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REPORT ITU-R S.2196
Methodology on the modelling of earth station antenna gain in the region of the antenna main-lobe and the transition region between the minimum angle
of the reference antenna pattern and the main-lobe

1	Modelling of the antenna main-lobe
The gain of an elliptical aperture antenna in the main-lobe for a specific angle of rotation with respect to the major axis depends on both the off-axis angle and the D/λ ratio for the plane of interest[footnoteRef:1]. The derivation which follows is the simplified case that assumes the antenna major axis dimension of the antenna aperture is parallel to the GSO plane[footnoteRef:2]. Models for calculating the D/λ ratio for the plane of interest for other antenna shapes and for elliptical antennas which do not conform to this simplified case can also be developed. The model for the simplified case of an elliptical antenna is developed below: [1: 	The plane of interest is the plane passing through the antenna boresight and the direction of interest.]  [2: 	The term “GSO plane”, which is used throughout shall be interpreted as the plane containing the tangent to the part of the GSO arc aligned with DGSO (see Figure 1) and the earth station.] 

The dimensions of the antenna aperture in the GSO plane and the plane perpendicular to the GSO plane can be related to one another and to the equivalent diameter using the defined ratio K where:

					(1)

					(2)
where:

		is the antenna dimension in the geostationary orbit plane;


		is the antenna dimension in the plane perpendicular to;

		is the equivalent circular diameter of the physical antenna;





		is the ratio of the perpendicular dimensionsto  and the antenna boresight is normal to the plane containing the dimensions  and .
For elliptical antenna pattern, the values of DGSO and D┴GSO can be applied to an ellipse equation to calculate the antenna dimension D in the plane of interest. Figure 1 shows the relationship between D (represented by dotted line) and the ellipse in the plane of interest given by the angle .
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[image: ] and [image: ] are the dimensions of major axis and minor axes respectively of the elliptical antenna. Replace the semi-major axis a and semi-minor axis b of the ellipse equation with and respectively, so that in rectangular coordinates:

					(3)
Assuming the major axis of the antenna is aligned with the geostationary orbit plane and θ represents the angle of rotation in a counter-clockwise direction about the main beam direction, the antenna “dimension” (of the antenna aperture in the plane parallel to the boresight axis, passing through the direction of interest and the boresight axis) can be expressed as a function of the rotation angle θ. Therefore, x and y in (3) can be expressed as:

					(4)

					(5)
where:
	D		the dimension, in metres, of the antenna aperture in the plane of interest as shown in Figure 1;

			the “radius” of the antenna aperture in the plane of interest (=D/2);

			the angle, in degrees, between the plane containing the boresight and the dimension DGSO and the plane of interest, where the plane of interest passes through the boresight and the direction of interest (see Figure 1).


Replacing x and y in (3) by (4) and (5), and R with D/2, the antenna dimension D in the plane of interest can be expressed as follows:

					(6)
Substitute equation (2) into equation (6), it gives:

					(7)
To simplify the notation, the denominator of equation (7) is defined as rotation factor F, which is a function of the rotation angle θ and the DGSO to DGSO ratio K. Therefore, 

					(8)
where:

					(9)
For a given antenna, having a major-to-minor axis ratio K, the value of F can be expressed as a function of the rotation angle θ. Therefore, in a plane of interest of a given antenna, having a major‑to-minor axis ratio K, D is simply a function of θ.
2	Modelling the antenna main-lobe given a side-lobe reference pattern
Modelling the transition region between the main-lobe of an antenna and the side-lobe envelope requires knowledge of the reference pattern depicting the antenna’s side-lobe envelope. The main-lobe of an antenna and the transition region between the main-lobe and the side-lobe envelope can be modelled for two types of side-lobe reference patterns. The methodologies in this Report may be used with either Recommendation ITU-R S.465-6 or Recommendation ITU-R S.1855.  Although the intersection point in this model where the envelope of the side-lobe reference pattern intersects the antenna main lobe is equal to the main-lobe gain in equation (10), the actual gain in this vicinity may be considerably less.  In fact, the first null of a parabolic reflector type antenna occurs very near this intersection point.  The actual location of the null will be determined by a number of factors including type of illumination.  The antenna main lobe model in equation (10) assumes a uniform illumination resulting in a wider main lobe and thus results in a conservative estimate of gain at the intersection point.  The very small transition region between this intersection point and the minimum angle applicable to the side-lobe reference pattern follows the applicable side-lobe reference pattern.


2.1	Modelling the antenna main-lobe assuming a side-lobe reference envelope of Recommendation ITU-R S.465-6
2.1.1	Main-lobe definition
Using the main-lobe definition that can be found in Annex 3 of RR Appendix 8: 


					for  	(10)


				 	for  	(11)
where:

					dBi	(12)

					degrees	(13)

					degrees	(14)
				p = Max (r ; 100 /D)	degrees	(15)
For further calculation, we may approximate Gmax by the formula:

					(16)
where:
		η = antenna aperture efficiency (fraction <1).
2.1.2	Intersection int between the main-lobe or the first side-lobe G1 and the side-lobe envelope
For larger values of D/λ (where φr > φm), the intersection that occurs is between the first side-lobe G1 and the side‑lobe envelope (32 – 25 log()) and is defined by:

					(17)

					(18)
However, this value is correct provided that r is greater than m. In the case that r is less than m, the intersection (φint) between the main-lobe and the side-lobe envelope (32 – 25 log()) is then determined by solving the following expression:

					(19)
Figures 2 and 3 below show that int is greater than m for D/ varying between 45.00 and 54.45, according to the value of the aperture efficiency.
Figure 2
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Figure 3 shows the minimum value of D/λ for which the intersection point (φint) of the main-lobe with the side-lobe envelope can be calculated using the expression in (18) where φint takes the value of φr. Below these values, φint must be solved for using the expression in (19). The minimum value of D/λ is shown as a function of aperture efficiency.
In case D/λ is smaller than the value shown in Figure 3 for a given efficiency, as it is stated before, the intersection int between the main-lobe and the side-lobe envelope (32 – 25 log()) is then determined by solving the expression in (19).

The angle of intersection φint of the main beam of the antenna with the side-lobe envelope of the antenna can be approximated by a function that takes the form: 
A “least squares” solution to this approximation function, using only values of D/λ  from 15 to the applicable maximum value of D/λ (for a given efficiency), gives different values of the coefficients for A and Z, depending on the efficiency:

	Efficiency (%)
	A
	Z

	50
	112.6522
	–1.1142

	55
	112.6702
	–1.1079

	60
	112.8286
	–1.1028

	65
	113.0639
	–1.0987

	70
	113.3417
	–1.0951

	75
	113.5527
	–1.0919

	80
	113.8002
	–1.0891



Figure 4 shows a graphical representation of int. Note that the higher value of aperture efficiency results in a greater value of int. In Figure 4 below, it is assumed that Note 5 of Recommendation ITU‑R S.465-6 does not apply.
Figure 4
(Angle of main-lobe intersection shown for 15 ≤ (D/λ) ≤ 150)
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It is proposed to base the definition of int on an efficiency of 0.75 as higher efficiencies result in a greater angle of intersection with the main-lobe. Furthermore, the values of the coefficients A and Z in the general expression for int in equation (20) are rounded to three significant digits such that the approximation expression of int will result in a conservative estimate such that it is not less than the value of int derived by numerical solution. Rounding the values of the coefficients of both A and Z “up” to the closest three significant digits, such that A = 114 and Z = –1.09, will achieve this goal. The minimum angle, φmin defining the intersection between the main-lobe and the first side-lobe or the side-lobe envelope as defined in Recommendation ITU-R S.465-6 can thus be defined by:

					(20)
2.1.3	Antenna pattern for side-lobes
The side-lobes definition can be found in Recommendation ITU-R S.465-6.
The value to be used for min is the one defined in the section 2.1.2.
			G    32  –  25 log  dBi	for  min          48°	(21)
			       –10 dBi	for    48°        180°		(22)


where:
	min 	1° or 100 /D degrees, whichever is the greater, for D/λ ≥ 50.

	min = 	2° or () degrees, whichever is the greater, for D/λ < 50.
In the case of the coordination of new earth station antennas and where Note 5 of Recommendation ITU-R 465-6 applies, the off‑axis antenna gain is given by equations (21) and (22) above for φ ≥ 2.5°. This condition will occur when the diameter-to-wavelength ratio is less than 33.3.
2.1.4	Proposal for the overall antenna gain
The reference radiation pattern defined in Recommendation ITU-R S.465-6 is assumed to be rotationally symmetrical (see Note 1 of that Recommendation). The transition defined below could thus be assumed also to be rotationally symmetrical.
The antenna pattern is then for D/λ > 54.5:


					for 	(23)


					for 	(24)


					for 	(25)


					for 	(26)


					for 	(27)
where:
					dBi	(28)

					degrees	(29)

					degrees	(30)
where:

	min    1° or 100 /D degrees, whichever is the greater.
For D/λ  54.5, the antenna pattern is:


				for 	(31)



	G(φ) = Max(Gmax – 0.0025, 32 – 25log(φ))	for 0.9 ≤ φ < 	(32)


					for 	(33)


					for 	(34)


where:
	min   1° or 100 /D 		degrees, whichever is the greater, for D/λ ≥ 50.

	min =  2° or degrees, whichever is the greater, for D/λ < 50	(35)




 is the estimate for the intersection of the main-lobe with the side-lobe gain envelope given by 32 – 25 log(φ). Given that the antenna aperture efficiency may vary,  is only an estimate such that the angle of intersection is less than or equal to for typical values of efficiency. In order to avoid a discontinuity between the main-lobe and φmin, taking the maximum of the main-lobe gain and that of the side-lobe gain given by 32 – 25 log (φ) when 0.9 ≤ φ < φmin in equation (32) will ensure a smooth transition between the main and side-lobes of the radiation pattern envelope (RPE).
2.2	Modelling the antenna main-lobe assuming a side-lobe reference in Recommendation ITU-R S.1855
2.2.1	Calculation of φmin
The determination of the expression for φmin in recommends 2.1 of Recommendation ITU-R S.1855 is based, in part, on the RPE for D/λ ≥ 100 found in RR Appendix 7. For larger values of D/λ, the specific off-axis angle defining the intersection point of the main-lobe with the first side-lobe gain, G1 occurs at an angle of φm and the first side-lobe gain G1, intersects the side-lobe envelope at an angle of φr as defined below. Expressions for the antenna gain for 0° ≤ φ ≤ 7°, the main-lobe, first side-lobe gain G1 (provided that φr > φm) and the angles φm and φr are given in expressions (38) through (44) below:

	Main-lobe:	G(φ) = Gmax – 0.0025	for φ ≤  φm	(36)
	First side-lobe:	G(φ) = G1	for φm < φ ≤  φr	(37)
	Side-lobe envelope:	G(φ) = 29 – 25log(φ) + 3sin²(θ)	for φr  < φ ≤ 7°	(38)

		Maximum effective isotropic gain = Gmax =  dBi	(39)
where:
	η = 	antenna aperture efficiency (fraction < 1)

		first side-lobe gain = G1 =  dBi 
		(provided that φr > φm)			(40)
where:

			 	degrees	(41)

					degrees	(42)


2.2.2	Note on first side-lobe gain and the transition region for larger antennas
The expression for the first-side-lobe gain (G1) provided in equation (40) is the same as that found in RR Appendix 7 (assuming  = 0°) for the case of D/λ ≥ 100. For large values of D/λ, there is no intersection of the main beam with the side-lobe envelope described by the expression 29‑25 log(φ). In this case it is appropriate to use the expression for φr in equation (42) for calculating the intersection of the side-lobe envelope with a first side-lobe gain G1 given by equation (40). For D/λ < 100, the equation for first side-lobe gain in RR Appendix 7 results in a lower gain. Given that the purpose of the reference earth-station radiation pattern is for coordination and/or interference assessment, it is more appropriate (provided that φr > φm) to use the expression for φr that is derived from the intersection with the more relaxed (higher) formulation of first side-lobe gain given by the expression in (40) (assuming  = 0°) above.  
In the case of smaller values of D/λ, the intersection of the main beam with the side-lobe envelope can be calculated by equating the right-hand sides of equations (36) and (38) and (assuming  = 0°) solving for int in equation (43) below:

					(43)
Figure 5 below shows that int is greater than r for D/ varying between 61.12 and 72.19, according to the value of the aperture efficiency.
FIGURE 5
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The maximum value of D/ can be solved similarly for other values of efficiency. The solved values of D/ for efficiencies ranging from 50% to 80% are shown in Figure 6.
FIGURE 6
[image: ]


In order to calculate the boundary condition, where the main-lobe region ends and the reference pattern begins, once again assuming  = 0°, it is necessary to consider both cases: 1) the case of larger values of D/λ, where there is no intersection of the main beam with the side-lobe described by the expression 29-25 log(φ), and 2) the case of smaller values of D/λ, where the intersection of the main beam expression is approximated by the maximum value given by the expression 15.85(D/λ)–0.6 and that given by the expression in the form .  Consideration of these two cases will allow the determination of φint over a wide range of D/λ.
A “least squares” solution to this approximation function, using only values of D/λ  from 15 to the applicable maximum value of D/λ (for a given efficiency), gives different values of the coefficients for A and Z, depending on the efficiency:

	Efficiency (%)
	A
	Z

	50
	114.9835
	–1.0812

	55
	115.5134
	–1.0782

	60
	116.0325
	–1.0756

	65
	116.5338
	–1.0735

	70
	117.0145
	–1.0716

	75
	117.4740
	–1.0699

	80
	117.8726
	–1.0684



It is proposed to base the definition of int at which the side-lobe envelope begins on an efficiency of 0.75 as higher efficiencies result in a greater angle of intersection with the main-lobe. Furthermore, the values of the coefficients A and Z in the general expression () are rounded to three significant digits such that the approximation expression of int will result in a conservative estimate such that it is not less than the value of int derived by a numerical solution. Rounding the values of the coefficients of both A and Z “up” to the closest three significant digits, such that A = 118 and Z = –1.06, will achieve this goal. Thus, the expression for calculating the minimum angle for which the use of the side-lobe gain envelope given by 29‑25 log(φ) is appropriate is:

				, D/λ ≥ 15	(44)
where:

					(45)
Figure 5 shows a graphic representation of int for two different values for the aperture efficiency. Note that the higher value of aperture efficiency results in a greater value of int.
Thus, under the condition that an antenna whose off-axis pattern is described by recommends 2.1 of Recommendation ITU-R S.1855 for “larger” antennas, there are two separate cases for the antenna main-lobe:
1)	The case where φr > φm, the transition region between the main-lobe and the side-lobe envelope described by the expression 29 + 3sin²(θ) – 25log(φ) has a gain equal to the first side-lobe gain G1 given by equation (40) and applies in the vicinity of φm < φ ≤ φr. In the case of larger antennas, when φr < φ ≤ φmin, if, at a rotation angle of θ, between the GSO plane and the plane of interest, the gain exceeds the first side-lobe gain G1, the gain is capped at a value of G1. Thus: 
		G() = Min(G1, 29 + 3sin²(θ) – 25 log(φ)), for φr < φ ≤  φmin	(46)

2)	The case where φr ≤ φm, the transition region between the main-lobe and the side-lobe envelope is purely the intersection of the main-lobe and the side-lobe envelope described by the expression 29 + 3sin2(θ)-25log(φ). For directions of interest having an angle of rotation, θ, between the GSO plane and the plane of interest, the estimate of φmin becomes smaller and approaches  given by equation (47) below, as θ approaches 90°.

