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Committee in support of industry standards development for the 3.5 GHz Citizens Broadband Radio Service. This 

paper is not an FCC proposal or requirement. The views expressed in this paper are those of the authors and may 

not necessarily represent the views of the Federal Communications Commission. 
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Background and Overview 

Spectrum management in frequency bands shared between fixed satellite service (FSS) earth stations and 

fixed terrestrial radios may require the calculation of terrestrial emitter RF power at the input of an earth 

station receiver to ensure the earth station interference threshold is not exceeded. The potential received 

interference power from terrestrial emitters will depend, in part, on the gain of the FSS earth station 

antenna in the direction of the terrestrial emitter. In general, §25.209 of the Commission’s rules specifies 

maximum earth station antenna gain for several frequency bands, however the rules do not specify how to 

calculate the antenna gain limits in a specific direction from the earth station. This document presents 

three methods for consideration in computing earth station antenna gain limits that are subject to and 

derived from §25.209 limits. The calculations in this document focus on the spectrum sharing requirements 

in the Part 96 rules for the 3.5 GHz band, and the methods should be generally applicable to other 

frequency bands shared between FSS earth stations and fixed terrestrial radios. 

Spectrum sharing in the 3.5 GHz band requires commercial users (priority access and general authorized 

access) under Part 96 to protect existing FSS earth stations as stated in §96.17. The calculations of 

interference power from terrestrial Citizens Band Service Devices (CBSDs) to an FSS earth station requires 

the use of a reference antenna system specified in §96.17. The antenna gain limits of the earth station 

reference antenna are specified in 25.209(a)(1) and 25.209(a)(4) of the Commission’s rules as shown and 

stated in Figure 1. Given a prospective location of a CBSD, the location of the earth station, and the GSO 

satellite to which the earth station antenna is pointing, Spectrum Access System (SAS)1 operators will be 

required to calculate the aggregate interference power at the input of the earth station receiver, to ensure 

that the aggregate interference threshold is not exceeded. 

While the Commission’s Part 96 rules specify the earth station interference threshold and the reference 

antenna system, the rules do not specify a method for calculating the earth station antenna gain for CBSD 

positions at angles that are not in the perpendicular or tangent planes. At small angular offsets from the 

earth station antenna boresight, CBSD transmitters will have a much greater interference effect (high earth 

station antenna gain) compared to CBSD transmitters at high angular offsets from earth station antenna 

boresight direction (low antenna gain). The relative power difference can be as much 1,000 times or more 

(> 30 dB), so it is important that SAS operators perform interference calculations using consistent 

calculations of earth station antenna gain.  

Alternative industry approaches to these calculations may be applied, and this document offers three 

methods for consideration, given the location of a terrestrial radio, the location of an FSS earth station and 

the GSO satellite position to which the earth station antenna is pointing. Comparing the results of different 

methods offers the value of a) cross-checking the results of each implementation for a common set of 

inputs, to ensure that the calculations are correct, b) describing different mathematical approaches where 

different readers may find one approach to be more understandable than others, and c) presenting 

alternative formulas and calculation methods for industry consideration in SAS operational software 

development and testing. Each of the methods are closed form calculations that do not require iterative 

methods (e.g., Vincenty method).2 

                                                           
1 SAS is a system that authorizes and manages use of spectrum for the Citizens Broadband Radio Service. 
2 See, https://webgis.wr.usgs.gov/pigwad/docs/Geodesic_Tools_Manual.pdf 



FCC / OET TM 17-01 
 

3 | P a g e  
 

 

 

 

Figure 1 – Earth station antenna gain limits in GSO arc planes 
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Earth Station Antenna Gain Calculation Overview 

The following overview highlights the calculation logic of the three methods, where the nature and 

sequence of the overview description follows the sequence of calculations presented in Method 1. The 

three methods produce the same results but are mathematically performed differently. The commonality 

and differences between the three methods include such issues as; the use of different types of coordinate 

systems (earth-centered Cartesian, spherical, polar, etc.), the manner of translating vectors between 

coordinate systems, the use (or not) of vector and/or coordinate frame rotations, the use (or not) of vector 

dot products, and the use (or not) of commonly used trigonometric formulas used in satellite engineering 

and spherical earth navigation and surveillance analysis. All three of the methods assume that the FSS gain 

limits at angles between the GSO arc perpendicular and tangent planes form an ellipse, with vertices from 

the tables in §25.209(a)(1) and §25.209(a)(4). All three methods account for the polarization angle (skew) 

of the FSS antenna.3 Parameter labels (and coordinate system naming) have not been unified between the 

three method descriptions. 

In summary, the problem, inputs, and calculation are as follows: 

Problem: 

Calculate the FSS antenna gain limit toward a CBSD 

 Per §96.17 (Protection of Existing FSS Earth Stations), which references, 

 §25.209(a)(1) [plane tangent to GSO arc] and §25.209(a)(4) [plane perpendicular to GSO arc] 

Inputs: 

 Location of 

 FSS earth station (Latitude, Longitude, Height above sea level) 

 CBSD (Latitude, Longitude, Height above sea level) 

 Satellite (GSO Longitude) 
 

Calculate: 

Angle θ between 

 Boresight of FSS earth station antenna (toward GSO satellite), and, 

 Vector from earth station to CBSD 
 

Determine the gain limit in the GSO arc perpendicular plane 

 Using the angle above, by 

 Using the formula in §25.209(a)(4) 

If the angle θ is > 9.2°, 

 The calculated gain limit from either §25.209(a)(1) or §25.209(a)(4) answers the problem. 

                                                           
3 See Satellite Communications Systems; Fifth edition, G. Maral and M. Bosquet, 2009 Wiley and Sons; Section 8.3.5, 
Pointing angles of an earth station antenna, Sec. 8.3.5.2, for definition of polarization angle (skew). See Figure 2. 
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 i.e., at angles θ > 9.2°, the earth station antenna gain limit is concentric around the boresight 

(circular). 

If the angle θ is <= 9.2°, the gain limits in §25.209(a)(1) and §25.209(a)(4) may differ by up to 3 dB; 

then, 

 Assume the gain limit at angles between the planes perpendicular and tangent to the GSO arc 

forms an ellipse, 

 With vertices A and B: 

o A = Gain limit from §25.209(a)(1), and 

o B = Gain limit from §25.209(a)(4) 

 The gain limit toward the CBSD is calculated based on: 

o The angle of the CBSD vector between the two planes, which requires calculation of, 

 The polarization angle (or skew) of the GSO arc planes from the local vertical & 

horizon 

 

Software Implementation of Each Calculation Method and Test Matrix4 

Excel spreadsheet is attached to this PDF file 

Excel Sheets 

“Studies” sheet   [Input and output data of all three methods; comparison of results] 

“Method 1 calculations” sheet [Method 1 input and output computation data] 

“Method 2 calculations” sheet [Method 2 input and output computation data] 

“Method 3 calculations” sheet [Method 3 input and output computation data] 

“Create Matrix for Studies” sheet [Input parameters for creating a matrix of terrestrial 

stations around an FSS earth station] 

Visual Basic Modules 

Calculate [Visual Basic for Applications (VBA) control procedure that creates a matrix of 

multiple terrestrial stations from parameters in the “Create Matrix for Studies” 

sheet; sets the input parameters for Methods 1 and 2, and executes the Method 3 

VBA routines in Module 3; copies results of all three methods to “Studies” sheet] 

 Module 3 [VBA module with Method 3 computations] 

Macros 

 ComputeESGain [Method 3 calculation procedures in “Module 3”] 

 IterateStations  [The VBA control ‘sub’ procedure in the “Calculate” module] 

                                                           
4 Note: For a given earth station and a given satellite, the azimuth, elevation, and skew only need to be computed 
once. For simplicity of implementation here, these computations are repeated for each CBSD location. 
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Quick Start Guide to Excel / VBA Calculations 

Each calculation method (Method 1, Method 2, and Method 3) can be executed individually, or all three 

executed simultaneously using an input matrix of multiple CBSD locations.5 Input fields are highlighted in 

yellow, and outputs are highlighted in green. 

 Individually, given the location of an earth station, GSO satellite longitude, and CBSD location; 

o User inputs the location parameters highlighted in the yellow fields: 

 Method 1 => “Method 1 calculations” sheet 

 Method 2 => “Method 2 calculations” sheet 

 Method 3 => “Method 3 calculations” sheet 

o Calculated results are shown in the highlighted green fields in each respective Excel sheet 

 Method 1 and 2 routines are written in Excel, and they execute immediately when the 

input parameters are entered, with the results shown in the green fields. 

 Method 3 is a Visual Basic routine that runs when the “ComputeESGain” macro routine 

is executed, with results shown in the “Method 3 calculations” sheet in green. 

 To execute Method 3 calculations: 

o Enter input parameters (yellow) in the “Method 3 data” sheet 

o Click the “Run Method 3” button in the “Method 3 data” sheet 

o Calculated results are shown in green 

 (or, all three methods executed) Simultaneously, given a matrix of multiple CBSD locations (created in 

the “Studies” sheet), for a given earth station and GSO longitude. The matrix is created by the VBA 

macro “IterateStations”, using relative azimuth, distance, and height parameters in the “Create Matrix 

for Studies” sheet. The calculated results of all three methods are written in the “Studies” sheet, along 

with the input parameters, for each CBSD location. 

o User enters location parameters in the “Create Matrix for Studies” sheet (yellow fields) 

 Earth station location and GSO satellite longitude (left side of the sheet) 

 Multiple CBSD location parameters (right side of the sheet) 

 Azimuth angles relative to the earth station pointing azimuth (Col. M) 

 Vector of distances from the earth station, for each azimuth angle (Col. N) 

 Vector of heights, above / below earth station height, for each azimuth angle 

and distance (Col. O) 

 Note: The number of parameters in each dimension is variable; the first blank 

entry in each column denotes the end of the parameter list in that column 

o Click the “Run Studies” button in the “Create Matrix for Studies” sheet 

 Calculated results are shown in the “Studies” sheet, along with the calculated 

differences in polarization and gain between each method. 

  

                                                           
5 Excel Macros should be enabled (File -> Options -> Trust Center -> Trust Center Settings -> Macro Settings -> (check) 
Enable all macros -> OK. 
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METHOD 1 

 

Outline of calculation method: 

This method uses textbook formulas for calculating the azimuth / elevation angles and vectors toward the 

satellite, and the CBSD, in the local earth station coordinate system. This is followed by a rotation of the 

local earth station axes based on the satellite skew angle, to determine the direction of the CBSD and the 

gain of the earth station, relative to the GSO arc perpendicular and tangent planes around the earth station 

boresight. 

A. Calculate the angle (EC)6 between the boresight of the Earth station antenna and a vector in the 

direction of the CBSD, using a local horizon plane reference.7 If that angle is greater than 9.2°, the 

gain limit toward the CBSD is the value taken from either §25.209(a)(1) or §25.209(a)(4) for that 

angle. For angles greater than 9.2°, the earth station antenna gain limit is concentric around the 

earth station antenna boresight (circular); that is, the gain is independent of the rotation of the 

polarization plane around the antenna boresight (the antenna boresight axis is common to both the 

GSO arch tangent plane and the GSO arc perpendicular plane).  

 

B. This step is needed If the angle (EC) between the earth station boresight and the CBSD is less than 

or equal to 9.2°; the orientation of the GSO arc reference planes need to be accounted for in the 

calculation, because there can be up to a 3 dB difference in the earth station gain limit for a small 

angle in the perpendicular plane compared to the same angle in the tangent plane. For EC <= 9.2°: 

1. Rotate the axes of the earth centered local horizon plane to align with the earth station 

boresight and the tangent plane of the GSO arc. This new frame of reference is earth station 

antenna centered, with the X’ axis toward the satellite, X’-Y’ plane tangent to the GSO arc, and 

X’-Z’ plane perpendicular to the GSO arc.  

2. Project the vector C (toward the CBSD) into this new reference frame and calculate the earth 

station antenna gain limit toward the CBSD from its angular offset between the two GSO arc 

planes.8 

 

                                                           
6 In Figure 1, EC is the angle between the lines labeled “Vector from Earth Station to Satellite” and “Vector from Earth 
Station to CBSD Station”. 
7 At the FSS earth station antenna; X-axis toward true North, Y-axis East, Z-axis toward the center of the earth 
(spherical earth, right handed coordinate system). 
8 Assume the antenna gain for a given angle EC forms an ellipse around the boresight axis. Figure 5 shows a diagram of 
the ellipse and the gain values in the Y’-Z’ plane, where the vertices of the ellipse are the values G(@EC)§25.209(a)(1) on 
the Y’ axis in the GSO tangent plane, and G(@EC)§25.209(a)(4) on the Z’ axis in the GSO perpendicular plane. The 
calculated gain toward the CBSD will be between these two values, depending on the angular offset between the GSO 
arc planes, which is the angular rotation of these planes around the earth station boresight axis. 
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Calculation algorithm and formulas in more detail: 

A. Calculate the angle (EC) between the earth station boresight and the CBSD direction, and calculate 

the earth station gain toward CBSD from §25.209(a)(1) and §25.209(a)(4). If EC > 9.2°, the gain in 

both planes are the same and this gain equals the gain, GC/E, toward the CBSD. 

a. Calculate the FSS earth station azimuth and elevation angle (in the local horizon plane) 

toward the GSO satellite; “A” and “E” in Figure 2.9  

i. Azimuth A (degrees) = EGSO-Az
10  

 180° – a (satellite east of earth station) 

 180° + a (satellite west of earth station) 

 a = arctan(tan L / sin l) 

o L is the absolute value of the difference between the longitude of 

the earth station and longitude of the satellite 

o l is the latitude of the earth station 

ii. Elevation angle E (degrees) = EGSO-El 

 EGSO-El = arctan[ (cos φ – RE / (RE + RO))/(1-cos2φ)1/2] 

 cos φ = cos l cos L 

 RE = Earth radius = 6,378 km 

                                                           
9 Satellite Communications Systems; Fifth edition, G. Maral and M. Bosquet; Section 8.3.5, Pointing angles of an earth 
station antenna (see Figure 2); Note, the vector E (“Vector from Earth Station to Satellite”), and components EGSO-Az 
and EGSO-El, are terms used in the Excel “Method 1 calculations” sheet. 
10 In the northern hemisphere. 

Figure 2 – Method #1 – Earth Station Pointing Angles 
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 RO = Satellite altitude (above sea level) = 35,786 km 

iii. Vector E(x,y,z) = E(cos (EGSO-Az), sin (EGSO-Az), - sin (EGSO-El)); earth station boresight 

toward GSO satellite (see “Method 1 Calculations” Excel sheet). 

b. Calculate the azimuth and elevation angle in the direction of the CBSD antenna (at location 

“S”) from the FSS earth station antenna (at location “U”). This is vector C (“Vector from 

Earth Station to CBSD Station”) in the local horizon plane. From Geyer, Section 4.2, The 

Indirect Problem of Geodesy,11 

i. Azimuth (CAz)12 =  

 arctan { cos(LS)sin(λS – λU)/[sin(LS)cos(LU) - cos(LS)sin(LU)cos(λS – λU)] } 

 L is the latitude of the CBSD antenna at location “S” and the earth station 

antenna at location “U”13 

 λ is the longitude of the CBSD antenna at location “S” and the earth station 

antenna at location “U” 

ii. Elevation angle (CEl) = the inverse cosine (minus 90°) of the angle between the line 

from the FSS earth station to the CBSD and the line from the earth station to the 

center of the earth. This follows from the law of cosines; see Figure 3.  

CEl = 

 arccos { (DC/E
2 + C2 – B2) / 2 DC/E C} - 90° 

o DC/E – Distance between CBSD “C” at location “S” and FSS earth 

station “E” at location “U” 

 DC/E = Geocentric angle θ (radians) between “S” and “U” 

multiplied by the radius of the earth 

 DC/E = (θrad) x RE 

 RE = Earth radius = 6,378 km 

 θ = arccos { cos(LU)cos(LS)cos(λU-λS)+sin(LU)sin(LS) }14 

o C = RE + HE 

 HE – Mean sea level height of the FSS earth station antenna 

o B = RE + HC 

 HC – Mean sea level height of the CBSD antenna 

iii. Vector C(x,y,z) = C(cos (CAz), sin (CAz), - sin (CEl)); vector from earth station toward 

the CBSD (see “Method 1 Calculations” Excel sheet). 

c. Calculate the angle, EC, between vectors E and C. 

i. EC=arccos (E · C / {||E|| * ||C||}) 15 

 EC=arccos { [(Ex)(Cx)+(Ey)(Cy)+(Ez)(Cz)] / [(Ex
2+Ey

2+Ez
2)1/2 x (Cx

2+Cy
2+Cz

2)1/2] } 

 EC=arccos { 

                                                           
11 Aircraft Navigation and Surveillance Analysis for a Spherical Earth, M. Geyer, October 2014, DOT-VNTSC-FAA-15-01, 
Federal Aviation Administration; Section 4.2, Indirect Problem of Geodesy. 
12 Equation 70, page 43, Section 4.2.2 Computing the Azimuth Angles of the Connecting Arc, DOT-VNTSC-FAA-15-01 
13 The letter “L” in Maral and Bousquet is the difference in longitude, whereas in Geyer, the letter “L” denotes latitude.  
14 Equation 62, page 41, Section 4.2.2 Computing the Azimuth Angles of the Connecting Arc, DOT-VNTSC-FAA-15-01 
15 From the definition of the dot product of two Euclidean vectors, the cosine of the angle between two vectors equals 
the ratio of the dot product of the two vectors divided by the magnitudes of the two vectors; a · b = ||a|| x ||b|| cos 
θ, where θ is the angle between vectors a and b, and ||a|| is the magnitude of vector a and ||b|| is the magnitude of 
vector b. 
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(cos(EGSO-Az)cos (CAz) + sin(EGSO-Az)sin(CAz) + sin(EGSO-El)sin(CEl)) / 

(cos2(EGSO-Az) + sin2(EGSO-Az) + sin2(EGSO-El))1/2 / 

(cos2(CAz) + sin2(CAz) + sin2(CEl))1/2 

} 

ii. Use the tables in §25.209(a) to determine the FSS antenna gain limit in the GSO arc 

tangent plane (§25.209(a)(1)) and the GSO arc perpendicular plane (§25.209(a)(4)). 

If EC is greater than 9.2°, the gain limits in both planes are the same, and the value 

from either table is the gain toward the CBSD, GC/E, at angle EC from the FSS earth 

station antenna boresight. The computation is DONE. If EC is less than or equal to 

9.2°, step B below is performed to calculate the gain limit, based on the 

polarization angle (or skew) of the GSO arc tangent and perpendicular planes 

around the axis of the FSS antenna boresight. As shown in Maral and Bousquet, 

Section 8.3.5.2 Polarization angle, the polarization angle is a function of the earth 

station latitude and the difference in longitude of the earth station relative to that 

of the satellite. See Figures 2 and 4. 

 

B. For CBSD angles to the earth station boresight (EC) less than or equal to 9.2°, calculate the FSS 

earth station antenna gain limit toward the CBSD, GC/E, based on the GSO tangent plane and 

perpendicular plane gain limits determined immediately above (A.c.ii). In general, for angular 

offsets (EC) <= 9.2°, the gain toward the CBSD will be a value between the gain limit in the 

perpendicular plane and the gain limit in the tangent plane. The gain value between these two 

limits will depend on the angular rotational position of vector C, relative to the two GSO arc planes 

around the boresight axis of the earth station. 

 

Vector C (toward the CBSD) and vector E (the earth station boresight axis) were calculated in Step A 

above, within a local horizon {x, y, z} coordinate system where the X-axis points toward true North, 

Y-axis East, and the Z-axis toward the center of the earth (spherical earth, right handed coordinate 

system). There are two unknowns, 1) the angular offset of vector C relative to the GSO arc planes, 

after accounting for the rotational skew of the GSO arc planes around the earth station boresight 

axis (this axis is vector E), and 2) the variation in earth station gain limits at rotational angles 

between the two GSO arc planes. For a given absolute angle between C and E, solving these two 

unknowns will solve the question of the gain limit toward the CBSD, GC/E. 

 

The axes of the local horizon plane are rotated to form a new coordinate system that includes the 

GSO arc tangent and perpendicular planes (Step 1 below). Within this new coordinate system, the 

variation in earth station gain limits between the two GSO arc planes is used to calculate the gain 

limit toward the CBSD (Step 2 below). In this second step, the gain limits in the GSO arc tangent 

plane and perpendicular plane are shown in §25.209(a)(1) and §25.209(a)(4), respectively. For 

rotational positions between these two planes, the gain limit can be assumed to scribe an ellipse 

relative to the two GSO arc planes. This is shown in Figure 5, where the y’-axis is in the tangent 

plane and the z’-axis is in the perpendicular plane, and the vertices, A and B, are the gain values 

derived from §25.209(a)(1) and §25.209(a)(4). A = G(a)(1)(θ=EC) is the gain in the tangent plane in 

§25.209(a)(1) for θ=EC, and B = G(a)(4)(θ=EC) is the gain in the perpendicular plane in §25.209(a)(4) 
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for θ=EC. For angles between the y’-axis and z’-axis in Figure 5, the gain will be the length of a 

vector from the origin to the point on the ellipse. Performing this calculation requires knowledge of 

the components of vector C in a coordinate system that includes the two GSO arc planes. 

 

Step 1: rotate the axes of the earth centered local horizon plane to align with the earth station 

boresight and the tangent plane of the GSO arc. This is done by: 

 

1. Rotating the local horizon {x, y, z} axes in three dimensions to coincide with the earth 

station boresight axis (x’), the GSO arc tangent plane (x’-y’) and the GSO arc perpendicular 

plane (x’-z’). 

a. The x-axis is rotated clockwise around the z-axis by the “azimuth” of the GSO 

satellite from the earth station (EGSO-Az)16 

b. This axis is then rotated clockwise around the y-axis by the “elevation” angle of the 

GSO satellite from the earth station (EGSO-El)17 

c. This axis is then rotated clockwise around itself (the x-axis) by the “skew”, or 

polarization angle of the GSO satellite from the earth station. The polarization 

angle is given in Maral / Bousquet, Section 8.3.5.2, Polarization angle, Eq.  8.22 c: 

 Ψ = arctan(sin L / tan l) 

o L is the difference between the longitude of the earth station and 

longitude of the satellite 

o l is the latitude of the earth station 

d. The three rotations can be depicted in one rotation matrix, calculated from the 

three axes rotations using matrix multiplication 

 R’ = RX(Ψ) RY(ω) RZ(μ) 18 

 Where: ω = EGSO-El and μ = EGSO-Az 

Rx(Ψ) = (
1 0 0
0 cos 𝛹 sin 𝛹
0 − sin 𝛹 cos 𝛹

) 

Ry(ω) = (
cos 𝜔 0 − sin 𝜔

0 1 0
sin 𝜔 0 cos 𝜔

) 

Rz(μ) = (
cos 𝜇 sin 𝜇 0

− sin 𝜇 cos 𝜇 0
0 0 1

) 

 

Step 2: project the vector C toward the CBSD into the new reference frame to calculate the earth 

station antenna gain limit toward the CBSD. 

