latitudinal/longitudinal grid in equation (12).
The difference between the upper and lower bound latitudes is one latitude increment. In a simulation that considers only interference originating from space into fixed service antennas that are on land, it would not be appropriate to include areas over water, therefore only fixed service sites on land should be included in the total area examined in such a simulation.
We will now introduce a location dependency into PI/N(x). Let PI/N,B(x,j) be the probability that 
I/N > x dB and that location B of the FS receiving antenna is in geographical location j. Mathematically, we have:

			(13)
Using conditional probabilities we can write:

			(14)
where PB(βj) was defined in equation (11).
Note that PI/N|B(x|j) is the probability that was calculated in equation (10) (at a single location) and thus accounts for the probability that an FS antenna, at that location, will receive interference above an arbitrary threshold of x dB for any FS receiving antenna direction at the given location (B = j). The probability associated with a given FS antenna size (or gain) receiving interference above an arbitrary threshold of x dB located at random within a geographical region where that region is comprised of incremental areas, that may be unequal in size, must take into account the weighting factor associated with that incremental area.
The total probability of the FS receiving interference above the threshold taking into account the probability of receiving interference above the same threshold in each incremental area is:

			(15)
5	Step 5 – Accounting for the deployment of fixed service receivers in diameter (gain) and elevation angle
The maximum interference, for a given elevation angle when subjected to a known power flux density (pfd) that can be received by a fixed service receiver is directly proportional to the antenna gain. Furthermore, fixed service receivers are most susceptible to interference when their antennas have higher elevation angles due to specified pfd limits being higher and non-free space transmission losses being lower for higher angles of arrival. A “deployment scenario” is typically described by a statistical distribution of fixed service antenna elevation angle and antenna size (or gain). Given that levels of interference received by the fixed service can greatly depend on the deployment scenario, it is important that the probability of occurrence of each combination of antenna diameter (gain) and elevation angle be appropriately represented for the fixed service in that geographical region.
Let PI/N,D,E(x,q,εr) represent the probability that I/N > x dB and that the FS receiving antenna diameter D = q and that the FS receiving antenna elevation angle E = εr within the geographical region. Mathematically, we have:

			(16)
Using conditional probabilities we can write:

			(17)
If one assumes that in the case of equation (17), the total probability in the region having a total area of AT was calculated for one antenna size of a number of Q possible sizes, at a specified antenna elevation angle PI/N,E|D(x,εr|q) is the probability that an FS antenna of a specified elevation angle, within the geographical region, will receive interference above an arbitrary threshold (measured in terms of I/N ratio) of x dB for a given antenna size, (D = q).
The probability that the I/N received exceeds a threshold of x dB, taking into account the probability distribution of the usage of antenna sizes (as approximated by Q discrete antenna sizes) used in the simulation at a given elevation angle within the geographical region is:

			(18)
From the above, it follows that considering that, εr and q are independent variables: 
The probability that the I/N received exceeds a threshold of x dB, taking into account the probability distribution of the usage of antenna sizes for each elevation angle range (as approximated by R discrete elevation angles) and the probability distribution of elevation angles for the R discrete elevation angles within the geographical region is:

			(19)


Appendix 1

1	Illustrative example to demonstrate the dependency and the annual variability of loss due to atmospheric gases on local climatic conditions
To illustrate the dependency on local climatic conditions of the amount of loss due to atmospheric gases (hereinafter referred to as “atmospheric absorption”), the losses were calculated at two climatically different locations over a range of 5 different frequencies: 18.7, 21.7, 39.0, 41.0 and 73.5 GHz. The specific frequencies have been selected because they are at or near the centre of shared, co-primary fixed-satellite (or broadcasting-satellite) service and fixed service frequency bands. Two locations in different climatic zones have purposely been selected in the simulation to demonstrate the dependency on climate. Location 1 is at 40°N, 70°W; which lies within the mid‑latitude climatic zone. Location 2 is at 18.5°N, 73.5°W; which lies within the tropical climatic zone. In the case of the “drier” Location 1, it has a median annual surface water vapour density (SWVD) of 8.67 g/m³. In the case of the more humid Location 2, it has a median annual SWVD of 18.34 g/m³. The probability distribution functions (PDFs) of SWVD of both locations are graphed together in Fig. 1. In the case of both locations, the PDF is plotted with a smoothed line joining the 50 points together. {An Excel® file on the generation of the PDF of the SWVD is provided below. This file is not intended to be part of the proposed Recommendation as WP 3J has indicated integrated water vapour content (IWVC) is likely be used for the calculating the CDF of attenuation due to atmospheric gases.}


Figure 1
PDF of surface water vapour density

The methodology made use of the atmospheric profiles in Recommendation ITU‑R P.835-4. In that Recommendation, there is no seasonal difference for the atmospheric profile in the tropical zone and a single set of atmospheric profiles is used to represent the temperature, pressure and water vapour densities as functions of height. Thus, at tropical latitudes, annual surface water vapour density values from the SG 3 database can be applied without seasonal consideration in the case of Location 2 and the single set of annual atmospheric profiles in Recommendation ITU‑R P.835-4 can be used. However, for Location 1, there are summer and winter atmospheric profiles in Recommendation ITU‑R P.835-4. Therefore, it is necessary to determine under what conditions summer or winter atmospheric profiles apply in order to calculate an annual statistical atmospheric absorption loss. 
Since the surface water vapour density values from SG 3 database are annual values, the temperature must be sufficiently high enough to support a given surface water vapour density such that the resulting relative humidity value will be valid (i.e.  100%). Therefore, when applying the Annex 1 (line-by-line) method in Recommendation ITU-R P.676-8 of calculating the atmospheric gaseous absorption, the winter standard atmospheric profile was used to calculate the water vapour density starting from the lower values of SWVD until the point where the relative humidity at the surface calculated (as per Recommendation ITU-R P.453-9) was no longer valid (i.e. ≥ 100%) at which point the summer standard atmospheric profile was used for that and all higher values of SWVD in the annual PDF of SWVD. 
Illustrative examples are provided in the following section where the atmospheric absorption on low angle of arrival interference paths is calculated for two climatically different locations at five different frequencies. This exercise was carried out to demonstrate the dependency of atmospheric attenuation on the following factors:
1)	geographic location where the probability distribution functions of the water vapour densities are very different from each other;
2)	frequency;
3)	the angle of arrival of the space-to-Earth emission measured at the geographic location.
It should be emphasized that the calculations were done to gain insight on how having the ability to generate annual statistics of atmospheric loss might be useful in the calculation of annual statistics of received interference by a fixed service receiver, measured in terms of the calculated I/N ratio (see Equation (1) in Annex 1) when applying the methodology in Annex 1. 
2	Results (cumulative distributions of atmospheric absorption)
Cumulative distribution functions (CDFs) of the calculated atmospheric absorption were generated in accordance with the described procedure in § 2 of Annex 1 at the two test locations (Location 1: 40°N, 70°W; and Location 2: 18.5°N, 73.5°W) for five of the seven frequencies. The resulting CDFs in each figure represent annual statistics of atmospheric absorption for each of the interference paths at the angle of arrival depicted. These annual loss statistics are indicative of the variation in the levels of interference (I/N) that would be received in practice by the fixed service. The variation in I/N that would occur for any typical deployment scenario can be calculated by applying the methodology in Annex 1.
It should be noted that, though the two locations are both located in Region 2 and considering that there exists no allocation to the fixed satellite or the broadcasting satellite services in Region 2 in the 21.4-22 GHz band, the statistics of slant path attenuation at 21.7 GHz shown in Figures 3A and 3B are provided for illustrative purposes only to allow comparison of the impact of location 

between the two figures and the impact of frequency on the attenuation when comparing Figures 3A and 3B with all other Figures generated using different frequencies.  The same statement applies to the comparison of loss calculations for the same two locations at 21.7 GHz in Table 3.  
2.1	Frequency = 18.7 GHz
Figure 2A

Figure 2B

2.2	Frequency = 21.7 GHz
Figure 3A

Figure 3B

2.3	Frequency = 39.0 GHz
Figure 4A

Figure 4B

2.4	Frequency = 41.0 GHz
Figure 5A

Figure 5B

2.5	Frequency = 73.5 GHz
Figure 6A

Figure 6B

3	Comparison of annual loss statistics with those of ITU-R Recommendations that are used for the prediction of minimum propagation attenuation due to atmospheric gases
There exist Recommendations that can be used for the prediction of “minimum propagation attenuation” due to atmospheric gases for use in frequency sharing studies between systems in the fixed service and systems in the fixed-satellite service (Recommendation ITU-R SF.1395) and for use in frequency sharing studies between systems in the fixed service and systems in the broadcasting-satellite service, mobile-satellite and space science services (Recommendation ITU‑R F.1404-1). In applying either of these Recommendations, both are good at efficiently calculating the worst-case (maximum) values of interference given their intended application of predicting “minimum propagation attenuation” due to atmospheric gases. Beyond this application, the utility of these Recommendations is quite limited. Examples comparing the detailed, location dependent annual loss statistic using Recommendation ITU‑R P.676-8 with the single value of loss calculated with each of these two Recommendations follow.
3.1	Comparison of annual loss statistics at 18.7 GHz with the result obtained using Recommendation ITU-R SF.1395 to calculate loss due to atmospheric gases
The results obtained using the proposed methodology for the calculation of annual statistics of atmospheric absorption are compared with an existing calculation method at a frequency of 18.7 GHz. The loss obtained using the method of calculating attenuation due to atmospheric gases in Recommendation ITU‑R SF.1395 (in Table 2) was compared with the statistical results obtained using the proposed statistical methodology (in Figs. 2A and 2B) which uses local climatic data and is based on Recommendation ITU‑R P.676-8. The method of Recommendation ITU‑R SF.1395 provides a single “minimum” value of attenuation due to atmospheric gases based on a very low SWVD which, depending upon the location can be overly conservative. The method employing Recommendation ITU‑R SF.1395 calculates minimum loss values which are near the minimum of the expected range in the case of Location 1 and even less than the minimum expected loss in the case of Location 2.
TABLE 2
Comparison of minimum loss (in dB) at 18.7 GHz calculated on slant path using the methods of Recommendation ITU‑R SF.1395 and Recommendation ITU‑R P.676-8 
to calculate attenuation due to atmospheric gases
	Location
	Method 
(Rec. ITU-R)
	SWVD (g/m³)*
	Angle of arrival (degrees)

	
	
	
	0°
	3°
	5°
	10°

	1) 40°N, 70°W
	SF.1395
	3.5
	6.54
	1.77
	1.19
	0.65

	
	P.676-8 (Max.)**
P.676-8 (Min.)
	8.67
	36.49
3.14
	6.74
0.81
	4.90
0.88
	2.46
0.44

	2) 18.5°N, 73.5°W
	SF.1395
	10.0
	11.38
	2.86
	1.77
	0.81

	
	P.676-8 (Max.)**
P.676-8 (Min.)
	18.34
	40.46
18.10
	8.08
3.95
	5.15
2.69
	2.59
1.35

	*	In the case of Recommendation ITU‑R P.676-8, the stated SWVD corresponds to the 50th percentile value from the SG 3 databank.
**	The maximum and minimum values of attenuation for the annual range of possible values based on annual SWVD statistics at the specific angle of arrival are shown.


3.2	Comparison of annual loss statistics at 21.7 GHz with the result obtained using Recommendation ITU-R F.1404-1 to calculate loss due to atmospheric gases
The results obtained using the proposed methodology for the calculation of annual statistics of atmospheric absorption are compared with an existing calculation method at a frequency of 21.7 GHz. The loss obtained using the method of calculating attenuation due to atmospheric gases in Recommendation ITU‑R F.1404-1 (in Table 3) was compared with the statistical results obtained using the proposed statistical methodology (in Figs. 5A and 5B) which uses local climatic data and is based on Recommendation ITU‑R P.676-8. The method of Recommendation ITU‑R F.1404-1 provides a single “minimum” value of attenuation due to atmospheric gases based on a very low SWVD which, depending upon the location can be overly conservative. The method employing Recommendation ITU‑R F.1404-1 calculates minimum loss values which are near the minimum of the expected range in the case of Location 1 and even less than the minimum expected loss in the case of Location 2.
Table 3
Comparison of minimum loss (in dB) at 21.7 GHz calculated on slant path using the methods of Recommendation ITU‑R F.1404-1 and Recommendation ITU‑R P.676-8 
to calculate attenuation due to atmospheric gases
	Location
	Method 
(Rec. ITU-R)
	SWVD (g/m³)*
	Angle of arrival (degrees)

	
	
	
	0°
	3°
	5°
	10°

	1) 40°N, 70°W
	F.1404-1
	3.5
	17.59
	4.80
	3.08
	1.50

	
	P.676-8 (Max.)**
P.676-8 (Min.)
	8.67
	100.70
7.8
	21.10
2.1
	14.08
1.63
	7.07
0.82

	2) 18.5°N, 73.5°W
	F.1404-1
	10.0
	40.39
	9.98
	6.16
	2.91

	
	P.676-8 (Max.)**
P.676-8 (Min.)
	18.34
	111.4
52.89
	24.7
12.57
	15.39
8.15
	7.72
4.09

	*	In the case of Recommendation ITU‑R P.676-8, the stated SWVD corresponds to the 50th percentile value from the SG 3 databank.
**	The maximum and minimum values of attenuation for the annual range of possible values based on annual SWVD statistics at the specific angle of arrival are shown.


3.3	Comparison of annual loss statistics at 21.7 GHz with the result obtained using the 80th percentile SWVD and Recommendation ITU-R F.1404 to calculate loss due to atmospheric gases
The results obtained using the methodology for the calculation of annual statistics of atmospheric absorption are compared with a method using the 80th percentile SWVD and the “full” statistical method at a frequency of 21.7 GHz. The loss obtained using the method of calculating attenuation due to atmospheric gases in Recommendation ITU‑R F.1404-1 (in Table 4) was compared with the results obtained using the full statistical methodology which uses local climatic data and is based on Recommendation ITU‑R P.676-8. The method of Recommendation ITU‑R F.1404-1 provides a single “minimum” value of attenuation due to atmospheric gases based on a very low SWVD which, depending upon the location analyzed can be overly conservative. The method employing Recommendation ITU‑R F.1404-1 calculates minimum loss values which are near the minimum of the expected range in the case of Location 3 and 4. The method using the 80th percentile SWVD provides a close approximation to the method using Recommendation ITU-R F.1404-1, while the use of localized climatic data is preserved. 
It is interesting to note that the loss calculated using Recommendation ITU-R P.676-8 with the 80th percentile SWVD the and the loss calculated using Recommendation ITU-R F.1404 for location 4 yield results that are very close in value even for low angles of arrival such as 0° and 3°.  This result is expected given that the SWVD associated with the 80th percentile is so close in value to that used by the method of Recommendation ITU-R F.1404-1.
TABLE 4
Comparison of loss (in dB) at 21.7 GHz calculated on slant path using the methods of Recommendation ITU‑R F.1404-1, the 80th percentile SWVD and Recommendation ITU‑R P.676-8
to calculate attenuation due to atmospheric gases
	Centre Location
	Method 
(Rec. ITU-R)
	SWVD (g/m³)*
	Angle of arrival (degrees)

	
	
	
	0°
	3°
	5°
	10°

	3) 47.35°N, 53.4°W
	F.1404-1
	1.23
	10.07
	3.09
	1.93
	0.87

	
	80th Percentile
	2.54
	12.38
	3.27
	2.42
	1.21

	
	P.676-8 (Max.)**
P.676-8 (Min.)
	4.86
	76.74
4.17
	18.09
1.21
	10.81
1.07
	5.42
0.54

	4) 7.5°S, 39°W
	F.1404-1
	10.0
	34.37
	8.21
	5.12
	2.46

	
	80th Percentile
	10.12
	37.67
	8.72
	6.95
	3.49

	
	P.676-8 (Max.)**
P.676-8 (Min.)
	12.80
	75.92
23.80
	16.52
5.66
	12.69
4.67
	6.37
2.34

	*	In the case of Recommendation ITU‑R P.676-8, the stated SWVD corresponds to the 50th percentile value from the SG 3 databank at the location as specified.
**	The maximum and minimum values of attenuation for the annual range of possible values based on annual SWVD statistics at the specific angle of arrival are shown.



3.4	Comparison of annual I/N statistics at 18.7 GHz with the result obtained using average 80th percentile SWVD and Recommendation ITU-R F.1395 to calculate loss due to atmospheric gases for HEO and NGSO satellite networks
Since the source of interference is non-stationary in both examples, comparison using I/N is more meaningful than using path loss. The results obtained using the proposed methodology for the calculation of annual statistics of I/N levels are compared with a method using the 80th percentile SWVD with value equal to 4.8g/m3, and the existing calculation method (using Recommendation ITU-R SF.1395 ) at a frequency of 18.7 GHz. The results for both highly elliptical orbit (HEO) and non-geostationary orbit (NGSO) indicate that the existing method and the method using the 80th percentile SWVD provide similar result, given that the SWVD for both methods are close in value. However, the 80th percentile SWVD method preserves the use of localized climatic data. Note that in the short-term the I/N using the 80th percentile SWVD method results in slightly higher I/N levels as the 80th percentile SWVD is greater than the value used in Recommendation ITU‑R SF.1395.  The statistical method gives lower I/N values for a large range of probabilities. 
This result is expected because the SWVD value at this location is higher than the value used in Recommendation ITU-R SF.1395 for most of the year. Thus, the sensitivity to SWVD in the statistical method may provide a better estimate for short term interference without being overly conservative.
FIGURE 7

FIGURE 8





Appendix 2

(Software)

1	Introduction
This Appendix contains two embedded Excel® spreadsheets and an embedded zipped file containing a set of files comprising a software package designed to provide one possible implementation of the methodology. The two Excel® spreadsheets and the files contained in the zipped file, designed to be used with the software application Matlab®, are all provided as information only.
The attached spreadsheets, software and source code have been provided to illustrate one possible implementation of the logic of the methodology in the working document using computer algorithms. Furthermore, it is anticipated that through experimentation with the software, it may stimulate ideas as to how to develop sharing scenarios between space-based emissions (FSS or BSS) and the fixed service.
The graphical user interface allows the user to select a method of choice to calculate the SWVD in accordance with one of the two recommends that the user wishes to implement.  The user has the choice of using either: 1) the “full” statistical method, or 2) the statistical method that uses a localized common atmospheric profile by taking the average of the 80th percentile SWVD and terrain height values for all tests points in the study area.  In addition, there is an option under the “Simulation” menu to simulate combinations of multiple antenna elevation angle/gain pairs.  This option will prove useful when a simulation of the multiple antenna elevation angle/gain pairs found in actual FS deployments is required.  The results obtained from automatically executing the program multiple times can be used in combination with the deployment statistics of an FS network to rapidly generate the overall impact of the interference from space-based emissions.  A “Help” menu with detailed descriptions of simulation data entry and program execution was also added to the software.
The software includes an option to use GSO avoidance with a user-specified GSO avoidance angle. The calculation of GSO avoidance is based on Recommendation ITU-R SF.765-1 Annex 2.  This option is only available for simulations involving GSO satellite networks. 

FIGURE 9
Graphical user interface


2	Limitations of the software
In the Matlab® implementation, interference from space based emissions can only be expressed as a function of the angle of arrival of the source of the interference and does not take into account any other system parameters that may be used to further characterize the interference as a function of a combination of other system parameters. This software, does however, include the flexibility to shape the pfd mask by allowing multiple inflection points to specify different levels of interference for angles of arrival ranging between 0° to 90°. Although the software does not contain any specifically designed modules for implementing any operational scenarios, it may be possible to add such modules in the future as system parameters are developed for the various services and as sharing studies progress.


The accuracy of the results will be affected by a number of factors including:
1)	the reliability of the climatic data and the topographical data[footnoteRef:2]; [2: 	In the case of climatic data, there is a potential for error in estimating, using bi-linear interpolation, the values of parameters which are off the 1.5° × 1.5° latitudinal/longitudinal grid where the data are collected. Furthermore, climatic data are derived from historical values and future climatic conditions may deviate from historical trends. In the case of topographical data, there is a potential for error in estimating, using bi-cubic interpolation, the values of ground elevation which are interpolated from the 0.5° × 0.5° latitudinal/longitudinal grid where the data are collected. In both the case of climatic and topographic data, the interpolation method used may result in an error in estimating the value of a parameter. ] 

2)	the number of discrete steps (50) which is used provisionally by the methodology to represent the probability distribution function of the water vapour density;
3)	the reliability of the gaseous attenuation model (Recommendation ITU‑R P.676-8) in predicting the attenuation through the atmosphere given a set of specified atmospheric parameters;
4)	the size of azimuth increments and time-steps (in the case of interference from non‑GSO sources). (It is always possible to increase the level of accuracy at the expense of simulation time);
5)	the models which are used to represent the reference off-axis gain pattern of the receiving fixed service antenna may not be representative for some applications or in some frequency bands (only directive antennas which are represented by Recommendation ITU‑R F.1245-1 can be simulated at this time.  Other FS antenna patterns may be implemented by appropriately modifying the Matlab code.);
6)	the polarization isolation between the incoming (interfering) emission and the polarization sense of the fixed service receiver is taken into account using the method as described in § 1 of Annex 1. The polarization isolation achieved in practice will vary depending upon the actual axial ratio of the polarization of the interfering emission, the difference between the tilt angle of the polarization ellipse and the tilt angle of the incident wave polarization ellipse and the cross-polarization isolation of the receiving antenna of the fixed service receiver (assuming that the polarization of the interfering emission is circular and that of the fixed service is linear as is typically the case for bands above 17 GHz).
The software allows simulation of interference into FS service for three scenarios: 1) interference from GSO systems; 2) interference from HEO systems; and 3) interference from non-GSO systems other than HEO systems. For interference from GSO systems, two methods to allocate GSO satellites are available: 1) generating the GSO satellites from a reference longitude; 2) using a file containing GSO satellite longitudinal positions. The user may choose to apply GSO avoidance for interference from GSO systems. The GSO avoidance calculation is based on Recommendation ITU‑R SF.765-1 Annex 2. Apparent elevation angle has been taken into consideration in the simulation, and it is only applicable in the calculation of beam spreading loss and off-axis angle. In addition, three possible types of satellite switching methods are added: 1) by highest elevation; 2) by closest distance; or 3) by nearest longitude. At this time, interference can only be simulated into directive antennas, which are represented by Recommendation ITU‑R F.1245-1. The polarization advantage in Note 7 of Recommendation ITU‑R F.1245-1 is replaced by the result 

from the calculation of polarization loss as described in § 1 of Annex 1.  A summary of the software’s step-by-step process for a single location (or a single incremental area) and for GSO satellite simulation is shown below.
FIGURE 10
Summary of the Matlab® code process


This software is provided on an “as is” basis. While reasonable attempts have been made to ensure that the software implements the methodology of the working document, the authors make no guarantee as to the accuracy of the results obtained when using the software. Furthermore, the authors assume no liability whatsoever for the accuracy or completeness of results as result of using this software.  A compressed archive of the software files is attached below:


3	Using the source code
All of the files necessary to run the software are available at http://www.itu.int/ITU-R/index.asp?category=study-groups&rlink=rwp4a&lang=en under “related activities”. The software application Matlab® is required to use the source code. The zipped file should be copied to the default work directory for Matlab®.
To launch the application, copy the extracted files to the default work directory for Matlab®, click on the filename “Satsim.fig” in the “current directory” browser in Matlab® and enter required parameters in the graphical user interface. 
When starting a simulation, the following message is displayed: “Note: simulation of interference into a network of FS of given deployment statistics is not implemented at this time.” Interference into an FS network having Q antenna sizes (gains) by R elevation angles can be simulated by running the application Q × R times and by weighting the results in accordance with the known weighting factors with each of the Q × R possible configurations. More explanation on how the deployment statistics are taken into consideration by post processing the results obtained from the application is provided in § 4.
3.1	Simulation parameters
The input parameters required by the interference simulation software are listed for each of the three types of interference simulation scenarios: 1) GSO, 2) HEO and 3) other non-GSO; space‑based emissions interfering into the fixed service. In addition to calculating the interference over a specified region, the interference calculation can be done just on a single point. The latter type of calculation is useful for testing purposes to determine the annual variation in I/N for a fixed service receiver having a given antenna gain and elevation angle.
Following is a set of common parameters required for any of the three types of interference simulation scenarios. The names of the parameters match the ones used in the Matlab® code. The parameters for GSO, HEO and non-GSO networks are listed in the following Sections.
The common parameters are: 
	Receiver properties:
	f_GHz: operating frequency in GHz;
	FS_EL: fixed station antenna elevation angle (degrees);
	GMax: maximum fixed station antenna gain (dBi);
	ThermalNoise: fixed station receiver thermal noise over 1 MHz reference bandwidth (dBW);
	FeederLoss_dB: fixed station feeder loss (dB);
	Use GSO Avoidance: GSO arc avoidance using specified avoidance angle (degrees); 
	Study area:
	CenterLat: latitude of center of area being studied (degrees +North/-South);
	CenterLon: longitude of center of area being studied (degrees +East/-West);
	TotalArea: total area of all incremental areas in the grid (km²);
	dLon: longitudinal span of area being studied (degrees)[footnoteRef:3]; [3:  	The latitudinal span of the total area being studied is calculated given Total Area and dLon. The centre points of all incremental areas comprising the total area are calculated as follows: 1) the area of all incremental areas is set to TotalArea/(NLat × NLon) such that all incremental areas are equal in size, 2) the centre latitude is determined such that one half the incremental area is to the North and one half is to the South, and 3) the centre longitude is determined such that one half the incremental area is to the East and one half is to the West.] 

	NLat: ‘height’ of TotalArea in increments of latitude (degrees);
	NLon: ‘width’ of TotalArea in increments of longitude (degrees);
	PFD:
	NumBPs: number of break points associated with a set of pfd levels;
	BRK_PTS: break points associated with the pfd levels (degrees);
	PFD_LEVELS: pfd level at each break point (dBW/m2/MHz);
	SatSystem: type of interfering space station (1: GSO, 2: HEO, 3: non-GSO);
	Data recording:
	BinLow: lowest data bin limit for I/N data recording (dB)[footnoteRef:4]; [4: 	Data bins are a convenient method for storing the results of interference simulations.  An occurrence of interference within a “bin” (also referred to as a “hit”) is recorded when the calculated level of interference falls within the range of the I/N bin.  This quantization of interference levels permits digitization of interference and simplifies the collection of interference statistics.] 

	BinHigh: highest data bin limit for I/N data recording (dB);
	BinWidth: width of each data bin used for accumulating I/N results (dB);
		SatSystem: type of interfering space station (1: GSO, 2: HEO, 3: non-GSO);
		SWVD Option: Annual distribution or Average 80th percentile.
3.1.1	Space based emissions from GSO space stations interfering into the fixed service
The following is a list of parameters for a GSO network:
If “Satellite location from file” is selected, a pop-up window will appear which will ask for a text file containing the GSO satellite locations. The file must begin with the text “GSO ORBIT DATA” as file identifier, and followed by the GSO satellite positions, one for each line. Otherwise, the following parameters should be entered in the graphical user interface:
	GSOLon: longitude of the reference GSO space station (degrees +East/−West);
	GSOSep: separation between two adjacent GSO space stations (degrees) assuming that satellites are equally spaced throughout the geostationary arc, otherwise the satellite positions are provided in an input file.
3.1.2	Space based emissions from HEO space stations interfering into the fixed service
The following is a list of parameters for a HEO network:
	a: semi-major axis of HEO orbit (km);
	e: eccentricity of the HEO orbit;
	Inc: inclination of orbital plane (degrees);
	NSat: number of satellites in each orbital plane;
	NPlane: number of orbital planes in the HEO network;
	AoP: argument of perigee of the HEO orbit of the first satellite (degrees);
	LoA: longitude of ascending node of the HEO orbit of the first satellite (degrees);
	TA: true anomaly of the HEO orbit of the first satellite (degrees);
	OpLat: minimum operating latitude of the HEO network (degrees +North/-South);
	SimTime: total simulation time (hours).
3.1.3	Space based emissions from other non-GSO space stations interfering into the fixed service
The following is a list of parameters for a non-GSO network:
	a: semi-major axis of non-GSO orbit (km);
	e: eccentricity of the non-GSO orbit;
	Inc: inclination of orbital plane (degrees);
	NSat: number of satellites in each orbital plane;
	NPlane: number of orbital planes in the non-GSO network;
	AoP: argument of perigee of the non-GSO orbit of the first satellite (degrees);
	LoA: longitude of ascending node of the non-GSO orbit of the first satellite (degrees);
	TA: true anomaly of the non-GSO orbit of the first satellite (degrees);
	SimTime: total simulation time (hours).
Hand-off strategy is provided as an optional parameter for non-GSO simulation only. The latitude and longitude of an earth station for the non-GSO network is required to use this option. 
3.1.4	Other options
Polarization loss can be generated from two methods. By default, Appendix 8 of the Radio Regulations is used for calculating the polarization loss. Another option is to use the method as described in § 1 of Annex 1. Axial ratio for circularly polarized antenna R and cross-polar isolation for linearly polarized antenna XPIL (both in decibel terms) are required if the latter method is chosen. The polarization loss calculated by either method will replace the approximate 3 dB (on boresight) reduction in Note 7 of Recommendation ITU‑R F.1245-1. 
The surface water vapour density uses the annual CDF by default.  An option to use the average 80th percentile SWVD is also included.
3.1.5	Output data
For each simulation, two sets of data and a text output file will be generated: OUTPUT DATA contains I/N results for each gain and elevation angle combination, without taking into account the distribution of the antenna gains and elevations, for all test locations; AREA DATA contains 

detailed statistical data for each test location (i.e., percentage of time a long-term I/N criterion is exceeded and number of “hits” for each I/N bin); and a text output file provides a basic overview of the simulation having the worst case results.
3.1.5.1	Data file name format
The file name format for the data sets and text files are as follows:
OUTPUT DATA has a file name format such as “RESULT_lat_lon_pfdlo_pfdhi.mat”, where lat and lon are the latitude and longitude of a test location. 
AREA DATA has a file name format such as “AreaDataXdBiYEL_at pfdlo_pfdhi.mat”, where X is the FS antenna gain (in dBi) and Y is the FS elevation angle (in degrees) tested. 
The text output file has a file name format such as “orbit-typeXdBiYEL_@ pfdlo_pfdhi.txt”, where orbit-type is the satellite network orbit type, X is FS antenna gain, Y is FS antenna elevation.
The attributes pfdlo and pfdhi are the low angle of arrival pfd level and high angle of arrival pfd level tested. They are defined the same way for all output files.
3.1.5.2	Data structure
OUTPUT DATA, depending on the number of elevation angles and antenna gains, will have a format similar to the following for all test locations:
(Assumptions: “n” different FS antenna gains, 2 different FS elevation angles, bin range: –30 dB to +30 dB at 1 dB interval)
TABLE 5
Structure output data
	GAIN
	X1
	X1
	X2
	X2
	…
	Xn
	Xn

	EL
	E1
	E2
	E1
	E2
	…
	E1
	E2

	I/N Level
	

	–30
	PX1E1-30
	PX1E2-30
	PX2E1-30
	PX2E2-30
	…
	PXnE1-30
	PXnE2-30

	–29
	PX1E1-29
	PX1E2-29
	PX2E1-29
	PX2E2-29
	…
	PXnE1-29
	PXnE2-29

	…
	…
	…
	…
	…
	…
	…
	…

	+29
	PX1E1+29
	PX1E2+29
	PX2E1+29
	PX2E2+29
	…
	PXnE1+29
	PXnE2+29

	+30
	PX1E1+30
	PX1E2+30
	PX2E1+30
	PX2E2+30
	…
	PXnE1+30
	PXnE2+30



Where Xs are FS antenna gains, Es are FS antenna elevation angles and PXnEn±I/N is the probability of “hits” for each I/N bin for each FS antenna gain and elevation combination.
AREA DATA has a varying format for different satellite orbits. The data set contains the following elements of a given FS antenna gain and elevation: 

a)	ALLBIN, which contains the overall probability of hits for each I/N bin for all test locations; 
b)	DATA BIN, which contains detailed statistical data for each test location.
DATA BIN has a simulation dependent data structure for each test location as follows:
TABLE 6
Structure of data bin
	GSO type simulation
	NGSO/HEO type simulation

	No GSO avoidance
	GSO avoidance
	

	Latitude of test location

	Longitude of test location 

	DATA LOG A: number of hits registered for each bin for the entire bin range

	N/A
	Percent of usable azimuth angles
	N/A

	DATA LOG B: maximum level of I/N above –10 dB at each azimuth angle
	

	DATA LOG C*: hits registered for each I/N bin for I/N ≤ –10 dB (BL dB to –10 dB at 1 dB) and I/N > –10 dB (–10 dB to BH dB at 1 dB)
	


*where, BL is the lowest I/N bin and BH is the highest bin boundary. For example, if the data bin ranges from –30 dB to +30 dB, then BL = –30 dB and BH = +30 dB.
In the data set, number of hits registered for each bin for the entire bin range (DATA LOG A) can be converted to a probability distribution function (PDF) of the I/N levels recorded for a simulation. This provides an overview of distribution of potential impact from a satellite network. The bins are defined as follows:
TABLE 7
Data bin boundaries
	Bin 
	…
	–11.5
	–10.5
	…
	N + 0.5

	I/N range
	…
	–12 < I/Nx ≤ –11
	–11 < I/Nx ≤ –10
	…
	N < I/Nx ≤ N+1


The term N is an integer I/N level. Note that the bins are normalized by shifting half the bin width toward minus infinity such that the results, when graphed are plotted at the “mid-point” of every bin.
The maximum level of I/N above –10 dB at each azimuth angle (DATA LOG B) provides information on the impact of interference, in terms of maximum I/N, at each FS antenna azimuth angle. It may be used to determine the direction where calculations predict an FS receiver will experience high levels of interference from a satellite network at one or more instances in the simulation. For convenience in GSO type simulations, data logs registering hits for each I/N bin above or below –10 dB (DATA LOG C) are provided for further analysis for the portion of statistics that meets or exceeds the long-term I/N criterion (assumed to be I/N in excess of –10 dB). The bin boundaries of these data logs are defined the same way as DATA LOG A.
3.2	Graphing results of simulation
The embedded Excel® spreadsheet below may be used to convert the I/N statistics results from a probability distribution function (PDF) into a cumulative distribution function (CDF). The result from running the application is located in the variable ‘ALLBIN’ in the Matlab® workspace and represents the overall impact of the interference from space-based emissions into the fixed service network represented by a specified antenna gain and elevation angle. Deployment statistics are taken into consideration by post-processing the results obtained from the application as explained further in § 4.


4	Calculation of interference into a fixed service network taking into account deployment statistics
Deployment statistics for a fixed service network can be represented by weighting factors associated with given fixed service receiver elevation angles as in the hypothetical examples given in Fig. 11 and weighting factors associated with given fixed service antenna gains given an elevation angle as in the hypothetical examples given in Fig. 12. 
Figure 11
Example deployment statistics of FS elevation angle


Figure 12
Example deployment statistics of FS antenna gain given FS elevation angle

The embedded Excel® spreadsheet below may be used for the purpose of taking FS deployment statistics into account in applying the methodology to calculate the overall impact of the interference from space-based emissions into the fixed service network.







Appendix 3
1	Mathematical principles on the accounting of FS receiver antenna azimuth
Let the azimuth, AZ, of the FS receiver antenna be uniformly distributed with the probability density function pA(i) 1/360 (degrees−1). Where M is the number of equal size increments of azimuth:

		 (degrees), i = 0, 1, 2, … , M − 1	(20)
Let PA (i) 	= Probability (αi ≤ α < αi+1):

			(21)
Let PI/N,A(x,αj) represent the probability that I/N > x dB and that the azimuth AZ of the FS receiving antenna = i. Mathematically, we have:

			(22)
Using conditional probabilities we can write:

			(23)
Substituting the expression in equation (21) into equation (23) gives:

			(24)

In a computer simulation, when the non-free space component of the transmission loss is considered to be time-invariant, the probability  is equal to the total number of samples in which the simply calculated value of I/N exceeds the threshold x, divided by the total number of equal segments in azimuth. 
The FS antenna azimuth rotation step size is selected such that the level of interference calculated from the worst case azimuth will be no less than 1 dB below what it would be using the maximum boresight gain (to a minimum value of 0.1°). The following formula can be used to derived the azimuth rotation step size

			(25)
where NAz is the number of azimuth steps required to achieve the 1 dB accuracy for a given FS antenna gain, and ΔAz is the azimuth rotation step size. The expression for 3 dB beamwidth θ0 is

			(26)
where (D/λ) is the FS antenna diameter-to-wavelength ratio. The 3 dB beamwidth θ0 can be related to x-dB off-axis angle θxdB by:

			(27)
Combining equations (26) and (27), and replacing x with 1 for θ1dB, the expression for the number of azimuth steps NAz becomes

			(28)
Combining equations (25) and (28), the expression for the azimuth step size ΔAz becomes:

			(29)
Expression (12) is used to quantize the azimuth size by setting a range of applicable (D/λ) values that correspond to a given azimuth step as shown in Table 1 of Annex 1.

Appendix 4

1	Simulation results for the average 80th percentile SWVD value and the 80th percentile SWVD values
The results obtained using the methodology for the calculation of interference using the average 80th percentile SWVD value of all test points is compared with a method using the 80th percentile SWVD at each test point at a frequency of 21.7 GHz and for GSO satellite network.  Additional information on the average 80th percentile SWVD method, recommends 2, can be found in the Attachmnet.
It can be observed that the annual I/N statistics obtained while using average 80th percentile SWVD value, for the long-term (I/N = –10 dB) and low probability calculations for the location in Brazil (Figure 13) and Vancouver (Figure 14), are nearly identical to the results obtained with the 80th percentile SWVD value.  For this reason, the average 80th percentile SWVD method was chosen as the calculation option in recommends 2 to conduct long-term interference calculations.  To illustrate, a pfd level of –105/–115 dBW/m²/MHz at 5°/25° angle of arrival was used to generate the interference statistics in each case, and the results are presented below.
FIGURE 13
Simulation results using the two 80th percentile SWVD methods in Brazil
Lat. = 7.5°S, Lon. = 39.0°W (16 incremental areas, 4 (N-S) x 4 (E-W) with 2.4915° Lon. span)



FIGURE 14 
Simulation results using the two 80th percentile SWVD methods in Vancouver
Lat. = 49.621°N, Lon. = 123.5°W (20 incremental areas, 4 (N-S) x 5 (E-W)
with 2.4915° Lon. span)




For reference and for further information, an Excel® data file is enclosed.






_______________
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Interference into Fixed Service at 21.7 GHz (Eastern Brazil)
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Interference into Fixed Service at 21.7 GHz (Vancouver)
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Brazil Results 80th%SWVD

						P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)						Long-term

				Gain (dBi)		46 dBi		46 dBi		46 dBi		46 dBi		46 dBi		Gain (dBi)		42 dBi		42 dBi		42 dBi		42 dBi		42 dBi		Gain (dBi)		36 dBi		36 dBi		36 dBi		36 dBi		36 dBi		Gain (dBi)		32 dBi		32 dBi		32 dBi		32 dBi		32 dBi						-10		I/N

				Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°						20.00%		Percentage

				X (dB)		46 dBi, 7°		46 dBi, 5°		46 dBi, 3°		46 dBi, 1°		46 dBi, -1°		X (dB)		42 dBi, 7°		42 dBi, 5°		42 dBi, 3°		42 dBi, 1°		42 dBi, -1°		X (dB)		36 dBi, 7°		36 dBi, 5°		36 dBi, 3°		36 dBi, 1°		36 dBi, -1°		X (dB)		32 dBi, 7°		32 dBi, 5°		32 dBi, 3°		32 dBi, 1°		32 dBi, -1°

		-30.5		-30		1		1		1		1		1		-30		1		1		1		1		1		-30		1		1		1		1		1		-30		1		1		1		1		1		-30

		-29.5		-29		1		1		1		1		1		-29		1		1		1		1		1		-29		1		1		1		1		1		-29		1		1		1		1		1		-29

		-28.5		-28		1		1		1		1		1		-28		1		1		1		1		1		-28		1		1		1		1		1		-28		1		1		1		1		1		-28

		-27.5		-27		1		1		1		1		1		-27		1		1		1		1		1		-27		1		1		1		1		1		-27		1		1		1		1		1		-27

		-26.5		-26		1		1		1		1		1		-26		1		1		1		1		1		-26		1		1		1		1		1		-26		1		1		1		1		1		-26

		-25.5		-25		1		1		1		1		1		-25		1		1		1		1		1		-25		1		1		1		1		1		-25		1		1		1		1		1		-25

		-24.5		-24		1		1		1		1		1		-24		1		1		1		1		1		-24		1		1		1		1		1		-24		1		1		1		1		1		-24

		-23.5		-23		1		1		1		1		1		-23		1		1		1		1		1		-23		1		1		1		1		1		-23		1		1		1		1		1		-23

		-22.5		-22		1		1		1		1		1		-22		1		1		1		1		1		-22		1		1		1		1		1		-22		1		1		1		1		1		-22

		-21.5		-21		1		1		1		1		1		-21		1		1		1		1		1		-21		1		1		1		1		1		-21		1		1		1		1		1		-21

		-20.5		-20		1		1		1		1		1		-20		1		1		1		1		1		-20		1		1		1		1		1		-20		1		1		1		1		1		-20

		-19.5		-19		0.0895138889		0.0758333333		0.0570833333		0.0318055556		0.0110416667		-19		1		1		1		1		1		-19		1		1		1		1		1		-19		1		1		1		1		1		-19

		-18.5		-18		0.0715972222		0.0546180556		0.0341666667		0.021875		0.0060069444		-18		0.0895833333		0.0759375		0.0570833333		0.0318229167		0.01109375		-18		1		1		1		1		1		-18		1		1		1		1		1		-18

		-17.5		-17		0.0546180556		0.0383333333		0.0278125		0.0182638889		0.00000001		-17		0.0716145833		0.0546875		0.034375		0.0219791667		0.0059895833		-17		1		1		1		1		1		-17		1		1		1		1		1		-17

		-16.5		-16		0.0419097222		0.0325347222		0.0235763889		0.0154166667		0.00000001		-16		0.0545833333		0.0383854167		0.0277604167		0.01828125		0.00000001		-16		0.0805989583		0.0651041667		0.0454427083		0.0243489583		0.0088541667		-16		1		1		1		1		1		-16

		-15.5		-15		0.0357291667		0.0278472222		0.0204861111		0.0128472222		0.00000001		-15		0.0419791667		0.0325520833		0.0234895833		0.0155729167		0.00000001		-15		0.0626302083		0.046484375		0.0309895833		0.0203125		0.0016927083		-15		0.0807291667		0.0652777778		0.0460069444		0.0248263889		0.0119791667		-15

		-14.5		-14		0.0313194444		0.0241666667		0.0177777778		0.0103472222		0.00000001		-14		0.0357291667		0.0277604167		0.0204166667		0.0128645833		0.00000001		-14		0.047265625		0.0350260417		0.0256510417		0.0173177083		0.00000001		-14		0.0623263889		0.0456597222		0.0302083333		0.0222222222		0.0045138889		-14

		-13.5		-13		0.0274305556		0.0213541667		0.0155555556		0.0073263889		0.00000001		-13		0.0313020833		0.0242708333		0.0177604167		0.0102604167		0.00000001		-13		0.038671875		0.0303385417		0.0220052083		0.0147135417		0.00000001		-13		0.0480902778		0.0345486111		0.0253472222		0.01875		0.0017361111		-13

		-12.5		-12		0.0239930556		0.0189930556		0.0137152778		0.0037847222		0.00000001		-12		0.0273958333		0.0213541667		0.0155208333		0.0073958333		0.00000001		-12		0.0333333333		0.0266927083		0.0190104167		0.0123697917		0.00000001		-12		0.0387152778		0.0293402778		0.0223958333		0.0178819444		0.0003472222		-12

		-11.5		-11		0.0212847222		0.0164583333		0.0123611111		0.0010416667		0.00000001		-11		0.0241145833		0.01890625		0.0136979167		0.0036979167		0.00000001		-11		0.0291666667		0.0225260417		0.0169270833		0.009765625		0.00000001		-11		0.0333333333		0.0253472222		0.0213541667		0.0166666667		0.00000001		-11

		-10.5		-10		0.0190277778		0.0144444444		0.0111805556		0.00000001		0.00000001		-10		0.0213020833		0.0165625		0.0122916667		0.0010416667		0.00000001		-10		0.0256510417		0.0201822917		0.0154947917		0.0076822917		0.00000001		-10		0.028125		0.0236111111		0.0208333333		0.0157986111		0.00000001		-10

		-9.5		-9		0.0170833333		0.0126041667		0.0098958333		0.00000001		0.00000001		-9		0.0191145833		0.0143229167		0.0111458333		0.00000001		0.00000001		-9		0.0225260417		0.017578125		0.0145833333		0.0055989583		0.00000001		-9		0.0267361111		0.0210069444		0.0208333333		0.0145833333		0.00000001		-9

		-8.5		-8		0.0152083333		0.0108333333		0.0088888889		0.00000001		0.00000001		-8		0.0172395833		0.0126041667		0.01015625		0.00000001		0.00000001		-8		0.0197916667		0.0158854167		0.0134114583		0.0052083333		0.00000001		-8		0.0236111111		0.0208333333		0.0203125		0.0142361111		0.00000001		-8

		-7.5		-7		0.01375		0.0091666667		0.0079513889		0.00000001		0.00000001		-7		0.0153645833		0.01078125		0.0093229167		0.00000001		0.00000001		-7		0.018359375		0.0141927083		0.0130208333		0.0037760417		0.00000001		-7		0.0236111111		0.0201388889		0.0173611111		0.0104166667		0.00000001		-7

		-6.5		-6		0.0125		0.0075347222		0.0070486111		0.00000001		0.00000001		-6		0.01390625		0.0090625		0.00859375		0.00000001		0.00000001		-6		0.0165364583		0.01328125		0.0130208333		0.003125		0.00000001		-6		0.0225694444		0.0194444444		0.0166666667		0.0076388889		0.00000001		-6

		-5.5		-5		0.01125		0.0057986111		0.0062152778		0.00000001		0.00000001		-5		0.0123958333		0.0075520833		0.0075		0.00000001		0.00000001		-5		0.0147135417		0.0125		0.0130208333		0.0028645833		0.00000001		-5		0.0213541667		0.0194444444		0.0149305556		0.0067708333		0.00000001		-5

		-4.5		-4		0.0100694444		0.0040972222		0.0054166667		0.00000001		0.00000001		-4		0.0113020833		0.00578125		0.00671875		0.00000001		0.00000001		-4		0.0145833333		0.012109375		0.0115885417		0.0009114583		0.00000001		-4		0.0206597222		0.0185763889		0.0138888889		0.003125		0.00000001		-4

		-3.5		-3		0.0090625		0.0029166667		0.0045138889		0.00000001		0.00000001		-3		0.01015625		0.0043229167		0.0060416667		0.00000001		0.00000001		-3		0.014453125		0.0114583333		0.0098958333		0.00000001		0.00000001		-3		0.0196180556		0.0161458333		0.0104166667		0.0013888889		0.00000001		-3

		-2.5		-2		0.0080208333		0.0019444444		0.0035416667		0.00000001		0.00000001		-2		0.0089583333		0.00375		0.0058333333		0.00000001		0.00000001		-2		0.0141927083		0.0110677083		0.0083333333		0.00000001		0.00000001		-2		0.0192708333		0.0142361111		0.0076388889		0.00000001		0.00000001		-2

		-1.5		-1		0.0071527778		0.0013194444		0.0032986111		0.00000001		0.00000001		-1		0.0080208333		0.0030729167		0.0057291667		0.00000001		0.00000001		-1		0.0139322917		0.0098958333		0.0076822917		0.00000001		0.00000001		-1		0.0171875		0.0131944444		0.0039930556		0.00000001		0.00000001		-1

		-0.5		0		0.0061111111		0.0011458333		0.0029861111		0.00000001		0.00000001		0		0.0072916667		0.0028645833		0.0051041667		0.00000001		0.00000001		0		0.0130208333		0.00859375		0.0072916667		0.00000001		0.00000001		0		0.015625		0.0104166667		0.0019097222		0.00000001		0.00000001		0

		0.5		1		0.0052777778		0.0010069444		0.0028125		0.00000001		0.00000001		1		0.0066666667		0.0020833333		0.004375		0.00000001		0.00000001		1		0.0118489583		0.0076822917		0.005859375		0.00000001		0.00000001		1		0.0135416667		0.0050347222		0.00000001		0.00000001		0.00000001		1

		1.5		2		0.0040625		0.0009375		0.0027083333		0.00000001		0.00000001		2		0.00640625		0.0015625		0.0036979167		0.00000001		0.00000001		2		0.0108072917		0.0057291667		0.0040364583		0.00000001		0.00000001		2		0.0109375		0.0010416667		0.00000001		0.00000001		0.00000001		2

		2.5		3		0.0036111111		0.0008680556		0.0024305556		0.00000001		0.00000001		3		0.00609375		0.00140625		0.0030208333		0.00000001		0.00000001		3		0.01015625		0.0036458333		0.0016927083		0.00000001		0.00000001		3		0.0065972222		0.00000001		0.00000001		0.00000001		0.00000001		3

		3.5		4		0.0034027778		0.0007986111		0.0022222222		0.00000001		0.00000001		4		0.0058333333		0.0013541667		0.0026041667		0.00000001		0.00000001		4		0.009765625		0.0022135417		0.0005208333		0.00000001		0.00000001		4		0.0019097222		0.00000001		0.00000001		0.00000001		0.00000001		4

		4.5		5		0.0031944444		0.0007638889		0.0020138889		0.00000001		0.00000001		5		0.0053125		0.00125		0.0020833333		0.00000001		0.00000001		5		0.0078125		0.0005208333		0.00000001		0.00000001		0.00000001		5		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		5

		5.5		6		0.0030555556		0.0006597222		0.0014930556		0.00000001		0.00000001		6		0.0045833333		0.0011458333		0.0018229167		0.00000001		0.00000001		6		0.0061197917		0.00000001		0.00000001		0.00000001		0.00000001		6		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		6

		6.5		7		0.0028472222		0.0005555556		0.0010069444		0.00000001		0.00000001		7		0.0041145833		0.0009895833		0.0013541667		0.00000001		0.00000001		7		0.0029947917		0.00000001		0.00000001		0.00000001		0.00000001		7		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		7

		7.5		8		0.0027083333		0.0004861111		0.0008333333		0.00000001		0.00000001		8		0.0038020833		0.0008333333		0.0006770833		0.00000001		0.00000001		8		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		8		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		8

		8.5		9		0.0024305556		0.0003125		0.0007638889		0.00000001		0.00000001		9		0.00359375		0.0003645833		0.00000001		0.00000001		0.00000001		9		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		9		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		9

		9.5		10		0.0022222222		0.00000001		0.000625		0.00000001		0.00000001		10		0.00296875		0.00015625		0.00000001		0.00000001		0.00000001		10		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		10		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		10

		10.5		11		0.0019444444		0.00000001		0.0004513889		0.00000001		0.00000001		11		0.0021354167		0.00000001		0.00000001		0.00000001		0.00000001		11		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		11		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		11

		11.5		12		0.0016319444		0.00000001		0.0001736111		0.00000001		0.00000001		12		0.0013541667		0.00000001		0.00000001		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12

		12.5		13		0.0010763889		0.00000001		0.00000001		0.00000001		0.00000001		13		0.0007291667		0.00000001		0.00000001		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13

		13.5		14		0.0007638889		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14

		14.5		15		0.000625		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15

		15.5		16		0.0004861111		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16

		16.5		17		0.0003472222		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17

		17.5		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18

		18.5		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19

		19.5		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20

		20.5		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21

		21.5		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22

		22.5		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23

		23.5		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24

		24.5		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25

		25.5		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26

		26.5		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27

		27.5		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28

		28.5		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29

		29.5		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30

		30.5		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31



The X dB columns have been shifted by 0.5 dB so that the data point aligns with the center point of the bin.