				, D/λ ≥ 15	(47)


 is the estimate for the intersection of the main-lobe with the side-lobe gain envelope given by 32 – 25log(φ). In order to avoid a discontinuity between the main-lobe and φmin, taking the maximum of the main-lobe gain given by equation (36) and that of the side-lobe gain given by 29 + 3sin2(θ) – 25 log(φ) when 0.9 ≤ φ < φmin will ensure a smooth transition between the main and side-lobes of the radiation pattern envelope. Thus:


	G(φ) = Max(Gmax – 0.0025, 29 + 3sin²(θ) – 25log(φ)), for 0.9≤  φ < φmin	(48)
2.2.3	Note on first side-lobe gain and the transition region for smaller antennas
For the case of an antenna whose off-axis pattern is described by recommends 2.2 of Recommendation ITU-R S.1855 for “smaller” antennas, there is only one case to consider in calculating the antenna gain in the transition region between the main-lobe and the side‑lobe envelope. Since for smaller antennas the angle φr is always smaller than φm, the situation is identical to that of case (2) for “larger” antennas and the gain is given by the expression in Equation (46).
In the case of the coordination of a new earth station receiving antennas and where Note 7 of Recommendation ITU-R S.1855 applies, where the formula for min in recommends 2 results in a value greater than 2.5° in the direction of interest, the off-axis antenna gain is given by the equation (38) above for 2.5° ≤ φ ≤ 7°. This condition will occur when the diameter-to-wavelength ratio is between 33.3 and 38 depending upon the angle of rotation θ.
3	Illustrative examples
3.1	Transition between the antenna main-lobe and the side-lobe specified by Recommendation ITU-R S.465-6
In order to illustrate the transition between the main-lobe and the antenna side-lobes which are specified by Recommendation ITU-R S.465-6, it is necessary to show both the main and side‑lobes on the same graph. Figures 7 and 8 apply recommends 2 of Recommendation ITU‑R S.465‑6 together with the equations of this Report for the main-lobe to a small antenna with a maximum boresight gain of 35.0 dBi (D/λ = 21.4) implemented in a computer model to demonstrate the modelling of an antenna that includes both the side-lobe envelope and the main-lobe in the GSO plane and outside of the GSO plane. Figure 7 shows a gain contour plot as cross‑section through the main beam within 8° of the antenna boresight assuming the antenna’s major axis is aligned with the GSO plane. Figure 8 shows a three dimensional (3D) surface plot of the radiation pattern within 10° of the antenna boresight. Note that only half of the 3D surface plots are shown as the remaining portion is simply a mirror image (in the plane formed by the “Perp. to GSO Plane” and “Gain (dBi)” axes) of the portion shown. The angle φmin is shown as a “heavy” line on the 3D surface plot. It is assumed that Note 5 of Recommendation ITU-R S.465-6 does not apply in the case of either Figure 7 or 8.
3.2	Transition between the antenna main-lobe and the side-lobe specified by Recommendation ITU-R S.1855
In order to illustrate the transition between the main-lobe and the antenna side-lobes which are specified by Recommendation ITU-R S.1855, it is necessary to show both the main and side-lobes on the same graph. Figures 9 through 20 apply recommends 2 of Recommendation ITU‑R S.1855 together with the equations of this Report for the main-lobe to a small antenna with a maximum boresight gain of 35.0 dBi (D/λ = 21.4) implemented in a computer model to demonstrate the modelling of an antenna that includes both the side-lobe envelope and the main-lobe in the GSO plane and outside of the GSO plane. Figures 9, 11, 13, 15, 17 and 19 show gain contour plots as cross‑sections through the main beam within 8° of the respective antenna boresights assuming each antenna’s major axis is aligned with the GSO plane. Figures 10, 12, 14, 16, 18 and 20 show three dimensional (3D) surface plots of the radiation patterns within 10° of the respective antenna boresights. Note that only half of the 3D surface plots are shown as the remaining portions are simply mirror images (in the plane formed by the “Perp. to GSO Plane” and “Gain (dBi)” axes) of the portion shown. 
The angle φmin is shown as a “heavy” line on the 3D surface plot. It is assumed that Note 7 of Recommendation ITU-R S.1855 does not apply in the case of any of the Figures 9 through 20.
4	Antenna main-lobe pattern synthesis
The figures (Figures 7 through 20), which follow, were produced using the main-lobe models in this Report and side-lobe envelopes of Recommendations ITU-R S.465 and ITU-R S.1855.  These figures do not show the peaks and nulls in the side-lobes that would result in the case of actual antenna patterns that would be obtained from direct measurements.  MATLAB® code for rendering the three dimensional (3D) surface plots is contained in this Report. This computer code for the case of an antenna having a side-lobe reference pattern specified by Recommendation ITU‑R S.465-6 or Recommendation ITU‑R S.1855 is attached below and is provided for information only.   
The software application Matlab® is required to use the source code. To launch the application, copy the extracted files to the default “work” directory for Matlab®, click on the filename “ESPattern3DGUIv4a.fig” in the “current directory” browser in Matlab® and enter required parameters in the graphical user interface. 



The attached MS Excel® spreadsheet can be used to estimate the gain of the antenna main-lobe for off-axis angles, φ less than the minimum off-axis angle, φmin for a variety of different antenna shapes as a function of rotation angle, θ.
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ESGainPattern.m

function G = ESGainPattern(FRQ, D, OA, RO)

global phi_r phi_m phi_min_SL phi_min_ML G_ML G1 G_NSL EN_NSL G_SNSL SLSELECTED;

global Gmax_MAIN_BEAM Lamda;

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

DP2Lamda = D / Lamda;               % DIAMETER TO LAMDA RATIO (P.O.I.)

G = -999;                           % SET GAIN TO VERY LOW LEVEL



%%% MAIN LOBE GAIN (4A/117 Annex 3 EQ. 10)

G_ML = Gmax_MAIN_BEAM - 0.0025 .* (DP2Lamda .* OA).^2;



%%% FIRST SIDE LOBE GAIN (4A/117 Annex 3 EQ. 14)

G1 = 15 .* log10(DP2Lamda) - 1 + 3 .* sind(RO).^2;



%%% 1ST SIDE LOBE ENVELOPE (4A/117 Annex 3 EQ. 12)

G_NSL = 29 + 3 * sind(RO).^2 - 25 .* log10(OA);



%%% NEAR SIDE LOBE ENVELOPE

EN_NSL = 7.9 + 3 * sind(RO).^2 .* ((9.2 - OA) ./ 2.2);



%%% IF CIRCULAR SYMMECTRICAL

if (SLSELECTED == 2)

    G1 = 15 .* log10(DP2Lamda) - 1;

    G_NSL = 29 - 25 .* log10(OA);

    EN_NSL = 7.9;

end



%%% 2ND SIDE LOBE ENVELOPE

G_SNSL = 32 - 25 .* log10(OA);



%%% INTERSECTION ANGLE Phi_r FOR 29 - 25 * log10(phi) (4A/117 Annex 3 EQ. 16)

phi_r = 15.85 .* DP2Lamda.^(-0.6);



%%% MAIN LOBE INTERSECTION ANGLE Phi_m (4A/117 Annex 3 EQ. 15)

phi_m = 20 ./ DP2Lamda .* sqrt(Gmax_MAIN_BEAM - G1);

%%% INTERSECTION FOR MAIN BEAM

ISA_1 = 118 .* DP2Lamda^-1.06;



%%% MINIMUM OFF-AXIS ANGLES

phi_min_SL = max(phi_r, ISA_1);                 % FOR 29 - 25 log Phi

phi_min_ML = 114 .* DP2Lamda^-1.09;             % FOR 32 - 25 log Phi



%%% FIND MAIN LOBE AND SIDE LOBE GAIN

if (OA < phi_min_SL)

    G = Mainlobe(OA);

else

    G = Sidelobe(OA);

end





function G = Mainlobe(OA)

global phi_r phi_m phi_min_ML G_ML G1 G_NSL D2Lamda BREAK_PT TYPE;

G = -999;

if (strcmp(TYPE, 'TX'))

    if (D2Lamda >= BREAK_PT && phi_r > phi_m)       % IF ISA '29-25*Log(theta)' DOES NOT INTERSECT MAINLOBE           

        if (OA < phi_m)                 % IF OFF-AXIS ANGLE IS INSIDE MAINLOBE

            G = max(G_ML, G1);          % PICK THE HIGHER BETWEEN MAINLOBE GAIN AND FSL GAIN

        elseif (OA <= phi_r)            % IF OFF-AXIS ANGLE IS OUTSIDE MAINLOBE & LESS THAN ISA '29-25*Log(theta)'

            G = G1;                     % PICK FSL GAIN

        else                            % IF OFF-AXIS ANGLE IS OUTSIDE ISA '29-25*Log(theta)'

            G = min(G_NSL, G1);         % TAKE THE MINIMUM OF FSL ENVELOPE OR FSL GAIN

        end

    elseif (D2Lamda > 15 && phi_r <= phi_m)         % ANY D/Lamda FOR phi_r <= phi_m

        if (0 <= OA && OA < 0.9 * phi_min_ML)

            G = G_ML;

        else%if (0.9 .* phi_min_ML <= OA && OA < phi_min_SL)

            G = max(G_ML, G_NSL);

        end

    end

elseif (strcmp(TYPE, 'RX'))

    if (D2Lamda >= BREAK_PT && phi_r > phi_m)       % IF ISA '29-25*Log(theta)' DOES NOT INTERSECT MAINLOBE

        if (phi_min_ML > 2.5 && OA > 2.5)

            G = EN_NSL;

        else

            if (OA < phi_m)                 % IF OFF-AXIS ANGLE IS INSIDE MAINLOBE

                G = max(G_ML, G1);          % PICK THE HIGHER BETWEEN MAINLOBE GAIN AND FSL GAIN

            elseif (OA <= phi_r)            % IF OFF-AXIS ANGLE IS OUTSIDE MAINLOBE & LESS THAN ISA '29-25*Log(theta)'

                G = G1;                     % PICK FSL GAIN

            else                            % IF OFF-AXIS ANGLE IS OUTSIDE ISA '29-25*Log(theta)'

                G = min(G_NSL, G1);         % TAKE THE MINIMUM OF FSL ENVELOPE OR FSL GAIN

            end

        end

    elseif (D2Lamda > 15 && phi_r <= phi_m)         % ANY D/Lamda FOR phi_r <= phi_m

        if (0 <= OA && OA < 0.9 * phi_min_ML)

            if (phi_min_ML > 2.5 && OA > 2.5)

                G = G_NSL;

            else

                G = G_ML;

            end

        else%if (0.9 .* phi_min_ML <= OA && OA < phi_min_SL)

            if (phi_min_ML > 2.5 && OA > 2.5)

                G = G_NSL;

            else

                G = max(G_ML, G_NSL);

            end

        end

    end

end





function G = Sidelobe(OA)

global phi_min_SL G1 G_NSL EN_NSL G_SNSL D2Lamda BREAK_PT;

G = -999;

if (D2Lamda >= BREAK_PT)                    % IF ISA '29-25*Log(theta)' DOES NOT INTERSECT MAINLOBE

    if (phi_min_SL <= OA && OA <= 7.0)      % IF OFF-AXIS ANGLE IS OUTSIDE ISA_MIN_1 & LESS THAN 7.0

        G = min(G1, G_NSL);                 % TAKE THE MINIMUM OF FSL ENVELOPE OR FSL GAIN

    elseif (7.0 < OA && OA <= 9.2)

        % CIRCULAR SYMMETRICAL: EN_NSL = 7.9

        % ROTATIONALLY ASYMEETRICAL: EN_NSL = 7.9+3*sind(RO)^2*((9.2-OA)/2.2)

        G = EN_NSL;

    elseif (9.2 < OA && OA <= 48)

        G = G_SNSL;

    else

        G = -10;

    end

else                                        % ELSEIF '29-25*Log(theta)' INTERSECTS MAINLOBE

    if (phi_min_SL <= OA && OA <= 7.0)

        G = G_NSL;                          % FSL GAIN ENVELOPE

    elseif (7.0 < OA && OA <= 9.2)

        % CIRCULAR SYMMETRICAL: EN_NSL = 7.9

        % ROTATIONALLY ASYMEETRICAL: EN_NSL = 7.9+3*sind(RO)^2*((9.2-OA)/2.2)

        G = EN_NSL;

    elseif (9.2 < OA && OA <= 30.2)

        G = G_SNSL;

    elseif (30.2 < OA && OA <= 70)

        G = -5;

    else

        G = 0;

    end

end



        






ESGainPatternRS.m

% REC. ITU-R S.465

function G = ESGainPatternRS(FRQ, D, OA, RO)

global BREAK_PT TYPE;

global D2Lamda Gmax_MAIN_BEAM Lamda;

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

DP2Lamda = D / Lamda;               % DIAMETER TO LAMDA RATIO (P.O.I.)