 

1. C’ = R’ C 

                                                           
16 Calculated in A.a.i. 
17 Calculate in A.a.ii. 
18 https://en.wikipedia.org/wiki/Rotation_matrix 
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2. The angle EC was calculated in Step A, and this angle determines the gain values in the GSO 

arc planes, which are the vertices of an ellipse in Figure 5. The gain limit toward the CBSD 

will be the length of a vector in Figure 5 with the same angular rotation as vector C’ 

(toward the CBSD). The projection of vector C in the new earth-station-antenna-centered 

{x’, y’, z’} coordinate system will show the rotational position of vector C relative to the 

GSO arc planes, by the values C’y’ and C’z’. The rotational angle Δ in Figure 5 is the 

arctangent of C’y’/ C’z’.  

a. Δ = arctan (C’y’/ C’z’) 

3. The equation of an ellipse, with vertices A = G(a)(1)(θ=EC) and B = G(a)(4)(θ=EC), is used to 

calculate the gain, GC/E(Δ), toward the CBSD. The equation of an ellipse is (y’/A)2 + (z’/B)2 = 

1; or equivalently, z’(Δ) = B cos(Δ) and y’(Δ) = A sin(Δ).19 Figure 5 shows the gain in polar 

coordinates with the angle Δ measured from the major axis. The ellipse’s equation is 

GC/E(Δ) = A * B / [A2sin2(Δ) + B2cos2(Δ)]1/2. 

a. A = G(a)(1)(θ=EC)  

b. B = G(a)(4)(θ=EC) 

c. GC/E(Δ) = A * B / [A2sin2(Δ) + B2cos2(Δ)]1/2 

 

  

                                                           
19 See https://en.wikipedia.org/wiki/Ellipse 
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A2 = B2 + C2 – 2BC cos      (A = distance between FSS earth station and CBSD) 

B2 = A2 + C2 – 2AC cos      ( = elevation angle of CBSD from FSS earth station + 90°) 

RE – Earth radius 

HE – Earth station height above sea level 

HC – CBSD height above sea level 

 

  

HC 

 

C B

  C 

A

  C 

 

HE 

RE 

Figure 3 – Spherical Geometry – Law of Cosines 

 

 

 

Spherical Geometry – Law of Cosines 
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Figure 5 – Earth Station Antenna Gain 

 

  

Figure 4 – 25.209(a)(1) & (a)(4) Earth Station Antenna Gain Limits 
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METHOD 2 

This method uses a number of modified spherical coordinate systems to relate position and orientation of 

the three principals (earth station, CBSD, and satellite) to each other.  The method uses vector projection of 

a relative position vector along the unit vectors of a modified spherical coordinate systems to determine 

relative spatial orientation of the principles.  . 

Modified Spherical Coordinate System 
The spherical coordinate system can be particularly useful for positioning of points of interest on the 

surface of the earth.  As shown below, with a slight modification to this coordinate system, the latitude and 

longitude of a point of interest can be used to positon the point on a sphere.  On the other hand, 

rectangular coordinate system (henceforth denoted as Earth Centered Earth Fixed (ECEF)) is especially 

useful for calculating distances between points of interest. In this calculation we will require the use of both 

coordinate systems. The transformation from the ECEF to spherical coordinate system is given by the 

following equation (see [1, 3]): 

𝑟̂ = 𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜑 𝑥 +  𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜑 𝑦̂ + 𝑐𝑜𝑠𝜃 𝑧̂ 

𝜃 = 𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜑 𝑥 +  𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜑 𝑦̂ − 𝑠𝑖𝑛𝜃 𝑧̂ 

𝜑̂ = −𝑠𝑖𝑛𝜑       𝑥 +          𝑐𝑜𝑠𝜑 𝑦̂ +   0     𝑧̂ 

These equations can be presented in the matrix form are as follows (see VII-12a in [1]): 

[

𝑟̂

𝜃

𝜑̂
] =  [

𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝜑 𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝜑 𝑐𝑜𝑠𝜃
𝑐𝑜𝑠𝜃𝑐𝑜𝑠𝜑 𝑐𝑜𝑠𝜃𝑠𝑖𝑛𝜑 −𝑠𝑖𝑛𝜃

−𝑠𝑖𝑛𝜑 𝑐𝑜𝑠𝜑 0
] [

𝑥

𝑦̂

𝑧̂

] 

In the spherical coordinate system the angle  is defined in the counter clockwise fashion in the x-y plane 

with respect to x axis. In a similar way, the longitude  is defined in the counter clockwise fashion in the 

equatorial plane with respect to prime meridian.  However, the definition of  differs from latitude L in that 

 is defined with respect to z axis, while L is defined with respect to the equatorial plane (see Figure 6). 

Adjusting the spherical coordinate system for this difference results in the following matrix form of 

transformation from the ECEF system to modified spherical coordinate system:     

[

𝑟̂

𝜃

𝜑̂
] =  [

𝑐𝑜𝑠𝐿𝑐𝑜𝑠𝜆 𝑐𝑜𝑠𝐿𝑠𝑖𝑛𝜆 𝑠𝑖𝑛𝐿
𝑠𝑖𝑛𝐿𝑐𝑜𝑠𝜆 𝑠𝑖𝑛𝐿𝑠𝑖𝑛𝜆 −𝑐𝑜𝑠𝐿

−𝑠𝑖𝑛𝜆 𝑐𝑜𝑠𝜆 0
] [

𝑥

𝑦̂

𝑧̂

] 

With respect to a particular point of reference on the surface of the earth, determination of relative 

position of other points of interest requires a local coordinate system.  One such local coordinate system is 

the East, North, and Up (ENU), as shown in the Figure 6.  The transformation from the ECEF system to ENU 

is given by20 

                                                           
20 It should be noted that 𝑁̂ points in the negative direction of 𝜃̂ , while 𝑈̂  and 𝐸̂ point in the same direction as 𝑟̂  and 

𝜑̂ respectively. 
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[

𝐸̂

𝑁̂

𝑈̂

] =  [
−𝑠𝑖𝑛𝜆 𝑐𝑜𝑠𝜆 0

−𝑠𝑖𝑛𝐿𝑐𝑜𝑠𝜆 −𝑠𝑖𝑛𝐿𝑠𝑖𝑛𝜆 𝑐𝑜𝑠𝐿
𝑐𝑜𝑠𝐿𝑐𝑜𝑠𝜆 𝑐𝑜𝑠𝐿𝑠𝑖𝑛𝜆 𝑠𝑖𝑛𝐿

] [

𝑥

𝑦̂

𝑧̂

]     (1) 

Where L is latitude and  is longitude of a point on the surface of the earth.  The reverse transformation is 

given by 

[

𝑥

𝑦̂

𝑧̂

] =  [
−𝑠𝑖𝑛𝜆 −𝑠𝑖𝑛𝐿𝑐𝑜𝑠𝜆 𝑐𝑜𝑠𝐿𝑐𝑜𝑠𝜆
𝑐𝑜𝑠𝜆 −𝑠𝑖𝑛𝐿𝑠𝑖𝑛𝜆 𝑐𝑜𝑠𝐿𝑠𝑖𝑛𝜆

0 𝑐𝑜𝑠𝐿 𝑠𝑖𝑛𝐿
] [

𝐸̂

𝑁̂

𝑈̂

]    (2) 

 

 

x 

y 

z 

U 

 

L 

N 

E 

Figure 6 ENU local coordinate system in relation to ECEF coordinate system 
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Earth Station Local Coordinate System 
The position of an earth station (ES) on the surface of the earth in the ECEF coordinate system can be 

expressed as21: 

𝑅𝐸𝐶𝐸𝐹
𝐸𝑆 = 𝑅𝑒 (𝑐𝑜𝑠𝐿𝐸𝑆𝑐𝑜𝑠𝜆𝐸𝑆 𝑥 + 𝑐𝑜𝑠𝐿𝐸𝑆𝑠𝑖𝑛𝜆𝐸𝑆 𝑦̂ +  𝑠𝑖𝑛𝐿𝐸𝑆 𝑧̂)    (2.5) 

 

Where 𝑅𝑒 is the radius of the earth.  A similar expression exists for the position of the CBSD, 𝑅𝐸𝐶𝐸𝐹
𝐶𝐵𝑆𝐷.  A 

vector pointing from the ES to CBSD can be expressed in terms of position vectors of ES and CBSD as 

 𝜌𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷 =  𝑅𝐸𝐶𝐸𝐹

𝐶𝐵𝑆𝐷 - 𝑅𝐸𝐶𝐸𝐹
𝐸𝑆      (3) 

Using this vector, the azimuth and elevation of the CBSD relative to ES can now be expressed in the local 

coordinate system as follows (See Figure 7): 

𝐴𝑍𝐸𝑁𝑈
𝐶𝐵𝑆𝐷 = 𝑎𝑡𝑎𝑛 (

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷 .  𝐸̂𝐸𝑆 

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷 .  𝑁̂𝐸𝑆)     (4) 

 

𝐸𝐿𝐸𝑁𝑈
𝐶𝐵𝑆𝐷 = 𝑎𝑠𝑖𝑛 (𝜌̂𝐸𝐶𝐸𝐹

𝐸𝑆−𝐶𝐵𝑆𝐷.  𝑈̂𝐸𝑆)    (5) 

Where  

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷 =

𝜌𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷

‖𝜌𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷‖

      (6) 

 

                                                           
21 Equation (1) can be used to transform the ECEF coordinate of the ES into a local coordinate system.   



FCC / OET TM 17-01 
 

18 | P a g e  
 

And where 𝐸̂𝐸𝑆, 𝑁̂𝐸𝑆, and 𝑈̂𝐸𝑆 are respectively the East, North, and Up unit vectors at the ES.  

 

 

Similarly, the azimuth and elevation of the Satellite relative to ES can be expressed in the local coordinate 

system as 

𝐴𝑍𝐸𝑁𝑈
𝑆𝑎𝑡 = 𝑎𝑡𝑎𝑛 (

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡 .  𝐸̂𝐸𝑆 

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡.  𝑁̂𝐸𝑆)     (7) 

 

𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 = 𝑎𝑠𝑖𝑛 (𝜌̂𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡.  𝑈̂𝐸𝑆)     (8) 

Satellite Local Coordinate System 
To maximize the received power at the ES, the polarization angle of the ES antenna must be aligned with 

the polarization angle of the signal transmitted by the satellite.  As such, a local coordinate system at the 

satellite is necessary to facilitate the alignment of the polarization angles.  Figure 8 shows one such local 

coordinate system, with 𝑈̂𝑆𝑎𝑡 pointing away from the earth, and with 𝐸̂𝑆𝑎𝑡 and 𝑁̂𝑆𝑎𝑡 parallel and 

perpendicular to the equatorial plane respectively.  For linearly polarized waves, the vertical polarization 

corresponds to 𝑁̂𝑆𝑎𝑡 and horizontal polarization corresponds to 𝐸̂𝑆𝑎𝑡.  According to [2] “the polarization 

angle at the earth station is the angle between the plane defined by the local vertical at the earth station 

and the antenna boresight, and the polarization plane.”  This relationship can be expressed by the following 

equation: 

Figure 7 Azimuth and elevation in reference to ES-ENU 

𝐴𝑍𝐸𝑁𝑈
𝑆𝑎𝑡  

𝜁 

𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡  

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡 

𝑈̂𝐸𝑆 

𝐸̂𝐸𝑆 

𝑁̂𝐸𝑆 

𝐸𝐿𝐸𝑁𝑈
𝐶𝐵𝑆𝐷 

𝐴𝑍𝐸𝑁𝑈
𝐶𝐵𝑆𝐷 

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷 
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𝜓 = atan (
 𝑈̂𝐸𝑆. 𝐸̂𝑆𝑎𝑡 

𝑈̂𝐸𝑆 .  𝑁̂𝑆𝑎𝑡)      (9) 

 

It should be noted that the ES antenna must be rotated to compensate for the skew in the polarization 

angle 𝜓 in the negative direction.  

𝜓 

𝑈̂𝑆𝑎𝑡 

𝐸̂𝑆𝑎𝑡 

𝑁̂𝑆𝑎𝑡 

𝑈̂𝐸𝑆 

Figure 8 Projection of 𝑈̂𝐸𝑆 in Sat-ENU 
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Earth Station Antenna Local Coordinate System 
Figure 9 shows ES antenna local coordinate system, where  𝐵̂𝐴𝑛𝑡 is a unit vector in the direction of the ES 

antenna boresight, and 𝑉′̂𝐴𝑛𝑡 and 𝐻̂′𝐴𝑛𝑡 are unit vectors in the direction of the vertical and horizontal 

polarization of the ES antenna.  This coordinate system22 serves as an intermediate coordinate system for 

the tilted ES antenna coordinate system discussed below. The relationship between the H’V’B coordinate 

system and ENU coordinate system is similar to relationship between ENU and ECEF coordinate systems. 

Hence, 𝐻̂′𝐴𝑛𝑡 , 𝑉′̂𝐴𝑛𝑡, and 𝐵̂𝐴𝑛𝑡 unit vectors can simply be written by inspection of  equation (1) as follows: 

[

𝐻̂′𝐴𝑛𝑡

𝑉′̂𝐴𝑛𝑡

𝐵̂𝐴𝑛𝑡

] =  [

−𝑠𝑖𝑛 (𝜉𝐸𝑁𝑈
𝑆𝑎𝑡 ) 𝑐𝑜𝑠(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 0

−𝑠𝑖𝑛(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑐𝑜𝑠(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) −𝑠𝑖𝑛(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑠𝑖𝑛(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 𝑐𝑜𝑠(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )

𝑐𝑜𝑠(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑐𝑜𝑠(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 𝑐𝑜𝑠(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑠𝑖𝑛(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 𝑠𝑖𝑛(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )

] [

𝐸̂𝐸𝑆

𝑁̂𝐸𝑆

𝑈̂𝐸𝑆

]  (10) 

 

Where 𝜉𝐸𝑁𝑈
𝑆𝑎𝑡 =  𝜋 2 − 𝐴𝑍𝐸𝑁𝑈

𝑆𝑎𝑡⁄ .  The (𝜋 2⁄ − 𝐴𝑍𝐸𝑁𝑈
𝑆𝑎𝑡 ) factor is to account for how the 𝐴𝑍𝐸𝑁𝑈

𝑆𝑎𝑡  is defined. 

Tilted Earth Station Antenna Local Coordinate System 
In order to account for the skew in the polarization angle, a local coordinate system for the tilted antenna is 

necessary to define the relationship of the ES with other potential sources of interference such as CBSD. 

Figure 9 shows the superposition of HVB coordinate system (the tilted coordinate system) on top of the 

H’V’B coordinate system.  𝑉̂𝐴𝑛𝑡 and 𝐻̂𝐴𝑛𝑡 are unit vectors in the direction of the tilted vertical and 

                                                           
22 This local coordinate system also allows for an alternative, and perhaps more intuitive, way of calculating 
polarization angle at the ES.   

Figure 9 ES antenna H’V’B coordinate System 

𝑉̂𝐴𝑛𝑡 

−𝜓 

𝐵̂𝐴𝑛𝑡 

𝐻̂′𝐴𝑛𝑡 

𝑉′̂𝐴𝑛𝑡 

𝐻̂𝐴𝑛𝑡 
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horizontal polarization of the ES antenna.  The relationship between the 𝑉̂𝐴𝑛𝑡  and  𝐻̂′𝐴𝑛𝑡 and  𝑉′̂𝐴𝑛𝑡 can be 

expressed as 

𝑉̂𝐴𝑛𝑡 = 𝑠𝑖𝑛 (−𝜓) 𝐻̂′𝐴𝑛𝑡 + 𝑐𝑜𝑠 (−𝜓)  𝑉′̂𝐴𝑛𝑡 

Similarly, 

𝐻̂𝐴𝑛𝑡 = 𝑐𝑜𝑠 (−𝜓) 𝐻̂′𝐴𝑛𝑡 − 𝑠𝑖𝑛 (−𝜓)  𝑉′̂𝐴𝑛𝑡 

These equations can be presented in the matrix form are as follows: 

 [

𝐻̂𝐴𝑛𝑡

𝑉̂𝐴𝑛𝑡

𝐵̂𝐴𝑛𝑡

] =  [
𝑐𝑜𝑠 (−𝜓) −𝑠𝑖𝑛 (−𝜓) 0
𝑠𝑖𝑛 (−𝜓) 𝑐𝑜𝑠 (−𝜓) 0

0 0 1

] [

𝐻̂′𝐴𝑛𝑡

𝑉′̂𝐴𝑛𝑡

𝐵̂𝐴𝑛𝑡

]   (11) 

Expressed in terms of ENU coordinate system 

           [

𝐻̂𝐴𝑛𝑡

𝑉̂𝐴𝑛𝑡

𝐵̂𝐴𝑛𝑡

] =  [
𝑐𝑜𝑠 (−𝜓) −𝑠𝑖𝑛 (−𝜓) 0
𝑠𝑖𝑛 (−𝜓) 𝑐𝑜𝑠 (−𝜓) 0

0 0 1

]        

                           x [

−𝑠𝑖𝑛 (𝜉𝐸𝑁𝑈
𝑆𝑎𝑡 ) 𝑐𝑜𝑠(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 0

−𝑠𝑖𝑛(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑐𝑜𝑠(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) −𝑠𝑖𝑛(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑠𝑖𝑛(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 𝑐𝑜𝑠(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )

𝑐𝑜𝑠(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑐𝑜𝑠(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 𝑐𝑜𝑠(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )𝑠𝑖𝑛(𝜉𝐸𝑁𝑈

𝑆𝑎𝑡 ) 𝑠𝑖𝑛(𝐸𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 )

] [

𝐸̂𝐸𝑆

𝑁̂𝐸𝑆

𝑈̂𝐸𝑆

]      (12) 

Application of this coordinate system is discussed in the next section. 

Earth Station Antenna Gain Performance  
Section 25.209 specifies ES antenna performance along the plane tangent to the GSO arc (and in the plane 

perpendicular to the GSO arc) as function angle  in degrees from a line from the ES antenna to the 

assigned orbital location of the target satellite. With respect to interference from a CBSD, the position of 

the CBSD will generally not be exactly in the GSO tangent plane or in the plane perpendicular to GSO arc. To 

account for this deviation, it is necessary to scale the antenna performance for positions of the CBSD in 

between these principle planes. One such scaling is the elliptic scaling23 given by the following equation: 

𝐺(𝜂) =  
𝑎 𝑏

√(𝑏 𝑐𝑜𝑠𝜂)2+(𝑎 𝑠𝑖𝑛𝜂)2
     (13) 

Where  is the angle that the unit vector from ES to CBDS in the ENU coordinate systems makes with 𝐻̂𝐴𝑛𝑡  

in the 𝐻̂𝐴𝑛𝑡𝑉̂𝐴𝑛𝑡 plane. Parameters a and b are respectively the antenna performance requirements along 

the GSO arc and perpendicular to GSO arc in linear scale, as specified in §25.209. Figure 10 shows the angle 

of the unit vector from CBDS to ES in the tilted ES antenna local coordinate system. 

 

 

                                                           
23 The impetus for choosing such a scaling is the elliptical nature of the antenna that is specified in §25.209. 
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Where 𝜌̂𝐸𝑁𝑈
𝐸𝑆−𝐶𝐵𝑆𝐷 is a unit vector given by 

 𝜌̂𝐸𝑁𝑈
𝐸𝑆−𝐶𝐵𝑆𝐷 =  [

−𝑠𝑖𝑛𝜆𝐸𝐶𝐸𝐹
𝐸𝑆 𝑐𝑜𝑠𝜆𝐸𝐶𝐸𝐹

𝐸𝑆 0

−𝑠𝑖𝑛𝐿𝐸𝐶𝐸𝐹
𝐸𝑆 𝑐𝑜𝑠𝜆𝐸𝐶𝐸𝐹

𝐸𝑆 −𝑠𝑖𝑛𝐿𝐸𝐶𝐸𝐹
𝐸𝑆 𝑠𝑖𝑛𝜆𝐸𝐶𝐸𝐹

𝐸𝑆 𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹
𝐸𝑆

𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹
𝐸𝑆 𝑐𝑜𝑠𝜆𝐸𝐶𝐸𝐹

𝐸𝑆 𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹
𝐸𝑆 𝑠𝑖𝑛𝜆𝐸𝐶𝐸𝐹

𝐸𝑆 𝑠𝑖𝑛𝐿𝐸𝐶𝐸𝐹
𝐸𝑆

]  𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷 (14) 

As shown in Figure 10, the angle 𝜂 can be determined by the following equation: 

𝜂 = 𝑎𝑡𝑎𝑛 (
𝜌̂𝐸𝑁𝑈

𝐸𝑆−𝐶𝐵𝑆𝐷 .  𝑉̂𝐴𝑛𝑡 

𝜌̂𝐸𝑁𝑈
𝐸𝑆−𝐶𝐵𝑆𝐷.  𝐻̂𝐴𝑛𝑡 )     (15) 

The angle , which is the angle between a unit vector from the earth station to CBSD (𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷) and a unit 

vector from the earth station to the target satellite (𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡) is shown in Fig. 6 as 𝜁.  This angle is given by 

𝜁 = 𝑎𝑐𝑜𝑠 (𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝐶𝐵𝑆𝐷 . 𝜌̂𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡)     (16) 

Satellite Azimuth and Elevation from Look Angle  
Many of the above equations depend on knowing the satellite azimuth (and elevation in case of NGSO) in 

ECEF coordinate system.  It may be the case that this information may not be directly available and may 

have to be determined from satellite look angle in local coordinate system (ENU).  Below, this relationship 

is derived. 