Brazil Results avg80th%SWVD

						P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)						Long-term

				Gain (dBi)		46 dBi		46 dBi		46 dBi		46 dBi		46 dBi		Gain (dBi)		42 dBi		42 dBi		42 dBi		42 dBi		42 dBi		Gain (dBi)		36 dBi		36 dBi		36 dBi		36 dBi		36 dBi		Gain (dBi)		32 dBi		32 dBi		32 dBi		32 dBi		32 dBi						-10		I/N

				Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°						20.00%		Percentage

				X (dB)		46 dBi, 7°		46 dBi, 5°		46 dBi, 3°		46 dBi, 1°		46 dBi, -1°		X (dB)		42 dBi, 7°		42 dBi, 5°		42 dBi, 3°		42 dBi, 1°		42 dBi, -1°		X (dB)		36 dBi, 7°		36 dBi, 5°		36 dBi, 3°		36 dBi, 1°		36 dBi, -1°		X (dB)		32 dBi, 7°		32 dBi, 5°		32 dBi, 3°		32 dBi, 1°		32 dBi, -1°

		-30.5		-30		1		1		1		1		1		-30		1		1		1		1		1		-30		1		1		1		1		1		-30		1		1		1		1		1		-30

		-29.5		-29		1		1		1		1		1		-29		1		1		1		1		1		-29		1		1		1		1		1		-29		1		1		1		1		1		-29

		-28.5		-28		1		1		1		1		1		-28		1		1		1		1		1		-28		1		1		1		1		1		-28		1		1		1		1		1		-28

		-27.5		-27		1		1		1		1		1		-27		1		1		1		1		1		-27		1		1		1		1		1		-27		1		1		1		1		1		-27

		-26.5		-26		1		1		1		1		1		-26		1		1		1		1		1		-26		1		1		1		1		1		-26		1		1		1		1		1		-26

		-25.5		-25		1		1		1		1		1		-25		1		1		1		1		1		-25		1		1		1		1		1		-25		1		1		1		1		1		-25

		-24.5		-24		1		1		1		1		1		-24		1		1		1		1		1		-24		1		1		1		1		1		-24		1		1		1		1		1		-24

		-23.5		-23		1		1		1		1		1		-23		1		1		1		1		1		-23		1		1		1		1		1		-23		1		1		1		1		1		-23

		-22.5		-22		1		1		1		1		1		-22		1		1		1		1		1		-22		1		1		1		1		1		-22		1		1		1		1		1		-22

		-21.5		-21		1		1		1		1		1		-21		1		1		1		1		1		-21		1		1		1		1		1		-21		1		1		1		1		1		-21

		-20.5		-20		1		1		1		1		1		-20		1		1		1		1		1		-20		1		1		1		1		1		-20		1		1		1		1		1		-20

		-19.5		-19		0.0895138889		0.0759375		0.0570833333		0.0316319444		0.0110763889		-19		1		1		1		1		1		-19		1		1		1		1		1		-19		1		1		1		1		1		-19

		-18.5		-18		0.0715625		0.0545833333		0.0341319444		0.0220486111		0.0060416667		-18		0.08953125		0.0759895833		0.05703125		0.03171875		0.0110416667		-18		1		1		1		1		1		-18		1		1		1		1		1		-18

		-17.5		-17		0.0546527778		0.0383333333		0.0277777778		0.0183680556		0.00000001		-17		0.0716666667		0.0546875		0.0341145833		0.0221875		0.0059375		-17		1		1		1		1		1		-17		1		1		1		1		1		-17

		-16.5		-16		0.0419444444		0.0325		0.0236805556		0.0154513889		0.00000001		-16		0.0545833333		0.0383333333		0.0278125		0.0183854167		0.00000001		-16		0.08046875		0.065234375		0.0454427083		0.0244791667		0.0088541667		-16		1		1		1		1		1		-16

		-15.5		-15		0.0357291667		0.0278472222		0.0204861111		0.0128819444		0.00000001		-15		0.0418229167		0.0325520833		0.02359375		0.0154166667		0.00000001		-15		0.0623697917		0.0466145833		0.0311197917		0.0201822917		0.001171875		-15		0.0807291667		0.0652777778		0.0460069444		0.025		0.0111111111		-15

		-14.5		-14		0.0312847222		0.0242013889		0.0178472222		0.0102777778		0.00000001		-14		0.0357291667		0.0278645833		0.02046875		0.01296875		0.00000001		-14		0.0473958333		0.0348958333		0.0252604167		0.0171875		0.00000001		-14		0.0625		0.0456597222		0.0305555556		0.021875		0.0041666667		-14

		-13.5		-13		0.0274305556		0.0213194444		0.0156944444		0.0073611111		0.00000001		-13		0.0313020833		0.0242708333		0.0177604167		0.0103645833		0.00000001		-13		0.038671875		0.0302083333		0.0216145833		0.0147135417		0.00000001		-13		0.0482638889		0.0345486111		0.025		0.0189236111		0.0019097222		-13

		-12.5		-12		0.0240277778		0.0188888889		0.0138541667		0.0039236111		0.00000001		-12		0.0274479167		0.0213020833		0.0157291667		0.0072916667		0.00000001		-12		0.0333333333		0.0268229167		0.01875		0.012890625		0.00000001		-12		0.0385416667		0.0293402778		0.0220486111		0.0178819444		0.0005208333		-12

		-11.5		-11		0.0212847222		0.0164583333		0.0123611111		0.0011458333		0.00000001		-11		0.0241145833		0.0188020833		0.0138541667		0.0040625		0.00000001		-11		0.0291666667		0.02265625		0.0169270833		0.0098958333		0.00000001		-11		0.0333333333		0.0253472222		0.0215277778		0.0170138889		0.00000001		-11

		-10.5		-10		0.0189583333		0.0144444444		0.0111111111		0.00000001		0.00000001		-10		0.02140625		0.01640625		0.0122916667		0.00109375		0.00000001		-10		0.0256510417		0.019921875		0.0154947917		0.0067708333		0.00000001		-10		0.0279513889		0.0239583333		0.0208333333		0.0159722222		0.00000001		-10

		-9.5		-9		0.0170833333		0.0126041667		0.0099652778		0.00000001		0.00000001		-9		0.0191145833		0.0144791667		0.0111458333		0.00000001		0.00000001		-9		0.0225260417		0.017578125		0.0145833333		0.0057291667		0.00000001		-9		0.0265625		0.0210069444		0.0208333333		0.0145833333		0.00000001		-9

		-8.5		-8		0.0152430556		0.0107638889		0.0089583333		0.00000001		0.00000001		-8		0.0169791667		0.01265625		0.0102604167		0.00000001		0.00000001		-8		0.0197916667		0.0158854167		0.01328125		0.0053385417		0.00000001		-8		0.0236111111		0.0208333333		0.0204861111		0.0142361111		0.00000001		-8

		-7.5		-7		0.0137847222		0.0090625		0.0079166667		0.00000001		0.00000001		-7		0.0153125		0.01078125		0.00921875		0.00000001		0.00000001		-7		0.018359375		0.0140625		0.0130208333		0.00390625		0.00000001		-7		0.0236111111		0.0203125		0.0175347222		0.0111111111		0.00000001		-7

		-6.5		-6		0.0125		0.0075347222		0.0069444444		0.00000001		0.00000001		-6		0.01390625		0.0089583333		0.0084895833		0.00000001		0.00000001		-6		0.0162760417		0.0131510417		0.0130208333		0.003125		0.00000001		-6		0.0225694444		0.0194444444		0.0166666667		0.0076388889		0.00000001		-6

		-5.5		-5		0.01125		0.0057986111		0.0062152778		0.00000001		0.00000001		-5		0.0124479167		0.0075520833		0.0075		0.00000001		0.00000001		-5		0.0147135417		0.0126302083		0.012890625		0.0029947917		0.00000001		-5		0.0213541667		0.0194444444		0.0145833333		0.0069444444		0.00000001		-5

		-4.5		-4		0.0101041667		0.0041666667		0.0054166667		0.00000001		0.00000001		-4		0.01125		0.00578125		0.00671875		0.00000001		0.00000001		-4		0.0147135417		0.0118489583		0.0118489583		0.0013020833		0.00000001		-4		0.0206597222		0.0184027778		0.0144097222		0.0034722222		0.00000001		-4

		-3.5		-3		0.0090625		0.0028819444		0.0045138889		0.00000001		0.00000001		-3		0.0102083333		0.004375		0.0060416667		0.00000001		0.00000001		-3		0.0145833333		0.0114583333		0.01015625		0.00000001		0.00000001		-3		0.0196180556		0.0163194444		0.0104166667		0.0013888889		0.00000001		-3

		-2.5		-2		0.0080208333		0.0020138889		0.0036458333		0.00000001		0.00000001		-2		0.0090104167		0.00375		0.00578125		0.00000001		0.00000001		-2		0.0141927083		0.0110677083		0.0084635417		0.00000001		0.00000001		-2		0.0194444444		0.0140625		0.0078125		0.00000001		0.00000001		-2

		-1.5		-1		0.0070833333		0.0013541667		0.0032986111		0.00000001		0.00000001		-1		0.0080208333		0.003125		0.005625		0.00000001		0.00000001		-1		0.0139322917		0.0100260417		0.0075520833		0.00000001		0.00000001		-1		0.0170138889		0.0131944444		0.0039930556		0.00000001		0.00000001		-1

		-0.5		0		0.0061111111		0.0011111111		0.0030208333		0.00000001		0.00000001		0		0.0072395833		0.0028645833		0.0050520833		0.00000001		0.00000001		0		0.0130208333		0.00859375		0.0072916667		0.00000001		0.00000001		0		0.015625		0.0102430556		0.0008680556		0.00000001		0.00000001		0

		0.5		1		0.0052777778		0.0009722222		0.0028819444		0.00000001		0.00000001		1		0.0066145833		0.0021354167		0.00421875		0.00000001		0.00000001		1		0.0118489583		0.0075520833		0.005859375		0.00000001		0.00000001		1		0.0135416667		0.0055555556		0.00000001		0.00000001		0.00000001		1

		1.5		2		0.0040277778		0.0009375		0.0026736111		0.00000001		0.00000001		2		0.00640625		0.0015625		0.0036979167		0.00000001		0.00000001		2		0.0108072917		0.0055989583		0.0040364583		0.00000001		0.00000001		2		0.0112847222		0.0010416667		0.00000001		0.00000001		0.00000001		2

		2.5		3		0.0036111111		0.0008680556		0.0025		0.00000001		0.00000001		3		0.00609375		0.00140625		0.0030208333		0.00000001		0.00000001		3		0.01015625		0.003515625		0.0015625		0.00000001		0.00000001		3		0.0065972222		0.00000001		0.00000001		0.00000001		0.00000001		3

		3.5		4		0.0034027778		0.0007986111		0.0022222222		0.00000001		0.00000001		4		0.0058854167		0.0013020833		0.0026041667		0.00000001		0.00000001		4		0.009765625		0.0020833333		0.0002604167		0.00000001		0.00000001		4		0.0013888889		0.00000001		0.00000001		0.00000001		0.00000001		4

		4.5		5		0.0031597222		0.0007291667		0.0020138889		0.00000001		0.00000001		5		0.0053125		0.0011979167		0.0021875		0.00000001		0.00000001		5		0.0079427083		0.0005208333		0.00000001		0.00000001		0.00000001		5		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		5

		5.5		6		0.0030208333		0.0006597222		0.0015972222		0.00000001		0.00000001		6		0.0045833333		0.0011458333		0.0019270833		0.00000001		0.00000001		6		0.0059895833		0.00000001		0.00000001		0.00000001		0.00000001		6		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		6

		6.5		7		0.0028472222		0.0005555556		0.0010069444		0.00000001		0.00000001		7		0.0041666667		0.0009375		0.00140625		0.00000001		0.00000001		7		0.003125		0.00000001		0.00000001		0.00000001		0.00000001		7		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		7

		7.5		8		0.0027083333		0.0004513889		0.0008333333		0.00000001		0.00000001		8		0.0038020833		0.00078125		0.0008854167		0.00000001		0.00000001		8		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		8		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		8

		8.5		9		0.0024305556		0.0002777778		0.0007638889		0.00000001		0.00000001		9		0.0036458333		0.0003125		0.00000001		0.00000001		0.00000001		9		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		9		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		9

		9.5		10		0.0022222222		0.00000001		0.0006597222		0.00000001		0.00000001		10		0.0030208333		0.00000001		0.00000001		0.00000001		0.00000001		10		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		10		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		10

		10.5		11		0.0019444444		0.00000001		0.0004861111		0.00000001		0.00000001		11		0.0021354167		0.00000001		0.00000001		0.00000001		0.00000001		11		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		11		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		11

		11.5		12		0.0015972222		0.00000001		0.0002430556		0.00000001		0.00000001		12		0.0013020833		0.00000001		0.00000001		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12

		12.5		13		0.0011458333		0.00000001		0.00000001		0.00000001		0.00000001		13		0.0007291667		0.00000001		0.00000001		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13

		13.5		14		0.0007638889		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14

		14.5		15		0.000625		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15

		15.5		16		0.0004861111		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16

		16.5		17		0.0003472222		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17

		17.5		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18

		18.5		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19

		19.5		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20

		20.5		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21

		21.5		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22

		22.5		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23

		23.5		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24

		24.5		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25

		25.5		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26

		26.5		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27

		27.5		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28

		28.5		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29

		29.5		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30

		30.5		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31





Vancouver Results 80th%SWVD

						P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)						Long-term

				Gain (dBi)		46 dBi		46 dBi		46 dBi		46 dBi		46 dBi		Gain (dBi)		42 dBi		42 dBi		42 dBi		42 dBi		42 dBi		Gain (dBi)		36 dBi		36 dBi		36 dBi		36 dBi		36 dBi		Gain (dBi)		32 dBi		32 dBi		32 dBi		32 dBi		32 dBi						-10		I/N

				Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°						20.00%		Percentage

				X (dB)		46 dBi, 7°		46 dBi, 5°		46 dBi, 3°		46 dBi, 1°		46 dBi, -1°		X (dB)		42 dBi, 7°		42 dBi, 5°		42 dBi, 3°		42 dBi, 1°		42 dBi, -1°		X (dB)		36 dBi, 7°		36 dBi, 5°		36 dBi, 3°		36 dBi, 1°		36 dBi, -1°		X (dB)		32 dBi, 7°		32 dBi, 5°		32 dBi, 3°		32 dBi, 1°		32 dBi, -1°

		-30.5		-30		0.9901666667		0.9900833333		0.9899444444		0.9896944444		0.9895555556		-30		0.9997916667		0.999875		0.9998333333		0.9998333333		0.9998333333		-30		1		1		1		1		1		-30		1		1		1		1		1		-30

		-29.5		-29		0.9764166667		0.9756111111		0.9746111111		0.9734722222		0.9723888889		-29		0.9901666667		0.9900416667		0.99		0.98975		0.989625		-29		1		1		1		1		1		-29		1		1		1		1		1		-29

		-28.5		-28		0.95625		0.9555277778		0.9544722222		0.9532222222		0.9519722222		-28		0.976375		0.9757083333		0.9747083333		0.9735833333		0.97225		-28		0.9959375		0.9960416667		0.9960416667		0.9959375		0.9957291667		-28		1		1		1		1		1		-28

		-27.5		-27		0.9297777778		0.9296111111		0.9290555556		0.9283611111		0.9270555556		-27		0.9561666667		0.9555833333		0.954375		0.95325		0.9519166667		-27		0.9842708333		0.9841666667		0.9838541667		0.9835416667		0.9825		-27		0.9958333333		0.99625		0.9959722222		0.9952777778		0.9959722222		-27

		-26.5		-26		0.9082777778		0.9085833333		0.9083611111		0.9076944444		0.9062222222		-26		0.92975		0.9296666667		0.9291666667		0.9285		0.9270416667		-26		0.9661458333		0.9646875		0.9641666667		0.9634375		0.9616666667		-26		0.9838888889		0.9848611111		0.9833333333		0.9836111111		0.9825		-26

		-25.5		-25		0.7837222222		0.7840555556		0.7834166667		0.7821111111		0.7796666667		-25		0.9082916667		0.908625		0.9084166667		0.9075833333		0.9062083333		-25		0.9408333333		0.9404166667		0.9404166667		0.9394791667		0.9380208333		-25		0.9656944444		0.9654166667		0.96375		0.9627777778		0.9615277778		-25

		-24.5		-24		0.147		0.1458888889		0.1433055556		0.1394166667		0.1338888889		-24		0.783875		0.784		0.7835		0.7820416667		0.77975		-24		0.9225		0.9221875		0.9220833333		0.9210416667		0.9202083333		-24		0.9411111111		0.9408333333		0.9398611111		0.9384722222		0.9375		-24

		-23.5		-23		0.1368333333		0.1356111111		0.13275		0.1285555556		0.1219722222		-23		0.1470416667		0.1458333333		0.14325		0.139375		0.1339166667		-23		0.900625		0.9002083333		0.9001041667		0.8995833333		0.898125		-23		0.9225		0.9225		0.9216666667		0.9211111111		0.92		-23

		-22.5		-22		0.1275		0.1260555556		0.1229722222		0.1179166667		0.1107222222		-22		0.1369166667		0.1355		0.1327083333		0.1285416667		0.1220416667		-22		0.1519791667		0.1511458333		0.14875		0.1452083333		0.1402083333		-22		0.8998611111		0.9011111111		0.9001388889		0.8994444444		0.8975		-22

		-21.5		-21		0.119		0.11725		0.11375		0.1082222222		0.0997777778		-21		0.1275833333		0.1261666667		0.1229583333		0.1177916667		0.1106666667		-21		0.1420833333		0.1407291667		0.1382291667		0.1336458333		0.128125		-21		0.1520833333		0.1509722222		0.1491666667		0.1455555556		0.1401388889		-21

		-20.5		-20		0.1110555556		0.1091666667		0.1053055556		0.0989722222		0.0881388889		-20		0.1189166667		0.1173333333		0.1137916667		0.10825		0.0999166667		-20		0.1320833333		0.1303125		0.1275		0.1229166667		0.1160416667		-20		0.1423611111		0.1406944444		0.1381944444		0.1336111111		0.1281944444		-20

		-19.5		-19		0.1036666667		0.1015555556		0.0972222222		0.0893888889		0.0724166667		-19		0.111		0.1092083333		0.10525		0.0989166667		0.0882083333		-19		0.1235416667		0.1216666667		0.1184375		0.113125		0.1054166667		-19		0.1322222222		0.1305555556		0.1279166667		0.1229166667		0.1161111111		-19

		-18.5		-18		0.0967777778		0.0944444444		0.08925		0.0785555556		0.0488333333		-18		0.103625		0.1015		0.09725		0.0894583333		0.0725		-18		0.1147916667		0.1134375		0.1094791667		0.1035416667		0.0941666667		-18		0.1231944444		0.1218055556		0.1181944444		0.1133333333		0.1052777778		-18

		-17.5		-17		0.0902222222		0.0875277778		0.0810277778		0.0609722222		0.0359166667		-17		0.0967916667		0.0944166667		0.0892916667		0.0785416667		0.0489166667		-17		0.1072916667		0.1048958333		0.1011458333		0.0940625		0.0816666667		-17		0.1148611111		0.1131944444		0.1093055556		0.10375		0.0943055556		-17

		-16.5		-16		0.0841944444		0.0807222222		0.0703888889		0.0489166667		0.0286111111		-16		0.0901666667		0.0874583333		0.0809583333		0.0610416667		0.0359583333		-16		0.0998958333		0.0979166667		0.0934375		0.0840625		0.05875		-16		0.1072222222		0.1048611111		0.1011111111		0.0943055556		0.0819444444		-16

		-15.5		-15		0.0781666667		0.0737222222		0.0579444444		0.0402777778		0.0226944444		-15		0.084125		0.080875		0.0703333333		0.049		0.0287916667		-15		0.0932291667		0.0907291667		0.0853125		0.0704166667		0.0417708333		-15		0.1001388889		0.0980555556		0.0936111111		0.0848611111		0.0591666667		-15

		-14.5		-14		0.0723333333		0.0646111111		0.0491388889		0.0337222222		0.0168333333		-14		0.0782083333		0.0737083333		0.057875		0.040375		0.0228333333		-14		0.0869791667		0.0839583333		0.0763541667		0.0545833333		0.0325		-14		0.0931944444		0.0911111111		0.0854166667		0.0711111111		0.0431944444		-14

		-13.5		-13		0.0663611111		0.0554722222		0.0420833333		0.0294166667		0.0096944444		-13		0.072375		0.0646666667		0.0490416667		0.0337916667		0.016875		-13		0.0809375		0.0771875		0.063125		0.0442708333		0.0265625		-13		0.0872222222		0.0840277778		0.0763888889		0.0556944444		0.0333333333		-13

		-12.5		-12		0.0596388889		0.0483055556		0.03675		0.0257777778		0.0045555556		-12		0.066375		0.0555		0.0420416667		0.0294583333		0.0095833333		-12		0.0752083333		0.0696875		0.053125		0.0377083333		0.0213541667		-12		0.0813888889		0.0772222222		0.0638888889		0.0456944444		0.0279166667		-12

		-11.5		-11		0.0516111111		0.0426388889		0.0323333333		0.0222222222		0.0017777778		-11		0.059625		0.0482916667		0.0368333333		0.0256666667		0.0045833333		-11		0.0694791667		0.0591666667		0.0458333333		0.0316666667		0.0148958333		-11		0.0751388889		0.0695833333		0.0544444444		0.0380555556		0.0226388889		-11

		-10.5		-10		0.0459444444		0.03775		0.0280277778		0.0194166667		0.0005277778		-10		0.051625		0.042625		0.0323333333		0.0222916667		0.0017083333		-10		0.0633333333		0.0516666667		0.0392708333		0.0284375		0.0097916667		-10		0.0694444444		0.0602777778		0.0476388889		0.0326388889		0.0176388889		-10

		-9.5		-9		0.0406666667		0.03275		0.0248888889		0.0161388889		0.0001944444		-9		0.0459166667		0.0376666667		0.028		0.0197083333		0.0005416667		-9		0.055625		0.045		0.0353125		0.0246875		0.0058333333		-9		0.0629166667		0.0529166667		0.0413888889		0.0294444444		0.0144444444		-9

		-8.5		-8		0.0360555556		0.0290277778		0.0225833333		0.0134722222		0.0000277778		-8		0.040625		0.0326666667		0.0248333333		0.0163333333		0.0002083333		-8		0.0485416667		0.0402083333		0.0305208333		0.0216666667		0.0034375		-8		0.05625		0.0473611111		0.0373611111		0.02625		0.0123611111		-8

		-7.5		-7		0.0326111111		0.02625		0.0204722222		0.0107777778		0.00000001		-7		0.0359583333		0.029125		0.0225833333		0.0138333333		0.0000416667		-7		0.0433333333		0.0355208333		0.0272916667		0.0192708333		0.0028125		-7		0.0497222222		0.0434722222		0.0333333333		0.0243055556		0.0101388889		-7

		-6.5		-6		0.0298611111		0.0232222222		0.018		0.0084722222		0.00000001		-6		0.0325833333		0.02625		0.0204583333		0.0114166667		0.00000001		-6		0.0385416667		0.0311458333		0.0248958333		0.0165625		0.001875		-6		0.0451388889		0.0386111111		0.0311111111		0.0227777778		0.0081944444		-6

		-5.5		-5		0.0264166667		0.0201111111		0.0154444444		0.0064444444		0.00000001		-5		0.0297916667		0.02325		0.0178333333		0.009		0.00000001		-5		0.0339583333		0.0291666667		0.0230208333		0.0153125		0.0013541667		-5		0.0413888889		0.0355555556		0.0297222222		0.02125		0.0052777778		-5

		-4.5		-4		0.0225833333		0.0173055556		0.0134444444		0.0048055556		0.00000001		-4		0.0265		0.0201666667		0.0154583333		0.0070416667		0.00000001		-4		0.0314583333		0.0267708333		0.0213541667		0.0140625		0.0010416667		-4		0.0377777778		0.035		0.0290277778		0.0204166667		0.0029166667		-4

		-3.5		-3		0.019		0.0141388889		0.0114444444		0.0038611111		0.00000001		-3		0.02275		0.0172083333		0.0133333333		0.0054166667		0.00000001		-3		0.0286458333		0.024375		0.0201041667		0.0130208333		0.0005208333		-3		0.0361111111		0.03375		0.0272222222		0.0186111111		0.0011111111		-3

		-2.5		-2		0.0155277778		0.0116666667		0.0095833333		0.0030555556		0.00000001		-2		0.019		0.014		0.0116666667		0.0043333333		0.00000001		-2		0.02625		0.0219791667		0.0197916667		0.0115625		0.0002083333		-2		0.0354166667		0.0319444444		0.02625		0.0159722222		0.0002777778		-2

		-1.5		-1		0.0128888889		0.0094722222		0.0080833333		0.0026944444		0.00000001		-1		0.0153333333		0.01175		0.0100416667		0.003875		0.00000001		-1		0.0240625		0.0209375		0.0185416667		0.0098958333		0.0002083333		-1		0.0344444444		0.0301388889		0.0244444444		0.0118055556		0.00000001		-1

		-0.5		0		0.0109166667		0.0083888889		0.0068055556		0.0023888889		0.00000001		0		0.0129166667		0.0094583333		0.00875		0.0034583333		0.00000001		0		0.0226041667		0.0201041667		0.0175		0.008125		0.00000001		0		0.0331944444		0.02875		0.0223611111		0.0084722222		0.00000001		0

		0.5		1		0.0093055556		0.0076388889		0.0056944444		0.002		0.00000001		1		0.010875		0.0085416667		0.007875		0.0030416667		0.00000001		1		0.021875		0.0194791667		0.0161458333		0.0061458333		0.00000001		1		0.0318055556		0.0258333333		0.0198611111		0.005		0.00000001		1

		1.5		2		0.0078888889		0.0068333333		0.0051388889		0.0017777778		0.00000001		2		0.0093333333		0.00775		0.0072916667		0.0024166667		0.00000001		2		0.0208333333		0.0178125		0.0147916667		0.004375		0.00000001		2		0.0293055556		0.0231944444		0.0148611111		0.0016666667		0.00000001		2

		2.5		3		0.0065		0.0060833333		0.0046111111		0.0016388889		0.00000001		3		0.0083333333		0.0075833333		0.0067916667		0.0019166667		0.00000001		3		0.0191666667		0.0158333333		0.0132291667		0.0027083333		0.00000001		3		0.0266666667		0.0190277778		0.0094444444		0.0005555556		0.00000001		3

		3.5		4		0.0052222222		0.0054444444		0.0043888889		0.0015277778		0.00000001		4		0.0075		0.0073333333		0.0065416667		0.0014583333		0.00000001		4		0.0176041667		0.0142708333		0.0105208333		0.00125		0.00000001		4		0.0208333333		0.0140277778		0.0041666667		0.00000001		0.00000001		4

		4.5		5		0.0042777778		0.0046111111		0.0040277778		0.0013333333		0.00000001		5		0.0072916667		0.0070833333		0.0060833333		0.0012083333		0.00000001		5		0.015625		0.0119791667		0.0078125		0.000625		0.00000001		5		0.0141666667		0.0077777778		0.0006944444		0.00000001		0.00000001		5

		5.5		6		0.0035833333		0.0043888889		0.0038888889		0.0011111111		0.00000001		6		0.0067083333		0.0065833333		0.0057083333		0.0007083333		0.00000001		6		0.0138541667		0.0102083333		0.0048958333		0.00000001		0.00000001		6		0.00875		0.0013888889		0.00000001		0.00000001		0.00000001		6

		6.5		7		0.003		0.0041666667		0.0035277778		0.0008888889		0.00000001		7		0.0061666667		0.0063333333		0.00525		0.000375		0.00000001		7		0.0116666667		0.0084375		0.0027083333		0.00000001		0.00000001		7		0.0026388889		0.00000001		0.00000001		0.00000001		0.00000001		7

		7.5		8		0.0029166667		0.0038055556		0.0033055556		0.0007222222		0.00000001		8		0.0055416667		0.006		0.0048333333		0.000125		0.00000001		8		0.00875		0.0059375		0.0008333333		0.00000001		0.00000001		8		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		8

		8.5		9		0.0026944444		0.0036944444		0.0029722222		0.0005555556		0.00000001		9		0.0049166667		0.005625		0.0041666667		0.00000001		0.00000001		9		0.0069791667		0.0029166667		0.0001041667		0.00000001		0.00000001		9		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		9

		9.5		10		0.0025833333		0.0035277778		0.0027777778		0.0003055556		0.00000001		10		0.0045		0.005		0.0032083333		0.00000001		0.00000001		10		0.00375		0.000625		0.00000001		0.00000001		0.00000001		10		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		10

		10.5		11		0.00225		0.0031944444		0.0026111111		0.0001388889		0.00000001		11		0.0039166667		0.0045833333		0.0022083333		0.00000001		0.00000001		11		0.0008333333		0.00000001		0.00000001		0.00000001		0.00000001		11		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		11

		11.5		12		0.0021111111		0.0029444444		0.0022777778		0.0000555556		0.00000001		12		0.003375		0.004		0.0013333333		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12

		12.5		13		0.0019166667		0.0026111111		0.0018611111		0.00000001		0.00000001		13		0.0029166667		0.003375		0.0006666667		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13

		13.5		14		0.0017777778		0.0024444444		0.0015555556		0.00000001		0.00000001		14		0.0025833333		0.0021666667		0.00025		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14

		14.5		15		0.0015833333		0.00225		0.0010555556		0.00000001		0.00000001		15		0.001875		0.0008333333		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15

		15.5		16		0.0014166667		0.0018611111		0.0005277778		0.00000001		0.00000001		16		0.0007083333		0.0003333333		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16

		16.5		17		0.00125		0.0015		0.0003055556		0.00000001		0.00000001		17		0.0002083333		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17

		17.5		18		0.0010833333		0.0009722222		0.0000555556		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18

		18.5		19		0.0007222222		0.0003888889		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19

		19.5		20		0.0002777778		0.0001111111		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20

		20.5		21		0.0000555556		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21

		21.5		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22

		22.5		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23

		23.5		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24

		24.5		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25

		25.5		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26

		26.5		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27

		27.5		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28

		28.5		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29

		29.5		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30

		30.5		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31





Vancouver Results avg80th%SWVD

						P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)				P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)		P(I/N>X dB)						Long-term

				Gain (dBi)		46 dBi		46 dBi		46 dBi		46 dBi		46 dBi		Gain (dBi)		42 dBi		42 dBi		42 dBi		42 dBi		42 dBi		Gain (dBi)		36 dBi		36 dBi		36 dBi		36 dBi		36 dBi		Gain (dBi)		32 dBi		32 dBi		32 dBi		32 dBi		32 dBi						-10		I/N

				Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°		Elev (°)		7°		5°		3°		1°		-1°						20.00%		Percentage

				X (dB)		46 dBi, 7°		46 dBi, 5°		46 dBi, 3°		46 dBi, 1°		46 dBi, -1°		X (dB)		42 dBi, 7°		42 dBi, 5°		42 dBi, 3°		42 dBi, 1°		42 dBi, -1°		X (dB)		36 dBi, 7°		36 dBi, 5°		36 dBi, 3°		36 dBi, 1°		36 dBi, -1°		X (dB)		32 dBi, 7°		32 dBi, 5°		32 dBi, 3°		32 dBi, 1°		32 dBi, -1°

		-30.5		-30		0.9901388889		0.9900555556		0.9898611111		0.9896666667		0.9895833333		-30		0.9995		0.9995		0.9995416667		0.9995		0.9995416667		-30		1		1		1		1		1		-30		1		1		1		1		1		-30

		-29.5		-29		0.9761944444		0.9754166667		0.9745277778		0.9734444444		0.9725833333		-29		0.9901666667		0.9900416667		0.9899166667		0.98975		0.989625		-29		1		1		1		1		1		-29		1		1		1		1		1		-29

		-28.5		-28		0.9552777778		0.9545		0.9534722222		0.9522777778		0.951		-28		0.9762083333		0.9755416667		0.9747083333		0.973625		0.9725833333		-28		0.9959375		0.9959375		0.9958333333		0.9957291667		0.9957291667		-28		1		1		1		1		1		-28

		-27.5		-27		0.9297777778		0.9295833333		0.92925		0.9286111111		0.9273333333		-27		0.95525		0.9545		0.9534583333		0.9522916667		0.951		-27		0.9841666667		0.9838541667		0.9834375		0.983125		0.9825		-27		0.9958333333		0.9961111111		0.9956944444		0.9954166667		0.9955555556		-27

		-26.5		-26		0.9093055556		0.9097222222		0.9094166667		0.9087222222		0.9072777778		-26		0.9297916667		0.9296666667		0.9292083333		0.92875		0.9274166667		-26		0.9658333333		0.9648958333		0.9640625		0.9630208333		0.96125		-26		0.9841666667		0.9840277778		0.9834722222		0.9826388889		0.9823611111		-26

		-25.5		-25		0.7105277778		0.7105833333		0.7099444444		0.7082222222		0.7055		-25		0.9093333333		0.90975		0.9094583333		0.9087916667		0.907375		-25		0.9411458333		0.9409375		0.940625		0.9394791667		0.9383333333		-25		0.96625		0.9651388889		0.9638888889		0.9626388889		0.9613888889		-25

		-24.5		-24		0.1472222222		0.146		0.1434722222		0.1396944444		0.1340277778		-24		0.7104583333		0.7105		0.7098333333		0.70825		0.7055416667		-24		0.9215625		0.9216666667		0.9213541667		0.9205208333		0.919375		-24		0.9408333333		0.9419444444		0.9401388889		0.9397222222		0.9386111111		-24

		-23.5		-23		0.137		0.13575		0.1329166667		0.1285277778		0.1221666667		-23		0.14725		0.1459166667		0.1435416667		0.1395416667		0.134125		-23		0.9005208333		0.9004166667		0.9002083333		0.8997916667		0.8978125		-23		0.9205555556		0.9220833333		0.92125		0.9197222222		0.91875		-23

		-22.5		-22		0.1278333333		0.1262222222		0.1231111111		0.1181388889		0.11075		-22		0.1370416667		0.1356666667		0.133		0.1285		0.1221666667		-22		0.2629166667		0.2615625		0.2601041667		0.2566666667		0.251875		-22		0.9		0.9011111111		0.9002777778		0.8991666667		0.8980555556		-22

		-21.5		-21		0.1190833333		0.1173611111		0.114		0.10825		0.0999166667		-21		0.12775		0.1261666667		0.1230416667		0.1179166667		0.1110833333		-21		0.1420833333		0.1409375		0.13875		0.13375		0.1277083333		-21		0.2629166667		0.2620833333		0.2601388889		0.2570833333		0.2522222222		-21

		-20.5		-20		0.1113055556		0.1091944444		0.1053055556		0.0990555556		0.0883611111		-20		0.119125		0.1176666667		0.1136666667		0.1083333333		0.0999166667		-20		0.1327083333		0.1313541667		0.1277083333		0.123125		0.1158333333		-20		0.1420833333		0.1409722222		0.1381944444		0.1340277778		0.1279166667		-20

		-19.5		-19		0.1037777778		0.1016666667		0.09725		0.0895277778		0.07325		-19		0.1114166667		0.1092916667		0.1054166667		0.0990833333		0.0884166667		-19		0.1232291667		0.1219791667		0.1182291667		0.113125		0.1053125		-19		0.1319444444		0.1308333333		0.1283333333		0.1231944444		0.11625		-19

		-18.5		-18		0.0969722222		0.0944444444		0.0893333333		0.0786944444		0.0494444444		-18		0.103875		0.1015833333		0.0972083333		0.0895833333		0.0732083333		-18		0.115		0.1133333333		0.1096875		0.1038541667		0.094375		-18		0.1233333333		0.12125		0.1183333333		0.1130555556		0.1056944444		-18

		-17.5		-17		0.0904444444		0.0874722222		0.0809722222		0.0614722222		0.0361666667		-17		0.0968333333		0.0944583333		0.0894583333		0.07875		0.0494166667		-17		0.1073958333		0.1055208333		0.1013541667		0.094375		0.0817708333		-17		0.115		0.1133333333		0.1097222222		0.1033333333		0.0948611111		-17

		-16.5		-16		0.08425		0.0808055556		0.07075		0.0491666667		0.0293055556		-16		0.090375		0.0875416667		0.0809583333		0.0614583333		0.03625		-16		0.1002083333		0.0980208333		0.0933333333		0.0841666667		0.0586458333		-16		0.1072222222		0.1058333333		0.10125		0.0948611111		0.0820833333		-16

		-15.5		-15		0.07825		0.0736944444		0.0580833333		0.0404444444		0.0234722222		-15		0.08425		0.0807083333		0.0706666667		0.0492083333		0.02925		-15		0.0935416667		0.0910416667		0.0853125		0.0707291667		0.0413541667		-15		0.1001388889		0.0980555556		0.0934722222		0.0848611111		0.0595833333		-15

		-14.5		-14		0.0725555556		0.0648611111		0.04925		0.0336666667		0.0177777778		-14		0.0783333333		0.07375		0.058125		0.0404166667		0.023375		-14		0.0872916667		0.0840625		0.0761458333		0.0542708333		0.0323958333		-14		0.0933333333		0.0909722222		0.0854166667		0.0719444444		0.0429166667		-14

		-13.5		-13		0.0666111111		0.0555277778		0.0419722222		0.0296666667		0.0105833333		-13		0.0725833333		0.0648333333		0.04925		0.0336666667		0.0177916667		-13		0.0810416667		0.076875		0.063125		0.0441666667		0.026875		-13		0.0875		0.0844444444		0.0766666667		0.0555555556		0.03375		-13

		-12.5		-12		0.0598888889		0.04825		0.0366944444		0.026		0.0039166667		-12		0.066625		0.0556666667		0.0420833333		0.0296666667		0.0106666667		-12		0.0755208333		0.0701041667		0.0528125		0.0378125		0.0217708333		-12		0.0813888889		0.0766666667		0.0636111111		0.045		0.0281944444		-12

		-11.5		-11		0.0516111111		0.0426666667		0.0325833333		0.0222222222		0.0011944444		-11		0.06		0.048125		0.0366666667		0.026		0.0039166667		-11		0.0694791667		0.0592708333		0.0458333333		0.0319791667		0.015625		-11		0.0751388889		0.07		0.0544444444		0.0388888889		0.0234722222		-11

		-10.5		-10		0.0459444444		0.0378888889		0.0281111111		0.0195833333		0.0003888889		-10		0.0515416667		0.0427083333		0.0325833333		0.0222916667		0.001125		-10		0.0632291667		0.0516666667		0.0391666667		0.0288541667		0.0097916667		-10		0.0698611111		0.0598611111		0.0476388889		0.0331944444		0.0186111111		-10

		-9.5		-9		0.0406944444		0.0326388889		0.0249166667		0.0161111111		0.0000277778		-9		0.0458333333		0.03775		0.0280416667		0.0197083333		0.000375		-9		0.0557291667		0.0452083333		0.0354166667		0.0252083333		0.0055208333		-9		0.0634722222		0.0536111111		0.04125		0.0305555556		0.0159722222		-9

		-8.5		-8		0.0359444444		0.0290555556		0.0226666667		0.0136388889		0.00000001		-8		0.0408333333		0.0325416667		0.0246666667		0.0165		0.0000416667		-8		0.0485416667		0.0402083333		0.0310416667		0.0214583333		0.0041666667		-8		0.0555555556		0.0472222222		0.0380555556		0.0270833333		0.0134722222		-8

		-7.5		-7		0.0326111111		0.0264444444		0.0207222222		0.0113888889		0.00000001		-7		0.0357916667		0.0290833333		0.0227083333		0.0138333333		0.00000001		-7		0.0433333333		0.0355208333		0.0269791667		0.0190625		0.0034375		-7		0.0498611111		0.0434722222		0.0334722222		0.0245833333		0.0105555556		-7

		-6.5		-6		0.0298333333		0.0234444444		0.0182777778		0.0088055556		0.00000001		-6		0.0325416667		0.0265833333		0.020875		0.0118333333		0.00000001		-6		0.0383333333		0.0310416667		0.0248958333		0.0171875		0.0027083333		-6		0.0455555556		0.0383333333		0.0304166667		0.0230555556		0.0080555556		-6

		-5.5		-5		0.0263888889		0.0202777778		0.0155277778		0.0063611111		0.00000001		-5		0.02975		0.0234583333		0.018125		0.0094583333		0.00000001		-5		0.0339583333		0.0292708333		0.0234375		0.0160416667		0.0015625		-5		0.0415277778		0.0354166667		0.03		0.0219444444		0.005		-5

		-4.5		-4		0.0224166667		0.0173888889		0.01325		0.0046944444		0.00000001		-4		0.0264166667		0.0201666667		0.0156666667		0.007		0.00000001		-4		0.0314583333		0.0267708333		0.0215625		0.015		0.0010416667		-4		0.0376388889		0.035		0.0290277778		0.0209722222		0.0019444444		-4

		-3.5		-3		0.0188611111		0.0141388889		0.0114166667		0.0037222222		0.00000001		-3		0.0225		0.0174583333		0.0134583333		0.0055		0.00000001		-3		0.02875		0.024375		0.0198958333		0.0136458333		0.0003125		-3		0.03625		0.0331944444		0.0277777778		0.01875		0.0008333333		-3

		-2.5		-2		0.0153888889		0.0116388889		0.0095		0.0029166667		0.00000001		-2		0.018875		0.0142916667		0.0114166667		0.0045416667		0.00000001		-2		0.0263541667		0.021875		0.0197916667		0.0122916667		0.0002083333		-2		0.0354166667		0.0323611111		0.0261111111		0.0158333333		0.0001388889		-2

		-1.5		-1		0.0128888889		0.0096388889		0.0078888889		0.0026111111		0.00000001		-1		0.0153333333		0.011625		0.009875		0.0040416667		0.00000001		-1		0.0238541667		0.0210416667		0.0188541667		0.0105208333		0.00000001		-1		0.0345833333		0.03		0.0244444444		0.0127777778		0.00000001		-1

		-0.5		0		0.0110277778		0.0084166667		0.0066944444		0.0023888889		0.00000001		0		0.0129583333		0.0095833333		0.0085833333		0.00375		0.00000001		0		0.0226041667		0.0203125		0.0176041667		0.0084375		0.00000001		0		0.0330555556		0.0286111111		0.0226388889		0.0086111111		0.00000001		0

		0.5		1		0.0095277778		0.0076111111		0.0056666667		0.0021388889		0.00000001		1		0.0110833333		0.0085		0.00775		0.0032916667		0.00000001		1		0.0217708333		0.0194791667		0.0163541667		0.0063541667		0.00000001		1		0.0316666667		0.0263888889		0.0193055556		0.0045833333		0.00000001		1

		1.5		2		0.0079166667		0.0068333333		0.0050555556		0.0019444444		0.00000001		2		0.0094166667		0.0077083333		0.0072083333		0.00275		0.00000001		2		0.0207291667		0.0176041667		0.0146875		0.0042708333		0.00000001		2		0.0294444444		0.0236111111		0.0154166667		0.0020833333		0.00000001		2

		2.5		3		0.0065555556		0.006		0.0046944444		0.0018055556		0.00000001		3		0.0084166667		0.0075416667		0.00675		0.0022083333		0.00000001		3		0.0188541667		0.0160416667		0.0130208333		0.0023958333		0.00000001		3		0.0263888889		0.0197222222		0.0095833333		0.0006944444		0.00000001		3

		3.5		4		0.0053333333		0.0053888889		0.0043333333		0.0016944444		0.00000001		4		0.0076666667		0.007375		0.0065416667		0.00175		0.00000001		4		0.0175		0.0146875		0.0107291667		0.0009375		0.00000001		4		0.0209722222		0.01375		0.0043055556		0.00000001		0.00000001		4

		4.5		5		0.0042777778		0.0046666667		0.0040277778		0.0015		0.00000001		5		0.0072916667		0.0070833333		0.0061666667		0.0012916667		0.00000001		5		0.0158333333		0.0120833333		0.0079166667		0.0002083333		0.00000001		5		0.0143055556		0.0076388889		0.0002777778		0.00000001		0.00000001		5

		5.5		6		0.0035833333		0.0043333333		0.0038055556		0.0013333333		0.00000001		6		0.006625		0.0065833333		0.0057083333		0.0007916667		0.00000001		6		0.0139583333		0.0102083333		0.0048958333		0.00000001		0.00000001		6		0.0086111111		0.00125		0.00000001		0.00000001		0.00000001		6

		6.5		7		0.003		0.0041666667		0.0035555556		0.0011388889		0.00000001		7		0.0060416667		0.0063333333		0.0052083333		0.00025		0.00000001		7		0.0116666667		0.0085416667		0.0026041667		0.00000001		0.00000001		7		0.0025		0.00000001		0.00000001		0.00000001		0.00000001		7

		7.5		8		0.0028888889		0.0038611111		0.0033333333		0.0009722222		0.00000001		8		0.0055		0.006		0.00475		0.000125		0.00000001		8		0.0094791667		0.0063541667		0.00125		0.00000001		0.00000001		8		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		8

		8.5		9		0.0026944444		0.0036944444		0.0030277778		0.0005833333		0.00000001		9		0.0049583333		0.0056666667		0.0041666667		0.0000416667		0.00000001		9		0.0067708333		0.0028125		0.0001041667		0.00000001		0.00000001		9		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		9

		9.5		10		0.0025833333		0.0035277778		0.00275		0.0003611111		0.00000001		10		0.0045416667		0.0050833333		0.00325		0.00000001		0.00000001		10		0.0039583333		0.0005208333		0.00000001		0.00000001		0.00000001		10		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		10

		10.5		11		0.00225		0.0031388889		0.0026111111		0.0001666667		0.00000001		11		0.0039166667		0.004625		0.0023333333		0.00000001		0.00000001		11		0.0004166667		0.00000001		0.00000001		0.00000001		0.00000001		11		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		11

		11.5		12		0.0021111111		0.0029444444		0.0023611111		0.0000555556		0.00000001		12		0.003375		0.0040416667		0.0015		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		12

		12.5		13		0.0019166667		0.0026111111		0.0019166667		0.0000277778		0.00000001		13		0.0029166667		0.003375		0.000875		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		13

		13.5		14		0.0018055556		0.0024166667		0.0015833333		0.00000001		0.00000001		14		0.0025416667		0.002125		0.0002083333		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		14

		14.5		15		0.0015833333		0.0021944444		0.0010833333		0.00000001		0.00000001		15		0.00175		0.0007916667		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		15

		15.5		16		0.0014166667		0.0018611111		0.0007777778		0.00000001		0.00000001		16		0.000625		0.00025		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		16

		16.5		17		0.0012222222		0.0014166667		0.0003055556		0.00000001		0.00000001		17		0.0000416667		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		17

		17.5		18		0.0010555556		0.0009444444		0.0000555556		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		18

		18.5		19		0.0005833333		0.0003333333		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		19

		19.5		20		0.0002777778		0.0000833333		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		20

		20.5		21		0.0000277778		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		21

		21.5		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		22

		22.5		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		23

		23.5		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		24

		24.5		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		25

		25.5		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		26

		26.5		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		27

		27.5		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		28

		28.5		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		29

		29.5		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		30

		30.5		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31		0.00000001		0.00000001		0.00000001		0.00000001		0.00000001		31
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PDF SWVD
Guide

		Guide to generation of probability distribution of surface water vapour density with 50 bins

		Before generating a new pdf, the ITU-R P.836-3 surface water vapour density data should be validated in order to eliminate

		potential errors in the database. This process is performed on data having a probability exceedance value (p) of 5% or

		lower because erroneous data tends to occur at or below 5%. The following procedure demonstrates how to generate the

		probability distribution function at a specific location.

		Data validation procedure

		1) Read SWVD data from SG 3 database at 0.1% to 30% at this location (total of 11 data points);

		2) The SWVD data points below 10% are to be validated, and the data points at 10% is used as reference.

		SWVD's at 10% and 20% or 20% and 30% are used to extrapolate the values of SWVD at 3% or 5% SWVD respectively;

		3) Test the linearity of the data points:

		a) Test the SWVD data at each probability of exceedance (p) from 5% to 0.1% against the reference SWVD data at 10%.

		Note that the comparison should always start from 5% to 0.1%. This practice will guarantee that SWVD value at a

		higher p is always lower than that at a lower p (i.e. SWVD at 10% is lower than SWVD at 5%).

		b) If any of the SWVD data being tested is found to be smaller than the SWVD at 10%, replace this SWVD data using

		a value extrapolated by 3 other available SWVD data at immediately higher probabilities (e.g., use 20%, 10% and 5%

		data to extrapolate a new value at 3%);

		Reconstructing probability density function from the cumulative density function data

		After data validation, the interpolated and extrapolated data, together with the rest of the available SWVD data from the

		SG 3 database, is used to fill the gaps between available SWVD data for 19 specified values of percentage time exceeded

		using a step size of 0.1% to ensure a pseudo continuous cumulative distribution of SWVD in percentage time exceeded.

		Table 1 shows the 19 values of the percentage exceeded parameter 'p' and the method of interpolation and extrapolation

		used in the process of generating a 'continuous' 1001 point CDF from 19 point pairs of percentage and SWVD .

		The new set of probability of occurance data is then "resized" to a resolution of 50 SWVD data points (bins) for the entire

		range where the probability of occurrence of SWVD is non-zero using the following procedure:

		1) Find the bin size for the new SWVD data set using the maximum and minimum SWVD values and the number of bins;

		2) Define the range and BIN size for the SWVD;

				a) Define the higher limit of the bin -- add "bin size" to the higher limit of previous bin;

				b) Normalize the SWVD value of this bin -- take the mid point between the bin limits. The probability of

				exceedence within this bin will be represented by the normalized SWVD value.

		4) To find the probability distribution of each bin:

				a) Find the SWVD value which is immediately higher and lower than the higher bin limit;

				b) Find the corresponding values of probability of exceedence from the pseudo continuous CDF for the

				SWVD values found in a);

				c) Interpolate the probability of exceedence (linearly in p) in the pseudo continuous CDF corresponding

				to the higher bin limit;

				d) Calculate the probability of occurence of SWVD values falling within this bin. This can be done by

				finding the difference between the probability of occurrence that corresponds to the higher limit and the

				sum of all probability of occurrence for the preceding bins.

				e) Repeat a) to d) for each bin.





Table 1

		Table 1: Generation of 'continuous' 1001 point CDF of surface water vapour density

		Values of 'p'		Surface Water Vapour Density 'ρ'		Interpolation in 'p'		values of 'p' used		Interpolation in 'ρ'

		0.0		Forced value		N/A		0.1		N/A

		0.1		ITU-R Rec. P.836-3

		0.2		ITU-R Rec. P.836-3

		0.3		ITU-R Rec. P.836-3

		0.4		Interpolated		Logarithmic		0.3 and 0.5		Linear

		0.5		ITU-R Rec. P.836-3

		0.6, 0.7, 0.8, 0.9		Interpolated		Logarithmic		0.5 and 1.0		Linear

		1		ITU-R Rec. P.836-3

		1.1, 1,2, …, 1.9		Interpolated		Logarithmic		1 and 2		Linear

		2		ITU-R Rec. P.836-3

		2.1, 2.2, …, 2.9		Interpolated		Logarithmic		2 and 3		Linear

		3		ITU-R Rec. P.836-3

		3.1, 3.2, …, 4.9		Interpolated		Logarithmic		3 and 5		Linear

		5		ITU-R Rec. P.836-3

		5.1, 5,2, …, 9.9		Interpolated		Logarithmic		5 and 10		Linear

		10		ITU-R Rec. P.836-3

		10.1, 10.2, …, 19.9		Interpolated		Logarithmic		10 and 20		Linear

		20		ITU-R Rec. P.836-3

		20.1, 20.2, …, 29.9		Interpolated		Logarithmic		20 and 30		Linear

		30		ITU-R Rec. P.836-3

		30.1, 30.2, …, 49.9		Interpolated		Logarithmic		30 and 50		Linear

		50		ITU-R Rec. P.836-3

		50.1, 50.2, …, 69.9		Interpolated		Logarithmic		50 and 70		Linear

		70		ITU-R Rec. P.836-3

		70.1, 70.2, …, 79.9		Interpolated		Logarithmic		70 and 80		Linear

		80		ITU-R Rec. P.836-3

		80.1, 80,2, …, 89.9		Interpolated		Logarithmic		80 and 90		Linear

		90		ITU-R Rec. P.836-3

		90.1, 90.2, …, 94.9		Interpolated		Logarithmic		90 and 95		Linear

		95		ITU-R Rec. P.836-3

		95.1, 95.2, …, 96.9		Interpolated		Logarithmic		95 and 97		Linear

		97		ITU-R Rec. P.836-3

		97.1, 97.2, …, 97.9		Interpolated		Logarithmic		97 and 98		Linear

		98		ITU-R Rec. P.836-3

		98.1, 98.2, …, 98.9		Interpolated		Logarithmic		98 and 99		Linear

		99		ITU-R Rec. P.836-3

		99.1, 99.2, …, 99.9		Interpolated		Logarithmic		99 and 100		Linear

		100		Extrapolated		Linear		97, 98 and 99		2nd order

		Total number of point pairs = (100/0.1)+1 = 1001

		Note:  If the extrapolated value of ρ exceeded for 100% of the time using the second order function < 0 g/m³,

		the value of ρ is set to 0 g/m³.  The value of ρ exceeded for 100% of the time must first be computed

		before the interpolated values of ρ exceeded for 99.1, 99.2, …, 99.9 % of the time can be computed.





PDF generation example

		Example:		Let X be the set of SWVD data with 1001 data points

				If the minimum SWVD Xmin = 2.5 and the maximum SWVD Xmax = 42.5,

				then BIN size = (Xmax-Xmin)/50 = 0.8

				Bin No.		Lower Limit		Mid Pt.		Higher Limit

				1		2.5		2.9		3.3

				2		3.3		3.7		4.1

				3		4.1		4.5		4.9

				4		4.9		5.3		5.7

				…		…		…		…

				48		40.1		40.5		40.9

				49		40.9		41.3		41.7

				50		41.7		42.1		42.5

				Find X values from the 'pseudo continuous' CDF that are immediately higher

				and lower than the higher limit, therefore;

				Bin No.		Higher Limit (X)		Xlo		Xhi		P(ρ>Xlo)		P(ρ>Xhi)		P(ρ>X)

				1		3.3		Xmin		n1		1		k1		Y1

				2		4.1		n1		n2		k1		k2		Y2

				3		4.9		n2		n3		k2		k3		Y3

				…		…		…		…		…		…		…

				49		41.7		n48		n49		k48		k49		Y49

				50		42.5		n49		Xmax		k49		0		0

				Where P(ρ>X) is given by linear interpolation (see 'Formulae' worksheet)

				All probabilities in this example are between 0 and 1. The pdf of each bin is

				Bin No.		Mid Pt.		P(ρ>X)		PDF = % within bin

				1		2.9		Y1		PDF1 = 1 - Y1

				2		3.7		Y2		PDF2 = 1 - Y2 - PDF1

				3		4.5		Y3		PDF3 = 1 - Y3 - (PDF1 + PDF2)

				…		…		…		…

				n		…		Yn		PDFn = 1 - Yn - sum(PDF1: PDFn-1)

				…		…		…		…

				49		41.3		Y49		PDF49 = 1 - Y49 - (PDF1+ … + PDF48)

				50		42.1		0		PDF50 = 1 - (PDF1+ … + PDF49)





Formulae
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Formulae for Interpolation and Extrapolation


			Type of Interpolation/Extrapolation


			Formulae





			Logarithmic/Linear Interpolation


Logarithmic in p (percent of time exceeded) and 



Linear in ρ (Surface water vapour density)






			


[image: image1.wmf](



)



(



)



(



)



1



2



2



0



1



2



2



0



log



log



p



p



p



p



r



r



r



r



-



+



=






where p2 > p1 > p0 and ρ2 ≤ ρ1 ≤ ρ0








			2nd Order



2nd Order Extrapolation



ρ (Surface water vapour density) as a function of p (percent of time exceeded)
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where p > p0 > p1 > p2 and ρ ≤ ρ0 ≤ ρ1 ≤ ρ2








			Linear Interpolation



ρ (Surface water vapour density) 


p (percent of time exceeded) is the intermediate value that needs to be determined given a series of data points.
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PDF of Surface Water Vapour Density
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Slant path attenuation due to atmospheric gases at 18.7 GHz 

(Location 1: 40N, 70W)
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Slant path attenuation due to atmospheric gases at 18.7 GHz 

(Location 2: 18.5N, 73.5W)
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Slant path attenuation due to atmospheric gases at 21.7 GHz 

(Location 1: 40N, 70W)
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Slant path attenuation due to atmospheric gases at 21.7 GHz 

(Location 2: 18.5N, 73.5W)
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Slant path attenuation due to atmospheric gases at 39 GHz 

(Location 1: 40N, 70W)
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Slant path attenuation due to atmospheric gases at 39 GHz 

(Location 2: 18.5N, 73.5W)
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Slant path attenuation due to atmospheric gases at 41 GHz 

(Location 1: 40N, 70W)
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Slant path attenuation due to atmospheric gases at 41 GHz 

(Location 2: 18.5N, 73.5W)
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Slant path attenuation due to atmospheric gases at 73.5 GHz 

(Location 1: 40N, 70W)
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Slant path attenuation due to atmospheric gases at 73.5 GHz 

(Location 2: 18.5N, 73.5W)
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I/N at 18.7 GHz for HEO satellite network (40°N, 70°W)

Pfd = -120/-112/-105 dBW/m^2/MHz @ 3°/12°/25°
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I/N from NGSO satellite into Fixed Service at 18.7 GHz (40°N, 70°W)

Pfd = -115/-105 dBW/m^2/MHz @ 5°/25°
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Atm Loss Data (2)


Atm Loss Data (2)
Location 1 & 2

		40°N, 70°W

		Frequency		Elevation		Probability exceeded [%]		1		10		20		50		80		90		99

		[GHz]		[deg]

		18.7		0		Level of attenuation [dB]		34.42		27.75		22.32		13.02		8.16		6.46		3.66

				1				15.04		12.48		10.28		6.28		4.17		3.36		1.97

				3				6.43		5.39		4.48		2.80		1.89		1.55		0.93

		21.7		0				95.51		78.33		63.91		38.07		23.20		17.79		9.53

				1				45.39		38.10		31.69		19.54		12.38		9.72		5.24

				3				20.20		17.11		14.34		8.98		5.81		4.59		2.50

		39		0				58.10		47.10		38.34		24.47		18.83		17.51		14.01

				1				25.67		21.61		18.28		12.62		10.25		9.65		8.10

				3				11.24		9.62		8.29		5.96		4.98		4.72		4.06

		41		0				64.47		52.48		43.13		28.18		22.26		20.84		17.37

				1				28.77		24.40		20.81		14.73		12.28		11.60		10.10

				3				12.68		10.95		9.51		7.02		6.01		5.71		5.08

		73.5		0				178.38		143.51		116.45		73.63		56.89		52.89		43.07

				1				78.58		65.83		55.45		38.01		31.10		29.16		24.93

				3				34.37		29.32		25.15		17.99		15.14		14.28		12.50

		18.5°N, 73.5°W

		Frequency		Elevation		Probability exceeded [%]		1		10		20		50		80		90		99

		[GHz]		[deg]

		18.7		0		Level of attenuation [dB]		38.60		34.77		33.07		29.36		25.52		23.70		19.74

				1				18.08		16.43		15.68		14.05		12.32		11.50		9.68

				3				7.75		7.08		6.77		6.10		5.38		5.04		4.27

		21.7		0				106.35		96.76		92.44		82.90		72.81		67.97		57.23

				1				53.41		48.94		46.90		42.36		37.47		35.11		29.79

				3				23.70		21.81		20.94		18.99		16.88		15.85		13.52

		39		0				64.28		57.73		54.86		48.73		42.55		39.70		33.64

				1				30.29		27.58		26.37		23.77		21.11		19.86		17.19

				3				13.25		12.16		11.68		10.62		9.54		9.03		7.92

		41		0				70.97		63.91		60.81		54.19		47.53		44.45		37.93

				1				33.72		30.79		29.49		26.69		23.82		22.48		19.61

				3				14.84		13.67		13.15		12.02		10.85		10.30		9.11

		73.5		0				197.82		177.11		168.06		148.76		129.39		120.48		101.66

				1				93.03		84.44		80.65		72.47		64.13		60.25		51.95

				3				40.66		37.22		35.69		32.38		28.98		27.39		23.96
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StatMeth.zip


Statmeth.zip


StatMeth/AreaData30dBi5EL_at-105X-105.mat

DATABIN:[6x1  cell array]


ALLBIN:[2x62  double array]






StatMeth/AreaData36dBi3EL_at-105X-105.mat

DATABIN:[6x1  cell array]


ALLBIN:[2x62  double array]






StatMeth/cdf2pdf.m

% CONVERT CDF TO PDF

% x IS PROBABILITY (x <= 1)

function y = cdf2pdf(x)

y = zeros(size(x));

y(1) = 1 - x(2);

for i = 2: length(x) - 1

    y(i) = 1 - x(i + 1) - sum(y(1: i - 1));

end

y(length(x)) = x(length(x));






StatMeth/CheckStr.m

% Check if string is valid

function num = CheckStr(str)



if (isempty(str))

    num = '';

else

    num = str2double(str);

    if (isnan(num))

        num = '';

    end

end






StatMeth/DataBinUI.fig





StatMeth/DataBinUI.m

function varargout = DataBinUI(varargin)
% DATABINUI M-file for DataBinUI.fig
%      DATABINUI, by itself, creates a new DATABINUI or raises the existing
%      singleton*.
%
%      H = DATABINUI returns the handle to a new DATABINUI or the handle to
%      the existing singleton*.
%
%      DATABINUI('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in DATABINUI.M with the given input arguments.
%
%      DATABINUI('Property','Value',...) creates a new DATABINUI or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before DataBinUI_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to DataBinUI_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help DataBinUI

% Last Modified by GUIDE v2.5 16-Apr-2009 12:31:29

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @DataBinUI_OpeningFcn, ...
                   'gui_OutputFcn',  @DataBinUI_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before DataBinUI is made visible.
function DataBinUI_OpeningFcn(hObject, eventdata, handles, varargin)
global BinLow BinHigh BinWidth BinSize;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to DataBinUI (see VARARGIN)

% Choose default command line output for DataBinUI
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);
if (~isempty(BinSize) | BinSize > 0)
    set(findobj(gcf, 'Tag', 'LowBinBox'), 'String', num2str(BinLow));
    set(findobj(gcf, 'Tag', 'HighBinBox'), 'String', num2str(BinHigh));
    set(findobj(gcf, 'Tag', 'BinResBox'), 'String', num2str(BinWidth));
end
% UIWAIT makes DataBinUI wait for user response (see UIRESUME)
% uiwait(handles.figure1);


% --- Outputs from this function are returned to the command line.
function varargout = DataBinUI_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;



function LowBinBox_Callback(hObject, eventdata, handles)
% hObject    handle to LowBinBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of LowBinBox as text
%        str2double(get(hObject,'String')) returns contents of LowBinBox as a double


% --- Executes during object creation, after setting all properties.
function LowBinBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to LowBinBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function HighBinBox_Callback(hObject, eventdata, handles)
% hObject    handle to HighBinBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of HighBinBox as text
%        str2double(get(hObject,'String')) returns contents of HighBinBox as a double


% --- Executes during object creation, after setting all properties.
function HighBinBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to HighBinBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function BinResBox_Callback(hObject, eventdata, handles)
% hObject    handle to BinResBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of BinResBox as text
%        str2double(get(hObject,'String')) returns contents of BinResBox as a double


% --- Executes during object creation, after setting all properties.
function BinResBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to BinResBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --- Executes on button press in DataBinOK.
function DataBinOK_Callback(hObject, eventdata, handles)
% hObject    handle to DataBinOK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
CheckBinSettings;


function CheckBinSettings()
global BinLow BinHigh BinWidth BinSize;
MaxBinSize = 62;
BinLow = CheckStr(get(findobj(gcf, 'Tag', 'LowBinBox'), 'String'));
BinHigh = CheckStr(get(findobj(gcf, 'Tag', 'HighBinBox'), 'String'));
BinWidth = CheckStr(get(findobj(gcf, 'Tag', 'BinResBox'), 'String'));
BinSize = abs(BinHigh - BinLow) ./ BinWidth + 2;
if (~isempty(BinLow) && ~isempty(BinHigh) && ~isempty(BinWidth))
    if (BinSize > MaxBinSize)
        disp('BIN SIZE IS TOO BIG. PLEASE NARROW RANGE OR USE LARGER RESOLUTION.');
        Message = {'BIN SIZE IS TOO BIG.', 'PLEASE NARROW RANGE OR USE LARGER RESOLUTION.'};
        h = msgbox(Message);
        uiwait(h);
    elseif (BinHigh <= BinLow)
        Message = {'LOWEST BIN LIMIT MUST BE SMALLER THAN HIGHEST BIN LIMIT.'};
        h = msgbox(Message);
        uiwait(h);
        set(findobj(gcf, 'Tag', 'LowBinBox'), 'String', '');
        set(findobj(gcf, 'Tag', 'HighBinBox'), 'String', '');
        BinLow = '';
        BinHigh = '';
    elseif (BinSize <= MaxBinSize && BinSize > 0)
        close(gcf);
    end  
end


% --- Executes when user attempts to close figure1.
function figure1_CloseRequestFcn(hObject, eventdata, handles)
% hObject    handle to figure1 (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: delete(hObject) closes the figure
delete(hObject);









StatMeth/deg2rad.m

% May 21st, 2001

% Convert an angle in degrees to an angle in radians



function rad = deg2rad(deg)



rad = deg .* (pi / 180);



% End of function
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StatMeth/ElevationAndGainSetting.m

function varargout = ElevationAndGainSetting(varargin)
% ELEVATIONANDGAINSETTING M-file for ElevationAndGainSetting.fig
%      ELEVATIONANDGAINSETTING, by itself, creates a new ELEVATIONANDGAINSETTING or raises the existing
%      singleton*.
%
%      H = ELEVATIONANDGAINSETTING returns the handle to a new ELEVATIONANDGAINSETTING or the handle to
%      the existing singleton*.
%
%      ELEVATIONANDGAINSETTING('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in ELEVATIONANDGAINSETTING.M with the given input arguments.
%
%      ELEVATIONANDGAINSETTING('Property','Value',...) creates a new ELEVATIONANDGAINSETTING or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before ElevationAndGainSetting_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to ElevationAndGainSetting_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help ElevationAndGainSetting