G = -999;                           % SET GAIN TO VERY LOW LEVEL



%%% FIRST SIDE LOBE GAIN FOR FINDING ISA_ML (G_1)

G_FSL = 2 + 15 .* log10(DP2Lamda);



%%% 2ND SIDE LOBE ENVELOPE

EN_SSL = 32 - 25 .* log10(OA);



%%% INTERSECTION ANGLE D/Lamda >= BREAK_PT (Phi_int)

phi_int = 15.85 .* DP2Lamda.^(-0.6);



%%% INTERSECTION ANGLE D/Lamda < BREAK_PT (Phi_int)

if (D2Lamda < BREAK_PT)

    phi_int = 114 .* DP2Lamda.^(-1.09);

end



%%% MAIN LOBE INTERSECTION ANGLE (Phi_m)

phi_m = 20 .* (1 ./ DP2Lamda) .* sqrt(Gmax_MAIN_BEAM - G_FSL);



%%% MAIN LOBE GAIN

G_ML = Gmax_MAIN_BEAM - 0.0025 .* (DP2Lamda .* OA).^2;



if (strcmp(TYPE, 'TX'))

    % LARGE ANTENNA: phi_int = 15.85 .* DP2Lamda.^(-0.6);

    % SMALL ANTENNA: phi_int = 114 .* DP2Lamda.^(-1.09);

    

    %%% MINIMUM OFF-AXIS ANGLE

    phi_min = max(1, 100 ./ DP2Lamda);

    if (DP2Lamda < 50)

        phi_min = max(2, phi_int);

    end



    if (D2Lamda >= 15)

        if (D2Lamda >= BREAK_PT)

            if (phi_m > OA)

                G = G_ML;

            elseif (phi_m <= OA && OA < phi_int)

                G = G_FSL;

            elseif (phi_int <= OA && OA < phi_min)

                G = EN_SSL;

            elseif (phi_min <= OA && OA < 48)

                G = EN_SSL;

            else

                G = -10;

            end

        else

            if (0.90 * phi_int > OA)

                G = G_ML;

            elseif (0.90 * phi_int <= OA && OA < phi_min)

                G = max(G_ML, EN_SSL);

            elseif (phi_min <= OA && OA < 48)

                G = EN_SSL;

            else

                G = -10;

            end

        end

    end

elseif (strcmp(TYPE, 'RX'))

    % LARGE ANTENNA: phi_int = 15.85 .* DP2Lamda.^(-0.6);

    % SMALL ANTENNA: phi_int = 114 .* DP2Lamda.^(-1.09);

    

    %%% MINIMUM OFF-AXIS ANGLE

    % DP2Lamda >= 50

    phi_min = max(1, 100 ./ DP2Lamda);

    % DP2Lamda < 50

    if (DP2Lamda < 50)

        %%% CAP phi_min AT 2.5

        phi_min = min(max(2, phi_int), 2.5);

    end

    

    if (D2Lamda >= 15)

        if (D2Lamda >= BREAK_PT)

            if (phi_m > OA)

                G = G_ML;

            elseif (phi_m <= OA && OA < phi_int)

                G = G_FSL;

            elseif (phi_int <= OA && OA < phi_min)

                G = EN_SSL;

            elseif (phi_min <= OA && OA < 48)

                G = EN_SSL;

            else

                G = -10;

            end

        else

            if (0.90 * phi_int > OA)

                if (max(2, phi_int) > 2.5 && OA > 2.5)

                    G = EN_SSL;

                else

                    G = G_ML;

                end

            elseif (0.90 * phi_int <= OA && OA < phi_min)

                if (max(2, phi_int) > 2.5 && OA > 2.5)

                    G = EN_SSL;

                else

                    G = max(G_ML, EN_SSL);

                end

            elseif (phi_min <= OA && OA < 48)

                G = EN_SSL;

            else

                G = -10;

            end

        end

    end

end

        






ESPattern3D4a.m

%%% 3D ANTENNA PLOT %%%

function ESPattern3D4a()



% FRQ: FREQUENCY [GHz]

% D2Lamda: DIAMETER TO WAVE-LENGTH RATIO

% K: DIMENSION IN GSO PLANE TO DIMENSION PERPENDICULAR TO GSO PLANE RATIO

% EFF: EFFICIENCY

% DA: MAJOR AXIS (GSO PLANE)

% DB: MINOR AXIS (PERPENDICULAR TO GSO PLANE)

% DA2Lamda: DIAMETER (GSO) TO LAMDA RATIO

% DB2Lamda: DIAMETER (PP GSO) TO LAMDA RATIO

% SA: HALF OF DA

% SB: HALF OF DB

% A: ANGLE ON SEMI-MAJOR AXIS [DEG]

% B: ANGLE ON SEMI-MINOR AXIS [DEG]

% C: AXIS RATIO



global Lamda DA2Lamda DB2Lamda Gmax_MAIN_BEAM Gmax_OUTSIDE BREAK_PT SLSELECTED TYPE;

global FRQ D2Lamda DEQ SELECTION K EFF SHAPE L_END;



%BREAK_PT = 46.8;            % BREAK-POINT SEPARATING LARGE AND SMALL ANTENNA

ShapeStr = {'CIRCULAR', 'ELLIPTICAL', 'DIAMOND', 'RECTANGULAR', 'HEX-CORNERS', 'HEX-FLATS'};



%%% DEFAULT VALUES

if (isempty(L_END))

    %%% DEFAULT

    L_END = 10;

end



%%% BASIC PARAMETERS

c = 299792458;              % SPEED OF LIGHT

Lamda = c / (FRQ .* 1e9);   % WAVELENGTH

if (SELECTION == 1)

    DEQ = D2Lamda .* Lamda;

elseif (SELECTION == 2)

    D2Lamda = DEQ ./ Lamda;

end



MIN_DIAMETER = 0;               % MINIMUM DIAMETER

DB = 0;                         % Dpp

DA = 0;                         % Dgso



%%% FIND SEMI-MAJOR AXIS A AND SEMI-MINOR AXIS B

if (SHAPE == 2)

    %%% FIND NEW DA FOR CIRCULAR SHAPE

    DB = DEQ;

    DA = DB;

    MIN_DIAMETER = DB;

elseif (SHAPE == 3)

    %%% FIND NEW DA FOR ELLIPTICAL SHAPE

    DB = DEQ ./ sqrt(K);        % MINOR AXIS (PERPENDICULAR TO GSO PLANE)

    DA = K .* DB;               % MAJOR AXIS (GSO PLANE) 

    if (K > 1)

        MIN_DIAMETER = DB;

    else

        MIN_DIAMETER = DA;

    end

elseif (SHAPE == 4)

    %%% FIND NEW DA FOR DIAMOND SHAPE PATTERN

    DB = DEQ .* sqrt(pi ./ (2 .* K));

    DA = K .* DB;

    MIN_DIAMETER = DA .* cosd(atand(1 ./ K));

elseif (SHAPE == 5)

    %%% FIND NEW DA FOR RECTANGULAR SHAPE PATTERN

    DB = 0.5 .* DEQ .* sqrt(pi ./ K);

    DA = K .* DB;

    if (K > 1)

        MIN_DIAMETER = DB;

    else

        MIN_DIAMETER = DA;

    end

elseif (SHAPE == 6)

    %%% FIND NEW DA FOR HEXAGONAL (ACROSS CORNERS) PATTERN

    DB = (1/(3.^0.25)) .* sqrt(pi ./ 2) .* DEQ;

    DA = K .* DB;

    MIN_DIAMETER = DB;

elseif (SHAPE == 7)

    %%% FIND NEW DA FOR HEXAGONAL (ACROSS FLATS) PATTERN

    DB = (1/(3.^0.75)) .* sqrt(2 .* pi) .* DEQ;

    DA = K .* DB; 

    MIN_DIAMETER = DA;

end



disp(['DB =' num2str(DB) ' AND DA =' num2str(DA)]);

disp(['MIN DIAMETER =' num2str(MIN_DIAMETER)]);

disp(['MIN D/Lamda =' num2str(MIN_DIAMETER / Lamda)]);



if ((MIN_DIAMETER / Lamda) < 15)

    % RESET ALL PARAMETERS

    set(findobj(gcf, 'Tag', 'Frequency'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'Efficiency'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'ApertureShape'), 'Value', 1);

    set(findobj(gcf, 'Tag', 'KRatio'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'D2LamdaPick'), 'Value', 'default');

    set(findobj(gcf, 'Tag', 'D2Lamda'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'DEQPick'), 'Value', 'default');

    set(findobj(gcf, 'Tag', 'DEQ'), 'String', 'default');

    Msg = {'MINIMUM D/Lamda MUST BE '; '>= 15 IN ALL DIRECTIONS'};

    errordlg(Msg);

else

    %%% CONVERT DA & DB TO SEMI AXES

    DA2Lamda = DA ./ Lamda;     % DIAMETER (GSO) TO LAMDA RATIO

    DB2Lamda = DB ./ Lamda;     % DIAMETER (PP GSO) TO LAMDA RATIO

    SA = 0.5 * DA;              

    SB = 0.5 * DB;              

    C = DA ./ DB;               % AXIS RATIO

    A = 0;                      % ASSUME GAIN ANGLE ON SEMI-MAJOR AXIS STARTS FROM 0 DEG

    B = 0;                      % ASSUME GAIN ANGLE ON SEMI-MINOR AXIS STARTS FROM 0 DEG



    %%% MAXIMUM GAIN

    Gmax_MAIN_BEAM = 10 .* log10(EFF .* (pi .* D2Lamda).^2);

    Gmax_OUTSIDE = 8.69 + 20 .* log10(DEQ ./ Lamda);            

    disp(['Gmax = ' num2str(Gmax_MAIN_BEAM, '%8.2f') ' dBi.']);

    disp(['DEQ = ' num2str(DEQ) ' m.']);

    disp(['DA (GSO) = ' num2str(DA) ' m.']);

    disp(['DB (PP TO GSO) = ' num2str(DB) ' m.']);

    disp(['K Ratio = ' num2str(K)]);

    disp(['D2Lamda = ' num2str(D2Lamda)]);

    disp(['D2Lamda (GSO) = ' num2str(DA2Lamda)]);

    disp(['D2Lamda (PP TO GSO) = ' num2str(DB2Lamda)]);



    disp('Please wait...');



    %%% PLOT ANTENNA APERTURE'

    ENDi = 1;

    ENDj = 0;

    STEP = 0.1;                 % OFF-AXIS ANGLE STEP SIZE

    RS = 1;                     % RESOLUTION (DO NOT CHANGE, SEE BELOW)

    END = 90;                   % SECTION SIZE (DO NOT CHANGE)

    N = L_END ./ STEP;

    P = zeros(N, END / RS);

    Xi = zeros(N, END / RS);

    Yi = zeros(N, END / RS);

    G = zeros(N, END / RS);

    Xj = [];

    Yj = [];

    L = [];

    STEPi = 1;

    figure;

    hold on;

    

    %%% DIVIDE THE 3D MODEL INTO SECTIONS;

    %%% ENDi AND ENDj DETERMINE WHERE TO START AND END A SECTION.

    

    for t = 1: 360 ./ END

        A = 0;

        ENDi = (t - 1) * END + 1;

        ENDj = t * END;

        %%% FOR EACH SECTION, 'i' IS THE STEP OF OFF-AXIS ANGLE;

        %%% 'A' IS THE ANGLE IN THE MAJOR AXIS, 'B' IS THAT IN THE MINOR AXIS;

        %%% WHEN A >= 10 DEG, INCREASE STEP SIZE, LARGER STEP SIZE OVER 20 DEG.

        for i = 1: STEPi: N + 1

            A = (i - 1) * STEP;

            B = A ./ C;

            if (A >= 10)

                STEPi = 2;

            elseif (A >= 30)

                STEPi = 20;

            end

            %%% 'j' DETERMINES THE ROTATION ANGLE OF A SECTION, SO IT IS BOUNDED BY

            %%% 'ENDi' AND 'ENDj', THE STEP SIZE IS DETERMINED BY RESOLUTION 'RS';

            %%% 'RO' IS THE ROTATION ANGLE. THE VALUE 90 IS TO ADJUST THE

            %%% OUTPUT SO THAT THE 3D MODEL CAN BE CUT INTO HALF ALONG THE

            %%% VERTICAL;

            %%% 'j' MUST BE INTERGER (INDEX OF AN ARRAY), THEREFORE 'RS' MUST

            %%% BE INTERGER.

            for j = ENDi: RS: ENDj + 1

                RO = (j - 1) - 90;

                if (SHAPE == 2)

                    [M1, M2, M3, M4] = CircularShape(A, SA, SB, RO);

                elseif (SHAPE == 3)

                    [M1, M2, M3, M4] = EllipticalShape(A, SA, SB, RO);

                elseif (SHAPE == 4)

                    [M1, M2, M3, M4] = DiamondShape(A, SA, SB, RO);

                elseif (SHAPE == 5)

                    [M1, M2, M3, M4] = RectangularShape(A, SA, SB, RO);

                elseif (SHAPE == 6)

                    [M1, M2, M3, M4] = HexagonalShapeAC(A, SA, SB, RO);

                elseif (SHAPE == 7)