The position of the Satellite in the ECEF is given by the following equation 

𝑅𝐸𝐶𝐸𝐹
𝑆𝑎𝑡 = 𝑅𝑆𝑎𝑡 (𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹

𝑆𝑎𝑡 𝑐𝑜𝑠𝜆𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  𝑥̂ + 𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹

𝑆𝑎𝑡 𝑠𝑖𝑛𝜆𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  𝑦̂ +  𝑠𝑖𝑛𝐿𝐸𝐶𝐸𝐹

𝑆𝑎𝑡  𝑧̂)   (17) 

 

𝑉̂𝐴𝑛𝑡 

𝐵̂𝐴𝑛𝑡 

𝐻̂𝐴𝑛𝑡 

𝜌̂𝐸𝑁𝑈
𝐸𝑆−𝐶𝐵𝑆𝐷 

Figure 5 Figure 10 ES antenna HVB coordinate system 
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From this equation the satellite azimuth 𝜆𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  and elevation24 𝐿𝐸𝐶𝐸𝐹

𝑆𝑎𝑡  can be determined in the following 

manner 

𝜆𝐸𝐶𝐸𝐹
𝑆𝑎𝑡 = 𝑎𝑡𝑎𝑛 (

𝑅̂𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  .𝑦̂ 

𝑅̂𝐸𝐶𝐸𝐹
𝑆𝑎𝑡 .𝑥 

)     (18) 

And 

𝐿𝐸𝐶𝐸𝐹
𝑆𝑎𝑡 = 𝑎𝑠𝑖𝑛 𝑅̂𝐸𝐶𝐸𝐹

𝑆𝑎𝑡  . 𝑧̂      (19) 

where 

𝑅̂𝐸𝐶𝐸𝐹
𝐸𝑆 =

𝑅𝐸𝐶𝐸𝐹
𝐸𝑆

‖𝑅𝐸𝐶𝐸𝐹
𝐸𝑆 ‖

=  
𝑅𝐸𝐶𝐸𝐹

𝐸𝑆

𝑅𝑆𝑎𝑡
      (20) 

Vector 𝑅𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  can also be expressed in the ECEF coordinate system (see Figure 11) as  

𝑅𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  = 𝜌𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡 +   𝑅𝐸𝐶𝐸𝐹
𝐸𝑆 = 𝜌̂𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡  ‖𝜌𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡‖ +   𝑅𝐸𝐶𝐸𝐹

𝐸𝑆     (21) 

 

 

 

                                                           
 
24 For GSO Satellite elevation angle is zero. 

𝜌𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡 

𝑅𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  

𝑅𝐸𝐶𝐸𝐹
𝐸𝑆  

Y 

𝑍 

X 

Figure 11 Earth station and satellite position vectors in reference to ECEF 
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As the location of the ES is known then 𝑅𝐸𝐶𝐸𝐹
𝐸𝑆  can be determined using equation (2.5).  Vector 𝜌𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡 is 

given by inverse transform from ENU to ECEF of 𝜌̂𝐸𝑁𝑈
𝐸𝑆−𝑆𝑎𝑡 (see equation (2))  

𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡 =  [

−𝑠𝑖𝑛𝜆𝐸𝐶𝐸𝐹
𝐸𝑆 −𝑠𝑖𝑛𝐿𝐸𝐶𝐸𝐹

𝐸𝑆 𝑐𝑜𝑠𝜆𝐸𝐶𝐸𝐹
𝐸𝑆 𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹

𝐸𝑆 𝑐𝑜𝑠𝜆𝐸𝐶𝐸𝐹
𝐸𝑆

𝑐𝑜𝑠𝜆𝐸𝐶𝐸𝐹
𝐸𝑆 −𝑠𝑖𝑛𝐿𝐸𝐶𝐸𝐹

𝐸𝑆 𝑠𝑖𝑛𝜆𝐸𝐶𝐸𝐹
𝐸𝑆 𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹

𝐸𝑆 𝑠𝑖𝑛𝜆𝐸𝐶𝐸𝐹
𝐸𝑆

0 𝑐𝑜𝑠𝐿𝐸𝐶𝐸𝐹
𝐸𝑆 𝑠𝑖𝑛𝐿𝐸𝐶𝐸𝐹

𝐸𝑆

] 𝜌̂𝐸𝑁𝑈
𝐸𝑆−𝑆𝑎𝑡   (22) 

Where 

𝜌̂𝐸𝑁𝑈
𝐸𝑆−𝑆𝑎𝑡 =

𝜌𝐸𝑁𝑈
𝐸𝑆−𝑆𝑎𝑡

‖𝜌𝐸𝑁𝑈
𝐸𝑆−𝑆𝑎𝑡‖

=  (𝑐𝑜𝑠𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 𝑐𝑜𝑠𝜉𝐸𝑁𝑈

𝑆𝑎𝑡  𝐸̂𝐸𝑆 + 𝑐𝑜𝑠𝐿𝐸𝑁𝑈
𝑆𝑎𝑡 𝑠𝑖𝑛𝜉𝐸𝑁𝑈

𝑆𝑎𝑡  𝑁̂𝐸𝑆 +  𝑠𝑖𝑛𝐿𝐸𝑁𝑈
𝑆𝑎𝑡  𝑈̂𝐸𝑆) (23) 

Using law of cosines the following quadratic equation is obtained: 

‖𝜌𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡‖

2
− 2 ‖𝜌𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡‖ (𝜌̂𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡. 𝑅𝐸𝐶𝐸𝐹

𝐸𝑆 ) +  (𝑅𝐸𝑆
2 − 𝑅𝑆𝑎𝑡

2
) = 0  (24) 

Which has the following valid solution 

‖𝜌𝐸𝐶𝐸𝐹
𝐸𝑆−𝑆𝑎𝑡‖ = (𝜌̂𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡. 𝑅𝐸𝐶𝐸𝐹
𝐸𝑆 ) + √(𝜌̂𝐸𝐶𝐸𝐹

𝐸𝑆−𝑆𝑎𝑡. 𝑅𝐸𝐶𝐸𝐹
𝐸𝑆 )

2
− (𝑅𝐸𝑆

2 − 𝑅𝑆𝑎𝑡
2

)   (25) 

Substituting equation (25) into (21) provides the solution for 𝑅𝐸𝐶𝐸𝐹
𝑆𝑎𝑡 , from which satellite azimuth 𝜆𝐸𝐶𝐸𝐹

𝑆𝑎𝑡  and 

elevation 𝐿𝐸𝐶𝐸𝐹
𝑆𝑎𝑡  are determined using equations (18) and (19) respectively.  
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METHOD 3 

This method uses coordinate system rotations to determine the angular position of the GSO satellite and 

the terrestrial CBSD relative to the FSS earth station. This is followed by vector analysis using the local earth 

station antenna pattern coordinate system, to calculate the angle and gain of the earth station in the 

direction of the fixed terrestrial CBSD. 

Let us define the location of the earth station, space station (satellite), and terrestrial station in Earth-

Centered, Earth-Fixed (ECEF) Polar coordinates. We can then easily convert to ECEF Cartesian coordinates, 

which are more useful for later calculations.  In the ECEF coordinate system, the origin is the center of the 

Earth.  In polar coordinates, we can define the location of the stations in terms of ρ (rho), the radius of the 

Earth plus the elevation of the station’s antenna;25 λ (lambda), the latitude of the station; and φ (phi), the 

longitude of the station.  In Cartesian coordinates, we can define the locations of the stations in terms of X, 

Y, and Z coordinates, where the origin of the coordinate system is the center of the Earth, the positive X 

axis passes through 0° latitude, 0° longitude, the positive Y axis passes through 0° latitude, 90° east 

longitude, and the positive Z axis passes through the geographic North Pole.  Refer to Figure 12 below.  

 

X

Y

Z

λ

φ

 

ρ 

 

Figure 12:  Earth-Centered, Earth-Fixed Coordinates of the Earth Station 

 

To convert the earth station, satellite, and terrestrial station polar coordinates to Cartesian coordinates, we 

use the following equations, which are expressed in vector form, assuming a spherical model of the Earth: 

                                                           
25 For geostationary satellites, we can assume the satellite is at an altitude of 35,786 kilometers above the Equator. 
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[
𝑥
𝑦
𝑧

] = [

𝜌 cos 𝜆 cos 𝜑
𝜌 cos 𝜆 sin 𝜑

𝜌 sin 𝜆
] 

Knowing the location of the earth station in the ECEF coordinate system allows us to rotate the satellite and 

terrestrial station coordinates in the ECEF system to the Local Horizontal Plane (LHP) coordinate system, 

which is a coordinate system whose origin is the earth station location, and in which the X axis points to the 

Earth’s north geographic pole, the Y axis points due east, and the Z axis points toward the center of the 

Earth.   

Our end goal, however, is to express the coordinates of the terrestrial station in the Antenna Pattern 

coordinate system.  The Antenna Pattern coordinate system is a right-handed Cartesian coordinate system, 

whose origin is the earth station location.  In the Antenna Pattern coordinate system, the X axis points to 

the target satellite, the Y axis is in the plane tangent to the geostationary satellite arc at the location of the 

target satellite, as viewed from the earth station, and the Z axis completes the right-handed Cartesian 

coordinate system, which in this case means it points down.  To accomplish that, we will first rotate the 

satellite and terrestrial station ECEF coordinates to the LHP coordinate system.  Then we can determine the 

azimuth, elevation, and skew angles26 of the target satellite.  Knowing those angles will allow us to rotate 

the coordinate system axes from the LHP coordinate system to the Antenna Pattern coordinate system. 

Coordinate system axis rotations in three dimensions can be accomplished by multiplying the X, Y, and Z 

coordinate vectors by 3 x 3 rotation matrices, very similar to those used to rotate vectors while maintaining 

the same coordinate system.  The difference between the rotation matrices for axes and those for rotating 

vectors while keeping the same axes is that the signs of the sines in the X, Y, and Z axis rotation matrices are 

the opposite of those in the X, Y, and Z axis vector rotation matrices.  The coordinate axis rotation matrices 

are as follows: 

𝑋𝑟𝑜𝑡(𝜃) = [

1 0 0
0 cos (𝜃) sin (𝜃)
0 −sin (𝜃) cos (𝜃)

] 

𝑌𝑟𝑜𝑡(𝜃) = [
cos (𝜃) 0 −sin (𝜃)

0 1 0
sin (𝜃) 0 cos (𝜃)

] 

𝑍𝑟𝑜𝑡(𝜃) = [
cos (𝜃) sin (𝜃) 0

−sin (𝜃) cos (𝜃) 0
0 0 1

] 

 

                                                           
26 The azimuth angle of the satellite with respect to the earth station is the angle from the projection of the earth 
station to satellite vector projected onto the Local Horizontal Plane, measured clockwise (when viewed from above) 
from True North.  The elevation angle is the angle from the earth station to satellite vector measured in the plane 
perpendicular to the Local Horizontal Plane.  The skew angle is the angle between the local vertical plane at the earth 
station location and the plane perpendicular to the geostationary arc at the location of the target satellite, or the 
angle between the local horizontal plane at the location of the earth station and the plane tangent to the 
geostationary arc at the location of the target satellite as viewed from the earth station. 
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To rotate the ECEF coordinate axes to the LHP coordinate system, we first rotate around the Y axis by -90°.  

That rotates the positive X axis into the former positive Z axis location, and the positive Z axis rotates into 

the equatorial plane at 90° East Longitude.  Refer to Figure 13 below: 

X

Y

Z
λ

φ

 

ρ 

 

Figure 13:  After rotation by -90 degrees around the Y axis 

 

The next step is to rotate around the new X axis by the longitude of the earth station.  Refer to Figure 14 

below: 

X

Y

Zλ

φ

 

ρ 

 

Figure 14:  After rotation by the earth station longitude around the new X axis 
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The third step is to rotate around the new Y axis by the negative of the latitude of the earth station.  Refer 

to Figure 15 below: 

X

YZ

λ

φ

 

ρ 

 

Figure 15:  After rotation by the negative of the earth station latitude 

 

The final step in converting the ECEF coordinate axes to LHP coordinate axes is to translate the origin of the 

coordinate system shown in Figure 15 along the new Z axis by ρ (rho).  Refer to Figure 16 below: 

X

Y

Z

λ

φ

 

 

Figure 16:  After translation along the Z axis by rho 
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The three rotations shown above can be performed by multiplying the station x, y, z coordinates by the 

following matrix: 

𝐸𝐶𝐸𝐹𝑡𝑜𝐿𝑇𝑃𝑟𝑜𝑡 = [

− sin 𝜆 cos 𝜑 − sin 𝜆 sin 𝜑 cos 𝜆
− sin 𝜑 cos 𝜑 0

− cos 𝜆 cos 𝜑 − cos 𝜆 sin 𝜑 − sin 𝜆
] 

 

Therefore the operation of transforming and translating from ECEF to LHP coordinates for any of the station 

vectors can be expressed as follows: 

[
𝑥
𝑦
𝑧

]

𝐿𝑇𝑃

= 𝐸𝐶𝐸𝐹𝑡𝑜𝐿𝑇𝑃𝑟𝑜𝑡 ∙ [
𝑥
𝑦
𝑧

]

𝐸𝐶𝐸𝐹

+ [
0
0

𝜌𝐸𝑆

], 

Where 𝜌𝐸𝑆 is the sum of the elevation of the earth station (distance above the radius of the Earth) and the 

radius of the Earth at the earth station’s location. 

Now that we have translated the ECEF coordinate axes into the Local Horizontal Plane coordinate system, 

let’s look at that system in more detail.  Refer to Figure 17 below: 

Plane 
perpendicular to 

GSO arc

Plane tangent 
to GSO arc

Earth Station

Satellite

GSO Arc

Vector from Earth 
Station to Satellite

Skew

Elevation

North

CBSD Station

Vector from Earth 
Station to CBSD Station

Local Tangent Plane/
Local Horizon Plane

of Earth Station

Azimuth

XLHP

XAP

YLHP

ZLHP

YAP

ZAP

 

Figure 17:  Local Horizontal Plane and Antenna Pattern Coordinate Systems 
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The azimuth angle of the satellite as viewed from the earth station, which we will denote as 𝛼, is the 

arctangent of the y component of the vector from the earth station to the satellite divided by the x 

component,27 expressed as: 

𝛼 = tan−1 (
𝑦𝐸𝑆𝑡𝑜𝑆𝑎𝑡

𝑥𝐸𝑆𝑡𝑜𝑆𝑎𝑡
) 

The elevation angle of the satellite as viewed from the earth station, which we will denote as 𝜖, is the 

arctangent of the –z component of the vector from the earth station to the satellite divided by the square 

root of the sum of the squares of the x and y components, expressed as: 

𝜖 = tan−1 (
−𝑧𝐸𝑆𝑡𝑜𝑆𝑎𝑡

√𝑥𝐸𝑆𝑡𝑜𝑆𝑎𝑡
2 + 𝑦𝐸𝑆𝑡𝑜𝑆𝑎𝑡

2
) 

The skew angle can be calculated in several different ways.  One way is to project the vector from the 

center of the Earth to the earth station, which is normal to the local horizontal plane at the location of the 

earth station, onto the plane perpendicular to the vector from the center of the Earth to the satellite, and 

then find the angle between the projected vector and the vertical (north-south) axis of the plane.  Finding 

this angle will be facilitated by rotating the ECEF coordinate system around its Z axis by the longitude of the 

satellite.28 

Let us denote the vector from the center of the Earth to the earth station as ES, and the vector from the 

center of the Earth to the satellite as SAT.  We can project ES onto the plane perpendicular to SAT using the 

following vector equation: 

𝑉 = |𝐸𝑆| − [|𝐸𝑆| ∙ |𝑆𝐴𝑇|] ∙ |𝑆𝐴𝑇|, 

where |ES| and |SAT| are the normalized ES and SAT vectors.  Then we can compute a vector W in which 

we rotate the coordinate axes around the Z axis as follows: 

𝑊 = 𝑍𝑟𝑜𝑡(𝜑𝑆𝐴𝑇) ∙ 𝑉. 

And finally, the skew angle, which we will denote as 𝜎, is computed as the arctangent of the z component 

of W divided by the y component of W: 

𝜎 = tan−1 (
𝑊𝑍

𝑊𝑌
⁄ ) . 

Once we have determined the azimuth, elevation, and skew angles that relate the Local Horizontal Plane 

coordinate system to the Antenna Pattern coordinate system, we can rotate the axes of the Local 

Horizontal Plane coordinate system into the Antenna Pattern coordinate system.  Then we can compute the 

off-axis angle of the vector from the earth station to the terrestrial station with respect to the X axis of the 

Antenna Pattern coordinate system.  We can also compute the rotation angle of the vector from the earth 

                                                           
27 Because the azimuth of the satellite as viewed from the earth station ranges from 0 to 360 degrees, the 

use of a four-quadrant arctangent function is recommended. 

28 Because we are dealing with geostationary satellites, we can assume the latitude of the satellite is 0 

degrees. 
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station to the terrestrial station with respect to the Y and Z axes of the Antenna Pattern coordinate system.  

These two angles and the applicable Section 25.209(a) antenna gain masks give us what we need to 

calculate the gain of the earth station antenna in the direction of the terrestrial station. 

To rotate the Local Horizontal Plane coordinate system axes into the Antenna Pattern coordinate system, 

we perform the following computation on the terrestrial station coordinates in the Local Horizontal Plane 

coordinate system:  First, we rotate around the Z axis of the Local Horizontal Plane coordinate system by 

the azimuth of the satellite α as seen from the earth station.  Then we rotate around the new Y axis by the 

elevation angle of the satellite ε as seen from the earth station.  Finally, we rotate around the new X axis by 

the skew angle σ.  In equation form, the computation is: 

[
𝑥
𝑦
𝑧

]

𝐶𝐵𝑆𝐷_𝐴𝑃

= 𝑋𝑟𝑜𝑡(𝜎) ∙ 𝑌𝑟𝑜𝑡(𝜖) ∙ 𝑍𝑟𝑜𝑡(𝛼) ∙ [
𝑥
𝑦
𝑧

]

𝐶𝐵𝑆𝐷𝐿𝑇𝑃

. 

 

The rotation matrix 𝑋𝑟𝑜𝑡(𝜎) ∙ 𝑌𝑟𝑜𝑡(𝜖) ∙ 𝑍𝑟𝑜𝑡(𝛼) multiplies out to: 

 

𝐿𝑇𝑃𝑡𝑜𝐴𝑃𝑟𝑜𝑡 = [
cos 𝛼 ∙ cos 𝜖 sin 𝛼 ∙ cos 𝜖 − sin 𝜖

cos 𝛼 ∙ sin 𝜖 ∙ 𝑠𝑖𝑛𝜎 − sin 𝛼 ∙ cos 𝜎 cos 𝛼 ∙ cos σ + sin 𝛼 ∙ sin 𝜖 ∙ sin 𝜎 cos 𝜖 ∙ sin 𝜎
sin 𝛼 ∙ sin σ + cos 𝛼 ∙ sin 𝜖 ∙ cos 𝜎 sin 𝛼 ∙ sin 𝜖 ∙ cos 𝜎 − cos 𝛼 ∙ sin 𝜎 cos 𝜖 ∙ cos 𝜎

]. 

 

Then the offset angle of the terrestrial station with respect to the X axis of the Antenna Pattern coordinate 

system, which we will denote as 𝜃offset is computed as follows: 

𝜃offset = tan−1 [
√𝑦𝐶𝐵𝑆𝐷𝐴𝑃

2 + 𝑧𝐶𝐵𝑆𝐷𝐴𝑃
2

𝑥𝐶𝐵𝑆𝐷𝐴𝑃

⁄
]. 

 

And the rotation angle of the terrestrial station in the Y-Z plane of the Antenna Pattern coordinate system, 

which we will denote as 𝜃rot can be computed as follows29: 

𝜃rot = tan−1 [
𝑧𝐶𝐵𝑆𝐷𝐴𝑃

𝑦𝐶𝐵𝑆𝐷𝐴𝑃
⁄ ]. 

 

For an example, and for ease of reference, tables in Section 25.209(a)(1) and (4) are reproduced below: 

According to Section 25.209(a)(1), the gain of the earth station antenna in the plane tangent to the GSO arc, 

which corresponds to the X-Y plane of the Antenna Pattern coordinate system, shall be less than the 

following levels: 

29-25log10𝜃offset dBi, for 1.5° ≤ 𝜃offset ≤ 7° 

                                                           
29 A four-quadrant arctangent is recommended for the computation of this angle. 
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8 dBi, for 7° < 𝜃offset ≤ 9.2° 

32-25log10 𝜃offset dBi, for 9.2° < 𝜃offset ≤ 48° 

−10 dBi, for 48° < 𝜃offset ≤ 180° 

Table 1:  Section 25.209(a)(1), Gain Tangent to the GSO Arc 

And in the plane perpendicular to the GSO arc, which corresponds to the X-Z plane of the Antenna Pattern 

coordinate system, Section 25.209(a)(4) prescribes that the earth station antenna gain shall be less than the 

following levels: 

32-25log10 𝜃offset dBi, for 3° < 𝜃offset ≤ 48° 

−10 dBi, for 48° < 𝜃offset ≤ 180° 

Table 2:  Section 25.209(a)(4), Gain Perpendicular to the GSO Arc 

Comparing and contrasting these two tables, we see that the gain in the two planes is the same over the 

range of 9.2° to 180° off-axis.  The gain is only defined in the X-Y plane of the Antenna Pattern coordinate 

system between 1.5° and 3° off-axis, but it is unlikely that a terrestrial station would be located that close 

to the vector from the earth station to the target satellite, because most satellites are at significantly higher 

elevation angles as seen from the earth station with which they are communicating. 

The range of 3° to 9.2° off-axis is interesting, because the gain in the plane perpendicular to the GSO arc is 

twice as high (in power ratio terms, 3 dB higher in decibel terms) as the plane tangent to the GSO arc over 

the range of 3° to 7°, and the gain in the plane tangent to the GSO arc is fixed at 8 dBi over the range of 7° 

to 9.2°. 

We can interpret these tables as meaning there are isogain contours centered on the vector from the earth 

station to the target satellite in the range of 3° to 7° off-axis.  Because the gain in the plane perpendicular 

to the GSO arc is twice30 that of the gain in the plane tangent to the GSO arc in that range, we see that the 

isogain contours will be elliptical in shape, with a major axis twice as long as the minor axis, and the major 

axis aligned with the plane perpendicular to the GSO arc.  Thus, we can compute the gain of the earth 

station antenna, given Tables 1 and 2 above and the angles 𝜃offset and 𝜃rot, as follows.  First, compute the 

gain in the plane tangent to the GSO arc (the X-Y plane of the Antenna Pattern coordinate system), which 

we will denote as Gtan, and the gain in the plane tangent to the GSO arc (the X-Z plane of the Antenna 

Pattern coordinate system), which we will denote Gperp: 

𝐺𝑡𝑎𝑛 = 10max (2.9−2.5 log10(𝜃offset),0.8), and 

𝐺𝑝𝑒𝑟𝑝 = 10(3.2−2.5 log10(𝜃offset)). 

Let us denote the earth station antenna gain as Ges.  If 𝜃offset < 3°, the terrestrial station is in or near the 

main lobe of the antenna, so set Ges to 45 dBi. 

If 3° ≤ 𝜃offset < 9.2°, calculate Ges using the polar equation of an ellipse,31 as follows: 

                                                           
30 Twice the gain in ratio terms, or 3 dB higher in decibel terms. 
31 Lawrence, J. Dennis. "Section 3.4: Ellipse." A Catalog of Special Plane Curves. New York: Dover Publications, 1972. 
Print. 
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𝐺𝑒𝑠 = 10 log [
𝐺𝑡𝑎𝑛∙𝐺𝑝𝑒𝑟𝑝

√𝐺𝑝𝑒𝑟𝑝
2 ∙cos2 𝜃𝑟𝑜𝑡+𝐺𝑡𝑎𝑛

2 ∙sin2 𝜃𝑟𝑜𝑡

]. 

 

If 9.2° ≤ 𝜃offset < 48°, calculate Ges as follows: 

𝐺𝑒𝑠 = 10 log(𝐺𝑝𝑒𝑟𝑝). 

 

If 48° ≤ 𝜃offset < 180°, Ges = -10 dBi. 