% Last Modified by GUIDE v2.5 29-Jul-2009 16:26:49

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @ElevationAndGainSetting_OpeningFcn, ...
                   'gui_OutputFcn',  @ElevationAndGainSetting_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before ElevationAndGainSetting is made visible.
function ElevationAndGainSetting_OpeningFcn(hObject, eventdata, handles, varargin)
global NumELs NumAGs ElevationData GainData EDIT_EL_TABLE EDIT_AG_TABLE OVERRIDE_ELAG_BOX;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to ElevationAndGainSetting (see VARARGIN)

% Choose default command line output for ElevationAndGainSetting
handles.output = hObject;
handles.CellIndex = [0 0];

% Update handles structure
guidata(hObject, handles);
if (OVERRIDE_ELAG_BOX > 0);
    set(findobj(gcf, 'Tag', 'ELAGSelection'), 'Value', 1);
else
    set(findobj(gcf, 'Tag', 'ELAGSelection'), 'Value', 0);
end
if (isempty(NumELs))
    NumELs = 0;
end
if (isempty(NumAGs))
    NumAGs = 0;
end
NumericLogicalArray1 = zeros(1, NumELs);
if (strcmp(EDIT_EL_TABLE, 'on'))
    NumericLogicalArray1(1, 1:NumELs) = 1;
end
ColumnEditableArray1 = logical(NumericLogicalArray1);
h1 = findobj(gcf, 'Tag', 'ElevationTable');
set(h1, 'ColumnEditable', ColumnEditableArray1);
set(h1, 'Data', ElevationData);
set(h1, 'HitTest', 'on');

NumericLogicalArray2 = zeros(1, NumAGs);
if (strcmp(EDIT_AG_TABLE, 'on'))
    NumericLogicalArray2(1, 1:NumAGs) = 1;
end
ColumnEditableArray2 = logical(NumericLogicalArray2);
h2 = findobj(gcf, 'Tag', 'GainTable');
set(h2, 'ColumnEditable', ColumnEditableArray2);
set(h2, 'Data', GainData);
set(h2, 'HitTest', 'on');
% UIWAIT makes ElevationAndGainSetting wait for user response (see UIRESUME)
% uiwait(handles.ELAGSetting);


% --- Outputs from this function are returned to the command line.
function varargout = ElevationAndGainSetting_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;


% --- Executes on button press in OK.
function OK_Callback(hObject, eventdata, handles)
global NumELs NumAGs ElevationData GainData OVERRIDE_ELAG_BOX;
% hObject    handle to OK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

h1 = findobj(gcf, 'Tag', 'ElevationTable');
D1 = get(h1, 'Data');
if (~isempty(D1))
    set(h1, 'Data', D1);
    ElevationData = D1(1, 1: NumELs);
end

h2 = findobj(gcf, 'Tag', 'GainTable');
D2 = get(h2, 'Data');
if (~isempty(D2))
    set(h2, 'Data', D2);
    GainData = D2(1, 1: NumAGs);
end

OVERRIDE_ELAG_BOX = get(findobj(gcf, 'Tag', 'ELAGSelection'), 'Value');

if (OVERRIDE_ELAG_BOX)
    if (isempty(ElevationData) || isempty(GainData))
        warndlg(sprintf('Using this option requires entries for BOTH elevation and gain!'));
    else
        close(gcf);
    end
else
    close(gcf);
end


% --- Executes when user attempts to close ELAGSetting.
function ELAGSetting_CloseRequestFcn(hObject, eventdata, handles)
global NumELs NumAGs ElevationData GainData OVERRIDE_ELAG_BOX;
% hObject    handle to ELAGSetting (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: delete(hObject) closes the figure
h1 = findobj(gcf, 'Tag', 'ElevationTable');
D1 = get(h1, 'Data');
if (~isempty(D1))
    set(h1, 'Data', D1);
    ElevationData = D1(1, 1: NumELs);
end

h2 = findobj(gcf, 'Tag', 'GainTable');
D2 = get(h2, 'Data');
if (~isempty(D2))
    set(h2, 'Data', D2);
    GainData = D2(1, 1: NumAGs);
end

OVERRIDE_ELAG_BOX = get(findobj(gcf, 'Tag', 'ELAGSelection'), 'Value');

if (OVERRIDE_ELAG_BOX)
    if (isempty(ElevationData) || isempty(GainData))
        warndlg(sprintf('Using this option requires entries for BOTH elevation and gain!'));
    else
        delete(hObject);
    end
else
    delete(hObject);
end


% --- Executes when entered data in editable cell(s) in ElevationTable.
function ElevationTable_CellEditCallback(hObject, eventdata, handles)
% hObject    handle to ElevationTable (see GCBO)
% eventdata  structure with the following fields (see UITABLE)
%	Indices: row and column indices of the cell(s) edited
%	PreviousData: previous data for the cell(s) edited
%	EditData: string(s) entered by the user
%	NewData: EditData or its converted form set on the Data property. Empty if Data was not changed
%	Error: error string when failed to convert EditData to appropriate value for Data
% handles    structure with handles and user data (see GUIDATA)


% --- Executes when selected cell(s) is changed in ElevationTable.
function ElevationTable_CellSelectionCallback(hObject, eventdata, handles)
% hObject    handle to ElevationTable (see GCBO)
% eventdata  structure with the following fields (see UITABLE)
%	Indices: row and column indices of the cell(s) currently selecteds
% handles    structure with handles and user data (see GUIDATA)


% --- Executes on button press in ELAGSelection.
function ELAGSelection_Callback(hObject, eventdata, handles)
global OVERRIDE_ELAG_BOX;
% hObject    handle to ELAGSelection (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of ELAGSelection
OVERRIDE_ELAG_BOX = get(findobj(gcf, 'Tag', 'ELAGSelection'), 'Value');
if (OVERRIDE_ELAG_BOX)
    warndlg(sprintf('Using this option will ignore elevation angle \n and maximum gain in the Receiver Properties!'));
end
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function varargout = ElevationAndGainUI(varargin)
% ELEVATIONANDGAINUI M-file for ElevationAndGainUI.fig
%      ELEVATIONANDGAINUI, by itself, creates a new ELEVATIONANDGAINUI or raises the existing
%      singleton*.
%
%      H = ELEVATIONANDGAINUI returns the handle to a new ELEVATIONANDGAINUI or the handle to
%      the existing singleton*.
%
%      ELEVATIONANDGAINUI('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in ELEVATIONANDGAINUI.M with the given input arguments.
%
%      ELEVATIONANDGAINUI('Property','Value',...) creates a new ELEVATIONANDGAINUI or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before ElevationAndGainUI_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to ElevationAndGainUI_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help ElevationAndGainUI

% Last Modified by GUIDE v2.5 29-Jul-2009 13:12:32

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @ElevationAndGainUI_OpeningFcn, ...
                   'gui_OutputFcn',  @ElevationAndGainUI_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before ElevationAndGainUI is made visible.
function ElevationAndGainUI_OpeningFcn(hObject, eventdata, handles, varargin)
global NumELs NumAGs;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to ElevationAndGainUI (see VARARGIN)

% Choose default command line output for ElevationAndGainUI
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);
if (~isempty(NumELs))
    set(findobj(gcf, 'Tag', 'NELBox'), 'String', num2str(NumELs));
end
if (~isempty(NumAGs))
    set(findobj(gcf, 'Tag', 'NAGBox'), 'String', num2str(NumAGs));
end
% UIWAIT makes ElevationAndGainUI wait for user response (see UIRESUME)
% uiwait(handles.figure1);


% --- Outputs from this function are returned to the command line.
function varargout = ElevationAndGainUI_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;



function NELBox_Callback(hObject, eventdata, handles)
% hObject    handle to NELBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of NELBox as text
%        str2double(get(hObject,'String')) returns contents of NELBox as a double


% --- Executes during object creation, after setting all properties.
function NELBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to NELBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --- Executes on button press in OK.
function OK_Callback(hObject, eventdata, handles)
% hObject    handle to OK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
global NumELs NumAGs ElevationData GainData;
CLOSEWINDOW = false;
GOTOSETTING = false;
NumELs = CheckStr(get(findobj(gcf, 'Tag', 'NELBox'), 'String'));
NumAGs = CheckStr(get(findobj(gcf, 'Tag', 'NAGBox'), 'String'));
if (NumELs > 0)
    if (mod(NumELs, 1) ~= 0)
        CLOSEWINDOW = false;
        disp('NUMBER OF ELEVATION ANGLES MUST BE AN INTEGER.');
        Message = 'NUMBER OF ELEVATION ANGLES MUST BE AN INTEGER.';
        h = msgbox(Message);
        uiwait(h);
    else
        CLOSEWINDOW = true;
        GOTOSETTING = true;
        ElevationData = zeros(1, NumELs);
    end
elseif (NumELs <= 0)
    CLOSEWINDOW = false;
    Message = {'INVALID ENTRY.'};
    h = msgbox(Message);
    uiwait(h);
end

if (NumAGs > 0)
    if (mod(NumAGs, 1) ~= 0)
        CLOSEWINDOW = false;
        disp('NUMBER OF ANTENNA GAINS MUST BE AN INTEGER.');
        Message = 'NUMBER OF ANTENNA GAINS MUST BE AN INTEGER.';
        h = msgbox(Message);
        uiwait(h);
    else
        CLOSEWINDOW = true;
        GOTOSETTING = true;
        GainData = zeros(1, NumAGs);
    end
elseif (NumAGs <= 0)
    CLOSEWINDOW = false;
    Message = {'INVALID ENTRY.'};
    h = msgbox(Message);
    uiwait(h);
end

if (CLOSEWINDOW && GOTOSETTING)
    close(gcf);
    ElevationAndGainSetting;
end


% --- Executes when user attempts to close figure1.
function figure1_CloseRequestFcn(hObject, eventdata, handles)
% hObject    handle to figure1 (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: delete(hObject) closes the figure
delete(hObject);



function NAGBox_Callback(hObject, eventdata, handles)
% hObject    handle to NAGBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of NAGBox as text
%        str2double(get(hObject,'String')) returns contents of NAGBox as a double


% --- Executes during object creation, after setting all properties.
function NAGBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to NAGBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end
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ESALAT:[121x240  double array]
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ESALON:[121x240  double array]
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ESATEMP:[121x240  double array]






StatMeth/GSO30dBi5EL_@PFD-105X-105.txt

SATELLITE SYSTEM: GSO

GSO AVOIDANCE APPLIED: AVOID GEOSTATIONARY ORBIT BY 1.50 DEG

NUMBER OF INCREMENTAL AREAS: SINGLE STATION POINTING AT DIRECTION AS SHOWN BELOW

PFD LEVELS: -105 / -105 dBW/m^2/MHz @ 5 / 25 deg.

FS ANTENNA GAIN @ 30 dBi.

FS ANTENNA ELEVATION @ 5 deg.

FS ANTENNA AZIMUTH @ 15 deg.

======================= IMPORTANT =====================

FOR NGSO SYSTEMS, THE CDF DATA FOR EACH OF THE   1 INCREMENTAL

AREA(S) IS VALID ONLY FOR THE WORST CASE FS AZIMUTH SHOWN AND

DOES NOT TAKE INTO ACCOUNT OTHER POSSIBLE FS ORIENTATIONS.

=======================================================

LOCATION 1       ANNUAL SWVD DISTRIBUTION

LAT [deg]      LON [deg]    MAX_I/N [dB]

 47.35         -53.40       -9.09703

INTERFERENCE LEVEL EXCEEDED (FROM THE WORST INTERFERER) [dB]:

FOR 99.999% OF THE TIME:    -12.11   dB

FOR 50.000% OF THE TIME:    -10.21   dB

FOR 20.000% OF THE TIME:     -9.72   dB

FOR 10.000% OF THE TIME:     -9.52   dB

FOR 2.0000% OF THE TIME:     -9.26   dB

FOR 1.0000% OF THE TIME:     -9.19   dB

FOR 0.2000% OF THE TIME:     -9.12   dB

FOR 0.1000% OF THE TIME:     -9.11   dB

NUMBER OF THE WORST INTERFERER(S):     1

THE WORST FS AZIMUTH:                 15.00   deg

THE WORST ANGLE OF ARRIVAL:           -1.00   deg

WORST INTERFERER OFF-AXIS ANGLE:      90.00   deg



PERCENT OF TIME FS LINKS HAVING I/N > -10 dB: 39.26%.

AZIMUTHS AFFECTED BY GSO AVOIDANCE: 0.00%.
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SATELLITE SYSTEM: GSO

GSO AVOIDANCE APPLIED: AVOID GEOSTATIONARY ORBIT BY 1.50 DEG

NUMBER OF INCREMENTAL AREAS:   1

PFD LEVELS: -105 / -105 dBW/m^2/MHz @ 5 / 25 deg.

FS ANTENNA GAIN @ 36 dBi.

FS ANTENNA ELEVATION @ 3 deg.

======================= IMPORTANT =====================

FOR NGSO SYSTEMS, THE CDF DATA FOR EACH OF THE   1 INCREMENTAL

AREA(S) IS VALID ONLY FOR THE WORST CASE FS AZIMUTH SHOWN AND

DOES NOT TAKE INTO ACCOUNT OTHER POSSIBLE FS ORIENTATIONS.

=======================================================

LOCATION 1       ANNUAL SWVD DISTRIBUTION

LAT [deg]      LON [deg]    MAX_I/N [dB]

 47.35         -53.40       14.16010

INTERFERENCE LEVEL EXCEEDED (FROM THE WORST INTERFERER) [dB]:

FOR 99.999% OF THE TIME:     -4.69   dB

FOR 50.000% OF THE TIME:      4.31   dB

FOR 20.000% OF THE TIME:      8.47   dB

FOR 10.000% OF THE TIME:      9.81   dB

FOR 2.0000% OF THE TIME:     12.49   dB

FOR 1.0000% OF THE TIME:     13.18   dB

FOR 0.2000% OF THE TIME:     13.97   dB

FOR 0.1000% OF THE TIME:     14.06   dB

NUMBER OF THE WORST INTERFERER(S):     1

THE WORST FS AZIMUTH:                 99.75   deg

THE WORST ANGLE OF ARRIVAL:           0.47   deg

WORST INTERFERER OFF-AXIS ANGLE:      2.07   deg



PERCENT OF TIME FS LINKS HAVING I/N > -10 dB: 25.26%.

AZIMUTHS AFFECTED BY GSO AVOIDANCE: 2.92%.
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StatMeth/HandoffUI.m

function varargout = HandoffUI(varargin)
% HANDOFFUI M-file for HandoffUI.fig
%      HANDOFFUI, by itself, creates a new HANDOFFUI or raises the existing
%      singleton*.
%
%      H = HANDOFFUI returns the handle to a new HANDOFFUI or the handle to
%      the existing singleton*.
%
%      HANDOFFUI('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in HANDOFFUI.M with the given input arguments.
%
%      HANDOFFUI('Property','Value',...) creates a new HANDOFFUI or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before HandoffUI_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to HandoffUI_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help HandoffUI

% Last Modified by GUIDE v2.5 13-Nov-2008 14:56:58

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @HandoffUI_OpeningFcn, ...
                   'gui_OutputFcn',  @HandoffUI_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before HandoffUI is made visible.
function HandoffUI_OpeningFcn(hObject, eventdata, handles, varargin)
global HandOff HandOffType ESLat ESLon;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to HandoffUI (see VARARGIN)

% Choose default command line output for HandoffUI
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);
if (isempty(HandOff) || HandOff < 0)
    set(findobj(gcf, 'Tag', 'HandOffSelected'), 'Value', 0);
    RadioEnable('off');
    HandOffType = 0;
else
    set(findobj(gcf, 'Tag', 'HandOffSelected'), 'Value', 1);
    RadioEnable('on');
    if (HandOffType == 1)
        set(findobj(gcf, 'Tag', 'HandOff_HE'), 'Value', 1);
    elseif (HandOffType == 2)
        set(findobj(gcf, 'Tag', 'HandOff_CD'), 'Value', 1);
    elseif (HandOffType == 3)
        set(findobj(gcf, 'Tag', 'HandOff_NL'), 'Value', 1);
    end
    set(findobj(gcf, 'Tag', 'ESLat'), 'String', num2str(ESLat));
    set(findobj(gcf, 'Tag', 'ESLon'), 'String', num2str(ESLon));
end 
% UIWAIT makes HandoffUI wait for user response (see UIRESUME)
% uiwait(handles.figure1);


% --- Outputs from this function are returned to the command line.
function varargout = HandoffUI_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;


% --- Executes on button press in HandOffSelected.
function HandOffSelected_Callback(hObject, eventdata, handles)
global HandOff HandOffType;
% hObject    handle to HandOffSelected (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of HandOffSelected
h = get(findobj(gcf, 'Tag', 'HandOffSelected'), 'Value');
if (h > 0)
    RadioEnable('on');
    HandOff = 1;
    if (get(findobj(gcf, 'Tag', 'HandOff_HE'), 'Value') > 0)
        HandOffType = 1;
    elseif (get(findobj(gcf, 'Tag', 'HandOff_CD'), 'Value') > 0)
        HandOffType = 2;
    elseif (get(findobj(gcf, 'Tag', 'HandOff_NL'), 'Value') > 0)
        HandOffType = 3;
    end
else
    RadioEnable('off');
    HandOff = -1;
    HandOffType = 0;
end


% --- Executes on button press in Handoff_OK.
function Handoff_OK_Callback(hObject, eventdata, handles)
global ESLat ESLon HandOff HandOffType;
% hObject    handle to Handoff_OK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
HandOffSelected = get(findobj(gcf, 'Tag', 'HandOffSelected'), 'Value');
ESLat = CheckStr(get(findobj(gcf, 'Tag', 'ESLat'), 'String'));
ESLon = CheckStr(get(findobj(gcf, 'Tag', 'ESLon'), 'String'));
HE = get(findobj(gcf, 'Tag', 'HandOff_HE'), 'Value');
CD = get(findobj(gcf, 'Tag', 'HandOff_CD'), 'Value');
NL = get(findobj(gcf, 'Tag', 'HandOff_NL'), 'Value');
if (HandOffSelected > 0)
    HandOff = 1;
    if (HE > 0)
        HandOffType = 1;
    elseif (CD > 0)
        HandOffType = 2;
    elseif (NL > 0)
        HandOffType = 3;
    end
    if (isempty(ESLat) || isempty(ESLon))
        msg = {'EARTH STATION LOCATION ERROR.'};
        ErrorMsg(msg);
    elseif (abs(ESLat) > 90 || abs(ESLon) > 180)
        msg = {'EARTH STATION LOCATION ERROR.'};
        ErrorMsg(msg);
    else
        close(gcf);
    end
else
    HandOff = -1;
    HandOffType = 0;
    close(gcf);
end


% --- Executes on button press in HandOff_HE.
function HandOff_HE_Callback(hObject, eventdata, handles)
global HandOffType;
% hObject    handle to HandOff_HE (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of HandOff_HE
HandOffType = 1;


% --- Executes on button press in HandOff_CD.
function HandOff_CD_Callback(hObject, eventdata, handles)
global HandOffType;
% hObject    handle to HandOff_CD (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of HandOff_CD
HandOffType = 2;


% --- Executes on button press in HandOff_NL.
function HandOff_NL_Callback(hObject, eventdata, handles)
global HandOffType;
% hObject    handle to HandOff_NL (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of HandOff_NL
HandOffType = 3;


function RadioEnable(KEY)
set(findobj(gcf, 'Tag', 'HandOff_HE'), 'Enable', KEY);
set(findobj(gcf, 'Tag', 'HandOff_CD'), 'Enable', KEY);
set(findobj(gcf, 'Tag', 'HandOff_NL'), 'Enable', KEY);
set(findobj(gcf, 'Tag', 'ESLat'), 'Enable', KEY);
set(findobj(gcf, 'Tag', 'ESLon'), 'Enable', KEY);


function ESLat_Callback(hObject, eventdata, handles)
% hObject    handle to ESLat (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of ESLat as text
%        str2double(get(hObject,'String')) returns contents of ESLat as a double


% --- Executes during object creation, after setting all properties.
function ESLat_CreateFcn(hObject, eventdata, handles)
% hObject    handle to ESLat (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function ESLon_Callback(hObject, eventdata, handles)
% hObject    handle to ESLon (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of ESLon as text
%        str2double(get(hObject,'String')) returns contents of ESLon as a double


% --- Executes during object creation, after setting all properties.
function ESLon_CreateFcn(hObject, eventdata, handles)
% hObject    handle to ESLon (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


function ErrorMsg(Message)
h = warndlg(Message);
uiwait(h);
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Statistical Interference Simulation Software


This software package is an example of possible implementation of statistical methodology of calculating interference received by the fixed service from space-to-Earth emissions for frequency bands above about 17 GHz.  The package is provided for information only.  



1.0 Graphical User Interface (GUI)
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The menu bar in the GUI consists of 7 items: File, PFD, Polarization, Data Recording, Satellite, Simulation and Help. The GUI consists of 4 sections: Study Area, Receiver Properties, Surface Water Vapour Density Option and Satellite Network Properties. 



1.1 Menu Bar


The items in the menu bar have the following purposes:



			Item


			Function





			File


			To open or save simulation data, and to close the software.





			PFD


			To enter pfd levels. The number of break points is the number of angle of arrival in the pfd levels being studied. Minimum number of break points is 2. 



For example, a pfd of -120/-112/-105 dBW/m²/MHz at 3°/12°/25° has 3 break points, whereas a pfd of -105 dBW/m²/MHz at all angle of arrival has 2 break points (one at 0° and another at anywhere no more than 90°).





			Polarization


			To enter axial ratio between transmit and receive antenna for cross-polarization loss calculation. Two methods are provided: Appendix 8 or Document 6-8-9/66.





			Data Recording


			To enter the range and resolution of I/N levels to be recorded. The maximum number of bins for data recording is 60. The method to calculate the number of bins is:



Number of bins = (highest bin – lowest bin) / bin resolution



For example, if the I/N range to be recorded is from -30 dB to +30 dB with 1 dB resolution, then



Number of bins = (30 dB – (-30 dB)) / 1 dB = 60





			Satellite


			To enter satellite hand-off strategy data or to view HEO or NGSO satellite ground tracks. Three satellite hand-off methods are provided: highest elevation, closest distance and nearest in longitude. When hand-off is enabled, an Earth station location must be provided.





			Simulation


			To enter a series of fixed station antenna elevations and gains (for use when multiple elevations and gains are to be simulated). To enable this option, check the box saying “Use these antenna elevations and gains instead”. When this option is enabled, the software will ignore or disable both the elevation and gain entries in the Receiver Properties area.  If it is intended to simulate multiple FS elevations with a single FS gain, or vice versa, it should be done with this option. 





			Help


			To open this document.








1.2 Sections for Simulation Properties


The following table shows the purposes for each section in the GUI.



			Section


			Function





			Study Area


			Calculation option: 






			Single FS site (Single Point) or multiple FS site within an area (Area) as defined in Annex 1 of Recommendation ITU-R [SF].[STATMETH].  When Area is selected, all boxes in this section must be filled in.





			


			Total Area


			Size of the study area as defined in Annex 1 of Recommendation ITU-R [SF].[STATMETH].  Not required for Single Point calculation.





			


			Center Latitude


			Latitude of the center of the FS site or study area.





			


			Center Longitude


			Longitude of the center of the FS site or study area.





			


			Test Point Location Details (Area calculation only)





			


			Longitudinal Span


			Span of the study area along the longitudinal axis.





			


			Number of Increments in Longitude


			Number of incremental test points along the longitudinal axis.





			


			Number of Increments in Latitude


			Number of incremental test points along the latitudinal axis.





			Receiver Properties


			Frequency


			Operating Frequency in GHz.





			


			Elevation Angle


			Fixed station elevation angle.  This box will be ignored or disabled when option to use multiple FS elevation angles and gains is enabled.





			


			Maximum Gain


			Fixed station maximum gain. This box will be ignored or disabled when option to use multiple FS elevation angles and gains is enabled.





			


			Thermal Noise


			FS antenna thermal noise.





			


			Feeder Loss


			FS antenna feeder loss.





			


			Use GSO Avoidance


			Use geostationary satellite orbit avoidance (ITU-R SF.765-1 Annex 2)





			Surface Water Vapour Density Option


			Annual Distribution


			Use annual surface water vapour density data from ITU-R SG-3 database for slant path attenuation calculation.





			


			Average 80th Percentile


			Use average value of the 80th percentile surface water vapour density from all test points for slant path attenuation calculation. 





			Satellite Network Properties


			Orbit Type


			Select GSO, HEO, or NGSO orbit. For GSO orbit, simulation time is disabled. Only HEO and NGSO orbit allows ground tracks to be displayed. 





			


			GSO Network Properties


			Define GSO satellite locations. The GSO satellite positions will be generated from the reference position with the user-defined separation.  The software will not generate GSO satellite positions if “Satellite locations from file” is selected. In this case, a pop-up window will ask for the GSO satellite location file. It is a user-defined text file that begins with “GSO ORBIT DATA” (all upper case) as file identifier, followed by the GSO satellite orbital positions, one for each line. Below is a sample view of the text file:


GSO ORBIT DATA



-37



-33



-29



-25



-21


…



The dots “…” indicate entries not displayed.





			


			Semi-Major Axis


			Semi-major axis of HEO or NGSO orbit.





			


			Eccentricity


			Eccentricity of HEO or NGSO orbit. For circular orbit, enter “0”.





			


			Orbit Inclination


			Orbit inclination of HEO or NGSO orbit.





			


			No. of Satellite / Plane


			Number of satellite per orbital plane.





			


			No. of Orbital Plane


			Number of orbital plane.





			


			Argument of Perigee


			Argument of perigee.





			


			Ascending Node Lon


			Ascending node longitude.





			


			True Anomaly


			True anomaly.





			


			Min. Operating Lat


			Minimum operating latitude (for HEO satellite network only).








1.3 Others Items 


			Item


			Function





			Simulation Time


			Simulation time. This box is disabled for GSO simulation.





			“Run” button


			Execute simulation. 








2.0 Step-By-Step Example


In this section, a step-by-step example demonstrates how a simulation can be set up. The following is the simulation parameters used in this example:



· Area calculation centered at 40°N, 70°W


· 16 test locations in the area (4 (N-S) x 4 (E-W))



· Longitudinal span of the study area is 2.5°



· FS receiver operating at 21.7 GHz, EL = 3°, gain = 42 dBi, thermal noise = -142 dBW/MHz, feeder loss = 1 dB



· Single FS elevation and gain



· Annual distribution for surface water vapour density (Recommends 1)



· GSO orbit generated from 70°W at 4° separation


· Software generated orbital positions



· Pfd levels of -115/-105 dBW/m²/MHz at 5°/25°


· Axial ratio using Document 6-8-9/66: Tx = 1.4, Rx = 20.0



· Data bin range: -30 dB to 30 dB at 1 dB resolution



Step 1) Select Area calculation and enter relevant data for the study area


By default, the total area of the study area is the minimum value of 25,000 km². The maximum value that can be entered in the Total Area box is twice the minimum. 
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Step 2) Enter FS receiver characteristics
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Step 3) Select surface water vapour density option



By default, Annual Distribution is selected. 
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Step 4) Select orbit type and enter orbit data



When GSO is selected, all irrelevant boxes are disabled, including the Simulation Time.
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Step 5) Enter pfd levels



Click on PFD, move mouse cursor to Edit, then New. Click on New to enter new pfd levels.
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A small window will appear asking for number of break points in the pfd levels. Enter the number of break points in the pfd levels. In this case, there are only 2 break points.
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After clicking “OK”, a new window appears asking for the pfd level and corresponding angle of arrival. The third column is disabled because the number of editable columns is the same as the number of break points entered. Click on “OK” to close this window.
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Step 6) Enter cross-polarization loss information



Click on Polarization, move mouse cursor to Settings. Then click on Settings.
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A window will appear asking for the axial ratio for both transmit and receive antenna. The default method of calculating the cross-polarization loss is based on Document 6-8-9/66. Enter appropriate values to the Axial Ratio fields. Click on “OK” to close this window.
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Step 7) Data collection settings



Click on Data Recording, move mouse cursor to Data Bin. Then click on Data Bin.
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Enter the lower bound and upper bound of I/N levels to be recorded. In this case, the lower bound is -30 dB and the upper bound is +30 dB. Then enter bin resolution. Please ensure that the number of bins will not exceed 60, or an error message will appear. 
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Step 8) Review the simulation data entered, then run the simulation



Once all necessary data has been entered correctly, click on “Run” to execute the simulation. The output files (Matlab® mat files and text files) will be generated in the same directory as where the software is installed. The output files contain results for each FS gain and elevation (begins with “AreaData” for mat format or the orbit type for text format), and a file that allows directly cut-and-paste to Excel worksheet without opening each individual file (begins with “RESULT”, mat format only).



2.1 Additional Information For the Menu Bar



In the step-by-step example, some items in the menu bar were not visited. These items will be briefly explained in this section.



2.1.1 PFD Levels



The menu structure of the PFD menu is:




Pfd 
=> 
PFD Levels





=> 
Edit

=> 
New









Change



“PFD Levels” simply displays the current pfd levels used in the simulation. If pfd levels are not defined, it will not display anything. The Edit menu provides options to establish new pfd levels or to change the current ones.



2.1.2 Satellite



The menu structure of Satellite menu is:




Satellite
=>
Hand-off Strategy







Ground Track



“Hand-off Strategy” provides three satellite hand-off methods: 1) highest elevation; 2) closest distance; 3) nearest in longitude. When satellite hand-off is applied, user must provide an Earth station location.
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“Ground Track” provides satellite ground tracks for HEO or NGSO satellite network within the simulation period. When satellite ground track is being rendered, avoid switching to another window of this software. It may corrupt the rendering results.
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2.1.3 Simulation



The Simulation menu provides settings for simulating multiple FS antenna elevations and gains automatically. The structure of the Simulation menu is:




Simulation 
=>
Elevation/Gain






=>
Edit

=>
New










Change



To set a series of FS antenna elevations and gains, move mouse cursor “New”. Then click on “New”. 
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A window will appear asking for the number of elevations and gains to enter. In this case, there are 3 different FS elevations and 2 different FS antenna gains to enter. When finish, click “OK” to continue.
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A new window will appear for user to enter the elevation angles and antenna gains. To use these elevation angles and antenna gains in the simulation, check the box saying “Use these antenna elevations and gains instead”. Once this option is selected, the entries for FS elevation angle and antenna gain in the Receiver Properties area will be ignored in the simulation. Note that the software will not check if the elevation angles or the antenna gains are reasonable values or not. It depends on the user to exercise caution when entering these numbers. Click “OK” to finish entering data. 
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To review the settings for multiple FS elevations and gains, click on “Elevation/Gain”. If there is no data, it will not display anything.



3.0 Output



For each simulation, two sets of data and a text output file will be generated: OUTPUT DATA contains I/N results for each gain and elevation angle combination, without taking into account the distribution of the antenna gains and elevations, for all test locations; AREA DATA contains detail statistical data for each test location (i.e., percent of time a long-term I/N criterion is exceeded and number of hits for each I/N level); and a text output file that provides an basic overview of the simulation with worst case results.



3.1.5.1
Data Filename Format 



The filename format for the data sets and text file are as follow:



OUTPUT DATA has a filename format such as “RESULT_lat_lon_pfdlo_pfdhi.mat”, where lat and lon are the latitude and longitude of a test location. 


AREA DATA has a filename format such as “AreaDataXdBiYEL_at pfdlo_pfdhi.mat”, where X is the FS antenna gain, Y is the FS elevation angle tested. 


The text output file has a filename formatted such as “orbit-typeXdBiYEL_@ pfdlo_pfdhi.txt”, where orbit-type is the satellite network orbit type, X is FS antenna gain, Y is FS antenna elevation.


The attributes pdflo and pfdhi are the low angle of arrival pfd level and high angle of arrival pfd level tested. They are defined the same way for all output files.


3.1.5.2
Data Structure


OUTPUT DATA, depending on the number of elevation angles and antenna gains, will have a format similar to the following:


(Assumptions: n different FS antenna gains, 2 different FS elevation angles, bin range: -30 dB to +30 dB at 1 dB interval)


			GAIN


			X1


			X1


			X2


			X2


			…


			Xn


			Xn





			EL


			E1


			E2


			E1


			E2


			…


			E1


			E2





			I/N Level


			





			-30


			PX1E1-30


			PX1E2-30


			PX2E1-30


			PX2E2-30


			…


			PXnE1-30


			PXnE2-30





			-29


			PX1E1-29


			PX1E2-29


			PX2E1-29


			PX2E2-29


			…


			PXnE1-29


			PXnE2-29





			…


			…


			…


			…


			…


			…


			…


			…





			+29


			PX1E1+29


			PX1E2+29


			PX2E1+29


			PX2E2+29


			…


			PXnE1+29


			PXnE2+29





			+30


			PX1E1+30


			PX1E2+30


			PX2E1+30


			PX2E2+30


			…


			PXnE1+30


			PXnE2+30








Where X’s are FS antenna gains, E’s are FS antenna elevation angles. PXnEn±I/N is the probability of hits for each I/N bin for each FS antenna gain and elevation combination.



AREA DATA has varying format for different satellite orbits. The data set contains the following elements of a given FS antenna gain and elevation: 


a) ALLBIN, which contains the overall probability of hits for each I/N bin for all locations; 


b) DATA BIN, which contains detail statistical data for each test location.


DATA BIN has a simulation dependent data structure for each test location as follow:



			GSO type simulation


			NGSO/HEO type simulation





			No GSO avoidance


			GSO avoidance


			





			Latitude of test location





			Longitude of test location 





			Log for number of hits registered for each bin





			Maximum level of I/N above -10 dB recorded at each azimuth angle 


			Percent of usable azimuth angles


			Logs registering hits for each I/N bin for I/N ≤ -10 dB (-20 dB to -10 dB at 1 dB) and I/N > -10 dB (-10 dB to +25 dB at 1 dB)





			


			Maximum level of I/N above -10 dB recorded at each azimuth angle


			





			Logs registering hits for each I/N bin for I/N ≤ -10 dB (-20 dB to -10 dB at 1 dB) and I/N > -10 dB (-10 dB to +25 dB at 1 dB)


			Logs registering hits for each I/N bin for I/N ≤ -10 dB (-20 dB to -10 dB at 1 dB) and I/N > -10 dB (-10 dB to +25 dB at 1 dB)


			








In the data set, number of hits registered for each bin can be converted to a probability distribution function (PDF) of the I/N levels recorded for a simulation. It provides an overview of distribution of potential impact from a satellite network. The boundaries of each bin are defined as follow:



			Bin 


			-11.5


			-10.5


			…


			N + 0.5





			I/N range


			-12 < I/Nx ≤ -11


			-11 < I/Nx ≤ -10


			…


			N < I/Nx ≤ N+1








The term N is an integer I/N level. By adding 0.5 dB to the lower bin boundary, the bins are normalized and statistically representative.


The maximum level of I/N above -10 dB recorded at each azimuth angle provides information on the impact of interference, in terms of maximum I/N, at different FS antenna azimuth angle. It may be used to determine the direction where an FS receiver will see high level of interference from a satellite network at one or more instances in the simulation. For convenience, data logs registering hits for each I/N bin above or below -10 dB are provided for further analysis for the portion of statistics that meets or exceeds the long-term I/N criterion of -10 dB. The boundaries of the bins for these data logs are defined the same as the data log for number of hits registered for each bin.
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  Item




  

  			

  Function




  

 




 

  			

  File




  

  			

  To open or save simulation data, and to close the software.




  

 




 

  			

  PFD




  

  			

  To enter pfd levels. The number of break points is the number of angle

  of arrival in the pfd levels being studied. Minimum number of break points is

  2. 




   




  For example, a pfd of

  -120/-112/-105 dBW/m²/MHz at 3°/12°/25° has 3 break points, whereas a pfd of

  -105 dBW/m²/MHz at all angle of arrival has 2 break points (one at 0° and

  another at anywhere no more than 90°).




  

 




 

  			

  Polarization




  

  			

  To enter axial ratio between transmit and receive antenna for

  cross-polarization loss calculation. Two methods are provided: Appendix 8 or Document 6-8-9/66.




  

 




 

  			

  Data Recording




  

  			

  To enter the range and resolution of I/N levels to be recorded. The

  maximum number of bins for data recording is 60. The method to calculate the

  number of bins is:




   




  Number of bins = (highest bin – lowest bin) / bin resolution




   




  For example, if the I/N

  range to be recorded is from -30 dB to +30 dB with 1 dB resolution, then




   




  Number of bins = (30 dB –

  (-30 dB)) / 1 dB = 60




  

 




 

  			

  Satellite




  

  			

  To enter satellite hand-off strategy data or to view HEO or NGSO

  satellite ground tracks. Three satellite hand-off methods are provided:

  highest elevation, closest distance and nearest in longitude. When hand-off

  is enabled, an Earth station location must be provided.




  

 




 

  			

  Simulation




  

  			

  To enter a series of fixed station antenna elevations and gains (for

  use when multiple elevations and gains are to be simulated). To enable this

  option, check the box saying “Use these antenna elevations and gains

  instead”. When this option is enabled,

  the software will ignore or disable both the elevation and gain entries in

  the Receiver Properties area.  If it is intended to simulate multiple FS

  elevations with a single FS gain, or vice versa, it should be done with this

  option. 




  

 




 

  			

  Help




  

  			

  To open this document.




  

 











 






 






1.2 Sections for Simulation Properties






 






The following table shows the purposes for each section in

the GUI.






 








 

  			

  Section




  

  			

  Function




  

 




 

  			

  Study Area




  

  			

  Calculation option: 




   




  

  			

  Single FS site (Single Point)

  or multiple FS site within an area (Area)

  as defined in Annex 1 of Recommendation ITU-R [SF].[STATMETH].  When Area

  is selected, all boxes in this section must be filled in.




  

 




 

  			

  Total Area




  

  			

  Size of the study area as defined in Annex 1 of Recommendation ITU-R

  [SF].[STATMETH]. 

  Not required for Single Point

  calculation.




  

 




 

  			

  Center Latitude




  

  			

  Latitude of the center of the FS site or study area.




  

 




 

  			

  Center Longitude




  

  			

  Longitude of the center of the FS site or study area.




  

 




 

  			

  Test Point Location Details (Area

  calculation only)




  

 




 

  			

  Longitudinal Span




  

  			

  Span of the study area along the longitudinal axis.




  

 




 

  			

  Number of Increments in

  Longitude




  

  			

  Number of incremental test points along the longitudinal axis.




  

 




 

  			

  Number of Increments in

  Latitude




  

  			

  Number of incremental test points along the latitudinal axis.




  

 




 

  			

  Receiver Properties




  

  			

  Frequency




  

  			

  Operating Frequency in GHz.




  

 




 

  			

  Elevation Angle




  

  			

  Fixed station elevation angle. 

  This box will be ignored or disabled when option to use multiple FS

  elevation angles and gains is enabled.




  

 




 

  			

  Maximum Gain




  

  			

  Fixed station maximum gain. This box will be ignored or disabled when

  option to use multiple FS elevation angles and gains is enabled.




  

 




 

  			

  Thermal Noise




  

  			

  FS antenna thermal noise.




  

 




 

  			

  Feeder Loss




  

  			

  FS antenna feeder loss.




  

 




 

  			

  Use GSO Avoidance




  

  			

  Use geostationary satellite orbit avoidance (ITU-R SF.765-1 Annex 2)




  

 




 

  			

  Surface Water Vapour Density

  Option




  

  			

  Annual Distribution




  

  			

  Use annual surface water vapour density data from ITU-R SG-3 database

  for slant path attenuation calculation.




  

 




 

  			

  Average 80th

  Percentile




  

  			

  Use average value of the 80th percentile surface water

  vapour density from all test points for slant path attenuation calculation. 




  

 




 

  			

  Satellite Network Properties




  

  			

  Orbit Type




  

  			

  Select GSO, HEO, or NGSO orbit. For GSO orbit, simulation time is

  disabled. Only HEO and NGSO orbit allows ground tracks to be displayed. 




  

 




 

  			

  GSO Network Properties




  

  			

  Define GSO satellite locations. The GSO satellite positions will be

  generated from the reference position with the user-defined separation.  The software will not generate GSO

  satellite positions if “Satellite locations from file” is selected. In this

  case, a pop-up window will ask for the GSO satellite location file. It is a

  user-defined text file that begins with “GSO ORBIT DATA” (all upper case) as

  file identifier, followed by the GSO satellite orbital positions, one for

  each line. Below is a sample view of the text file:




   




  GSO ORBIT DATA




  -37




  -33




  -29




  -25




  -21




  …




   




  The dots “…” indicate entries not displayed.




  

 




 

  			

  Semi-Major Axis




  

  			

  Semi-major axis of HEO or NGSO orbit.




  

 




 

  			

  Eccentricity




  

  			

  Eccentricity of HEO or NGSO orbit. For circular orbit, enter “0”.




  

 




 

  			

  Orbit Inclination




  

  			

  Orbit inclination of HEO or NGSO orbit.




  

 




 

  			

  No. of Satellite / Plane




  

  			

  Number of satellite per orbital plane.




  

 




 

  			

  No. of Orbital Plane




  

  			

  Number of orbital plane.




  

 




 

  			

  Argument of Perigee




  

  			

  Argument of perigee.




  

 




 

  			

  Ascending Node Lon




  

  			

  Ascending node longitude.




  

 




 

  			

  True Anomaly




  

  			

  True anomaly.




  

 




 

  			

  Min. Operating Lat




  

  			

  Minimum operating latitude (for HEO satellite network only).




  

 











 






 













1.3 Others

Items 






 








 

  			

  Item




  

  			

  Function




  

 




 

  			

  Simulation Time




  

  			

  Simulation time. This box is disabled for GSO simulation.




  

 




 

  			

  “Run” button




  

  			

  Execute simulation. 




  

 











 






 






2.0  Step-By-Step Example






 






In this

section, a step-by-step example demonstrates how a simulation can be set up. The

following is the simulation parameters used in this example:






 








 			Area calculation centered at

     40°N, 70°W




 			16 test locations in the area

     (4 (N-S) x 4 (E-W))




 			Longitudinal span of the study

     area is 2.5°




 			FS receiver operating at 21.7

     GHz, EL = 3°, gain = 42 dBi, thermal noise = -142 dBW/MHz,

     feeder loss = 1 dB




 			Single FS elevation and gain




 			Annual distribution for surface

     water vapour density (Recommends

     1)




 			GSO orbit generated from 70°W

     at 4° separation




 			Software generated orbital positions




 			Pfd levels of -115/-105

     dBW/m²/MHz at 5°/25°




 			Axial ratio using Document

     6-8-9/66: Tx = 1.4, Rx = 20.0




 			Data bin range: -30 dB to 30 dB

     at 1 dB resolution











 






Step 1)

Select Area calculation and enter

relevant data for the study area






 






By default,

the total area of the study area is the minimum value of 25,000 km². The

maximum value that can be entered in the Total

Area box is twice the minimum. 
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Step 2)

Enter FS receiver characteristics






 






[image: ]






 






Step 3)

Select surface water vapour density option






By default,

Annual Distribution is selected. 






 






[image: ]






 






Step 4)

Select orbit type and enter orbit data






 






When GSO is

selected, all irrelevant boxes are disabled, including the Simulation Time.






 






[image: ]






 






Step 5)

Enter pfd levels






 






Click on PFD, move mouse cursor to Edit, then New. Click on New to enter new pfd levels.






 






[image: ]






 






A small

window will appear asking for number of break points in the pfd levels. Enter

the number of break points in the pfd levels. In this case, there are only 2

break points.






 






[image: ]






 






After

clicking “OK”, a new window appears asking for the pfd level and corresponding

angle of arrival. The third column is disabled because the number of editable

columns is the same as the number of break points entered. Click on “OK” to

close this window.






 






[image: ]






 






Step 6)

Enter cross-polarization loss information






 






Click on Polarization, move mouse cursor to Settings. Then click on Settings.






 






[image: ]






 






A window

will appear asking for the axial ratio for both transmit and receive antenna.

The default method of calculating the cross-polarization loss is based on Document

6-8-9/66. Enter appropriate values to the Axial

Ratio fields. Click on “OK” to close this window.
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Step 7)

Data collection settings






 






Click on Data Recording, move mouse cursor to Data Bin. Then click on Data Bin.






 






[image: ]






 






Enter the

lower bound and upper bound of I/N levels to be recorded. In this case, the

lower bound is -30 dB and the upper bound is +30 dB. Then enter bin resolution.

Please ensure that the number of bins will not exceed 60, or an error message

will appear. 
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Step 8)

Review the simulation data entered, then run the simulation






 






Once all

necessary data has been entered correctly, click on “Run” to execute the

simulation. The output files (Matlab® mat

files and text files) will be generated in the same directory as where the

software is installed. The output files contain results for each FS gain and

elevation (begins with “AreaData” for mat format or

the orbit type for text format), and a file that allows directly cut-and-paste

to Excel worksheet without opening each individual file (begins with “RESULT”,

mat format only).






 






2.1  Additional Information For the Menu Bar






 






In the

step-by-step example, some items in the menu bar were not visited. These items

will be briefly explained in this section.






 






2.1.1  PFD Levels






 






The menu

structure of the PFD menu is:






 






            Pfd       =>

       PFD Levels






                        =>        Edit                  =>

       New






                                                                        Change






 






“PFD

Levels” simply displays the current pfd levels used in the simulation. If pfd

levels are not defined, it will not display anything. The Edit menu provides options to establish new pfd levels or to change

the current ones.






 






2.1.2  Satellite






 






The menu

structure of Satellite menu is:






 






            Satellite            =>        Hand-off

Strategy






                                                Ground

Track






 






“Hand-off

Strategy” provides three satellite hand-off methods: 1) highest elevation; 2)

closest distance; 3) nearest in longitude. When satellite hand-off is applied,

user must provide an Earth station location.
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“Ground

Track” provides satellite ground tracks for HEO or NGSO satellite network

within the simulation period. When satellite ground track is being rendered,

avoid switching to another window of this software. It may corrupt the

rendering results.
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2.1.3 

Simulation






 






The Simulation menu provides settings for

simulating multiple FS antenna elevations and gains automatically. The

structure of the Simulation menu is:






 






            Simulation         =>        Elevation/Gain






                                    =>        Edit                  =>        New






                                                                                    Change






 






To set a

series of FS antenna elevations and gains, move mouse cursor “New”. Then click

on “New”. 
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A window

will appear asking for the number of elevations and gains to enter. In this

case, there are 3 different FS elevations and 2 different FS antenna gains to

enter. When finish, click “OK” to continue.






 






[image: ]






 






A new

window will appear for user to enter the elevation angles and antenna gains. To

use these elevation angles and antenna gains in the simulation, check the box

saying “Use these antenna elevations and gains instead”. Once this option is

selected, the entries for FS elevation angle and antenna gain in the Receiver

Properties area will be ignored in the simulation. Note that the software will not check if the elevation angles or the

antenna gains are reasonable values or not. It depends on the user to exercise

caution when entering these numbers. Click “OK” to finish entering data. 
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To review

the settings for multiple FS elevations and gains, click on “Elevation/Gain”.

If there is no data, it will not display anything.






 






 






3.0  Output






 






For each simulation, two sets of

data and a text output file will be generated: OUTPUT DATA contains I/N results

for each gain and elevation angle combination, without taking into account the

distribution of the antenna gains and elevations, for all test locations; AREA

DATA contains detail statistical data for each test location (i.e., percent of

time a long-term I/N criterion is exceeded and number of hits for each I/N

level); and a text output file that provides an basic overview of the

simulation with worst case results.






3.1.5.1 Data Filename Format 






The filename format for the data

sets and text file are as follow:






OUTPUT DATA has a filename format

such as “RESULT_lat_lon_pfdlo_pfdhi.mat”, where lat and

lon are the latitude and longitude of a test

location. 






AREA DATA has a filename format such

as “AreaDataXdBiYEL_at pfdlo_pfdhi.mat”, where X is the FS antenna

gain, Y is the FS elevation angle tested. 






The text output file has a filename

formatted such as “orbit-typeXdBiYEL_@ pfdlo_pfdhi.txt”, where orbit-type is the satellite network orbit type, X is FS antenna gain, Y is FS antenna elevation.






The

attributes pdflo and pfdhi are the low angle of

arrival pfd level and high angle of arrival pfd level tested. They are defined

the same way for all output files.






3.1.5.2 Data Structure






OUTPUT DATA, depending on the number

of elevation angles and antenna gains, will have a format similar to the following:






(Assumptions: n different FS antenna

gains, 2 different FS elevation angles, bin range: -30 dB to +30 dB at 1 dB

interval)












 

  			

  GAIN




  

  			

  X1




  

  			

  X1




  

  			

  X2




  

  			

  X2




  

  			

  …




  

  			

  Xn




  

  			

  Xn




  

 




 

  			

  EL




  

  			

  E1




  

  			

  E2




  

  			

  E1




  

  			

  E2




  

  			

  …




  

  			

  E1




  

  			

  E2




  

 




 

  			

  I/N Level




  

  			

   




  

 




 

  			

  -30




  

  			

  PX1E1-30




  

  			

  PX1E2-30




  

  			

  PX2E1-30




  

  			

  PX2E2-30




  

  			

  …




  

  			

  PXnE1-30




  

  			

  PXnE2-30




  

 




 

  			

  -29




  

  			

  PX1E1-29




  

  			

  PX1E2-29




  

  			

  PX2E1-29




  

  			

  PX2E2-29




  

  			

  …




  

  			

  PXnE1-29




  

  			

  PXnE2-29




  

 




 

  			

  …




  

  			

  …




  

  			

  …




  

  			

  …




  

  			

  …




  

  			

  …




  

  			

  …




  

  			

  …




  

 




 

  			

  +29




  

  			

  PX1E1+29




  

  			

  PX1E2+29




  

  			

  PX2E1+29




  

  			

  PX2E2+29




  

  			

  …




  

  			

  PXnE1+29




  

  			

  PXnE2+29




  

 




 

  			

  +30




  

  			

  PX1E1+30




  

  			

  PX1E2+30




  

  			

  PX2E1+30




  

  			

  PX2E2+30




  

  			

  …




  

  			

  PXnE1+30




  

  			

  PXnE2+30




  

 
















Where X’s are FS antenna gains, E’s

are FS antenna elevation angles. PXnEn±I/N is the probability of hits for each I/N bin for each FS antenna gain

and elevation combination.






AREA DATA has varying format for

different satellite orbits. The data set contains the following elements of a

given FS antenna gain and elevation: 






a) ALLBIN,

which contains the overall probability of hits for each I/N bin for all

locations; 






b) DATA

BIN, which contains detail statistical data for each test location.













DATA BIN has a simulation dependent

data structure for each test location as follow:








 

  			

  GSO type simulation




  

  			

  NGSO/HEO type simulation




  

 




 

  			

  No GSO avoidance




  

  			

  GSO avoidance




  

 




 

  			

  Latitude

  of test location




  

 




 

  			

  Longitude

  of test location 




  

 




 

  			

  DATA

  LOG A: number of hits registered for each bin for the entire bin range




  

 




 

 

  			

  			

  			

 




 










 

  			

  N/A




  

  			

  Percent of usable azimuth angles




  

  			

  N/A




  

 




 

  			

  DATA LOG B: maximum level of I/N above -10 dB

  at each azimuth angle




  

 




 

  			

  DATA LOG C: hits registered for each I/N bin for

  I/N ≤ -10 dB (BL dB to -10 dB at 1

  dB) and I/N > -10 dB (-10 dB to BH dB at 1 dB)




  

 











 






Where, BL is lowest I/N bin and BH is highest bin boundary. For

example, if the data bin is ranging from -30 dB to +30 dB, then BL = -30 dB and BH = +30 dB.






 






In the data

set, number of hits registered for each bin for the entire bin range (DATA LOG

A) can be converted to a probability distribution function (PDF) of the I/N levels recorded for a simulation. It provides an

overview of distribution of potential impact from a satellite network. The bins

are defined as follow:






 








 

  			

  Bin 




  

  			

  …




  

  			

  -11.5




  

  			

  -10.5




  

  			

  …




  

  			

  N + 0.5




  

 




 

  			

  I/N range




  

  			

  …




  

  			

  -12 < I/Nx

  ≤ -11




  

  			

  -11 < I/Nx

  ≤ -10




  

  			

  …




  

  			

  N < I/Nx

  ≤ N+1




  

 











 






The term N is an integer I/N level. Note that the bins are

normalized by shifting half the bin width toward minus infinity.