                    [M1, M2, M3, M4] = HexagonalShapeAF(A, SA, SB, RO);

                end

                D = M1;

                Xi(i, j) = M2;

                Yi(i, j) = M3;

                P(i, j) = M4;



                %%% ADJUST SIGNS OF EACH DATA POINT

                Xi(i, j) = AdjustSignX(RO, Xi(i, j));

                Yi(i, j) = AdjustSignY(RO, Yi(i, j));



                %%% FIND GAIN G = ESGainPattern(FRQ, D, P, RO)

                %%% FRQ = FREQUENCY [GHz]

                %%% D = ANTENNA DIMENSION IN THE PLANE OF INTEREST [m]

                %%% P = OFF-AXIS ANGLE [DEG]

                %%% RO = ROTATION ANGLE [DEG]



                if (D == 0)

                    G(i, j) = Gmax_MAIN_BEAM;

                else

                    if (SLSELECTED ~= 3)

                        G(i, j) = ESGainPattern(FRQ, D, P(i), RO);

                    else

                        G(i, j) = ESGainPatternRS(FRQ, D, P(i), RO);

                    end

                end

                

                if (i == 2)

                    %%% FIND INTERSECTION BETWEEN MAIN BEAM AND SIDE LOBE %%%

                    %%% INTERSECTION ANGLE FOR 29 - 25 * log10(phi)

                    phi_r = 15.85 .* (D / Lamda).^(-0.6);

                    %%% FIRST SIDE LOBE GAIN

                    G_FSL = 15 .* log10(D / Lamda) - 1 + 3 .* sind(RO).^2;

                    if (SLSELECTED == 2)

                        G_FSL = 15 .* log10(D / Lamda) - 1;

                    elseif (SLSELECTED == 3)

                        G_FSL = 15 .* log10(D / Lamda) + 2;

                    end

                    %%% INTERSECTION FOR MAIN BEAM

                    ISA_1 = 118 .* (D / Lamda)^-1.06;

                    %%% MINIMUM INTERSECTION ANGLES

                    phi_min_SL = max(phi_r, ISA_1);

                    if (SLSELECTED == 3)

                        if (D / Lamda < 50)

                            phi_min_SL = max(2, 114 .* (D / Lamda)^-1.09);

                        else

                            phi_min_SL = max(1, 100 ./ D / Lamda);

                        end

                    end

                    %%% CAP AT 2.5 DEG FOR RX ANTENNA

                    if (strcmp(TYPE, 'RX'))

                        phi_min_SL = min(2.5, max(2, 114 .* (D / Lamda)^-1.09));

                    end

                    %%% NEAR SIDE LOBE

                    EN_NSL = 29 + 3 * sind(RO).^2 - 25 .* log10(phi_min_SL);

                    if (SLSELECTED == 2)

                        EN_NSL = 29 - 25 .* log10(phi_min_SL);

                    elseif (SLSELECTED == 3)

                        EN_NSL = 32 - 25 .* log10(phi_min_SL);      % S.465 SIDE LOBE

                    end

                    %%% FIND GAIN LEVEL ACCORDING TO BREAK PT

                    if (D2Lamda >= BREAK_PT)

                        %%% 1ST SIDE LOBE ENVELOPE AT INTERSECTION

                        L(j) = min(G_FSL, EN_NSL);

                    else

                        %%% 1ST SIDE LOBE ENVELOPE AT INTERSECTION

                        L(j) = EN_NSL;

                    end 

                    Xj(j) = AdjustSignX(RO, phi_min_SL .* cosd(RO));

                    Yj(j) = AdjustSignY(RO, phi_min_SL .* sind(RO));

                end

            end

        end



        mesh(Xi, Yi, G);

        [CM, h] = contour(Xi, Yi, G);

        if (t == 1)

            clabel(CM, h, 'BackgroundColor', 'w', 'FontSize', 9, 'LabelSpacing', 72 .* 10);

        end

        plot3(Xj, Yj, L, 'LineWidth', 2);

        STEPi = 1;

    end



    %%% PLOT 3D MODEL

    STR0 = 'TX';

    if (strcmp(TYPE, 'RX'));

        STR0 = 'RX';

    end

    STR1 = ['EARTH STATION ANTENNA 3D RADIATION ' STR0 ' PATTERN (' ShapeStr{SHAPE - 1} ')'];

    STR2 = ['FREQ = ' num2str(FRQ) ' GHz, D/\lambda = ' num2str(D2Lamda, '%8.2f') ', K = ' num2str(K) ', \epsilon = ' num2str(100*EFF) '%, Gmax = ' num2str(Gmax_MAIN_BEAM, '%8.2f') ' dBi'];

    title({STR1; STR2});

    xlabel('GSO PLANE [Deg]');

    ylabel('PERP. TO GSO PLANE [Deg]');

    zlabel('GAIN [dBi]');

    grid on;

    view(45, 45);

    hold off;

end

clear all;



function [D, Xi, Yi, P] = EllipticalShape(A, SA, SB, RO)

if (A == 0)

    %%% OFF-AXIS ANGLE IS ZERO

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    %%% ON ANYWHERE ELSE

    %%% DB/DA HAS THE SAME RATIO AS SB/SA, BOTH ARE CONSTANT.

    D = 2 .* abs(SB ./ sqrt(sind(RO).^2 + (SB ./ SA).^2 .* cosd(RO).^2));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = CircularShape(A, SA, SB, RO)

[D, Xi, Yi, P] = EllipticalShape(A, SA, SB, RO);



function [D, Xi, Yi, P] = DiamondShape(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    phi = atand(SB ./ SA);

    RO = mod(RO, 360);

    if (RO >= 0 & RO < 90)

        D = 2 .* SA .* sind(phi) ./ sind(180 - RO - phi);

    elseif (RO >= 90 & RO < 180)

        D = 2 .* SA .* sind(phi) ./ sind(RO - phi);

    elseif (RO >= 180 & RO < 270)

        D = 2 .* SA .* sind(phi) ./ sind(360 - RO - phi);

    elseif (RO >= 270 & RO < 360)

        D = 2 .* SA .* sind(phi) ./ sind(RO - 180 - phi);

    end

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = RectangularShape(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    phi = atand(SB ./ SA);

    RO = mod(RO, 360);

    R1 = phi;

    R2 = 180 - R1;

    R3 = 180 + R1;

    R4 = 360 - R1;

    if (RO < R1 | RO >= R4)

        D = 2 .* SA ./ cosd(RO);

    elseif (RO >= R1 & RO < R2)

        D = 2 .* SB ./ sind(RO);

    elseif (RO >= R2 & RO < R3)

        D = 2 .* SA ./ -cosd(RO);

    elseif (RO >= R3 & RO < R4)

        D = 2 .* SB ./ -sind(RO);

    end

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = HexagonalShapeAC(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    i = round(mod(RO, 360)/60 + 0.5);

    D = sqrt(3) .* SA ./ sind(120 - (RO - (i - 1) .* 60));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end

function [D, Xi, Yi, P] = HexagonalShapeAF(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    i = round(mod(RO, 360)/60) + 1;

    D = sqrt(3) .* SA ./ abs(sind(90 - (RO - (i - 1) .* 60)));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function X_out = AdjustSignX(RO, X_in)

%%% ADJUST SIGNS OF EACH DATA POINT

X_out = X_in;

if (RO > 90 & RO < 270 & X_in > 0)

    X_out = -X_in;

elseif (RO > 270 & X_in < 0)

    X_out = -X_in;

end



function Y_out = AdjustSignY(RO, Y_in)

%%% ADJUST SIGNS OF EACH DATA POINT

Y_out = Y_in;

if (RO > 0 & RO < 180 & Y_in < 0)

    Y_out = -Y_in;

elseif (RO > 180 & RO < 360 & Y_in > 0)

    Y_out = -Y_in;

end






ESPattern3DGUIv4a.fig





ESPattern3DGUIv4a.m

function varargout = ESPattern3DGUIv4a(varargin)
% ESPATTERN3DGUIV4A M-file for ESPattern3DGUIv4a.fig
%      ESPATTERN3DGUIV4A, by itself, creates a new ESPATTERN3DGUIV4A or raises the existing
%      singleton*.
%
%      H = ESPATTERN3DGUIV4A returns the handle to a new ESPATTERN3DGUIV4A or the handle to
%      the existing singleton*.
%
%      ESPATTERN3DGUIV4A('CALLBACK',hObject,eventData,handles,...) calls the local
%      function named CALLBACK in ESPATTERN3DGUIV4A.M with the given input arguments.
%
%      ESPATTERN3DGUIV4A('Property','Value',...) creates a new ESPATTERN3DGUIV4A or raises the
%      existing singleton*.  Starting from the left, property value pairs are
%      applied to the GUI before ESPattern3DGUIv4a_OpeningFcn gets called.  An
%      unrecognized property name or invalid value makes property application
%      stop.  All inputs are passed to ESPattern3DGUIv4a_OpeningFcn via varargin.
%
%      *See GUI Options on GUIDE's Tools menu.  Choose "GUI allows only one
%      instance to runbutton (singleton)".
%
% See also: GUIDE, GUIDATA, GUIHANDLES

% Edit the above text to modify the response to help ESPattern3DGUIv4a

% Last Modified by GUIDE v2.5 23-Mar-2010 09:48:41

% Begin initialization code - DO NOT EDIT
gui_Singleton = 1;
gui_State = struct('gui_Name',       mfilename, ...
                   'gui_Singleton',  gui_Singleton, ...
                   'gui_OpeningFcn', @ESPattern3DGUIv4a_OpeningFcn, ...
                   'gui_OutputFcn',  @ESPattern3DGUIv4a_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 ESPattern3DGUIv4a is made visible.
function ESPattern3DGUIv4a_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 ESPattern3DGUIv4a (see VARARGIN)

% Choose default command line output for ESPattern3DGUIv4a
handles.output = hObject;

% Update handles structure
guidata(hObject, handles);

% UIWAIT makes ESPattern3DGUIv4a wait for user response (see UIRESUME)
% uiwait(handles.figure1);
set(findobj(gcf, 'Tag', 'Select3D'), 'Value', 1);
set(findobj(gcf, 'Tag', 'TXBox'), 'Value', 1);
set(findobj(gcf, 'Tag', 'RotationAngle'), 'Enable', 'off');
set(findobj(gcf, 'Tag', 'Frequency'), 'String', '');
set(findobj(gcf, 'Tag', 'Efficiency'), 'String', '');
set(findobj(gcf, 'Tag', 'KRatio'), 'String', '');
set(findobj(gcf, 'Tag', 'D2Lamda'), 'String', '');
set(findobj(gcf, 'Tag', 'DEQ'), 'String', '');
set(findobj(gcf, 'Tag', 'RadEnvelope'), 'Value', 1);
set(findobj(gcf, 'Tag', 'ApertureShape'), 'Value', 1);



% --- Outputs from this function are returned to the command line.
function varargout = ESPattern3DGUIv4a_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 Frequency_Callback(hObject, eventdata, handles)
% hObject    handle to Frequency (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 Frequency as text
%        str2double(get(hObject,'String')) returns contents of Frequency as a double
FRQ = CheckStr(get(findobj(gcf, 'Tag', 'Frequency'), 'String'));
if (~isempty(FRQ))
    if (FRQ < 2.0 | FRQ > 31)
        warndlg({'APPLICABLE FREQUENCY RANGE IS'; '2.0 <= f <= 31 GHz'});
    end
end

% --- Executes during object creation, after setting all properties.
function Frequency_CreateFcn(hObject, eventdata, handles)
% hObject    handle to Frequency (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 D2Lamda_Callback(hObject, eventdata, handles)
% hObject    handle to D2Lamda (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 D2Lamda as text
%        str2double(get(hObject,'String')) returns contents of D2Lamda as a double
D2Lamda = CheckStr(get(findobj(gcf, 'Tag', 'D2Lamda'), 'String'));
if (~isempty(D2Lamda))
    if (D2Lamda <= 0)
        errordlg('D/Lamda MUST BE GREATER THAN 0');
        D2Lamda = '';
        set(findobj('Tag', 'D2Lamda'), 'String', '');
    end
end

% --- Executes during object creation, after setting all properties.
function D2Lamda_CreateFcn(hObject, eventdata, handles)
% hObject    handle to D2Lamda (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 Efficiency_Callback(hObject, eventdata, handles)
% hObject    handle to Efficiency (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 Efficiency as text
%        str2double(get(hObject,'String')) returns contents of Efficiency as a double
EFF = CheckStr(get(findobj(gcf, 'Tag', 'Efficiency'), 'String'));
if (~isempty(EFF))
    if (EFF >= 1.0 | EFF <= 0)
        errordlg('EFFICIENCY MUST BE 0 < EFF < 1.0');
        set(findobj('Tag', 'Efficiency'), 'String', '');
        EFF = '';
    end
end

% --- Executes during object creation, after setting all properties.
function Efficiency_CreateFcn(hObject, eventdata, handles)
% hObject    handle to Efficiency (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 selection change in ApertureShape.
function ApertureShape_Callback(hObject, eventdata, handles)
% hObject    handle to ApertureShape (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 ApertureShape contents as cell array
%        contents{get(hObject,'Value')} returns selected item from ApertureShape

% CLEAR TEXT BOX
set(findobj(gcf, 'Tag', 'KRatio'), 'String', '');
% RESET TEXT BOX TO ACTIVE MODE
set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'on');
% GET SELECTION
SHAPE = get(findobj(gcf, 'Tag', 'ApertureShape'), 'Value');
% GET SIDELOBE PATTERN
SLSELECTED = get(findobj(gcf, 'Tag', 'SidelobeSelected'), 'Value');

if (SLSELECTED == 3)
    set(findobj(gcf, 'Tag', 'KRatio'), 'String', '1.0');
    set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
else
    if (SLSELECTED == 2)
        set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
        set(findobj(gcf, 'Tag', 'KRatio'), 'String', '1.0');
    else            
        if (SHAPE == 2)
            set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', '1.0');
        elseif (SHAPE == 6)
            set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', num2str(2 / sqrt(3)));
        elseif (SHAPE == 7)
            set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', num2str(sqrt(3) / 2));
        else
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', '');
            set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'on');
        end
    end
end    