 

 

For questions, or to point out possible errors in this document, the authors’ contact information is provided 

below: 

Robert Pavlak – FCC / Office of Engineering and Technology 

Robert.Pavlak@fcc.gov 
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Method 1 calculations

		Inputs																										Interim Calculations

												Latitude
(decimal)		Longitude
(decimal)		Height MSL
(meters)

				Location of FSS earth station ("U")						degrees		37.761030		-121.79910		250.0		HE										Geocentric angle θ (radians) between FSS earth station and CBSD

										radians		0.6590543024		-2.125795321														θ =		arccos[cos(LU)cos(LS)cos(λU-λS)+sin(LU)sin(LS)]

				Location of CBSD ("S")						degrees		37.651430		-122.35011		750.0		HC										θ =		0.0078453				0.4495020907		degrees

										radians		0.6571414148		-2.1354122821														Distance (meters) between earth station and CBSD										Surface		Horizon		Chord		Slant Hgt above Horizon

				Location of GSO satellite								0		-194.00000		35,786,000												DC/E =		50,043.561								50,037.269		50,040.257		50,037.141		303.7087923046

										radians				-3.3859387489																		where 		DC/E = sqrt [ (RE+HE)2 + (RE+HC)2 - 2*(RE+HE)*(RE+HC)*cos θ ]

				Constants

						Earth radius (RE) (meters)										6,378,000												Vector E: from earth station to GSO satellite

						Earth radius plus earth station height (EHgt') (meters)										6,378,250		RE'										     Azimuth (degrees) EGSO-Az =				258.877518		= 180 + a (if satellite west of ES); =180 - a (if satellite east of ES)										4.5182650466		radians

																														a =		78.8775178925		where a=		arctan (tan L / sin l)

																														L =		Absolute value of longitude difference (between satellite and earth station)

																														l =		Latitute of earth station

		Calculate																		Normal		x		y		z

																1.0000				E =		-0.192075		-0.976987		-0.092750		     Elevation (degrees) EGSO-El =				5.321841		= arctan[ (cos φ – RE / (RE + RO))/(1-cos2φ)1/2 ]										0.092883655		radians

																1.0000				C =		-0.240966		-0.970515		-0.006069				cos φ =		0.2416622335		= cos l cos L

																						x		y		z		     E (x, y, z) = {cos EGSO-Az * cos EGSO-El, sin EGSO-Az * cos EGOS-El, - sin EGSO-El}

				Angle between earth station boresight and the direction to the CBSD												GSO satellite vector				E =		-0.192075		-0.976987		-0.092750

																CBSD vector				C =		-0.240966		-0.970515		-0.006069		Vector C: from earth station to CBSD

																		Radians		Degrees								     Azimuth (degrees) Caz =				-103.943841		= arctan { cos(LS)sin(λS - λU)/[sin(LS)cos(LU) - cos(LS)sin(LU)cos(λS - λU)] }

																Angle EC=		0.099770446		5.716425										L=		Latitude: of CBSD antenna at location "U", earth station at location "S"

				Earth station antenna gain (dBi)																										λ=		Longitude: of CBSD at location "U", earth station at location "S"

				§25.209(a)(1)		Gain (vertex A), if angle is in GSO tangent plane										A =		10.07		dBi		10.1669019362		linear

				§25.209(a)(4)		Gain (vertex B), if angle is in GSO perpendicular plane										B =		13.07		dBi		20.2856362932		linear				     Elevation (degrees) CEl =				0.3477131		= arccos [(DC/E2 + RE'2 - (HC+RE)2) / 2* DC/E*RE'] - π/2

				If A = B,		Gain toward CBSD = A or B [DONE]												A ≠ B		dBi (or, if A ≠ B, continue below)

																												     C (x, y, z) = {cos CAz * cos CEl, sin Caz * cos CEl, -sin CEl}

				If A ≠ B 		then, Angle ≤ 9.2°														R' (Ψ, EGSO-El, EGSO-Az)

																				-0.1920754557		-0.9769874247		-0.0927501556

				Rotate local horizon axes {x,y,z} to {x',y',z'} [→ earth station centered GSO arc axes]																0.6053414692		-0.1923356127		0.7723786104

																				-0.7724433475		0.0922094581		0.6283539534

				Calculate the rotational angle of the CBSD vector to the GSO arc tangent plane														Δ =		1.1998101112		= arctan (C'z / C'y)				radians

																				68.74406						degrees

				Calculate gain toward the CBSD based on the angle Δ and vertices A and B														Gain (dBi) =		12.35		=A*B/(A2sin2(Δ)+B2cos2(Δ))1/2

																												Angle EC: between FSS earth station boresight and direction toward CBSD

																												 EC=arccos (E · C /{||E||*||C||})=				0.099770446		radians

																														E · C =		0.9950270562		= ExCx + EyCy + EzCz

																														||E|| =		1		= (Ex2+Ey2+Ez2)1/2 

																														||C|| =		1		= (Cx2+Cy2+Cz2)1/2



																												Polarization (skew) angle of the GSO satellite from the earth station

																														Ψ =arctan(sin L / tan l)=		50.870576		degrees		0.8878590514		radians

																																L is the difference between the longitude of the earth station and the longitude of the satellite

																																l is the latitude of the earth station



																												Rotate local horizon axes {x, y, z} to earth station centered GSO arc axes

																														R’ = RX(Ψ) RY(EGSO-El) RZ(EGSO-Az) 				Rx(θx)						Ry(θy)						Rz(θz)

																																		1		0		0		cos θy		0		- sin θy		cos θz		sin θz		0

																																		0		cos θx		sin θx		0		1		0		-sin θz		cos θz		0

																																		0		- sin θx		cos θx		sin θy		0		cos θy		0		0		1



																																		Rx(Ψ)						Ry(EGSO-El)						Rz(EGSO-Az)

																																		1		0		0		0.9956894137		0		-0.0927501556		-0.192906998		-0.9812170454		0

																																		0		0.6310742534		0.7757224289		0		1		0		0.9812170454		-0.192906998		0

																																		0		-0.7757224289		0.6310742534		0.0927501556		0		0.9956894137		0		0		1



																																		R' (Ψ, EGSO-El, EGSO-Az)						Ry(EGSO-El) Rz(EGSO-Az)

																																		-0.1920754557		-0.9769874247		-0.0927501556		-0.1920754557		-0.9769874247		-0.0927501556

																																		0.6053414692		-0.1923356127		0.7723786104		0.9812170454		-0.192906998		0

																																		-0.7724433475		0.0922094581		0.6283539534		-0.0178921541		-0.0910080337		0.9956894137



																												Calculate the rotational angle of the CBSD vector to the GSO arc tangent plane

																														C' = R' C		C'				C

																														68.7440555877		0.995027				-0.24097

																														2.0783944897		0.036110				-0.97051

																														5.3298590594		0.092829				-0.00607





Method 1 Calculations	




Method 2 calculations



								Earth Station ENU Coordinate System

				ES Location		R ES ECEF (m)		Ê ES		N̂ ES		Û ES						Constants

		ES_Lat(deg)		37.76103		-2657145.35851325		0.8499009703		0.3226834735		-0.4165857855						d2r		0.0174532925

		ES_Lon(deg)		-121.7991		-4285687.05808734		-0.5269424453		0.5204534188		-0.671907656						r2d		57.2957795131

		ES_HAAT(m)		250		3905929.55717882		0		0.7905717013		0.6123694842						r_earth(m)		6378137





				CBSD Location		R CBSD ECEF (m)								r ES-CBSD ECEF (m)		r ES-CBSD EsENU (m)		ρ̂ ES-CBSD ECEF 

		CBSD_Lat(deg)		37.6514296122		-2702442.01525649								-45296.66		-48569.05		-0.9051				CBSD_Az(deg)		256.0561589605

		CBSD_Lon(deg)		-122.3501112867		-4266574.20625424								19112.85		-12059.07		0.3819				CBSD_El(deg)		0.3477008355

		CBSD_HAAT(m)		750		3896581.9708395								-9347.59		303.70		-0.1868				CBSD_Dist(m)		50044.635953121



								Satellite ENU Coordinate System

				Sat Location		R Sat ECEF (m)		Ê Sat		N̂ Sat		Û Sat		r ES-Sat ECEF (m)				ρ̂ ES-Sat ECEF				Sat_Az(deg)		258.8775178925

		Sat_Lat(deg)		0		-40911549.0027011		-0.2419218956		0		-0.9702957263		-38254403.64				-0.9310				Sat_El(deg)		5.321598711750

		Sat_Lon(deg)		-194		10200394.8060644		-0.9702957263		0		0.2419218956		14486081.86				0.3525				Dist(m)		41091389.0207304

		Sat_HAAT(m)		35785863		0		0		1		0		-3905929.56				-0.0951				Skew(deg)		50.8705764495





								Earth Station Antenna H'V'B Coordinate System

								Ĥ' Ant		V̂' Ant		B̂ Ant										h (deg)		z (deg)

								0.192906998		0.0910038951		-0.9769878102										-111.2548070		5.7162251802

								-0.9812170454		0.0178913404		-0.1920755315

								0		0.9956898066		0.0927459379										Gain in Geo (dB)		Gain in Perpen to Geo (dB)

																						10.0722667828		13.0722667828



								Earth Station Antenna HVB Coordinate System														Weighted Gain (dB)		12.35

								Ĥ Ant		V̂ Ant		B̂ Ant

								0.1923324023		-0.0922120699		-0.9769878102

								-0.6053421003		0.772442834		-0.1920755315

								0.7723789152		0.6283542014		0.0927459379

































































































Method 3 calculations

		Earth Station

		  Latitude (degrees)		37.76103

		  Longitude (degrees)		-121.7991

		  Elevation (meters)		250

		Satellite

		  Longitude (degrees)		-194

		Terrestrial Station

		  Latitude (degrees)		37.6514296122

		  Longitude (degrees)		-122.3501112867

		  Elevation (meters)		750

		Frequency Band (1 = Other, 2 = Conv Ku, 3 = Ka)		1

		ECEF Coordinates (meters)		X		Y		Z

		  Earth Station		-2657088.28626063		-4285595.00673848		3905845.66255948

		  Satellite		-40911549.0027011		10200394.8060643		0

		  Terrestrial Station		-2702383.97463653		-4266482.57260934		3896498.28355517

		Local Horizontal Plane Coordinates (meters)		X		Y		Z

		  Earth Station		0.0000000005		0		0.0000000009

		  Satellite		-7892650.38692204		-40145786.1758564		-3811196.41245245

		  Terrestrial Station		-12058.8116956442		-48568.0022769431		-303.6994459257

				Azimuth		Elevation		Skew

		Satellite Pointing Angles		258.878		5.322		50.871

				Offset		Rotation		Gain

		Terrestrial Station Angles and ES Gain toward TS		5.716		68.744		12.354



Method 3 Data	




Studies

																																M1		M1		M1		M2		M2		M3		M3		Δ M1-M2		Δ M1-M3		Δ M1-M2		Δ M1-M3		Δ M2-M3

				ES Lat		ES Long		ES Hgt (m)		Sat Long		CBSD Lat		CBSD Long		CBSD Hgt (m)				E.Az		E.El		E-C.Dist.		E-C.Deg		E-C.Az		E-C.El		Skew		Rotation		Gain		Skew		Gain		Skew		Gain		Skew		Skew		Gain		Gain		Gain

		1		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		150				258.8775178925		5.3218414183		141.4272670845		50.319896024		-101.1221280002		-44.9980546046		50.8705764495		39.1290981955		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		2		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		150				258.8775178925		5.3218414183		141.4272118441		50.3917330345		-98.1221307836		-44.9980769817		50.8705764495		36.3757520701		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		3		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		150				258.8775178925		5.3218414183		141.4272118441		50.5191204096		-96.1221322189		-44.9980769817		50.8705764495		34.5492103476		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		4		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		150				258.8775178925		5.3218414183		141.4271566037		51.1118069705		-91.1221341021		-44.9980993588		50.8705764495		30.0525169666		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		5		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		150				258.8775178925		5.3218414183		141.4270461227		57.0321653413		-71.1221184195		-44.9981441132		50.8705764495		14.2045970263		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		6		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		150				258.8775178925		5.3218414183		141.4271013632		86.7508731557		-21.1222476199		-44.998121736		50.8705764495		-5.0980506284		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		7		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		150				258.8775178925		5.3218414183		141.4271013632		140.3237196811		78.8771637843		-44.998121736		50.8705764495		39.1290313495		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		8		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		150				258.8775178925		5.3218414183		141.4271566037		86.7507155591		178.8775042631		-44.9980993588		50.8705764495		83.356890312		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		9		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		150				258.8775178925		5.3218414183		141.4273223249		57.0317651258		-131.1221066366		-44.9980322276		50.8705764495		64.0538277505		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		10		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		150				258.8775178925		5.3218414183		141.4272670845		51.1116510709		-111.1221153989		-44.9980546046		50.8705764495		48.2057098285		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		11		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		150				258.8775178925		5.3218414183		141.4272670845		50.5190417325		-106.1221220788		-44.9980546046		50.8705764495		43.7089937347		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		12		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		150				258.8775178925		5.3218414183		141.4272670845		50.3916768055		-104.1221245972		-44.9980546046		50.8705764495		41.8824478823		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		13		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		150				258.8775178925		5.3218414183		141.4272670845		50.319896024		-101.1221280002		-44.9980546046		50.8705764495		39.1290981955		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		14		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		150				258.8775178925		5.3218414183		141.4272118441		50.3917330345		-98.1221307836		-44.9980769817		50.8705764495		36.3757520701		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		15		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		150				258.8775178925		5.3218414183		141.4272118441		50.5191204096		-96.1221322189		-44.9980769817		50.8705764495		34.5492103476		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		16		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		150				258.8775178925		5.3218414183		141.4271566037		51.1118069705		-91.1221341021		-44.9980993588		50.8705764495		30.0525169666		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		17		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		150				258.8775178925		5.3218414183		141.4270461227		57.0321653413		-71.1221184195		-44.9981441132		50.8705764495		14.2045970263		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		18		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		150				258.8775178925		5.3218414183		141.4271013632		86.7508731557		-21.1222476199		-44.998121736		50.8705764495		-5.0980506284		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		19		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		150				258.8775178925		5.3218414183		141.4271013632		140.3237196811		78.8771637843		-44.998121736		50.8705764495		39.1290313495		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		20		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		150				258.8775178925		5.3218414183		141.4271566037		86.7507155591		178.8775042631		-44.9980993588		50.8705764495		83.356890312		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		21		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		150				258.8775178925		5.3218414183		141.4273223249		57.0317651258		-131.1221066366		-44.9980322276		50.8705764495		64.0538277505		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		22		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		150				258.8775178925		5.3218414183		141.4272670845		51.1116510709		-111.1221153989		-44.9980546046		50.8705764495		48.2057098285		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		23		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		150				258.8775178925		5.3218414183		141.4272670845		50.5190417325		-106.1221220788		-44.9980546046		50.8705764495		43.7089937347		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		24		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		150				258.8775178925		5.3218414183		141.4272670845		50.3916768055		-104.1221245972		-44.9980546046		50.8705764495		41.8824478823		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		25		37.76103		-121.7991		250		-194		37.7592969617		-121.8102502341		150				258.8775178925		5.3218414183		1005.0805082803		11.036397206		-101.1189410639		-5.7145552213		50.8705764495		39.1110178716		5.9293169354		50.8705764495		5.9296755634		50.8705764495		5.9293685812		0.0000		0.0000		0.0004		0.0001		0.0003

		26		37.76103		-121.7991		250		-194		37.7597606814		-121.8103496805		150				258.8775178925		5.3218414183		1005.0776478089		11.4365853427		-98.11896889		-5.7145715134		50.8705764495		23.8847818748		5.5425906215		50.8705764495		5.5429245409		50.8705764495		5.5426387307		0.0000		0.0000		0.0003		0.0000		0.0003

		27		37.76103		-121.7991		250		-194		37.7600718395		-121.8103988611		150				258.8775178925		5.3218414183		1005.0756501378		12.114450137		-96.118983234		-5.7145828914		50.8705764495		14.7033669077		4.917407332		50.8705764495		4.917704819		50.8705764495		4.9174502007		0.0000		0.0000		0.0003		0.0000		0.0003

		28		37.76103		-121.7991		250		-194		37.7608540095		-121.8104614969		150				258.8775178925		5.3218414183		1005.0704577292		14.8849582664		-91.1190020588		-5.7146124655		50.8705764495		-3.1590765975		2.6813094666		50.8705764495		2.6815061667		50.8705764495		2.6813378262		0.0000		0.0000		0.0002		0.0000		0.0002

		29		37.76103		-121.7991		250		-194		37.7639366746		-121.8098524525		150				258.8775178925		5.3218414183		1005.0517788278		31.925146919		-71.1188451662		-5.7147188566		50.8705764495		-31.0775212302		-5.6033226139		50.8705764495		-5.6032807052		50.8705764495		-5.603316568		0.0000		0.0000		0.0000		0.0000		0.0000

		30		37.76103		-121.7991		250		-194		37.7694102001		-121.8031950473		150				258.8775178925		5.3218414183		1005.0619617093		80.6325829946		-21.1201370986		-5.7146608566		50.8705764495		-44.1675155699		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		31		37.76103		-121.7991		250		-194		37.7627630383		-121.7879497659		150				258.8775178925		5.3218414183		1005.0580595792		179.607142524		78.8739767795		-5.7146830824		50.8705764495		38.6155304002		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		32		37.76103		-121.7991		250		-194		37.7520479221		-121.7988773883		150				258.8775178925		5.3218414183		1005.0693073117		80.6303941816		178.8773816073		-5.714619018		50.8705764495		122.4261576018		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		33		37.76103		-121.7991		250		-194		37.7551216151		-121.8076603195		150				258.8775178925		5.3218414183		1005.0918334909		31.9181453135		-131.11872756		-5.7144907186		50.8705764495		109.332088158		-5.6009411901		50.8705764495		-5.6008992619		50.8705764495		-5.6009351396		0.0000		0.0000		0.0000		0.0000		0.0000

		34		37.76103		-121.7991		250		-194		37.7577925715		-121.8097001771		150				258.8775178925		5.3218414183		1005.0882268488		14.8800960824		-111.1188150918		-5.71451126		50.8705764495		81.3977136421		2.6848566123		50.8705764495		2.6850534261		50.8705764495		2.6848849778		0.0000		0.0000		0.0002		0.0000		0.0002

		35		37.76103		-121.7991		250		-194		37.7585352734		-121.8100167471		150				258.8775178925		5.3218414183		1005.0847678803		12.11148161		-106.118881868		-5.7145309606		50.8705764495		63.5249330192		4.9200681479		50.8705764495		4.9203657656		50.8705764495		4.9201110242		0.0000		0.0000		0.0003		0.0000		0.0003

		36		37.76103		-121.7991		250		-194		37.7588379922		-121.8101202257		150				258.8775178925		5.3218414183		1005.083143327		11.4347014156		-104.1189070479		-5.7145402133		50.8705764495		54.339783894		5.5443792816		50.8705764495		5.5447133281		50.8705764495		5.5444274249		0.0000		0.0000		0.0003		0.0000		0.0003

		37		37.76103		-121.7991		250		-194		37.7523648087		-121.8548511706		150				258.8775178925		5.3218414183		5001.6921792779		6.4899304257		-101.1047775825		-1.168064916		50.8705764495		38.9728183318		9.4567986816		50.8705764495		9.4572456275		50.8705764495		9.4568864689		0.0000		0.0000		0.0004		0.0001		0.0004

		38		37.76103		-121.7991		250		-194		37.7546834069		-121.8553484024		150				258.8775178925		5.3218414183		5001.6204499142		7.1556320285		-98.1049165075		-1.1680810253		50.8705764495		14.1356376456		8.0929661315		50.8705764495		8.0929610868		50.8705764495		8.0929651415		0.0000		0.0000		0.0000		0.0000		0.0000

		39		37.76103		-121.7991		250		-194		37.7562391977		-121.8555943054		150				258.8775178925		5.3218414183		5001.5703174728		8.1996587183		-96.1049881001		-1.1680922846		50.8705764495		1.3156625383		8.0004723177		50.8705764495		8.0004715875		50.8705764495		8.0004721743		0.0000		0.0000		0.0000		0.0000		0.0000

		40		37.76103		-121.7991		250		-194		37.7601500476		-121.8559074845		150				258.8775178925		5.3218414183		5001.4399910801		11.9259441932		-91.1050819273		-1.1681215557		50.8705764495		-18.1783846797		5.0876806811		50.8705764495		5.0878122428		50.8705764495		5.0877064989		0.0000		0.0000		0.0001		0.0000		0.0001

		41		37.76103		-121.7991		250		-194		37.7755633731		-121.8528622623		150				258.8775178925		5.3218414183		5000.9704886277		30.6762221213		-71.1042960769		-1.1682270182		50.8705764495		-39.4991391342		-5.170046844		50.8705764495		-5.1700280244		50.8705764495		-5.1700431801		0.0000		0.0000		0.0000		0.0000		0.0000

		42		37.76103		-121.7991		250		-194		37.8029310003		-121.8195752367		150				258.8775178925		5.3218414183		5001.2263980323		80.1672838588		-21.1107540114		-1.1681695317		50.8705764495		-48.7544269156		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		43		37.76103		-121.7991		250		-194		37.7696951913		-121.7433488294		150				258.8775178925		5.3218414183		5001.1283133159		175.8463125445		78.859811633		-1.1681915644		50.8705764495		-140.626173098		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		44		37.76103		-121.7991		250		-194		37.7161196104		-121.7979869417		150				258.8775178925		5.3218414183		5001.4109259288		80.1562880793		178.8768366502		-1.1681280839		50.8705764495		127.0122208336		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		45		37.76103		-121.7991		250		-194		37.7314880753		-121.8419015977		150				258.8775178925		5.3218414183		5001.9766858338		30.6401004994		-131.1037128202		-1.1680010248		50.8705764495		117.7427440343		-5.1572546362		50.8705764495		-5.1572357703		50.8705764495		-5.157250963		0.0000		0.0000		0.0000		0.0000		0.0000

		46		37.76103		-121.7991		250		-194		37.7448428573		-121.8521008856		150				258.8775178925		5.3218414183		5001.8861942271		11.8959619349		-111.1041485604		-1.1680213455		50.8705764495		96.3431003329		5.1150108538		50.8705764495		5.1151430825		50.8705764495		5.1150368028		0.0000		0.0000		0.0001		0.0000		0.0001

		47		37.76103		-121.7991		250		-194		37.7485563671		-121.8536837357		150				258.8775178925		5.3218414183		5001.7992528314		8.1779985009		-106.1044819921		-1.1680408698		50.8705764495		76.7458355818		9.1026184426		50.8705764495		9.1028884778		50.8705764495		9.1026714696		0.0000		0.0000		0.0003		0.0001		0.0002

		48		37.76103		-121.7991		250		-194		37.7500699612		-121.8542011287		150				258.8775178925		5.3218414183		5001.7585657446		7.1407664504		-104.1046077288		-1.168050007		50.8705764495		63.8647359454		9.8266415016		50.8705764495		9.8268883691		50.8705764495		9.8266899847		0.0000		0.0000		0.0002		0.0000		0.0002