 






The maximum

level of I/N above -10 dB at each azimuth angle (DATA LOG

B) provides information on the impact of interference, in terms of maximum I/N,

at each FS antenna azimuth angle. It may be used to determine the direction

where an FS receiver has experienced high level of interference from a

satellite network at one or more instances in the simulation. For convenience

in GSO type simulation, data logs registering hits for each I/N bin above or

below -10 dB (DATA LOG C) are provided for further analysis for the portion of

statistics that meets or exceeds the long-term I/N criterion of -10 dB. The bin

boundaries of these data logs are defined the same way as DATA LOG A.
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StatMeth/InterfSim.m

% FUNCTION InterfSim %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% NOTE: SIMULATION OF INTERFERENCE INTO A NETWORK OF FS OF GIVEN DEPLOYMENT

% STATISTICS IS NOT IMPLEMENTED AT THIS TIME. INTERFERENCE INTO AN FS

% NETWORK HAVING "Q" ANTENNA SIZES (GAINS) BY "R" ELEVATION ANGLES CAN BE

% SIMULATED BY RUNNING InterfSim Q x R TIMES AND BY WEIGHTING THE RESULTS

% IN ACCORDANCE WITH THE KNOWN WEIGHTING FACTORS WITH EACH OF THE Q x R

% POSSIBLE CONFIGURATIONS.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function InterfSim

global SINGLE_PT_SELECTED AREA_SELECTED GSO_SELECTED HEO_SELECTED NGSO_SELECTED OVERRIDE_ELAG_BOX GSO_SEP_ANGLE AVOID_GSO_ARC;

global SINGLE_STN_ENABLED SINGLE_STN_GAIN SINGLE_STN_EL SINGLE_STN_AZ;

global TotalArea CenterLat CenterLon dLON NLon NLat;

global f_GHz FS_EL GMax ThermalNoise FeederLoss_dB;

global LocFromFile GSOLocs GSOLon GSOSep a ecc Inc NSat NPlane AoP LoA TA OpLat HandOff HandOffType ESLat ESLon SimTime;

global NumBPs BRK_PTS PFD_LEVELS BinLow BinHigh BinWidth BinSize XPLoss ElevationData GainData;

%%% WATER VAPOUR DENSITY %%%

global Wx Wy MAXx Re;

%%% ATMOSPHERIC DATA %%%

global p;

%%% PAUSE TIME %%%

global Tpause;

%%% TEST MODE %%%

global TESTMODE;

%%% ALTERNATIVE OPERATION MODE %%%

%%% SWVD MODE: (1) ANNUAL CDF; (2) AVG 80th PERCENTILE; (3) SCINTILLATION/FADING MODE.

global SWVD_MODE;



% USE TEST MODE

TESTMODE = false;



Tpause = 1e-8;

pause(Tpause);

mainwindow = findobj(gcf, 'Name', 'SatSim');

MsgBar = findobj(mainwindow, 'Tag', 'MsgBar');

DispMsg(MsgBar, 'SIMULATION BEGINS...');



%%% DISPLAY NOTE FOR THIS MATLAB PROGRAM %%%

Message = {'NOTE: SIMULATION OF INTERFERENCE INTO A NETWORK', 'OF FS OF GIVEN DEPLOYMENT STATISTICS REQUIRES', 'MULTIPLE SIMULATION RUNS.'};

h1 = msgbox(Message);

uiwait(h1);

pause(0.05);



%%% CONSTANTS %%%

c = 2.99792458e8;                   % SPEED OF LIGHT [m/s]

R_GSO = 42164;                      % RADIUS OF GSO ORBIT [km]

Re = 6378.137;                      % RADIUS OF EARTH AT EQUATOR [km]

FS_Height = 0;                      % FS STATION HEIGHT ABOVE GROUND [km]

p = 1013;                           % AIR PRESSURE

delta = 360;                        % CONVERT TO EAST(+) WEST(-) CONVENTION IN LONGITUDE

LTC = -10;                          % LONG-TERM CRITERION



%%% INITIALIZE VARIABLES %%%

FirstAz = 0;                        % THE FIRST AZIMUTH

LastAz = 360;                       % THE LAST AZIMUTH

if (SINGLE_STN_ENABLED)

    FirstAz = SINGLE_STN_AZ;

end

f = f_GHz .* 1e9;                   % CONVERT USER INPUT FREQUENCY UNIT TO Hz

Lamda = c ./ f;



%%% RESET WATER VAPOUR DATA %%%

Wx = 0;                             % SURFACE WATER VAPOUR DENSITY

Wy = 0;                             % PROBABILITY OF Wx

MAXx = 0;                           % MAXIMUM Wx

Location = 0;                       % LOCATION COUNTER



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% PRE-LOAD GLOBAL TERRAIN AND ATMOSPHERIC DATA %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% LOAD MEAN TEMPERATURE DATA ITU-R P.1510 [Kelvin]

load 'ESALAT.mat';

load 'ESALON.mat';

load 'ESATEMP.mat';

LAT = ESALAT;

LON = ESALON;

TEMP = ESATEMP;

clear ESALAT ESALON ESATEMP;



% LOAD TOPOLOGY DATA ITU-R P.1511 [km]

load 'TOPODATA.mat';

TLAT = topolat;

TLON = topolon;

THEIGHT = topo_0dot5;

clear topolat topolon topo_0dot5;



%%% LOAD 80th PERCENTILE SWVD %%%

load 'surfwv_80.mat';       

        

% STUDY AREA INFORMATION (ADDED NOV. 5, 2008)

if (SINGLE_PT_SELECTED > 0)

    CHOICE = 1;

    TotalArea = 1;

    dLON = 0;

    NLon = 1;

    NLat = 1;

    POINTS = 0;

    StartLat = CenterLat;

    StartLon = CenterLon;

    EndLat = CenterLat;

    EndLon = CenterLon;

elseif (AREA_SELECTED > 0)

    CHOICE = 2;

    POINTS = StudyArea(TotalArea, CenterLat, CenterLon, dLON, NLon, NLat);

    StartLat = POINTS{1}(1);

    StartLon = POINTS{2}(1);

    EndLat = POINTS{1}(length(POINTS{1}));

    EndLon = POINTS{2}(length(POINTS{2}));

end

NumLocations = NLat .* NLon;



END_AG_ARRAY = 1;

END_EL_ARRAY = 1;

if (OVERRIDE_ELAG_BOX)

    END_AG_ARRAY = length(GainData);

    END_EL_ARRAY = length(ElevationData);

    if (SINGLE_STN_ENABLED)

        END_AG_ARRAY = 1;

        END_EL_ARRAY = 1;

    end

end



for k_AG = 1: END_AG_ARRAY

    for k_EL = 1: END_EL_ARRAY

        % RESET MEMORY

        %%% DATA BIN STORAGE %%%

        DATABIN = cell(4, NumLocations);

        if (GSO_SELECTED)

            if (AVOID_GSO_ARC)

                DATABIN = cell(6, NumLocations);

            else

                DATABIN = cell(5, NumLocations);

            end

        end

        

        TOTALBIN = zeros(1, BinSize);



        % ASSIGN GAIN AND EL WHEN MULTIPLE DATA ENTRY IS SELECTED

        if (OVERRIDE_ELAG_BOX > 0)

            GMax = GainData(k_AG);

            FS_EL = ElevationData(k_EL);

            if (SINGLE_STN_ENABLED)

                GMax = SINGLE_STN_GAIN;

                FS_EL = SINGLE_STN_EL;

            end

        end



        %%%%%%%%%%%%%%%%%%%%%%%%%%%%

        %%% DETERMINE STEP SIZES %%%

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%

        y = SimStep(GMax);

        AzStepSize = y(1);                  % AZIMUTH STEP SIZE FOR FS ANTENNA ROTATION

        StepSize = y(2);                    % TIME STEP SIZE

        %%% NOTE THAT TIME STEP = 1 FOR GSO %%%

        

        % SATELLITE NETWORK INFORMATION (ADDED NOV. 5, 2008)

        SATNETWORK = '';

        HandOffStrategy = {'HIGHEST ELEVATION', 'SHORTEST DISTANCE', 'NEAREST IN LONGITUDE'};

        STime = SimTime * 3600;

        TimeSteps = ceil(STime / StepSize);

        if (GSO_SELECTED > 0)

            SATNETWORK = 'GSO';

            SimTime = 0;

            STime = SimTime;

            TimeSteps = 1;

            if (HandOff > 0)

                HandOff = 0;

            end

        elseif (HEO_SELECTED > 0)

            SATNETWORK = 'HEO';

        elseif (NGSO_SELECTED > 0)

            SATNETWORK = 'NGSO';

        end

        

        % REMOVE UNUSED CELLS IN PFD DATA ARRAY (ADDED NOV. 12, 2008)

        BRK_PTS = BRK_PTS(1: NumBPs);

        PFD_LEVELS = PFD_LEVELS(1: NumBPs);

        

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % >>> UPDATE FOR GENERATING GSO SATELLITE LOCATIONS <<< %

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        

        %%% GENERATE SATELLITE POSITION FOR ENTIRE SIMULATION PERIOD %%%

        if (GSO_SELECTED)

            % GSO SYSTEM LOCATIONS FROM FILE

            if (LocFromFile > 0)

                NumSat = length(GSOLocs);

                SatLon = GSOLocs;

                SatLat = zeros(size(GSOLocs));

                SatR = R_GSO .* ones(size(GSOLocs));

                % GENERATE GSO SYSTEM LOCATIONS

            else

                NumSat = floor(360 ./ GSOSep);

                for i = 1: NumSat

                    SatLat(i) = 0;

                    SatLon(i) = GSOLon + (i - 1) .* GSOSep;

                    SatR(i) = R_GSO;

                end

                x = find(SatLon > 180);

                SatLon(x) = SatLon(x) - 360;

            end

            % CHANGE SIGNS

            x = find(SatLon > 180);

            SatLon(x) = SatLon(x) - 360;

            NumSat = length(SatLon);

        else

            % GENERATE NGSO SYSTEM LOCATIONS

            [SatLat SatLon SatR] = NGSOOrbit(a, ecc, Inc, NSat, NPlane, AoP, LoA, TA, STime, StepSize, SATNETWORK);

            NumSat = NSat * NPlane;

        end

        

        %%% INITIALIZATION OF COMMON PARAMETERS %%%

        FSAntSteps = 360 ./ AzStepSize;                        % NUMBER OF FS ANTENNA ROTATION STEPS

        if (SINGLE_STN_ENABLED)                                % SINGLE AZIMUTH SIMULATION ONLY

            FSAntSteps = 1;

        end

        

        %%% FIXED STATION ANTENNA PARAMETERS FOR ITU-R F.1245-1 %%%

        D2Lamda = sqrt(10.^(0.1.*(GMax - 7.7)));               % KNOWING G_max, FIND D/Lamda

        G_1 = 2.0 + 15.0 .* log10(D2Lamda);                    % FIRST SIDE LOBE GAIN [dBi]

        Phi_m = (20.0 ./ D2Lamda) .* sqrt(GMax - G_1);         % MAIN LOBE REGION [deg]

        Phi_r = 12.02 .* D2Lamda.^(-0.6);                      % FIRST SIDE LOBE REGION [deg]

        

        %%% OUTPUT FILE HEADER %%%

        FILENAME = FileNameGenerator(SATNETWORK, GMax, PFD_LEVELS, FS_EL);

        fid = fopen(FILENAME, 'w');

        fprintf(fid, 'SATELLITE SYSTEM: %s\r\n', SATNETWORK);

        if (HandOff > 0)

            % INDICATE HAND-OFF STRATEGY STATUS IN OUTPUT FILE

            fprintf(fid, 'SATELLITE HANDOFF STRATEGY APPLIED: %s\r\n', HandOffStrategy{HandOffType});

            fprintf(fid, 'EARTH STATION LOCATION: %s\r\n', ['LAT = ' num2str(ESLat) ' +N/-S, LON = ' num2str(ESLon) ' +E/-W']);

        end

        if (AVOID_GSO_ARC)

            fprintf(fid, 'GSO AVOIDANCE APPLIED: AVOID GEOSTATIONARY ORBIT BY %3.2f DEG\r\n', GSO_SEP_ANGLE);

        end

        if (SINGLE_STN_ENABLED)

            fprintf(fid, 'NUMBER OF INCREMENTAL AREAS: SINGLE STATION POINTING AT DIRECTION AS SHOWN BELOW\r\n');

        else

            fprintf(fid, 'NUMBER OF INCREMENTAL AREAS: %3.0f\r\n', NumLocations);

        end

        str = 'PFD LEVELS: ';

        for i = 1: NumBPs

            str = [str num2str(PFD_LEVELS(i))];

            if (i < NumBPs)

                str = [str ' / '];

            end

        end

        str = [str ' dBW/m^2/MHz @ '];

        for i = 1: NumBPs

            str = [str num2str(BRK_PTS(i))];

            if (i < NumBPs)

                str = [str ' / '];

            end

        end

        str = [str ' deg.\r\n'];

        fprintf(fid, str);

        str = ['FS ANTENNA GAIN @ ' num2str(GMax) ' dBi.\r\n'];

        fprintf(fid, str);

        str = ['FS ANTENNA ELEVATION @ ' num2str(FS_EL) ' deg.\r\n'];

        fprintf(fid, str);

        if (SINGLE_STN_ENABLED)

            str = ['FS ANTENNA AZIMUTH @ ' num2str(SINGLE_STN_AZ) ' deg.\r\n'];

            fprintf(fid, str);

        end

        fprintf(fid, '======================= IMPORTANT =====================\r\n');

        fprintf(fid, 'FOR NGSO SYSTEMS, THE CDF DATA FOR EACH OF THE %3.0f INCREMENTAL\r\n', NumLocations);

        fprintf(fid, 'AREA(S) IS VALID ONLY FOR THE WORST CASE FS AZIMUTH SHOWN AND\r\n');

        fprintf(fid, 'DOES NOT TAKE INTO ACCOUNT OTHER POSSIBLE FS ORIENTATIONS.\r\n');

        fprintf(fid, '=======================================================\r\n');

        

        if (CHOICE == 1)

            EndLon = 1;

            EndLat = 1;

        else

            EndLon = length(POINTS{2});

            EndLat = length(POINTS{1});

        end

        

        % IF MULTI TEST POINT MODE, FIND AVG SWVD AND TERRAIN HEIGHT

        SWVD_ARRAY = [];

        TERRAIN_HEIGHT_ARRAY = [];

        ALL_SWVD = 0;

        AVERAGE_SWVD = 0;

        AVERAGE_TERRAIN_HEIGHT = 0;

        k = 1;

        for AreaLon = 1: EndLon

            for AreaLat = 1: EndLat

                

                if (CHOICE == 1)

                    XLat = CenterLat;

                    XLon = CenterLon;

                else

                    XLat = POINTS{1}(AreaLat);

                    XLon = POINTS{2}(AreaLon);

                end

                

                Wx = BiLinear2(mod(XLon, delta), XLat, 1.5, 1.5, surfwv_80);

                AVERAGE_SWVD = AVERAGE_SWVD + Wx;

                SWVD_ARRAY(k) = Wx;

                

                %%% FIND TERRAIN HEIGHT [km] AT THIS LOCATION %%%

                Hdx = abs(TLON(1,1) - TLON(1, 2));                                  % DATA POINT SEPARATION

                Hdy = abs(TLAT(1,1) - TLAT(2, 1));                                  % DATA POINT SEPARATION

                if (abs(XLat) < 89.5)                                               % DO NOT DO BICUBIC NEAR POLAR POINTS

                    TerrainHeight = BiCubic2(mod(XLon, delta), XLat, Hdx, Hdy, THEIGHT);    % USE ITU-R APPROVED BiCubic METHOD

                elseif (abs(XLat) < 89.75)                                          % IF LOCATION IS FURTHER FROM POLAR PTS

                    TempX = floor(mod(XLon, 360) / Hdx) + 1;                        % LOCATE LONGITUDE IN DATABASE

                    if (mod(abs(XLon), Hdx) / Hdx > 0.5)                            % IF LOCATION IS CLOSER TO NEXT POINT

                        TempX = TempX + 1;                                          % USE DATA FROM NEXT POINT

                        if (TempX > 720)                                            % CHECK WRAP AROUND

                            TempX = 1;

                        end

                    end

                    TempY = 181 - floor(abs(XLat) / Hdy) * abs(XLat) / XLat;        % LOCATE LATITUDE IN DATABASE

                    if (mod(abs(XLat), Hdy) / Hdy > 0.5)                            % IF LOCATION IS CLOSER TO NEXT POINT

                        if (XLat > 0)                                               % IF NORTHERN LATITUDE

                            TempY = TempY - 1;                                      % NEXT POINT IS NEXT UPPER LATITUDE

                        else                                                        % ELSE

                            TempY = TempY + 1;                                      % NEXT POINT IS NEXT LOWER LATITUDE

                        end

                    end

                    TerrainHeight = THEIGHT(TempY, TempX);                          % ASSIGN TERRAIN HEIGHT

                else                                                                % IF LOCATION IS VERY CLOSE TO POLAR PTS

                    TempX = floor(mod(XLon, 360) / Hdx) + 1;                        % LOCATE LONGITUDE IN DATABASE

                    if (mod(abs(XLon), Hdx) / Hdx > 0.5)                            % IF LOCATION IS CLOSER TO NEXT POINT

                        TempX = TempX + 1;                                          % USE DATA FROM NEXT POINT

                        if (TempX > 720)                                            % CHECK WRAP AROUND

                            TempX = 1;

                        end

                    end

                    if (XLat > 0)                                                   % IF NORTH POLE

                        TerrainHeight = THEIGHT(1, TempX);                          % NORTH POLE TERRAIN HEIGHT

                    else                                                            % ELSE IF SOUTH POLE

                        TerrainHeight = THEIGHT(361, TempX);                        % SOUTH POLE TERRAIN HEIGHT

                    end

                end

                AVERAGE_TERRAIN_HEIGHT = AVERAGE_TERRAIN_HEIGHT + TerrainHeight;

                TERRAIN_HEIGHT_ARRAY(k) = TerrainHeight;

                k = k + 1;

            end

        end

        AVERAGE_SWVD = AVERAGE_SWVD ./ (EndLat .* EndLon);

        AVERAGE_TERRAIN_HEIGHT = AVERAGE_TERRAIN_HEIGHT ./ (EndLat .* EndLon);

        STANDARD_DEVIATION_SWVD = std(SWVD_ARRAY, 0, 2);

        STANDARD_DEVIATION_TERRAIN_HEIGHT = std(TERRAIN_HEIGHT_ARRAY, 0, 2);

        disp(['SWVD AVG = ' num2str(AVERAGE_SWVD)]);

        disp(['SWVD STDEV = ' num2str(STANDARD_DEVIATION_SWVD)]);

        disp(['TERRAIN HEIGHT AVG = ' num2str(AVERAGE_TERRAIN_HEIGHT)]);

        disp(['TERRAIN HEIGHT STDEV = ' num2str(STANDARD_DEVIATION_TERRAIN_HEIGHT)]);

        

        %%% FIND TEMPERATURE [K] AT THE CENTER POINT (NOT FOR ANNUAL CDF) %%%

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        % IF LATITUDE IS LESS THAN 88.5 DEG, WHICH IS 1.5 DEG (DATA RESOLUTION) BELOW 90

        % THEN NORMAL BI-LINEAR METHOD APPLIES

        % ELSE IF LATITUDE IS BETWEEN 88.5 DEG AND 88.5 + HALF OF THE DATA RESOLUTION (89.25 DEG)

        % THEN TEMPERATURE IS BASED ON THE NEAREST DATA POINT ALONG 88.5 DEG LATITUDE

        % ELSE IF LATITUDE IS GREATER THAN 88.5 + HALF OF THE DATA RESOLUTION (89.25 DEG)

        % THEN TEMPERATURE IS AN UNIFORM VALUE AT 90 DEG LATITUDE

        % IT WORKS THE SAME FOR SOUTHERN HEMISPHERE

        %

        % THE PRINCIPLE IS THE SAME FOR TERRAIN HEIGHTS, BUT HEIGHTS DEPEND ON LONGITUDE AT +/-90 DEG

        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

        T_mean = 0;

        % FOR AVERAGE 80th PERCENTILE METHOD (SWVD MODE 2):

        % USE CENTER POINT TEMPERATURE AS REFERENCE TEMPERATURE FOR THE AREA

        if (SWVD_MODE == 2)

            T_mean = InterpolateTemp(TEMP, LON, LAT, CenterLon, CenterLat, delta);

        end

        

        %%% CALCULATE INTERFERENCE AT EACH SET OF COORDINATES %%%

        Location = 0;

        for AreaLon = 1: EndLon

            for AreaLat = 1: EndLat

                

                if (CHOICE == 1)

                    XLat = CenterLat;

                    XLon = CenterLon;

                else

                    XLat = POINTS{1}(AreaLat);

                    XLon = POINTS{2}(AreaLon);

                end

                

                %%% INITIALIZE MAXIMUM I/N %%%

                MaxI2N = -3000;                             % MAXIMUM I/N AT THIS LOCATION

                TEMPMax = MaxI2N;         

                

                BIN = zeros(size(TOTALBIN));                % DATA BIN

                               

                Location = Location + 1;                    % COUNT NUMBER OF LOCATION BEING STUDIED

                

                %%% LOG THE LEVELS FOR FURTHER INSPECTION %%%

                % THE LOG REGISTERS EVENTS FOR CRITERION +/- 20 dB

                % i.e., -10 < x <= -9, -9 < x <= -8, ..., 23 < x <= 24 , 24 < x <= 25 dB

                LOG_SIZE_HI = abs(BinHigh - LTC)/BinWidth + 1;

                LOG_SIZE_LO = abs(BinLow - LTC)/BinWidth + 1;

                EXC_LOG = zeros(2, LOG_SIZE_HI);

                MET_LOG = zeros(2, LOG_SIZE_LO);

                EXC_LOG(1,:) = (LTC + 0.5*BinWidth): BinWidth: (BinHigh + 0.5*BinWidth);

                MET_LOG(1,:) = (BinLow - 0.5*BinWidth): BinWidth: (LTC - 0.5*BinWidth);

                

                if (SWVD_MODE ~= 1)

                    if (SWVD_MODE == 2)

                        Wx = AVERAGE_SWVD;

                        fprintf(fid, 'LOCATION %s       AVG 80%% SWVD = %s g/m^3\r\n', num2str(Location), num2str(Wx));

                        %%% PRINT LAT AND LON %%%

                        fprintf(fid, 'LAT [deg]      LON [deg]    MAX_I/N [dB]\r\n');

                        ALL_SWVD = ALL_SWVD + Wx;

                    else

                        Wx = 0;

                        Wy = 0;

                        %%% PRINT LAT AND LON %%%

                        fprintf(fid, 'LAT [deg]      LON [deg]    MAX_I/N* [dB]\r\n');

                    end

                else

                    fprintf(fid, 'LOCATION %s       ANNUAL SWVD DISTRIBUTION\r\n', num2str(Location));

                    %%% PRINT LAT AND LON %%%

                    fprintf(fid, 'LAT [deg]      LON [deg]    MAX_I/N [dB]\r\n');

                end

                

                str = ['LOCATION ' num2str(Location) ': LAT ' num2str(XLat) ', LON ' num2str(XLon) '.'];

                pause(Tpause);

                DispMsg(MsgBar, str);

                

                %%% GET INFORMATION FOR EACH LOCATION %%%

                %%% FIND PRESSURE [hPa] FOR THIS SITE %%%

                P_mean = p;                                 % USE STANDARD PRESSURE AS MEAN PRESSURE

                

                %%% FIND TEMPERATURE AT EACH TEST POINT FOR ANNUAL CDF %%%

                if (SWVD_MODE == 1)

                    T_mean = InterpolateTemp(TEMP, LON, LAT, XLon, XLat, delta);

                end

                

                if (SWVD_MODE == 2)

                    %%% USE AVERAGE TERRAIN HEIGHT FOR A COMMON ATMOSPHERIC PROFILE %%%

                    TerrainHeight = AVERAGE_TERRAIN_HEIGHT;

                else

                    %%% USE TERRAIN HEIGHT AT TEST POINT %%%

                    TerrainHeight = TERRAIN_HEIGHT_ARRAY(Location);

                end

                

                %%% DISTANCE OF LOCATION FROM CENTER OF EARTH %%%

                FS_R = Re + TerrainHeight;

                

                %%% GENERATE SWVD CDF ONLY FOR ANNUAL CDF OPTION

                %%% SET PROBABILITY TO 80% FOR AVG 80th PERCENTILE SWVD

                if (SWVD_MODE == 2)

                    %%% USE 80%-tile SWVD (CHANGE TO USER-DEFINED LATER)

                    %%% ASSIGN 0.8 TO Wy

                    Wy = 0.8;

                elseif (SWVD_MODE == 1)

                    %%% GENERATE Wx (SWVD) AND Wy (PDF FOR Wx) FOR THIS LOCATION %%%

                    %%% Wx AND Wy ARE GLOBAL VARIABLE DEFINED AT THE BEGINNING %%%

                    %%% MAXIMUM SWVD "MAXx" IS ALSO RETURNED BY THIS FUNCTION AS GLOBAL VARIABLE %%%

                    swvpdf(XLat, XLon);

                end

                

                %%% CALCULATE GEOMETRY %%%

                %%% FS STATION ELEVATION AND AZIMUTH ANGLES %%%

                X = ELAZ(XLat, XLon, FS_R, SatLat, SatLon, SatR);

                EL = X(1,:);                                    % ELEVATION ANGLE

                AZ = X(2,:);                                    % AZIMUTH ANGLE

                SR = X(3,:);                                    % SLANT RANGE

                clear X;

                

                %%% EARTH STATION ELEVATION (ADDED NOV. 13, 2008)

                if (HandOff > 0)

                    % ASSUME EARTH STATION HAS THE SAME HEIGHT AS FS STATION

                    X = ELAZ(ESLat, ESLon, Re, SatLat, SatLon, SatR);

                    ELes = X(1,:);

                    SRes = X(3,:);

                    dSLon = X(5,:);                             % EARTH CENTRAL ANGLE BETWEEN SATELLITE AND ES

                end

                

                %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

                % >>> UPDATE FOR APPARENT ELEVATION ANGLE <<< %

                %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

                

                %%% APPARENT ELEVATION ANGLE %%%

                EL_ap = EL;

                x = find(EL >= 0 & EL <= 10);

                EL_ap(x) = ApparentAngle(EL(x), TerrainHeight);

                

                %%% ADJUST AZIMUTH ANGLE TO 360 DEG %%%

                x = find(AZ < 0);

                AZ(x) = AZ(x) + 360;

                

                %%% REMOVE ANY NON-OPERATING OR INVISIBLE SATELLITES %%%

                %%% CHANGE THIS LINE ACCORDING TO SATELLITE OPERATIONAL CHARACTERISTICS

                % ALL Ys ARE INDECES FOR NON-OPERATING SATELLITES

                % ALL Zs ARE INDECES FOR OPERATING SATELLITES

                % THE SUBSCRIPT "ap" STANDANDS FOR "APPARENT"

                if (HEO_SELECTED)

                    %%% FOR HEO SYSTEMS:

                    if (AoP < 0)

                        % APOGEE IN THE NORTH

                        y = find(EL < 0.0 | SatLat < OpLat);

                        z = find(EL >= 0.0 & SatLat >= OpLat);

                        % WITH APPARENT ANGLE

                        y_ap = find(EL_ap < 0.0 | SatLat < OpLat);

                        z_ap = find(EL_ap >= 0.0 & SatLat >= OpLat);

                    else

                        % APOGEE IN THE SOUTH

                        y = find(EL < 0.0 | SatLat > OpLat);

                        z = find(EL >= 0.0 & SatLat <= OpLat);

                        % WITH APPARENT ANGLE

                        y_ap = find(EL_ap < 0.0 | SatLat > OpLat);

                        z_ap = find(EL_ap >= 0.0 & SatLat <= OpLat);

                    end

                else

                    %%% CHECK VISIBILITY OF SATELLITES FOR GSO AND NGSO SYSTEMS:

                    y = find(EL < 0.0);

                    z = find(EL >= 0.0);

                    % WITH APPARENT ANGLE

                    y_ap = find(EL_ap < 0.0);

                    z_ap = find(EL_ap >= 0.0);

                end

                

                %%% CONTINUE ONLY IF THERE IS VISIBLE SATELLITE

                if (~isempty(z))

                    %%% ITU-R P.618-10 FOR BEAM SPREADING LOSS %%%

                    BSL(y_ap) = 0;

                    BSL(z_ap) = BeamSpreadingLoss(EL_ap(z_ap));

                    

                    %%% PFD AT EACH SAMPLE %%%

                    PFDi(y) = -3000;

                    PFDi(z) = pfd(BRK_PTS, PFD_LEVELS, EL(z));

                    

                    %%% IF AVG 80th PERCENTILE SWVD MODE, ONLY ONE ITERATION FOR EACH AZIMUTH

                    %%% IF ANNUAL SWVD, END OF LOOP IS THE SIZE OF Wx + 1

                    END_OF_LOOP = length(Wx)+1;

                    if (SWVD_MODE == 2)

                        END_OF_LOOP = length(Wx);

                    end

                    

                    %%% PRE-ALLOCATE MEMORY SPACE %%%

                    I2N = ones(TimeSteps, 1) .* -3000;

                    I2N_GSO = ones(END_OF_LOOP, 1) .* -3000;

                    GainAngle = zeros(size(EL));

                    G_FS = zeros(size(EL));

                    I2Ni = ones(size(EL)) .* -3000;

                    Loss = zeros(size(EL));

                    I2Nix = ones(size(EL)) .* -3000;

                    I2NgtLONGTERM = ones(FSAntSteps, 1) .* -10;

                    

                    %%% CALCULATE PATH ATTENUATION LEVEL %%%

                    %%% AtmLoss{1} IS ATTENUATION [dB]

                    %%% AtmLoss{2} IS ASSOCIATED PROBABILITY [%]

                    %%% TO ACCESS RESULT FOR EACH n ELEVATION, USE AtmLoss{m}(k,n)

                    %%% m IS ATTENUATION (1) OR PROBABILITY (2)

                    %%% k IS THE INDEX OF EACH PATH LOSS ASSOCIATE WITH EACH SWVD

                    %%% n IS THE INDEX OF ELEVATION ANGLES (SATELLITE ANGLE OF ARRIVAL)

                    %%% NOTE: ELEVATION ANGLE HAS TAKEN APPARENT ANGLE INTO ACCOUNT

                    AtmLoss = cell(1, 2);

                    if (SWVD_MODE == 1)

                        AtmLoss{1} = zeros(length(Wx)+1, length(EL));   % INITIALIZE CELL ARRAY

                        AtmLoss{2} = zeros(length(Wx)+1, length(EL));   % INITIALIZE CELL ARRAY

                    elseif (SWVD_MODE == 2)

                        AtmLoss{1} = zeros(length(Wx), length(EL));     % INITIALIZE CELL ARRAY

                        AtmLoss{2} = zeros(length(Wx), length(EL));     % INITIALIZE CELL ARRAY

                    end

                    AtmLoss{1}(:,y) = 1000;                         % SET ATTENUATION TO 1000 FOR NON-VISIBLE PATHS

                    AtmLoss{2}(:,y) = 0;                            % SET PROBABILITY TO 0 FOR NON-VISIBLE PATHS

                    % DISPLAY MESSAGE

                    MSG = 'CALCULATING PATH ATTENUATION, PLEASE WAIT...';

                    pause(Tpause);

                    DispMsg(MsgBar, MSG);

                    % CALCULATE ATTENUATION FOR VISIBLE PATHS ONLY

                    A = SWVDvsEL(XLat, f_GHz, P_mean, T_mean, TerrainHeight, FS_Height, EL(z));

                    AtmLoss{1}(:,z) = A{1};

                    AtmLoss{2}(:,z) = A{2};

                    

                    %%% SAVE ATTENUATION DATA FOR EACH LOCATION %%%

                    ATTENUATION{Location} = A;

                    

                    PROGRESS = 0;

                    MSG = ['LOCATION ' num2str(Location) ': LAT ' num2str(XLat) ', LON ' num2str(XLon) '...'];

                    

                    %%% START FROM THE FIRST AZ > 0 %%%

                    Ant = FirstAz;

                    

                    %%% INITIALIZE VARIABLES %%%

                    WORSTSAT = 0;

                    WORSTAz = Ant;

                    WORSTEl = -1;

                    WORSTOAA = 90;

                    WORSTI2N = ones(size(AtmLoss{1})) .* -3000;

                    TEMPOAA = WORSTOAA;

                    % COUNTER FOR VALID AZIMUTHS

                    k = 0;

                    % COUNTER FOR I/N > -10 AND I/N <= -10

                    % L.T. CRITERIA: I/N > -10 dB FOR L.E. 20% OF THE TIME

                    I2NgtLT = 0;

                    I2NltLT = 0;

                    AzCounter = 0;

                    

                    % SET CROSS POLARIZATION LOSS TO ZERO IN TEST MODE

                    if (TESTMODE)

                        XPLoss = 0;

                    end

                    

                    while (abs(Ant - LastAz) > 1e-5)

                        AzCounter = AzCounter + 1;

                        % IF SINGLE AZIMUTH SELECTED, STOP EXECUTING THE LOOP WHEN CALCULATION IS FINISHED

                        if (SINGLE_STN_ENABLED)

                            LastAz = FirstAz + AzStepSize;

                        end

                        % ASSUME NO GSO AVOIDANCE

                        NOTAVOIDED = true;

                        % IF GSO AVOIDANCE IS APPLIED...

                        if (AVOID_GSO_ARC)

                            % CALCULATE GSO SEPARATION ANGLE

                            h_STN = FS_Height + TerrainHeight;

                            if (XLat >= 0)

                                FS_AZ = abs(Ant - 180);

                            else

                                FS_AZ = Ant;

                                if (Ant > 180)

                                    FS_AZ = 360 - Ant;

                                end

                            end

                            NOTAVOIDED = OrbitAvoidance(XLat, h_STN, TerrainHeight, FS_EL, FS_AZ, GSO_SEP_ANGLE);

                        end

                        

                        if (NOTAVOIDED)

                        

                            k = k + 1;



                            %%% GAIN ANGLE MEASURED AT FS SITE %%%

                            GainAngle = acosd(cosd(EL_ap - FS_EL) .* cosd(Ant - AZ));



                            %%% FS GAIN TOWARDS SATELLITE USING REC. ITU-R F.1245-1 %%%

                            %%% ITU_R_F1245(OFF-AXIS ANGLE, PHIm, PHIr, Max GAIN, SIDE-LOBE GAIN, D/LAMDA, POLARIZATION LOSS)

                            %%% POLARIZATION IS APPLICABLE TO 1 - 40 GHz AND PROVISIONALLY TO 40 GHz - 70 GHz

                            %%% POLARIZATION LOSS IS CALCULATED USING DOC. 4A/66 ANNEX 7

                            %%% APPARENT ELEVATION ANGLE SHOULD BE USED TO CALCULATE GAIN ANGLE

                            G_FS = ITU_R_F1245MOD(GainAngle, Phi_m, Phi_r, GMax, G_1, D2Lamda, XPLoss);



                            %%% I/N WITH FREE-SPACE LOSS %%%

                            % Pr = PFD * Ae = PFD * Gr(phi) * lamda^2 ./ (4 * pi)

                            I2Ni = PFDi + 20 .* log10(Lamda) - 10 .* log10(4 .* pi) + G_FS - ThermalNoise;



                            if (SWVD_MODE == 1 || SWVD_MODE == 2)

                                %%% STORAGE FOR I/N HAVING SAME SIZE AS AtmLoss

                                I2Nx = ones(size(AtmLoss{1})) .* -3000;

                            end



                            for n = 1: END_OF_LOOP

                                %%% TOTAL LOSS FOR EACH Wx %%%

                                Loss = AtmLoss{1}(n,:) + BSL + FeederLoss_dB;



                                % SET ALL LOSSES TO ZERO (EXCEPT FSL) IN TEST MODE

                                if (TESTMODE)

                                    Loss = 0;

                                end



                                %%% I/N FOR EACH OCCURENCE OF SWVD %%%

                                I2Nix = I2Ni - Loss;



                                %%% NON-OPERATING OR INVISIBLE SATELLITES %%%

                                I2Nix(y_ap) = -3000;



                                %%% FILL-IN I/N STORAGE FOR ALL CORRESPONDING ROWS OF Wx

                                I2Nx(n,:) = I2Nix;



                                %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

                                % >>> UPDATE FOR SATELLITE HAND-OFF STRATEGY <<< %

                                %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



                                %%% FIND THE WORST INTERFERENCE FOR EACH TIME STEP %%%

                                % I2Nix CONTAINS I/N VALUES FOR VISIBLE AND INVISIBLE SATELLITES

                                % SELECTION PROCESS DOES NOT AFFECT I/N VALUES OF EACH SATELLITE

                                % I/N VALUES ARE PRE-DETERMINED BY VISIBILITY OF SATELLITES

                                for t = 1: TimeSteps

                                    % IF SATELLITE HAND-OFF APPLIED

                                    if (HandOff > 0)

                                        % SATELLITE TRANSMITS ACCORDING TO HANDOFF STRATEGY

                                        if (HandOffType == 1)

                                            % HIGHEST ELEVATION

                                            ELx = ELes((t-1)*NumSat+1: t*NumSat);

                                            Selected = find(ELx == max(ELx));

                                        elseif (HandOffType == 2)

                                            % CLOSEST DISTANCE

                                            SRx = SRes((t-1)*NumSat+1: t*NumSat);

                                            ELx = ELes((t-1)*NumSat+1: t*NumSat);

                                            x = find(ELx < 0);      % ENSURE INVISIBLE SATELLITES ARE NOT COUNTED

                                            SRx(x) = 1e6;

                                            Selected = find(SRx == min(SRx));

                                        elseif (HandOffType == 3)

                                            % NEAREST LONGITUDE

                                            % dSLonx IS THE EARTH CENTRAL ANGLE BETWEEN SATELLITE AND ES

                                            dSLonx = abs(dSLon((t-1)*NumSat+1: t*NumSat));

                                            Selected = find(dSLonx == min(dSLonx));

                                        end

                                        % I/N VALUES AT THIS TIME STEP

                                        temp = I2Nix((t-1)*NumSat+1: t*NumSat);

                                        % AGGREGATE IF MORE THAN ONE SATELLITE IS QUALIFIED

                                        I2N(t) = 10.*log10(sum(10.^(0.1.*temp(Selected))));

                                        % FIND THE WORST CASE

                                        % IF MORE THAN ONE, USE THE FIRST CASE

                                        TEMPMax = I2N(t);

                                        %if (I2N(t) > LTC)

                                        %    I2NgtLT = I2NgtLT + 1 .* P_Atm;

                                        %    I2NgtLONGTERM(AzCounter) = I2N(t);

                                        %    % ASSIGN TO APPROPRIATE BIN

                                        %   LEVEL = min(ceil(I2N(t)), BinHigh) - LTC;

                                        %    EXC_LOG(2,LEVEL) = EXC_LOG(2,LEVEL) + 1;

                                        %else

                                        %    I2NltLT = I2NltLT + 1 .* P_Atm;

                                        %    % ASSIGN TO APPROPRIATE BIN

                                        %    LEVEL = max(ceil(I2N_GSO(n)), BinLow) - BinLow + 1;

                                        %    MET_LOG(2,LEVEL) = MET_LOG(2,LEVEL) + 1;

                                        %end

                                        if (TEMPMax >= MaxI2N)      % IF A NEW MAX I/N IS FOUND

                                            WORSTSAT = (t - 1) * NumSat + Selected;

                                            TEMPOAA = GainAngle(WORSTSAT(1));

                                            MaxI2N = TEMPMax;

                                            if (TEMPOAA < WORSTOAA) % IF A NEW MIN OFF-AXIS ANGLE IS FOUND

                                                WORSTOAA = TEMPOAA;

                                                WORSTAz = Ant;

                                                WORSTEl = EL(WORSTSAT(1));

                                            end

                                            WORSTI2N = I2Nx(:, WORSTSAT(1));

                                        end

                                        % IF NO SATELLITE HAND-OFF

                                    else

                                        %%% FIND THE WORST I/N AMONG ALL SATELLITES AT THIS TIME STEP %%%

                                        I2N_TEMP = I2Nix((t-1)*NumSat+1: t*NumSat);

                                        I2N(t) = 10.*log10(sum(10.^(0.1.*I2N_TEMP)));

                                        % CALCULATE AGGREGATE I/N FOR GSO

                                        if (GSO_SELECTED)

                                            I2N_GSO(n) = 10.*log10(sum(10.^(0.1.*I2Nix)));

                                        end

                                        % TEMPERPORY MAX I/N

                                        MAX_TEMP = max(I2N_TEMP);

                                        % USE ONLY ONE SATELLITE IF MORE THAN ONE SATELLITE IS QUALIFIED

                                        % I2N(t) = 10 .* log10(10.^(0.1 .* MAX_TEMP(1)));

                                        % LOOK UP WORST AZIMUTH AND ELEVATION WHENEVER A LRGER I/N IS CALCULATED

                                        % FOR GSO, THIS IS ONLY FOR WORST SINGLE ENTRY INTERFERER

                                        P_Atm = 0.01 .* AtmLoss{2}(n,t);

                                        if (SWVD_MODE == 2)

                                            P_Atm = 1;

                                        end

                                        if (GSO_SELECTED)

                                            TEMPMax = I2N_GSO(n);    

                                            if (I2N_GSO(n) > LTC)

                                                I2NgtLT = I2NgtLT + 1 .* P_Atm; 

                                                I2NgtLONGTERM(AzCounter) = I2N_GSO(n);

                                                % ASSIGN TO APPROPRIATE BIN

                                                LEVEL = ceil((min(I2N_GSO(n), BinHigh) - LTC) / BinWidth) + 1;

                                                EXC_LOG(2,LEVEL) = EXC_LOG(2,LEVEL) + 1;

                                            else

                                                I2NltLT = I2NltLT + 1 .* P_Atm;

                                                % ASSIGN TO APPROPRIATE BIN

                                                LEVEL = ceil(max(I2N_GSO(n), BinLow) - BinLow) / BinWidth + 1;

                                                MET_LOG(2,LEVEL) = MET_LOG(2,LEVEL) + 1;

                                            end

                                        else

                                            TEMPMax = I2N(t);

                                            %if (I2N(t) > LTC)

                                            %    I2NgtLT = I2NgtLT + 1 .* P_Atm; 

                                            %    I2NgtLONGTERM(AzCounter) = I2N(t);

                                            %    % ASSIGN TO APPROPRIATE BIN

                                            %    LEVEL = min(ceil(I2N(t)), BinHigh) - LTC;

                                            %    EXC_LOG(2,LEVEL) = EXC_LOG(2,LEVEL) + 1;

                                            %else

                                            %    I2NltLT = I2NltLT + 1 .* P_Atm;

                                            %    % ASSIGN TO APPROPRIATE BIN

                                            %    LEVEL = max(ceil(I2N_GSO(n)), BinLow) - BinLow + 1;

                                            %    MET_LOG(2,LEVEL) = MET_LOG(2,LEVEL) + 1;

                                            %end

                                        end

                                        % IF MORE THAN ONE, USE THE FIRST CASE

                                        if (TEMPMax >= MaxI2N)                  % IF A NEW MAX I/N IS FOUND

                                            x = find(I2N_TEMP == MAX_TEMP);     % LOOK UP THE WORST INTERFERER

                                            WORSTSAT = (t - 1) * NumSat + x(1); % ADJUST INDEX FOR MULTIPLE TIME STEP

                                            TEMPOAA = GainAngle(WORSTSAT(1));   % LOOK UP OFF-AXIS ANGLE FOR THE WORST CASE

                                            MaxI2N = TEMPMax;                   % STORE NEW MAX I/N

                                            if (TEMPOAA < WORSTOAA)             % IF A NEW MIN OFF-AXIS ANGLE IS FOUND

                                                WORSTOAA = TEMPOAA;             % STORE NEW WORST OFF-AXIS ANGLE

                                                WORSTAz = Ant;                  % STORE NEW WORST AZIMUTH ANGLE

                                                WORSTEl = EL(WORSTSAT(1));      % STORE NEW WORST ELEVATION ANGLE

                                            end

                                            if (GSO_SELECTED)

                                                WORSTI2N = I2N_GSO;

                                            else

                                                % STORE WORST SINGLE ENTRY I/N

                                                WORSTI2N = I2Nx(:, WORSTSAT(1));

                                            end

                                        end

                                    end

                                    %%% CALCULATE CDF OF I/N ("EXCEEDENCE STATISTICS") %%%

                                    %%% TAKE INTO ACCOUNT ASSOCIATED PROBABILITY %%%

                                    if (GSO_SELECTED)

                                        BIN = DataBin(I2N_GSO(n), BIN, BinLow, BinHigh, BinWidth);

                                    else    

                                        BIN = DataBin(I2N(t), BIN, BinLow, BinHigh, BinWidth);

                                    end

                                end

                            end

                        end

                        

                        % UPDATE SIMULATION PROGRESS

                        PROGRESS = Ant ./ (360 - AzStepSize);

                        if (SINGLE_STN_ENABLED)

                            PROGRESS = 1;

                        end

                        

                        %%% MOVE TO NEXT AZIMUTH %%%

                        Ant = Ant + AzStepSize;

                        

                        % DISPLAY MESSAGE

                        MsgBar = findobj(gcf, 'Tag', 'MsgBar');

                        str = [MSG num2str(PROGRESS * 100, '%3.2f') '%'];

                        pause(Tpause);

                        DispMsg(MsgBar, str);

                    end % END WHILE

                    

                    % GROUP EVENT LOGS

                    LOG.EXCEEDED = EXC_LOG;

                    LOG.MET = MET_LOG;

                    

                    if (SWVD_MODE == 2)

                        fprintf(fid, '%6.4f         %6.4f       %6.5f\r\n', XLat, XLon, WORSTI2N);

                        fprintf(fid, 'NUMBER OF THE WORST INTERFERER(S):    %2.0f\r\n', length(WORSTSAT));

                        fprintf(fid, 'THE WORST FS AZIMUTH:                 %3.2f   deg\r\n', WORSTAz);

                        fprintf(fid, 'THE WORST ANGLE OF ARRIVAL:           %3.2f   deg\r\n', WORSTEl);

                        fprintf(fid, 'WORST INTERFERER OFF-AXIS ANGLE:      %3.2f   deg\r\n', WORSTOAA);

                        fprintf(fid, '\r\n');

                        fprintf(fid, '\r\n');

                    else

                        fprintf(fid, '%6.2f         %6.2f       %6.5f\r\n', XLat, XLon, MaxI2N);

                        %%% FIND SWVD EXCEEDED AT A GIVEN PROBABILITY %%%

                        B = pdf2cdf(AtmLoss{2}(:,WORSTSAT) ./ 100) .* 100;

                        I = WORSTI2N;

                        

                        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

                        %%% FindLevelExceeded(Ax, Px, P)                       %%%

                        %%% THIS FUNCTION IS BASED ON ATMOSPHERIC ABSORPTION!  %%%

                        %%% PROBABILITY MUST BE THE COMPLEMENT OF 100% FOR I/N %%%

                        %%% i.e. EXCEEDED FOR 90% SHOULD ENTER P = 10%         %%%

                        %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

                        Ex1 = FindLevelExceeded(I, B, 0.001);       % FOR 99.999% OF THE TIME

                        Ex2 = FindLevelExceeded(I, B, 50.0000);     % FOR 50.000% OF THE TIME

                        Ex3 = FindLevelExceeded(I, B, 80.0000);     % FOR 20.000% OF THE TIME

                        Ex4 = FindLevelExceeded(I, B, 90.0000);     % FOR 10.000% OF THE TIME

                        Ex5 = FindLevelExceeded(I, B, 98.0000);     % FOR 2.0000% OF THE TIME

                        Ex6 = FindLevelExceeded(I, B, 99.0000);     % FOR 1.0000% OF THE TIME

                        Ex7 = FindLevelExceeded(I, B, 99.8000);     % FOR 0.2000% OF THE TIME

                        Ex8 = FindLevelExceeded(I, B, 99.9000);     % FOR 0.1000% OF THE TIME

                        

                        fprintf(fid, 'INTERFERENCE LEVEL EXCEEDED (FROM THE WORST INTERFERER) [dB]:\r\n');

                        fprintf(fid, 'FOR 99.999%% OF THE TIME:    %6.2f   dB\r\n', Ex1);

                        fprintf(fid, 'FOR 50.000%% OF THE TIME:    %6.2f   dB\r\n', Ex2);

                        fprintf(fid, 'FOR 20.000%% OF THE TIME:    %6.2f   dB\r\n', Ex3);

                        fprintf(fid, 'FOR 10.000%% OF THE TIME:    %6.2f   dB\r\n', Ex4);

                        fprintf(fid, 'FOR 2.0000%% OF THE TIME:    %6.2f   dB\r\n', Ex5);

                        fprintf(fid, 'FOR 1.0000%% OF THE TIME:    %6.2f   dB\r\n', Ex6);

                        fprintf(fid, 'FOR 0.2000%% OF THE TIME:    %6.2f   dB\r\n', Ex7);

                        fprintf(fid, 'FOR 0.1000%% OF THE TIME:    %6.2f   dB\r\n', Ex8);

                        fprintf(fid, 'NUMBER OF THE WORST INTERFERER(S):    %2.0f\r\n', length(WORSTSAT));

                        fprintf(fid, 'THE WORST FS AZIMUTH:                 %3.2f   deg\r\n', WORSTAz);

                        fprintf(fid, 'THE WORST ANGLE OF ARRIVAL:           %3.2f   deg\r\n', WORSTEl);

                        fprintf(fid, 'WORST INTERFERER OFF-AXIS ANGLE:      %3.2f   deg\r\n', WORSTOAA);

                        fprintf(fid, '\r\n');

                    end

                else

                    disp(['NO VISIBLE SATELLITE DETECTED AT LOCATION ' num2str(XLat) ' +N/-S, ' num2str(XLon) ' +E/-W.']);

                    fprintf(fid, '%6.2f         %6.2f        N/A\r\n', XLat, XLon);

                    fprintf(fid, 'SATELLITES ARE INVISIBLE TO CENTER OF THIS STUDY LOCATION.\r\n');

                end

                %%% SAVE DATA FOR EACH INDIVIDUAL LOCATION %%%

                % LATITUDE OF INCREMENTAL AREA

                DATABIN{1, Location} = XLat;

                % LONGITUDE OF INCREMENTAL AREA

                DATABIN{2, Location} = XLon;

                % BIN

                DATABIN{3, Location}(1,:) = BIN;

                % I/N LEVELS INCLUDED IN THE BIN

                DATABIN{3, Location}(2,:) = [BinLow - 0.5 .* BinWidth, BinLow + 0.5: BinWidth: BinHigh + 0.5];

                if (GSO_SELECTED)

                    % SHOW PERCENT OF LINKS EXCEEDED LONG TERM CRITERIA

                    fprintf(fid, 'PERCENT OF TIME FS LINKS HAVING I/N > -10 dB: %3.2f%%.\r\n', 100 .* I2NgtLT ./ k);

                    if (AVOID_GSO_ARC)

                        % RECORD VALID AZIMUTHS IN TERMS OF PROBABILITY

                        DATABIN{4, Location} = k ./ FSAntSteps;

                        DATABIN{5, Location}(1, :) = AzStepSize: AzStepSize: 360;

                        DATABIN{5, Location}(2, :) = I2NgtLONGTERM';

                        DATABIN{6, Location} = LOG;

                        fprintf(fid, 'AZIMUTHS AFFECTED BY GSO AVOIDANCE: %3.2f%%.\r\n', 100 * (1 - k ./ FSAntSteps));

                    else

                        DATABIN{4, Location}(1,:) = (AzStepSize: AzStepSize: 360);

                        DATABIN{4, Location}(2,:) = I2NgtLONGTERM';

                        DATABIN{5, Location} = LOG;

                    end

                %else

                %   DATABIN{4, Location} = LOG;

                end

                fprintf(fid, '\r\n');

                fprintf(fid, '\r\n');

                %%% OVERALL RESULT TAKES INTO ACCOUNT AREA SIZE VS TOTAL %%%

                TOTALBIN = TOTALBIN + BIN ./ k;

            end

        end

        

        %%% SAVE OVERALL DATA AND ASSOCIATED I/N LEVEL IN ALLBIN %%%

        if (SWVD_MODE == 2)

            %ALLBIN(1, :) = TOTALBIN ./ (FSAntSteps .* TimeSteps .* NumLocations);

            ALLBIN(1, :) = TOTALBIN ./ (TimeSteps .* NumLocations);

            AVG_SWVD = ALL_SWVD ./ Location;

            fprintf(fid, 'AVERAGE SWVD = %3.4f g/m^3 \r\n', AVG_SWVD);

        else

            %ALLBIN(1, :) = TOTALBIN ./ (FSAntSteps .* TimeSteps .* NumLocations .* (length(Wx)+1));

            ALLBIN(1, :) = TOTALBIN ./ (TimeSteps .* NumLocations .* (length(Wx)+1));

        end

        ALLBIN(2, :) = [BinLow - 0.5 * BinWidth, BinLow + 0.5 * BinWidth: BinWidth: BinHigh + 0.5 * BinWidth];

        

        %%% CREATE FILE NAME AND SAVE DATA IN THIS FILE %%%

        Last = length(PFD_LEVELS);

        DATAFILE = ['AreaData' num2str(GMax) 'dBi' num2str(FS_EL) 'EL_at' num2str(PFD_LEVELS(1)) 'X' num2str(PFD_LEVELS(Last)) '.mat'];

        save(DATAFILE, 'DATABIN', 'ALLBIN');

        fclose('all');

    end

end



% PROCESS DATA

DispMsg(MsgBar, 'RE-FORMATTING DATA, PLEASE WAIT...');

GAIN = GMax;

if (SINGLE_STN_ENABLED)

    GAIN = SINGLE_STN_GAIN;

    EL = SINGLE_STN_EL;

else

    if (~isempty(GainData) && OVERRIDE_ELAG_BOX)

         GAIN = GainData; 

    end

    EL = FS_EL; 

    if (~isempty(ElevationData) && OVERRIDE_ELAG_BOX)

         EL = ElevationData;

    end

end

OUTPUTDATA = DataProcessor(GAIN, EL, PFD_LEVELS(1), PFD_LEVELS(length(PFD_LEVELS)), 1);

LAT_STR = 'N';

if (CenterLat < 0)

    LAT_STR = 'S';

end

LON_STR = 'E';

if (CenterLon < 0)

    LON_STR = 'W';

end

OUTPUT_FILE = ['RESULT_' num2str(CenterLat) LAT_STR '_' num2str(CenterLon) LON_STR '_' num2str(PFD_LEVELS(1)) 'X' num2str(PFD_LEVELS(Last)) '.mat'];

save(OUTPUT_FILE, 'OUTPUTDATA');



DispMsg(MsgBar, 'End of simulation.');



% CLEAN UP MEMORY

clear POINTS SatLat SatLon SatR LAT LON TEMP TLAT TLON THEIGHT FirstAz LastAz;

clear Wx Wy MAXx DATABIN TOTALBIN TOTALBIN1404 TOTALBIN1395 BIN BIN1404 BIN1395 ALLBIN;

clear MaxI2N TEMPMax EL AZ ELes SRes dSLon EL_ap y y_ap z z_ap BSL PFDi I2N AtmLoss AtmLoss1404 AtmLoss1395;

clear Ant GainAngle G_FS I2Ni Loss I2Nix WORSTSAT WORSTAz WORSTEl WORSTOAA WORSTI2N TEMPOAA k;

clear x ELx SRx dSLonx Selected temp PROGRESS;

clear MsgBar str B I Ex1 Ex2 Ex3 Ex4 Ex5 Ex6 Ex7 Ex8 XLat XLon Last DATAFILE;

%%% END OF INTERFSIM %%%





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% GENERATE FILE NAME

function FILENAME = FileNameGenerator(SatType, GMax, PFD_LEVELS, AntEL)

Last = length(PFD_LEVELS);



FILENAME = [SatType num2str(GMax) 'dBi' num2str(AntEL) 'EL_@PFD' num2str(PFD_LEVELS(1)) 'X' num2str(PFD_LEVELS(Last)) '.txt'];





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% BEAM SPREADING LOSS IN ITU-R P.618-10 %%%

%%% APPLICABLE TO ALL LATITUDES FOR AVG YEAR CALCULATION

%%% ELap = APPEARANT ELEVATION ANGLE

function A_bs = BeamSpreadingLoss(ELap)

%%% CONVERT APPARENT ELEVATION TO MILI-RADIAN

ELrad = deg2rad(ELap) * 1000;

%%% EQ. 24

fx1 = inline('2.27 - 1.16 .* log10(1 + theta)', 'theta');



A_bs = zeros(size(ELap));



% FOR AVERAGE YEAR, BEAM SPREADING LOSS CAN BE ESTIMATED BY EQ. 24 FOR ALL

% LATITUDES FOR ELEVATION ANGLE LESS THAN 5 DEG

x = find(ELrad(ELrad < deg2rad(5) .* 1000 & ELrad > 0));

A_bs(x) = fx1(ELrad(x));





% CALCULATE POWER FLUX DENSITY

function PFD_dB = pfd(BRK_PTS, PFD_LEVELS, EL)

PFD_dB = zeros(size(EL));

for i = 1: length(BRK_PTS)

    if (i == 1)

        x = find(EL < BRK_PTS(i));

        PFD_dB(x) = PFD_LEVELS(i);

    else

        x = find(EL < BRK_PTS(i) & EL >= BRK_PTS(i - 1));

        a = (PFD_LEVELS(i) -  PFD_LEVELS(i - 1)) .* (EL(x) - BRK_PTS(i - 1));

        b = (BRK_PTS(i) - BRK_PTS(i - 1));

        PFD_dB(x) = PFD_LEVELS(i - 1) + a ./ b;

    end

    if (i == length(BRK_PTS))

        x = find(EL >= BRK_PTS(i));

        PFD_dB(x) = PFD_LEVELS(i);

    end

end





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% ALL ANGLES IN THE PARAM LIST ARE IN DEGREES

% AN EXAMPLE OF EXTRACTING THE OUTPUT

% X = ELAZ2(AreaLat, AreaLong, FS_R, Sat_Lat, Sat_Long, Sat_R);

% EL = X(1,:) - AntElev;                          % ELEVATION ANGLE

% AZ = X(2,:);                                    % AZIMUTH ANGLE

% SR = X(3,:);                                    % RANGE FROM FS TO SATELLITE

function ElAzSr = ELAZ(AreaLat, AreaLon, FS_R, Sat_Lat, Sat_Lon, Sat_R)

% DeltaLamda IS THE DIFFERENCE BETWEEN FS LONGITUDE AND SATELLITE LONGITUDE

DeltaLamda = AreaLon - Sat_Lon;

% MAKE SURE DeltaLamda IS WITHIN 180 DEGREES

x = find(DeltaLamda > 180);

DeltaLamda(x) = DeltaLamda(x) - 360;

% Gamma IS THE ANGLE BEWTEEN A FS AND A SATELLITE MEASURING FROM THE CENTER OF EARTH

Gamma = acosd(sind(AreaLat).*sind(Sat_Lat)+cosd(AreaLat).*cosd(Sat_Lat).*cosd(DeltaLamda));

% IF SATELLITE LATITUDE IS THE SAME AS FS LOCATION, 

% THEN Gamma = DeltaLamda, AZ DETERMINED BY LONGITUDE

x = find(Sat_Lat == AreaLat);

Gamma(x) = abs(DeltaLamda(x));

y = find(DeltaLamda(x) > 0);

AZ(x(y)) = 270;

y = find(DeltaLamda(x) < 0);

AZ(x(y)) = 90;

y = find(DeltaLamda(x) == 0);

AZ(x(y)) = 0;

% DISTANCE BETWEEN A FS AND A SATELLITE

SR = sqrt(FS_R.^2 + Sat_R.^2 - 2 .* FS_R .* Sat_R .* cosd(Gamma));

% TILT ANGLE MEASURING AT THE SATELLITE

T = asind(FS_R .* sind(Gamma) ./ SR);

% ELEVATION AND AZIMUTH OF A SATELLITE AT A FS

EL = 90 - T - Gamma;

%x = find(sind(Gamma) <= 1e-8);

%AZ(x) = 0;

%x = find(sind(Gamma) > 1e-8);

x = find(Sat_Lat ~= AreaLat);

AZ(x) = -asind(cosd(Sat_Lat(x)) .* sind(DeltaLamda(x)) ./ sind(Gamma(x)));

% CHECK POSSIBLE PRECISION ERROR

%x = find((abs(abs(DeltaLamda) - Gamma) < 10e-8) & DeltaLamda ~= 0);

% KEEP THE SIGN OF DeltaLamda, AZIMUTH IS EITHER +90 OR -90

%AZ(x) = -asind(cosd(Sat_Lat(x)) .* DeltaLamda(x) ./ abs(DeltaLamda(x)));



% FIND THE REFERENCE PLANE INTERCEPTING FS AND CENTER OF EARTH

REF = AreaLat .* cosd(DeltaLamda);

% COMPARE SATELLITE LATITUDE WITH THE REFERENCE PLANE AND ASSIGN

% APPROPRIATE AZIMUTH

x = find(Sat_Lat < REF & (DeltaLamda < 0));

AZ(x) = 180 - AZ(x);

x = find(Sat_Lat < REF & (DeltaLamda >= 0));

AZ(x) = -180 - AZ(x);

% CORRECT AZIMUTH VALUES

x = find(AZ > 180);

y = find(AZ < -180);

AZ(x) = AZ(x) - 360;

AZ(y) = AZ(y) + 360; 

ElAzSr = [EL; AZ; SR; T; DeltaLamda];

clear x y DeltaLamda REF;





%%% EVAULATION OF PATH ATTENUATION DUE TO ATMOSPHERIC GASES AT AN ELEVATION ANGLE %%%

function ATMLOSS = SWVDvsEL(AreaLat, f_GHz, P_mean, T_mean, TerrainHeight, FS_Height, EL)

% GLOBAL VARIABLES 

% Wx: SURFACE WATER VAPOUR DENSITY [g/m^3]

% Wy: PROBABILITY DISTRIBUTION FUNCTION ASSOCIATED WITH Wx

global Wx Wy MAXx Tpause SWVD_MODE;



% ALLOCATE MEMORY FOR A: ATTENUATION, B: CDF FOR A, RESULT: ATTENUATION & PDF

RESULT = [];

B = [];

A = [];



% SURFACE PRESSURE FROM ITU-R P.835-4

P_wml = 1018.8627;

P_whl = 1010.8828;

P_sml = 1012.8186;

P_shl = 1008.0278;



% MEAN PRESSURE AT MID LATITUDE AND HIGH LATITUDE

P_mml = 0.5 .* (P_wml + P_sml);                 % MEAN MID LAT PRESSURE [hPa]

P_mhl = 0.5 .* (P_whl + P_shl);                 % MEAN HIGH LAT PRESSURE [hPa]



% IF MID LATITUDE

dP = P_mean - P_mml;                            % DIFFERENCE BETWEEN MEAN PRESSURE AND MEAN SUM/WIN PRESSURE

Pxw = P_wml + dP;                               % ADD DIFFERENCE TO WINTER PRESSURE

Pxs = P_sml + dP;                               % ADD DIFFERENCE TO SUMMER PRESSURE

% IF HIGH LATITUDE

if (abs(AreaLat) > 45)

    dP = P_mean - P_mhl;

    Pxw = P_whl + dP;

    Pxs = P_shl + dP;

end



% EVALUATE TEMPERATURE FOR DETERMINING HUMIDITY

% ITU-R P.453-9 SATURATION VAPOUR PRESSURE CALCULATION

a = 6.1121;

b = 17.502;

c = 240.97;

t = T_mean - 273.15;                            % TEMPERATURE IN CELSIUS [C]

es = a .* exp(b .* t /(t + c));



% SURFACE TEMPERATURE FROM ITU-R P.835-4

T_wml = 272.7241;                               % WINTER MID LAT TEMP [K]

T_whl = 257.4345;                               % WINTER HIGH LAT TEMP [K]

T_sml = 294.9838;                               % SUMMER MID LAT TEMP [K]

T_shl = 286.8374;                               % SUMMER HIGH LAT TEMP [K]



% MEAN TEMPERATURE AT MID LATITUDE AND HIGH LATITUDE

T_mml = 0.5 .* (T_wml + T_sml);                 % MEAN MID LAT TEMP [K]

T_mhl = 0.5 .* (T_whl + T_shl);                 % MEAN HIGH LAT TEMP [K]



% IF MID LATITUDE

dT = T_mean - T_mml;                            % DIFFERENCE BETWEEN MEAN TEMP AND MEAN SUM/WIN TEMP

Txw = T_wml + dT;                               % ADD DIFFERENCE TO WINTER TEMP

Txs = T_sml + dT;                               % ADD DIFFERENCE TO SUMMER TEMP

% IF HIGH LATITUDE

if (abs(AreaLat) > 45)

    dT = T_mean - T_mhl;

    Txw = T_whl + dT;

    Txs = T_shl + dT;

end

  

TRIGGER = 0;                            % SET TRIGGER TO FALSE

Tx = Txw;                               % BEGIN WITH WINTER TEMPERATURE [K]

Px = Pxw;                               % BEGIN WITH WINTER PRESSURE [hPa]

Latm = zeros(length(Wx), length(EL));   % ALLOCATE MEMORY FOR ATMOSPHERIC ATTENUATION

Latm_max = 0;                           % INITIALIZE VALUE OF MAX ATMOSPHERIC ATTENUATION TO ZERO



%%% WAIT BAR %%%

h = findobj(gcf, 'Tag', 'MsgBar');

PROGRESS = 0;

MSG = 'GENERATING PATH LOSS DATA... PLEASE WAIT...';

%BAR = waitbar(PROGRESS, MSG);



%%% CALCULATE ATMOSPHERIC LOSS %%%

for i = 1: length(Wx)

    y = find(EL >= 5);

    % ITU-R P.676-7 ANNEX 2 FOR SLANT PATH ATTENUATION

    % FOR SLANT PATH, SURFACE WATER VAPOUR DENSITY Wx IS USED

    % NOTE THAT TEMPERATURE IN ANNEX 2 ARE IN CELSIUS

    if (~isempty(y))