% --- Executes during object creation, after setting all properties.
function ApertureShape_CreateFcn(hObject, eventdata, handles)
% hObject    handle to ApertureShape (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 KRatio_Callback(hObject, eventdata, handles)
% hObject    handle to KRatio (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 KRatio as text
%        str2double(get(hObject,'String')) returns contents of KRatio as a double
K = CheckStr(get(findobj(gcf, 'Tag', 'KRatio'), 'String'));
if (~isempty(K))
    if (K > 0)
        if (K < 0.5 | K > 2.0)
            warndlg({'TYPICAL K RANGE IS '; 'K >= 0.5 AND K <= 2.0'});
        end
    elseif (K <= 0)
        errordlg('K MUST BE GREATER THAN 0');
        set(findobj('Tag', 'KRatio'), 'String', '');
        K = '';
    end
end

% --- Executes during object creation, after setting all properties.
function KRatio_CreateFcn(hObject, eventdata, handles)
% hObject    handle to KRatio (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 D2LamdaPick.
function D2LamdaPick_Callback(hObject, eventdata, handles)
% hObject    handle to D2LamdaPick (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
h = get(findobj(gcf, 'Tag', 'D2LamdaPick'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'DEQPick'), 'Value', 0);
end
% Hint: get(hObject,'Value') returns toggle state of D2LamdaPick


% --- Executes on button press in DEQPick.
function DEQPick_Callback(hObject, eventdata, handles)
% hObject    handle to DEQPick (see GCBO)
% eventdata  reserved - to be defined in a future version of MATLAB
% handles    structure with handles and user data (see GUIDATA)
h = get(findobj(gcf, 'Tag', 'DEQPick'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'D2LamdaPick'), 'Value', 0);
end
% Hint: get(hObject,'Value') returns toggle state of DEQPick



function DEQ_Callback(hObject, eventdata, handles)
% hObject    handle to DEQ (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 DEQ as text
%        str2double(get(hObject,'String')) returns contents of DEQ as a double
DEQ = CheckStr(get(findobj(gcf, 'Tag', 'DEQ'), 'String'));
if (~isempty(DEQ))
    if (DEQ <= 0)
        errordlg('D_EQ MUST BE GREATER THAN 0');
        DEQ = '';
        set(findobj('Tag', 'DEQ'), 'String', '');
    end
end

% --- Executes during object creation, after setting all properties.
function DEQ_CreateFcn(hObject, eventdata, handles)
% hObject    handle to DEQ (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 OAA2Show_Callback(hObject, eventdata, handles)
% hObject    handle to OAA2Show (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 OAA2Show as text
%        str2double(get(hObject,'String')) returns contents of OAA2Show as a double
L_END = CheckStr(get(findobj(gcf, 'Tag', 'OAA2Show'), 'String'));
if (~isempty(L_END))
    if (L_END < 0.0) 
        errordlg('INVALID OFF-AXIS ANGLE TO DISPLAY');
    elseif (L_END > 180)
        warndlg({'RENDERING MAY NOT WORK PROPERLY FOR'; 'OFF-AXIS ANGLE > 180 DGE'});
    end
end

% --- Executes during object creation, after setting all properties.
function OAA2Show_CreateFcn(hObject, eventdata, handles)
% hObject    handle to OAA2Show (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 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 data (see GUIDATA)
global FRQ D2Lamda DEQ SELECTION K EFF SHAPE L_END SLSELECTED BREAK_PT TYPE;
%%% ESTABLISH STATUS BAR HANDLE
h = findobj('Name', 'ESPattern3DGUIv4a');
StatusBar = findobj(h, 'Tag', 'StatusBar');

ERROR = false;

FRQ = CheckStr(get(findobj(gcf, 'Tag', 'Frequency'), 'String'));
K = CheckStr(get(findobj(gcf, 'Tag', 'KRatio'), 'String'));
EFF = CheckStr(get(findobj(gcf, 'Tag', 'Efficiency'), 'String'));

PICK1 = get(findobj(gcf, 'Tag', 'D2LamdaPick'), 'Value');
PICK2 = get(findobj(gcf, 'Tag', 'DEQPick'), 'Value');
SLSELECTED = get(findobj(gcf, 'Tag', 'SidelobeSelected'), 'Value');
SELECT1 = get(findobj(gcf, 'Tag', 'Select3D'), 'Value');
SELECT2 = get(findobj(gcf, 'Tag', 'SelectSection'), 'Value');
TXPICKED = get(findobj(gcf, 'Tag', 'TXBox'), 'Value');
RXPICKED = get(findobj(gcf, 'Tag', 'RXBox'), 'Value');

if (SLSELECTED ~= 1)
    K = 1;
    set(findobj(gcf, 'Tag', 'KRatio'), 'String', '1.0');
    set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
end

if ((SELECT1 <= 0 && SELECT2 <= 0) || (isempty(SELECT1) && isempty(SELECT2)))
    Msg = 'PLEASE SELECT EITHER 3D OR SECTIONAL RENDERING.';
    errordlg(Msg);
    ERROR = true;
elseif (TXPICKED > 0)
    TYPE = 'TX';
elseif (RXPICKED > 0);
    TYPE = 'RX';
else
    Msg = 'PLEASE SELECT ANTENNA TYPE (TX/RX).';
    errordlg(Msg);
    ERROR = true;
end

if (~ERROR)
    if (isempty(FRQ))
        Msg = 'INPUT DATA ERROR: FREQUENCY';
        errordlg(Msg);
        ERROR = true;
    elseif (isempty(EFF))
        Msg = 'INPUT DATA ERROR: EFFICIENCY';
        errordlg(Msg);
        ERROR = true;
    elseif (isempty(K))
        Msg = 'INPUT DATA ERROR: K';
        errordlg(Msg);
        ERROR = true;
    else
        if (PICK1 <= 0 & PICK2 <= 0)
            Msg = 'INPUT DATA ERROR: MUST PICK EITHER D/Lamda OR D_EQ';
            errordlg(Msg);
            ERROR = true;
        else
            if (PICK1 > 0)
                SELECTION = 1;
                D2Lamda = CheckStr(get(findobj(gcf, 'Tag', 'D2Lamda'), 'String'));
                DEQ = '';
                if (isempty(D2Lamda) | D2Lamda < 15)
                    ERROR = true;
                end
            elseif (PICK2 > 0)
                SELECTION = 2;
                DEQ = CheckStr(get(findobj(gcf, 'Tag', 'DEQ'), 'String'));
                D2Lamda = '';
                if (isempty(DEQ) | DEQ == 0)
                    ERROR = true;
                end
            end

            if (ERROR)
                Msg = 'INPUT DATA ERROR: INVALID APERTURE DIAMETER VALUE';
                errordlg(Msg);
            else
                SHAPE = get(findobj(gcf, 'Tag', 'ApertureShape'), 'Value');
                L_END = CheckStr(get(findobj(gcf, 'Tag', 'OAA2Show'), 'String'));
                if (isempty(L_END))
                    h1 = warndlg({'A DEFAULT VALUE OF 10 DEG FROM MAIN BEAM'; 'WILL BE USED TO DISPLAY RESULT'});
                    waitfor(h1);
                    L_END = '';
                end
                refresh;
                if (SELECT1 > 0)
                    %%% SET MESSAGE FOR STATUS BAR
                    Msg = 'BEGIN 3D RENDERING, PLEASE WAIT...';
                    set(StatusBar, 'String', Msg);
                    if (SLSELECTED == 3)
                        BREAK_PT = 54.5;    % BREAK POINT AT D/Lamda = 54.5
                        ESPattern3DRS;      % REC. ITU-R S.465
                    else
                        BREAK_PT = 46.8;    % BREAK POINT AT D/Lamda = 46.8
                        ESPattern3D4a;      % REC. ITU-R S.1855 AND REC. ITU-R S.1855 Circular Symmetrical
                    end
                    Msg = 'ANTENNA 3D PATTERN RENDERING HAS BEEN COMPLETED.';
                    set(StatusBar, 'String', Msg);
                elseif (SELECT2 > 0)
                    %%% SET MESSAGE FOR STATUS BAR
                    Msg = 'BEGIN RENDERING, PLEASE WAIT...';
                    set(StatusBar, 'String', Msg);
                    RotationAngle = CheckStr(get(findobj(gcf, 'Tag', 'RotationAngle'), 'String'));
                    if (isempty(RotationAngle))
                        Msg = 'INPUT DATA ERROR: INVALID POI ROTATION ANGLE';
                        errordlg(Msg);
                    else
                        if (SLSELECTED == 3)
                            BREAK_PT = 54.5;
                        else
                            BREAK_PT = 46.8;
                        end
                        ESPlanePattern(RotationAngle);
                    end   
                    Msg = 'ANTENNA SECTIONAL PATTERN HAS BEEN PLOTTED.';
                    set(StatusBar, 'String', Msg);                  
                end
            end
        end
    end
else
    %%% SET MESSAGE FOR STATUS BAR
    Msg = 'ERROR OCCURED!';
    set(StatusBar, 'String', Msg);
end


% Check if string is valid
function num = CheckStr(str)

if (isempty(str))
    num = '';
else
    num = str2double(str);
end


% --- Executes on button press in Select3D.
function Select3D_Callback(hObject, eventdata, handles)
% hObject    handle to Select3D (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 Select3D
h = get(findobj(gcf, 'Tag', 'Select3D'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'SelectSection'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RotationAngle'), 'Enable', 'off');
end

% --- Executes on button press in SelectSection.
function SelectSection_Callback(hObject, eventdata, handles)
% hObject    handle to SelectSection (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 SelectSection
h = get(findobj(gcf, 'Tag', 'SelectSection'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'Select3D'), 'Value', 0);
    set(findobj(gcf, 'Tag', 'RotationAngle'), 'Enable', 'on');
end


function RotationAngle_Callback(hObject, eventdata, handles)
% hObject    handle to RotationAngle (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 RotationAngle as text
%        str2double(get(hObject,'String')) returns contents of RotationAngle as a double



% --- Executes during object creation, after setting all properties.
function RotationAngle_CreateFcn(hObject, eventdata, handles)
% hObject    handle to RotationAngle (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 selection change in SidelobeSelected.
function SidelobeSelected_Callback(hObject, eventdata, handles)
global SLSELECTED;
% hObject    handle to SidelobeSelected (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 SidelobeSelected contents as cell array
%        contents{get(hObject,'Value')} returns selected item from SidelobeSelected
SLSELECTED = get(findobj(gcf, 'Tag', 'SidelobeSelected'), 'Value');
SHAPE = get(findobj(gcf, 'Tag', 'ApertureShape'), 'Value');

if (SLSELECTED == 3)
    set(findobj(gcf, 'Tag', 'KRatio'), 'String', '1.0');
    set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
else
    if (SLSELECTED == 2)
        set(findobj(gcf, 'Tag', 'KRatio'), 'String', '1.0');
        set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
    else
        set(findobj(gcf, 'Tag', 'RS'), 'Value', 0);
        set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'on');
        if (SHAPE == 2)
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', '1.0');
        elseif (SHAPE == 6)
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', num2str(2 / sqrt(3)));
        elseif (SHAPE == 7)
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', num2str(sqrt(3) / 2));
        else
            set(findobj(gcf, 'Tag', 'KRatio'), 'String', '');
        end
        if (SHAPE == 2 || SHAPE == 6 || SHAPE == 7)
            set(findobj(gcf, 'Tag', 'KRatio'), 'Enable', 'off');
        end
    end
end


% --- Executes during object creation, after setting all properties.
function SidelobeSelected_CreateFcn(hObject, eventdata, handles)
% hObject    handle to SidelobeSelected (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 button press in TXBox.
function TXBox_Callback(hObject, eventdata, handles)
% hObject    handle to TXBox (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 TXBox
h = get(findobj(gcf, 'Tag', 'TXBox'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'RXBox'), 'Value', 0);
end

% --- Executes on button press in RXBox.
function RXBox_Callback(hObject, eventdata, handles)
% hObject    handle to RXBox (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 RXBox
h = get(findobj(gcf, 'Tag', 'RXBox'), 'Value');
if (h > 0)
    set(findobj(gcf, 'Tag', 'TXBox'), 'Value', 0);
end







ESPattern3DRS.m

%%% 3D ANTENNA PLOT %%%

function ESPattern3DRS()



% FRQ: FREQUENCY [GHz]

% D2Lamda: DIAMETER TO WAVE-LENGTH RATIO

% K: DIMENSION IN GSO PLANE TO DIMENSION PERPENDICULAR TO GSO PLANE RATIO

% EFF: EFFICIENCY

% DA: MAJOR AXIS (GSO PLANE)

% DB: MINOR AXIS (PERPENDICULAR TO GSO PLANE)

% DA2Lamda: DIAMETER (GSO) TO LAMDA RATIO

% DB2Lamda: DIAMETER (PP GSO) TO LAMDA RATIO

% SA: HALF OF DA

% SB: HALF OF DB

% A: ANGLE ON SEMI-MAJOR AXIS [DEG]

% B: ANGLE ON SEMI-MINOR AXIS [DEG]

% C: AXIS RATIO



global Lamda DA2Lamda DB2Lamda Gmax_MAIN_BEAM Gmax_OUTSIDE TYPE;

global FRQ D2Lamda DEQ SELECTION K EFF SHAPE L_END;



%BREAK_PT = 54.5;            % BREAK-POINT SEPARATING LARGE AND SMALL ANTENNA

ShapeStr = {'CIRCULAR', 'ELLIPTICAL', 'DIAMOND', 'RECTANGULAR', 'HEX-CORNERS', 'HEX-FLATS'};