		49		37.76103		-121.7991		250		-194		37.6743780873		-122.3566117057		150				258.8775178925		5.3218414183		50032.179777744		5.6638376299		-100.9455141177		-0.3392383178		50.8705764495		37.3360254302		10.8718402554		50.8705764495		10.8723070873		50.8705764495		10.871940229		0.0000		0.0000		0.0005		0.0001		0.0004

		50		37.76103		-121.7991		250		-194		37.6975640693		-122.361584024		150				258.8775178925		5.3218414183		50025.0137782652		6.488820908		-97.9468802153		-0.3392225359		50.8705764495		9.7767541121		8.743255825		50.8705764495		8.7436031346		50.8705764495		8.7433302019		0.0000		0.0000		0.0003		0.0001		0.0003

		51		37.76103		-121.7991		250		-194		37.7131219771		-122.364043054		150				258.8775178925		5.3218414183		50020.0039880921		7.6651552773		-95.9475817887		-0.3392115054		50.8705764495		-3.4184531333		8.0044874095		50.8705764495		8.0044910263		50.8705764495		8.0044881839		0.0000		0.0000		0.0000		0.0000		0.0000

		52		37.76103		-121.7991		250		-194		37.7522304759		-122.3671748446		150				258.8775178925		5.3218414183		50006.9745485567		11.6308511838		-90.948486675		-0.3391828281		50.8705764495		-22.0510093182		5.3597125254		50.8705764495		5.3598228638		50.8705764495		5.3597361519		0.0000		0.0000		0.0001		0.0000		0.0001

		53		37.76103		-121.7991		250		-194		37.9063637311		-122.3367226232		150				258.8775178925		5.3218414183		49959.9683665582		30.6674111944		-70.9404722736		-0.3390794989		50.8705764495		-41.1559058074		-5.1669279083		50.8705764495		-5.1669132419		50.8705764495		-5.1669247717		0.0000		0.0000		0.0000		0.0000		0.0000

		54		37.76103		-121.7991		250		-194		38.1800400028		-122.0038523666		150				258.8775178925		5.3218414183		49985.6240267514		80.1927446762		-21.004857792		-0.3391358702		50.8705764495		-49.6022291594		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		55		37.76103		-121.7991		250		-194		37.8476819127		-121.2415882943		150				258.8775178925		5.3218414183		49975.7821110323		175.0141346941		78.700376454		-0.3391142381		50.8705764495		-138.831967875		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		56		37.76103		-121.7991		250		-194		37.3119261037		-121.7879694168		150				258.8775178925		5.3218414183		50004.1365270164		80.0824209887		178.8707261604		-0.3391765838		50.8705764495		127.8503289123		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		57		37.76103		-121.7991		250		-194		37.4656107535		-122.227115977		150				258.8775178925		5.3218414183		50060.5594929781		30.30508016		-130.9351768542		-0.3393008658		50.8705764495		119.2739153831		-5.0378859275		50.8705764495		-5.0378708736		50.8705764495		-5.0378827078		0.0000		0.0000		0.0000		0.0000		0.0000

		58		37.76103		-121.7991		250		-194		37.5991585732		-122.3291088558		150				258.8775178925		5.3218414183		50051.5479474661		11.3206581996		-110.9393183209		-0.3392809967		50.8705764495		99.4199756942		5.6532080475		50.8705764495		5.6533245934		50.8705764495		5.6532330036		0.0000		0.0000		0.0001		0.0000		0.0001

		59		37.76103		-121.7991		250		-194		37.6362936708		-122.3449373567		150				258.8775178925		5.3218414183		50042.87173889		7.4309316052		-105.9426020305		-0.3392618739		50.8705764495		79.6483994004		10.102259379		50.8705764495		10.102536164		50.8705764495		10.1023186519		0.0000		0.0000		0.0003		0.0001		0.0002

		60		37.76103		-121.7991		250		-194		37.6514296122		-122.3501112867		150				258.8775178925		5.3218414183		50038.8096963559		6.323488812		-103.9438410395		-0.3392529234		50.8705764495		65.673736286		11.087169341		50.8705764495		11.0876016149		50.8705764495		11.0872619133		0.0000		0.0000		0.0004		0.0001		0.0003

		61		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		150				258.8775178925		5.3218414183		141.4272670845		50.319896024		-101.1221280002		-44.9980546046		50.8705764495		39.1290981955		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		62		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		150				258.8775178925		5.3218414183		141.4272118441		50.3917330345		-98.1221307836		-44.9980769817		50.8705764495		36.3757520701		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		63		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		150				258.8775178925		5.3218414183		141.4272118441		50.5191204096		-96.1221322189		-44.9980769817		50.8705764495		34.5492103476		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		64		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		150				258.8775178925		5.3218414183		141.4271566037		51.1118069705		-91.1221341021		-44.9980993588		50.8705764495		30.0525169666		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		65		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		150				258.8775178925		5.3218414183		141.4270461227		57.0321653413		-71.1221184195		-44.9981441132		50.8705764495		14.2045970263		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		66		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		150				258.8775178925		5.3218414183		141.4271013632		86.7508731557		-21.1222476199		-44.998121736		50.8705764495		-5.0980506284		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		67		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		150				258.8775178925		5.3218414183		141.4271013632		140.3237196811		78.8771637843		-44.998121736		50.8705764495		39.1290313495		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		68		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		150				258.8775178925		5.3218414183		141.4271566037		86.7507155591		178.8775042631		-44.9980993588		50.8705764495		83.356890312		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		69		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		150				258.8775178925		5.3218414183		141.4273223249		57.0317651258		-131.1221066366		-44.9980322276		50.8705764495		64.0538277505		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		70		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		150				258.8775178925		5.3218414183		141.4272670845		51.1116510709		-111.1221153989		-44.9980546046		50.8705764495		48.2057098285		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		71		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		150				258.8775178925		5.3218414183		141.4272670845		50.5190417325		-106.1221220788		-44.9980546046		50.8705764495		43.7089937347		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		72		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		150				258.8775178925		5.3218414183		141.4272670845		50.3916768055		-104.1221245972		-44.9980546046		50.8705764495		41.8824478823		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		73		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		150				258.8775178925		5.3218414183		141.4272670845		50.319896024		-101.1221280002		-44.9980546046		50.8705764495		39.1290981955		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		74		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		150				258.8775178925		5.3218414183		141.4272118441		50.3917330345		-98.1221307836		-44.9980769817		50.8705764495		36.3757520701		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		75		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		150				258.8775178925		5.3218414183		141.4272118441		50.5191204096		-96.1221322189		-44.9980769817		50.8705764495		34.5492103476		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		76		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		150				258.8775178925		5.3218414183		141.4271566037		51.1118069705		-91.1221341021		-44.9980993588		50.8705764495		30.0525169666		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		77		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		150				258.8775178925		5.3218414183		141.4270461227		57.0321653413		-71.1221184195		-44.9981441132		50.8705764495		14.2045970263		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		78		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		150				258.8775178925		5.3218414183		141.4271013632		86.7508731557		-21.1222476199		-44.998121736		50.8705764495		-5.0980506284		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		79		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		150				258.8775178925		5.3218414183		141.4271013632		140.3237196811		78.8771637843		-44.998121736		50.8705764495		39.1290313495		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		80		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		150				258.8775178925		5.3218414183		141.4271566037		86.7507155591		178.8775042631		-44.9980993588		50.8705764495		83.356890312		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		81		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		150				258.8775178925		5.3218414183		141.4273223249		57.0317651258		-131.1221066366		-44.9980322276		50.8705764495		64.0538277505		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		82		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		150				258.8775178925		5.3218414183		141.4272670845		51.1116510709		-111.1221153989		-44.9980546046		50.8705764495		48.2057098285		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		83		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		150				258.8775178925		5.3218414183		141.4272670845		50.5190417325		-106.1221220788		-44.9980546046		50.8705764495		43.7089937347		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		84		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		150				258.8775178925		5.3218414183		141.4272670845		50.3916768055		-104.1221245972		-44.9980546046		50.8705764495		41.8824478823		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		85		37.76103		-121.7991		250		-194		37.7592969617		-121.8102502341		150				258.8775178925		5.3218414183		1005.0805082803		11.036397206		-101.1189410639		-5.7145552213		50.8705764495		39.1110178716		5.9293169354		50.8705764495		5.9296755634		50.8705764495		5.9293685812		0.0000		0.0000		0.0004		0.0001		0.0003

		86		37.76103		-121.7991		250		-194		37.7597606814		-121.8103496805		150				258.8775178925		5.3218414183		1005.0776478089		11.4365853427		-98.11896889		-5.7145715134		50.8705764495		23.8847818748		5.5425906215		50.8705764495		5.5429245409		50.8705764495		5.5426387307		0.0000		0.0000		0.0003		0.0000		0.0003

		87		37.76103		-121.7991		250		-194		37.7600718395		-121.8103988611		150				258.8775178925		5.3218414183		1005.0756501378		12.114450137		-96.118983234		-5.7145828914		50.8705764495		14.7033669077		4.917407332		50.8705764495		4.917704819		50.8705764495		4.9174502007		0.0000		0.0000		0.0003		0.0000		0.0003

		88		37.76103		-121.7991		250		-194		37.7608540095		-121.8104614969		150				258.8775178925		5.3218414183		1005.0704577292		14.8849582664		-91.1190020588		-5.7146124655		50.8705764495		-3.1590765975		2.6813094666		50.8705764495		2.6815061667		50.8705764495		2.6813378262		0.0000		0.0000		0.0002		0.0000		0.0002

		89		37.76103		-121.7991		250		-194		37.7639366746		-121.8098524525		150				258.8775178925		5.3218414183		1005.0517788278		31.925146919		-71.1188451662		-5.7147188566		50.8705764495		-31.0775212302		-5.6033226139		50.8705764495		-5.6032807052		50.8705764495		-5.603316568		0.0000		0.0000		0.0000		0.0000		0.0000

		90		37.76103		-121.7991		250		-194		37.7694102001		-121.8031950473		150				258.8775178925		5.3218414183		1005.0619617093		80.6325829946		-21.1201370986		-5.7146608566		50.8705764495		-44.1675155699		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		91		37.76103		-121.7991		250		-194		37.7627630383		-121.7879497659		150				258.8775178925		5.3218414183		1005.0580595792		179.607142524		78.8739767795		-5.7146830824		50.8705764495		38.6155304002		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		92		37.76103		-121.7991		250		-194		37.7520479221		-121.7988773883		150				258.8775178925		5.3218414183		1005.0693073117		80.6303941816		178.8773816073		-5.714619018		50.8705764495		122.4261576018		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		93		37.76103		-121.7991		250		-194		37.7551216151		-121.8076603195		150				258.8775178925		5.3218414183		1005.0918334909		31.9181453135		-131.11872756		-5.7144907186		50.8705764495		109.332088158		-5.6009411901		50.8705764495		-5.6008992619		50.8705764495		-5.6009351396		0.0000		0.0000		0.0000		0.0000		0.0000

		94		37.76103		-121.7991		250		-194		37.7577925715		-121.8097001771		150				258.8775178925		5.3218414183		1005.0882268488		14.8800960824		-111.1188150918		-5.71451126		50.8705764495		81.3977136421		2.6848566123		50.8705764495		2.6850534261		50.8705764495		2.6848849778		0.0000		0.0000		0.0002		0.0000		0.0002

		95		37.76103		-121.7991		250		-194		37.7585352734		-121.8100167471		150				258.8775178925		5.3218414183		1005.0847678803		12.11148161		-106.118881868		-5.7145309606		50.8705764495		63.5249330192		4.9200681479		50.8705764495		4.9203657656		50.8705764495		4.9201110242		0.0000		0.0000		0.0003		0.0000		0.0003

		96		37.76103		-121.7991		250		-194		37.7588379922		-121.8101202257		150				258.8775178925		5.3218414183		1005.083143327		11.4347014156		-104.1189070479		-5.7145402133		50.8705764495		54.339783894		5.5443792816		50.8705764495		5.5447133281		50.8705764495		5.5444274249		0.0000		0.0000		0.0003		0.0000		0.0003

		97		37.76103		-121.7991		250		-194		37.7523648087		-121.8548511706		150				258.8775178925		5.3218414183		5001.6921792779		6.4899304257		-101.1047775825		-1.168064916		50.8705764495		38.9728183318		9.4567986816		50.8705764495		9.4572456275		50.8705764495		9.4568864689		0.0000		0.0000		0.0004		0.0001		0.0004

		98		37.76103		-121.7991		250		-194		37.7546834069		-121.8553484024		150				258.8775178925		5.3218414183		5001.6204499142		7.1556320285		-98.1049165075		-1.1680810253		50.8705764495		14.1356376456		8.0929661315		50.8705764495		8.0929610868		50.8705764495		8.0929651415		0.0000		0.0000		0.0000		0.0000		0.0000

		99		37.76103		-121.7991		250		-194		37.7562391977		-121.8555943054		150				258.8775178925		5.3218414183		5001.5703174728		8.1996587183		-96.1049881001		-1.1680922846		50.8705764495		1.3156625383		8.0004723177		50.8705764495		8.0004715875		50.8705764495		8.0004721743		0.0000		0.0000		0.0000		0.0000		0.0000

		100		37.76103		-121.7991		250		-194		37.7601500476		-121.8559074845		150				258.8775178925		5.3218414183		5001.4399910801		11.9259441932		-91.1050819273		-1.1681215557		50.8705764495		-18.1783846797		5.0876806811		50.8705764495		5.0878122428		50.8705764495		5.0877064989		0.0000		0.0000		0.0001		0.0000		0.0001

		101		37.76103		-121.7991		250		-194		37.7755633731		-121.8528622623		150				258.8775178925		5.3218414183		5000.9704886277		30.6762221213		-71.1042960769		-1.1682270182		50.8705764495		-39.4991391342		-5.170046844		50.8705764495		-5.1700280244		50.8705764495		-5.1700431801		0.0000		0.0000		0.0000		0.0000		0.0000

		102		37.76103		-121.7991		250		-194		37.8029310003		-121.8195752367		150				258.8775178925		5.3218414183		5001.2263980323		80.1672838588		-21.1107540114		-1.1681695317		50.8705764495		-48.7544269156		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		103		37.76103		-121.7991		250		-194		37.7696951913		-121.7433488294		150				258.8775178925		5.3218414183		5001.1283133159		175.8463125445		78.859811633		-1.1681915644		50.8705764495		-140.626173098		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		104		37.76103		-121.7991		250		-194		37.7161196104		-121.7979869417		150				258.8775178925		5.3218414183		5001.4109259288		80.1562880793		178.8768366502		-1.1681280839		50.8705764495		127.0122208336		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		105		37.76103		-121.7991		250		-194		37.7314880753		-121.8419015977		150				258.8775178925		5.3218414183		5001.9766858338		30.6401004994		-131.1037128202		-1.1680010248		50.8705764495		117.7427440343		-5.1572546362		50.8705764495		-5.1572357703		50.8705764495		-5.157250963		0.0000		0.0000		0.0000		0.0000		0.0000

		106		37.76103		-121.7991		250		-194		37.7448428573		-121.8521008856		150				258.8775178925		5.3218414183		5001.8861942271		11.8959619349		-111.1041485604		-1.1680213455		50.8705764495		96.3431003329		5.1150108538		50.8705764495		5.1151430825		50.8705764495		5.1150368028		0.0000		0.0000		0.0001		0.0000		0.0001

		107		37.76103		-121.7991		250		-194		37.7485563671		-121.8536837357		150				258.8775178925		5.3218414183		5001.7992528314		8.1779985009		-106.1044819921		-1.1680408698		50.8705764495		76.7458355818		9.1026184426		50.8705764495		9.1028884778		50.8705764495		9.1026714696		0.0000		0.0000		0.0003		0.0001		0.0002

		108		37.76103		-121.7991		250		-194		37.7500699612		-121.8542011287		150				258.8775178925		5.3218414183		5001.7585657446		7.1407664504		-104.1046077288		-1.168050007		50.8705764495		63.8647359454		9.8266415016		50.8705764495		9.8268883691		50.8705764495		9.8266899847		0.0000		0.0000		0.0002		0.0000		0.0002

		109		37.76103		-121.7991		250		-194		37.6743780873		-122.3566117057		150				258.8775178925		5.3218414183		50032.179777744		5.6638376299		-100.9455141177		-0.3392383178		50.8705764495		37.3360254302		10.8718402554		50.8705764495		10.8723070873		50.8705764495		10.871940229		0.0000		0.0000		0.0005		0.0001		0.0004

		110		37.76103		-121.7991		250		-194		37.6975640693		-122.361584024		150				258.8775178925		5.3218414183		50025.0137782652		6.488820908		-97.9468802153		-0.3392225359		50.8705764495		9.7767541121		8.743255825		50.8705764495		8.7436031346		50.8705764495		8.7433302019		0.0000		0.0000		0.0003		0.0001		0.0003

		111		37.76103		-121.7991		250		-194		37.7131219771		-122.364043054		150				258.8775178925		5.3218414183		50020.0039880921		7.6651552773		-95.9475817887		-0.3392115054		50.8705764495		-3.4184531333		8.0044874095		50.8705764495		8.0044910263		50.8705764495		8.0044881839		0.0000		0.0000		0.0000		0.0000		0.0000

		112		37.76103		-121.7991		250		-194		37.7522304759		-122.3671748446		150				258.8775178925		5.3218414183		50006.9745485567		11.6308511838		-90.948486675		-0.3391828281		50.8705764495		-22.0510093182		5.3597125254		50.8705764495		5.3598228638		50.8705764495		5.3597361519		0.0000		0.0000		0.0001		0.0000		0.0001

		113		37.76103		-121.7991		250		-194		37.9063637311		-122.3367226232		150				258.8775178925		5.3218414183		49959.9683665582		30.6674111944		-70.9404722736		-0.3390794989		50.8705764495		-41.1559058074		-5.1669279083		50.8705764495		-5.1669132419		50.8705764495		-5.1669247717		0.0000		0.0000		0.0000		0.0000		0.0000

		114		37.76103		-121.7991		250		-194		38.1800400028		-122.0038523666		150				258.8775178925		5.3218414183		49985.6240267514		80.1927446762		-21.004857792		-0.3391358702		50.8705764495		-49.6022291594		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		115		37.76103		-121.7991		250		-194		37.8476819127		-121.2415882943		150				258.8775178925		5.3218414183		49975.7821110323		175.0141346941		78.700376454		-0.3391142381		50.8705764495		-138.831967875		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		116		37.76103		-121.7991		250		-194		37.3119261037		-121.7879694168		150				258.8775178925		5.3218414183		50004.1365270164		80.0824209887		178.8707261604		-0.3391765838		50.8705764495		127.8503289123		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		117		37.76103		-121.7991		250		-194		37.4656107535		-122.227115977		150				258.8775178925		5.3218414183		50060.5594929781		30.30508016		-130.9351768542		-0.3393008658		50.8705764495		119.2739153831		-5.0378859275		50.8705764495		-5.0378708736		50.8705764495		-5.0378827078		0.0000		0.0000		0.0000		0.0000		0.0000

		118		37.76103		-121.7991		250		-194		37.5991585732		-122.3291088558		150				258.8775178925		5.3218414183		50051.5479474661		11.3206581996		-110.9393183209		-0.3392809967		50.8705764495		99.4199756942		5.6532080475		50.8705764495		5.6533245934		50.8705764495		5.6532330036		0.0000		0.0000		0.0001		0.0000		0.0001

		119		37.76103		-121.7991		250		-194		37.6362936708		-122.3449373567		150				258.8775178925		5.3218414183		50042.87173889		7.4309316052		-105.9426020305		-0.3392618739		50.8705764495		79.6483994004		10.102259379		50.8705764495		10.102536164		50.8705764495		10.1023186519		0.0000		0.0000		0.0003		0.0001		0.0002

		120		37.76103		-121.7991		250		-194		37.6514296122		-122.3501112867		150				258.8775178925		5.3218414183		50038.8096963559		6.323488812		-103.9438410395		-0.3392529234		50.8705764495		65.673736286		11.087169341		50.8705764495		11.0876016149		50.8705764495		11.0872619133		0.0000		0.0000		0.0004		0.0001		0.0003

		121		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		240				258.8775178925		5.3218414183		100.5077733312		11.0323697195		-101.1221280002		-5.7105282955		50.8705764495		39.1275822908		5.9332798101		50.8705764495		5.9336368653		50.8705764495		5.9333297718		0.0000		0.0000		0.0004		0.0000		0.0003

		122		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		240				258.8775178925		5.3218414183		100.5076956009		11.4318612269		-98.1221307836		-5.7105327259		50.8705764495		23.8947347294		5.5470764038		50.8705764495		5.5474114343		50.8705764495		5.5471254937		0.0000		0.0000		0.0003		0.0000		0.0003

		123		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		240				258.8775178925		5.3218414183		100.5076956009		12.1094664872		-96.1221322189		-5.7105327259		50.8705764495		14.7089756091		4.9218747591		50.8705764495		4.9221722972		50.8705764495		4.921917564		0.0000		0.0000		0.0003		0.0000		0.0003

		124		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		240				258.8775178925		5.3218414183		100.5076178705		14.8798467866		-91.1221341021		-5.7105371562		50.8705764495		-3.1607889632		2.6850385143		50.8705764495		2.6852360036		50.8705764495		2.6850676103		0.0000		0.0000		0.0002		0.0000		0.0002

		125		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		240				258.8775178925		5.3218414183		100.5074624095		31.9206746404		-71.1221184195		-5.710546017		50.8705764495		-31.0828766839		-5.6018015387		50.8705764495		-5.6017596789		50.8705764495		-5.6017955378		0.0000		0.0000		0.0000		0.0000		0.0000

		126		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		240				258.8775178925		5.3218414183		100.50754014		80.6300387793		-21.1222476199		-5.7105415866		50.8705764495		-44.1714285307		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		127		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		240				258.8775178925		5.3218414183		100.50754014		179.6112996719		78.8771637843		-5.7105415866		50.8705764495		39.0774854088		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		128		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		240				258.8775178925		5.3218414183		100.5076178705		80.6298198829		178.8775042631		-5.7105371562		50.8705764495		122.4302553766		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		129		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		240				258.8775178925		5.3218414183		100.5078510615		31.919974664		-131.1221066366		-5.7105238651		50.8705764495		109.3412947064		-5.6015634491		50.8705764495		-5.6015215099		50.8705764495		-5.6015573702		0.0000		0.0000		0.0000		0.0000		0.0000

		130		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		240				258.8775178925		5.3218414183		100.5077733312		14.8793613965		-111.1221153989		-5.7105282955		50.8705764495		81.4176116765		2.6853926941		50.8705764495		2.685590878		50.8705764495		2.6854224741		0.0000		0.0000		0.0002		0.0000		0.0002

		131		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		240				258.8775178925		5.3218414183		100.5077733312		12.1091702353		-106.1221220788		-5.7105282955		50.8705764495		63.5468145135		4.9221403821		50.8705764495		4.9224385593		50.8705764495		4.9221838131		0.0000		0.0000		0.0003		0.0000		0.0003