        Tc = T_mean - 273.15;

        Latm(i, y) = ITU_R_P676Annex2REV7c(f_GHz, Tc, Wx(i), P_mean, EL(y));

        if (i == 1)

            Latm_max(y) = ITU_R_P676Annex2REV7c(f_GHz, Tc, MAXx, P_mean, EL(y));

        end

    end



    z = find(EL < 5 & EL >= 0);                       

    % ITU-R P.676-7 ANNEX 1 FOR SLANT PATH ATTENUATION IN THE RANGE 0 <= EL < 5 DEG

    if (~isempty(z))

        Atmosphere = '';

        if (abs(AreaLat) < 22)

            Atmosphere = 'ANNUAL TROPIC';

            Tx = T_mean;                        % USE MEAN TEMPERATURE FOR LOW LAT ZONE

            Px = P_mean;                        % USE MEAN PRESSURE FOR LOW LAT ZONE

        else

            % CHECK IF THE TEMPERATURE CAN SUPPORT THE SURFACE WATER VAPOUR

            t = Tx - 273.15;                    % UPDATE TEMPERATURE (ADDED FEB 16, 2009)

            es = a .* exp(b .* t /(t + c));     % CALCULATE WATER VAPOR PRESSURE AT THIS TEMP (ADDED FEB 16, 2009)

            H = Wx(i) .* Tx ./ (es .* 216.7);   % ITU-R P.453-9 RELATIVE HUMIDITY CALCULATION

            if (H >= 1 && TRIGGER < 1)

                TRIGGER = 1;                    % SET TRIGGER WHEN THE HUMIDITY REACHES 1 (100%)

                Tx = Txs;                       % CHANGE TEMPERATURE TO SUMMER TEMPERATURE

                Px = Pxs;                       % CHANGE PRESSURE TO SUMMER PRESSURE

            end

            if (TRIGGER == 0)

                if (abs(AreaLat) >= 22 && abs(AreaLat) <= 45)

                    Atmosphere = 'WINTER MIDLAT';

                elseif (abs(AreaLat) > 45)

                    Atmosphere = 'WINTER SUBART';

                end

            else

                if (abs(AreaLat) >= 22 && abs(AreaLat) <= 45)

                    Atmosphere = 'SUMMER MIDLAT';

                elseif (abs(AreaLat) > 45)

                    Atmosphere = 'SUMMER SUBART';

                end

            end

        end

        % ITU-R P.676-7 ANNEX 1 FOR SLANT PATH ATTENUATION

        % FS_Height IS THE HEIGHT ABOVE GROUND LEVEL OF THE STATION

        Latm(i, z) = ITU_R_P676REV7c(f_GHz, FS_Height, TerrainHeight, EL(z), Px, Tx, Wx(i), Atmosphere);

        % CALCULATE THE MAXIMUM USING SUMMER ATMOSPHERE AND MAX SWVD

        if (SWVD_MODE == 1)

            if (i == 1)

                Atmosphere = 'ANNUAL TROPIC';

                Tm = T_mean;

                Pm = P_mean;

                if (abs(AreaLat) >= 22 && abs(AreaLat) <= 45)

                    Atmosphere = 'SUMMER MIDLAT';

                    Tm = Txs;

                    Pm = Pxs;

                elseif (abs(AreaLat) > 45)

                    Atmosphere = 'SUMMER SUBART';

                    Tm = Txs;

                    Pm = Pxs;

                end

                Latm_max(z) = ITU_R_P676REV7c(f_GHz, FS_Height, TerrainHeight, EL(z), Pm, Tm, MAXx, Atmosphere);

            elseif (Latm(i) > Latm_max)

                Atmosphere = 'ANNUAL TROPIC';

                Tm = T_mean;

                Pm = P_mean;

                if (abs(FS_Lat) >= 22 && abs(FS_Lat) <= 45)

                    Atmosphere = 'WINTER MIDLAT';

                    Tm = Txs;

                    Pm = Pxs;

                elseif (abs(FS_Lat) > 45)

                    Atmosphere = 'WINTER SUBART';

                    Tm = Txs;

                    Pm = Pxs;

                end

                Latm_max(z) = ITU_R_P676REV7c(f_GHz, FS_Height, TerrainHeight, EL(z), Pm, Tm, MAXx, Atmosphere);

            end

        end

    end

    PROGRESS = i ./ length(Wx);

    MsgStr = [MSG num2str(PROGRESS * 100, '%3.2f') '%'];

    pause(Tpause);

    set(h, 'String', MsgStr);

    %waitbar(PROGRESS, BAR);

end

    

for j = 1: length(EL)

    if (SWVD_MODE == 2)

        B = [B Wy .* 100];

        A = [A Latm(:, j)];

    else

        RESULT = Latm(:, j);

        S = [RESULT Wy];                                    % SET UP AN ARRAY BEING SORTED

        SortedArray = sortrows(S, 1);                       % SORT THE ARRAY BY ROW

        Bx = ReverseOrder(SortedArray(:, 2))*100;           % OUTPUT IS IN PDF FORM

        Ax = ReverseOrder(SortedArray(:, 1));               % SORTED ARRAY CORRESPONDS TO Wx

        B = [B vertcat(0, Bx)];                             % PROBABILITY [%]

        A = [A vertcat(Latm_max(j), Ax)];                   % ATTENUATION [dB]

    end

end



% RESULT IS ORIGINAL OUTPUT, A & B ARE SORTED OUTPUT

% Wx IS SWVD, Wy IS THE PROBABILITY OF EXCEEDENCE ASSOCIATED WITH Wx

ATMLOSS = {A B};

%close(BAR);

clear Latm RESULT Ax Bx A B S SortedArray;





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%% SURFACE WATER VAPOUR DENSITY PROBABILITY DISTRIBUTION FUNCTION %%%%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%%%% LAST MODIFIED - APRIL 30, 2008

function swvpdf(LATx, LONx)

global Wx Wy MAXx;



% NUBMER OF BINS FOR SURFACE WATER VAPOUR DENSITY

BINS = 50;



% LOAD LOCATION COORDINATES CORRESPOND TO THE SWVD DATA

load 'ESALAT.mat';

load 'ESALON.mat';



% FIND DATA POINT SEPARATION

dx = abs(ESALON(1,1) - ESALON(1, 2)); 

dy = abs(ESALAT(1,1) - ESALAT(2, 1));

clear ESALAT ESALON;



% VALIDATION OF DATA FILES WITH PROBABILITY LESS THAN 5% IS NECESSARY AS IT

% WAS FOUND THAT IN SOME INSTANCES SUCH FILES CONTAINED INCONSISTENT DATA

%

% DATA BELOW 5.0% SHOULD BE VALIDATED BECAUSE DATA BELOW THAT PROBABILITY

% IS NOT MONOTONICALLY INCREASING WITH DECREASING PERCENTAGE OF TIME

ValidateData;



% LOAD NEW DATA FROM DATA VALIDATION

load 'NEW_surfwv_0dot1.mat';

surfwv_0dot1 = NEW_DB;

load 'NEW_surfwv_0dot2.mat';

surfwv_0dot2 = NEW_DB;

load 'NEW_surfwv_0dot3.mat';

surfwv_0dot3 = NEW_DB;

load 'NEW_surfwv_0dot5.mat';

surfwv_0dot5 = NEW_DB;

load 'NEW_surfwv_01.mat';

surfwv_01 = NEW_DB;

load 'NEW_surfwv_02.mat';

surfwv_02 = NEW_DB;

load 'NEW_surfwv_03.mat';

surfwv_03 = NEW_DB;

load 'NEW_surfwv_05.mat';

surfwv_05 = NEW_DB;



load 'surfwv_10.mat';

load 'surfwv_20.mat';

load 'surfwv_30.mat';

load 'surfwv_50.mat';

load 'surfwv_70.mat';

load 'surfwv_80.mat';

load 'surfwv_90.mat';

load 'surfwv_95.mat';

load 'surfwv_97.mat';

load 'surfwv_98.mat';

load 'surfwv_99.mat';

clear NEW_DB;



% ZERO DATA ARRAY TO FILL THE EMPTY SPACE IN THE CELL ARRAY

ZeroDataArray = zeros(size(surfwv_0dot1));



% CELL ARRAY TO STORE ALL DATA

P = cell(1000, 1);



% ASSIGN SWVD TO ARRAY OF PROBABILITIES

% THE INDECIES CORRESPOND TO THE PROBABILITIES ASSOCIATED WITH THE SWVD

P{1} = surfwv_0dot1;

P{2} = surfwv_0dot2;

P{3} = surfwv_0dot3;

P{5} = surfwv_0dot5;

P{10} = surfwv_01;

P{20} = surfwv_02;

P{30} = surfwv_03;

P{50} = surfwv_05;

P{100} = surfwv_10;

P{200} = surfwv_20;

P{300} = surfwv_30;

P{500} = surfwv_50;

P{700} = surfwv_70;

P{800} = surfwv_80;

P{900} = surfwv_90;

P{950} = surfwv_95;

P{970} = surfwv_97;

P{980} = surfwv_98;

P{990} = surfwv_99;



% CLEAN UP MEMORY SPACE

clear surfwv_0dot1 surfwv_0dot2 surfwv_0dot3 surfwv_0dot5 surfwv_01 surfwv_02;

clear surfwv_01 surfwv_02 surfwv_03 surfwv_05 surfwv_10 surfwv_20 surfwv_30 surfwv_50;

clear surfwv_70 surfwv_80 surfwv_90 surfwv_95 surfwv_97 surfwv_98 surfwv_99;



for i = 1: 1000

    if isempty(P{i});

        P{i} = ZeroDataArray;

    end

end



% INITIALIZE STORAGE

Px = zeros(1000, 1);

K = [990 980 970 950 900 800 700 500 300 200 100 50 30 20 10 5];



% INTERPORATE DATA

delta = 360;                    % FOR CONVERTING LONGITUDE TO 360 DEG CONVENTION (-70W is 290)



Px(990) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{990});    % 99%

Px(980) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{980});    % 98%

Px(970) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{970});    % 97%

Px(950) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{950});    % 95%

Px(900) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{900});    % 90%

Px(800) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{800});    % 80%

Px(700) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{700});    % 70%

Px(500) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{500});    % 50%

Px(300) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{300});    % 30%

Px(200) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{200});    % 20%

Px(100) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{100});    % 10%

Px(50) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{50});      % 5.0%

Px(30) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{30});      % 3.0%

Px(20) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{20});      % 2.0%

Px(10) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{10});      % 1.0%

Px(5) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{5});        % 0.5%

Px(3) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{3});        % 0.3%

Px(2) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{2});        % 0.2%

Px(1) = BiLinear2(mod(LONx, delta), LATx, dx, dy, P{1});        % 0.1%



% BUILD VECTORS Vx AND Vy

% Vx IS THE PERCENTAGE OF OCCURANCE [%]

Vx = [99 98 97];

% Vy IS THE CORESPONDING WVD AT Vx

Vy = [Px(990) Px(980) Px(970)];

% FIND THE SWVD VALUE AT 100% USING 2ND ORDER INTERPOLATION 

% THE EXTRAPOLATED VALUE MUST BE >= ZERO

Px(1000) = max(Interpol2ndOrder(100.0, Vx(1), Vx(2), Vx(3), Vy(1), Vy(2), Vy(3)), 0);



%disp('INTERPORATION BEGINS...');

% INTERPOLATION ONLY PERFORMS AT UNAVAILABLE DATA POINTS

for t = 999: -1: 1

    % DO NOT PERFORM INTERPOLATION IF DATA IS AVAILABLE

    if (isempty(find(K == t)))                      % MAY BE REPLACED BY "any(K == t)"

        if (Px(t + 1) >= Px(t))

            if t <= 100

                % DATA POINTS BELOW 10.0%

                if t > 50 && t < 100

                    Vx = [10 5];

                    Vy = [Px(100) Px(50)];

                elseif t > 30 && t < 50

                    Vx = [5 3];

                    Vy = [Px(50) Px(30)];

                elseif t > 20 && t < 30

                    Vx = [3 2];

                    Vy = [Px(30) Px(20)];

                elseif t > 10 && t < 20

                    Vx = [2 1];

                    Vy = [Px(20) Px(10)];

                elseif t > 5 && t < 10

                    Vx = [1 0.5];

                    Vy = [Px(10) Px(5)];

                elseif t == 4

                    Vx = [0.5 0.3];

                    Vy = [Px(5) Px(3)];

                end

            elseif t > 990

                % DATA POINTS ABOVE 99.0%

                Vx = [100 99];

                Vy = [Px(1000) Px(990)];

            else

                % DATA POINTS BETWEEN 10.0% AND 90.0%

                if t > 980 && t < 990

                    Vx = [99 98];

                    Vy = [Px(990) Px(980)];

                elseif t > 970 && t < 980

                    Vx = [98 97];

                    Vy = [Px(980) Px(970)];

                elseif t > 950 && t < 970

                    Vx = [97 95];

                    Vy = [Px(970) Px(950)];

                elseif t > 900 && t < 950

                    Vx = [95 90];

                    Vy = [Px(950) Px(900)];

                elseif t > 800 && t < 900

                    Vx = [90 80];

                    Vy = [Px(900) Px(800)];

                elseif t > 700 && t < 800

                    Vx = [80 70];

                    Vy = [Px(800) Px(700)];

                elseif t > 500 && t < 700

                    Vx = [70 50];

                    Vy = [Px(700) Px(500)];

                elseif t > 300 && t < 500

                    Vx = [50 30];

                    Vy = [Px(500) Px(300)];

                elseif t > 200 && t < 300

                    Vx = [30 20];

                    Vy = [Px(300) Px(200)];

                elseif t > 100 && t < 200

                    Vx = [20 10];

                    Vy = [Px(200) Px(100)];

                end

            end

            % INTERPOLATE DATA USING LOG-LINEAR INTERPOLATION

            Px(t) = LogLinear(0.1 .* t, Vx(1), Vx(2), Vy(1), Vy(2));

        end

    end

end

%disp('INTERPORATION FINISHED.');

% SAVE ENTIRE SWVD DATA

save('Px.mat', 'Px');



MINx = min(Px);

MAXx = max(Px);

dBin = (MAXx - MINx) / BINS;

Rx = zeros(BINS, 1);

T1 = 0;                     % SWVD CORRESPONDS TO THE POINT HAVING LOWER PROB. THAN BIN EDGE Rx

T2 = 0;                     % SWVD CORRESPONDS TO THE POINT HAVING HIGHER PROB. THAN BIN EDGE Rx

Wx = zeros(BINS, 1);        % SWVD 

Wy = zeros(BINS, 1);        % PDF OF SWVD 



for i = 1: BINS

    if (i == 1)

        Rx(i) = MINx + dBin;                                % END OF FIRST BIN

        Wx(i) = MINx + dBin ./ 2;                           % BIN CENTER

    else

        Rx(i) = Rx(i - 1) + dBin;

        Wx(i) = Rx(i - 1) + dBin ./ 2;

    end

    x = find(Px >= Rx(i));                                  % ARRAY x = A SET OF SWVD AT THIS LOCATION > BIN BOUNDRY i

    if (isempty(x))                                         % IF NOT FOUND, IT IS DUE TO ROUND OFF ERROR

        x = find(max(Px));                                  % USE THE MAX SWVD

        T1 = Px(x);                                         % SET INTERPOLATION POINTS 1 AND 2

        T2 = Px(x);

    else                                                    % IF FOUND

        T1 = Px(max(x));                                    % THE 1ST POINT HAS HIGHER SWVD THAN Rx

        T2 = Px(max(x) + 1);                                % THE 2ND POINT HAS LOWER SWVD THAN Rx

    end

    if i == BINS                                            % IF IT IS THE LAST BIN

        Wy(i) = 1 - sum(Wy);                                % FIND THE PROB OF SWVD IN THIS BIN

    else        

        U1 = 0.1 * max(x);                                  % SET 1ST POINT A PROBABILITY IMMEDIATELY LOWER THAN P(Rx)

        U2 = 0.1 * (max(x) + 1);                            % SET 2ND POINT A PROBABILITY IMMEDIATELY HIGHER THAN P(Rx)

        %%% USER DEFINED LINEAR INTERPOLATION %%%

        z = LinearInterpol(Rx(i), T1, T2, U1, U2);          % FIND PROBABILITY ASSOCIATED WITH Rx

        Wy(i) = (100 - z) ./ 100 - sum(Wy);

    end

end





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% DATA VALIDATION PROCEDURE FOR DATA POINTS BELOW 5.0% EXCEEDENCE %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% VALIDATION OF DATA FILES WITH PROBABILITY LESS THAN 5% IS NECESSARY AS IT

% WAS FOUND THAT IN SOME INSTANCES SUCH FILES CONTAINED INCONSISTENT DATA

%

% DATA BELOW 5.0% SHOULD BE VALIDATED BECAUSE DATA BELOW THAT PROBABILITY

% IS NOT MONOTONICALLY INCREASING WITH DECREASING PERCENTAGE OF TIME

function ValidateData()



% READ DATA FOR 10%, 20% AND 30% OF THE TIME

load 'surfwv_10.mat';

DATA10 = surfwv_10;

clear surfwv_10;

load 'surfwv_20.mat';

DATA20 = surfwv_20;

clear surfwv_20;

load 'surfwv_30.mat';

DATA30 = surfwv_30;

clear surfwv_30;



% READ DATA FOR 5.0% OF THE TIME AND LOWER

load 'surfwv_05.mat';

DATA{50} = surfwv_05;

clear surfwv_05;

load 'surfwv_03.mat';

DATA{30} = surfwv_03;

clear surfwv_03;

load 'surfwv_02.mat';

DATA{20} = surfwv_02;

clear surfwv_02;

load 'surfwv_01.mat';

DATA{10} = surfwv_01;

clear surfwv_01;

load 'surfwv_0dot5.mat';

DATA{5} = surfwv_0dot5;

clear surfwv_0dot5;

load 'surfwv_0dot3.mat';

DATA{3} = surfwv_0dot3;

clear surfwv_0dot3;

load 'surfwv_0dot2.mat';

DATA{2} = surfwv_0dot2;

clear surfwv_0dot2;

load 'surfwv_0dot1.mat';

DATA{1} = surfwv_0dot1;

clear surfwv_0dot1;



% THIS IS A LIST OF PROBABILITIES THAT DATA IS AVAILABLE

PList = [5, 3, 2, 1, 0.5, 0.3, 0.2, 0.1];



%disp('REBUILDING SWVD DATA, PLEASE WAIT...');



% CREATE SUFFIX FOR DATA FILES

for k = 1: length(PList)

    Px = PList(k);

    %STR = ['BEGIN EXTRAPOLATION AT ' num2str(Px) '%'];

    %disp(STR);

    if (Px == 5)

        SUFFIX = '05';

    elseif (Px == 3)        

        SUFFIX = '03';

    elseif (Px == 2)        

        SUFFIX = '02';

    elseif (Px == 1)        

        SUFFIX = '01';

    elseif (Px == 0.5)        

        SUFFIX = '0dot5';

    elseif (Px == 0.3)

        SUFFIX = '0dot3';

    elseif (Px == 0.2)      

        SUFFIX = '0dot2';

    elseif (Px == 0.1)

        SUFFIX = '0dot1';

    end



    % FIND DATA SIZE

    [ROW, COL] = size(DATA10);

    % ARRAY INDEX CORRESPONDS TO THE PROBABILITY (1% = 10, 0.1% = 1)

    NEW_DB = DATA{10*Px};

    for i = 1: ROW

        for j = 1: COL

            % READ DATA FROM 0.1% to 5% OF A SINGLE LOCATION

            DATA001 = DATA{1}(i, j);

            DATA002 = DATA{2}(i, j);

            DATA003 = DATA{3}(i, j);

            DATA005 = DATA{5}(i, j);

            DATA010 = DATA{10}(i, j);

            DATA020 = DATA{20}(i, j);

            DATA030 = DATA{30}(i, j);

            DATA050 = DATA{50}(i, j);

            

            % PACK DATA INTO ONE VECTOR FROM 5.0% TO 0.1%

            D = [DATA050 DATA030 DATA020 DATA010 DATA005 DATA003 DATA002 DATA001];

            

            % EXTRAPOLATE MISSING OR INVALID DATA USING DATA AT 10%, 20% & 30% 

            % IF SWVD DATA AT OR BELOW 5.0% IS LESS THAN SWVD DATA AT 10%,

            % DO EXTRAPOLATION AT THIS POINT

            if (D(k) <= DATA10(i, j))

                D10 = DATA10(i, j);

                D20 = DATA20(i, j);

                D30 = DATA30(i, j);

                NEW_DB(i, j) = MapExtrapol(D, PList, Px, D30, D20, D10);

            end

        end

    end

    % SAVE NEW DATA

    FILENAME = ['NEW_surfwv_' SUFFIX '.mat'];

    save(FILENAME, 'NEW_DB');

    %STR = ['EXTRAPOLATION FINISHED AT ' num2str(Px) '%'];

    %disp(STR);

end





        

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% EXTRAPOLATION OF MISSING SWVD DATA %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% D IS A VECTOR OF DATA POINTS TO BE TESTED FOR VALIDITY

% PList IS A LIST OF PROBABILITIES ASSOCIATED WITH D

% Px IS THE PROBABILITY BEING WORKED ON

% D30 IS THE DATA AT 30% PROBABILITY OF EXCEEDENCE

% D20 IS THE DATA AT 20% PROBABILITY OF EXCEEDENCE

% D10 IS THE DATA AT 10% PROBABILITY OF EXCEEDENCE

function D = MapExtrapol(D, PList, Px, D30, D20, D10)



% EXTRAPOLATE MISSING DATA USING KNOWN DATA IF DATA POINT IS NOT VALID 

P = [30 20 10];

S = [D30 D20 D10];



% FIND INDEX TO BEGIN EXTRAPOLATION WITH

i = 1;

while (i <= length(PList) && PList(i) >= Px)

    % IF DATA IS LESS THAN THE PREVIOUS DATA POINT, DO EXTRAPOLATION

    % OTHERWISE, IT'S A VALID DATA TO USE FOR NEXT DATA POINT

    DATAx = D(i);

    if (DATAx < S(3))

        DATAx = Interpol2ndOrder(PList(i), P(1), P(2), P(3), S(1), S(2), S(3));

    end

    % TAKE OUT THE FIRST POINT IN P AND S AND APPEND NEXT DATA POINT

    P = [P(2) P(3) PList(i)];

    S = [S(2) S(3) DATAx];

    i = i + 1;

end

D = DATAx;

clear P S;





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% LOG-LINEAR INTERPOLATION %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function y = LogLinear(x, x1, x2, y1, y2)

y = y2 - ((log10(x2 / x) / log10(x2 / x1)) * (y2 - y1));





%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% LINEAR INTERPOLATION %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function y = LinearInterpol(x, x1, x2, y1, y2)

y = y2 - (((x2 - x) / (x2 - x1)) * (y2 - y1));





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% SECOND ORDER INTERPOLATION %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function y = Interpol2ndOrder(x, x0, x1, x2, y0, y1, y2)



c1 = (y1 - y0) ./ (x1 - x0);

c2 = (y2 - (y0 + c1 .* (x2 - x0))) ./ ((x2 - x0) .* (x2 - x1));



y = y0 + c1 .* (x - x0) + c2 .* (x - x0) .* (x - x1);





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% ITU-R P.1144-3 BiLinear INTERPOLATION FOR SG-3 SWVD DATABASE %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% LAST MODIFIED - APRIL 30, 2008

% (x, y) IS THE POINT OF INTEREST

% dx AND dy ARE THE SEPARATION OF THE DATA POINTS IN THE GRID

% THE NEAREST POINT IS ALWAYS P(1,1) IN THE 2 x 2 GRID

% ALWAYS USE THE LOWER LEFT CORNER AS THE FIRST NEAREST POINT

% z3(2,1) z4(2,2)

% z1(1,1) z2(1,2)

function z = BiLinear2(x, y, dx, dy, DATA)



DataSize = size(DATA);

MaxLatIndex = DataSize(1);

MaxLonIndex = DataSize(2);



% FIND INDEX OF THE POINT CLOSEST TO THE POINT OF INTEREST

Nx = round((x - mod(x, dx)) ./ dx + 1); 

Ny = round((90 - (y - mod(y, dy))) ./ dy + 1);



% CHECK WRAP AROUND TO AVOID OUT-OF-RANGE COORDINATES

% CHECK X VALUES FOR WRAP AROUND

X1 = CheckWrapAround(Nx, MaxLonIndex, 'EW');

X2 = CheckWrapAround(Nx + 1, MaxLonIndex, 'EW');



% CHECK Y VALUES FOR WRAP AROUND

Y1 = CheckWrapAround(Ny, MaxLatIndex, 'NS');

Y2 = CheckWrapAround(Ny - 1, MaxLatIndex, 'NS');



% FILL IN PARAMETERS FOR INTERPOLATION

z1 = DATA(Y1, X1);

z2 = DATA(Y1, X2);

z3 = DATA(Y2, X1);

z4 = DATA(Y2, X2);



% CONVERT Nx AND Ny FROM INDEX TO DEGREES

NxDEG = (Nx - 1) .* dx;                             % LONGITUDE

NyDEG = 90 - (Ny - 1) .* dy;                        % LATITUDE



c = abs((x - NxDEG) ./ dx);

r = abs((y - NyDEG) ./ dy);



R1 = z1 .* (1 - r) .* (1 - c);

R2 = z3 .* r .* (1 - c);

R3 = z2 .* (1 - r) .* c;

R4 = z4 .* r .* c;



z = R1 + R2 + R3 + R4;





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% ITU-R P.1144-3 BiCubic INTERPOLATION FOR ITU-R TOPOLOGY MAP %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% (x, y) IS THE POINT OF INTEREST

% dx AND dy ARE THE SEPARATION OF THE DATA POINTS IN THE GRID

% THE NEAREST POINT IS ALWAYS P(2,2) IN THE 4 x 4 GRID

% zArray CONTAINS 16 VALUES CORRESPOND TO THE DATA POINTS

% (4,1) (4,2) (4,3) (4,4)

% (3,1) (3,2) (3,3) (3,4)

% (2,1) (2,2) (2,3) (2,4)

% (1,1) (1,2) (1,3) (1,4)

% THE DATA GRID IS ALSO ARRANGED IN THE SAME MANNER

function z = BiCubic2(x, y, dx, dy, DATA)



%%% INITIALIZATION BEGINS HERE %%%



% DEFINE MAXIMUM INDEX OF DATABASE

DataSize = size(DATA);

MaxLatIndex = DataSize(1);

MaxLonIndex = DataSize(2);



% FIND INDEX OF THE POINT CLOSEST TO THE POINT OF INTEREST

Nx = round((x - mod(x, dx)) ./ dx + 1); 

Ny = round((90 - (y - mod(y, dy))) ./ dy + 1);



% CHECK WRAP AROUND TO AVOID OUT-OF-RANGE COORDINATES

% CHECK X VALUES FOR WARP AROUND

X1 = CheckWrapAround(Nx - 1, MaxLonIndex, 'EW');

X2 = CheckWrapAround(Nx, MaxLonIndex, 'EW');

X3 = CheckWrapAround(Nx + 1, MaxLonIndex, 'EW');

X4 = CheckWrapAround(Nx + 2, MaxLonIndex, 'EW');



% CHECK Y VALUES FOR WARP AROUND

Y1 = CheckWrapAround(Ny + 1, MaxLatIndex, 'NS');

Y2 = CheckWrapAround(Ny, MaxLatIndex, 'NS');

Y3 = CheckWrapAround(Ny - 1, MaxLatIndex, 'NS');

Y4 = CheckWrapAround(Ny - 2, MaxLatIndex, 'NS');



% FILL IN ARRAY FOR INTERPOLATION

P11 = DATA(Y1, X1);

P12 = DATA(Y1, X2);

P13 = DATA(Y1, X3);

P14 = DATA(Y1, X4);



P21 = DATA(Y2, X1);

P22 = DATA(Y2, X2);

P23 = DATA(Y2, X3);

P24 = DATA(Y2, X4);



P31 = DATA(Y3, X1);

P32 = DATA(Y3, X2);

P33 = DATA(Y3, X3);

P34 = DATA(Y3, X4);



P41 = DATA(Y4, X1);

P42 = DATA(Y4, X2);

P43 = DATA(Y4, X3);

P44 = DATA(Y4, X4);



% BUILD INPUT ARRAY FOR INTERPOLATION

zArray = [P11, P12, P13, P14; P21, P22, P23, P24; P31, P32, P33, P34; P41, P42, P43, P44];



% CONVERT Nx AND Ny FROM INDEX TO DEGREES

NxDEG = (Nx - 1) .* dx;                             % LONGITUDE

NyDEG = 90 - (Ny - 1) .* dy;                        % LATITUDE



%%% INITIALIZATION ENDS HERE %%%



%%% BI-CUBIC INTERPOLATION ALGORITHM %%%



% INITIALIZATION

z = 0;



% FIND THE CORNER FIRST

P1x = NxDEG - dx;

P1y = NyDEG - dy;



c = abs((x - P1x) ./ dx);

r = abs((y - P1y) ./ dy);



Rc = zeros(4,1);



% ROW INTERPOLATION 

for i = 1: 4

    for j = 0: 3

        Rc(i) = Rc(i) + zArray(i, (j + 1)) .* KFunction(c - j);

    end

end



% COLUMN INTERPOLATION

for i = 0: 3

    z = z + Rc(i + 1) .* KFunction(r - i);

end





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% CONVOLUTION FUNCTION FOR BiCubic INTERPOLATION %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function k = KFunction(x)

a = -0.5;

x = abs(x);



if (x >= 0 && x < 1)

    k = (a + 2) .* x.^3 - (a + 3) .* x.^2 + 1;

elseif (x >= 1 && x < 2)

    k = a .* x.^3 - 5 .* a .* x.^2 + 8 .* a .* x - 4 .* a;

else

    k = 0;

end





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% FUNCTION TO HANDLE WARP AROUND DATA POINTS %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% THIS FUNCTION CHECKS IF THE COORDINATE FOR OUT OF BOUND AND RESET OUT OF

% BOUND COORDINATES BACK TO AN APPROPRIATE VALUE

function X = CheckWrapAround(Y, MAX, TYPE)



if (strcmp(TYPE, 'EW'))               % EAST-WEST WRAP AROUND: 359, 359.5, 0

    if (Y > MAX)

        X = Y - MAX;

    elseif (Y > 0)

        X = Y;

    elseif (Y == 0)

        X = MAX;

    end

elseif (strcmp(TYPE, 'NS'))           % NORTH-SOUTH WRAP AROUND :+/-90, +/-89.5

    if (Y >= MAX)

        X = MAX - mod(Y, MAX);

    elseif (Y < MAX)

        X = Y;

    elseif (Y == 0)

        X = Y + 1;

    end

end





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% FUNCTION TO CONVERT PDF TO CDF %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function B = pdf2cdf(A)



B = size(A);



for i = 1: length(A)

    B(i) = sum(A(1: i));

end



B = B';





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% FUNCTION TO REVERSE THE ORDER OF ARRAY ELEMENTS %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function B = ReverseOrder(A)



B = size(A);



for i = 1: length(A)

    B(i) = A(length(A) - (i - 1));

end



B = B';



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% FIND LEVEL EXCEEDED FOR A GIVEN PROBABILITY %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% A IS LEVEL CORRESPONDS TO P

% Ax IS INPUT DATA

% Px IS PROBABILITY CORRESPONDS TO Ax

% P IS PROBABILITY OF EXCEEDENCE

function A = FindLevelExceeded(Ax, Px, P)



% SEARCH FOR INTERPOLATION POINTS 

x = find(P >= Px);

if (x < length(Px))                 % WHEN NUMBER OF DATA POINTS FOUND < TOTAL NO. OF POINTS

    x1 = max(x);

    x2 = min(x1 + 1, length(Px));

elseif (x == length(Px))            % WHEN NUMBER OF DATA POINTS FOUND = TOTAL NO. OF POINTS

    x1 = length(Px) - 1;

    x2 = length(Px);

end



A = LinearInterpol(P, Px(x1), Px(x2), Ax(x1), Ax(x2));



%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% DATA BIN STATISTICS %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%

function BIN = DataBin(I2N, BIN, BinLow, BinHigh, BinWidth)



%%% I/N LESS THAN THE MINIMUM BIN

if (I2N <= BinLow)

    BIN(1) = BIN(1) + 1;

%%% I/N GREATER THAN OR EQUAL TO THE MAXIMUM BIN

elseif (I2N > BinHigh)

    BIN(length(BIN)) = BIN(length(BIN)) + 1;

%%% I/N IN BETWEEN

else

    % ceil(x) ROUNDS TOWARD INFINITY

    % IN EACH BIN, IT ROUNDS TOWARD THE HIGHER BIN BOUNDARY

    % i.e.: -12 < x <= -11 GIVES -11, WHICH FALLS IN BIN 20 (I/N = -11.5

    %       dB) IF BIN WIDTH = 1 dB

    BinNum = ceil((I2N - BinLow) ./ BinWidth) + 1;

    BIN(BinNum) = BIN(BinNum) + 1;

end



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% AZIMUTH AND TIME STEP INCREMENT DETERMINATION %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% THE CALCULATED AZIMUTH INCREMENT ENSURES THAT THE FS ANTENNA GAIN TOWARD 

%%% INTERFERENCE ONE HALF OF AN AZIMUTH INCREMENT AWAY IS NOT MORE THAN 1.5 DB 

%%% GREATER THAN THE FS ANTENNA GAIN AT THE 3-DB OFF-AXIS ANGLE

function y = SimStep(GMax)



D2Lamda = 10.^((GMax - 7.7) ./ 20);



if (D2Lamda > 203)

    inc = 0.1;  

elseif ((135.2 < D2Lamda) & (D2Lamda <= 203)) 

    inc = 0.125;

elseif ((101.4 < D2Lamda) & (D2Lamda <= 135.2))

    inc = 0.15; 

elseif ((81.1 < D2Lamda) & (D2Lamda <= 101.4))

    inc = 0.2;  

elseif ((67.6 < D2Lamda) & (D2Lamda <= 81.1))

    inc = 0.25; 

elseif ((50.7 < D2Lamda) & (D2Lamda <= 67.6))

    inc = 0.3;  

elseif ((40.5 < D2Lamda) & (D2Lamda <= 50.7))

    inc = 0.4;  

elseif ((33.8 < D2Lamda) & (D2Lamda <= 40.5))

    inc = 0.5;  

elseif ((27.0 < D2Lamda) & (D2Lamda <= 33.8))

    inc = 0.6;  

elseif ((20.3 < D2Lamda) & (D2Lamda <= 27))

    inc = 0.75; 

else

    inc = 1;    

end



% SINCE THE INCREMENT IS 0.1 < AZIMUTH INCREMENT <= 1.0 DEG AND

% THE TIME STEP IS PROPORTIONAL TO THE AZIMUTH INCREMENT,

% THE TIME STEP IS CALCULATED AS: INCREMENT x 60 SECONDS

step = inc .* 60;

y = [inc; step];



% GENERATE COORDINATES OF EACH INCREMENTAL STUDY AREA

function POINTS = StudyArea(TotalArea, CenterLat, CenterLon, dLON, NLon, NLat)



global Re;



% TOTAL NUMBER OF INCREMENTAL AREAS IS

N = 0;

if (NLat >= 3 && NLon <= 16)

    N = NLat .* NLon;

end



% CHECK IF THE TOTAL NUMBER OF INCREMENTAL AREAS IS WITHIN LIMIT

if (N < 9 || N > 50)

    N = 0;

end



% ALL INCREMENTAL AREAS HAVE EQUAL SIZE, THEREFORE

dArea = TotalArea ./ N;



disp(['INCREMENTAL AREA = ' num2str(dArea) ' km^2']);



% FIND CENTER POINTS

LONi = zeros(NLon, 1);

LATi = zeros(NLat, 1);

LAT0 = asind(sind(CenterLat) - 0.5 .* TotalArea ./ (deg2rad(dLON) .* Re.^2));

LON0 = CenterLon - 0.5 .* dLON;



% LONGITUDINAL 

for i = 1: NLon

    if (i == 1)

        LONi(i) = LON0 + 0.5 .* dLON ./ NLon;

    else

        LONi(i) = LONi(i - 1) + dLON ./ NLon;

    end

end

x = find(LONi > 180);

LONi(x) = LONi(x) - 360;



% LATITUDINAL 

LATx = LAT0;

for i = 1: NLat

    % CENTER LAT OF THIS INCREMENTAL AREA

    LATi(i) = asind(sind(LATx) + 0.5 .* NLon .* dArea ./ (deg2rad(dLON) .* Re.^2));

    % CHECK IF THIS LOCATION IS AT ZERO LATITUDE

    if (abs(LATi(i)) < 10e-12)

        LATi(i) = 0;

    end

    % LOWER BOUND LAT OF NEXT INCREMENTAL AREA

    LATx = asind(sind(LATx) + NLon .* dArea ./ (deg2rad(dLON) .* Re.^2));

end

    

LATn = asind(sind(LATi(length(LATi))) + 0.5 .* NLon .* dArea ./ (deg2rad(dLON) .* Re.^2));

LONn = LONi(length(LONi)) + 0.5 .* dLON ./ NLon;

x = find(LONn > 180);

LONn(x) = LONn(x) - 360;

disp('CACULATED END POINTS ARE: ');

disp(['LAT_SW = ' num2str(LAT0) ' deg']);

disp(['LON_SW = ' num2str(LON0) ' deg']);

disp(['LAT_NE = ' num2str(LATn) ' deg']);

disp(['LON_NE = ' num2str(LONn) ' deg']);

TA = deg2rad(mod(LONn, 360) - mod(LON0, 360)) .* Re.^2 .* (sind(LATn) - sind(LAT0));

disp(['TOTAL AREA BASED ON CALCULATED END POINTS = ' num2str(TA) ' km^2']);



% PLOT LOCATIONS

mapfig = MapOfEarth(2);

ca = get(mapfig, 'CurrentAxes');

hold on;

for i = 1: NLat

    for j = 1: NLon

        plot(ca, LONi(j), LATi(i), 'r+');

    end

end

title({'DISTRIBUTION OF INCREMENTAL AREA CENTER POINTS', [num2str(NLon) ' x ' num2str(NLat) ' LOCATIONS']}, 'FontWeight', 'bold');

hold off;



POINTS = {LATi, LONi};



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% APPARENT ELEVATION ANGLE %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function A = ApparentAngle(EL, h)

% RADIUS OF EARTH FROM ITU-R P.834-6 SECTION 4.2

r = 6370;



n = inline('1 + 0.000315 .* exp(-0.1361 .* h)', 'h');

T = inline('1./(1.314 + 0.6437.*theta + 0.02869.*theta.^2 + (0.2305 + 0.09428.*theta + 0.01096.*theta.^2).*h + 0.008583.*h.^2)', 'theta', 'h');

Ts = inline('1./(1.782+0.5411.*theta+0.03723.*theta.^2+(0.1815+0.06272.*theta+0.01380.*theta.^2).*h+(0.01727+0.008288.*theta).*h.^2)', 'theta', 'h');



theta_m = -acosd((r ./ (r + h)) .* (n(0) ./ n(h)));

T_m = T(theta_m, h);



x = find(theta_m - T_m - EL > 0);

A(x) = -1;

x = find(theta_m - T_m - EL <= 0);

A(x) = EL(x) + Ts(EL(x), h);



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%%% FIND DATA IN SG-3 DATABASE %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function T_mean = InterpolateTemp(TEMP, DX, DY, x, y, delta)

%%% FIND MEAN TEMPERATURE [K] FOR THIS FS SITE %%%

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% IF LATITUDE IS LESS THAN 88.5 DEG, WHICH IS 1.5 DEG (DATA RESOLUTION) BELOW 90

% THEN NORMAL BI-LINEAR METHOD APPLIES

% ELSE IF LATITUDE IS BETWEEN 88.5 DEG AND 88.5 + HALF OF THE DATA RESOLUTION (89.25 DEG)

% THEN TEMPERATURE IS BASED ON THE NEAREST DATA POINT ALONG 88.5 DEG LATITUDE

% ELSE IF LATITUDE IS GREATER THAN 88.5 + HALF OF THE DATA RESOLUTION (89.25 DEG)

% THEN TEMPERATURE IS AN UNIFORM VALUE AT 90 DEG LATITUDE

% IT WORKS THE SAME FOR SOUTHERN HEMISPHERE

%

% THE PRINCIPLE IS THE SAME FOR TERRAIN HEIGHTS, BUT HEIGHTS DEPEND ON LONGITUDE AT +/-90 DEG

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

T_mean = 0;

Tdx = abs(DX(1,1) - DX(1, 2));                                  % DATA POINT SEPARATION

Tdy = abs(DY(1,1) - DY(2, 1));                                  % DATA POINT SEPARATION

if (abs(y) < 88.5)                                              % DO NOT DO BILINEAR NEAR POLAR POINTS

    T_mean = BiLinear2(mod(x, delta), y, Tdx, Tdy, TEMP);       % USE ITU-R APPROVED BiLinear METHOD

elseif (abs(y) < 89.25)                                         % IF LOCATION IS FURTHER FROM POLAR PTS

    TempX = floor(mod(x, 360) / Tdx) + 1;                       % LOCATE LONGITUDE IN DATABASE

    if (mod(abs(x), Tdx) / Tdx > 0.5)                           % IF LOCATION IS CLOSER TO NEXT POINT

        TempX = TempX + 1;                                      % USE DATA FROM NEXT POINT

        if (TempX > 240)                                        % CHECK WRAP AROUND

            TempX = 1;

        end

    end

    TempY = 61 - floor(abs(y) / Tdy) * abs(y) / y;              % LOCATE LATITUDE IN DATABASE

    if (mod(abs(y), Tdy) / Tdy > 0.5)                           % IF LOCATION IS CLOSER TO NEXT POINT

        if (y > 0)                                              % IF NORTHERN LATITUDE

            TempY = TempY - 1;                                  % NEXT POINT IS NEXT UPPER LATITUDE

        else                                                    % ELSE

            TempY = TempY + 1;                                  % NEXT POINT IS NEXT LOWER LATITUDE

        end

    end

    T_mean = TEMP(TempY, TempX);                                % ASSIGN TEMP

else                                                            % IF LOCATION IS VERY CLOSE TO POLAR PTS

    if (y > 0)                                                  % IF NORTH POLE

        T_mean = 258.8;                                         % NORTH POLE TEMP = 258.8

    else                                                        % ELSE IF SOUTH POLE

        T_mean = 222.5;                                         % SOUTH POLE TEMP = 222.5

    end

end

%disp(['MEAN TEMPERATURE = ' num2str(T_mean)]);





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% PROCESS DATA GENERATED FROM interfsim.m

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% GAIN: ANTENNA GAIN ARRAY

% EL: ANTENNA ELEVATIN ARRAY

% PFD1: PFD LOWER LIMIT

% PFD2: PFD HIGHER LIMIT

% OPTION: OPTION TO PROCESS EXTRA ROW IN DATA FILE

function DATA = DataProcessor(GAIN, EL, PFD1, PFD2, OPTION)

% TOTAL DATA SIZE

DATA = [];

% DEFAULT ROW TO BE PROCESSED

R = 1;

% IF OPTION IS 2, PROCESS EXTRA ROW INSTEAD

if (OPTION == 2)

    R = 3;

end

EL = fliplr(EL);

% FORMAT DATA INTO TABLE

for i = 1: length(GAIN)

    for j = 1: length(EL)

        FILENAME = ['AreaData' num2str(GAIN(i)) 'dBi' num2str(EL(j)) 'EL_at' num2str(PFD1) 'X' num2str(PFD2) '.mat'];

        load(FILENAME);

        DATA(:, length(EL)*(i - 1) + j) = ALLBIN(R,:)';

    end

end





% DISPLAY MESSAGE ON MESSAGE BAR

function DispMsg(h, str)

set(h, 'String', '');

set(h, 'String', str);





%%% End of function %%%








StatMeth/ITU_R_F1245MOD.m

% THIS FUNCTION IS BASED ON ITU-R F.1245-1 (1997-2000). PLEASE REFER TO THE RECOMMENDATION FOR DETAIL.



% ITU-R F.1245-1 ANTENNA PATTERN



function G = ITU_R_F1245MOD(Off_axis_angle, Phi_m, Phi_r, G_max, G_1, DLamdaRatio, XPLoss)



G = zeros(size(Off_axis_angle));

OneSide3dBBW = 20 .* sqrt(3) ./ DLamdaRatio;



% FIND GAIN FOR EARTH STATION

if (DLamdaRatio > 100)

    x = find(Off_axis_angle < Phi_m);

    G(x) = G_max - 2.5e-3 .* (DLamdaRatio .* Off_axis_angle(x)).^2;

    x = find(Off_axis_angle < max(Phi_m, Phi_r) & Off_axis_angle >= Phi_m);

    G(x) = G_1;

    x = find(Off_axis_angle < 48.0 & Off_axis_angle >= max(Phi_m, Phi_r));

    G(x) = 29 - 25 .* log10(Off_axis_angle(x));

    x = find(Off_axis_angle >= 48.0);

    G(x) = -13;

else

    %%% SEE NOTE 7 OF ITU-R F.1245-1

    %%% THE CALCULATION OF G(x) IN THE MAIN BEAM ASSUMES THAT THE

    %%% POLARIZATION ADVANTAGE IN NOTE 7 FOR A LINEARLY POLARIZED FIXED

    %%% SERVICE ANTENNA RECEIVING INTERFERENCE FROM THE MAIN BEAM OF A

    %%% SOURCE OF INTERFERENCE (I.E., A SPACE STATION) EMPLOYING CIRCULAR

    %%% POLARIZATION APPLIES.

    x = find(Off_axis_angle < Phi_m);

    G(x) = G_max - 2.5e-3 .* (DLamdaRatio .* Off_axis_angle(x)).^2;

    G_(x) = G(x);                               % CREATE A COPY OF G(X)

    %%% PROPOSED MOD %%%%%%%%%%%%%%%%%%%%%%%%

    x = find(Off_axis_angle <= OneSide3dBBW);   % FIND ALL ANGLES <= 3 dB BEAMWIDTH

    G(x) = G_(x) - XPLoss;

    %%% PROPOSED MOD %%%%%%%%%%%%%%%%%%%%%%%%

    %%% OLD F.1245-1 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

%    G_(x) = G_max - 2.5e-3 .* (DLamdaRatio .* Off_axis_angle(x)).^2;

%    G(x) = 10 .* log10(10.^(0.1 .* G_(x)) + 0.02 .* 10.^(0.1 .* G_max)) - 3.0;

    %%% OLD F.1245-1 %%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

    x = find(Off_axis_angle >= Phi_m & Off_axis_angle < 48.0);

    G(x) = 39 - 5 .* log10(DLamdaRatio) - 25 .* log10(Off_axis_angle(x));

    x = find(Off_axis_angle >= 48.0);

    G(x) = -3 - 5 .* log10(DLamdaRatio);

end








StatMeth/ITU_R_P676Annex2REV7c.m

%%% ITU-R P.676-7 ANNEX 2 FOR SLANT PATH ATTENUATION FOR

%%% EARTH-SPACE PATH

function ALoss = ITU_R_P676Annex2REV7c(f, t, Wd, p, EL)

% f = frequency [GHz]

% t = temperature [Celsius]

% Wd = water vapour density [g/m^3]

% p = pressure [hPa]

% EL = elevation angle [deg]



% CALCULATION OF COEFFICIENTS

rp = p ./ 1013;



% WATER VAPOUR ATTENUATION (dB/km)

Yw = WaterVapourAttenuation2(f, t, Wd, p);



% DRY AIR ATTENUATION (dB/km)

Yo = DryAirAttenuation2(f, t, p);



% SLANT PATH FOR DRY AIR (km), ANNEX 2

% EQ. 25b

X1 = 4.64 ./ (1 + 0.066 .* rp.^-2.3);

X2 = (f - 59.7) ./ (2.87 + 12.4 .* exp(-7.9 .* rp));

t1 = X1 .* exp(-(X2.^2));

% EQ. 25c

t2 = 0.14 .* exp(2.12 .* rp) ./ ((f - 118.75).^2 + 0.031 .* exp(2.2 .* rp));

% EQ. 25d

X1 = 0.0114 .* f ./ (1 + 0.14 .* rp.^-2.6);

X2 = (-0.0247 + 0.0001 .* f + 1.61e-6 .* f.^2) ./ (1 - 0.0169 .* f + 4.1e-5 .* f.^2 + 3.2e-7 .* f.^3);

t3 = X1 .* X2;

% DETERMINE DRY AIR EQUIVALENT HEIGHT (km)

% EQ. 25a

ho = 6.1 .* (1 + t1 + t2 + t3) ./ (1 + 0.17 .* rp.^-1.1);

% EQ. 25e

if (f < 70.0)

    % CONSTRAINT FOR DRY AIR EQUIVALENT HEIGHT (km) WHEN f < 70 GHz

    % ho <= 10.7 * rp^0.3

    ho = min(ho, 10.7 .* rp.^0.3);

end

%%% DRY AIR ATTENUATION %%%

Ao = Yo .* ho;



% SLANT PATH FOR WATER VAPOUR (km)

% EQ. 26b

pw = 1.013 ./ (1 + exp(-8.6 .* (rp - 0.57)));

% TERMS IN EQ. 26a IN ITU-R F.676-6

X1 = 1.39 .* pw ./ ((f - 22.235).^2 + 2.56 .* pw);

X2 = 3.37 .* pw ./ ((f - 183.31).^2 + 4.69 .* pw);

X3 = 1.58 .* pw ./ ((f - 325.1).^2 + 2.89 .* pw);

% DETERMINE WATER VAPOUR EQUIVALENT HEIGHT (km)

hw = 1.66 .* (1 + X1 + X2 + X3);

%%% WATER VAPOUR ATTENUATION (dB) %%%

Aw = Yw .* hw;



% TOTAL ZENITH ATTENUATION (dB): A = Aw + Ao 

% EQ. 27

A = Aw + Ao;



% PATH ATTENUATION FOR EARTH-SPACE PATH (dB)

% EQ. 28

ALoss = A ./ sind(EL);





% ITU-R P.676-7 ANNEX 2

% THIS FUNCTION IS VALID FOR 1 - 350 GHz

function Yo = DryAirAttenuation2(f, t, p)

% f = FREQUENCY [GHz]

% t = TEMPERATURE [Celsius]

% p = PRESSURE [hPa]



% EQ. 22u

fx = inline('rp.^a .* rt.^b .* exp(c .* (1 - rp) + d .* (1 - rt))', 'rp', 'rt', 'a', 'b', 'c', 'd');



% CALCULATION OF COEFFICIENTS

rp = p ./ 1013;

rt = 288 ./ (t + 273);



E1 = fx(rp, rt, 0.0717, -1.8132, 0.0156, -1.6515);                      % EQ. 22g

E2 = fx(rp, rt, 0.5146, -4.6368, -0.1921, -5.7416);                     % EQ. 22h

E3 = fx(rp, rt, 0.3414, -6.5851, 0.2130, -8.5854);                      % EQ. 22i

E4 = fx(rp, rt, -0.0112, 0.0092, -0.1033, -0.0009);                     % EQ. 22j

E5 = fx(rp, rt, 0.2705, -2.7192, -0.3016, -4.1033);                     % EQ. 22k

E6 = fx(rp, rt, 0.2445, -5.9191, 0.0422, -8.0719);                      % EQ. 22l

E7 = fx(rp, rt, -0.1833, 6.5589, -0.2402, 6.131);                       % EQ. 22m

yo54 = 2.192 .* fx(rp, rt, 1.8286, -1.9487, 0.4051, -2.8509);           % EQ. 22n

yo58 = 12.59 .* fx(rp, rt, 1.0045, 3.5610, 0.1588, 1.2834);             % EQ. 22o

yo60 = 15.00 .* fx(rp, rt, 0.9003, 4.1335, 0.0427, 1.6088);             % EQ. 22p

yo62 = 14.28 .* fx(rp, rt, 0.9886, 3.4176, 0.1827, 1.3429);             % EQ. 22q

yo64 = 6.819 .* fx(rp, rt, 1.4320, 0.6258, 0.3177, -0.5914);            % EQ. 22r

yo66 = 1.908 .* fx(rp, rt, 2.0717, -4.1404, 0.4910, -4.8718);           % EQ. 22s

so = -0.00306 .* fx(rp, rt, 3.211, -14.94, 1.583, -16.37);              % EQ. 22t



% SPECIFIC ATTENUATION CALCULATION, SECTION 1, ANNEX 2

% FOR f <= 54 GHz

if (f <= 54)

    % TERMS IN EQ. 22a IN ITU-R P.676-7 

    X1 = 7.2 .* rt.^2.8 ./ (f.^2 + 0.34 .* rp.^2 .* rt.^1.6);

    X2 = 0.62 .* E3 ./ ((54 - f).^(1.16 .* E1) + 0.83 .* E2);

    % DRY AIR ATTENUATION (dB/km) 

    Yo = (X1 + X2) .* f.^2 .* rp.^2 .* 1e-3;

elseif (f > 54 & f <= 60)

    % TERMS IN EQ. 22b IN ITU-R P.676-7 

    X1 = log(yo54) .* (f - 58) .* (f - 60) ./ 24;

    X2 = -log(yo58) .* (f - 54) .* (f - 60) ./ 8;

    X3 = log(yo60) .* (f - 54) .* (f - 58) ./ 12;

    % DRY AIR ATTENUATION (dB/km)

    Yo = exp(X1 + X2 + X3);

elseif (f > 60 & f <= 62)

    % DRY AIR ATTENUATION (dB/km) EQ. 22c

    Yo = yo60 + 0.5 .* (yo62 - yo60) .* (f - 60);

elseif (f > 62 & f <= 66)

    % TERMS IN EQ. 22d IN ITU-R P.676-7

    X1 = log(yo62) .* (f - 64) .* (f - 66) ./ 8;

    X2 = -log(yo64) .* (f - 62) .* (f - 66) ./ 4;

    X3 = log(yo66) .* (f - 62) .* (f - 64) ./ 8;

    % DRY AIR ATTENUATION (dB/km)

    Yo = exp(X1 + X2 + X3);

elseif (f > 66 & f <= 120)

    % TERMS IN EQ. 22e IN ITU-R P.676-7

    X1 = 3.02e-4 .* rt.^3.5;

    X2 = 0.283 .* rt.^3.8 ./ ((f - 118.75).^2 + 2.91 .* rp.^2 .* rt.^1.6);

    X3 = 0.502 .* E6 .* (1 - 0.0163 .* E7 .* (f - 66)) ./ ((f - 66).^(1.4346 .* E4) + 1.15 .* E5);

    % DRY AIR ATTENUATION (dB/km)

    Yo = (X1 + X2 + X3) .* f.^2 .* rp.^2 .* 1e-3;

elseif (f > 120 & f <= 350)

    % TERMS IN EQ. 22f IN ITU-R P.676-7

    X1 = 3.02e-4 ./ (1 + 1.9e-5 .* f.^1.5);

    X2 = 0.283 .* rt.^0.3 ./ ((f - 118.75).^2 + 2.91 .* rp.^2 .* rt.^1.6);

    % DRY AIR ATTENUATION (dB/km)

    Yo = (X1 + X2) .* f.^2 .* rp.^2 .* rt.^3.5 .* 1e-3 + so;

end





% ITU-R P.676-7 ANNEX 2

% THIS FUNCTION IS VALID FOR 1 - 350 GHz

function Yw = WaterVapourAttenuation2(f, t, d, p)

% f = frequency [GHz]

% t = temperature [Celsius]

% d = water vapour density [g/m^3]

% p = pressure [hPa]



% EQ. 23d

fx = inline('1 + ((f0 - f1) ./ (f0 + f1)).^2', 'f0', 'f1');



% CALCULATION OF COEFFICIENTS

rp = p ./ 1013;

rt = 288 ./ (t + 273);



% EQ 23b & 23c

n1 = 0.955 .* rp .* rt.^0.68 + 0.006 .* d;

n2 = 0.735 .* rp .* rt.^0.5 + 0.0353 .* rt.^4 .* d;



% TERMS IN EQ. 23a OF ITU-R P.676-7

X1 = 3.98 .* n1 .* exp(2.23 .* (1 - rt)) ./ ((f - 22.235).^2 + 9.42 .* n1.^2);

X2 = 11.96 .* n1 .* exp(0.7 .* (1 - rt)) ./ ((f - 183.31).^2 + 11.14 .* n1.^2);

X3 = 0.081 .* n1 .* exp(6.44 .* (1 - rt)) ./ ((f - 321.226).^2 + 6.29 .* n1.^2);

X4 = 3.66 .* n1 .* exp(1.6 .* (1 - rt)) ./ ((f - 325.153).^2 + 9.22 .* n1.^2);

X5 = 25.37 .* n1 .* exp(1.09 .* (1 - rt)) ./ (f - 380).^2;

X6 = 17.4 .* n1 .* exp(1.46 .* (1 - rt)) ./ (f - 448).^2;

X7 = 844.6 .* n1 .* exp(0.17 .* (1 - rt)) ./ (f - 557).^2;

X8 = 290 .* n1 .* exp(0.41 .* (1 - rt)) ./ (f - 752).^2;

X9 = 8.3328 .* 1e4 .* n2 .* exp(0.99 .* (1 - rt)) ./ (f - 1780).^2;

% FOR f <= 350 GHz

% WATER VAPOUR ATTENUATION (dB/km)

% EQ. 23a

Yw = (X1 .* fx(f, 22) + X2 + X3 + X4 + X5 + X6 + X7 .* fx(f, 557) + X8 .* fx(f, 752) + X9 .* fx(f, 1780)) .* f.^2 .* rt.^2.5 .* d .* 1e-4;








StatMeth/ITU_R_P676REV7c.m

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% ITU-R P.676-7 ANNEX 1 SLANT PATH ATTENUATION FOR ELEVATION BELOW 5 DEG %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% f: FREQUENCY IN GHz

% FS_Height: STATION HEIGHT ABOVE GROUND LEVEL

% TerrainHeight: STATION SITE HEIGHT ABOVE SEA LEVEL (GROUND HEIGHT)

% EL: ELEVATION ANGLE

% T_mean: MEAN ANNUAL TEMPERATURE (ITU-R P.1510)

% Wd: SURFACE WATER VAPOUR DENSITY (SG-3 DATA)

% Atmosphere: CLIMATIC ZONE MODEL IN ITU-R P.835-4

function An = ITU_R_P676REV7c(f, FS_Height, TerrainHeight, EL, P_mean, T_mean, Wd, Atmosphere)



global fw b1 b2 b3 b4 b5 b6 fo a1 a2 a3 a4 a5 a6;



%%% LOAD SPECTROSCOPIC DATA %%%

if (isempty(fw) | fw == 0)

    load wat676;

    load oxy676;

end



% AVERAGE RADIUS OF EARTH

Re = 6371;



An = 0;

N = [];

R = [];

Alpha = [];

Beta = [];

ARRi = [];

a = [];

Att = [];



%%% LAYER THICKNESS %%%

n = 1: 922;

LayerHt = LayerThickness(n);



%%% STATION HEIGHT %%%

STN_Height = TerrainHeight + FS_Height;



%%% RADIUS AT STATION SITE %%%

R0 = Re + STN_Height;