%%% DEFAULT VALUES

if (isempty(L_END))

    %%% DEFAULT

    L_END = 10;

end



%%% BASIC PARAMETERS

c = 299792458;              % SPEED OF LIGHT

Lamda = c / (FRQ .* 1e9);   % WAVELENGTH

if (SELECTION == 1)

    DEQ = D2Lamda .* Lamda;

elseif (SELECTION == 2)

    D2Lamda = DEQ ./ Lamda;

end



MIN_DIAMETER = 0;               % MINIMUM DIAMETER

DB = 0;                         % Dpp

DA = 0;                         % Dgso



%%% FIND SEMI-MAJOR AXIS A AND SEMI-MINOR AXIS B

% if (SHAPE == 2)

    %%% FIND NEW DA FOR CIRCULAR SHAPE

    DB = DEQ;

    DA = DB;

    MIN_DIAMETER = DB;

% elseif (SHAPE == 3)

%     %%% FIND NEW DA FOR ELLIPTICAL SHAPE

%     DB = DEQ ./ sqrt(K);        % MINOR AXIS (PERPENDICULAR TO GSO PLANE)

%     DA = K .* DB;               % MAJOR AXIS (GSO PLANE) 

%     if (K > 1)

%         MIN_DIAMETER = DB;

%     else

%         MIN_DIAMETER = DA;

%     end

% elseif (SHAPE == 4)

%     %%% FIND NEW DA FOR DIAMOND SHAPE PATTERN

%     DB = DEQ .* sqrt(pi ./ (2 .* K));

%     DA = K .* DB;

%     MIN_DIAMETER = DA .* cosd(atand(1 ./ K));

% elseif (SHAPE == 5)

%     %%% FIND NEW DA FOR RECTANGULAR SHAPE PATTERN

%     DB = 0.5 .* DEQ .* sqrt(pi ./ K);

%     DA = K .* DB;

%     if (K > 1)

%         MIN_DIAMETER = DB;

%     else

%         MIN_DIAMETER = DA;

%     end

% elseif (SHAPE == 6)

%     %%% FIND NEW DA FOR HEXAGONAL (ACROSS CORNERS) PATTERN

%     DB = (1/(3.^0.25)) .* sqrt(pi ./ 2) .* DEQ;

%     DA = K .* DB;

%     MIN_DIAMETER = DB;

% elseif (SHAPE == 7)

%     %%% FIND NEW DA FOR HEXAGONAL (ACROSS FLATS) PATTERN

%     DB = (1/(3.^0.75)) .* sqrt(2 .* pi) .* DEQ;

%     DA = K .* DB; 

%     MIN_DIAMETER = DA;

% end



disp(['DB =' num2str(DB) ' AND DA =' num2str(DA)]);

disp(['MIN DIAMETER =' num2str(MIN_DIAMETER)]);

disp(['MIN D/Lamda =' num2str(MIN_DIAMETER / Lamda)]);



if ((MIN_DIAMETER / Lamda) < 15)

    % RESET ALL PARAMETERS

    set(findobj(gcf, 'Tag', 'Frequency'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'Efficiency'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'ApertureShape'), 'Value', 1);

    set(findobj(gcf, 'Tag', 'KRatio'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'D2LamdaPick'), 'Value', 'default');

    set(findobj(gcf, 'Tag', 'D2Lamda'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'DEQPick'), 'Value', 'default');

    set(findobj(gcf, 'Tag', 'DEQ'), 'String', 'default');

    Msg = {'MINIMUM D/Lamda MUST BE '; '>= 15 IN ALL DIRECTIONS'};

    errordlg(Msg);

else

    %%% CONVERT DA & DB TO SEMI AXES

    DA2Lamda = DA ./ Lamda;     % DIAMETER (GSO) TO LAMDA RATIO

    DB2Lamda = DB ./ Lamda;     % DIAMETER (PP GSO) TO LAMDA RATIO

    SA = 0.5 * DA;              

    SB = 0.5 * DB;              

    C = DA ./ DB;               % AXIS RATIO

    A = 0;                      % ASSUME GAIN ANGLE ON SEMI-MAJOR AXIS STARTS FROM 0 DEG

    B = 0;                      % ASSUME GAIN ANGLE ON SEMI-MINOR AXIS STARTS FROM 0 DEG



    %%% MAXIMUM GAIN

    Gmax_MAIN_BEAM = 10 .* log10(EFF .* pi.^2 .* D2Lamda.^2);

    Gmax_OUTSIDE = 8.69 + 20 .* log10(DEQ ./ Lamda);            

    disp(['Gmax = ' num2str(Gmax_MAIN_BEAM, '%8.2f') ' dBi.']);

    disp(['DEQ = ' num2str(DEQ) ' m.']);

    disp(['DA (GSO) = ' num2str(DA) ' m.']);

    disp(['DB (PP TO GSO) = ' num2str(DB) ' m.']);

    disp(['K Ratio = ' num2str(K)]);

    disp(['D2Lamda = ' num2str(D2Lamda)]);

    disp(['D2Lamda (GSO) = ' num2str(DA2Lamda)]);

    disp(['D2Lamda (PP TO GSO) = ' num2str(DB2Lamda)]);



    disp('Please wait...');



    %%% PLOT ANTENNA APERTURE'

    ENDi = 1;

    ENDj = 0;

    STEP = 0.1;                 % OFF-AXIS ANGLE STEP SIZE

    RS = 1;                     % RESOLUTION (DO NOT CHANGE, SEE BELOW)

    END = 90;                   % SECTION SIZE (DO NOT CHANGE)

    N = L_END ./ STEP;

    P = zeros(N, END / RS);

    Xi = zeros(N, END / RS);

    Yi = zeros(N, END / RS);

    G = zeros(N, END / RS);

    Xj = [];

    Yj = [];

    L = [];

    STEPi = 1;

    figure;

    hold on;

    

    %%% DIVIDE THE 3D MODEL INTO SECTIONS;

    %%% ENDi AND ENDj DETERMINE WHERE TO START AND END A SECTION.

    

    for t = 1: 360 ./ END

        A = 0;

        ENDi = (t - 1) * END + 1;

        ENDj = t * END;

        %%% FOR EACH SECTION, 'i' IS THE STEP OF OFF-AXIS ANGLE;

        %%% 'A' IS THE ANGLE IN THE MAJOR AXIS, 'B' IS THAT IN THE MINOR AXIS;

        %%% WHEN A >= 10 DEG, INCREASE STEP SIZE, LARGER STEP SIZE OVER 20 DEG.

        for i = 1: STEPi: N + 1

            A = (i - 1) * STEP;

            B = A ./ C;

            if (A >= 10)

                STEPi = 2;

            elseif (A >= 30)

                STEPi = 20;

            end

            %%% 'j' DETERMINES THE ROTATION ANGLE OF A SECTION, SO IT IS BOUNDED BY

            %%% 'ENDi' AND 'ENDj', THE STEP SIZE IS DETERMINED BY RESOLUTION 'RS';

            %%% 'RO' IS THE ROTATION ANGLE. THE VALUE 90 IS TO ADJUST THE

            %%% OUTPUT SO THAT THE 3D MODEL CAN BE CUT INTO HALF ALONG THE

            %%% VERTICAL;

            %%% 'j' MUST BE INTERGER (INDEX OF AN ARRAY), THEREFORE 'RS' MUST

            %%% BE INTERGER.

            for j = ENDi: RS: ENDj + 1

                RO = (j - 1) - 90;

%                 if (SHAPE == 2)

                    [M1, M2, M3, M4] = CircularShape(A, SA, SB, RO);

%                 elseif (SHAPE == 3)

%                     [M1, M2, M3, M4] = EllipticalShape(A, SA, SB, RO);

%                 elseif (SHAPE == 4)

%                     [M1, M2, M3, M4] = DiamondShape(A, SA, SB, RO);

%                 elseif (SHAPE == 5)

%                     [M1, M2, M3, M4] = RectangularShape(A, SA, SB, RO);

%                 elseif (SHAPE == 6)

%                     [M1, M2, M3, M4] = HexagonalShapeAC(A, SA, SB, RO);

%                 elseif (SHAPE == 7)

%                     [M1, M2, M3, M4] = HexagonalShapeAF(A, SA, SB, RO);

%                 end

                D = M1;

                Xi(i, j) = M2;

                Yi(i, j) = M3;

                P(i, j) = M4;



                %%% ADJUST SIGNS OF EACH DATA POINT

                Xi(i, j) = AdjustSignX(RO, Xi(i, j));

                Yi(i, j) = AdjustSignY(RO, Yi(i, j));



                %%% FIND GAIN G = ESGainPattern(FRQ, D, OA, RO)

                %%% FRQ = FREQUENCY [GHz]

                %%% D = ANTENNA DIMENSION IN THE PLANE OF INTEREST [m]

                %%% OA = OFF-AXIS ANGLE [DEG]

                %%% RO = ROTATION ANGLE [DEG]



                if (D == 0)

                    G(i, j) = Gmax_MAIN_BEAM;

                else

                    G(i, j) = ESGainPatternRS(FRQ, D, P(i, j), RO);

                end

                

                %%% FIND INTERSECTION BETWEEN MAIN BEAM AND SIDE LOBE %%%

                %%% INTERSECTION ANGLE FOR 32 - 25 * log10(phi)

                %%% MINIMUM INTERSECTION ANGLE

                phi_min = max(1, 100 ./ (D / Lamda));

                if (D2Lamda >= 15 && D2Lamda < 50)

                    phi_min = max(2, 114 .* (D / Lamda)^-1.09);

                    if (strcmp(TYPE, 'RX'))

                        phi_min = min(2.5, max(2, 114 .* (D / Lamda)^-1.09));

                    end

                end

                

                if (i == 2)

                    EN_SSL = 32 - 25 .* log10(phi_min);                    

                    L(j) = EN_SSL;

                    Xj(j) = AdjustSignX(RO, phi_min .* cosd(RO));

                    Yj(j) = AdjustSignY(RO, phi_min .* sind(RO));

                    if (mod(RO, 90) == 0)

                        disp(['phi_min = ' num2str(phi_min)]);

                    end

                end

            end

        end

        mesh(Xi, Yi, G);

        [CM, h] = contour(Xi, Yi, G);

        if (t == 1)

            clabel(CM, h, 'BackgroundColor', 'w', 'FontSize', 9, 'LabelSpacing', 72 .* 10);

        end

        plot3(Xj, Yj, L, 'LineWidth', 3);

        STEPi = 1;

    end



    %%% PLOT 3D MODEL

    STR0 = 'TX';

    if (strcmp(TYPE, 'RX'));

        STR0 = 'RX';

    end

    STR1 = ['EARTH STATION ANTENNA 3D RADIATION ' STR0 ' PATTERN (' ShapeStr{SHAPE - 1} ')'];

    STR2 = ['FREQ = ' num2str(FRQ) ' GHz, D/\lambda = ' num2str(D2Lamda, '%8.2f') ', K = ' num2str(K) ', Eff = ' num2str(100*EFF) '%, Gmax = ' num2str(Gmax_MAIN_BEAM, '%8.2f') ' dBi'];

    title({STR1; STR2});

    xlabel('GSO PLANE [Deg]');

    ylabel('PERP. TO GSO PLANE [Deg]');

    zlabel('GAIN [dBi]');

    grid on;

    view(45, 45);

    hold off;

end

clear all;



function [D, Xi, Yi, P] = EllipticalShape(A, SA, SB, RO)

if (A == 0)

    %%% OFF-AXIS ANGLE IS ZERO

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    %%% ON ANYWHERE ELSE

    %%% DB/DA HAS THE SAME RATIO AS SB/SA, BOTH ARE CONSTANT.

    D = 2 .* abs(SB ./ sqrt(sind(RO).^2 + (SB ./ SA).^2 .* cosd(RO).^2));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = CircularShape(A, SA, SB, RO)

[D, Xi, Yi, P] = EllipticalShape(A, SA, SB, RO);



function [D, Xi, Yi, P] = DiamondShape(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    phi = atand(SB ./ SA);

    RO = mod(RO, 360);

    if (RO >= 0 & RO < 90)

        D = 2 .* SA .* sind(phi) ./ sind(180 - RO - phi);

    elseif (RO >= 90 & RO < 180)

        D = 2 .* SA .* sind(phi) ./ sind(RO - phi);

    elseif (RO >= 180 & RO < 270)

        D = 2 .* SA .* sind(phi) ./ sind(360 - RO - phi);

    elseif (RO >= 270 & RO < 360)

        D = 2 .* SA .* sind(phi) ./ sind(RO - 180 - phi);

    end

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = RectangularShape(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    phi = atand(SB ./ SA);

    RO = mod(RO, 360);

    R1 = phi;

    R2 = 180 - R1;

    R3 = 180 + R1;

    R4 = 360 - R1;

    if (RO < R1 | RO >= R4)

        D = 2 .* SA ./ cosd(RO);

    elseif (RO >= R1 & RO < R2)

        D = 2 .* SB ./ sind(RO);

    elseif (RO >= R2 & RO < R3)

        D = 2 .* SA ./ -cosd(RO);

    elseif (RO >= R3 & RO < R4)

        D = 2 .* SB ./ -sind(RO);

    end

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = HexagonalShapeAC(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    i = round(mod(RO, 360)/60 + 0.5);

    D = sqrt(3) .* SA ./ sind(120 - (RO - (i - 1) .* 60));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end

function [D, Xi, Yi, P] = HexagonalShapeAF(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    i = round(mod(RO, 360)/60) + 1;

    D = sqrt(3) .* SA ./ abs(sind(90 - (RO - (i - 1) .* 60)));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function X_out = AdjustSignX(RO, X_in)

%%% ADJUST SIGNS OF EACH DATA POINT

X_out = X_in;

if (RO > 90 & RO < 270 & X_in > 0)