		132		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		240				258.8775178925		5.3218414183		100.5077733312		11.4316715129		-104.1221245972		-5.7105282955		50.8705764495		54.36068485		5.5472565853		50.8705764495		5.5475904388		50.8705764495		5.5473044887		0.0000		0.0000		0.0003		0.0000		0.0003

		133		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		240				258.8775178925		5.3218414183		100.5077733312		11.0323697195		-101.1221280002		-5.7105282955		50.8705764495		39.1275822908		5.9332798101		50.8705764495		5.9336368653		50.8705764495		5.9333297718		0.0000		0.0000		0.0004		0.0000		0.0003

		134		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		240				258.8775178925		5.3218414183		100.5076956009		11.4318612269		-98.1221307836		-5.7105327259		50.8705764495		23.8947347294		5.5470764038		50.8705764495		5.5474114343		50.8705764495		5.5471254937		0.0000		0.0000		0.0003		0.0000		0.0003

		135		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		240				258.8775178925		5.3218414183		100.5076956009		12.1094664872		-96.1221322189		-5.7105327259		50.8705764495		14.7089756091		4.9218747591		50.8705764495		4.9221722972		50.8705764495		4.921917564		0.0000		0.0000		0.0003		0.0000		0.0003

		136		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		240				258.8775178925		5.3218414183		100.5076178705		14.8798467866		-91.1221341021		-5.7105371562		50.8705764495		-3.1607889632		2.6850385143		50.8705764495		2.6852360036		50.8705764495		2.6850676103		0.0000		0.0000		0.0002		0.0000		0.0002

		137		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		240				258.8775178925		5.3218414183		100.5074624095		31.9206746404		-71.1221184195		-5.710546017		50.8705764495		-31.0828766839		-5.6018015387		50.8705764495		-5.6017596789		50.8705764495		-5.6017955378		0.0000		0.0000		0.0000		0.0000		0.0000

		138		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		240				258.8775178925		5.3218414183		100.50754014		80.6300387793		-21.1222476199		-5.7105415866		50.8705764495		-44.1714285307		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		139		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		240				258.8775178925		5.3218414183		100.50754014		179.6112996719		78.8771637843		-5.7105415866		50.8705764495		39.0774854088		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		140		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		240				258.8775178925		5.3218414183		100.5076178705		80.6298198829		178.8775042631		-5.7105371562		50.8705764495		122.4302553766		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		141		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		240				258.8775178925		5.3218414183		100.5078510615		31.919974664		-131.1221066366		-5.7105238651		50.8705764495		109.3412947064		-5.6015634491		50.8705764495		-5.6015215099		50.8705764495		-5.6015573702		0.0000		0.0000		0.0000		0.0000		0.0000

		142		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		240				258.8775178925		5.3218414183		100.5077733312		14.8793613965		-111.1221153989		-5.7105282955		50.8705764495		81.4176116765		2.6853926941		50.8705764495		2.685590878		50.8705764495		2.6854224741		0.0000		0.0000		0.0002		0.0000		0.0002

		143		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		240				258.8775178925		5.3218414183		100.5077733312		12.1091702353		-106.1221220788		-5.7105282955		50.8705764495		63.5468145135		4.9221403821		50.8705764495		4.9224385593		50.8705764495		4.9221838131		0.0000		0.0000		0.0003		0.0000		0.0003

		144		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		240				258.8775178925		5.3218414183		100.5077733312		11.4316715129		-104.1221245972		-5.7105282955		50.8705764495		54.36068485		5.5472565853		50.8705764495		5.5475904388		50.8705764495		5.5473044887		0.0000		0.0000		0.0003		0.0000		0.0003

		145		37.76103		-121.7991		250		-194		37.7592969617		-121.8102502341		240				258.8775178925		5.3218414183		1000.1504574313		5.8992155759		-101.1189410639		-0.5773730976		50.8705764495		39.0949722826		10.497767696		50.8705764495		10.4982369889		50.8705764495		10.4978643175		0.0000		0.0000		0.0005		0.0001		0.0004

		146		37.76103		-121.7991		250		-194		37.7597606814		-121.8103496805		240				258.8775178925		5.3218414183		1000.1475828597		6.618034863		-98.11896889		-0.5773747313		50.8705764495		12.089130306		8.5542922473		50.8705764495		8.5546528969		50.8705764495		8.5543665001		0.0000		0.0000		0.0004		0.0001		0.0003

		147		37.76103		-121.7991		250		-194		37.7600718395		-121.8103988611		240				258.8775178925		5.3218414183		1000.1455831528		7.7311479275		-96.118983234		-0.5773758678		50.8705764495		-1.2839363768		8.0006130826		50.8705764495		8.0006143065		50.8705764495		8.0006133344		0.0000		0.0000		0.0000		0.0000		0.0000

		148		37.76103		-121.7991		250		-194		37.7608540095		-121.8104614969		240				258.8775178925		5.3218414183		1000.1403573374		11.6021448613		-91.1190020588		-0.5773788378		50.8705764495		-20.6031905406		5.3865429087		50.8705764495		5.386663266		50.8705764495		5.3865676769		0.0000		0.0000		0.0001		0.0000		0.0001

		149		37.76103		-121.7991		250		-194		37.7639366746		-121.8098524525		240				258.8775178925		5.3218414183		1000.1215863584		30.5391363328		-71.1188451662		-0.5773895062		50.8705764495		-40.6282737188		-5.1214187689		50.8705764495		-5.121402553		50.8705764495		-5.1214154498		0.0000		0.0000		0.0000		0.0000		0.0000

		150		37.76103		-121.7991		250		-194		37.7694102001		-121.8031950473		240				258.8775178925		5.3218414183		1000.1318194368		80.1007565743		-21.1201370986		-0.5773836902		50.8705764495		-49.3503429921		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		151		37.76103		-121.7991		250		-194		37.7627630383		-121.7879497659		240				258.8775178925		5.3218414183		1000.127898071		175.2555431833		78.8739767795		-0.5773859189		50.8705764495		-140.8277659459		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		152		37.76103		-121.7991		250		-194		37.7520479221		-121.7988773883		240				258.8775178925		5.3218414183		1000.139201249		80.0985577432		178.8773816073		-0.5773794948		50.8705764495		127.608979289		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		153		37.76103		-121.7991		250		-194		37.7551216151		-121.8076603195		240				258.8775178925		5.3218414183		1000.1618384667		30.5318894498		-131.11872756		-0.5773666296		50.8705764495		118.8842606122		-5.1188420303		50.8705764495		-5.1188258061		50.8705764495		-5.1188387094		0.0000		0.0000		0.0000		0.0000		0.0000

		154		37.76103		-121.7991		250		-194		37.7577925715		-121.8097001771		240				258.8775178925		5.3218414183		1000.1582140467		11.595994061		-111.1188150918		-0.5773686894		50.8705764495		98.8439382133		5.3923003936		50.8705764495		5.3924208785		50.8705764495		5.3923251872		0.0000		0.0000		0.0001		0.0000		0.0001

		155		37.76103		-121.7991		250		-194		37.7585352734		-121.8100167471		240				258.8775178925		5.3218414183		1000.1547380281		7.7265633473		-106.118881868		-0.5773706649		50.8705764495		79.5024833467		9.7092079512		50.8705764495		9.7094815586		50.8705764495		9.7092642769		0.0000		0.0000		0.0003		0.0001		0.0002

		156		37.76103		-121.7991		250		-194		37.7588379922		-121.8101202257		240				258.8775178925		5.3218414183		1000.1531054669		6.6148265123		-104.1189070479		-0.5773715927		50.8705764495		66.1148643323		10.622945071		50.8705764495		10.6233741773		50.8705764495		10.62303342		0.0000		0.0000		0.0004		0.0001		0.0003

		157		37.76103		-121.7991		250		-194		37.7523648087		-121.8548511706		240				258.8775178925		5.3218414183		5000.7376987051		5.458905541		-101.1047775825		-0.1370354931		50.8705764495		38.9433185268		11.3339973382		50.8705764495		11.3344846384		50.8705764495		11.3341016945		0.0000		0.0000		0.0005		0.0001		0.0004

		158		37.76103		-121.7991		250		-194		37.7546834069		-121.8553484024		240				258.8775178925		5.3218414183		5000.6659525257		6.2353430846		-98.1049165075		-0.1370368147		50.8705764495		10.1381466233		9.1794651517		50.8705764495		9.1798276184		50.8705764495		9.1795427743		0.0000		0.0000		0.0004		0.0001		0.0003

		159		37.76103		-121.7991		250		-194		37.7562391977		-121.8555943054		240				258.8775178925		5.3218414183		5000.6158120775		7.4097195771		-96.1049881001		-0.1370377384		50.8705764495		-3.571539342		8.0054504421		50.8705764495		8.0054547088		50.8705764495		8.0054513556		0.0000		0.0000		0.0000		0.0000		0.0000

		160		37.76103		-121.7991		250		-194		37.7601500476		-121.8559074845		240				258.8775178925		5.3218414183		5000.4854576831		11.3958592556		-91.1050819273		-0.1370401397		50.8705764495		-22.5560920047		5.5813230787		50.8705764495		5.5814338844		50.8705764495		5.5813468051		0.0000		0.0000		0.0001		0.0000		0.0001

		161		37.76103		-121.7991		250		-194		37.7755633731		-121.8528622623		240				258.8775178925		5.3218414183		5000.0158593498		30.4682875575		-71.1042960769		-0.1370487919		50.8705764495		-41.4849629009		-5.0962011445		50.8705764495		-5.0961868765		50.8705764495		-5.0961980934		0.0000		0.0000		0.0000		0.0000		0.0000

		162		37.76103		-121.7991		250		-194		37.8029310003		-121.8195752367		240				258.8775178925		5.3218414183		5000.2718207363		80.0681552495		-21.1107540114		-0.1370440757		50.8705764495		-49.7962348132		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		163		37.76103		-121.7991		250		-194		37.7696951913		-121.7433488294		240				258.8775178925		5.3218414183		5000.1737157323		174.8151743205		78.859811633		-0.1370458832		50.8705764495		-140.6746433604		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		164		37.76103		-121.7991		250		-194		37.7161196104		-121.7979869417		240				258.8775178925		5.3218414183		5000.4563869836		80.057157628		178.8768366502		-0.1370406753		50.8705764495		128.054024604		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		165		37.76103		-121.7991		250		-194		37.7314880753		-121.8419015977		240				258.8775178925		5.3218414183		5001.0222626854		30.4319813658		-131.1037128202		-0.1370302518		50.8705764495		119.730203643		-5.0832557332		50.8705764495		-5.0832414277		50.8705764495		-5.083252674		0.0000		0.0000		0.0000		0.0000		0.0000

		166		37.76103		-121.7991		250		-194		37.7448428573		-121.8521008856		240				258.8775178925		5.3218414183		5000.9317522463		11.3645452924		-111.1041485604		-0.1370319188		50.8705764495		100.7276985243		5.6111984045		50.8705764495		5.6113098291		50.8705764495		5.6112222634		0.0000		0.0000		0.0001		0.0000		0.0001

		167		37.76103		-121.7991		250		-194		37.7485563671		-121.8536837357		240				258.8775178925		5.3218414183		5000.844792695		7.3857952555		-106.1044819921		-0.1370335205		50.8705764495		81.626751645		10.2055850394		50.8705764495		10.20586033		50.8705764495		10.2056439918		0.0000		0.0000		0.0003		0.0001		0.0002

		168		37.76103		-121.7991		250		-194		37.7500699612		-121.8542011287		240				258.8775178925		5.3218414183		5000.8040978427		6.2183151573		-104.1046077288		-0.1370342701		50.8705764495		67.8341453875		11.3901035587		50.8705764495		11.3905389382		50.8705764495		11.3901967955		0.0000		0.0000		0.0004		0.0001		0.0003

		169		37.76103		-121.7991		250		-194		37.6743780873		-122.3566117057		240				258.8775178925		5.3218414183		50032.4338332771		5.560823194		-100.9455141177		-0.236172906		50.8705764495		37.3028823423		11.0698815493		50.8705764495		11.0703526752		50.8705764495		11.0699833618		0.0000		0.0000		0.0005		0.0001		0.0004

		170		37.76103		-121.7991		250		-194		37.6975640693		-122.361584024		240				258.8775178925		5.3218414183		50025.2677691484		6.3990495521		-97.9468802153		-0.2361423598		50.8705764495		9.3253345812		8.8902329896		50.8705764495		8.8905807231		50.8705764495		8.8903081369		0.0000		0.0000		0.0003		0.0001		0.0003

		171		37.76103		-121.7991		250		-194		37.7131219771		-122.364043054		240				258.8775178925		5.3218414183		50020.2579335051		7.5892491249		-95.9475817887		-0.2361210051		50.8705764495		-3.9440219216		8.0061827286		50.8705764495		8.006187114		50.8705764495		8.0061836761		0.0000		0.0000		0.0000		0.0000		0.0000

		172		37.76103		-121.7991		250		-194		37.7522304759		-122.3671748446		240				258.8775178925		5.3218414183		50007.228376412		11.5807892067		-90.948486675		-0.2360654669		50.8705764495		-22.4991224133		5.4065460834		50.8705764495		5.4066543196		50.8705764495		5.406569474		0.0000		0.0000		0.0001		0.0000		0.0001

		173		37.76103		-121.7991		250		-194		37.9063637311		-122.3367226232		240				258.8775178925		5.3218414183		49960.2217695801		30.6477629695		-70.9404722736		-0.2358651153		50.8705764495		-41.3546227555		-5.1599695036		50.8705764495		-5.1599552727		50.8705764495		-5.1599664286		0.0000		0.0000		0.0000		0.0000		0.0000

		174		37.76103		-121.7991		250		-194		38.1800400028		-122.0038523666		240				258.8775178925		5.3218414183		49985.8776616894		80.1829447304		-21.004857792		-0.2359744634		50.8705764495		-49.7064485788		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		175		37.76103		-121.7991		250		-194		37.8476819127		-121.2415882943		240				258.8775178925		5.3218414183		49976.0356569464		174.9110164077		78.700376454		-0.235932515		50.8705764495		-138.8731696952		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		176		37.76103		-121.7991		250		-194		37.3119261037		-121.7879694168		240				258.8775178925		5.3218414183		50004.3903292813		80.072620374		178.8707261604		-0.23605337		50.8705764495		127.9545442293		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		177		37.76103		-121.7991		250		-194		37.4656107535		-122.227115977		240				258.8775178925		5.3218414183		50060.8138047802		30.2852552239		-130.9351768542		-0.2362938835		50.8705764495		119.4742926006		-5.030780949		50.8705764495		-5.0307663392		50.8705764495		-5.0307777921		0.0000		0.0000		0.0000		0.0000		0.0000

		178		37.76103		-121.7991		250		-194		37.5991585732		-122.3291088558		240				258.8775178925		5.3218414183		50051.8021779998		11.2692787433		-110.9393183209		-0.2362554681		50.8705764495		99.8759136039		5.7025969699		50.8705764495		5.7027113552		50.8705764495		5.7026216894		0.0000		0.0000		0.0001		0.0000		0.0001

		179		37.76103		-121.7991		250		-194		37.6362936708		-122.3449373567		240				258.8775178925		5.3218414183		50043.1258909503		7.3526547171		-105.9426020305		-0.236218483		50.8705764495		80.1692837113		10.2196681867		50.8705764495		10.2199457528		50.8705764495		10.2197281701		0.0000		0.0000		0.0003		0.0001		0.0002

		180		37.76103		-121.7991		250		-194		37.6514296122		-122.3501112867		240				258.8775178925		5.3218414183		50039.0638117486		6.2313693778		-103.9438410395		-0.2362011675		50.8705764495		66.0961973615		11.2702701211		50.8705764495		11.2707041206		50.8705764495		11.2703639108		0.0000		0.0000		0.0004		0.0001		0.0003

		181		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		260				258.8775178925		5.3218414183		100.5079287917		0.3877797945		-101.1221280002		5.7096210526		50.8705764495		-140.8185150556		ERROR:#VALUE!		50.8705764495		ERROR:#VALUE!		50.8705764495		45		0.0000		0.0000		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		182		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		260				258.8775178925		5.3218414183		100.5078510615		3.0115214311		-98.1221307836		5.7096254837		50.8705764495		-58.4114353125		18.7324345647		50.8705764495		18.7325005886		50.8705764495		18.7324639448		0.0000		0.0000		0.0001		0.0000		0.0000

		183		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		260				258.8775178925		5.3218414183		100.5078510615		4.9922568646		-96.1221322189		5.7096254837		50.8705764495		-55.5632548875		13.0887273389		50.8705764495		13.0887777014		50.8705764495		13.0887503342		0.0000		0.0000		0.0001		0.0000		0.0000

		184		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		260				258.8775178925		5.3218414183		100.5077733312		9.9614590941		-91.1221341021		5.7096299147		50.8705764495		-53.5777328612		7.0419261024		50.8705764495		7.0419176957		50.8705764495		7.0419234467		0.0000		0.0000		0.0000		0.0000		0.0000

		185		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		260				258.8775178925		5.3218414183		100.5076178705		29.8606767925		-71.1221184195		5.7096387769		50.8705764495		-53.0728900865		-4.8774911697		50.8705764495		-4.8774951379		50.8705764495		-4.8774919018		0.0000		0.0000		0.0000		0.0000		0.0000

		186		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		260				258.8775178925		5.3218414183		100.5076956009		79.5565302153		-21.1222476199		5.7096343458		50.8705764495		-55.7138979021		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		187		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		260				258.8775178925		5.3218414183		100.5076956009		168.9685242302		78.8771637843		5.7096343458		50.8705764495		-140.8687350351		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		188		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		260				258.8775178925		5.3218414183		100.5077733312		79.5563114327		178.8775042631		5.7096299147		50.8705764495		133.9727234483		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		189		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		260				258.8775178925		5.3218414183		100.5080065219		29.8599416528		-131.1221066366		5.7096166216		50.8705764495		131.3316733978		-4.8772238692		50.8705764495		-4.8772278409		50.8705764495		-4.8772246045		0.0000		0.0000		0.0000		0.0000		0.0000

		190		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		260				258.8775178925		5.3218414183		100.5079287917		9.9607479855		-111.1221153989		5.7096210526		50.8705764495		131.8366538454		7.0427011936		50.8705764495		7.0426928274		50.8705764495		7.0426985794		0.0000		0.0000		0.0000		0.0000		0.0000

		191		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		260				258.8775178925		5.3218414183		100.5079287917		4.9915520518		-106.1221220788		5.7096210526		50.8705764495		133.8226474602		12.616707707		50.8705764495		12.6166206721		50.8705764495		12.6166710244		0.0000		0.0000		0.0001		0.0000		0.0001

		192		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		260				258.8775178925		5.3218414183		100.5079287917		3.0108211982		-104.1221245972		5.7096210526		50.8705764495		136.6718939357		17.9769041414		50.8705764495		17.9767449853		50.8705764495		17.9768357283		0.0000		0.0000		0.0002		0.0001		0.0001

		193		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		260				258.8775178925		5.3218414183		100.5079287917		0.3877797945		-101.1221280002		5.7096210526		50.8705764495		-140.8185150556		ERROR:#VALUE!		50.8705764495		ERROR:#VALUE!		50.8705764495		45		0.0000		0.0000		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		194		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		260				258.8775178925		5.3218414183		100.5078510615		3.0115214311		-98.1221307836		5.7096254837		50.8705764495		-58.4114353125		18.7324345647		50.8705764495		18.7325005886		50.8705764495		18.7324639448		0.0000		0.0000		0.0001		0.0000		0.0000

		195		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		260				258.8775178925		5.3218414183		100.5078510615		4.9922568646		-96.1221322189		5.7096254837		50.8705764495		-55.5632548875		13.0887273389		50.8705764495		13.0887777014		50.8705764495		13.0887503342		0.0000		0.0000		0.0001		0.0000		0.0000

		196		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		260				258.8775178925		5.3218414183		100.5077733312		9.9614590941		-91.1221341021		5.7096299147		50.8705764495		-53.5777328612		7.0419261024		50.8705764495		7.0419176957		50.8705764495		7.0419234467		0.0000		0.0000		0.0000		0.0000		0.0000

		197		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		260				258.8775178925		5.3218414183		100.5076178705		29.8606767925		-71.1221184195		5.7096387769		50.8705764495		-53.0728900865		-4.8774911697		50.8705764495		-4.8774951379		50.8705764495		-4.8774919018		0.0000		0.0000		0.0000		0.0000		0.0000

		198		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		260				258.8775178925		5.3218414183		100.5076956009		79.5565302153		-21.1222476199		5.7096343458		50.8705764495		-55.7138979021		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		199		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		260				258.8775178925		5.3218414183		100.5076956009		168.9685242302		78.8771637843		5.7096343458		50.8705764495		-140.8687350351		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		200		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		260				258.8775178925		5.3218414183		100.5077733312		79.5563114327		178.8775042631		5.7096299147		50.8705764495		133.9727234483		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		201		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		260				258.8775178925		5.3218414183		100.5080065219		29.8599416528		-131.1221066366		5.7096166216		50.8705764495		131.3316733978		-4.8772238692		50.8705764495		-4.8772278409		50.8705764495		-4.8772246045		0.0000		0.0000		0.0000		0.0000		0.0000

		202		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		260				258.8775178925		5.3218414183		100.5079287917		9.9607479855		-111.1221153989		5.7096210526		50.8705764495		131.8366538454		7.0427011936		50.8705764495		7.0426928274		50.8705764495		7.0426985794		0.0000		0.0000		0.0000		0.0000		0.0000

		203		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		260				258.8775178925		5.3218414183		100.5079287917		4.9915520518		-106.1221220788		5.7096210526		50.8705764495		133.8226474602		12.616707707		50.8705764495		12.6166206721		50.8705764495		12.6166710244		0.0000		0.0000		0.0001		0.0000		0.0001

		204		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		260				258.8775178925		5.3218414183		100.5079287917		3.0108211982		-104.1221245972		5.7096210526		50.8705764495		136.6718939357		17.9769041414		50.8705764495		17.9767449853		50.8705764495		17.9768357283		0.0000		0.0000		0.0002		0.0001		0.0001

		205		37.76103		-121.7991		250		-194		37.7592969617		-121.8102502341		260				258.8775178925		5.3218414183		1000.1520275063		4.753454438		-101.1189410639		0.568388295		50.8705764495		39.0866946652		12.8420635679		50.8705764495		12.8425897632		50.8705764495		12.8421834762		0.0000		0.0000		0.0005		0.0001		0.0004

		206		37.76103		-121.7991		250		-194		37.7597606814		-121.8103496805		260				258.8775178925		5.3218414183		1000.1491529392		5.6202642606		-98.11896889		0.5683899545		50.8705764495		6.785894186		10.2789030948		50.8705764495		10.2792706754		50.8705764495		10.2789868635		0.0000		0.0000		0.0004		0.0001		0.0003

		207		37.76103		-121.7991		250		-194		37.7600718395		-121.8103988611		260				258.8775178925		5.3218414183		1000.1471454241		6.8956306211		-96.118983234		0.5683911135		50.8705764495		-7.4559294729		8.0632042654		50.8705764495		8.0634637597		50.8705764495		8.0632634107		0.0000		0.0000		0.0003		0.0001		0.0002