%%% BEGINNING OF THE FIRST LAYER %%%

R(1) = R0;



%%% EXITING INCIDENT ANGLE %%%

Beta0 = 90 - EL;

Beta(1,:) = deg2rad(Beta0);



%%% DETERMINE REFRACTIVE INDEX FOR FIRST LAYER %%%

Height = R(1) - R0;

%%% GENERATE ATMOSPHERIC DATA AT THIS ALTITUDE %%%

Y = ITU_R_P835REV4c(Atmosphere, TerrainHeight, Height, P_mean, T_mean, Wd);

P = Y(1);

T = Y(2);

d = Y(3);



%%% GENERATE NON-DISPERSIVE REFRACTIVITY %%%

N(1) = RefractiveIndex(P, T, d);

%%% ATMOSPHERIC RADIO REFRACTIVE INDEX %%%

ARRi(1) = 1 + N(1) .* 1e-6;



%%% INITIALIZE STORAGE INDEX %%%

i = 1;



%%% LINE INTEGRATION

while Height >= 0 && Height < 99

    R(i + 1) = R(i) + LayerHt(i);

    Height = R(i + 1) - R0;

    Y = ITU_R_P835REV4c(Atmosphere, TerrainHeight, Height, P_mean, T_mean, Wd);

    P = Y(1);

    T = Y(2); 

    d = Y(3);    

    N(i + 1) = RefractiveIndex(P, T, d);

    ARRi(i + 1) = 1 + N(i + 1) .* 1e-6;

    %%% APPLY EQ. 17 %%%

    a(i,:) = -R(i) .* cos(Beta(i,:))+0.5.*sqrt(4.*R(i).^2.*(cos(Beta(i,:))).^2+8.*R(i).*LayerHt(i)+4.*LayerHt(i).^2);

    %%% APPLY EQ. 18 %%%

    Alpha1x = (-a(i,:).^2-2.*R(i).*LayerHt(i)-LayerHt(i).^2)./(2.*a(i,:).*R(i)+2.*a(i,:).*LayerHt(i));

    Alpha(i,:) = pi - acos(Alpha1x);

    %%% APPLY EQ. 20 %%%

    Att(i,:) = a(i,:) .* ITU_R_P676a(f, P, T, d);

    if (~isreal(Att(i,:)))

        disp('Complex output detected');

    elseif (isnan(Att(i,:)))

        disp(['NaN detected: i = ' num2str(i)]);

    end

    %%% APPLY EQ. 19 %%%

    Beta2x = ARRi(i) .* sin(Alpha(i,:)) ./ ARRi(i + 1); 

    Beta(i+1,:) = asin(Beta2x);

    i = i + 1;

end



An = sum(Att, 1);



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function y = ITU_R_P676a(f, P, T, wd)

%

% FUNCTION Y=ITU676a(f,Ph,T,wd)

%

% Absorption in dB/km due to atmospheric gases

%

% f= frequency (GHz)

% Ph = Total air pressure in hPa

% p= dry air pressure in hPa

% e= water-vapour partial pressure 

% P=total pressure = p+e in hPa

% T= temperature in Kelvin

% ro= water vapour concentration (g/m^3)

%

% H.J. Liebe, 1989, "MPM - An atmospheric millimeter-wave propagation model", 

% Int. Journal Infrared and mm waves

%

% Rec. ITU-R P. 676 (january 1997)

%

%

% 15/4/97 - Contwdlled: reflects exactly Rec. 676

%

% J.P.V. Poiares Baptista

% ESA/ESTEC, Keplerlaan 1

% NL-2200 AG Noordwijk

%

global fw b1 b2 b3 b4 b5 b6 fo a1 a2 a3 a4 a5 a6;



theta=300.0./T;

e=wd.*T./216.7;

p=P-e;



% LINE STRENGTH Si

Sio=a1.*(1e-7).*p.*(theta.^3.0).*exp(a2.*(1-theta));

Siw=b1.*(1e-1).*e.*(theta.^3.5).*exp(b2.*(1-theta));



% LINE SHAPE FACTOR

deltao=(a5+a6.*theta).*(1e-4).*(p+e).*theta.^(0.8);

deltaw=0;

deltafo=a3.*1e-4.*(p.*theta.^(0.8-a4)+1.1.*e.*theta);

deltafw=b3.*1e-4.*(p.*theta.^b4+b5.*e.*theta.^b6);

% MODIFY deltafo (OXYGEN) AND deltafw (WATER) TO ACCOUNT FOR DOPPLER BROADENING

deltafo = sqrt(deltafo.^2 + 2.25e-6);

deltafw = 0.535 .* deltafw + sqrt(0.217 .* deltafw.^2 + (2.1316e-12 .* fw.^2) ./ theta);



% DRY AIR

part1Fio=(deltafo-deltao.*(fo-f))./((fo-f).^2+deltafo.^2);

part2Fio=(deltafo-deltao.*(fo+f))./((fo+f).^2+deltafo.^2);



Fio=(f./fo).*(part1Fio+part2Fio);



% WATER VAPOUR

part1Fiw=(deltafw-deltaw.*(fw-f))./((fw-f).^2+deltafw.^2);

part2Fiw=(deltafw-deltaw.*(fw+f))./((fw+f).^2+deltafw.^2);



Fiw=(f./fw).*(part1Fiw+part2Fiw);



% DRY AIR CONTINUUM N2Df ( N''D(f) )

d = 5.6 .* 1e-4 .* p .* theta.^0.8;

N2Df = 0;

if (f < 10 || f > 100)

    X1 = 6.14 .* 1e-5 ./ (d .* (1 + (f ./ d).^2));

    X2 = 1.4 .* 1e-12 .* p .* theta.^1.5 ./ (1 + 1.9 .* 1e-5 .* f.^1.5);

    N2Df=f.*p.*theta.^2.0.* (X1 + X2);

end

N2f=sum(Fio.*Sio)+sum(Fiw.*Siw)+N2Df;



y=0.1820.*f.*N2f;





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function y = ITU_R_P676d(f, Ph, T, wd)

%

% FUNCTION Y=itu676d(f,Ph,T,wd)

%

% Group delay in picoseconds/km due to the dispersion of atmospheric gases

%

% f= frequency (GHz)

% Ph = Pressure in hPa

% p= dry air pressure in hPa

% e= water-vapour partial pressure in hpa

% P=total pressure = p+e in hpa

% T= temperature in Kelvin

% ro= water vapour concentration (g/m^3)

%

% Model is the one described in Chap. 6 of ITU-R Handbook on Radiometeorology

% with Rec676 lines

%

% H.J. Liebe, 1989, "MPM - An atmospheric millimeter-wave propagation model", 

% Int. Journal Infrared and mm waves

%

% 15/4/97 Contrlled: reflects exactly Chap. 6 of the Handbook

%

% J.P.V. Poiares Baptista

% ESA/ESTEC, Keplerlaan 1

% NL-2200 AG Noordwijk

%

global fw b1 b2 b3 b4 b5 b6 fo a1 a2 a3 a4 a5 a6;



P = Ph;

theta=300.0./T;

e=wd.*T./216.7;

p=P-e;



% LINE STRENGTH Si

Sio=a1.*(1e-7).*p.*(theta.^3.0).*exp(a2.*(1-theta));

Siw=b1.*(1e-1).*e.*(theta.^3.5).*exp(b2.*(1-theta));



% LINE SHAPE FACTOR

deltao=(a5+a6.*theta).*(1e-4).*p.*theta.^(0.8);

deltaw=0;

deltafo=a3.*1e-4.*(p.*theta.^(0.8-a4)+1.1.*e.*theta);

deltafw=b3.*1e-4.*(p.*theta.^b4+b5.*e.*theta.^b6);

% MODIFY deltafo (OXYGEN) AND deltafw (WATER) TO ACCOUNT FOR DOPPLER BROADENING

deltafo = sqrt(deltafo.^2 + 2.25e-6);

deltafw = 0.535 .* deltafw + sqrt(0.217 .* deltafw.^2 + (2.1316e-12 .* fw.^2) ./ theta);



part1Fio=((fo-f)+deltafo.*(deltafo+f.*deltao)./fo)./((fo-f).^2+deltafo.^2);

part2Fio=((fo+f)+deltafo.*(deltafo-f.*deltao)./fo)./((fo+f).^2+deltafo.^2);



Fio=(part1Fio+part2Fio)-(2.0./fo);



% WATER VAPOUR

part1Fiw=((fw-f)+deltafw.*(deltafw+f.*deltaw)./fw)./((fw-f).^2+deltafw.^2);

part2Fiw=((fw+f)+deltafw.*(deltafw-f.*deltaw)./fw)./((fw+f).^2+deltafw.^2);



Fiw=(part1Fiw+part2Fiw)-(2.0./fw);



% DRY AIR CONTINUUM N1Df ( N'D(f) )

d = 5.6e-4 .* p .* theta.^0.8;

N1Df = 0;

if (f <= 10 || f > 100)

    N1Df=6.14e-5.*p*theta.^2.0.*((1.0./(1+(f./d).^2))-1);

end

N1Wf=9.98e-7.*f.^2.0.*(1-0.20.*theta).*e.*theta.^2.7;

N1f=sum(Fio.*Sio)+sum(Fiw.*Siw)+N1Df+N1Wf;



y=N1f;



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function y = RefractiveIndex(Ph, T, wd)

%

% FUNCTION Y=REF_IND(Ph,T,wd)

%

% Non-dispersive Refractivy (frequency independent component of the

% refractivity in ppm (parts per million)

%

% Ph = Pressure in hPa

% p= dry air pressure in KPa

% e= water-vapour partial pressure in Kpa

% P=total pressure = p+e in Kpa

% T= temperature in Kelvin

% ro= water vapour concentration (g/m^3)

%

% 24/6/95 OK

%

% J.P.V. Poiares Baptista

% ESA/ESTEC, Keplerlaan 1

% NL-2200 AG Noordwijk

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

% NOTE: UPDATED EQUATIONS USING ITU-R P.453-9   %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



P=Ph;

e=wd.*T./216.7;



% Dry air component

% EQ. 3 FROM ITU-R P.453-9

Nd = 77.6 .* P ./ T;



% Water vapour component

% EQ. 4 FROM ITU-R P.453-9

Nw = 3.732e5 .* e ./ T.^2;



y=Nd+Nw;



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% Rounds a scalar, matrix or vector to a specified number of decimal places

% Format is roundoff(number,decimal_places)

% 8/05/06: Downloaded from MATLAB Central File Exchange

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%



function y = roundoff(number,decimal_places)



[INeg,JNeg] = find( number<0 ); % Negative numbers



if ~isempty(INeg)

   IndNeg = sub2ind(size(number),INeg,JNeg);

   Number = abs(number);

else

   Number = number;

end



decimals = 10.^decimal_places;

y1 = fix(decimals * Number + 0.5)./decimals;



if ~isempty(INeg)

   y1(IndNeg) = -y1(IndNeg);

end



y = y1;



% LAYER THICKNESS

function y = LayerThickness(i)



y = 0.0001 .* exp((i - 1) ./ 100);








StatMeth/ITU_R_P835REV4c.m

function y = ITU_R_P835REV4c(atmos, TerrainHeight, hei, P_mean, T_mean, Wd)

%

%function y=[p, T ro]=st_atmos(atmos,hei)

%

% FUNCTION TO DERIVE THE PROFILES OF PRESSURE (p in hPa), TEMPERATURE (T in K)

% AND WATER VAPOUR CONCENTRATION (ro in g/m^3)

%

% y=[p,T,ro]

% atmos='SUMMER MIDLAT','WINTER MIDLAT','SUMMER SUBART',

%			'WINTER SUBART' OR 'ANNUAL TROPIC',

%			'ITU-R REF STD'

% hei= height in kilometers (height above ground level)

%

% CAREFUL: use only with one value for the height at a time!!!

%

% bug detected in the ITU standard atmosphere

% corrected 18/9/96 - Pedro

%

% corrected wrong sign detected in SUMMER SUBART atmosphere

% 12/1/97 - Pedro

%

%  5/3/95 - now includes also ITU-R PN Rec. 835

%

%  28/9/96 - found another bug in ITU atmosphere - pressure corrected

%

% J.P.V. Poiares Baptista

% ESA/ESTEC, Keplerlaan 1

% NL-2200 AG Noordwijk

%



% GENERATE ATMOSPHERE CHARACTERISTICS



% TerrainHeight IS TERRAIN HEIGHT FROM ITU-R P.1511

% T_mean IS MEAN ANNUAL SURFACE TEMPERATURE FROM ITU-R P.1510

% Wd IS SURFACE WATER VAPOUR DENSITY AT A SPECIFIC LOCATION



p = Pressure(atmos, hei, TerrainHeight, P_mean);

T = Temperature(atmos, hei, TerrainHeight, T_mean);

ro = WaterVapour(atmos, hei, TerrainHeight, Wd);



y=[p T ro];





% PRESSURE OF A CLIMATIC ZONE IN ITU-R P.835-4

% ABOVE UPPER BOUNDRY IN ITU-R P.835-4, P(h) = 0 ASSUMED FOR h > 100 km

function p = Pressure(Atmosphere, hei, TerrainHeight, P_mean)



% USE HEIGHT ABOVE SEA LEVEL

hx = hei + TerrainHeight;



% Pressure in hPa

if (strcmp(Atmosphere, 'SUMMER MIDLAT') || strcmp(Atmosphere, 'summer midlat'))

	if (hx >= 0 && hx <= 10)

		p = 1012.8186-111.5569.*hx+3.8646.*hx.^2;

        %p = AdjustPressure(P_mean, TerrainHeight, hei, 'SUMMER MIDLAT');

	elseif (hx > 10 && hx <= 72)

		p = 283.7096.*exp(-0.147.*(hx-10));

	elseif (hx > 72 && hx <= 100)

		p = 0.0312402229.*exp(-0.165.*(hx-72));

    else

		p = 0;

    end

elseif (strcmp(Atmosphere, 'SUMMER SUBART') || strcmp(Atmosphere, 'summer subart'))

	if (hx >= 0 && hx <= 10)

		p = 1008.0278-113.2494.*hx+3.9408.*hx.^2;

        %p = AdjustPressure(P_mean, TerrainHeight, hei, 'SUMMER SUBART');

	elseif (hx > 10 && hx <= 72)

		p = 269.6138.*exp(-0.140.*(hx-10));

	elseif (hx > 72 && hx <= 100)

		p = 0.0458211532.*exp(-0.165.*(hx-72));

    else

		p = 0;

    end

elseif (strcmp(Atmosphere, 'WINTER MIDLAT') || strcmp(Atmosphere, 'winter midlat'))

	if (hx >= 0 && hx <= 10)

		p = 1018.8627-124.2954.*hx+4.8307.*hx.^2;

        %p = AdjustPressure(P_mean, TerrainHeight, hei, 'WINTER MIDLAT');

	elseif (hx > 10 && hx <= 72)

		p = 258.9787.*exp(-0.147.*(hx-10));

	elseif (hx > 72 && hx <= 100)

		p = 0.0285170199.*exp(-0.155.*(hx-72));

    else

		p = 0;

    end

elseif (strcmp(Atmosphere, 'WINTER SUBART') || strcmp(Atmosphere, 'winter subart'))

	if (hx >= 0 && hx <= 10)

		p = 1010.8828-122.2411.*hx+4.554.*hx.^2;

        %p = AdjustPressure(P_mean, TerrainHeight, hei, 'WINTER SUBART');

	elseif (hx > 10 && hx <= 72)

		p = 243.8718.*exp(-0.147.*(hx-10));

	elseif (hx > 72 && hx <= 100)

		p = 0.0268535481.*exp(-0.150.*(hx-72));

    else

		p = 0;

    end

elseif (strcmp(Atmosphere, 'ANNUAL TROPIC') || strcmp(Atmosphere, 'annual tropic'))

	if (hx >= 0 && hx <= 10)

		p = 1012.0306-109.0338.*hx+3.6316.*hx.^2;

        %p = AdjustPressure(P_mean, TerrainHeight, hei, 'ANNUAL TROPIC');

	elseif (hx > 10 && hx <= 72)

		p = 284.8526.*exp(-0.147.*(hx-10));

	elseif (hx > 72 && hx <= 100)

		p = 0.0313660825.*exp(-0.165.*(hx-72));

    else

		p=0;

	end

elseif (strcmp(Atmosphere, 'ITU-R REF STD') || strcmp(Atmosphere, 'itu-r ref std'))

	if (hx >= 0 && hx <= 11)

		p = 1013.25.*(288.15./(288.15+(-6.5).*(hx))).^(34.163./(-6.5));

	elseif (hx > 11 && hx <= 20)

		p = 226.3226.*exp((-34.163.*(hx-11))./216.65);

	elseif (hx > 20 && hx <= 32)

		p = 54.7498.*(216.65./(216.65+(1.0).*(hx-20))).^(34.163);

	elseif (hx > 32 && hx <= 47)

		p = 8.6804.*(228.65./(228.65+(2.8).*(hx-32))).^(34.163./(2.8));

	elseif (hx > 47 && hx <= 51)

		p = 1.1091.*exp((-34.163.*(hx-47))./270.65);

	elseif (hx > 51 && hx <= 71)

		p = 0.6694.*(270.65./(270.65+(-2.8).*(hx-51))).^(34.163./(-2.8));

	elseif (hx > 71 && hx <= 100)

		p = 0.0396.*(214.65./(214.65+(-2.0).*(hx-71))).^(34.163./(-2.0));

    else

		p = 0;

    end

end





% TEMPERATURE OF A CLIMATIC ZONE IN ITU-R P.835-4

% ABOVE UPPER BOUNDRY IN ITU-R P.835-4, T(h) = T(100) ASSUMED FOR h > 100 km

function T = Temperature(Atmosphere, hei, TerrainHeight, T_mean)



% USE HEIGHT ABOVE SEA LEVEL

hx = hei + TerrainHeight;



if (strcmp(Atmosphere, 'SUMMER MIDLAT') || strcmp(Atmosphere, 'summer midlat'))

	if (hx >= 0 && hx <= 13)

		T = AdjustTemperature(T_mean, TerrainHeight, hei, 'SUMMER MIDLAT');

	elseif (hx > 13 && hx <= 17)

		T = 215.15;

	elseif (hx > 17 && hx <= 47)

		T = 215.15.*exp(0.008128.*(hx-17));

	elseif (hx > 47 && hx <= 53)

		T = 275;

	elseif (hx > 53 && hx <= 80)

		T = 275+20.*(1-exp(0.06.*(hx-53)));

	elseif (hx > 80 && hx <= 100)

		T = 175;

    else

		T = 175;

	end

elseif (strcmp(Atmosphere, 'SUMMER SUBART') || strcmp(Atmosphere, 'summer subart'))

	if (hx >= 0 && hx <= 10)

        T = AdjustTemperature(T_mean, TerrainHeight, hei, 'SUMMER SUBART');

	elseif (hx > 10 && hx <= 23)

		T = 225;

	elseif (hx > 23 && hx <= 48)

		T = 225.*exp(0.008317.*(hx-23));

	elseif (hx > 48 && hx <= 53)

		T = 277;

	elseif (hx > 53 && hx <= 79)

		T = 277-4.0769.*(hx-53);

	elseif (hx > 79 && hx <= 100)

		T = 171;

    else

		T = 171;

	end

elseif (strcmp(Atmosphere, 'WINTER MIDLAT') || strcmp(Atmosphere, 'winter midlat'))

	if (hx >= 0 && hx <= 10)

        T = AdjustTemperature(T_mean, TerrainHeight, hei, 'WINTER MIDLAT');

	elseif (hx > 10 && hx <= 33)

		T = 218;

	elseif (hx > 33 && hx <= 47)

		T = 218+3.3571.*(hx-33);

	elseif (hx > 47 && hx <= 53)

		T = 265;

	elseif (hx > 53 && hx <= 80)

		T = 265-2.0370.*(hx-53);

	elseif (hx > 80 && hx <= 100)

		T = 210;

    else

		T = 210;

	end

elseif (strcmp(Atmosphere, 'WINTER SUBART') || strcmp(Atmosphere, 'winter subart'))

	if (hx >= 0 && hx <= 8.5)

        T = AdjustTemperature(T_mean, TerrainHeight, hei, 'WINTER SUBART');

	elseif (hx > 8.5 && hx <= 30)

		T = 217.5;

	elseif (hx > 30 && hx <= 50)

		T = 217.5+2.125.*(hx-30);

	elseif (hx > 50 && hx <= 54)

		T = 260;

	elseif (hx > 54 && hx <= 100)

		T = 260-1.667.*(hx-54);

    else

		T = 260;

	end

elseif (strcmp(Atmosphere, 'ANNUAL TROPIC') || strcmp(Atmosphere, 'annual tropic'))

	if (hx >= 0 && hx <= 17)

        T = AdjustTemperature(T_mean, TerrainHeight, hei, 'ANNUAL TROPIC');

	elseif (hx > 17 && hx <= 47)

		T = 194+2.533.*(hx-17);

	elseif (hx > 47 && hx <= 52)

		T = 270;

	elseif (hx > 52 && hx <= 80)

		T = 270-3.0714.*(hx-52);

	elseif (hx > 80 && hx <= 100)

		T=184;

    else

		T=184;

	end

elseif (strcmp(Atmosphere, 'ITU-R REF STD') || strcmp(Atmosphere, 'itu-r ref std'))

	if (hx >= 0 && hx <= 11)

		T = 288.15+(-6.5).*(hx);

	elseif (hx > 11 && hx <= 20)

		T = 216.65;

	elseif (hx > 20 && hx <= 32)

		T = 216.65+(hx-20);

	elseif (hx > 32 && hx <= 47)

		T = 228.65+2.8.*(hx-32);

	elseif (hx > 47 && hx <= 51)

		T = 270.65;

	elseif (hx > 51 && hx <= 71)

		T = 270.65-2.8.*(hx-51);

	elseif (hx > 71 && hx <= 100)

		T = 214.65-2.0.*(hx-71);

    else

		T = 214.65;

	end

end





% WATER VAPOUR OF A CLIMATIC ZONE IN ITU-R P.835-4

function ro = WaterVapour(Atmosphere, hei, TerrainHeight, Wd)



% USE HEIGHT ABOVE SEA LEVEL

hx = hei + TerrainHeight;



if (strcmp(Atmosphere, 'SUMMER MIDLAT') || strcmp(Atmosphere, 'summer midlat'))

	if (hx >= 0 && hx <= 15)

		ro = Wd.*exp(-0.4174.*hx-0.02290.*hx.^2+0.001007.*hx.^3);

    else

		ro = 0;

	end

elseif (strcmp(Atmosphere, 'SUMMER SUBART') || strcmp(Atmosphere, 'summer subart'))

	if (hx >= 0 && hx <= 15)

		ro = Wd.*exp(-0.3614.*hx-0.005402.*hx.^2-0.001955.*hx.^3);

    else

		ro = 0;

	end

elseif (strcmp(Atmosphere, 'WINTER MIDLAT') || strcmp(Atmosphere, 'winter midlat'))

	if (hx >= 0 && hx <= 10)

		ro = Wd.*exp(-0.2697.*hx-0.03604.*hx.^2+0.0004489.*hx.^3);

    else

		ro = 0;

	end

elseif (strcmp(Atmosphere, 'WINTER SUBART') || strcmp(Atmosphere, 'winter subart'))

	if (hx >= 0 && hx <= 10)

		ro = Wd.*exp(0.07481.*hx-0.0981.*hx.^2+0.00281.*hx.^3);

    else

		ro = 0;

	end

elseif (strcmp(Atmosphere, 'ANNUAL TROPIC') || strcmp(Atmosphere, 'annual tropic'))

	if (hx >= 0 && hx <= 15)

		ro = Wd.*exp(-0.2313.*hx-0.1122.*hx.^2+0.01351.*hx.^3.0-0.0005923.*hx.^4);

    else

		ro = 0;

	end

elseif (strcmp(Atmosphere, 'ITU-R REF STD') || strcmp(Atmosphere, 'itu-r ref std'))

	if (hx > 100)

		r0 = 0;

	else

		ro = 7.5 .* exp(-0.5 .* hx);

		mix = (ro .* T ./ 216.7) ./ p;

		if (mix < 2.0e-6)

			e = 2.0e-6 .* p;

			ro = e .* 216.7 ./ T;

        end

	end

end





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% %%% FUNCTION TO ADJUST TEMPERATURE TO SPECIFIC LOCATION %%%

function T_new = AdjustTemperature(T_mean, TerrainHeight, hx, Atmosphere)

% T_mean: TEMPERATURE FROM ITU-R P.1510

% TerrainHeight: TERRAIN HEIGHT ABOVE SEA LEVEL FROM ITU-R P.1511

% hx: HEIGHT ABOVE GROUND LEVEL

% Atmosphere: CLIMATIC ZONE IN ITU-R P.835-4

%%% ADJUST SEA LEVEL TEMPERATURE USED IN REFERENCE PROFILE TO SPECIFIC LOCATION %%%

%%% ASSUME CONSTANT LAPSE RATE (K/km) OVER ATMOSPHERIC REGION/SEASON

%%% COMBINATION %%%

T_all = 300.4222;                               % ANNUAL LOW LAT TEMP [K]

T_wml = 272.7241;                               % WINTER MID LAT TEMP [K]

T_whl = 257.4345;                               % WINTER HIGH LAT TEMP [K]

T_sml = 294.9838;                               % SUMMER MID LAT TEMP [K]

T_shl = 286.8374;                               % SUMMER HIGH LAT TEMP [K]

C1_all = -6.3533;                               % ANNUAL LOW LAT LAPSE RATE [K/km]

C1_wml = -3.6217;                               % WINTER MID LAT LAPSE RATE [K/km]

C1_sml = -5.2159;                               % SUMMER MID LAT LAPSE RATE [K/km]

C1_whl = 2.3474;                                % WINTER HIGH LAT LAPSE RATE [K/km]

C1_shl = -4.7805;                               % SUMMER HIGH LAT LAPSE RATE [K/km]

C3_all = 0.0;                                   % ANNUAL LOW LAT TEMPERATURE COEFFICIENT 3

C3_wml = 0.0;                                   % WINTER MID LAT TEMPERATURE COEFFICIENT 3

C3_sml = 0.0;                                   % SUMMER MID LAT TEMPERATURE COEFFICIENT 3

C3_whl = 0.08473;                               % WINTER HIGH LAT TEMPERATURE COEFFICIENT 3

C3_shl = 0.0;                                   % SUMMER HIGH LAT TEMPERATURE COEFFICIENT 3

hmax_all = 17;                                  % MAX TROPO HEIGHT FRO ANNUAL LOW LAT  

hmax_wml = 10;                                  % MAX TROPO HEIGHT FOR WINTER MID LAT

hmax_sml = 13;                                  % MAX TROPO HEIGHT FOR SUMMER MID LAT

hmax_whl = 8.5;                                 % MAX TROPO HEIGHT FOR WINTER HIGH LAT

hmax_shl = 10;                                  % MAX TROPO HEIGHT FOR SUMMER HIGH LAT



% TERRAIN HEIGHT ABOVE MEAN SEA LEVEL OF THIS LOCATION

h_amsl = TerrainHeight;



% TEMPERATURE AT THE SURFACE FOR EACH ZONE

Th_all = T_all + C1_all .* h_amsl + 0.005886 .* h_amsl.^2;

Th_wml = T_wml + C1_wml .* h_amsl - 0.1759 .* h_amsl.^2;

Th_sml = T_sml + C1_sml .* h_amsl - 0.07109 .* h_amsl.^2;

Th_whl = T_whl + C1_whl .* h_amsl - 1.5479 .* h_amsl.^2 + C3_whl .* h_amsl.^3;

Th_shl = T_shl + C1_shl .* h_amsl - 0.1402 .* h_amsl.^2;



% MEAN REFERENCE TEMPERATURE FOR EACH ZONE AT THE HEIGHT(amsl) OF

% THE SPECIFIC LOCATION

Th_ll = Th_all;                                 % LOW LATITUDE ZONE

Th_ml = 0.5 .* (Th_wml + Th_sml);               % MID LATITUDE ZONE

Th_hl = 0.5 .* (Th_whl + Th_shl);               % HIGH LATITUDE ZONE



% TEMPERATURE AT MAXIMUM TROPO HEIGHT FOR EACH ZONE 

T_hmax_all = T_all + C1_all .* hmax_all + 0.005886 .*hmax_all.^2;

T_hmax_wml = T_wml + C1_wml .* hmax_wml - 0.1759 .* hmax_wml.^2;

T_hmax_sml = T_sml + C1_sml .* hmax_sml - 0.07109 .* hmax_sml.^2;

T_hmax_whl = T_whl + C1_whl .* hmax_whl - 1.5479 .* hmax_whl^2 + C3_whl .* hmax_whl^3;

T_hmax_shl = T_shl + C1_shl .* hmax_shl - 0.1402 .* hmax_shl^2;



%%% DETERMINE ATMOSPHERE CHARACTERISTICS %%%

if (strcmp(Atmosphere, 'ANNUAL TROPIC'))

    C1 = C1_all;

    C3 = C3_all;

    T_x = T_all;

    T_hmax = T_hmax_all;

    hmax = hmax_all;

    T_ref = Th_ll;

elseif (strcmp(Atmosphere, 'WINTER MIDLAT'))

    C1 = C1_wml;

    C3 = C3_wml;

    T_x = T_wml;

    T_hmax = T_hmax_wml;

    hmax = hmax_wml;

    T_ref = Th_ml;

elseif (strcmp(Atmosphere, 'SUMMER MIDLAT'))

    C1 = C1_sml;

    C3 = C3_sml;

    T_x = T_sml;

    T_hmax = T_hmax_sml;

    hmax = hmax_sml;

    T_ref = Th_ml;

elseif (strcmp(Atmosphere, 'WINTER SUBART'))

    C1 = C1_whl;

    C3 = C3_whl;

    T_x = T_whl;

    T_hmax = T_hmax_whl;

    hmax = hmax_whl;

    T_ref = Th_hl;

elseif (strcmp(Atmosphere, 'SUMMER SUBART'))

    C1 = C1_shl;

    C3 = C3_shl;

    T_x = T_shl;

    T_hmax = T_hmax_shl;

    hmax = hmax_shl;

    T_ref = Th_hl;

end



%%% DIFFERENCE BETWEEN MEAN ANNUAL TEMP AND MEAN REF TEMP %%%

%%% THIS CALCULATION HAS BEEN TAKEN CARE OF IN THE MAIN FUNCTION 

%%% T_mean IS EITHER WINTER OR SUMMER MEAN TEMPERATURE 

%dT = T_mean - T_ref;

dT = 0;

%%% ESTIMATE SEA LEVEL TEMPERATURE AT SPECIFIC LOCATION %%%

T0x = T_x + dT;

%%% DETERMINE NEW VALUE OF C2 COEFFICIENT AT FS SITE %%%

C2x = (T_hmax - (T0x + C1 .* hmax + C3 .* hmax.^3)) ./ hmax.^2;

%%% NEW TEMP AT FS SITE AT hx (agl) %%%

T_new = T0x + C1 .* hx + C2x .* hx.^2 + C3 .* hx.^3;



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% %%% FUNCTION TO ADJUST PRESSURE TO SPECIFIC LOCATION %%%

function P_new = AdjustPressure(P_mean, h_amsl, hx, Atmosphere)

% T_mean: TEMPERATURE FROM ERA-15

% TerrainHeight: TERRAIN HEIGHT ABOVE SEA LEVEL FROM ITU-R P.1511

% hx: HEIGHT ABOVE GROUND LEVEL

% Atmosphere: CLIMATIC ZONE IN ITU-R P.835-4

P_all = 1012.0306;                              % ANNUAL LOW LAT PRESSURE [hPa]

P_wml = 1018.8627;                              % WINTER MID LAT PRESSURE [hPa]

P_whl = 1010.8828;                              % WINTER HIGH LAT PRESSURE [hPa]

P_sml = 1012.8186;                              % SUMMER MID LAT PRESSURE [hPa]

P_shl = 1008.0278;                              % SUMMER HIGH LAT PRESSURE [hPa]

C1_all = -109.0338;                             % ANNUAL LOW LAT LAPSE RATE [hPa/km]

C1_wml = -124.2954;                             % WINTER MID LAT LAPSE RATE [hPa/km]

C1_sml = -111.5569;                             % SUMMER MID LAT LAPSE RATE [hPa/km]

C1_whl = -122.2411;                             % WINTER HIGH LAT LAPSE RATE [hPa/km]

C1_shl = -113.2494;                             % SUMMER HIGH LAT LAPSE RATE [hPa/km]

C2_all = 3.6316;                                % ANNUAL LOW LAT LAPSE RATE [hPa/km]

C2_wml = 4.8307;                                % WINTER MID LAT LAPSE RATE [hPa/km]

C2_sml = 3.8646;                                % SUMMER MID LAT LAPSE RATE [hPa/km]

C2_whl = 4.554;                                 % WINTER HIGH LAT LAPSE RATE [hPa/km]

C2_shl = 3.9408;                                % SUMMER HIGH LAT LAPSE RATE [hPa/km]

hmax = 10;                                      % MAX TROPO HEIGHT [km]



% PRESSURE AT THE SURFACE FOR EACH ZONE

Px_all = P_all + C1_all .* h_amsl + C2_all .* h_amsl.^2;

Px_wml = P_wml + C1_wml .* h_amsl + C2_wml .* h_amsl.^2;

Px_sml = P_sml + C1_sml .* h_amsl + C2_sml .* h_amsl.^2;

Px_whl = P_whl + C1_whl .* h_amsl + C2_whl .* h_amsl.^2;

Px_shl = P_shl + C1_shl .* h_amsl + C2_shl .* h_amsl.^2;



%%% FIND MEAN REFERENCE PRESSURE

P_ll = Px_all;

P_ml = 0.5 .* (Px_wml + Px_sml);

P_hl = 0.5 .* (Px_whl + Px_shl);



%%% DETERMINE ATMOSPHERE CHARACTERISTICS %%%

if (strcmp(Atmosphere, 'ANNUAL TROPIC'))

    C1 = C1_all;

    C2 = C2_all;

    P = P_all;

    P_ref = P_ll;

elseif (strcmp(Atmosphere, 'WINTER MIDLAT'))

    C1 = C1_wml;

    C2 = C2_wml;

    P = P_wml;

    P_ref = P_ml;

elseif (strcmp(Atmosphere, 'SUMMER MIDLAT'))

    C1 = C1_sml;

    C2 = C2_sml;

    P = P_sml;

    P_ref = P_ml;

elseif (strcmp(Atmosphere, 'WINTER SUBART'))

    C1 = C1_whl;

    C2 = C2_whl;

    P = P_whl;

    P_ref = P_hl;

elseif (strcmp(Atmosphere, 'SUMMER SUBART'))

    C1 = C1_shl;

    C2 = C2_shl;

    P = P_shl;

    P_ref = P_hl;

end



% ESTIMATE GROUND LEVEL PRESSURE AT A SPECIFIC LOCATION

% THIS CALCULATION HAS BEEN TAKEN CARE OF IN THE MAIN FUNCTION

% P_m IS EITHER WINTER OR SUMMER MEAN PRESSURE

%P_m = P + (P_mean - P_ref);

P_m = P;



% FIND PRESSURE AT MAX HEIGHT

P_hmax = P + C1 .* hmax + C2 .* hmax.^2;



% FIND C2 USING MEAN PRESSURE

C2 = (P_hmax - P_m - C1 .* hmax) ./ hmax.^2;



% FIND NEW PRESSURE AT HEIGHT hx

P_new = P_mean + C1 .* hx + C2 .* hx.^2;








StatMeth/MapOfEarth.m

function maphandle = MapOfEarth(Dimension)

figure;

set(gcf, 'Name', 'Map of Earth');

set(gcf, 'Interruptible', 'on');

set(gcf, 'Color', [0.502 0.502 0.502]); 

load('topo.mat','topo','topomap1');

H1 = topo(:, 1:180);

H2 = topo(:, 181:360);

H = [H2, H1];

if (Dimension == 2)

    hold on;

    contourf(-179:180, -89:90, H, 'CDataMapping', 'scaled');

    %imagesc([-179 180], [-89 90], H, 'CDataMapping', 'scaled');

    colormap(topomap1);

    hold off;

    axis equal;

    axis([-180 180 -90 90]);

    set(gca, 'XColor', 'w', 'YColor', 'w');

    xlabel('LONGITUDE (-W/+E)');

    ylabel('LATITUDE (-S/+N)');

    set(get(gca, 'XLabel'), 'Color', 'w');

    set(get(gca, 'YLabel'), 'Color', 'w');

    set(gca,'XLim',[-180 180],'YLim',[-90 90], 'XTick',[-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180], 'Ytick',[-90 -60 -30 0 30 60 90]);

    set(gca, 'Color', 'k');

    set(gca, 'Layer', 'top');

    grid on;

elseif (Dimension == 3)

    [x,y,z] = sphere(360);

    cla reset

    axis square off

    props.AmbientStrength = 0.1;

    props.DiffuseStrength = 1;

    props.SpecularColorReflectance = .5;

    props.SpecularExponent = 20;

    props.SpecularStrength = 1;

    props.FaceColor= 'texture';

    props.EdgeColor = 'none';

    props.FaceLighting = 'phong';

    props.Cdata = H;

    surface(x,y,z,props);

    light('position',[1 0 1]);

    light('position',[0 1 -1], 'color', [.6 .2 .2]);

    view(3)

end

maphandle = gcf;








StatMeth/NEW_surfwv_01.mat

NEW_DB:[121x240  double array]






StatMeth/NEW_surfwv_02.mat

NEW_DB:[121x240  double array]






StatMeth/NEW_surfwv_03.mat

NEW_DB:[121x240  double array]






StatMeth/NEW_surfwv_05.mat

NEW_DB:[121x240  double array]






StatMeth/NEW_surfwv_0dot1.mat

NEW_DB:[121x240  double array]






StatMeth/NEW_surfwv_0dot2.mat

NEW_DB:[121x240  double array]






StatMeth/NEW_surfwv_0dot3.mat

NEW_DB:[121x240  double array]






StatMeth/NEW_surfwv_0dot5.mat

NEW_DB:[121x240  double array]






StatMeth/NGSOOrbit.m

% AUGUST 29, 2008

% INPUTS:

% a = SEMI-MAJOR AXIS [km]

% e = ECCENTRICITY

% Inc = ORBIT INCLINATION [deg]

% NSat = NUMBER OF SATELLITES IN EACH ORBIT

% NPlane = NUMBER OF ORBITAL PLANES IN THE NETWORK

% AoP = ARGUMENT OF PERIGEE [deg]

% LoA = LONGITUDE OF ASCENDING NODE [deg]

% TA = TRUE ANOMALY [deg]

% SimTime = SIMULATION TIME [sec]

% StepSize = SIMULATION TIME STEP [sec]

function [lat long range] = NGSOOrbit(a, e, Inc, NSat, NPlane, AoP, LoA, TA, STime, StepSize, TYPE)



% GLOBAL PARAMETERS PASSING TO Orbit.m

global Rc WeS SecDay g1 ER;



%TYPE = 'NGSO';

ER = 360.9856473;               % DEGREE OF EARTH ROTATION IN ONE SOLAR DAY

ONEDAY = 86164.09053;           % SECONDS IN ONE DAY (SIDEREAL)

ONEHOUR = ONEDAY / 24;          % SECONDS IN ONE HOUR (SIDEREAL)

SecDay = 24 * 3600;             % SECONDS IN ONE DAY



Re = 6378.137;                  % RADIUS OF EARTH

GMe = 3.986005e5;               % GRAVITATIONAL CONSTANT [km^3/s^2]

Flattening = 1 / 298.257223563; % FLATTENING

J2 = 1.083e-3;                  % ZONAL HARMONIC COEFFICIENT (2ND ORDER)

WeS = rad2deg(7.292115e-5);     % EARTH RATE OF ROTATION (PER SECOND)

WeD = WeS .* ONEDAY;            % EARTH RATE OF ROTATION (PER SIDERAL DAY)

g0 = 280.4606;                  % VERNAL EQUINOX AT EPOCH



% ORBITAL PERIOD [hrs]

Period = 2 .* pi .* sqrt(a^3 ./ GMe) ./ ONEHOUR;

disp(['ORBITAL PERIOD T = ' num2str(Period) ' hrs']);



% MEAN MOTION [rad/sec] => [deg/sec]

n = rad2deg(2 .* pi ./ (Period .* ONEHOUR));



% CORRECTION FACTOR OF EARTH RADIUS

Rc = Re * (1 - Flattening * sind(Inc)^2);



% TIME NOW

tn = clock;



% MODIFIED JULIAN DATE FOR NOW (YEAR, MONTH, DAY, HOUR, MINUTE, SECOND)

MJD_Now = ModifiedJulianDate(tn(1), tn(2), tn(3), 12, 0, 0);



% MODIFIED JULIAN DATE AT EPOCH (JAN 1, 2000 AT 12:00:00)

MJD_Epoch = ModifiedJulianDate(2000, 1, 1, 12, 0, 0);



% GREENWICH MEAN SIDERAL TIME (GMST)

MJD_UT1 = MJD_Now - MJD_Epoch;



% EARTH ROTATION WRT LONGITUDE OF ASCENDING NODE

g1 = mod(g0 + 360 * MJD_UT1, 360);



% INITIALIZE MEAN ANOMALY AND RAAN AT EPOCH

Mi = [];                        % MEAN ANOMALY FOR EACH SATELLITE

RAAN = [];                      % RIGHT ASCENSION OF ASSENDING NODE



v = TA;

Ecc = 2 .* atand(tand(v ./ 2) .* ((1 + e) ./ (1 - e)).^-0.5);

Mo = Ecc - e .* sind(Ecc);



% FIND NUMBER OF TRACKS WITHIN ONE PERIOD [HEO ONLY]

NTracks = 0;

if (strcmp(TYPE, 'HEO'))

    if (Period <= 24)

        if (mod(24, round(Period)) == 0)

            NTracks = round(24 / Period);

        elseif (mod(48, round(Period)) == 0)

            NTracks = round(48 / Period);

        end

    elseif (Period > 24)

        NTracks = round(48 / Period);

    end

    t_sep = NTracks .* Period .* ONEHOUR ./ NSat;

    t_sep_hr = t_sep ./ ONEHOUR;

    SepDeg = (t_sep_hr .* 360 ./ 24);

    for k = 1: NSat

        Mi(k) = mod(Mo + n .* (k - 1) .* t_sep, 360);

        RAAN(k) = mod(g1 + LoA - (k - 1) .* SepDeg, 360);

    end

elseif (strcmp(TYPE, 'NGSO'))

    NTracks = 1;

    t_sep = Period .* ONEHOUR ./ NSat;

    t_sep_hr = t_sep ./ ONEHOUR;

    for k = 1: NSat

        Mi(k) = mod(Mo + n .* (k - 1) .* t_sep, 360);

        RAAN(k) = mod(g1 + LoA, 360);

    end

end

    

disp(['TIME SEPARATION: ' num2str(t_sep_hr)]);



% INITIALIZE STORAGE

y = [];

x = [];

r = [];

nn = NPlane.*NSat.*fix(STime./StepSize);

lat(1:nn) = 0;

long(1:nn)= 0;

range(1:nn)= 0;



dt = 0;

no = n;

p = a .* (1 - e.^2);



% CALCULATE PRECESSIONS

X1 = 1.5 .* J2 .* Re.^2 ./ p.^2;

n_ = no .* (1 + X1 .* (1 - 1.5 .* sind(Inc).^2) .* sqrt(1 - e.^2));

RAANr = -X1 .* n_ .* cosd(Inc);

AoPr = X1 .* n_ .* (2 - 2.5 .* sind(Inc).^2);



for i = 1: STime / StepSize

    M = Mi + n_ .* dt;

    for j = 1: NSat

        RAANi = RAAN(j) + RAANr .* dt;

        AoPi = AoP + AoPr .* dt;

        [y x r] = Orbit(a, e, Inc, AoPi, RAANi, M(j), dt);

        for k = 1: NPlane

            m = NPlane*NSat*(i-1)+NPlane*(j-1)+k;

            if (NPlane > 1)

                x_ = x + (k - 1) .* (360 ./ (NPlane .* NTracks));

            else

                x_ = x;

            end

            if (x_ > 180)

                x_ = x_ - 360;

            end                

            lat(m) = y;

            long(m) = x_;

            range(m) = r;

        end       

    end

    dt = i * StepSize;

end



% % PLOT GROUND TRACK

% MapOfEarth(2);

% whitebg('k');

% hold on;

% plot(long(1:NSat*NPlane), lat(1:NSat*NPlane), 'og', 'MarkerSize', 4);

% plot(long, lat, '.r', 'MarkerSize', 2);

% hold off;

% grid on;

% axis([-180 180 -90 90]);



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function MJD = ModifiedJulianDate(YYYY, MM, DD, hrs, min, sec)

M = MM;

Y = YYYY;

B = 0;



if (MM <= 2)

    M = MM + 12;

    Y = YYYY - 1;

end



if (YYYY <= 1582 && MM <= 10 && DD <= 4)

    B = -2 + floor((Y + 4716) / 4) - 1179;                          % Leap days in the Julian Calendar

else

    B = floor(Y / 400) - floor(Y / 100) + floor(Y / 4);             % Leap days in the Gregorian Calendar

end



MJD = 365 * Y - 679004 + B + floor(30.6001 * (M + 1)) + DD + (hrs + min / 60 + sec / 3600) / 24.0;





%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function [y x r] = Orbit(a, e, Inc, AoP, RAAN, M, t)

% Global parameters passing from OrbitGenerator.m

global g1 WeS;



% ECCENTRICITY ANOMALY (RETURN UNIT [deg])

E = EccentricAnomaly(M, e);

% FIND COORDINATE OF INERTIAL POSITION VECTOR

R = [a .* (cosd(E) - e), a .* sqrt(1 - e.^2) .* sind(E), 0]';

% EARTH ROTATION

g = mod(g1 + WeS .* t, 360);

% ROTATE POSITION VECTOR

Rx = RotateZ(g) * RotateZ(-RAAN) * RotateX(-Inc) * RotateZ(-AoP) * R;

% FIND SATELLITE POSITION IN TERMS OF LATITUDE AND LONGITUDE

lon = Longitude(Rx(1), Rx(2));

lat = 0;

% FIND LATITUDE

if (Rx(3) ~= 0)

    lat = atand(Rx(3) ./ sqrt(Rx(1).^2 + Rx(2).^2));

end

% CONVERT TO POLAR COORDINATE

y = lat;

x = lon;

r = norm(R);



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function E = EccentricAnomaly(M, e)

M = deg2rad(M);

E = M;

if (e > 0.8)

    E = pi;

end

f = 1.0;

while (abs(f) > 1.0e-12)

  f = E - e .* sin(E) - M;

  E = E - f / (1 - e .* cos(E));

end

E = rad2deg(E);



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function long = Longitude(x, y)

long = 0;

% Check values of atan()

if (x == 0)

    long = -90;

    if (y > 0)

        long = 90;

    end

elseif (y == 0)

    if (x < 0)

        long = 180;

    end

else

    long = rad2deg(atan2(y, x));

end



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function v = TrueAnomaly(E, e)

v = 2.*atand(sqrt((1+e)./(1-e)).*tand(E./2));



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function T = RotateX(alpha)

T = [1 0 0; 0 cosd(alpha) sind(alpha); 0 -sind(alpha) cosd(alpha)];



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function T = RotateY(alpha)

T = [cosd(alpha) 0 -sind(alpha); 0 1 0; sind(alpha) 0 cosd(alpha)];



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

function T = RotateZ(alpha)

T = [cosd(alpha) sind(alpha) 0; -sind(alpha) cosd(alpha) 0; 0 0 1];



% End of function






StatMeth/OpenData.m

function Status = OpenData(DataFileName)



global SINGLE_PT_SELECTED AREA_SELECTED GSO_SELECTED HEO_SELECTED NGSO_SELECTED OVERRIDE_ELAG_BOX AVOID_GSO_ARC;

global TotalArea CenterLat CenterLon dLON NLon NLat;

global f_GHz FS_EL GMax ThermalNoise FeederLoss_dB SWVD_MODE;

global LocFromFile GSOLocs GSOLon GSOSep a e Inc NSat NPlane AoP LoA TA OpLat SimTime GSO_SEP_ANGLE;

global NumBPs BRK_PTS PFD_LEVELS BinLow BinHigh BinWidth BinSize;

global AP8Selected TxPOLAR RxPOLAR TxAR RxAR XPLoss;

global NumELs ElevationData NumAGs GainData;



% BY DEFAULT, ASSUME OPEN FAILED

Status = 0;



fid = fopen(DataFileName, 'r');

% LINE 0 FILE IDENTIFIER

FILEIDEN = fgetl(fid);

if (strcmp(FILEIDEN, 'INTERFSIM DATA FILE'))

    % LINE 1 - 2

    SINGLE_PT_SELECTED = NumChecker(fgetl(fid));

    AREA_SELECTED = NumChecker(fgetl(fid));

    % LINE 3 - 8

    TotalArea = NumChecker(fgetl(fid));

    CenterLat = NumChecker(fgetl(fid));

    CenterLon = NumChecker(fgetl(fid));

    dLON = NumChecker(fgetl(fid));

    NLon  = NumChecker(fgetl(fid));

    NLat = NumChecker(fgetl(fid));

    % LINE 9 - 14

    f_GHz = NumChecker(fgetl(fid));

    FS_EL = NumChecker(fgetl(fid));

    GMax = NumChecker(fgetl(fid));

    ThermalNoise = NumChecker(fgetl(fid));

    FeederLoss_dB = NumChecker(fgetl(fid));

    SWVD_MODE = NumChecker(fgetl(fid));

    % LINE 15 - 17

    GSO_SELECTED = NumChecker(fgetl(fid));

    HEO_SELECTED = NumChecker(fgetl(fid));

    NGSO_SELECTED = NumChecker(fgetl(fid));

    % LINE 18 - 23

    LocFromFile = NumChecker(fgetl(fid));

    AVOID_GSO_ARC = NumChecker(fgetl(fid));

    GSO_SEP_ANGLE = NumChecker(fgetl(fid));

    GSOLocs = NumChecker(fgetl(fid));

    GSOLon = NumChecker(fgetl(fid));

    GSOSep = NumChecker(fgetl(fid));

    % LINE 24 - 32

    a = NumChecker(fgetl(fid));

    e = NumChecker(fgetl(fid));

    Inc = NumChecker(fgetl(fid));

    NSat = NumChecker(fgetl(fid));

    NPlane = NumChecker(fgetl(fid));

    AoP = NumChecker(fgetl(fid));

    LoA = NumChecker(fgetl(fid));

    TA = NumChecker(fgetl(fid));

    OpLat = NumChecker(fgetl(fid));

    % LINE 33

    SimTime = NumChecker(fgetl(fid));

    % LINE 34 - 36

    NumBPs = NumChecker(fgetl(fid));

    BRK_PTS = NumChecker(fgetl(fid));

    PFD_LEVELS = NumChecker(fgetl(fid));

    % LINE 37 - 42

    AP8Selected = NumChecker(fgetl(fid));

    TxPOLAR = NumChecker(fgetl(fid));

    RxPOLAR = NumChecker(fgetl(fid));

    TxAR = NumChecker(fgetl(fid));

    RxAR = NumChecker(fgetl(fid));

    XPLoss = NumChecker(fgetl(fid));

    % LINE 43 - 46

    BinLow = NumChecker(fgetl(fid));

    BinHigh = NumChecker(fgetl(fid));

    BinWidth = NumChecker(fgetl(fid));

    BinSize = NumChecker(fgetl(fid));

    % LINE 47 - 51

    NumELs = NumChecker(fgetl(fid));

    ElevationData = NumChecker(fgetl(fid));

    NumAGs = NumChecker(fgetl(fid));

    GainData = NumChecker(fgetl(fid));

    OVERRIDE_ELAG_BOX = NumChecker(fgetl(fid));

    Status = 1;

else

    MSG = 'DATA FILE ERROR!';

    h = msgbox(MSG);

    uiwait(h);

end

fclose(fid);



function y = NumChecker(str)

if (strcmp(str, 'NA'))

    y = '';

else

    y = str2num(str);

end

    








StatMeth/OrbitAvoidance.m

% ITU-R SF.765-1 ANNEX 2

function AVOIDED = OrbitAvoidance(LAT_FS, h_FS, h_TERRAIN, EL_FS, AZ_FS, GSO_SEP_ANGLE)

global K Re EL_m1 EL_m2;



% CONSTANT DECLARATION

K = 6.63;       % RADIUS RATIO (R_ORBIT / R_EARTH)

Re = 6370;



% if (LAT_FS >= 0)

%     AZ_FS = abs(AZ_FS - 180);

% else

%     if (AZ_FS > 180)

%         AZ_FS = 360 - AZ_FS;

%     end

% end



LAT_FS = abs(LAT_FS);



% VARIABLE INITIALIZATION

DONE = false;

AVOIDED = false;

h = h_FS;

h1 = h_TERRAIN;

B = GSO_SEP_ANGLE;

ZONE = 0;



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

% SECTION 2.0 PRELIMINARY CALCULATION %

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

e_m1 = ELAtmBending(Re, h1, h, 400, -68);   % MIN EL AT MAX ATMOSPHERIC BENDING (NOTE 3)

e_m2 = ELAtmBending(Re, h1, h, 250, -30);   % MIN EL AT MIN ATMOSPHERIC BENDING (NOTE 3)



% CROSS POINT ELEVATION AND AZIMUTH FOR MAX AND MIN ATMOSPHERIC BENDING

EL_m1 = e_m1 - f_Tau_max(e_m1, h);

EL_m2 = e_m2 - f_Tau_min(e_m2, h);



AZ_m1 = f_C_E(LAT_FS, EL_m1);

AZ_m2 = f_C_E(LAT_FS, EL_m2);



%disp(['e_m1 = ' num2str(e_m1)]);

%disp(['e_m2 = ' num2str(e_m2)]);

%disp(['el_m1 = ' num2str(EL_m1)]);

%disp(['el_m2 = ' num2str(EL_m2)]);

%disp(['Tau_max = ' num2str(f_Tau_max(e_m1, h))]);

%disp(['Tau_min = ' num2str(f_Tau_min(e_m2, h))]);

%disp(['AZ_m1 = ' num2str(AZ_m1)]);

%disp(['AZ_m2 = ' num2str(AZ_m2)]);



% SECTION 2.1 PRELIMINARY ELIMINATION

if (f_ALPHA(LAT_FS) > 1.0)

    %disp('GSO ARC IS NOT VISIBLE AT THIS LOCATION.');

    SA_GSO = B;

    DONE = true;

else

    if (B <= 2.0)

        if (AZ_FS >= (AZ_m1 + B))

            % SEPARATION ANGLE IS AT LEAST AZ_FS - AZ_m1 DEG 

            SA_GSO = AZ_FS - AZ_m1;

            %disp(['SPEARATION AT THIS LOCATION IS AT LEAST ', num2str(SA_GSO), ' DEG.']);

            DONE = true;

        elseif ((AZ_FS < (AZ_m1 + B)) && (EL_FS <= (e_m2 - B)))

            % SEPARATION ANGLE IS AT LEAST e_m2 - EL_FS DEG 

            SA_GSO = e_m2 - EL_FS;

            %disp(['SPEARATION AT THIS LOCATION IS AT LEAST ', num2str(SA_GSO), ' DEG.']);

            DONE = true;

        end

    end



    % SECTION 2.2 CLASSIFICATION OF MAIN BEAM DIRECTION



    % CHECK BEAM DIRECTION



    % CROSS POINT ELEVATION AND AZIMUTH FOR MAX AND MIN ATMOSPHERIC BENDING

    EL_max = EL_FS - f_Tau_max(EL_FS, h_FS);

    EL_min = EL_FS - f_Tau_min(EL_FS, h_FS);

    S_max = f_S_AE(LAT_FS, EL_max, AZ_FS);

    S_min = f_S_AE(LAT_FS, EL_min, AZ_FS);

    ALPHA = f_ALPHA(LAT_FS);

    BETA = f_BETA(ALPHA);

    

    %disp(['EL_max = ' num2str(EL_max)]);

    %disp(['EL_min = ' num2str(EL_min)]);

    %disp(['S_max = ' num2str(S_max)]);

    %disp(['S_min = ' num2str(S_min)]);



    % LOGICAL VARIABLES TO DETERMINE IF THE BEAM IS ON OR OVER HORIZON

    Z1 = logical(AZ_m1 <= AZ_FS && e_m1 <= EL_FS);

    Z2a = logical(AZ_m2 <= AZ_FS && AZ_FS < AZ_m1);

    Z2b = logical((e_m1 - e_m2).*(AZ_FS - AZ_m1) <= (EL_FS - e_m1).*(AZ_m1 - AZ_m2));

    Z2 = logical(Z2a && Z2b);

    Z3 = logical(AZ_FS < AZ_m2 && e_m2 <= EL_FS);

    clear Z2a Z2b;



    % LOGICAL VARIABLES TO DETERMINE IF THE BEAM DIRECTION

    L1 = logical(S_min < 0);

    L2 = logical(S_max <= 0 && S_min >= 0);

    L3a = logical(S_max > 0);

    L3b = logical(ALPHA.*(AZ_FS - AZ_m1) < BETA.*(EL_FS - e_m1));

    L3 = logical(L3a && L3b);

    L4 = logical(L3a && ~L3b);

    L5 = logical(ALPHA.*(AZ_FS - AZ_m2) < BETA.*(EL_FS - e_m2));

    L6a = logical(~L4);

    L6b = logical(((e_m1 - e_m2)*(EL_FS - e_m2) + (AZ_m1 - AZ_m2)*(AZ_FS - AZ_m2)) < 0);

    L6 = logical(L6a && L6b);

    L7a = logical(~L6b);

    L7b = logical(((e_m1 - e_m2)*(EL_FS - e_m1) + (AZ_m1 - AZ_m2)*(AZ_FS - AZ_m1)) < 0);

    L7 = logical(L7a && L7b);

    L8 = logical(~L7b);

    clear L3a L3b L6a L6b L7a L7b;



    if (~DONE)

        if (Z1 || Z2 || Z3)

            % ZONE 1 TO 4 CALCULATION

            if (L1)

                % CALCULATION FOR ZONE 1

                ZONE = 1;

                if (EL_FS < 0.3 * f_E_T(LAT_FS))

                    e_1 = EL_FS + ALPHA .* B;

                    AZ_1 = AZ_FS + BETA .* B;

                    EL_1 = e_1 - f_Tau_min(e_1, h_FS);

                    S_1 = f_S_AE(LAT_FS, EL_1, AZ_1);

                    SA = B .* S_min ./ (S_min - S_1);

                    if (abs(S_min) > 20)

                        SA = abs(S_min);

                    end

                    EL_s = EL_FS + ALPHA .* SA;

                else

                    e_s = f_E_T(LAT_FS);

                    EL_s = e_s;

                    SA0 = f_SA(AZ_FS, EL_FS, LAT_FS, e_s, h_FS, ZONE);

                    e_s = e_s - 1;

                    SA1 = f_SA(AZ_FS, EL_FS, LAT_FS, e_s, h_FS, ZONE);

                    while (SA1 - SA0 <= 0) 

                        if (SA1 < SA0)

                            SA0 = SA1;

                            EL_s = e_s;

                        end

                        e_s = e_s - 1;                                