    X_out = -X_in;

elseif (RO > 270 & X_in < 0)

    X_out = -X_in;

end



function Y_out = AdjustSignY(RO, Y_in)

%%% ADJUST SIGNS OF EACH DATA POINT

Y_out = Y_in;

if (RO > 0 & RO < 180 & Y_in < 0)

    Y_out = -Y_in;

elseif (RO > 180 & RO < 360 & Y_in > 0)

    Y_out = -Y_in;

end






ESPlanePattern.m

% FRQ: FREQUENCY [GHz]

% RO: ROTATION ANGLE [DEG]

function ESPlanePattern(RO)



global Lamda DA2Lamda DB2Lamda Gmax_MAIN_BEAM SLSELECTED TYPE;

global FRQ D2Lamda DEQ SELECTION K EFF SHAPE L_END;



%BREAK_PT = 54.5;            % BREAK-POINT SEPARATING LARGE AND SMALL ANTENNA

ShapeStr = {'CIRCULAR', 'ELLIPTICAL', 'DIAMOND', 'RECTANGULAR', 'HEX-CORNERS', 'HEX-FLATS'};



%%% DEFAULT VALUES

if (isempty(L_END))

    %%% DEFAULT

    L_END = 10;

end



SPAN = L_END;



%%% BASIC PARAMETERS

c = 299792458;              % SPEED OF LIGHT

RES = 0.05;                 % RESOLUTION OF OFF-AXIS ANGLE



Lamda = c / (FRQ .* 1e9);   % WAVELENGTH

if (SELECTION == 1)

    DEQ = D2Lamda .* Lamda;

elseif (SELECTION == 2)

    D2Lamda = DEQ ./ Lamda;

end



MIN_DIAMETER = 0;               % MINIMUM DIAMETER

DB = 0;                         % Dpp

DA = 0;                         % Dgso



%%% FIND SEMI-MAJOR AXIS A AND SEMI-MINOR AXIS B

if (SHAPE == 2)

    %%% FIND NEW DA FOR CIRCULAR SHAPE

    DB = DEQ;

    DA = DB;

    MIN_DIAMETER = DB;

elseif (SHAPE == 3)

    %%% FIND NEW DA FOR ELLIPTICAL SHAPE

    DB = DEQ ./ sqrt(K);        % MINOR AXIS (PERPENDICULAR TO GSO PLANE)

    DA = K .* DB;               % MAJOR AXIS (GSO PLANE) 

    if (K > 1)

        MIN_DIAMETER = DB;

    else

        MIN_DIAMETER = DA;

    end

elseif (SHAPE == 4)

    %%% FIND NEW DA FOR DIAMOND SHAPE PATTERN

    DB = DEQ .* sqrt(pi ./ (2 .* K));

    DA = K .* DB;

    MIN_DIAMETER = DA .* cosd(atand(1 ./ K));

elseif (SHAPE == 5)

    %%% FIND NEW DA FOR RECTANGULAR SHAPE PATTERN

    DB = 0.5 .* DEQ .* sqrt(pi ./ K);

    DA = K .* DB;

    if (K > 1)

        MIN_DIAMETER = DB;

    else

        MIN_DIAMETER = DA;

    end

elseif (SHAPE == 6)

    %%% FIND NEW DA FOR HEXAGONAL (ACROSS CORNERS) PATTERN

    DB = (1/(3.^0.25)) .* sqrt(pi ./ 2) .* DEQ;

    DA = K .* DB;

    MIN_DIAMETER = DB;

elseif (SHAPE == 7)

    %%% FIND NEW DA FOR HEXAGONAL (ACROSS FLATS) PATTERN

    DB = (1/(3.^0.75)) .* sqrt(2 .* pi) .* DEQ;

    DA = K .* DB; 

    MIN_DIAMETER = DA;

end



disp(['DB =' num2str(DB) ' AND DA =' num2str(DA)]);

disp(['MIN DIAMETER =' num2str(MIN_DIAMETER)]);

disp(['MIN D/Lamda =' num2str(MIN_DIAMETER / Lamda)]);



if ((MIN_DIAMETER / Lamda) < 15)

    % RESET ALL PARAMETERS

    set(findobj(gcf, 'Tag', 'Frequency'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'Efficiency'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'ApertureShape'), 'Value', 1);

    set(findobj(gcf, 'Tag', 'KRatio'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'D2LamdaPick'), 'Value', 'default');

    set(findobj(gcf, 'Tag', 'D2Lamda'), 'String', 'default');

    set(findobj(gcf, 'Tag', 'DEQPick'), 'Value', 'default');

    set(findobj(gcf, 'Tag', 'DEQ'), 'String', 'default');

    Msg = {'MINIMUM D/Lamda MUST BE '; '>= 15 IN ALL DIRECTIONS'};

    errordlg(Msg);

else

    %%% CONVERT DA & DB TO SEMI AXES

    DA2Lamda = DA ./ Lamda;     % DIAMETER (GSO) TO LAMDA RATIO

    DB2Lamda = DB ./ Lamda;     % DIAMETER (PP GSO) TO LAMDA RATIO

    SA = 0.5 * DA;              

    SB = 0.5 * DB;              

    C = DA ./ DB;               % AXIS RATIO

    A = 0;                      % ASSUME GAIN ANGLE ON SEMI-MAJOR AXIS STARTS FROM 0 DEG

    B = 0;                      % ASSUME GAIN ANGLE ON SEMI-MINOR AXIS STARTS FROM 0 DEG



    %%% MAXIMUM GAIN

    Gmax_MAIN_BEAM = 10 .* log10(EFF .* (pi .* D2Lamda).^2);           

    

    disp(['Gmax = ' num2str(Gmax_MAIN_BEAM, '%8.2f') ' dBi.']);

    disp(['DEQ = ' num2str(DEQ) ' m.']);

    disp(['DA (GSO) = ' num2str(DA) ' m.']);

    disp(['DB (PP TO GSO) = ' num2str(DB) ' m.']);

    disp(['K Ratio = ' num2str(K)]);

    disp(['D2Lamda = ' num2str(D2Lamda)]);

    disp(['D2Lamda (GSO) = ' num2str(DA2Lamda)]);

    disp(['D2Lamda (PP TO GSO) = ' num2str(DB2Lamda)]);

    

    % NUMBER OF STEPS TO SPAN THROUGH A RANGE OF OFF-AXIS ANGLE

    iStep = SPAN ./ RES;

    

    G = zeros(iStep, 1);

    

    for i = 1: iStep

        A = (i - 1) .* RES;

        

        if (SHAPE == 2)

            [M1, M2, M3, M4] = CircularShape(A, SA, SB, RO);

        elseif (SHAPE == 3)

            [M1, M2, M3, M4] = EllipticalShape(A, SA, SB, RO);

        elseif (SHAPE == 4)

            [M1, M2, M3, M4] = DiamondShape(A, SA, SB, RO);

        elseif (SHAPE == 5)

            [M1, M2, M3, M4] = RectangularShape(A, SA, SB, RO);

        elseif (SHAPE == 6)

            [M1, M2, M3, M4] = HexagonalShapeAC(A, SA, SB, RO);

        elseif (SHAPE == 7)

            [M1, M2, M3, M4] = HexagonalShapeAF(A, SA, SB, RO);

        end

        

        D = M1;

        Xi(i) = M2;

        Yi(i) = M3;

        P(i) = M4;

        

        %%% ADJUST SIGNS OF EACH DATA POINT

        Xi(i) = AdjustSignX(RO, Xi(i));

        Yi(i) = AdjustSignY(RO, Yi(i));

        

        if (D == 0)

            G(i) = Gmax_MAIN_BEAM;

        else

            if (SLSELECTED ~= 3)

                G(i) = ESGainPattern(FRQ, D, P(i), RO);

            else

                G(i) = ESGainPatternRS(FRQ, D, P(i), RO);

            end

        end

    end

    

    x = RES: RES: SPAN;

    figure;

    hold on;

    plot(x, G, 'r-', 'LineWidth', 1);

    xlabel('OFF-AXIS ANGLE [DEG]');

    ylabel('GAIN [dB]');

    STR0 = 'TX';

    if (strcmp(TYPE, 'RX'));

        STR0 = 'RX';

    end

    STR1 = ['CROSS SECTION VIEW OF ES ANTENNA ' STR0 ' PATTERN (' ShapeStr{SHAPE - 1} ') AT ' num2str(RO) ' DEG'];

    STR2 = ['FREQ = ' num2str(FRQ) ' GHz, D/\lambda = ' num2str(D2Lamda, '%8.2f') ', K = ' num2str(K) ', \epsilon = ' num2str(100*EFF) '%, Gmax = ' num2str(Gmax_MAIN_BEAM, '%8.2f') ' dBi'];

    title({STR1; STR2});

    grid on;

    hold off;

end



function [D, Xi, Yi, P] = EllipticalShape(A, SA, SB, RO)

if (A == 0)

    %%% OFF-AXIS ANGLE IS ZERO

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    %%% ON ANYWHERE ELSE

    %%% DB/DA HAS THE SAME RATIO AS SB/SA, BOTH ARE CONSTANT.

    D = 2 .* abs(SB ./ sqrt(sind(RO).^2 + (SB ./ SA).^2 .* cosd(RO).^2));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = CircularShape(A, SA, SB, RO)

[D, Xi, Yi, P] = EllipticalShape(A, SA, SB, RO);



function [D, Xi, Yi, P] = DiamondShape(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    phi = atand(SB ./ SA);

    RO = mod(RO, 360);

    if (RO >= 0 & RO < 90)

        D = 2 .* SA .* sind(phi) ./ sind(180 - RO - phi);

    elseif (RO >= 90 & RO < 180)

        D = 2 .* SA .* sind(phi) ./ sind(RO - phi);

    elseif (RO >= 180 & RO < 270)

        D = 2 .* SA .* sind(phi) ./ sind(360 - RO - phi);

    elseif (RO >= 270 & RO < 360)

        D = 2 .* SA .* sind(phi) ./ sind(RO - 180 - phi);

    end

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = RectangularShape(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    phi = atand(SB ./ SA);

    RO = mod(RO, 360);

    R1 = phi;

    R2 = 180 - R1;

    R3 = 180 + R1;

    R4 = 360 - R1;

    if (RO < R1 | RO >= R4)

        D = 2 .* SA ./ cosd(RO);

    elseif (RO >= R1 & RO < R2)

        D = 2 .* SB ./ sind(RO);

    elseif (RO >= R2 & RO < R3)

        D = 2 .* SA ./ -cosd(RO);

    elseif (RO >= R3 & RO < R4)

        D = 2 .* SB ./ -sind(RO);

    end

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function [D, Xi, Yi, P] = HexagonalShapeAC(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    i = round(mod(RO, 360)/60 + 0.5);

    D = sqrt(3) .* SA ./ sind(120 - (RO - (i - 1) .* 60));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end

function [D, Xi, Yi, P] = HexagonalShapeAF(A, SA, SB, RO)

if (A == 0)

    D = 0;

    P = 0;

    Xi = 0;

    Yi = 0;

else

    i = round(mod(RO, 360)/60) + 1;

    D = sqrt(3) .* SA ./ abs(sind(90 - (RO - (i - 1) .* 60)));

    P = A;

    Xi = P .* cosd(RO);

    Yi = P .* sind(RO);

end



function X_out = AdjustSignX(RO, X_in)

%%% ADJUST SIGNS OF EACH DATA POINT

X_out = X_in;

if (RO > 90 & RO < 270 & X_in > 0)

    X_out = -X_in;

elseif (RO > 270 & X_in < 0)

    X_out = -X_in;

end



function Y_out = AdjustSignY(RO, Y_in)

%%% ADJUST SIGNS OF EACH DATA POINT

Y_out = Y_in;

if (RO > 0 & RO < 180 & Y_in < 0)

    Y_out = -Y_in;

elseif (RO > 180 & RO < 360 & Y_in > 0)

    Y_out = -Y_in;

end
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User instructions

		User Instructions

				The Worksheet is protected so that cells which are not input parameters cannot be inadvertently modified.

				There is no password required to remove protection if custom modifications need to be made.

		1.		If, upon opening the spreadsheet, '#NAME?' or '#VALUE!' appear in the calculated cells, do the following:

				Press the Ctrl + r to run the macro complete the calculations.