		208		37.76103		-121.7991		250		-194		37.7608540095		-121.8104614969		260				258.8775178925		5.3218414183		1000.1419274283		11.0608452675		-91.1190020588		0.5683941259		50.8705764495		-25.7458552869		5.9052920767		50.8705764495		5.9053880018		50.8705764495		5.905313957		0.0000		0.0000		0.0001		0.0000		0.0001

		209		37.76103		-121.7991		250		-194		37.7639366746		-121.8098524525		260				258.8775178925		5.3218414183		1000.1231564787		30.3291890524		-71.1188451662		0.5684049629		50.8705764495		-42.8520598341		-5.0465199554		50.8705764495		-5.0465085702		50.8705764495		-5.0465173335		0.0000		0.0000		0.0000		0.0000		0.0000

		210		37.76103		-121.7991		250		-194		37.7694102001		-121.8031950473		260				258.8775178925		5.3218414183		1000.1333895411		79.9928471573		-21.1201370986		0.568399055		50.8705764495		-50.5084643213		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		211		37.76103		-121.7991		250		-194		37.7627630383		-121.7879497659		260				258.8775178925		5.3218414183		1000.12946037		174.1097561966		78.8739767795		0.5684013234		50.8705764495		-140.8360721627		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		212		37.76103		-121.7991		250		-194		37.7520479221		-121.7988773883		260				258.8775178925		5.3218414183		1000.1407713417		79.9906483924		178.8773816073		0.5683947933		50.8705764495		128.7670998004		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		213		37.76103		-121.7991		250		-194		37.7551216151		-121.8076603195		260				258.8775178925		5.3218414183		1000.1634085238		30.3219052771		-131.11872756		0.5683817248		50.8705764495		121.1084206754		-5.0439121678		50.8705764495		-5.0439007764		50.8705764495		-5.0439095447		0.0000		0.0000		0.0000		0.0000		0.0000

		214		37.76103		-121.7991		250		-194		37.7577925715		-121.8097001771		260				258.8775178925		5.3218414183		1000.1597841095		11.0544071995		-111.1188150918		0.5683838171		50.8705764495		103.9885251994		5.9116135453		50.8705764495		5.9117095851		50.8705764495		5.9116354525		0.0000		0.0000		0.0001		0.0000		0.0001

		215		37.76103		-121.7991		250		-194		37.7585352734		-121.8100167471		260				258.8775178925		5.3218414183		1000.1563080964		6.8905014488		-106.118881868		0.5683858238		50.8705764495		85.673885993		11.0072039497		50.8705764495		11.0074767086		50.8705764495		11.0072661203		0.0000		0.0000		0.0003		0.0001		0.0002

		216		37.76103		-121.7991		250		-194		37.7588379922		-121.8101202257		260				258.8775178925		5.3218414183		1000.1546755377		5.6164943081		-104.1189070479		0.5683867663		50.8705764495		71.4116449292		12.6887894431		50.8705764495		12.6892315225		50.8705764495		12.6888901853		0.0000		0.0000		0.0004		0.0001		0.0003

		217		37.76103		-121.7991		250		-194		37.7523648087		-121.8548511706		260				258.8775178925		5.3218414183		5000.7455381673		5.2297575268		-101.1047775825		0.0921137718		50.8705764495		38.9351879485		11.7992776315		50.8705764495		11.7997760572		50.8705764495		11.7993865571		0.0000		0.0000		0.0005		0.0001		0.0004

		218		37.76103		-121.7991		250		-194		37.7546834069		-121.8553484024		260				258.8775178925		5.3218414183		5000.6737936627		6.0356496481		-98.1049165075		0.0921157378		50.8705764495		9.0863612677		9.5228353828		50.8705764495		9.5231992304		50.8705764495		9.5229148996		0.0000		0.0000		0.0004		0.0001		0.0003

		219		37.76103		-121.7991		250		-194		37.7562391977		-121.8555943054		260				258.8775178925		5.3218414183		5000.6236517308		7.2423416134		-96.1049881001		0.0921171119		50.8705764495		-4.7990544979		8.0104240746		50.8705764495		8.0104303497		50.8705764495		8.0104254459		0.0000		0.0000		0.0000		0.0000		0.0000

		220		37.76103		-121.7991		250		-194		37.7601500476		-121.8559074845		260				258.8775178925		5.3218414183		5000.4932975408		11.2873319193		-91.1050819273		0.0921206842		50.8705764495		-23.5824307663		5.6852175937		50.8705764495		5.6853235235		50.8705764495		5.685240748		0.0000		0.0000		0.0001		0.0000		0.0001

		221		37.76103		-121.7991		250		-194		37.7755633731		-121.8528622623		260				258.8775178925		5.3218414183		5000.0236983813		30.4261872079		-71.1042960769		0.0921335548		50.8705764495		-41.929531458		-5.0811883273		50.8705764495		-5.0811750255		50.8705764495		-5.0811854154		0.0000		0.0000		0.0000		0.0000		0.0000

		222		37.76103		-121.7991		250		-194		37.8029310003		-121.8195752367		260				258.8775178925		5.3218414183		5000.279660929		80.0465598014		-21.1107540114		0.0921265392		50.8705764495		-50.0278644869		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		223		37.76103		-121.7991		250		-194		37.7696951913		-121.7433488294		260				258.8775178925		5.3218414183		5000.1815545163		174.5860004816		78.859811633		0.0921292281		50.8705764495		-140.6829137626		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		224		37.76103		-121.7991		250		-194		37.7161196104		-121.7979869417		260				258.8775178925		5.3218414183		5000.4642268868		80.0355622322		178.8768366502		0.0921214809		50.8705764495		128.2856534545		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		225		37.76103		-121.7991		250		-194		37.7314880753		-121.8419015977		260				258.8775178925		5.3218414183		5001.0301032637		30.3898439443		-131.1037128202		0.0921059742		50.8705764495		120.1751459209		-5.0682117482		50.8705764495		-5.068198411		50.8705764495		-5.0682088286		0.0000		0.0000		0.0000		0.0000		0.0000

		226		37.76103		-121.7991		250		-194		37.7448428573		-121.8521008856		260				258.8775178925		5.3218414183		5000.9395929665		11.2557296669		-111.1041485604		0.0921084543		50.8705764495		101.755944523		5.7156586515		50.8705764495		5.7157651855		50.8705764495		5.7156819378		0.0000		0.0000		0.0001		0.0000		0.0001

		227		37.76103		-121.7991		250		-194		37.7485563671		-121.8536837357		260				258.8775178925		5.3218414183		5000.8526335516		7.2178732857		-106.1044819921		0.0921108371		50.8705764495		82.8535982312		10.4663904654		50.8705764495		10.4666653744		50.8705764495		10.4664505468		0.0000		0.0000		0.0003		0.0001		0.0002

		228		37.76103		-121.7991		250		-194		37.7500699612		-121.8542011287		260				258.8775178925		5.3218414183		5000.811938763		6.0180644862		-104.1046077288		0.0921119522		50.8705764495		68.879429089		11.803103984		50.8705764495		11.8035422111		50.8705764495		11.8031997558		0.0000		0.0000		0.0004		0.0001		0.0003

		229		37.76103		-121.7991		250		-194		37.6743780873		-122.3566117057		260				258.8775178925		5.3218414183		50032.5122756131		5.5379315178		-100.9455141177		-0.2132696451		50.8705764495		37.2953503539		11.1143849667		50.8705764495		11.1148570683		50.8705764495		11.114487197		0.0000		0.0000		0.0005		0.0001		0.0004

		230		37.76103		-121.7991		250		-194		37.6975640693		-122.361584024		260				258.8775178925		5.3218414183		50025.3462002326		6.3791549135		-97.9468802153		-0.213235818		50.8705764495		9.2233035726		8.923101716		50.8705764495		8.9234495394		50.8705764495		8.9231770354		0.0000		0.0000		0.0003		0.0001		0.0003

		231		37.76103		-121.7991		250		-194		37.7131219771		-122.364043054		260				258.8775178925		5.3218414183		50020.3363568259		7.5724679593		-95.9475817887		-0.213212169		50.8705764495		-4.0622336915		8.0066068482		50.8705764495		8.0066114126		50.8705764495		8.0066078365		0.0000		0.0000		0.0000		0.0000		0.0000

		232		37.76103		-121.7991		250		-194		37.7522304759		-122.3671748446		260				258.8775178925		5.3218414183		50007.3067790785		11.5697584862		-90.948486675		-0.2131506618		50.8705764495		-22.599220067		5.4168926667		50.8705764495		5.4170004335		50.8705764495		5.4169160038		0.0000		0.0000		0.0001		0.0000		0.0001

		233		37.76103		-121.7991		250		-194		37.9063637311		-122.3367226232		260				258.8775178925		5.3218414183		49960.3000987096		30.6434378017		-70.9404722736		-0.2129287498		50.8705764495		-41.3988128845		-5.1584371495		50.8705764495		-5.1584230149		50.8705764495		-5.1584340882		0.0000		0.0000		0.0000		0.0000		0.0000

		234		37.76103		-121.7991		250		-194		38.1800400028		-122.0038523666		260				258.8775178925		5.3218414183		49985.9560309506		80.1807713045		-21.004857792		-0.2130498704		50.8705764495		-49.729609121		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		235		37.76103		-121.7991		250		-194		37.8476819127		-121.2415882943		260				258.8775178925		5.3218414183		49976.1140108452		174.8881010502		78.700376454		-0.2130034073		50.8705764495		-138.8821004327		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		236		37.76103		-121.7991		250		-194		37.3119261037		-121.7879694168		260				258.8775178925		5.3218414183		50004.4687276485		80.0704468457		178.8707261604		-0.2131372643		50.8705764495		127.9777038694		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		237		37.76103		-121.7991		250		-194		37.4656107535		-122.227115977		260				258.8775178925		5.3218414183		50060.8922916007		30.2808911845		-130.9351768542		-0.2134036069		50.8705764495		119.5188526795		-5.029216314		50.8705764495		-5.0292018024		50.8705764495		-5.029213171		0.0000		0.0000		0.0000		0.0000		0.0000

		238		37.76103		-121.7991		250		-194		37.5991585732		-122.3291088558		260				258.8775178925		5.3218414183		50051.8806506996		11.2579561121		-110.9393183209		-0.2133610702		50.8705764495		99.9777884062		5.713511218		50.8705764495		5.7136251206		50.8705764495		5.7135358838		0.0000		0.0000		0.0001		0.0000		0.0001

		239		37.76103		-121.7991		250		-194		37.6362936708		-122.3449373567		260				258.8775178925		5.3218414183		50043.2043500913		7.3353426534		-105.9426020305		-0.2133201156		50.8705764495		80.2865334542		10.2459499694		50.8705764495		10.2462276963		50.8705764495		10.2460101098		0.0000		0.0000		0.0003		0.0001		0.0002

		240		37.76103		-121.7991		250		-194		37.6514296122		-122.3501112867		260				258.8775178925		5.3218414183		50039.1422644563		6.2109450048		-103.9438410395		-0.2133009412		50.8705764495		66.1917704253		11.3112850697		50.8705764495		11.3117194483		50.8705764495		11.3113791319		0.0000		0.0000		0.0004		0.0001		0.0003

		241		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		350				258.8775178925		5.3218414183		141.4283718884		39.6748672646		-101.1221280002		44.9967086817		50.8705764495		-140.870184228		-7.9628870616		50.8705764495		-7.9627872507		50.8705764495		-7.9629035891		0.0000		0.0000		0.0001		0.0000		0.0001

		242		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		350				258.8775178925		5.3218414183		141.4283166484		39.7614297193		-98.1221307836		44.9967310588		50.8705764495		-137.5529856152		-7.9865498031		50.8705764495		-7.9864467974		50.8705764495		-7.9865624109		0.0000		0.0000		0.0001		0.0000		0.0001

		243		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		350				258.8775178925		5.3218414183		141.4283166484		39.9147724352		-96.1221322189		44.9967310588		50.8705764495		-135.3582813194		-8.0283414396		50.8705764495		-8.0282411752		50.8705764495		-8.0283555155		0.0000		0.0000		0.0001		0.0000		0.0001

		244		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		350				258.8775178925		5.3218414183		141.4282614084		40.6255004372		-91.1221341021		44.9967534359		50.8705764495		-129.9995503125		-8.2199680948		50.8705764495		-8.2198712002		50.8705764495		-8.2199798242		0.0000		0.0000		0.0001		0.0000		0.0001

		245		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		350				258.8775178925		5.3218414183		141.4281509283		47.5190382315		-71.1221184195		44.9967981903		50.8705764495		-112.2227003254		-9.9216910524		50.8705764495		-9.9216361773		50.8705764495		-9.9217017637		0.0000		0.0000		0.0001		0.0000		0.0001

		246		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		350				258.8775178925		5.3218414183		141.4282061684		79.1730614881		-21.1222476199		44.9967758131		50.8705764495		-95.7149136517		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		247		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		350				258.8775178925		5.3218414183		141.4282061684		129.6813827676		78.8771637843		44.9967758131		50.8705764495		-140.8702510803		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		248		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		350				258.8775178925		5.3218414183		141.4282614084		79.1729042782		178.8775042631		44.9967534359		50.8705764495		173.9737471811		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		249		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		350				258.8775178925		5.3218414183		141.4284271284		47.5186028432		-131.1221066366		44.9966863046		50.8705764495		-169.5180320931		-9.9215915725		50.8705764495		-9.9215361163		50.8705764495		-9.9216017046		0.0000		0.0000		0.0001		0.0000		0.0001

		250		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		350				258.8775178925		5.3218414183		141.4283718884		40.625323081		-111.1221153989		44.9967086817		50.8705764495		-151.7408724823		-8.2199206953		50.8705764495		-8.2198221533		50.8705764495		-8.2199307783		0.0000		0.0000		0.0001		0.0000		0.0001

		251		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		350				258.8775178925		5.3218414183		141.4283718884		39.9146823682		-106.1221220788		44.9967086817		50.8705764495		-146.3821010977		-8.0283169401		50.8705764495		-8.0282156337		50.8705764495		-8.0283299747		0.0000		0.0000		0.0001		0.0000		0.0001

		252		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		350				258.8775178925		5.3218414183		141.4283718884		39.7613665776		-104.1221245972		44.9967086817		50.8705764495		-144.1873890366		-7.9865325615		50.8705764495		-7.9864313371		50.8705764495		-7.9865469507		0.0000		0.0000		0.0001		0.0000		0.0001

		253		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		350				258.8775178925		5.3218414183		141.4283718884		39.6748672646		-101.1221280002		44.9967086817		50.8705764495		-140.870184228		-7.9628870616		50.8705764495		-7.9627872507		50.8705764495		-7.9629035891		0.0000		0.0000		0.0001		0.0000		0.0001

		254		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		350				258.8775178925		5.3218414183		141.4283166484		39.7614297193		-98.1221307836		44.9967310588		50.8705764495		-137.5529856152		-7.9865498031		50.8705764495		-7.9864467974		50.8705764495		-7.9865624109		0.0000		0.0000		0.0001		0.0000		0.0001

		255		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		350				258.8775178925		5.3218414183		141.4283166484		39.9147724352		-96.1221322189		44.9967310588		50.8705764495		-135.3582813194		-8.0283414396		50.8705764495		-8.0282411752		50.8705764495		-8.0283555155		0.0000		0.0000		0.0001		0.0000		0.0001

		256		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		350				258.8775178925		5.3218414183		141.4282614084		40.6255004372		-91.1221341021		44.9967534359		50.8705764495		-129.9995503125		-8.2199680948		50.8705764495		-8.2198712002		50.8705764495		-8.2199798242		0.0000		0.0000		0.0001		0.0000		0.0001

		257		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		350				258.8775178925		5.3218414183		141.4281509283		47.5190382315		-71.1221184195		44.9967981903		50.8705764495		-112.2227003254		-9.9216910524		50.8705764495		-9.9216361773		50.8705764495		-9.9217017637		0.0000		0.0000		0.0001		0.0000		0.0001

		258		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		350				258.8775178925		5.3218414183		141.4282061684		79.1730614881		-21.1222476199		44.9967758131		50.8705764495		-95.7149136517		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		259		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		350				258.8775178925		5.3218414183		141.4282061684		129.6813827676		78.8771637843		44.9967758131		50.8705764495		-140.8702510803		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		260		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		350				258.8775178925		5.3218414183		141.4282614084		79.1729042782		178.8775042631		44.9967534359		50.8705764495		173.9737471811		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		261		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		350				258.8775178925		5.3218414183		141.4284271284		47.5186028432		-131.1221066366		44.9966863046		50.8705764495		-169.5180320931		-9.9215915725		50.8705764495		-9.9215361163		50.8705764495		-9.9216017046		0.0000		0.0000		0.0001		0.0000		0.0001

		262		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		350				258.8775178925		5.3218414183		141.4283718884		40.625323081		-111.1221153989		44.9967086817		50.8705764495		-151.7408724823		-8.2199206953		50.8705764495		-8.2198221533		50.8705764495		-8.2199307783		0.0000		0.0000		0.0001		0.0000		0.0001

		263		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		350				258.8775178925		5.3218414183		141.4283718884		39.9146823682		-106.1221220788		44.9967086817		50.8705764495		-146.3821010977		-8.0283169401		50.8705764495		-8.0282156337		50.8705764495		-8.0283299747		0.0000		0.0000		0.0001		0.0000		0.0001

		264		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		350				258.8775178925		5.3218414183		141.4283718884		39.7613665776		-104.1221245972		44.9967086817		50.8705764495		-144.1873890366		-7.9865325615		50.8705764495		-7.9864313371		50.8705764495		-7.9865469507		0.0000		0.0000		0.0001		0.0000		0.0001

		265		37.76103		-121.7991		250		-194		37.7592969617		-121.8102502341		350				258.8775178925		5.3218414183		1005.0961085886		0.3836571689		-101.1189410639		5.7054823965		50.8705764495		-140.3443615634		ERROR:#VALUE!		50.8705764495		ERROR:#VALUE!		50.8705764495		45		0.0000		0.0000		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		266		37.76103		-121.7991		250		-194		37.7597606814		-121.8103496805		350				258.8775178925		5.3218414183		1005.0932481616		3.0141248679		-98.11896889		5.7054987136		50.8705764495		-58.3260274316		18.7183173608		50.8705764495		18.7183845401		50.8705764495		18.7183475982		0.0000		0.0000		0.0001		0.0000		0.0000

		267		37.76103		-121.7991		250		-194		37.7600718395		-121.8103988611		350				258.8775178925		5.3218414183		1005.0912582945		4.9950814169		-96.118983234		5.7055100647		50.8705764495		-55.5134741375		13.0799010589		50.8705764495		13.0799515688		50.8705764495		13.0799241088		0.0000		0.0000		0.0001		0.0000		0.0000

		268		37.76103		-121.7991		250		-194		37.7608540095		-121.8104614969		350				258.8775178925		5.3218414183		1005.0860581935		9.9644506033		-91.1190020588		5.7055397287		50.8705764495		-53.5535582507		7.0386660356		50.8705764495		7.0386576409		50.8705764495		7.0386633595		0.0000		0.0000		0.0000		0.0000		0.0000

		269		37.76103		-121.7991		250		-194		37.7639366746		-121.8098524525		350				258.8775178925		5.3218414183		1005.0673795821		29.8639859373		-71.1188451662		5.7056462835		50.8705764495		-53.0649582485		-4.8786943103		50.8705764495		-4.8786982731		50.8705764495		-4.8786950412		0.0000		0.0000		0.0000		0.0000		0.0000

		270		37.76103		-121.7991		250		-194		37.7694102001		-121.8031950473		350				258.8775178925		5.3218414183		1005.0775623055		79.558933114		-21.1201370986		5.7055881942		50.8705764495		-55.7099586882		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		271		37.76103		-121.7991		250		-194		37.7627630383		-121.7879497659		350				258.8775178925		5.3218414183		1005.0736602359		168.9725475607		78.8739767795		5.7056104541		50.8705764495		-140.8521553779		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		272		37.76103		-121.7991		250		-194		37.7520479221		-121.7988773883		350				258.8775178925		5.3218414183		1005.0849077939		79.5567449508		178.8773816073		5.7055462912		50.8705764495		133.9685926373		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		273		37.76103		-121.7991		250		-194		37.7551216151		-121.8076603195		350				258.8775178925		5.3218414183		1005.1074336234		29.8566347183		-131.11872756		5.7054177944		50.8705764495		131.323151687		-4.8760213694		50.8705764495		-4.8760253322		50.8705764495		-4.8760221004		0.0000		0.0000		0.0000		0.0000		0.0000

		274		37.76103		-121.7991		250		-194		37.7577925715		-121.8097001771		350				258.8775178925		5.3218414183		1005.1038270373		9.957339107		-111.1188150918		5.7054383675		50.8705764495		131.8130537004		7.0464175574		50.8705764495		7.0464091559		50.8705764495		7.046414878		0.0000		0.0000		0.0000		0.0000		0.0000

		275		37.76103		-121.7991		250		-194		37.7585352734		-121.8100167471		350				258.8775178925		5.3218414183		1005.1003681225		4.9880323525		-106.118881868		5.7054580984		50.8705764495		133.7776218113		12.6264594782		50.8705764495		12.6263720409		50.8705764495		12.6264223462		0.0000		0.0000		0.0001		0.0000		0.0001

		276		37.76103		-121.7991		250		-194		37.7588379922		-121.8101202257		350				258.8775178925		5.3218414183		1005.0987435944		3.0071230248		-104.1189070479		5.7054673653		50.8705764495		136.6010559729		17.9933506211		50.8705764495		17.9931919507		50.8705764495		17.9932826014		0.0000		0.0000		0.0002		0.0001		0.0001

		277		37.76103		-121.7991		250		-194		37.7523648087		-121.8548511706		350				258.8775178925		5.3218414183		5001.770567759		4.1987531926		-101.1047775825		1.1231254178		50.8705764495		38.8876586863		14.1814364328		50.8705764495		14.1819999438		50.8705764495		14.181572082		0.0000		0.0000		0.0006		0.0001		0.0004

		278		37.76103		-121.7991		250		-194		37.7546834069		-121.8553484024		350				258.8775178925		5.3218414183		5001.6988348335		5.1673877426		-98.1049165075		1.1231421719		50.8705764495		3.3706968633		11.1738521007		50.8705764495		11.1742191881		50.8705764495		11.1739404885		0.0000		0.0000		0.0004		0.0001		0.0003

		279		37.76103		-121.7991		250		-194		37.7562391977		-121.8555943054		350				258.8775178925		5.3218414183		5001.6487031778		6.5355397438		-96.1049881001		1.123153881		50.8705764495		-11.0685808899		8.6787377041		50.8705764495		8.6789855757		50.8705764495		8.6787974113		0.0000		0.0000		0.0002		0.0001		0.0002