                        SA1 = f_SA(AZ_FS, EL_FS, LAT_FS, e_s, h_FS, ZONE);

                    end

                    SA = SA0;

                end

                SA_GSO = DetailCal(SA, EL_s, EL_FS, AZ_FS, LAT_FS, h_FS, ZONE, GSO_SEP_ANGLE);

            elseif (L2)

                ZONE = 2;

                % SA = 0 FOR ZONE 2

                SA_GSO = 0;

            elseif (L3)

                ZONE = 3;

                if (EL_FS < 0.3 * f_E_T(LAT_FS))

                    e_3 = EL_FS - ALPHA .* B;

                    AZ_3 = AZ_FS - BETA .* B;

                    if (e_3 >= EL_m1)

                        EL_3 = e_3 - f_Tau_max(e_3, h_FS);

                        S_3 = f_S_AE(LAT_FS, EL_3, AZ_3);

                        SA = B .* S_max ./ (S_max - S_3);

                        if (S_max > 20.0)

                            %disp('S_max > 20');

                            SA = S_max;

                        end

                        e_s = EL_FS - ALPHA .* SA;

                        if (e_s < EL_m1)

                            e_s = EL_m1;

                        end

                    else

                        % CALCULATE AZIMUTH OF THE DIRECTION AT WHICH THE LINE

                        % PASSING THROUGH THE MAIN bEAM AND NORMAL TO THE ORBIT

                        % CROSSES THE LOCAL HORIZON HOR_max

                        AZ_31 = AZ_FS - (EL_FS - EL_m1) .* BETA ./ ALPHA;

                        S_31 = f_S_AE(LAT_FS, EL_m1, AZ_31);

                        if (abs(S_max - S_31) > 0.001)

                            SA = ((EL_FS - EL_m1) ./ ALPHA .* S_max ./ (S_max - S_31));

                        else

                            SA = S_max;

                        end

                        e_s = EL_FS - ALPHA .* SA;

                    end

                else

                    dSA = -1;

                    e_s1 = f_E_T(LAT_FS);                                   % START FROM e_s = E_T

                    e_s = e_s1;                                         % SAVE e_s1

                    SA0 = f_SA(AZ_FS, EL_FS, LAT_FS, e_s1, h_FS, ZONE);     % CALCULATE SA

                    while (dSA <= 0)                                            % WHEN DIFFERENCE <= 0

                        e_s1 = e_s1 - 1;                                % FIND A SMALLER VALUE OF e_s

                        SA1 = f_SA(AZ_FS, EL_FS, LAT_FS, e_s1, h_FS, ZONE); % CALCULATE SA FOR SMALLER e_s

                        dSA = SA1 - SA0;

                        if (dSA <= 0)

                            SA0 = SA1;                              % RECORD SA FOR SMALLER e_s

                            e_s = e_s1;

                        end

                    end

                    SA = SA0;

                end

                SA_GSO = DetailCal(SA, e_s, EL_FS, AZ_FS, LAT_FS, h_FS, ZONE, GSO_SEP_ANGLE);

            elseif (L4)

                ZONE = 4;

                SA_GSO = f_SAF(AZ_FS, EL_FS, e_m1, AZ_m1);

            end

        else

            % ZONE 5 TO 8 CALCULATION

            if (L5)

                ZONE = 5;

                % AZIMUTH OF THE DIRECTION AT WHICH THE LINE PASSING THROUGH THE

                % MAIN BEAM AND NORMAL TO THE ORBIT CROSSES THE LOCAL HORIZON

                % HOR_min

                AZ_5 = AZ_FS + (e_m2 - EL_FS) .* BETA ./ ALPHA;

                S_5 = f_S_AE(LAT_FS, EL_m2, AZ_5);

                e_51 = e_m2 + ALPHA .* B;

                AZ_51 = AZ_5 + BETA .* B;

                EL_51 = e_51 - f_Tau_min(e_51, h_FS);

                S_51 = f_S_AE(LAT_FS, EL_51, AZ_51);

                SA = (e_m2 - EL_FS) ./ ALPHA + B .* S_5 ./ (S_5 - S_51);

                if (SA > 1)

                    SA = (e_m2 - EL_FS) ./ ALPHA - S_5;

                end

                e_s = EL_FS + ALPHA .* SA;

                SA_GSO = DetailCal(SA, e_s, EL_FS, AZ_FS, LAT_FS, h_FS, ZONE, GSO_SEP_ANGLE);

            elseif (L6)

                % CALCULATION FOR ZONE 6

                ZONE = 6;

                SA = f_SAF(AZ_FS, EL_FS, EL_m2, AZ_m2);

                SA_GSO = DetailCal(SA, EL_FS, EL_FS, AZ_FS, LAT_FS, h_FS, ZONE, GSO_SEP_ANGLE);

            elseif (L7)

                % CALCULATION FOR ZONE 7

                ZONE = 7;

                Y1 = (e_m1 - e_m2).*(AZ_FS - AZ_m1) - (EL_FS - e_m1).*(AZ_m1 - AZ_m2);

                Y2 = sqrt((e_m1 - e_m2).^2 + (AZ_m1 - AZ_m2).^2);

                SA_GSO = Y1 ./ Y2;

            elseif (L8)

                % CALCULATION FOR ZONE 8

                ZONE = 8;

                SA_GSO = f_SAF(AZ_FS, EL_FS, e_m1, AZ_m1);

            end

        end

    end

end

%disp(['THE FS BEAM IS INSIDE ZONE ' num2str(ZONE) '.']);

%disp(['THE SEPARATION ANGLE IS ' num2str(SA_GSO) ' deg.']);

if (SA_GSO >= GSO_SEP_ANGLE)

    AVOIDED = true;

end

clear em_1 em_2 AZ_m1 AZ_m2 EL_m1 EL_m2 EL_max EL_min S_max S_min ALPHA BETA Z1 Z2 Z3 L1 L2 L3 L4 L5 L6 L7 L8;





% AZIMUTH OF GSO SATELLITE (Eq. 1) [DEG]

% dLAT [DEG], LAT_FS [DEG]

function AZ_GSO = f_AZ_GSO(LAT_FS, dLON)

AZ_GSO = atand(tand(dLON)./sind(LAT_FS));



% ELEVATION OF GSO SATELLITE (Eq. 2) [DEG]

% dLAT [DEG], LAT_FS [DEG]

function EL_GSO = f_EL_GSO(LAT_FS, dLON)

global K;

EL_GSO = asind((K.*cosd(LAT_FS).*cosd(dLON) - 1)./sqrt(K.^2+1-2.*K.*cosd(LAT_FS).*cosd(dLON)));



% AUXILIARY ELEVATION ANGLE (Eq. 12) [DEG]

% EL_GSO [DEG]

function F_EL = f_F_EL(EL)

global K;

F_EL = acosd(cosd(EL) ./ K);



% ANGLE BETWEEN MAIN BEAM AND ORBIT (Eq. 13) [DEG]

% LAT_FS [DEG], F_EL [DEG], EL [DEG], AZ [DEG]

% FS MAIN BEAM IS ABOVE GSO ORBIT WHEN S_AE > 0, BELOW GSO ORBIT WHEN S_AE < 0 

function S_AE = f_S_AE(LAT_FS, EL, AZ)

F_EL = f_F_EL(EL);

S_AE = asind(sind(LAT_FS).*cosd(F_EL - EL) - cosd(LAT_FS).*sind(F_EL - EL).*cosd(AZ));



% AZIMUTH OF THE ORBIT CORRESPONDING TO THE REFRACTED ELEVATION (Eq. 14) [DEG]

% LAT_FS [DEG], F_EL [DEG], EL [DEG]

function C_E = f_C_E(LAT_FS, EL)

F_EL = f_F_EL(EL);

C_E = acosd(tand(LAT_FS)./tand(F_EL - EL));



% TRIGONOMETRIC RATIO BETWEEN HORIZON AND LINE NORMAL TO GSO ORBIT SEEN FROM LAT L WITHOUT REFRACTION (Eq. 15)

% LAT_FS [DEG]

function ALPHA = f_ALPHA(LAT_FS)

global K;

ALPHA = sind(LAT_FS)./sqrt((1-K.^-2).^2+(sind(LAT_FS)./K).^2);



% COMPLEMENT OF ALPHA (Eq. 16)

function BETA = f_BETA(ALPHA)

BETA = sqrt(1 - ALPHA.^2);



% SEPARATION ANGLE BETWEEN FS MAIN BEAM AND DIRECTION OF GSO AZIMUTH AND ELEVATION (Eq. 17) [DEG]

% esp0 [DEG], EL [DEG], AZ [DEG], AZ0 [DEG]

function SAF = f_SAF(AZ0, esp0, EL, AZ)

SAF = acosd(cosd(esp0).*cosd(EL).*cosd(AZ - AZ0) + sind(esp0).*sind(EL));



% MAXIMUM ATMOSPHERIC BENDING (NOTE 2) [RAD] 

% esp IS ELEVATION ANGLE OF FS STATION

% h IS FS STATION HEIGHT ABOVE SEA LEVEL

% Tau IS IN RADIAN

function Tau_max = f_Tau_max(esp, h)

X1 = 0.7885809 + 0.175963.*h + 0.0251620.*h.^2;

X2 = esp.*(0.549056 + 0.0744484.*h + 0.0101650.*h.^2);

X3 = esp.^2.*(0.0187029 + 0.0143814.*h);

Tau_max = 1./(X1 + X2 + X3);

%Tau_max = (0.7885809 + 0.175963.*h + 0.0251620.*h.^2 + esp.*(0.549056 + 0.0744484.*h + 0.0101650.*h.^2) + esp.^2.*(0.0187029 + 0.0143814.*h)).^-1;



% MINIMUM ATMOSPHERIC BENDING (NOTE 2) [RAD] 

% esp IS ELEVATION ANGLE OF FS STATION

% h IS FS STATION HEIGHT ABOVE SEA LEVEL

% Tau IS IN RADIAN

function Tau_min = f_Tau_min(esp, h)

X1 = 1.755698 + 0.313461.*h;

X2 = esp.*(0.815022 + 0.109154.*h);

X3 = esp.^2.*(0.0295668 + 0.0185682.*h);

Tau_min = 1./(X1 + X2 + X3);

%Tau_min = (1.755698 + 0.313461.*h + esp.*(0.815022 + 0.109154.*h) + esp.^2.*(0.0295668 + 0.0185682.*h)).^-1;



% ELEVATION ANGLE TAKING INTO ACCOUNT ATMOSPHERIC BENDING (NOTE 3) [DEG]

% h: ANTENNA HEIGHT (km) OF THE TERRESTRIAL STATION ABOVE SEA LEVEL

% h1: ALTITUDE (km) OF THE LOCAL HORIZON (h >= h1)

% MAX ATMOSPHERIC BENDING: N0 = 400, dN = -68

% MIN ATMOSPHERIC BENDING: N0 = 250, dN = -30

function EL_m = ELAtmBending(Re, h1, h, N0, dN)

X1 = (Re + h1) ./ (Re + h);

X2 = (1 + N0 .* 1e-6 .* (1 + dN ./ N0).^h1) ./ (1 + N0 .* 1e-6 .* (1 + dN ./ N0).^h);

if (X1 * X2 >= 1.0)

    EL_m = 0;

else

    EL_m = -acosd(X1 .* X2);

end



% SEPARATION ANGLE CALCULATION

function SA = f_SA(AZ_FS, EL_FS, LAT_FS, e_s, h_FS, ZONE)

EL_s = e_s - f_Tau_min(e_s, h_FS);

if (ZONE == 3)

    EL_s = e_s - f_Tau_max(e_s, h_FS);

end

AZ_s = f_C_E(LAT_FS, EL_s);

SA = f_SAF(AZ_FS, EL_FS, e_s, AZ_s);



% HIGHEST ELEVATION ANGLE OF THE GSO ORBIT AS SEEN FROM LAT_FS (NOTE 5) [DEG]

% LAT_FS [DEG]

function E_T = f_E_T(LAT_FS)

global K;

if (LAT_FS == 0)

    E_T = 90;

else

    E_T = atand((K.*cosd(LAT_FS) - 1)./(K.*sind(LAT_FS)));

end



% DETAIL CALCULATION FOR ZONE 1, 3, 5, 6

function Y = DetailCal(SA, e_s, EL_FS, AZ_FS, LAT_FS, h_FS, ZONE, B)

global EL_m1 EL_m2;  

GOTOSTEP3 = false;

% STEP 1

if (SA < 2 * B)

    d_EL_FS = 1e-4;

    EL_s = e_s - f_Tau_min(e_s, h_FS);

    if (ZONE == 3)

        EL_s = e_s - f_Tau_max(e_s, h_FS);

    end

    while (f_F_EL(EL_s) - EL_s < 1)

        e_s = e_s - d_EL_FS;

        EL_s = e_s - f_Tau_min(e_s, h_FS);

        if (ZONE == 3)

            EL_s = e_s - f_Tau_max(e_s, h_FS);

        end

    end

    AZ_s = f_C_E(LAT_FS, EL_s);

    SA0 = f_SAF(AZ_FS, EL_FS, e_s, AZ_s);

    e_s1 = e_s + d_EL_FS;

    EL_s = e_s1 - f_Tau_min(e_s1, h_FS);

    if (ZONE == 3)

        EL_s = e_s1 - f_Tau_max(e_s1, h_FS);

    end

    if (f_F_EL(EL_s) - EL_s < 1)

        e_s1 = e_s;

        SA = SA0;

        GOTOSTEP3 = true;

    else

        AZ_s = f_C_E(LAT_FS, EL_s);

        SA = f_SAF(AZ_FS, EL_FS, e_s1, AZ_s);

        if (SA > SA0)

            e_s1 = e_s;

            SA = SA0;

            GOTOSTEP3 = true;

        end

    end

    

    % STEP 2

    EXIT = false;

    if (~GOTOSTEP3)

        while (~EXIT)

            e_s1 = e_s1 + d_EL_FS;

            EL_s = e_s1 - f_Tau_min(e_s1, h_FS);

            if (ZONE == 3)

                EL_s = e_s1 - f_Tau_max(e_s1, h_FS);

            end

            if (f_F_EL(EL_s) - EL_s < 1)

                % EXIT DETAIL CALCULATION

                EXIT = true;

            else

                AZ_s = f_C_E(LAT_FS, EL_s);

                SA1 = f_SAF(AZ_FS, EL_FS, e_s1, AZ_s);

                if (SA1 < SA)

                    SA = SA1;

                    % RETURN TO STEP 2

                else

                    % EXIT DETAIL CALCULATION

                    EXIT = true;

                end

            end

        end

    end

        

    % STEP 3

    while (~EXIT)

        EL_x = EL_m2;

        if (ZONE == 3)

            EL_x = EL_m1;

        end

        if (e_s1 <= EL_x)

            % EXIT DETAIL CALCULATION

            EXIT = true;

        else

            e_s1 = e_s1 - d_EL_FS;

            if (e_s1 < EL_x)

                e_s1 = EL_x;

            end

            EL_s = e_s1 - f_Tau_min(e_s1, h_FS);

            if (ZONE == 3)

                EL_s = e_s1 - f_Tau_max(e_s1, h_FS);

            end

            AZ_s = f_C_E(LAT_FS, EL_s);

            SA1 = f_SAF(AZ_FS, EL_FS, e_s1, AZ_s);

            if (SA1 < SA)

                SA = SA1;

                % RETURN TO STEP 3

            else

                % EXIT DETAIL CALCULATION

                EXIT = true;

            end

        end

    end

    Y = SA;

else

    Y = SA;

end










StatMeth/oxy676.mat

fo:[44x1  double array]


a1:[44x1  double array]


a2:[44x1  double array]


a3:[44x1  double array]


a4:[44x1  double array]


a5:[44x1  double array]


a6:[44x1  double array]
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StatMeth/PFDDataUI.m

function varargout = PFDDataUI(varargin)
% PFDDATAUI M-file for PFDDataUI.fig
%      PFDDATAUI, by itself, creates a new PFDDATAUI or raises the existing
%      singleton*.
%
%      H = PFDDATAUI returns the handle to a new PFDDATAUI or the handle to
%      the existing singleton*.
%
%      PFDDATAUI('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in PFDDATAUI.M with the given input arguments.
%
%      PFDDATAUI('Property','Value',...) creates a new PFDDATAUI or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before PFDDataUI_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to PFDDataUI_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help PFDDataUI

% Last Modified by GUIDE v2.5 03-Apr-2009 13:14:41

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @PFDDataUI_OpeningFcn, ...
                   'gui_OutputFcn',  @PFDDataUI_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before PFDDataUI is made visible.
function PFDDataUI_OpeningFcn(hObject, eventdata, handles, varargin)
global NumBPs PFDData EDIT_TABLE;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to PFDDataUI (see VARARGIN)

% Choose default command line output for PFDDataUI
handles.output = hObject;
handles.CellIndex = [0 0];

% Update handles structure
guidata(hObject, handles);
NumericLogicalArray = zeros(1, 10);
if (strcmp(EDIT_TABLE, 'on'))
    NumericLogicalArray(1, 1:NumBPs) = 1;
end
ColumnEditableArray = logical(NumericLogicalArray);
h = findobj(gcf, 'Tag', 'PFDTable');
set(h, 'ColumnEditable', ColumnEditableArray);
set(h, 'Data', PFDData);
set(h, 'HitTest', 'on');
% UIWAIT makes PFDDataUI wait for user response (see UIRESUME)
% uiwait(handles.figure1);


% --- Outputs from this function are returned to the command line.
function varargout = PFDDataUI_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;


% --- Executes on button press in PFDLevelOK.
function PFDLevelOK_Callback(hObject, eventdata, handles)
global PFDData NumBPs BRK_PTS PFD_LEVELS;
% hObject    handle to PFDLevelOK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
h = findobj(gcf, 'Tag', 'PFDTable');
D = get(h, 'Data');
if (~isempty(D))
    set(h, 'Data', D);
    BRK_PTS = D(1, 1: NumBPs);
    PFD_LEVELS = D(2, 1: NumBPs);
    PFDData = D;
end
close(gcf);


% --- Executes when selected cell(s) is changed in PFDTable.
function PFDTable_CellSelectionCallback(hObject, eventdata, handles)
% hObject    handle to PFDTable (see GCBO)
% eventdata  structure with the following fields (see UITABLE)
%	Indices: row and column indices of the cell(s) currently selecteds
% handles    structure with handles and user data (see GUIDATA)


% --- Executes when entered data in editable cell(s) in PFDTable.
function PFDTable_CellEditCallback(hObject, eventdata, handles)
% hObject    handle to PFDTable (see GCBO)
% eventdata  structure with the following fields (see UITABLE)
%	Indices: row and column indices of the cell(s) edited
%	PreviousData: previous data for the cell(s) edited
%	EditData: string(s) entered by the user
%	NewData: EditData or its converted form set on the Data property. Empty if Data was not changed
%	Error: error string when failed to convert EditData to appropriate value for Data
% handles    structure with handles and user data (see GUIDATA)


% --------------------------------------------------------------------
function PFDTable_ButtonDownFcn(hObject, eventdata, handles)
% hObject    handle to PFDTable (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)


% --- Executes on key press with focus on PFDTable and none of its controls.
function PFDTable_KeyPressFcn(hObject, eventdata, handles)
% hObject    handle to PFDTable (see GCBO)
% eventdata  structure with the following fields (see UITABLE)
%	Key: name of the key that was pressed, in lower case
%	Character: character interpretation of the key(s) that was pressed
%	Modifier: name(s) of the modifier key(s) (i.e., control, shift) pressed
% handles    structure with handles and user data (see GUIDATA)


% --- Executes when user attempts to close figure1.
function figure1_CloseRequestFcn(hObject, eventdata, handles)
global PFDData NumBPs BRK_PTS PFD_LEVELS;
% hObject    handle to figure1 (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: delete(hObject) closes the figure
h = findobj(gcf, 'Tag', 'PFDTable');
D = get(h, 'Data');
if (~isempty(D))
    set(h, 'Data', D);
    BRK_PTS = D(1, 1: NumBPs);
    PFD_LEVELS = D(2, 1: NumBPs);
    PFDData = D;
end
delete(hObject);
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StatMeth/PFDLevelUI.m

function varargout = PFDLevelUI(varargin)
% PFDLEVELUI M-file for PFDLevelUI.fig
%      PFDLEVELUI, by itself, creates a new PFDLEVELUI or raises the existing
%      singleton*.
%
%      H = PFDLEVELUI returns the handle to a new PFDLEVELUI or the handle to
%      the existing singleton*.
%
%      PFDLEVELUI('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in PFDLEVELUI.M with the given input arguments.
%
%      PFDLEVELUI('Property','Value',...) creates a new PFDLEVELUI or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before PFDLevelUI_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to PFDLevelUI_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help PFDLevelUI

% Last Modified by GUIDE v2.5 29-Jul-2009 12:14:24

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @PFDLevelUI_OpeningFcn, ...
                   'gui_OutputFcn',  @PFDLevelUI_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before PFDLevelUI is made visible.
function PFDLevelUI_OpeningFcn(hObject, eventdata, handles, varargin)
global NumBPs;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to PFDLevelUI (see VARARGIN)

% Choose default command line output for PFDLevelUI
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);
if (~isempty(NumBPs) | NumBPs >= 2)
    set(findobj(gcf, 'Tag', 'NBPBox'), 'String', num2str(NumBPs));
end
% UIWAIT makes PFDLevelUI wait for user response (see UIRESUME)
% uiwait(handles.figure1);


% --- Outputs from this function are returned to the command line.
function varargout = PFDLevelUI_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;



function NBPBox_Callback(hObject, eventdata, handles)
% hObject    handle to NBPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of NBPBox as text
%        str2double(get(hObject,'String')) returns contents of NBPBox as a double


% --- Executes during object creation, after setting all properties.
function NBPBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to NBPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --- Executes on button press in PFDOK.
function PFDOK_Callback(hObject, eventdata, handles)
% hObject    handle to PFDOK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
global NumBPs;
NumBPs = CheckStr(get(findobj(gcf, 'Tag', 'NBPBox'), 'String'));
if (~isempty(NumBPs) && NumBPs >= 2)
    if (NumBPs > 10)
        disp('TOO MANY BREAK POINTS. NUMBER OF BREAK POINTS: 2 <= PTS <= 10.');
        Message = {'TOO MANY BREAK POINTS.', 'NUMBER OF BREAK POINTS: 2 <= PTS <= 10.'};
        h = msgbox(Message);
        uiwait(h);
    elseif (NumBPs <= 10 && NumBPs >= 2)
        close(gcf);
        PFDDataUI;
    else
        close(gcf);
    end
else
    Message = {'NUMBER OF BREAK POINTS: 2 <= PTS <= 10.'};
    h = msgbox(Message);
    uiwait(h);
end


% --- Executes when user attempts to close figure1.
function figure1_CloseRequestFcn(hObject, eventdata, handles)
% hObject    handle to figure1 (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: delete(hObject) closes the figure
delete(hObject);









StatMeth/PIF.m

function y = PIF(TxPOLAR, RxPOLAR)

str = {'L', 'RHC', 'LHC'};

Tx = str(TxPOLAR);

Rx = str(RxPOLAR);

% FACTOR OF POLARIZATION ISOLATION (APPENDIX 8 SECTION 2.2.3)

if ((strcmp(Tx, 'LHC') && strcmp(Rx, 'RHC')) || (strcmp(Tx, 'RHC') && strcmp(Rx, 'LHC')))

    y = 4;

elseif ((strcmp(Tx, 'LHC') || strcmp(Tx, 'RHC')) && strcmp(Rx, 'L'))

    y = 1.4;

elseif (strcmp(Tx, 'L') && (strcmp(Rx, 'LHC') || strcmp(Rx, 'RHC')))

    y = 1.4;

elseif (strcmp(Tx, Rx))

    y = 1;

end



y = 10 .* log10(y);






StatMeth/Px.mat

Px:[1000x1  double array]






StatMeth/rad2deg.m

% May 21st, 2001

% Convert an angle in radians to an angle in degrees



function deg = rad2deg(rad)



deg = rad * (180 / pi);



% End of function






StatMeth/ReadFileByLine.m

function Y = ReadFileByLine(FILENAME)

fid=fopen(FILENAME);

done = false;

i = 0;

FirstLine = fgetl(fid);

if (strcmp(FirstLine, 'GSO ORBIT DATA'))

    while (~done)

        tline = fgetl(fid);

        i = i + 1;

        if (ischar(tline))

            Y(i) = str2double(tline);

        else

            done = true;

        end

    end

else

    MSG = 'DATA FILE ERROR!';

    h = msgbox(MSG);

    uiwait(h);

    Y = '';

end

fclose(fid);






StatMeth/ReadMeFirst.txt

Implementation Example For Preliminary Draft New Recommendation ITU-R [SF].[STATMETH]

-------------------------------------------------------------------------------------



Before using the statistical interference simulation software, please read the following:



The extensions of most of the files in this folder and in the "HelpFile_files" folder are renamed to bypass firewall filtering. Therefore it is necessary to rename all those extensions back to their original before using this software. 



An extension having a trailing underscore ("_") is an extension that needs to be renamed. By simply removing the underscore, the file extension will return to its original. There is one file that needs to be renamed in the "HelpFile_files" folder.



This software should be copied to a folder known to Matlab's search path. For example, this software may be copied to "C:\StatMeth" since "C:\" is in Matlab's search path by default.



Below is the file listing for this software ("\" means a folder):

                                         

BrazilSimCase.txt            ReadMeFirst.txt              

CheckStr.m                   Satsim.fig                 

DataBinUI.fig                Satsim.m                  

DataBinUI.m                  SaveData.m                      

DataProcessor.m              StJohnsSimCase.txt       

ESALAT.mat                   TOPODATA.mat           

ESALON.mat                   VancouverSimCaseHEO.txt              

ESATEMP.mat                  VancouverSimCaseNGSO.txt               

ElevationAndGainSetting.fig  XPL.m                      

ElevationAndGainSetting.m    XPLUI.fig            

ElevationAndGainUI.fig       XPLUI.m                       

ElevationAndGainUI.m         deg2rad.m                            

GSOLocs.txt                  oxy676.mat                     

HandoffUI.fig                rad2deg.m              

HandoffUI.m                  surfwv_01.mat                

HelpFile.doc                 surfwv_02.mat                    

HelpFile.htm                 surfwv_03.mat                 

HelpFile_files               surfwv_05.mat              

ITU_R_F1245MOD.m             surfwv_0dot1.mat          

ITU_R_F1404_1.m              surfwv_0dot2.mat              

ITU_R_P676Annex2REV7c.m      surfwv_0dot3.mat                  

ITU_R_P676REV7c.m            surfwv_0dot5.mat               

ITU_R_P835REV4c.m            surfwv_10.mat              

ITU_R_SF1395.m               surfwv_20.mat                 

InterfSim.m                  surfwv_30.mat                    

MapOfEarth.m                 surfwv_50.mat               

MonctonSimCase.txt           surfwv_70.mat                

NGSOOrbit.m                  surfwv_80.mat                    

OpenData.m                   surfwv_90.mat                

PFDDataUI.fig                surfwv_95.mat             

PFDDataUI.m                  surfwv_97.mat                

PFDLevelUI.fig               surfwv_98.mat                     

PFDLevelUI.m                 surfwv_99.mat  

PIF.m                        wat676.mat  

ReadFileByLine.m 



\HelpFile_files

filelist.xml  image008.jpg  image016.jpg  image024.jpg  image032.jpg  

image001.png  image009.png  image017.png  image025.png  image033.png  

image002.jpg  image010.jpg  image018.jpg  image026.jpg  image034.jpg  

image003.png  image011.png  image019.png  image027.png  

image004.jpg  image012.jpg  image020.jpg  image028.jpg  

image005.png  image013.png  image021.png  image029.png 

image006.jpg  image014.jpg  image022.jpg  image030.jpg

image007.png  image015.png  image023.png  image031.png 



    








StatMeth/RESULT_47.35N_-53.4W_-105X-105.mat

OUTPUTDATA:[62x1  double array]






StatMeth/Satsim.fig





StatMeth/Satsim.m

function varargout = Satsim(varargin)
% SATSIM M-file for Satsim.fig
%      SATSIM, by itself, creates a new SATSIM or raises the existing
%      singleton*.
%
%      H = SATSIM returns the handle to a new SATSIM or the handle to
%      the existing singleton*.
%
%      SATSIM('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in SATSIM.M with the given input arguments.
%
%      SATSIM('Property','Value',...) creates a new SATSIM or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before Satsim_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to Satsim_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help Satsim

% Last Modified by GUIDE v2.5 01-Mar-2010 15:48:57

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @Satsim_OpeningFcn, ...
                   'gui_OutputFcn',  @Satsim_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before Satsim is made visible.
function Satsim_OpeningFcn(hObject, eventdata, handles, varargin)
global AP8Selected OVERRIDE_ELAG_BOX OK2GO;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)
% varargin   command line arguments to Satsim (see VARARGIN)

% Choose default command line output for Satsim
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);
% UIWAIT makes Satsim wait for user response (see UIRESUME)
% uiwait(handles.Satsim);

% INITIALIZE UI TEXT BOXES
set(findobj(gcf, 'Tag', 'RadioSP'), 'Value', 1);
set(findobj(gcf, 'Tag', 'RadioAREA'), 'Value', 0);
set(findobj(gcf, 'Tag', 'RadioGSO'), 'Value', 1);
set(findobj(gcf, 'Tag', 'RadioHEO'), 'Value', 0);
set(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value', 0);
set(findobj(gcf, 'Tag', 'SWVDMenu'), 'Value', 1);
set(findobj(gcf, 'Tag', 'SWVDMenu'), 'Value', 1);
EnableArea('off');
EnableHEOBoxes('off');

% INITIALIZE MENU OPTIONS
AP8Selected = 0;
OVERRIDE_ELAG_BOX = 0;

OK2GO = false;

h = findobj(gcf, 'Tag', 'MsgBar');
set(h, 'String', 'Please choose your simulation scenario.');


% --- Outputs from this function are returned to the command line.
function varargout = Satsim_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;


% --------------------------------------------------------------------
function FileMenu_Callback(hObject, eventdata, handles)
% hObject    handle to FileMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)


% --------------------------------------------------------------------
function SatelliteMenu_Callback(hObject, eventdata, handles)
% hObject    handle to PFDLevelMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)


% --------------------------------------------------------------------
function OpenMenu_Callback(hObject, eventdata, handles)
% hObject    handle to OpenMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)
[FileName, PathName, FilterIndex] = uigetfile({'*.txt';'*.*'}, 'Open data file');
if (FileName ~= 0)
    DataFileName = [PathName FileName];
    Status = OpenData(DataFileName);
    if (Status > 0)
        WriteData2GUI;
    end
end


% --------------------------------------------------------------------
function SaveMenu_Callback(hObject, eventdata, handles)
% hObject    handle to SaveMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)
[FileName, PathName, FilterIndex] = uiputfile({'*.txt';'*.*'}, 'Save as');
if (FileName ~= 0)
    DataFileName = [PathName FileName];
    RefreshData;
    SaveData(DataFileName);
end


% --------------------------------------------------------------------
function Close_Callback(hObject, eventdata, handles)
% hObject    handle to Close (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)
clear all;
close(gcf);


% --------------------------------------------------------------------
function PFDMenu_Callback(hObject, eventdata, handles)
% hObject    handle to PFDMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)


% --------------------------------------------------------------------
function PFDLevelMenu_Callback(hObject, eventdata, handles)
global PFDData BRK_PTS PFD_LEVELS EDIT_TABLE;
% hObject    handle to PFDLevelMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)
if (~isempty(BRK_PTS) | BRK_PTS > 0)
    PFDData = [BRK_PTS; PFD_LEVELS];
    EDIT_TABLE = 'off';
    PFDDataUI;
end


% --------------------------------------------------------------------
function EditPFD_Callback(hObject, eventdata, handles)
% hObject    handle to EditPFD (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)


% --------------------------------------------------------------------
function NewPFD_Callback(hObject, eventdata, handles)
global PFDData EDIT_TABLE;
% hObject    handle to NewPFD (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
PFDData = zeros(2, 10);
EDIT_TABLE = 'on';
PFDLevelUI;


% --------------------------------------------------------------------
function ChangePFD_Callback(hObject, eventdata, handles)
global PFDData BRK_PTS PFD_LEVELS EDIT_TABLE UPDATE_TABLE;
% hObject    handle to ChangePFD (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
PFDData = [BRK_PTS; PFD_LEVELS];
EDIT_TABLE = 'on';
UPDATE_TABLE = true;
PFDDataUI;


% --------------------------------------------------------------------
function DataMenu_Callback(hObject, eventdata, handles)
% hObject    handle to DataMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)


% --------------------------------------------------------------------
function DBin_Callback(hObject, eventdata, handles)
% hObject    handle to DBin (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)
DataBinUI;

% --------------------------------------------------------------------
function SimMenu_Callback(hObject, eventdata, handles)
% hObject    handle to SimMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)


% --------------------------------------------------------------------
function ELAGMenu_Callback(hObject, eventdata, handles)
global EDIT_EL_TABLE EDIT_AG_TABLE ElevationData GainData OVERRIDE_ELAG_BOX;
% hObject    handle to ELAGMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
if (~isempty(ElevationData) || ~isempty(GainData))
    EDIT_EL_TABLE = 'off';
    EDIT_AG_TABLE = 'off';
    ElevationAndGainSetting;
    if (~isempty(OVERRIDE_ELAG_BOX))
        if (OVERRIDE_ELAG_BOX)
            set(findobj(gcf, 'Tag', 'ELAngleBox'), 'String', '');
            set(findobj(gcf, 'Tag', 'MaxGainBox'), 'String', '');
            set(findobj(gcf, 'Tag', 'ELAngleBox'), 'Enable', 'off');
            set(findobj(gcf, 'Tag', 'MaxGainBox'), 'Enable', 'off');
        end
    end
end


% --------------------------------------------------------------------
function EditELAG_Callback(hObject, eventdata, handles)
% hObject    handle to EditELAG (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)


% --------------------------------------------------------------------
function NewELAG_Callback(hObject, eventdata, handles)
global EDIT_EL_TABLE EDIT_AG_TABLE ElevationData GainData OVERRIDE_ELAG_BOX;
% hObject    handle to NewELAG (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
ElevationData = 0;
GainData = 0;
EDIT_EL_TABLE = 'on';
EDIT_AG_TABLE = 'on';
ElevationAndGainUI;
if (~isempty(OVERRIDE_ELAG_BOX))
    if (OVERRIDE_ELAG_BOX)
        set(findobj(gcf, 'Tag', 'ELAngleBox'), 'String', '');
        set(findobj(gcf, 'Tag', 'MaxGainBox'), 'String', '');
        set(findobj(gcf, 'Tag', 'ELAngleBox'), 'Enable', 'off');
        set(findobj(gcf, 'Tag', 'MaxGainBox'), 'Enable', 'off');
    end
end

% --------------------------------------------------------------------
function ChangeELAG_Callback(hObject, eventdata, handles)
global EDIT_EL_TABLE EDIT_AG_TABLE OVERRIDE_ELAG_BOX;
% hObject    handle to ChangeELAG (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
EDIT_EL_TABLE = 'on';
EDIT_AG_TABLE = 'on';
ElevationAndGainSetting;
if (~isempty(OVERRIDE_ELAG_BOX))
    if (OVERRIDE_ELAG_BOX)
        set(findobj(gcf, 'Tag', 'ELAngleBox'), 'String', '');
        set(findobj(gcf, 'Tag', 'MaxGainBox'), 'String', '');
        set(findobj(gcf, 'Tag', 'ELAngleBox'), 'Enable', 'off');
        set(findobj(gcf, 'Tag', 'MaxGainBox'), 'Enable', 'off');
    end
end


function ELAngleBox_Callback(hObject, eventdata, handles)
% hObject    handle to ELAngleBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of ELAngleBox as text
%        str2double(get(hObject,'String')) returns contents of ELAngleBox as a double


% --- Executes during object creation, after setting all properties.
function ELAngleBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to ELAngleBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function MaxGainBox_Callback(hObject, eventdata, handles)
% hObject    handle to MaxGainBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of MaxGainBox as text
%        str2double(get(hObject,'String')) returns contents of MaxGainBox as a double


% --- Executes during object creation, after setting all properties.
function MaxGainBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to MaxGainBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function FreqBox_Callback(hObject, eventdata, handles)
% hObject    handle to FreqBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of FreqBox as text
%        str2double(get(hObject,'String')) returns contents of FreqBox as a double


% --- Executes during object creation, after setting all properties.
function FreqBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to FreqBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function ThNoiseBox_Callback(hObject, eventdata, handles)
% hObject    handle to ThNoiseBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of ThNoiseBox as text
%        str2double(get(hObject,'String')) returns contents of ThNoiseBox as a double


% --- Executes during object creation, after setting all properties.
function ThNoiseBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to ThNoiseBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function FeederLossBox_Callback(hObject, eventdata, handles)
% hObject    handle to FeederLossBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of FeederLossBox as text
%        str2double(get(hObject,'String')) returns contents of FeederLossBox as a double


% --- Executes during object creation, after setting all properties.
function FeederLossBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to FeederLossBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function CenterLatBox_Callback(hObject, eventdata, handles)
% hObject    handle to CenterLatBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of CenterLatBox as text
%        str2double(get(hObject,'String')) returns contents of CenterLatBox as a double


% --- Executes during object creation, after setting all properties.
function CenterLatBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to CenterLatBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function CenterLonBox_Callback(hObject, eventdata, handles)
% hObject    handle to CenterLonBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of CenterLonBox as text
%        str2double(get(hObject,'String')) returns contents of CenterLonBox as a double


% --- Executes during object creation, after setting all properties.
function CenterLonBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to CenterLonBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function TotalAreaBox_Callback(hObject, eventdata, handles)
% hObject    handle to TotalAreaBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of TotalAreaBox as text
%        str2double(get(hObject,'String')) returns contents of TotalAreaBox as a double


% --- Executes during object creation, after setting all properties.
function TotalAreaBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to TotalAreaBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function LonSpanBox_Callback(hObject, eventdata, handles)
% hObject    handle to LonSpanBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of LonSpanBox as text
%        str2double(get(hObject,'String')) returns contents of LonSpanBox as a double


% --- Executes during object creation, after setting all properties.
function LonSpanBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to LonSpanBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function LonIncBox_Callback(hObject, eventdata, handles)
% hObject    handle to LonIncBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of LonIncBox as text
%        str2double(get(hObject,'String')) returns contents of LonIncBox as a double


% --- Executes during object creation, after setting all properties.
function LonIncBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to LonIncBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


function LatIncBox_Callback(hObject, eventdata, handles)
% hObject    handle to LatIncBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of LatIncBox as text
%        str2double(get(hObject,'String')) returns contents of LatIncBox as a double


% --- Executes during object creation, after setting all properties.
function LatIncBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to LatIncBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


function SMABox_Callback(hObject, eventdata, handles)
% hObject    handle to SMABox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of SMABox as text
%        str2double(get(hObject,'String')) returns contents of SMABox as a double


% --- Executes during object creation, after setting all properties.
function SMABox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to SMABox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function EccBox_Callback(hObject, eventdata, handles)
% hObject    handle to EccBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of EccBox as text
%        str2double(get(hObject,'String')) returns contents of EccBox as a double
e = CheckStr(get(findobj(gcf, 'Tag', 'EccBox'), 'String'));
HEO_SELECTED = get(findobj(gcf, 'Tag', 'RadioHEO'), 'Value');
if (e > 0.8 && e < 1.0 && HEO_SELECTED > 0)
    h = warndlg('CAUTION: e > 0.8 MAY EXHIBIT UNEXPECTED BEHAVIOUR FOR HEO ORBITS');
    uiwait(h);
end


% --- Executes during object creation, after setting all properties.
function EccBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to EccBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function IncBox_Callback(hObject, eventdata, handles)
% hObject    handle to IncBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of IncBox as text
%        str2double(get(hObject,'String')) returns contents of IncBox as a double


% --- Executes during object creation, after setting all properties.
function IncBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to IncBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function NSPBox_Callback(hObject, eventdata, handles)
% hObject    handle to NSPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of NSPBox as text
%        str2double(get(hObject,'String')) returns contents of NSPBox as a double


% --- Executes during object creation, after setting all properties.
function NSPBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to NSPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function NOPBox_Callback(hObject, eventdata, handles)
% hObject    handle to NOPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of NOPBox as text
%        str2double(get(hObject,'String')) returns contents of NOPBox as a double


% --- Executes during object creation, after setting all properties.
function NOPBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to NOPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function AOPBox_Callback(hObject, eventdata, handles)
% hObject    handle to AOPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of AOPBox as text
%        str2double(get(hObject,'String')) returns contents of AOPBox as a double


% --- Executes during object creation, after setting all properties.
function AOPBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to AOPBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function ANLBox_Callback(hObject, eventdata, handles)
% hObject    handle to ANLBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of ANLBox as text
%        str2double(get(hObject,'String')) returns contents of ANLBox as a double


% --- Executes during object creation, after setting all properties.
function ANLBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to ANLBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function TABox_Callback(hObject, eventdata, handles)
% hObject    handle to TABox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of TABox as text
%        str2double(get(hObject,'String')) returns contents of TABox as a double


% --- Executes during object creation, after setting all properties.
function TABox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to TABox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function OpLatBox_Callback(hObject, eventdata, handles)
% hObject    handle to OpLatBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of OpLatBox as text
%        str2double(get(hObject,'String')) returns contents of OpLatBox as a double


% --- Executes during object creation, after setting all properties.
function OpLatBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to OpLatBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


function SimTimeBox_Callback(hObject, eventdata, handles)
% hObject    handle to SimTimeBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of SimTimeBox as text
%        str2double(get(hObject,'String')) returns contents of SimTimeBox as a double


% --- Executes during object creation, after setting all properties.
function SimTimeBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to SimTimeBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


function GSOSepBox_Callback(hObject, eventdata, handles)
% hObject    handle to GSOSepBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of GSOSepBox as text
%        str2double(get(hObject,'String')) returns contents of GSOSepBox as a double


% --- Executes during object creation, after setting all properties.
function GSOSepBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to GSOSepBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function RefGSOBox_Callback(hObject, eventdata, handles)
% hObject    handle to RefGSOBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hints: get(hObject,'String') returns contents of RefGSOBox as text
%        str2double(get(hObject,'String')) returns contents of RefGSOBox as a double


% --- Executes during object creation, after setting all properties.
function RefGSOBox_CreateFcn(hObject, eventdata, handles)
% hObject    handle to RefGSOBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --- Executes on button press in RadioSP.
function RadioSP_Callback(hObject, eventdata, handles)
% hObject    handle to RadioSP (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of RadioSP
h = get(findobj(gcf, 'Tag', 'RadioSP'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'RadioArea'), 'Value', 0);
    EnableSinglePoint('on');
    EnableArea('off');
end

% --- Executes on button press in RadioArea.
function RadioArea_Callback(hObject, eventdata, handles)
% hObject    handle to RadioArea (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of RadioArea
h = get(findobj(gcf, 'Tag', 'RadioArea'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'RadioSP'), 'Value', 0);
    EnableSinglePoint('on');
    EnableArea('on');
    h1 = findobj(gcf, 'Tag', 'TotalAreaBox');
    if (isempty(get(h1, 'String')))
        set(h1, 'String', 25000);
    end
end

% --- Executes on button press in RadioGSO.
function RadioGSO_Callback(hObject, eventdata, handles)
% hObject    handle to RadioGSO (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of RadioGSO
h = get(findobj(gcf, 'Tag', 'RadioGSO'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'RadioHEO'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value', 0);
    EnableGSOBoxes('on');
    EnableHEOBoxes('off');
end

% --- Executes on button press in RadioHEO.
function RadioHEO_Callback(hObject, eventdata, handles)
% hObject    handle to RadioHEO (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of RadioHEO
h = get(findobj(gcf, 'Tag', 'RadioHEO'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'RadioGSO'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value', 0);
    EnableGSOBoxes('off');
    EnableHEOBoxes('on');
end

% --- Executes on button press in RadioNGSO.
function RadioNGSO_Callback(hObject, eventdata, handles)
% hObject    handle to RadioNGSO (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of RadioNGSO
h = get(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'RadioHEO'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RadioGSO'), 'Value', 0);
    EnableGSOBoxes('off');
    EnableHEOBoxes('off');
    EnableNGSOBoxes('on');
end

function EnableSinglePoint(Key)
set(findobj(gcf, 'Tag', 'CenterLatBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'CenterLonBox'), 'Enable', Key);

function EnableArea(Key)
set(findobj(gcf, 'Tag', 'TotalAreaBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'LonSpanBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'LonIncBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'LatIncBox'), 'Enable', Key);

function EnableGSOBoxes(Key)
set(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Value', 0);
set(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'EnableGSOAvoidance'), 'Value', 0);
set(findobj(gcf, 'Tag', 'EnableGSOAvoidance'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'GSOSepAngle'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'RefGSOBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'GSOSepBox'), 'Enable', Key);

function EnableHEOBoxes(Key)
set(findobj(gcf, 'Tag', 'SMABox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'EccBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'IncBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'NSPBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'NOPBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'AOPBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'ANLBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'TABox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'OpLatBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'SimTimeBox'), 'Enable', Key);

function EnableNGSOBoxes(Key)
set(findobj(gcf, 'Tag', 'SMABox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'EccBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'IncBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'NSPBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'NOPBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'AOPBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'ANLBox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'TABox'), 'Enable', Key);
set(findobj(gcf, 'Tag', 'SimTimeBox'), 'Enable', Key);

%%% FUNCTION TO COLLECT USER INPUT DATA FROM GUI %%%
function STATE = CollectData()
global SINGLE_PT_SELECTED AREA_SELECTED GSO_SELECTED HEO_SELECTED NGSO_SELECTED OVERRIDE_ELAG_BOX GSO_SEP_ANGLE AVOID_GSO_ARC;
global SINGLE_STN_ENABLED;
global TotalArea CenterLat CenterLon dLON NLon NLat ESLat ESLon Re;
global f_GHz FS_EL GMax ThermalNoise FeederLoss_dB SWVD_MODE;
global LocFromFile GSOLocs GSOLon GSOSep a ecc Inc NSat NPlane AoP LoA TA OpLat SimTime HandOff HandOffType;
global BRK_PTS PFD_LEVELS BinSize XPLoss ElevationData GainData;

ERROR = false;
STATE = ERROR;
h = findobj(gcf, 'Tag', 'MsgBar');
set(h, 'String', '');

% DISABLE AREA PROPERTIES IF SINGLE STATION SELECTED
if (SINGLE_STN_ENABLED)
    set(findobj(gcf, 'Tag', 'RadioSP'), 'Value', 1);
    EnableArea('off');
end

% CHECK WHAT CALCULATION IS SELECTED
SINGLE_PT_SELECTED = get(findobj(gcf, 'Tag', 'RadioSP'), 'Value');
AREA_SELECTED = get(findobj(gcf, 'Tag', 'RadioArea'), 'Value');

% CHECK WHAT SATELLITE NETWORK IS SELECTED
GSO_SELECTED = get(findobj(gcf, 'Tag', 'RadioGSO'), 'Value');
HEO_SELECTED = get(findobj(gcf, 'Tag', 'RadioHEO'), 'Value');
NGSO_SELECTED = get(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value');

% STUDY AREA PROPERTIES
TotalArea = CheckStr(get(findobj(gcf, 'Tag', 'TotalAreaBox'), 'String'));
CenterLat = CheckStr(get(findobj(gcf, 'Tag', 'CenterLatBox'), 'String'));
CenterLon = CheckStr(get(findobj(gcf, 'Tag', 'CenterLonBox'), 'String'));
dLON = CheckStr(get(findobj(gcf, 'Tag', 'LonSpanBox'), 'String'));
NLon = CheckStr(get(findobj(gcf, 'Tag', 'LonIncBox'), 'String'));
NLat = CheckStr(get(findobj(gcf, 'Tag', 'LatIncBox'), 'String'));

if (SINGLE_PT_SELECTED > 0)
    if (~isempty(CenterLat) && ~isempty(CenterLon))
        if (abs(CenterLat) > 90)
            msg = {'INVALID CENTER LATITUDE.', '-90 <= CENTER LAT <= 90'};
            ERROR = true;
        elseif (abs(CenterLon) > 180)
            msg = {'INVALID CENTER LONGITUDE.', '-180 <= CENTER LON <= 180'};
            ERROR = true;
        end
    else
        msg = {'DATA MISSING. PLEASE CHECK YOUR INPUTS.'};
        ERROR = true;
    end
elseif (AREA_SELECTED > 0)
    if (~isempty(TotalArea) && ~isempty(CenterLat) && ~isempty(CenterLon) && ~isempty(dLON) && ~isempty(NLon) && ~isempty(NLat))
        if (TotalArea < 25000 || TotalArea >= 50000)
            if (TotalArea < 25000)
                msg = {'TOTAL AREA MUST BE AT LEAST 25000 km^2.'};
                ERROR = true;
            elseif (TotalArea >= 50000)
                msg = {'TOTAL AREA MUST BE LESS THAN 50000 km^2.', 'OTHREWISE, TWO SEPARATE AREAS SHOULD BE STUDIED.'};
                ERROR = true;
            end
        elseif (abs(CenterLat) > 85)
            msg = {'INVALID CENTER LATITUDE FOR AREA CALCULATION', '-85 <= CENTER LAT <= 85'};
            ERROR = true;
        elseif (abs(CenterLon) > 180)
            msg = {'INVALID CENTER LONGITUDE.', '-180 <= CENTER LON <= 180'};
            ERROR = true;
        elseif (dLON < 0.1)
            msg = {'INVALID LONGITUDINAL SPAN.', 'LON SPAN >= 0.1'};
            ERROR = true;
        elseif (NLon < 3 || NLon > 16)
            msg = {'INVALID NUMBER OF LONGITUDINAL INCREMENTS.', '3 < NO. LON INC. < 16'};
            ERROR = true;
        elseif (NLat < 3 || NLat > 16)
            msg = {'INVALID NUMBER OF LATITUDINAL INCREMENTS.', '3 < NO. LAT INC. < 16'};
            ERROR = true;
        elseif ((NLon * NLat) < 9 || (NLon * NLat) > 50)
            msg = {'INVALID TOTAL NUMBER OF INCREMENTAL AREAS.', '9 <= NO. OF INC. AREA <= 50.'};
            ERROR = true;
        end
        LAT1 = sind(CenterLat) + 0.5 .* TotalArea ./ (deg2rad(dLON) .* Re.^2);
        LAT2 = sind(CenterLat) - 0.5 .* TotalArea ./ (deg2rad(dLON) .* Re.^2);
        if (abs(LAT1) >= 1 | abs(LAT2) >= 1);
            msg = {'INVALID STUDY LOCATION DETECTED.', 'AREA CANNOT COVER BEYOND +/- 90 DEG LONGITUDE.'};
            ERROR = true;
        end
    else
        msg = {'STUDY AREA DATA ERROR. PLEASE CHECK YOUR INPUTS.'};
        ERROR = true;
    end
else
    msg = {'NO STUDY AREA TYPE HAS BEEN SELECTED.'};
    ERROR = true;
end

if (ERROR)
    ErrorMsg(msg);
end 

% FS SYSTEM PROPERTIES
if (OVERRIDE_ELAG_BOX > 0)
    set(findobj(gcf, 'Tag', 'ELAngleBox'), 'Enable', 'off');
    set(findobj(gcf, 'Tag', 'MaxGainBox'), 'Enable', 'off');
end

f_GHz = CheckStr(get(findobj(gcf, 'Tag', 'FreqBox'), 'String'));
if (OVERRIDE_ELAG_BOX <= 0)
    FS_EL = CheckStr(get(findobj(gcf, 'Tag', 'ELAngleBox'), 'String'));
    GMax = CheckStr(get(findobj(gcf, 'Tag', 'MaxGainBox'), 'String'));
else
    FS_EL = ElevationData;
    GMax = GainData;
end
ThermalNoise = CheckStr(get(findobj(gcf, 'Tag', 'ThNoiseBox'), 'String'));
FeederLoss_dB = CheckStr(get(findobj(gcf, 'Tag', 'FeederLossBox'), 'String'));

% SWVD OPTION
SWVD_MODE = get(findobj(gcf, 'Tag', 'SWVDMenu'), 'Value');

if (~ERROR)
    if (isempty(f_GHz) || isempty(ThermalNoise) || isempty(FeederLoss_dB))
        msg = {'RECEIVER PROPERTIES DATA ERROR.', 'PLEASE CHECK YOUR INPUTS.'};
        ERROR = true;
    elseif (isempty(FS_EL) || isempty(GMax))
        if (OVERRIDE_ELAG_BOX <= 0)
            msg = {'RECEIVER PROPERTIES DATA ERROR.', 'PLEASE CHECK YOUR INPUTS.'};
            ERROR = true;
        end
    else
        if (f_GHz <= 0)
            msg = {'INVALID FREQUENCY VALUE.', 'f > 0 GHz'};
            ERROR = true;
        elseif (abs(FS_EL) > 90)
            msg = {'INVALID ELEVATION ANGLE.', '-90 <= EL <= 90'};
            ERROR = true;
        end
    end
    if (ERROR)
        ErrorMsg(msg);
    end
end

% GSO SATELLITE NETWORK PROPERTIES
LocFromFile = get(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Value');
if (~LocFromFile)
    GSOLon = CheckStr(get(findobj(gcf, 'Tag', 'RefGSOBox'), 'String'));
    GSOSep = CheckStr(get(findobj(gcf, 'Tag', 'GSOSepBox'), 'String'));
end
AVOID_GSO_ARC = get(findobj(gcf, 'Tag', 'EnableGSOAvoidance'), 'Value');
if (AVOID_GSO_ARC)
    GSO_SEP_ANGLE = CheckStr(get(findobj(gcf, 'Tag', 'GSOSepAngle'), 'String'));
end

% HEO/NGSO SATELLITE NETWORK PROPERTIES
a = CheckStr(get(findobj(gcf, 'Tag', 'SMABox'), 'String'));
ecc = CheckStr(get(findobj(gcf, 'Tag', 'EccBox'), 'String'));
Inc = CheckStr(get(findobj(gcf, 'Tag', 'IncBox'), 'String'));
NSat = CheckStr(get(findobj(gcf, 'Tag', 'NSPBox'), 'String'));
NPlane = CheckStr(get(findobj(gcf, 'Tag', 'NOPBox'), 'String'));
AoP = CheckStr(get(findobj(gcf, 'Tag', 'AOPBox'), 'String'));
LoA = CheckStr(get(findobj(gcf, 'Tag', 'ANLBox'), 'String'));
TA = CheckStr(get(findobj(gcf, 'Tag', 'TABox'), 'String'));
OpLat = CheckStr(get(findobj(gcf, 'Tag', 'OpLatBox'), 'String'));

if (~ERROR)
    if (GSO_SELECTED > 0)
        if (LocFromFile <= 0)
            if (isempty(GSOLon) || isempty(GSOSep))
                msg = {'SATELLITE NETWORK PROPERTIES DATA ERROR.', 'PLEASE CHECK YOUR INPUTS.'};
                ERROR = true;
            else
                if (abs(GSOLon) > 180)
                    msg = {'INVALID REFERENCE GSO SATELLITE LONGITUDE.', '-180 <= REF LON <= 180'};
                    ERROR = true;
                elseif (GSOSep <= 0 || GSOSep > 90)
                    msg = {'INVALID GSO LONGITUDINAL SEPARATION.', '0 < SEP <= 90'};
                    ERROR = true;
                end
            end
        else
            if (isempty(GSOLocs))
                ERROR = true;
            end
        end
        if (AVOID_GSO_ARC)
            if (isempty(GSO_SEP_ANGLE) || (GSO_SEP_ANGLE <= 0) || isnan(GSO_SEP_ANGLE))
                msg = {'INVALID ORBIT AVOIDANCE ANGLE.'};
                ERROR = true;
            end
        end
        if (HandOff > 0)
            msg = {'NO SATELLITE HAND-OFF FOR GSO SIMULATION.', 'PLEASE CHECK YOUR SETTINGS.'};
            ERROR = true;
        end
    elseif (HEO_SELECTED > 0 || NGSO_SELECTED > 0)
        if (isempty(a) || isempty(ecc) || isempty(Inc) || isempty(NSat) || isempty(NPlane) || isempty(AoP) || isempty(LoA) || isempty(TA))
            msg = {'SATELLITE NETWORK PROPERTIES DATA ERROR.', 'PLEASE CHECK YOUR INPUTS.'};
            ERROR = true;
        else
            if (ecc < 0 || ecc > 1.0)
                msg = {'ECCENTRICITY OUT OF RANGE.', '0 <= e <= 1.0'};
                ERROR = true;
            elseif (abs(Inc) > 180)
                msg = {'ORBIT INCLINATION OUT OF RANGE.', '0 <= Inc <= 180'};
                ERROR = true;
            elseif (NSat <= 0)
                msg = {'INVALID NUMBER OF SATELLITE PER ORBITAL PLANE.', 'NSat >= 0'};
                ERROR = true;
            elseif (NPlane <= 0)
                msg = {'INVALID NUMBER OF ORBITAL PLANE.', 'OP >= 0'};
                ERROR = true;
            elseif (abs(AoP) > 90)
                msg = {'INVALID ARGUMENT OF PERIGEE.', '-90 <= AoP <= 90'};
                ERROR = true;
            elseif (abs(LoA) > 180)
                msg = {'INVALID ASCENDING NODE LONGITUDE.', '-180 <= ANL <= 180'};
                ERROR = true; 
            end
            if (HEO_SELECTED > 0)
                if (isempty(OpLat))
                    msg = {'SATELLITE NETWORK PROPERTIES DATA ERROR.', 'PLEASE CHECK YOUR INPUTS.'};
                    ERROR = true;
                elseif (abs(OpLat) > 90)
                    msg = {'INVALID OPERATING LATITUDE.', '-90 <= OpLat <= 90'};
                    ERROR = true;
                elseif ((AoP < 0 && OpLat < 0) || (AoP >= 0 && OpLat >= 0))
                    msg = {'MINIMUM OPERATION LATITUDE INCONSISTANT WITH ARGUMENT OF PERIGEE.'};
                    ERROR = true;
                end
            end
        end
        
        % SIMULATION TIME LENGTH
        SimTime = CheckStr(get(findobj(gcf, 'Tag', 'SimTimeBox'), 'String'));
        
        if (~ERROR)
            if (isempty(SimTime))
                msg = {'SIMULATION TIME ERROR.', 'PLEASE CHECK YOUR INPUT.'};
                ERROR = true;
            else
                if (SimTime <= 0)
                    msg = {'INVALID SIMULATION TIME.'};
                    ERROR = true;
                end
            end
        end
    else
        msg = {'NO SATELLITE NETWORK HAS BEEN SELECTED.'};
        ERROR = true;
    end
    if (ERROR)
        ErrorMsg(msg);
    end
end

% CHECK REQUIRED PARAMETERS FROM MENU BAR

% CHECK PFD LEVELS
if (~ERROR)
    if (isempty(BRK_PTS) || isempty(PFD_LEVELS))
        msg = {'PFD LEVELS REQUIRED FOR THE SIMULATION.'};
        ERROR = true;
        ErrorMsg(msg);
    end
end

% CHECK XP LOSS
if (~ERROR)
    if (isempty(XPLoss))
        msg = {'POLARIZATION HAS NOT BEEN DEFINED.'};
        ERROR = true;
        ErrorMsg(msg);
    end
end