		2.		Ensure that the 'Iteration' is checked under Tools | Options| Calculation

		3.		Set 'Maximum Iterations' to 50 and 'Maximum Change' to 0.005.

		4.		All data input cells are shaded in pale yellow.

		5.		When changing the input parameters, the spreadsheet will recalculate if 'Calculation' is set to 'Automatic'.

		6.		On some computers, recalculation of the spreadsheet may take a minute or more.

		7.		If changing a number of input parameters, set the calculation to 'Manual' and press 'F9' when ready to recalculate.

		8.		Do not press any keys until all graphs have been redrawn.





Calculations

		Frequency		19.95		GHz

		Lamda		0.0150		m

		Deq/λ		39.93		ratio

		Deq		0.600		m

		Antenna Type		Transmit

		Efficiency		0.600		fraction < 1

		G_max		39.75		dBi

		Aperture Shape		Elliptical		←select one

		Side-lobe pattern		S.1855		←select one

		K (User Entered)		1.5		ratio

		K factor (calculated)		1.500		ratio

		D_gso		0.0000		m

		D_pp		0.0000		m

		Orthogonal Ratios

		Dgso/λ		0.00		ratio		0.0000

		Dpp/λ		0.00		ratio

		Deq/λ		39.93		ratio

		Key parameters in direction of interest

		Rotation Angle		0.0		degrees		0.0 ° rotation angle from GSO plane

		φmin		0.00		degrees		0.00

		D/λ		0.00		ratio

		SL_coeff		32		29		S.1855

		A		114		118.0

		z		-1.09		-1.060

		φmin=A(D/λ)z		0.00		0.00		0.00		0.00

		Phi		Gain (ML)		Vertical line		Rotation, ρ		D/λ		x		y		φmin °																				Side-lobe patterns

		(degrees)		(dBi)				(degrees)				(degrees)		(degrees)		(degrees)																				29-25logφ		32-25logφ

		0.01		0.00		0		0		0.00		0.00		0.00		0.00																				79.00		82.00

		0.05		0.00		0		5		0.00		0.00		0.00		0.00																				61.53		64.53

		0.1		0.00		0		10		0.00		0.00		0.00		0.00																				54.00		57.00

		0.15		0.00		0		15		0.00		0.00		0.00		0.00																				49.60		52.60

		0.2		0.00		0		20		0.00		0.00		0.00		0.00																				46.47		49.47

		0.25		0.00		0		25		0.00		0.00		0.00		0.00																				44.05		47.05

		0.3		0.00		0		30		0.00		0.00		0.00		0.00																				42.07		45.07

		0.35		0.00		0		35		0.00		0.00		0.00		0.00																				40.40		43.40

		0.4		0.00		0		40		0.00		0.00		0.00		0.00																				38.95		41.95

		0.45		0.00		0		45		0.00		0.00		0.00		0.00																				37.67		40.67

		0.5		0.00		0		50		0.00		0.00		0.00		0.00																				36.53		39.53

		0.55		0.00		0		55		0.00		0.00		0.00		0.00																				35.49		38.49

		0.6		0.00		0		60		0.00		0.00		0.00		0.00																				34.55		37.55

		0.65		0.00		0		65		0.00		0.00		0.00		0.00																				33.68		36.68

		0.7		0.00		0		70		0.00		0.00		0.00		0.00																				32.87		35.87

		0.75		0.00		0		75		0.00		0.00		0.00		0.00																				32.12		35.12

		0.8		0.00		0		80		0.00		0.00		0.00		0.00																				31.42		34.42

		0.85		0.00		0		85		0.00		0.00		0.00		0.00																				30.76		33.76

		0.9		0.00		0		90		0.00		0.00		0.00		0.00																				30.14		33.14

		0.95		0.00		0		95		0.00		0.00		0.00		0.00																				29.56		32.56

		1		0.00		0		100		0.00		0.00		0.00		0.00																				29.00		32.00

		1.05		0.00		0		105		0.00		0.00		0.00		0.00																				28.47		31.47

		1.1		0.00		0		110		0.00		0.00		0.00		0.00																				27.97		30.97

		1.15		0.00		0		115		0.00		0.00		0.00		0.00																				27.48		30.48

		1.2		0.00		0		120		0.00		0.00		0.00		0.00																				27.02		30.02

		1.25		0.00		0		125		0.00		0.00		0.00		0.00																				26.58		29.58

		1.3		0.00		0		130		0.00		0.00		0.00		0.00																				26.15		29.15

		1.35		0.00		0		135		0.00		0.00		0.00		0.00																				25.74		28.74

		1.4		0.00		0		140		0.00		0.00		0.00		0.00																				25.35		28.35

		1.45		0.00		0		145		0.00		0.00		0.00		0.00																				24.97		27.97

		1.5		0.00		0		150		0.00		0.00		0.00		0.00																				24.60		27.60

		1.55		0.00		0		155		0.00		0.00		0.00		0.00																				24.24		27.24

		1.6		0.00		0		160		0.00		0.00		0.00		0.00																				23.90		26.90

		1.65		0.00		0		165		0.00		0.00		0.00		0.00																				23.56		26.56

		1.7		0.00		0		170		0.00		0.00		0.00		0.00																				23.24		26.24

		1.75		0.00		0		175		0.00		0.00		0.00		0.00																				22.92		25.92

		1.8		0.00		0		180		0.00		0.00		0.00		0.00																				22.62		25.62

		1.85		0.00		0		185		0.00		0.00		0.00		0.00																				22.32		25.32

		1.9		0.00		0		190		0.00		0.00		0.00		0.00																				22.03		25.03

		1.95		0.00		0		195		0.00		0.00		0.00		0.00																				21.75		24.75

		2		0.00		0		200		0.00		0.00		0.00		0.00																				21.47		24.47

		2.05		0.00		0		205		0.00		0.00		0.00		0.00																				21.21		24.21

		2.1		0.00		0		210		0.00		0.00		0.00		0.00																				20.94		23.94

		2.15		0.00		0		215		0.00		0.00		0.00		0.00																				20.69		23.69

		2.2		0.00		0		220		0.00		0.00		0.00		0.00																				20.44		23.44

		2.25		0.00		0		225		0.00		0.00		0.00		0.00																				20.20		23.20

		2.3		0.00		0		230		0.00		0.00		0.00		0.00																				19.96		22.96

		2.35		0.00		0		235		0.00		0.00		0.00		0.00																				19.72		22.72

		2.4		0.00		0		240		0.00		0.00		0.00		0.00																				19.49		22.49

		2.45		0.00		0		245		0.00		0.00		0.00		0.00																				19.27		22.27

		2.5		0.00		0		250		0.00		0.00		0.00		0.00																				19.05		22.05

		2.501		0.00		0		250		0.00		0.00		0.00		0.00																				19.05		22.05

		2.55		0.00		0		255		0.00		0.00		0.00		0.00																				18.84		21.84

		2.6		0.00		0		260		0.00		0.00		0.00		0.00																				18.63		21.63

		2.65		0.00		0		265		0.00		0.00		0.00		0.00																				18.42		21.42

		2.7		0.00		0		270		0.00		0.00		0.00		0.00																				18.22		21.22

		2.75		0.00		0		275		0.00		0.00		0.00		0.00																				18.02		21.02

		2.8		0.00		0		280		0.00		0.00		0.00		0.00																				17.82		20.82

		2.85		0.00		0		285		0.00		0.00		0.00		0.00																				17.63		20.63

		2.9		0.00		0		290		0.00		0.00		0.00		0.00																				17.44		20.44

		2.95		0.00		0		295		0.00		0.00		0.00		0.00																				17.25		20.25

		3		0.00		0		300		0.00		0.00		0.00		0.00																				17.07		20.07

		3.05		0.00		0		305		0.00		0.00		0.00		0.00																				16.89		19.89

		3.1		0.00		0		310		0.00		0.00		0.00		0.00																				16.72		19.72

		3.15		0.00		0		315		0.00		0.00		0.00		0.00																				16.54		19.54

		3.2		0.00		0		320		0.00		0.00		0.00		0.00																				16.37		19.37

		3.25		0.00		0		325		0.00		0.00		0.00		0.00																				16.20		19.20

		3.3		0.00		0		330		0.00		0.00		0.00		0.00																				16.04		19.04

		3.35		0.00		0		335		0.00		0.00		0.00		0.00																				15.87		18.87

		3.4		0.00		0		340		0.00		0.00		0.00		0.00																				15.71		18.71

		3.45		0.00		0		345		0.00		0.00		0.00		0.00																				15.55		18.55

		3.5		0.00		0		350		0.00		0.00		0.00		0.00																				15.40		18.40

		3.55		0.00		0		355		0.00		0.00		0.00		0.00																				15.24		18.24

		3.6		0.00		0		360		0.00		0.00		0.00		0.00																				15.09		18.09

		3.65		0.00		0		Rotation, ρ		D/λ		x		y		0.000																				14.94		17.94

		3.7		0.00		0		0		0.00		0.000		0.000		0.000																				14.79		17.79

		3.75		0.00		0		Min. D/λ		0.00		0																								14.65		17.65

		3.8		0.00		0																														14.51		17.51

		3.85		0.00		0																														14.36		17.36

		3.9		0.00		0																														14.22		17.22

		3.95		0.00		0																														14.09		17.09

		4		0.00		0																														13.95		16.95

		4.05		0.00		0																														13.81		16.81

		4.1		0.00		0																														13.68		16.68

		4.15		0.00		0																														13.55		16.55

		4.2		0.00		0																														13.42		16.42

		4.25		0.00		0																														13.29		16.29

		4.3		0.00		0																														13.16		16.16

		4.35		0.00		0																														13.04		16.04

		4.4		0.00		0																														12.91		15.91

		4.45		0.00		0																														12.79		15.79

		4.5		0.00		0																														12.67		15.67

		4.55		0.00		0																														12.55		15.55

		4.6		0.00		0																														12.43		15.43

		4.65		0.00		0																														12.31		15.31

		4.7		0.00		0																														12.20		15.20

		4.75		0.00		0																														12.08		15.08

		4.8		0.00		0																														11.97		14.97

		4.85		0.00		0																														11.86		14.86

		4.9		0.00		0																														11.75		14.75

		4.95		0.00		0																														11.63		14.63

		5		0.00		0																														11.53		14.53

		5.05		0.00		0																														11.42		14.42

		5.1		0.00		0																														11.31		14.31

		5.15		0.00		0																														11.20		14.20

		5.2		0.00		0																														11.10		14.10

		5.25		0.00		0																														11.00		14.00

		5.3		0.00		0																														10.89		13.89

		5.35		0.00		0																														10.79		13.79

		5.4		0.00		0																														10.69		13.69

		5.45		0.00		0																														10.59		13.59

		5.5		0.00		0																														10.49		13.49

		5.55		0.00		0																														10.39		13.39

		5.6		0.00		0																														10.30		13.30

		5.65		0.00		0																														10.20		13.20

		5.7		0.00		0																														10.10		13.10

		5.75		0.00		0																														10.01		13.01

		5.8		0.00		0																														9.91		12.91

		5.85		0.00		0																														9.82		12.82

		5.9		0.00		0																														9.73		12.73

		5.95		0.00		0																														9.64		12.64

		6		0.00		0																														9.55		12.55

		6.05		0.00		0																														9.46		12.46

		6.1		0.00		0																														9.37		12.37

		6.15		0.00		0																														9.28		12.28

		6.2		0.00		0																														9.19		12.19

		6.25		0.00		0																														9.10		12.10

		6.3		0.00		0																														9.02		12.02

		6.35		0.00		0																														8.93		11.93

		6.4		0.00		0																														8.85		11.85

		6.45		0.00		0																														8.76		11.76

		6.5		0.00		0																														8.68		11.68

		6.55		0.00		0																														8.59		11.59

		6.6		0.00		0																														8.51		11.51

		6.65		0.00		0																														8.43		11.43

		6.7		0.00		0																														8.35		11.35
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0.0 ° rotation angle from GSO plane

#NAME?

"29-25log(phi)"

"32-25log(phi)"

Off-axis angle from antenna boresight in plane passing through boresight and angle of rotation from GSO plane (degrees)

Gain relative to isotropic (dBi)

Antenna pattern envelope including main beam



		



y

Displacement from antenna boresight (degrees) (+E/-W)

Elevation angle relative to GSO plane (degrees)

Demarcation of minimum value of φ



		



(degrees)

Angle of rotation counterclockwise from GSO plane (degrees)

jmin(degrees)

jmin as a function of rotation angle



		Shape		ES Pattern		Emitter/Receiver

		Circular		S.465		Transmit

		Elliptical		S.1855		Receive

		Diamond		S.1855_Circ_Sym

		Rectangular

		HexagonAC

		HexagonAF



Value entered is ignored and set to 1 if antenna shape is circular or a pre-determined value is shape is hexagonal.
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User manual for visualization of antenna radiation pattern envelope


This spreadsheet models both the main-lobe and side-lobe radiation pattern envelopes (RPEs) for antennas whose RPE conforms to either ITU-R Rec. S.465-6 or ITU-R Rec. S.1855.  The special case a circular antenna in which the side-lobe performance is the same at all angles of rotation (0° ≤ φ < 360°) is indicated by the pattern named “S.1855_Circ_Sym”. For each antenna radiation pattern envelope (RPE) to be modeled, the following data are required:



Frequency of operation (f in GHz):




This parameter is required to establish that the RPE is valid at the frequency for which the pattern is generated.  Additionally, the frequency is necessary to calculate the wavelength (λ) to enable the antenna’s equivalent diameter to be calculated from the key parameter (D/λ).  In the case of this RPE, 2 ( f ( 31.


Antenna aperture efficiency (η as a ratio):



This parameter affects the maximum gain and the “width” of the main beam.  Typically 0.5 ( η ( 0.75, though any value 0 < η < 1 is possible.


Diameter-to-wavelength (D/λ as a ratio):



D/λ is used as an input parameter to calculate the antenna’s equivalent diameter (Deq) knowing 
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 where c is the speed of light 2.99792458 x 108 m/s.



Antenna shape



One of six possible shapes: Circular, Elliptical, Rectangular, Elliptical, Hexagonal (A/C) or Hexagonal (A/F).  The Hexagonal (A/C) antenna is aligned with the GSO axis “across corners”.  The Hexagonal (A/F) antenna is aligned with the GSO axis “across flats”.  The six listed shapes are examples of shapes that an antenna may have.  The shape input parameter is simply for illustrative purposes.  For simplicity, it is assumed that the projected physical aperture along the boresight has the following symmetries: 



1) about the axis which is in the GSO plane and perpendicular to the antenna boresight, and 



2) about the axis which is perpendicular to both the axis referred to in (1) and the boresight axis.



K factor


K is the ratio of the dimension of the projection of the physical aperture in the GSO plane (A) to the dimension of the projection of the physical aperture perpendicular to the GSO plane (B).  Typically A ≥ B.  K is specified only in the case of elliptical, diamond or rectangular antennas.  In the case of a circular antenna, K = 1.  In the case of either of the two hexagonal antennas, K is predetermined by the shape and orientation of the antenna.



Table 1: Possible antenna shapes and their physical attributes


			Shape


			Diagram of physical aperture projected along the antenna boresight


			Area


			Deq


			K
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			Rectangular
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			Hexagon (A/C)
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			Hexagon (A/F)
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� All antenna dimensions are assumed to be the projected physical aperture along the antenna boresight.  All dimensions illustrated in Table 1 are of the projected physical aperture along the antenna boresight.
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