% CHECK DATA BIN
if (~ERROR)
    if (isempty(BinSize) || BinSize == 0)
        msg = {'DATA BIN HAS NOT BEEN DEFINED.'};
        ERROR = true;
        ErrorMsg(msg);
    end
end

% CHECK HAND-OFF STATUS
if (isempty(HandOff))
    HandOff = -1;
    HandOffType = 0;
elseif (HandOff > 0)
    if (isempty(ESLat) || isempty(ESLon))
        ERROR = true;
        msg = {'HAND-OFF USED, BUT EARTH STATION LOCATION NOT DEFINED.'};
        ErrorMsg(msg);
    end
end

if (ERROR)
    STATE = ERROR;
    set(h, 'String', 'ERROR OCCURED!');
end


function ErrorMsg(Message)
h = msgbox(Message);
uiwait(h);


% --- Executes on button press in RunButton.
function RunButton_Callback(hObject, eventdata, handles)
% hObject    handle to RunButton (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user datamenu (see GUIDATA)
global OK2GO;
OK2GO = false;
ERROR = CollectData;
if (~ERROR)
    RefreshData;
    SimSettings;
    pause(1.5);
    if (OK2GO)
        InterfSim;
    end
    set(findobj(gcf, 'Tag', 'ELAngleBox'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'MaxGainBox'), 'Enable', 'on');
end


% --------------------------------------------------------------------
function XPLEditor_Callback(hObject, eventdata, handles)
% hObject    handle to XPLEditor (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
XPLUI;


% --------------------------------------------------------------------
function XPLSettings_Callback(hObject, eventdata, handles)
% hObject    handle to XPLSettings (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)


% WRITE SAVED DATA TO GUI
function WriteData2GUI()
global SINGLE_PT_SELECTED AREA_SELECTED GSO_SELECTED HEO_SELECTED NGSO_SELECTED OVERRIDE_ELAG_BOX AVOID_GSO_ARC;
global TotalArea CenterLat CenterLon dLON NLon NLat;
global f_GHz FS_EL GMax ThermalNoise FeederLoss_dB SWVD_MODE;
global LocFromFile GSOLocs GSOLon GSOSep a ecc Inc NSat NPlane AoP LoA TA OpLat SimTime GSO_SEP_ANGLE;

% SET SELECTED CALCULATION
set(findobj(gcf, 'Tag', 'RadioSP'), 'Value', SINGLE_PT_SELECTED);
set(findobj(gcf, 'Tag', 'RadioArea'), 'Value', AREA_SELECTED);

if (SINGLE_PT_SELECTED > 0)
    EnableArea('off');
elseif (AREA_SELECTED > 0)
    EnableArea('on');
end

% SET SELECTED SATELLITE NETWORK
set(findobj(gcf, 'Tag', 'RadioGSO'), 'Value', GSO_SELECTED);
set(findobj(gcf, 'Tag', 'RadioHEO'), 'Value', HEO_SELECTED);
set(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value', NGSO_SELECTED);
set(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Value', LocFromFile);

if (GSO_SELECTED > 0)
    if (LocFromFile > 0)
        EnableGSOBoxes('off');
    else
        EnableGSOBoxes('on');
    end
    EnableHEOBoxes('off');
    set(findobj(gcf, 'Tag', 'RadioHEO'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value', 0);
elseif (HEO_SELECTED > 0)
    EnableGSOBoxes('off');
    EnableHEOBoxes('on');
    set(findobj(gcf, 'Tag', 'RadioGSO'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value', 0);
elseif (NGSO_SELECTED > 0)
    EnableGSOBoxes('off');
    EnableHEOBoxes('off');
    EnableNGSOBoxes('on');
    set(findobj(gcf, 'Tag', 'RadioGSO'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RadioHEO'), 'Value', 0);
end

% SET STUDY AREA PROPERTIES
set(findobj(gcf, 'Tag', 'CenterLatBox'), 'String', num2str(CenterLat));
set(findobj(gcf, 'Tag', 'CenterLonBox'), 'String', num2str(CenterLon));
if (AREA_SELECTED > 0)
    set(findobj(gcf, 'Tag', 'TotalAreaBox'), 'String', num2str(TotalArea));
    set(findobj(gcf, 'Tag', 'LonSpanBox'), 'String', num2str(dLON));
    set(findobj(gcf, 'Tag', 'LonIncBox'), 'String', num2str(NLon));
    set(findobj(gcf, 'Tag', 'LatIncBox'), 'String', num2str(NLat));
end

% SET FS SYSTEM PROPERTIES
set(findobj(gcf, 'Tag', 'FreqBox'), 'String', num2str(f_GHz));
if (OVERRIDE_ELAG_BOX <= 0)
    set(findobj(gcf, 'Tag', 'ELAngleBox'), 'String', num2str(FS_EL));
    set(findobj(gcf, 'Tag', 'MaxGainBox'), 'String', num2str(GMax));
end    
set(findobj(gcf, 'Tag', 'ThNoiseBox'), 'String', num2str(ThermalNoise));
set(findobj(gcf, 'Tag', 'FeederLossBox'), 'String', num2str(FeederLoss_dB));

% SET SWVD OPTION
set(findobj(gcf, 'Tag', 'SWVDMenu'), 'Value', SWVD_MODE);

% SET GSO SATELLITE NETWORK PROPERTIES
set(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Value', LocFromFile);
if (LocFromFile > 0)
    set(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Enable', 'on');
    disp(['GSO SATELLITE LOCATIONS (TOTAL ' num2str(length(GSOLocs)) ' SATELLITES): ']);
else
    set(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Enable', 'off');
    GSOLocs = '';
end
if (AVOID_GSO_ARC)
    set(findobj(gcf, 'Tag', 'EnableGSOAvoidance'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'EnableGSOAvoidance'), 'Value', 1);
    set(findobj(gcf, 'Tag', 'GSOSepAngle'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'GSOSepAngle'), 'String', num2str(GSO_SEP_ANGLE));
end
set(findobj(gcf, 'Tag', 'RefGSOBox'), 'String', num2str(GSOLon));
set(findobj(gcf, 'Tag', 'GSOSepBox'), 'String', num2str(GSOSep));

% SET HEO/NGSO SATELLITE NETWORK PROPERTIES
set(findobj(gcf, 'Tag', 'SMABox'), 'String', num2str(a));
set(findobj(gcf, 'Tag', 'EccBox'), 'String', num2str(ecc));
set(findobj(gcf, 'Tag', 'IncBox'), 'String', num2str(Inc));
set(findobj(gcf, 'Tag', 'NSPBox'), 'String', num2str(NSat));
set(findobj(gcf, 'Tag', 'NOPBox'), 'String', num2str(NPlane));
set(findobj(gcf, 'Tag', 'AOPBox'), 'String', num2str(AoP));
set(findobj(gcf, 'Tag', 'ANLBox'), 'String', num2str(LoA));
set(findobj(gcf, 'Tag', 'TABox'), 'String', num2str(TA));
set(findobj(gcf, 'Tag', 'OpLatBox'), 'String', num2str(OpLat));

% SIMULATION TIME LENGTH
if (HEO_SELECTED > 0 || NGSO_SELECTED > 0)
    set(findobj(gcf, 'Tag', 'SimTimeBox'), 'String', num2str(SimTime));
end


% --------------------------------------------------------------------
function SatMenu_Callback(hObject, eventdata, handles)
% hObject    handle to SatMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)


% --------------------------------------------------------------------
function HS_Callback(hObject, eventdata, handles)
% hObject    handle to HS (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
HandoffUI;


function RefreshData()
global SINGLE_PT_SELECTED AREA_SELECTED GSO_SELECTED HEO_SELECTED NGSO_SELECTED OVERRIDE_ELAG_BOX GSO_SEP_ANGLE AVOID_GSO_ARC;
global TotalArea CenterLat CenterLon dLON NLon NLat;
global f_GHz FS_EL GMax ThermalNoise FeederLoss_dB SWVD_MODE;
global LocFromFile GSOLon GSOSep a ecc Inc NSat NPlane AoP LoA TA OpLat SimTime;

% SET SELECTED CALCULATION
SINGLE_PT_SELECTED = get(findobj(gcf, 'Tag', 'RadioSP'), 'Value');
AREA_SELECTED = get(findobj(gcf, 'Tag', 'RadioArea'), 'Value');

% SET SELECTED SATELLITE NETWORK
GSO_SELECTED = get(findobj(gcf, 'Tag', 'RadioGSO'), 'Value');
HEO_SELECTED = get(findobj(gcf, 'Tag', 'RadioHEO'), 'Value');
NGSO_SELECTED = get(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value');

% SET STUDY AREA PROPERTIES
CenterLat = CheckStr(get(findobj(gcf, 'Tag', 'CenterLatBox'), 'String'));
CenterLon = CheckStr(get(findobj(gcf, 'Tag', 'CenterLonBox'), 'String'));
if (AREA_SELECTED > 0)
    TotalArea = CheckStr(get(findobj(gcf, 'Tag', 'TotalAreaBox'), 'String'));
    dLON = CheckStr(get(findobj(gcf, 'Tag', 'LonSpanBox'), 'String'));
    NLon = CheckStr(get(findobj(gcf, 'Tag', 'LonIncBox'), 'String'));
    NLat = CheckStr(get(findobj(gcf, 'Tag', 'LatIncBox'), 'String'));
end

% SET FS SYSTEM PROPERTIES
f_GHz = CheckStr(get(findobj(gcf, 'Tag', 'FreqBox'), 'String'));
if (OVERRIDE_ELAG_BOX <= 0)
    FS_EL = CheckStr(get(findobj(gcf, 'Tag', 'ELAngleBox'), 'String'));
    GMax = CheckStr(get(findobj(gcf, 'Tag', 'MaxGainBox'), 'String'));
end
ThermalNoise = CheckStr(get(findobj(gcf, 'Tag', 'ThNoiseBox'), 'String'));
FeederLoss_dB = CheckStr(get(findobj(gcf, 'Tag', 'FeederLossBox'), 'String'));

% SET SWVD OPTION
SWVD_MODE = get(findobj(gcf, 'Tag', 'SWVDMenu'), 'Value');

% SET GSO SATELLITE NETWORK PROPERTIES
LocFromFile = get(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Value');
if (~LocFromFile)
    GSOLon = CheckStr(get(findobj(gcf, 'Tag', 'RefGSOBox'), 'String'));
    GSOSep = CheckStr(get(findobj(gcf, 'Tag', 'GSOSepBox'), 'String'));
end
AVOID_GSO_ARC = get(findobj(gcf, 'Tag', 'EnableGSOAvoidance'), 'Value');
if (AVOID_GSO_ARC)
    GSO_SEP_ANGLE = CheckStr(get(findobj(gcf, 'Tag', 'GSOSepAngle'), 'String'));
end

% SET HEO/NGSO SATELLITE NETWORK PROPERTIES
a = CheckStr(get(findobj(gcf, 'Tag', 'SMABox'), 'String'));
ecc = CheckStr(get(findobj(gcf, 'Tag', 'EccBox'), 'String'));
Inc = CheckStr(get(findobj(gcf, 'Tag', 'IncBox'), 'String'));
NSat = CheckStr(get(findobj(gcf, 'Tag', 'NSPBox'), 'String'));
NPlane = CheckStr(get(findobj(gcf, 'Tag', 'NOPBox'), 'String'));
AoP = CheckStr(get(findobj(gcf, 'Tag', 'AOPBox'), 'String'));
LoA = CheckStr(get(findobj(gcf, 'Tag', 'ANLBox'), 'String'));
TA = CheckStr(get(findobj(gcf, 'Tag', 'TABox'), 'String'));
OpLat = CheckStr(get(findobj(gcf, 'Tag', 'OpLatBox'), 'String'));

% SIMULATION TIME LENGTH
if (HEO_SELECTED > 0 || NGSO_SELECTED > 0)
    SimTime = CheckStr(get(findobj(gcf, 'Tag', 'SimTimeBox'), 'String'));
end


function PlotGroundTrack(DIMENSION)
global NGSO_SELECTED;
global a ecc Inc NSat NPlane AoP LoA TA SimTime;
% PLOT GROUND TRACK
TYPE = 'HEO';
if (NGSO_SELECTED > 0)
    TYPE = 'NGSO';
end
% USE 60 SEC STEP SIZE TO SPEED THINGS UP
StepSize = 60;
T = SimTime * 3600;
[LAT LON R] = NGSOOrbit(a, ecc, Inc, NSat, NPlane, AoP, LoA, TA, T, StepSize, TYPE);
MapOfEarth(DIMENSION);
title({[TYPE ' SATELLITE NETWORK'] [num2str(NSat) ' SATELLITE(S) x ' num2str(NPlane) ' ORBITAL PLANE(S)']});
END = length(LAT);
SPAN = NSat*NPlane;
k = 1;
hold on;
plot(LON(1: SPAN), LAT(1: SPAN), 'or', 'MarkerSize', 4, 'MarkerFaceColor', 'r');
for i = 1: 4*SPAN: END - 4*SPAN
    Ti = SimTime * k*SPAN / END;
    xi = LON(i+3*SPAN+1: i+4*SPAN);
    yi = LAT(i+3*SPAN+1: i+4*SPAN);
    if (DIMENSION == 2)
        h = plot(xi, yi, 'sg', 'MarkerSize', 4, 'MarkerFaceColor', 'g');
        plot(LON(i: i+4*SPAN), LAT(i: i+4*SPAN), '.r', 'MarkerSize', 2);
        set(h, 'XData', xi);
        set(h, 'YData', yi);
    elseif (DIMENSION == 3)
        [x, y, z] = sph2cart(deg2rad(xi), deg2rad(yi), 1);
        plot3(x, y, z, 'sg', 'MarkerSize', 4);
        [x, y, z] = sph2cart(deg2rad(LON(i: i+4*SPAN)), deg2rad(LAT(i: i+4*SPAN)), 1);
        plot3(x, y, z, '.r', 'MarkerSize', 1);
    end
    title({[TYPE ' SATELLITE NETWORK'] [num2str(NSat) ' SATELLITE(S) x ' num2str(NPlane) ' ORBITAL PLANE(S) @ t = ' num2str(Ti, '%3.2f') ' HRS']});
    drawnow;
    if (i <= END - 8*SPAN)
        delete(h);
    end
    k = k + 4;
end
S = {[TYPE ' SATELLITE NETWORK'] [num2str(NSat) ' SATELLITE(S) x ' num2str(NPlane) ' ORBITAL PLANE(S), ' num2str(SimTime) ' HRS TRACKS']};
title(S, 'Color', 'y');
hold off;


% --------------------------------------------------------------------
function GTrack_Callback(hObject, eventdata, handles)
global NGSO_SELECTED;
global a ecc Inc NSat NPlane AoP LoA TA SimTime;
% hObject    handle to GTrack (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
GSO_SELECTED = get(findobj(gcf, 'Tag', 'RadioGSO'), 'Value');
NGSO_SELECTED = get(findobj(gcf, 'Tag', 'RadioNGSO'), 'Value');
if (GSO_SELECTED > 0)
    MSG = 'GROUND TRACK NOT AVAILABLE FOR GSO SATELLITES.';
    h = msgbox(MSG);
    uiwait(h);
else
    MSG = {'PLEASE DO NOT CLICK ON ANY OTHER WINDOW ', 'WHEN GROUND TRACKS ARE BEING DRAWN.'};
    h = warndlg(MSG);
    uiwait(h);
    a = CheckStr(get(findobj(gcf, 'Tag', 'SMABox'), 'String'));
    ecc = CheckStr(get(findobj(gcf, 'Tag', 'EccBox'), 'String'));
    Inc = CheckStr(get(findobj(gcf, 'Tag', 'IncBox'), 'String'));
    NSat = CheckStr(get(findobj(gcf, 'Tag', 'NSPBox'), 'String'));
    NPlane = CheckStr(get(findobj(gcf, 'Tag', 'NOPBox'), 'String'));
    AoP = CheckStr(get(findobj(gcf, 'Tag', 'AOPBox'), 'String'));
    LoA = CheckStr(get(findobj(gcf, 'Tag', 'ANLBox'), 'String'));
    TA = CheckStr(get(findobj(gcf, 'Tag', 'TABox'), 'String'));
    SimTime = CheckStr(get(findobj(gcf, 'Tag', 'SimTimeBox'), 'String'));
    if (isempty(a) || isempty(ecc) || isempty(Inc) || isempty(NSat) || isempty(NPlane) || isempty(AoP) || isempty(LoA) || isempty(TA))
        MSG = 'MISSING ORBITAL INFORMATION!';
        ErrorMsg(MSG);
    elseif (isempty(SimTime))
        MSG = 'MISSING SIMULATION TIME!';
        ErrorMsg(MSG);
    else
        PlotGroundTrack(2);
    end
end


% --- Executes on button press in SelectLocFromFile.
function SelectLocFromFile_Callback(hObject, eventdata, handles)
% hObject    handle to SelectLocFromFile (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
global GSOLocs;
% Hint: get(hObject,'Value') returns toggle state of SelectLocFromFile
h = get(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'RefGSOBox'), 'Enable', 'off');
    set(findobj(gcf, 'Tag', 'GSOSepBox'), 'Enable', 'off');
    % OPEN NEW GUI TO GET USER FILE
    [GSOFILENAME Path] = uigetfile('*.txt', 'Open GSO Satellite Location Data');
    if (GSOFILENAME <= 0)
        set(findobj(gcf, 'Tag', 'SelectLocFromFile'), 'Value', 0);
        EnableGSOBoxes('on');
    else
        GSOLocs = ReadFileByLine([Path GSOFILENAME]);
    end
else
    set(findobj(gcf, 'Tag', 'RefGSOBox'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'GSOSepBox'), 'Enable', 'on');
end


% --- Executes on selection change in SWVDMenu.
function SWVDMenu_Callback(hObject, eventdata, handles)
% hObject    handle to SWVDMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: contents = get(hObject,'String') returns SWVDMenu contents as cell array
%        contents{get(hObject,'Value')} returns selected item from SWVDMenu
global SWVD_MODE;
SWVD_MODE = get(findobj(gcf, 'Tag', 'SWVDMenu'), 'Value');


% --- Executes during object creation, after setting all properties.
function SWVDMenu_CreateFcn(hObject, eventdata, handles)
% hObject    handle to SWVDMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: popupmenu controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --------------------------------------------------------------------
function HelpMenu_Callback(hObject, eventdata, handles)
% hObject    handle to HelpMenu (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
web(['file:///' which('HelpFile.htm')]);


% --- Executes on button press in EnableGSOAvoidance.
function EnableGSOAvoidance_Callback(hObject, eventdata, handles)
% hObject    handle to EnableGSOAvoidance (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of EnableGSOAvoidance
global AVOID_GSO_ARC;
AVOID_GSO_ARC = get(findobj(gcf, 'Tag', 'EnableGSOAvoidance'), 'Value');


function GSOSepAngle_Callback(hObject, eventdata, handles)
% hObject    handle to GSOSepAngle (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of GSOSepAngle as text
%        str2double(get(hObject,'String')) returns contents of GSOSepAngle as a double


% --- Executes during object creation, after setting all properties.
function GSOSepAngle_CreateFcn(hObject, eventdata, handles)
% hObject    handle to GSOSepAngle (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --------------------------------------------------------------------
function SSSettings_Callback(hObject, eventdata, handles)
global SINGLE_STN_ENABLED;
% hObject    handle to SSSettings (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
SingleGEA;
if (SINGLE_STN_ENABLED)
    EnableArea('off');
end
refresh(gcf);







StatMeth/SaveData.m

function SaveData(DataFileName)



global SINGLE_PT_SELECTED AREA_SELECTED GSO_SELECTED HEO_SELECTED NGSO_SELECTED OVERRIDE_ELAG_BOX AVOID_GSO_ARC;

global TotalArea CenterLat CenterLon dLON NLon NLat;

global f_GHz FS_EL GMax ThermalNoise FeederLoss_dB SWVD_MODE;

global LocFromFile GSOLocs GSOLon GSOSep a e Inc NSat NPlane AoP LoA TA OpLat SimTime GSO_SEP_ANGLE;

global NumBPs BRK_PTS PFD_LEVELS BinLow BinHigh BinWidth BinSize;

global AP8Selected TxPOLAR RxPOLAR TxAR RxAR XPLoss NumELs ElevationData NumAGs GainData;



fid = fopen(DataFileName, 'w');

% LINE 0 FILE IDENTIFIER

fprintf(fid, '%s\r\n', 'INTERFSIM DATA FILE');

% LINE 1 - 2

fprintf(fid, '%s\r\n', DataChecker(SINGLE_PT_SELECTED));

fprintf(fid, '%s\r\n', DataChecker(AREA_SELECTED));

% LINE 3 - 8

fprintf(fid, '%s\r\n', DataChecker(TotalArea));

fprintf(fid, '%s\r\n', DataChecker(CenterLat));

fprintf(fid, '%s\r\n', DataChecker(CenterLon));

fprintf(fid, '%s\r\n', DataChecker(dLON));

fprintf(fid, '%s\r\n', DataChecker(NLon));

fprintf(fid, '%s\r\n', DataChecker(NLat));

% LINE 9 - 14

fprintf(fid, '%s\r\n', DataChecker(f_GHz));

fprintf(fid, '%s\r\n', DataChecker(FS_EL));

fprintf(fid, '%s\r\n', DataChecker(GMax));

fprintf(fid, '%s\r\n', DataChecker(ThermalNoise));

fprintf(fid, '%s\r\n', DataChecker(FeederLoss_dB));

fprintf(fid, '%s\r\n', DataChecker(SWVD_MODE));

% LINE 15 - 17

fprintf(fid, '%s\r\n', DataChecker(GSO_SELECTED));

fprintf(fid, '%s\r\n', DataChecker(HEO_SELECTED));

fprintf(fid, '%s\r\n', DataChecker(NGSO_SELECTED));

% LINE 18 - 23

fprintf(fid, '%s\r\n', DataChecker(LocFromFile));

fprintf(fid, '%s\r\n', DataChecker(AVOID_GSO_ARC));

fprintf(fid, '%s\r\n', DataChecker(GSO_SEP_ANGLE));

fprintf(fid, '%s\r\n', DataChecker(GSOLocs));

fprintf(fid, '%s\r\n', DataChecker(GSOLon));

fprintf(fid, '%s\r\n', DataChecker(GSOSep));

% LINE 24 - 32

fprintf(fid, '%s\r\n', DataChecker(a));

fprintf(fid, '%s\r\n', DataChecker(e));

fprintf(fid, '%s\r\n', DataChecker(Inc));

fprintf(fid, '%s\r\n', DataChecker(NSat));

fprintf(fid, '%s\r\n', DataChecker(NPlane));

fprintf(fid, '%s\r\n', DataChecker(AoP));

fprintf(fid, '%s\r\n', DataChecker(LoA));

fprintf(fid, '%s\r\n', DataChecker(TA));

fprintf(fid, '%s\r\n', DataChecker(OpLat));

% LINE 33

fprintf(fid, '%s\r\n', DataChecker(SimTime));

% LINE 34 - 36

fprintf(fid, '%s\r\n', DataChecker(NumBPs));

fprintf(fid, '%s\r\n', DataChecker(BRK_PTS));

fprintf(fid, '%s\r\n', DataChecker(PFD_LEVELS));

% LINE 37 - 42

fprintf(fid, '%s\r\n', DataChecker(AP8Selected));

fprintf(fid, '%s\r\n', DataChecker(TxPOLAR));

fprintf(fid, '%s\r\n', DataChecker(RxPOLAR));

fprintf(fid, '%s\r\n', DataChecker(TxAR));

fprintf(fid, '%s\r\n', DataChecker(RxAR));

fprintf(fid, '%s\r\n', DataChecker(XPLoss));

% LINE 43 - 46

fprintf(fid, '%s\r\n', DataChecker(BinLow));

fprintf(fid, '%s\r\n', DataChecker(BinHigh));

fprintf(fid, '%s\r\n', DataChecker(BinWidth));

fprintf(fid, '%s\r\n', DataChecker(BinSize));

% LINE 47 - 51

fprintf(fid, '%s\r\n', DataChecker(NumELs));

fprintf(fid, '%s\r\n', DataChecker(ElevationData));

fprintf(fid, '%s\r\n', DataChecker(NumAGs));

fprintf(fid, '%s\r\n', DataChecker(GainData));

fprintf(fid, '%s\r\n', DataChecker(OVERRIDE_ELAG_BOX));



fclose(fid);



function y = DataChecker(Data)

if (isempty(Data))

    y = 'NA';

else

    y = num2str(Data);

end
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function varargout = SimSettings(varargin)
% SIMSETTINGS M-file for SimSettings.fig
%      SIMSETTINGS, by itself, creates a new SIMSETTINGS or raises the existing
%      singleton*.
%
%      H = SIMSETTINGS returns the handle to a new SIMSETTINGS or the handle to
%      the existing singleton*.
%
%      SIMSETTINGS('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in SIMSETTINGS.M with the given input arguments.
%
%      SIMSETTINGS('Property','Value',...) creates a new SIMSETTINGS or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before SimSettings_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to SimSettings_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help SimSettings

% Last Modified by GUIDE v2.5 14-Oct-2009 11:37:03

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @SimSettings_OpeningFcn, ...
                   'gui_OutputFcn',  @SimSettings_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before SimSettings is made visible.
function SimSettings_OpeningFcn(hObject, eventdata, handles, varargin)
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to SimSettings (see VARARGIN)

% Choose default command line output for SimSettings
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

DisplaySettings;
% UIWAIT makes SimSettings wait for user response (see UIRESUME)
% uiwait(handles.figure1);


% --- Outputs from this function are returned to the command line.
function varargout = SimSettings_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
% varargout{1} = handles.output;


% --- Executes on button press in SettingsOK.
function SettingsOK_Callback(hObject, eventdata, handles)
% hObject    handle to SettingsOK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
global OK2GO;
OK2GO = true;
close(gcf);


% --- Executes on button press in SettingsNotOK.
function SettingsNotOK_Callback(hObject, eventdata, handles)
% hObject    handle to SettingsNotOK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
global OK2GO;
OK2GO = false;
close(gcf);


function DisplaySettings()
global SINGLE_PT_SELECTED AREA_SELECTED GSO_SELECTED HEO_SELECTED NGSO_SELECTED OVERRIDE_ELAG_BOX GSO_SEP_ANGLE AVOID_GSO_ARC;
global SINGLE_STN_ENABLED SINGLE_STN_GAIN SINGLE_STN_EL SINGLE_STN_AZ;
global TotalArea CenterLat CenterLon dLON NLon NLat ElevationData GainData AP8Selected TxPOLAR RxPOLAR TxAR RxAR;
global f_GHz FS_EL GMax ThermalNoise FeederLoss_dB SWVD_MODE PFD_LEVELS BRK_PTS;
global LocFromFile GSOLon GSOSep a ecc Inc NSat NPlane AoP LoA TA OpLat SimTime;
global BinLow BinHigh BinWidth HandOff HandOffType ESLat ESLon;

% SET SELECTED CALCULATION
if (SINGLE_PT_SELECTED)
    set(findobj(gcf, 'Tag', 'DISP01'), 'String', 'Single Point');
    set(findobj(gcf, 'Tag', 'DISP02'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP05'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP06'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP07'), 'String', 'N/A');
elseif (AREA_SELECTED)
    set(findobj(gcf, 'Tag', 'DISP01'), 'String', 'Area');
    set(findobj(gcf, 'Tag', 'DISP02'), 'String', num2str(TotalArea));
    set(findobj(gcf, 'Tag', 'DISP05'), 'String', num2str(dLON));
    set(findobj(gcf, 'Tag', 'DISP06'), 'String', num2str(NLon));
    set(findobj(gcf, 'Tag', 'DISP07'), 'String', num2str(NLat));
end
set(findobj(gcf, 'Tag', 'DISP03'), 'String', num2str(CenterLat));
set(findobj(gcf, 'Tag', 'DISP04'), 'String', num2str(CenterLon));

% SET FS SYSTEM PROPERTIES
set(findobj(gcf, 'Tag', 'DISP08'), 'String', num2str(f_GHz));
if (OVERRIDE_ELAG_BOX <= 0)
    set(findobj(gcf, 'Tag', 'DISP09'), 'String', num2str(FS_EL));
    set(findobj(gcf, 'Tag', 'DISP10'), 'String', num2str(GMax));
    set(findobj(gcf, 'Tag', 'LIST01'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'LIST02'), 'String', 'N/A');
else
    set(findobj(gcf, 'Tag', 'DISP09'), 'String', 'See Elevation/Gain Table');
    set(findobj(gcf, 'Tag', 'DISP10'), 'String', 'See Elevation/Gain Table');
    if (SINGLE_STN_ENABLED)
        set(findobj(gcf, 'Tag', 'LIST01'), 'String', num2str(SINGLE_STN_EL));
        set(findobj(gcf, 'Tag', 'LIST02'), 'String', num2str(SINGLE_STN_GAIN));
    else
        set(findobj(gcf, 'Tag', 'LIST01'), 'String', num2str(ElevationData));
        set(findobj(gcf, 'Tag', 'LIST02'), 'String', num2str(GainData));
    end
end    
set(findobj(gcf, 'Tag', 'DISP11'), 'String', num2str(ThermalNoise));
set(findobj(gcf, 'Tag', 'DISP12'), 'String', num2str(FeederLoss_dB));

% SURFACE WATER VAPOUR DENSITY OPTION
if (SWVD_MODE == 1)
    set(findobj(gcf, 'Tag', 'DISP13'), 'String', 'Annual CDF');
else
    set(findobj(gcf, 'Tag', 'DISP13'), 'String', 'Avg. 80th Percentile');
end

% SET SELECTED SATELLITE NETWORK
if (GSO_SELECTED)
    set(findobj(gcf, 'Tag', 'DISP14'), 'String', 'GSO System');
    % GSO SETTINGS
    if (LocFromFile > 0)
        set(findobj(gcf, 'Tag', 'DISP15'), 'String', 'From File');
        set(findobj(gcf, 'Tag', 'DISP17'), 'String', 'N/A');
        set(findobj(gcf, 'Tag', 'DISP18'), 'String', 'N/A');
    else
        set(findobj(gcf, 'Tag', 'DISP15'), 'String', 'From settings');
        set(findobj(gcf, 'Tag', 'DISP17'), 'String', num2str(GSOLon));
        set(findobj(gcf, 'Tag', 'DISP18'), 'String', num2str(GSOSep));
    end
    if (AVOID_GSO_ARC)
        set(findobj(gcf, 'Tag', 'DISP16'), 'String', num2str(GSO_SEP_ANGLE));
    else
        set(findobj(gcf, 'Tag', 'DISP16'), 'String', 'N/A');
    end
    set(findobj(gcf, 'Tag', 'DISP19'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP20'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP21'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP22'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP23'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP24'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP25'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP26'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP27'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP28'), 'String', 'N/A');
else
    if (HEO_SELECTED)
        set(findobj(gcf, 'Tag', 'DISP14'), 'String', 'HEO System');
        set(findobj(gcf, 'Tag', 'DISP27'), 'String', num2str(OpLat));
    elseif (NGSO_SELECTED)
        set(findobj(gcf, 'Tag', 'DISP14'), 'String', 'NGSO System');
    end
    set(findobj(gcf, 'Tag', 'DISP19'), 'String', num2str(a));
    set(findobj(gcf, 'Tag', 'DISP20'), 'String', num2str(ecc));
    set(findobj(gcf, 'Tag', 'DISP21'), 'String', num2str(Inc));
    set(findobj(gcf, 'Tag', 'DISP22'), 'String', num2str(NSat));
    set(findobj(gcf, 'Tag', 'DISP23'), 'String', num2str(NPlane));
    set(findobj(gcf, 'Tag', 'DISP24'), 'String', num2str(AoP));
    set(findobj(gcf, 'Tag', 'DISP25'), 'String', num2str(LoA));
    set(findobj(gcf, 'Tag', 'DISP26'), 'String', num2str(TA));
    set(findobj(gcf, 'Tag', 'DISP28'), 'String', num2str(SimTime));
end

% WRITE PFD LEVELS
NumBPs = length(BRK_PTS);
STR1 = '';
STR2 = '';
for i = 1: NumBPs - 1
    STR1 = [STR1, num2str(PFD_LEVELS(i)), ' / '];
    STR2 = [STR2, num2str(BRK_PTS(i)), ' / '];
end
STR1 = [STR1, num2str(PFD_LEVELS(NumBPs)), ' dBW/m^2/MHz'];
STR2 = [STR2, num2str(BRK_PTS(NumBPs)), ' deg.'];
set(findobj(gcf, 'Tag', 'DISP29'), 'String', [STR1, ' @ ', STR2]);

% WRITE POLARIZATION INFORMATION
POLAR_TABLE = {'LINEAR', 'RHC', 'LHC'};
if (AP8Selected)
    set(findobj(gcf, 'Tag', 'DISP30'), 'String', 'Appendix 8');
    set(findobj(gcf, 'Tag', 'DISP31'), 'String', POLAR_TABLE(TxPOLAR));
    set(findobj(gcf, 'Tag', 'DISP32'), 'String', POLAR_TABLE(RxPOLAR));
    set(findobj(gcf, 'Tag', 'XPLResult'), 'String', num2str(PIF(TxPOLAR, RxPOLAR)));
else
    set(findobj(gcf, 'Tag', 'DISP30'), 'String', 'Axial Ratio');
    set(findobj(gcf, 'Tag', 'DISP31'), 'String', num2str(TxAR));
    set(findobj(gcf, 'Tag', 'DISP32'), 'String', num2str(RxAR));
    set(findobj(gcf, 'Tag', 'XPLResult'), 'String', num2str(-XPL(TxAR, RxAR)));
end

% WRITE DATA RECORDING INFO
set(findobj(gcf, 'Tag', 'DISP33'), 'String', num2str(BinHigh));
set(findobj(gcf, 'Tag', 'DISP34'), 'String', num2str(BinLow));
set(findobj(gcf, 'Tag', 'DISP35'), 'String', num2str(BinWidth));

% WRITE HANDOFF STRATEGY INFO
if (HandOff > 0)
    HAND_OFF_TABLE = {'HIGHEST ELEVATION', 'CLOSEST DISTANCE', 'NEAREST IN LONGITUDE'};
    set(findobj(gcf, 'Tag', 'DISP36'), 'String', num2str(HAND_OFF_TABLE(HandOffType)));
    set(findobj(gcf, 'Tag', 'DISP37'), 'String', num2str(ESLat));
    set(findobj(gcf, 'Tag', 'DISP38'), 'String', num2str(ESLon));
else
    set(findobj(gcf, 'Tag', 'DISP36'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP37'), 'String', 'N/A');
    set(findobj(gcf, 'Tag', 'DISP38'), 'String', 'N/A');
end

uiwait(gcf);
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function varargout = SingleGEA(varargin)
% SINGLEGEA M-file for SingleGEA.fig
%      SINGLEGEA, by itself, creates a new SINGLEGEA or raises the existing
%      singleton*.
%
%      H = SINGLEGEA returns the handle to a new SINGLEGEA or the handle to
%      the existing singleton*.
%
%      SINGLEGEA('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in SINGLEGEA.M with the given input arguments.
%
%      SINGLEGEA('Property','Value',...) creates a new SINGLEGEA or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before SingleGEA_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to SingleGEA_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help SingleGEA

% Last Modified by GUIDE v2.5 24-Nov-2009 14:01:56

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @SingleGEA_OpeningFcn, ...
                   'gui_OutputFcn',  @SingleGEA_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before SingleGEA is made visible.
function SingleGEA_OpeningFcn(hObject, eventdata, handles, varargin)
global SINGLE_STN_ENABLED SINGLE_STN_GAIN SINGLE_STN_EL SINGLE_STN_AZ;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to SingleGEA (see VARARGIN)

% Choose default command line output for SingleGEA
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

% UIWAIT makes SingleGEA wait for user response (see UIRESUME)
% uiwait(handles.figure1);
set(findobj(gcf, 'Tag', 'SingleGEACheckBox'), 'Value', SINGLE_STN_ENABLED);
if (SINGLE_STN_ENABLED)
    set(findobj(gcf, 'Tag', 'SingleGain'), 'String', num2str(SINGLE_STN_GAIN));
    set(findobj(gcf, 'Tag', 'SingleElevation'), 'String', num2str(SINGLE_STN_EL));
    set(findobj(gcf, 'Tag', 'SingleAzimuth'), 'String', num2str(SINGLE_STN_AZ));
end


% --- Outputs from this function are returned to the command line.
function varargout = SingleGEA_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;


% --- Executes on button press in SingleGEACheckBox.
function SingleGEACheckBox_Callback(hObject, eventdata, handles)
global OVERRIDE_ELAG_BOX;
% hObject    handle to SingleGEACheckBox (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of SingleGEACheckBox
OVERRIDE_ELAG_BOX = get(findobj(gcf, 'Tag', 'SingleGEACheckBox'), 'Value');
if (OVERRIDE_ELAG_BOX)
    warndlg(sprintf('Using this option will ignore elevation angle \nand maximum gain in the Receiver Properties! \n\nCalculation will be automatically switched to "Single Point".'));
end


function SingleGain_Callback(hObject, eventdata, handles)
global SINGLE_STN_GAIN;
% hObject    handle to SingleGain (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of SingleGain as text
%        str2double(get(hObject,'String')) returns contents of SingleGain as a double
SINGLE_STN_GAIN = CheckStr(get(findobj(gcf, 'Tag', 'SingleGain'), 'String'));


% --- Executes during object creation, after setting all properties.
function SingleGain_CreateFcn(hObject, eventdata, handles)
% hObject    handle to SingleGain (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function SingleElevation_Callback(hObject, eventdata, handles)
global SINGLE_STN_EL;
% hObject    handle to SingleElevation (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of SingleElevation as text
%        str2double(get(hObject,'String')) returns contents of SingleElevation as a double
SINGLE_STN_EL = CheckStr(get(findobj(gcf, 'Tag', 'SingleElevation'), 'String'));
if (abs(SINGLE_STN_EL) > 90)
    msgbox('Invalid elevation angle! (-90 <= EL <= 90)');
    clear SINGLE_STN_EL;
end


% --- Executes during object creation, after setting all properties.
function SingleElevation_CreateFcn(hObject, eventdata, handles)
% hObject    handle to SingleElevation (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


function SingleAzimuth_Callback(hObject, eventdata, handles)
global SINGLE_STN_AZ;
% hObject    handle to SingleAzimuth (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of SingleAzimuth as text
%        str2double(get(hObject,'String')) returns contents of SingleAzimuth as a double
SINGLE_STN_AZ = CheckStr(get(findobj(gcf, 'Tag', 'SingleAzimuth'), 'String'));
if (SINGLE_STN_AZ > 360 || SINGLE_STN_AZ < 0)
    msgbox('Invalid azimuth angle! (0 - 360 deg)');
    clear SINGLE_STN_AZ;
end


% --- Executes during object creation, after setting all properties.
function SingleAzimuth_CreateFcn(hObject, eventdata, handles)
% hObject    handle to SingleAzimuth (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --- Executes on button press in SingleGEAOk.
function SingleGEAOk_Callback(hObject, eventdata, handles)
global SINGLE_STN_ENABLED SINGLE_STN_GAIN SINGLE_STN_EL SINGLE_STN_AZ OVERRIDE_ELAG_BOX;
% hObject    handle to SingleGEAOk (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
if (OVERRIDE_ELAG_BOX)
    if (isempty(SINGLE_STN_GAIN) || isempty(SINGLE_STN_EL) || isempty(SINGLE_STN_AZ))
        msgbox('Invalid or empty input!');
    else
        SINGLE_STN_ENABLED = true;
        close(gcf);
    end
else
    SINGLE_STN_ENABLED = false;
    close(gcf);
end








StatMeth/StJohnsSimCase-GSO.txt

INTERFSIM DATA FILE

0

1

25000

47.35

-53.4

2.4915

4

4

21.7

3

36

-142

1

1

1

0

0

1

1

1.5

-37  -33  -29  -25  -21  -17  -13   -9   -5   -1    3    7   11   15   19   23   27   31   35   39   43   47   51   55   59   63   67   71   75   79   83   87   91   95   99  103  107  111  115  119  123  127  131  135  139  143

-123.5

4

NA

NA

NA

NA

NA

NA

NA

NA

NA

0

2

5  25

-105 -105

0

2

1

1.4

20

1.7002

-30

30

1

62

5

-1  1  3  5  7

4

46  42  36  32

0








StatMeth/StJohnsSimCase-NGSO.txt

INTERFSIM DATA FILE

1

0

1

47.35

-53.4

0

1

1

21.7

3

46

-142

1

1

0

0

1

0

0

1.5

-37  -33  -29  -25  -21  -17  -13   -9   -5   -1    3    7   11   15   19   23   27   31   35   39   43   47   51   55   59   63   67   71   75   79   83   87   91   95   99  103  107  111  115  119  123  127  131  135  139  143

-123.5

4

7978

NA

45

3

3

-90

0

0

NA

8

2

5  25

-105 -105

0

2

1

1.4

20

1.7002

-30

30

1

62

5

-1  1  3  5  7

4

46  42  36  32

1








StatMeth/surfwv_01.mat

surfwv_01:[121x240  double array]
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surfwv_02:[121x240  double array]
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surfwv_03:[121x240  double array]
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surfwv_05:[121x240  double array]
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surfwv_0dot1:[121x240  double array]
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surfwv_0dot2:[121x240  double array]
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surfwv_0dot3:[121x240  double array]
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surfwv_0dot5:[121x240  double array]
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surfwv_10:[121x240  double array]
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surfwv_20:[121x240  double array]
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surfwv_30:[121x240  double array]
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surfwv_50:[121x240  double array]
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surfwv_70:[121x240  double array]
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surfwv_80:[121x240  double array]






StatMeth/surfwv_90.mat

surfwv_90:[121x240  double array]






StatMeth/surfwv_95.mat

surfwv_95:[121x240  double array]






StatMeth/surfwv_97.mat

surfwv_97:[121x240  double array]






StatMeth/surfwv_98.mat

surfwv_98:[121x240  double array]






StatMeth/surfwv_99.mat

surfwv_99:[121x240  double array]






StatMeth/TOPODATA.mat

topo_0dot5:[361x720  double array]


topolat:[361x720  double array]


topolon:[361x720  double array]






StatMeth/wat676.mat

fw:[35x1  double array]


b1:[35x1  double array]


b2:[35x1  double array]


b3:[35x1  double array]


b4:[35x1  double array]


b5:[35x1  double array]


b6:[35x1  double array]






StatMeth/XPL.m

function L = XPL(TxAR, RxAR)



dBtoV = inline('10.^(x./20)', 'x');



% AXIAL RATIO OF A LINEARLY POLARIZED ANTENNA IS ASSUMED TO BE EQUAL TO ITS XPI



% AXIAL RATIO OF A TX ANTENNA (VOLTAGE)

Ctx = dBtoV(TxAR);



% AXIAL RATIO OF A RX ANTENNA (VOLTAGE)

Crx = dBtoV(RxAR);



%%% DEF: XPI_dB = 10 Log xpi

%XPItoCr = inline('(sqrt(10.^(0.1 .* XPI)) + 1)./(sqrt(10.^(0.1 .* XPI)) - 1)', 'XPI');



% ASSUME COLLINEAR TILT ANGLE

dT = 0;



% POLARIZATION EFFICIENCY (Ct AND Cr ARE VOLTAGE AXIAL RATIO)

p_wa = inline('0.5 + (4.*Ct.*Cr+(Ct.^2-1).*(Cr.^2-1).*cosd(2.*dT))./(2.*(Ct.^2+1).*(Cr.^2+1))', 'Ct', 'Cr', 'dT');



% NEGATIVE NUMBER IS PRODUCED FROM THIS EQUATION (TxAR < RxAR)

L = 10.*log10(p_wa(Ctx, Crx, dT));










StatMeth/XPLUI.fig





StatMeth/XPLUI.m

function varargout = XPLUI(varargin)
% XPLUI M-file for XPLUI.fig
%      XPLUI, by itself, creates a new XPLUI or raises the existing
%      singleton*.
%
%      H = XPLUI returns the handle to a new XPLUI or the handle to
%      the existing singleton*.
%
%      XPLUI('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in XPLUI.M with the given input arguments.
%
%      XPLUI('Property','Value',...) creates a new XPLUI or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before XPLUI_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to XPLUI_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to run (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help XPLUI

% Last Modified by GUIDE v2.5 04-Nov-2008 11:06:56

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @XPLUI_OpeningFcn, ...
                   'gui_OutputFcn',  @XPLUI_OutputFcn, ...
                   'gui_LayoutFcn',  [] , ...
                   'gui_Callback',   []);
if nargin && ischar(varargin{1})
    gui_State.gui_Callback = str2func(varargin{1});
end

if nargout
    [varargout{1:nargout}] = gui_mainfcn(gui_State, varargin{:});
else
    gui_mainfcn(gui_State, varargin{:});
end
% End initialization code - DO NOT EDIT


% --- Executes just before XPLUI is made visible.
function XPLUI_OpeningFcn(hObject, eventdata, handles, varargin)
global AP8Selected TxAR RxAR TxPOLAR RxPOLAR XPLoss;
% This function has no output args, see OutputFcn.
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
% varargin   command line arguments to XPLUI (see VARARGIN)

% Choose default command line output for XPLUI
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

if (isempty(XPLoss))
    set(findobj(gcf, 'Tag', 'AP8Selected'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'TxAR'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'RxAR'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'TxPolar'), 'Enable', 'off');
    set(findobj(gcf, 'Tag', 'RxPolar'), 'Enable', 'off');
else
    if (AP8Selected <= 0)
        set(findobj(gcf, 'Tag', 'AP8Selected'), 'Value', 0);
        set(findobj(gcf, 'Tag', 'AP8Selected'), 'ForegroundColor', 'k');
        set(findobj(gcf, 'Tag', 'TxAR'), 'String', num2str(TxAR));
        set(findobj(gcf, 'Tag', 'RxAR'), 'String', num2str(RxAR));
        set(findobj(gcf, 'Tag', 'TxPolar'), 'Enable', 'off');
        set(findobj(gcf, 'Tag', 'RxPolar'), 'Enable', 'off');
    else
        set(findobj(gcf, 'Tag', 'AP8Selected'), 'Value', 1);
        set(findobj(gcf, 'Tag', 'AP8Selected'), 'ForegroundColor', 'r');
        set(findobj(gcf, 'Tag', 'TxPolar'), 'Value', TxPOLAR + 1);
        set(findobj(gcf, 'Tag', 'RxPolar'), 'Value', RxPOLAR + 1);
        set(findobj(gcf, 'Tag', 'TxAR'), 'Enable', 'off');
        set(findobj(gcf, 'Tag', 'RxAR'), 'Enable', 'off');
    end
end
% UIWAIT makes XPLUI wait for user response (see UIRESUME)
% uiwait(handles.XPLUI);


% --- Outputs from this function are returned to the command line.
function varargout = XPLUI_OutputFcn(hObject, eventdata, handles) 
% varargout  cell array for returning output args (see VARARGOUT);
% hObject    handle to figure
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Get default command line output from handles structure
varargout{1} = handles.output;


% --- Executes on button press in AP8Selected.
function AP8Selected_Callback(hObject, eventdata, handles)
% hObject    handle to AP8Selected (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hint: get(hObject,'Value') returns toggle state of AP8Selected
h = get(findobj(gcf, 'Tag', 'AP8Selected'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'AP8Selected'), 'ForegroundColor', 'r');
    set(findobj(gcf, 'Tag', 'TxAR'), 'Enable', 'off');
    set(findobj(gcf, 'Tag', 'RxAR'), 'Enable', 'off');
    set(findobj(gcf, 'Tag', 'TxPolar'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'RxPolar'), 'Enable', 'on');
else
    set(findobj(gcf, 'Tag', 'AP8Selected'), 'ForegroundColor', 'k');
    set(findobj(gcf, 'Tag', 'TxAR'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'RxAR'), 'Enable', 'on');
    set(findobj(gcf, 'Tag', 'TxPolar'), 'Enable', 'off');
    set(findobj(gcf, 'Tag', 'RxPolar'), 'Enable', 'off');
end


% --- Executes on selection change in TxPolar.
function TxPolar_Callback(hObject, eventdata, handles)
global TxPOLAR;
% hObject    handle to TxPolar (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: contents = get(hObject,'String') returns TxPolar contents as cell array
%        contents{get(hObject,'Value')} returns selected item from TxPolar
h = get(findobj(gcf, 'Tag', 'TxPolar'), 'Value');
if (h >= 2 && h <= 4)
    TxPOLAR = h - 1;
end


% --- Executes during object creation, after setting all properties.
function TxPolar_CreateFcn(hObject, eventdata, handles)
% hObject    handle to TxPolar (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: popupmenu controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --- Executes on selection change in RxPolar.
function RxPolar_Callback(hObject, eventdata, handles)
global RxPOLAR;
% hObject    handle to RxPolar (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: contents = get(hObject,'String') returns RxPolar contents as cell array
%        contents{get(hObject,'Value')} returns selected item from RxPolar
h = get(findobj(gcf, 'Tag', 'RxPolar'), 'Value');
if (h >= 2 && h <= 4)
    RxPOLAR = h - 1;
end


% --- Executes during object creation, after setting all properties.
function RxPolar_CreateFcn(hObject, eventdata, handles)
% hObject    handle to RxPolar (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: popupmenu controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end



function TxAR_Callback(hObject, eventdata, handles)
global TxAR;
% hObject    handle to TxAR (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of TxAR as text
%        str2double(get(hObject,'String')) returns contents of TxAR as a double
TxAR = CheckStr(get(findobj(gcf, 'Tag', 'TxAR'), 'String'));


% --- Executes during object creation, after setting all properties.
function TxAR_CreateFcn(hObject, eventdata, handles)
% hObject    handle to TxAR (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


function RxAR_Callback(hObject, eventdata, handles)
global RxAR;
% hObject    handle to RxAR (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)

% Hints: get(hObject,'String') returns contents of RxAR as text
%        str2double(get(hObject,'String')) returns contents of RxAR as a double
RxAR = CheckStr(get(findobj(gcf, 'Tag', 'RxAR'), 'String'));


% --- Executes during object creation, after setting all properties.
function RxAR_CreateFcn(hObject, eventdata, handles)
% hObject    handle to RxAR (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    empty - handles not created until after all CreateFcns called

% Hint: edit controls usually have a white background on Windows.
%       See ISPC and COMPUTER.
if ispc && isequal(get(hObject,'BackgroundColor'), get(0,'defaultUicontrolBackgroundColor'))
    set(hObject,'BackgroundColor','white');
end


% --- Executes on button press in XPLOK.
function XPLOK_Callback(hObject, eventdata, handles)
global AP8Selected TxAR RxAR TxPOLAR RxPOLAR XPLoss;
% hObject    handle to XPLOK (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
ERROR = false;
AP8Selected = get(findobj(gcf, 'Tag', 'AP8Selected'), 'Value');
if (AP8Selected <= 0)
    % IF 4A/66 ANNEX 9 METHOD IS SELECTED
    TxAR = CheckStr(get(findobj(gcf, 'Tag', 'TxAR'), 'String'));
    RxAR = CheckStr(get(findobj(gcf, 'Tag', 'RxAR'), 'String'));

    if (isempty(TxAR))
        set(findobj(gcf, 'Tag', 'TxAR'), 'String', '');
        ERROR = true;
    elseif (isempty(RxAR))
        set(findobj(gcf, 'Tag', 'RxAR'), 'String', '');
        ERROR = true;
    end
    if (~ERROR)
        % TxAR > RxAR (SEE XPL.m)
        % NEGATE XPL FOR USE IN Rec. ITU-R F.1245 NOTE 7
        XPLoss = -XPL(TxAR, RxAR);
        disp(['XP LOSS = ' num2str(XPLoss)]);
    end
else
    % IF APPENDIX 8 TABLE IS SELECTED
    TxPOLAR = get(findobj(gcf, 'Tag', 'TxPolar'), 'Value') - 1;
    RxPOLAR = get(findobj(gcf, 'Tag', 'RxPolar'), 'Value') - 1;
    if (TxPOLAR > 0 && RxPOLAR > 0)
        % PIF IS ALWAYS POSITIVE, NO NEGATE IS NEEDED
        XPLoss = PIF(TxPOLAR, RxPOLAR);
        disp(['XP LOSS = ' num2str(XPLoss)]);
    else
        ERROR = true;
    end
end
if (~ERROR)
    close(gcf);
end
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I to N statistics
Sheet1

		USER INSTRUCTIONS

		Paste data from the variable 'ALLBIN' in the MATLAB WORKSPACE into yellow shaded area below.

		I/N - 0.5*(BIN STEP SIZE) < I/N_LEVEL <= I/N + 0.5*(BIN STEP SIZE)

		NOTES TO USER

		1) THE DATA BELOW ARE PURELY HYPOTHETICAL AND ARE INTENDED FOR ILLUSTRATIVE PURPOSES ONLY.

		2) IF, FOR ANY SAMPLES, I/N  < (MINIMUM I/N_LEVEL + 0.5(BIN STEP SIZE)), THE BIN IS THE PROBABILITY OF ALL SUCH VALUES OF I/N.

		3) IF, FOR ANY SAMPLES, I/N  > (MAXIMUM I/N_LEVEL - 0.5(BIN STEP SIZE)), THE BIN IS THE PROBABILITY OF ALL SUCH VALUES OF I/N.

		I/N_LEVEL (dB)		PDF		CDF

		-30.5		0.00000		1.00000

		-29.5		0.00000		1.00000

		-28.5		0.00000		1.00000

		-27.5		0.00000		1.00000

		-26.5		0.00000		1.00000

		-25.5		0.00000		1.00000

		-24.5		0.00000		1.00000

		-23.5		0.00000		1.00000

		-22.5		0.70515		0.29485

		-21.5		0.07908		0.21578

		-20.5		0.06565		0.15013

		-19.5		0.04363		0.10649

		-18.5		0.01703		0.08947

		-17.5		0.01247		0.07700

		-16.5		0.00985		0.06715

		-15.5		0.00805		0.05910

		-14.5		0.00676		0.05234

		-13.5		0.00579		0.04655

		-12.5		0.00490		0.04164

		-11.5		0.00421		0.03744

		-10.5		0.00376		0.03368

		-9.5		0.00323		0.03045

		-8.5		0.00277		0.02768

		-7.5		0.00246		0.02522

		-6.5		0.00229		0.02293

		-5.5		0.00216		0.02078

		-4.5		0.00198		0.01880

		-3.5		0.00183		0.01697

		-2.5		0.00167		0.01530

		-1.5		0.00152		0.01378

		-0.5		0.00143		0.01235

		0.5		0.00147		0.01088

		1.5		0.00145		0.00943

		2.5		0.00154		0.00789

		3.5		0.00149		0.00640

		4.5		0.00142		0.00497

		5.5		0.00121		0.00376

		6.5		0.00110		0.00266

		7.5		0.00091		0.00176

		8.5		0.00068		0.00107

		9.5		0.00050		0.00057

		10.5		0.00029		0.00028

		11.5		0.00018		0.00010

		12.5		0.00010		0.00001

		13.5		0.00001		0.00000

		14.5		0.00000		0.00000

		15.5		0.00000		0.00000

		16.5		0.00000		0.00000

		17.5		0.00000		0.00000

		18.5		0.00000		0.00000

		19.5		0.00000		0.00000

		20.5		0.00000		0.00000

		SUM(PDFs)		1.00000
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Probability of FS antenna gain given FS elevation angle
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Post analysis
ItoN Statistics Summary

		Illustration of methodology for a specified FS deployment												Hypothetical Deployment Scenario Summary

		User Instructions												Elev		P(er)		36.0		43.0		50.0		ChkSum

		1. Enter data from I/N calculation results in only yellow shaded cells.												0 °		0.85		0.05		0.10		0.85		1

		2. Ensure that all 'ChkSum' values to the right equal 1.												3.0 °		0.1		0.10		0.25		0.65		1

		Note: I/N thresholds X < Y < Z												10.0 °		0.05		0.50		0.40		0.10		1

														ChkSum		1

		NOTE TO USER.  ALL I/N DATA AND DEPLOYMENT STATISTICS ARE

		PURELY HYPOTHETICAL.  THRESHOLDS ARE DEPENDENT ON THE

		FREQUENCY BAND AND THE TYPE OF SERVICE BEING PROTECTED.

		GIVEN THE CONDITION "I/N thresholds X < Y < Z", X IS THE LONG-

		TERM I/N THRESHOLD.  Y AND Z ARE SHORT-TERM THRESHOLDS.

		SUMMARY OF I/N CALCULATION RESULTS

		Elevation Angle, e=		0°		Percentage Exceeding I/N level

		Ant. Gain		P (D=dq)		I/N Threshold

		(dBi)				X dB		Y dB		Z dB

		36.0		0.05		8.0000		0.0000		0.0000

		43.0		0.10		5.0000		0.0000		0.0000

		50.0		0.85		2.0000		0.0050		0.0000

		P (I/N > Threshold) (%)				2.600000		0.004250		0.000000

		P (Elev. = 0°)		0.85

		Elevation Angle, e =		3.0°		Percentage Exceeding I/N level

		Ant. Gain		P (D=dq)		I/N Threshold

		(dBi)				X dB		Y dB		Z dB

		36		0.10		10.0000		0.0000		0.0000

		43		0.25		8.0000		0.0020		0.0000

		50		0.65		5.0000		0.0650		0.0020

		P (I/N > Threshold) (%)				6.250000		0.042750		0.001300

		P (Elev = 3°)		0.1

		Elevation Angle, e =		10.0°		Percentage Exceeding I/N level

		Ant. Gain		P (D=dq)		I/N Threshold

		(dBi)				X dB		Y dB		Z dB

		36		0.50		15.0000		0.0000		0.0000

		43		0.40		12.0000		0.0700		0.0030

		50		0.10		10.0000		0.1400		0.0220

		P (I/N > Threshold) (%)				13.300000		0.042000		0.003400

		P (Elev = 10°)		0.05

		P (I/N > Thresh, all elevations) (%)				3.500000		0.009988		0.000300
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Summary

 

At 

its

 

March

/April

 

2010

 

meeting

, Working Party 4A updated 

Annex 9 to Document 4A/278, 

the

 

working document towards a 

preliminary 

draft new Recommendation providing a methodology 

to calculate the 

statistics of interference received by the fixed service from space

-

to

-

Earth emissions

 

for frequency bands above about 17

 

GHz.  

 

It was also decided to develop 

an accompanying working document toward

s

 

a preliminary draft 

new Report, which provides examples

 

of, and describes possible implementations of the 

methodology, based 

on 

the text from Annex 1 of Document 4A/250 and 

proposed revisions of the 

PDN Report in

 

Document 4A/331. This 

new 

working document toward

s

 

a preliminary draft new 

Report is contained in 

Annex 1 to this document

.

 

Since the working document towards a 

preliminary

 

draft new Recommendati

on was liaised to 

Working Party

 

5C to seek its views, it was also decided to 

send this working document towards 

a

 

preliminary draft new Report to Working Party

 

5C to seek its views

.

 

It is planned that future revisions of this document will 

reflect

 

the use of integrated water vapour 

content (IWVC) once the 

more 

detailed data is made available on the SG 3 

data 

bank.

 

 

Administrations are invited to review the worki

ng document and provide comments at the July 2010 

meeting of WP 4A.
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