		280		37.76103		-121.7991		250		-194		37.7601500476		-121.8559074845		350				258.8775178925		5.3218414183		5001.5183741415		10.8449943635		-91.1050819273		1.1231843228		50.8705764495		-28.4370705461		6.1192667342		50.8705764495		6.1193498353		50.8705764495		6.119286793		0.0000		0.0000		0.0001		0.0000		0.0001

		281		37.76103		-121.7991		250		-194		37.7755633731		-121.8528622623		350				258.8775178925		5.3218414183		5001.0488649882		30.2555332351		-71.1042960769		1.1232940018		50.8705764495		-43.9427895554		-5.0201202877		50.8705764495		-5.0201111112		50.8705764495		-5.0201180151		0.0000		0.0000		0.0000		0.0000		0.0000

		282		37.76103		-121.7991		250		-194		37.8029310003		-121.8195752367		350				258.8775178925		5.3218414183		5001.3047781929		79.9513732327		-21.1107540114		1.1232342171		50.8705764495		-51.0704116523		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		283		37.76103		-121.7991		250		-194		37.7696951913		-121.7433488294		350				258.8775178925		5.3218414183		5001.2066903273		173.5548771874		78.859811633		1.123257131		50.8705764495		-140.7128692103		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		284		37.76103		-121.7991		250		-194		37.7161196104		-121.7979869417		350				258.8775178925		5.3218414183		5001.4893094457		79.9403779752		178.8768366502		1.1231911118		50.8705764495		129.3281973427		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		285		37.76103		-121.7991		250		-194		37.7314880753		-121.8419015977		350				258.8775178925		5.3218414183		5002.0550776656		30.2190417022		-131.1037128202		1.1230589716		50.8705764495		122.1901270418		-5.0070171999		50.8705764495		-5.0070079961		50.8705764495		-5.0070149208		0.0000		0.0000		0.0000		0.0000		0.0000

		286		37.76103		-121.7991		250		-194		37.7448428573		-121.8521008856		350				258.8775178925		5.3218414183		5001.9645843533		10.81215689		-111.1041485604		1.1230801051		50.8705764495		106.6209965121		6.1521915272		50.8705764495		6.1522751472		50.8705764495		6.1522117107		0.0000		0.0000		0.0001		0.0000		0.0001

		287		37.76103		-121.7991		250		-194		37.7485563671		-121.8536837357		350				258.8775178925		5.3218414183		5001.8776411963		6.5084629035		-106.1044819921		1.1231004103		50.8705764495		89.1254727657		11.6615317016		50.8705764495		11.6617704825		50.8705764495		11.66158922		0.0000		0.0000		0.0002		0.0001		0.0002

		288		37.76103		-121.7991		250		-194		37.7500699612		-121.8542011287		350				258.8775178925		5.3218414183		5001.8369547472		5.1468734435		-104.1046077288		1.1231099127		50.8705764495		74.5667390655		13.7954906719		50.8705764495		13.7959326499		50.8705764495		13.7955970872		0.0000		0.0000		0.0004		0.0001		0.0003

		289		37.76103		-121.7991		250		-194		37.6743780873		-122.3566117057		350				258.8775178925		5.3218414183		50032.9641993968		5.4349212182		-100.9455141177		-0.1102060107		50.8705764495		37.2606740446		11.3169353379		50.8705764495		11.3174119311		50.8705764495		11.3170394918		0.0000		0.0000		0.0005		0.0001		0.0004

		290		37.76103		-121.7991		250		-194		37.6975640693		-122.361584024		350				258.8775178925		5.3218414183		50025.7980875555		6.2898825205		-97.9468802153		-0.1101574197		50.8705764495		8.7562281216		9.0719492559		50.8705764495		9.0722974637		50.8705764495		9.0720253545		0.0000		0.0000		0.0003		0.0001		0.0003

		291		37.76103		-121.7991		250		-194		37.7131219771		-122.364043054		350				258.8775178925		5.3218414183		50020.7882188121		7.4973525676		-95.9475817887		-0.1101234466		50.8705764495		-4.6006708011		8.0087431211		50.8705764495		8.0087485272		50.8705764495		8.0087443024		0.0000		0.0000		0.0000		0.0000		0.0000

		292		37.76103		-121.7991		250		-194		37.7522304759		-122.3671748446		350				258.8775178925		5.3218414183		50007.7585749202		11.520548165		-90.948486675		-0.1100350789		50.8705764495		-23.0519824643		5.4631714009		50.8705764495		5.4632770453		50.8705764495		5.4631944926		0.0000		0.0000		0.0001		0.0000		0.0001

		293		37.76103		-121.7991		250		-194		37.9063637311		-122.3367226232		350				258.8775178925		5.3218414183		49960.7516559874		30.6241598312		-70.9404722736		-0.1097161463		50.8705764495		-41.5978051025		-5.1516045685		50.8705764495		-5.1515908652		50.8705764495		-5.151601569		0.0000		0.0000		0.0000		0.0000		0.0000

		294		37.76103		-121.7991		250		-194		38.1800400028		-122.0038523666		350				258.8775178925		5.3218414183		49986.4077184363		80.1710104606		-21.004857792		-0.1098902427		50.8705764495		-49.8338342689		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		295		37.76103		-121.7991		250		-194		37.8476819127		-121.2415882943		350				258.8775178925		5.3218414183		49976.5656483116		174.7849814899		78.700376454		-0.1098234637		50.8705764495		-138.9213196671		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		296		37.76103		-121.7991		250		-194		37.3119261037		-121.7879694168		350				258.8775178925		5.3218414183		50004.9205089797		80.0606857497		178.8707261604		-0.110015829		50.8705764495		128.0819250013		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		297		37.76103		-121.7991		250		-194		37.4656107535		-122.227115977		350				258.8775178925		5.3218414183		50061.3443594769		30.2614400885		-130.9351768542		-0.110398401		50.8705764495		119.7195141325		-5.0222397871		50.8705764495		-5.0222257155		50.8705764495		-5.0222367073		0.0000		0.0000		0.0000		0.0000		0.0000

		298		37.76103		-121.7991		250		-194		37.5991585732		-122.3291088558		350				258.8775178925		5.3218414183		50052.3326727574		11.2074363406		-110.9393183209		-0.1103373184		50.8705764495		100.4387218908		5.7623429823		50.8705764495		5.7624547005		50.8705764495		5.7623674011		0.0000		0.0000		0.0001		0.0000		0.0001

		299		37.76103		-121.7991		250		-194		37.6362936708		-122.3449373567		350				258.8775178925		5.3218414183		50043.6563281251		7.257820059		-105.9426020305		-0.1102785017		50.8705764495		80.8210155929		10.3650680541		50.8705764495		10.3653464313		50.8705764495		10.3651288926		0.0000		0.0000		0.0003		0.0001		0.0002

		300		37.76103		-121.7991		250		-194		37.6514296122		-122.3501112867		350				258.8775178925		5.3218414183		50039.5942218822		6.1192523234		-103.9438410395		-0.1102509625		50.8705764495		66.6296977308		11.4973314338		50.8705764495		11.4977674941		50.8705764495		11.4974267312		0.0000		0.0000		0.0004		0.0001		0.0003

		301		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		750				258.8775178925		5.3218414183		509.9045100556		73.36633945		-101.1221280002		78.6881808681		50.8705764495		-140.8705039584		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		302		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		750				258.8775178925		5.3218414183		509.9044947341		73.3823564236		-98.1221307836		78.6881894754		50.8705764495		-140.256680759		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		303		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		750				258.8775178925		5.3218414183		509.9044947341		73.4107902019		-96.1221322189		78.6881894754		50.8705764495		-139.8484128873		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		304		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		750				258.8775178925		5.3218414183		509.9044794126		73.5437131882		-91.1221341021		78.6881980827		50.8705764495		-138.8351830245		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		305		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		750				258.8775178925		5.3218414183		509.9044487696		74.9249194091		-71.1221184195		78.6882152973		50.8705764495		-135.0409648605		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		306		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		750				258.8775178925		5.3218414183		509.9044640911		82.8272394471		-21.1222476199		78.68820669		50.8705764495		-129.6438554847		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		307		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		750				258.8775178925		5.3218414183		509.9044640911		95.9899518915		78.8771637843		78.68820669		50.8705764495		-140.8705066105		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		308		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		750				258.8775178925		5.3218414183		509.9044794126		82.8271953202		178.8775042631		78.6881980827		50.8705764495		-152.0972993276		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		309		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		750				258.8775178925		5.3218414183		509.9045253771		74.9248077815		-131.1221066366		78.6881722608		50.8705764495		-146.7000823626		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		310		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		750				258.8775178925		5.3218414183		509.9045100556		73.5436709816		-111.1221153989		78.6881808681		50.8705764495		-142.9058293277		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		311		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		750				258.8775178925		5.3218414183		509.9045100556		73.4107690211		-106.1221220788		78.6881808681		50.8705764495		-141.8925961248		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		312		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		750				258.8775178925		5.3218414183		509.9045100556		73.382340268		-104.1221245972		78.6881808681		50.8705764495		-141.4843277464		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		313		37.76103		-121.7991		250		-194		37.7608566962		-121.8002150234		750				258.8775178925		5.3218414183		509.9045100556		73.36633945		-101.1221280002		78.6881808681		50.8705764495		-140.8705039584		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		314		37.76103		-121.7991		250		-194		37.7609030681		-121.800224968		750				258.8775178925		5.3218414183		509.9044947341		73.3823564236		-98.1221307836		78.6881894754		50.8705764495		-140.256680759		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		315		37.76103		-121.7991		250		-194		37.760934184		-121.8002298861		750				258.8775178925		5.3218414183		509.9044947341		73.4107902019		-96.1221322189		78.6881894754		50.8705764495		-139.8484128873		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		316		37.76103		-121.7991		250		-194		37.761012401		-121.8002361497		750				258.8775178925		5.3218414183		509.9044794126		73.5437131882		-91.1221341021		78.6881980827		50.8705764495		-138.8351830245		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		317		37.76103		-121.7991		250		-194		37.7613206675		-121.8001752452		750				258.8775178925		5.3218414183		509.9044487696		74.9249194091		-71.1221184195		78.6882152973		50.8705764495		-135.0409648605		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		318		37.76103		-121.7991		250		-194		37.76186802		-121.7995095047		750				258.8775178925		5.3218414183		509.9044640911		82.8272394471		-21.1222476199		78.68820669		50.8705764495		-129.6438554847		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		319		37.76103		-121.7991		250		-194		37.7612033038		-121.7979849766		750				258.8775178925		5.3218414183		509.9044640911		95.9899518915		78.8771637843		78.68820669		50.8705764495		-140.8705066105		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		320		37.76103		-121.7991		250		-194		37.7601317922		-121.7990777388		750				258.8775178925		5.3218414183		509.9044794126		82.8271953202		178.8775042631		78.6881980827		50.8705764495		-152.0972993276		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		321		37.76103		-121.7991		250		-194		37.7604391615		-121.799956032		750				258.8775178925		5.3218414183		509.9045253771		74.9248077815		-131.1221066366		78.6881722608		50.8705764495		-146.7000823626		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		322		37.76103		-121.7991		250		-194		37.7607062571		-121.8001600177		750				258.8775178925		5.3218414183		509.9045100556		73.5436709816		-111.1221153989		78.6881808681		50.8705764495		-142.9058293277		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		323		37.76103		-121.7991		250		-194		37.7607805273		-121.8001916747		750				258.8775178925		5.3218414183		509.9045100556		73.4107690211		-106.1221220788		78.6881808681		50.8705764495		-141.8925961248		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		324		37.76103		-121.7991		250		-194		37.7608107992		-121.8002020226		750				258.8775178925		5.3218414183		509.9045100556		73.382340268		-104.1221245972		78.6881808681		50.8705764495		-141.4843277464		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		325		37.76103		-121.7991		250		-194		37.7592969617		-121.8102502341		750				258.8775178925		5.3218414183		1118.1596137739		21.2354994483		-101.1189410639		26.5573405976		50.8705764495		-140.8618315571		-1.1765619959		50.8705764495		-1.176434477		50.8705764495		-1.1765888834		0.0000		0.0000		0.0001		0.0000		0.0002

		326		37.76103		-121.7991		250		-194		37.7597606814		-121.8103496805		750				258.8775178925		5.3218414183		1118.1570425817		21.4282634225		-98.11896889		26.5574064768		50.8705764495		-133.4998444335		-1.2746744154		50.8705764495		-1.274549532		50.8705764495		-1.2747007901		0.0000		0.0000		0.0001		0.0000		0.0002

		327		37.76103		-121.7991		250		-194		37.7600718395		-121.8103988611		750				258.8775178925		5.3218414183		1118.1552469358		21.7661603383		-96.118983234		26.5574524852		50.8705764495		-128.7257858342		-1.4445456009		50.8705764495		-1.4444252399		50.8705764495		-1.4445711785		0.0000		0.0000		0.0001		0.0000		0.0001

		328		37.76103		-121.7991		250		-194		37.7608540095		-121.8104614969		750				258.8775178925		5.3218414183		1118.1505796403		23.2838204517		-91.1190020588		26.5575720722		50.8705764495		-117.7242596019		-2.1763560414		50.8705764495		-2.1762536707		50.8705764495		-2.1763784971		0.0000		0.0000		0.0001		0.0000		0.0001

		329		37.76103		-121.7991		250		-194		37.7639366746		-121.8098524525		750				258.8775178925		5.3218414183		1118.1337828051		35.634922873		-71.1188451662		26.5580024557		50.8705764495		-90.7206181427		-6.7968955791		50.8705764495		-6.796865079		50.8705764495		-6.7969058234		0.0000		0.0000		0.0000		0.0000		0.0000

		330		37.76103		-121.7991		250		-194		37.7694102001		-121.8031950473		750				258.8775178925		5.3218414183		1118.1429358539		78.6916726239		-21.1201370986		26.5577679263		50.8705764495		-76.9296736693		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		331		37.76103		-121.7991		250		-194		37.7627630383		-121.7879497659		750				258.8775178925		5.3218414183		1118.1394283586		148.1203005984		78.8739767795		26.5578577987		50.8705764495		-140.8645790217		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		332		37.76103		-121.7991		250		-194		37.7520479221		-121.7988773883		750				258.8775178925		5.3218414183		1118.1495455662		78.6896979666		178.8773816073		26.5575985677		50.8705764495		155.1883364112		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		333		37.76103		-121.7991		250		-194		37.7551216151		-121.8076603195		750				258.8775178925		5.3218414183		1118.1697866939		35.6287937865		-131.11872756		26.5570799497		50.8705764495		168.9840061795		-6.7950279888		50.8705764495		-6.7949974486		50.8705764495		-6.7950382103		0.0000		0.0000		0.0000		0.0000		0.0000

		334		37.76103		-121.7991		250		-194		37.7577925715		-121.8097001771		750				258.8775178925		5.3218414183		1118.1665517712		23.280655985		-111.1188150918		26.5571628335		50.8705764495		-164.0028016452		-2.1748803344		50.8705764495		-2.1747779581		50.8705764495		-2.1749028189		0.0000		0.0000		0.0001		0.0000		0.0001

		335		37.76103		-121.7991		250		-194		37.7585352734		-121.8100167471		750				258.8775178925		5.3218414183		1118.1634426035		21.7644700825		-106.118881868		26.5572424957		50.8705764495		-152.9988501133		-1.4437024374		50.8705764495		-1.4435820796		50.8705764495		-1.4437280411		0.0000		0.0000		0.0001		0.0000		0.0001

		336		37.76103		-121.7991		250		-194		37.7588379922		-121.8101202257		750				258.8775178925		5.3218414183		1118.1619823398		21.4272337682		-104.1189070479		26.5572799103		50.8705764495		-148.2241800343		-1.2741526933		50.8705764495		-1.274027751		50.8705764495		-1.2741790238		0.0000		0.0000		0.0001		0.0000		0.0002

		337		37.76103		-121.7991		250		-194		37.7523648087		-121.8548511706		750				258.8775178925		5.3218414183		5025.8608311164		0.3656631547		-101.1047775825		5.6870796663		50.8705764495		-138.1090200783		ERROR:#VALUE!		50.8705764495		ERROR:#VALUE!		50.8705764495		45		0.0000		0.0000		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		338		37.76103		-121.7991		250		-194		37.7546834069		-121.8553484024		750				258.8775178925		5.3218414183		5025.7894389215		3.025776751		-98.1049165075		5.687161363		50.8705764495		-57.9482970916		18.6555237189		50.8705764495		18.6555932083		50.8705764495		18.6555549645		0.0000		0.0000		0.0001		0.0000		0.0000

		339		37.76103		-121.7991		250		-194		37.7562391977		-121.8555943054		750				258.8775178925		5.3218414183		5025.7395444601		5.007680379		-96.1049881001		5.6872184605		50.8705764495		-55.2928980143		13.0406713389		50.8705764495		13.040722562		50.8705764495		13.0406946932		0.0000		0.0000		0.0001		0.0000		0.0000

		340		37.76103		-121.7991		250		-194		37.7601500476		-121.8559074845		750				258.8775178925		5.3218414183		5025.6098308439		9.9777678422		-91.1050819273		5.6873669056		50.8705764495		-53.4463237734		7.0241651307		50.8705764495		7.0241569913		50.8705764495		7.0241625631		0.0000		0.0000		0.0000		0.0000		0.0000

		341		37.76103		-121.7991		250		-194		37.7755633731		-121.8528622623		750				258.8775178925		5.3218414183		5025.1425430653		29.8787008179		-71.1042960769		5.6879017364		50.8705764495		-53.0297251706		-4.8840427403		50.8705764495		-4.8840466717		50.8705764495		-4.8840434591		0.0000		0.0000		0.0000		0.0000		0.0000

		342		37.76103		-121.7991		250		-194		37.8029310003		-121.8195752367		750				258.8775178925		5.3218414183		5025.3972448703		79.5696161911		-21.1107540114		5.687610207		50.8705764495		-55.6924571375		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		343		37.76103		-121.7991		250		-194		37.7696951913		-121.7433488294		750				258.8775178925		5.3218414183		5025.2996225971		168.9904224465		78.859811633		5.6877219411		50.8705764495		-140.7783168714		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		344		37.76103		-121.7991		250		-194		37.7161196104		-121.7979869417		750				258.8775178925		5.3218414183		5025.5809039229		79.5586719413		178.8768366502		5.6874000108		50.8705764495		133.9502368059		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		345		37.76103		-121.7991		250		-194		37.7314880753		-121.8419015977		750				258.8775178925		5.3218414183		5026.1439960222		29.8419466288		-131.1037128202		5.6867556528		50.8705764495		131.2852558519		-4.8706787329		50.8705764495		-4.8706826633		50.8705764495		-4.8706794515		0.0000		0.0000		0.0000		0.0000		0.0000

		346		37.76103		-121.7991		250		-194		37.7448428573		-121.8521008856		750				258.8775178925		5.3218414183		5026.0539302096		9.9422098072		-111.1041485604		5.6868587073		50.8705764495		131.7080298567		7.0629269082		50.8705764495		7.0629187408		50.8705764495		7.0629243285		0.0000		0.0000		0.0000		0.0000		0.0000

		347		37.76103		-121.7991		250		-194		37.7485563671		-121.8536837357		750				258.8775178925		5.3218414183		5025.9673991059		4.9724270856		-106.1044819921		5.6869577208		50.8705764495		133.5767606904		12.6698411671		50.8705764495		12.669754082		50.8705764495		12.6698041831		0.0000		0.0000		0.0001		0.0000		0.0001

		348		37.76103		-121.7991		250		-194		37.7500699612		-121.8542011287		750				258.8775178925		5.3218414183		5025.926904562		2.9907426456		-104.1046077288		5.687004058		50.8705764495		136.2840635679		ERROR:#VALUE!		50.8705764495		ERROR:#VALUE!		50.8705764495		45		0.0000		0.0000		ERROR:#VALUE!		ERROR:#VALUE!		ERROR:#VALUE!

		349		37.76103		-121.7991		250		-194		37.6743780873		-122.3566117057		750				258.8775178925		5.3218414183		50036.9312917344		4.9771601002		-100.9455141177		0.3478187642		50.8705764495		37.0892591723		12.2657794502		50.8705764495		12.2662782345		50.8705764495		12.2658931072		0.0000		0.0000		0.0005		0.0001		0.0004

		350		37.76103		-121.7991		250		-194		37.6975640693		-122.361584024		750				258.8775178925		5.3218414183		50029.7652988636		5.898573867		-97.9468802153		0.3479329624		50.8705764495		6.511527731		9.752336869		50.8705764495		9.7526862965		50.8705764495		9.7524165011		0.0000		0.0000		0.0003		0.0001		0.0003

		351		37.76103		-121.7991		250		-194		37.7131219771		-122.364043054		750				258.8775178925		5.3218414183		50024.7555132082		7.1718971403		-95.9475817887		0.3480128129		50.8705764495		-7.1271834895		8.0235017112		50.8705764495		8.0235115655		50.8705764495		8.023503957		0.0000		0.0000		0.0000		0.0000		0.0000

		352		37.76103		-121.7991		250		-194		37.7522304759		-122.3671748446		750				258.8775178925		5.3218414183		50011.7260857704		11.3105190737		-90.948486675		0.3482205416		50.8705764495		-25.1099994297		5.6629365885		50.8705764495		5.6630326179		50.8705764495		5.662958493		0.0000		0.0000		0.0001		0.0000		0.0001

		353		37.76103		-121.7991		250		-194		37.9063637311		-122.3367226232		750				258.8775178925		5.3218414183		49964.7199503685		30.5421635089		-70.9404722736		0.3489706091		50.8705764495		-42.4848181788		-5.122494946		50.8705764495		-5.1224831173		50.8705764495		-5.122492224		0.0000		0.0000		0.0000		0.0000		0.0000

		354		37.76103		-121.7991		250		-194		38.1800400028		-122.0038523666		750				258.8775178925		5.3218414183		49990.3755846438		80.1280185979		-21.004857792		0.3485611016		50.8705764495		-50.2970950052		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		355		37.76103		-121.7991		250		-194		37.8476819127		-121.2415882943		750				258.8775178925		5.3218414183		49980.5336787484		174.3266817262		78.700376454		0.3487181594		50.8705764495		-139.0784128706		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		356		37.76103		-121.7991		250		-194		37.3119261037		-121.7879694168		750				258.8775178925		5.3218414183		50008.8880670539		80.0176968922		178.8707261604		0.3482657985		50.8705764495		128.5451687462		-10		50.8705764495		-10		50.8705764495		-10		0.0000		0.0000		0.0000		0.0000		0.0000

		357		37.76103		-121.7991		250		-194		37.4656107535		-122.227115977		750				258.8775178925		5.3218414183		50065.310982256		30.1787103039		-130.9351768542		0.3473667325		50.8705764495		120.6140320066		-4.9925169033		50.8705764495		-4.9925047436		50.8705764495		-4.9925141063		0.0000		0.0000		0.0000		0.0000		0.0000

		358		37.76103		-121.7991		250		-194		37.5991585732		-122.3291088558		750				258.8775178925		5.3218414183		50056.2994445067		10.9916834894		-110.9393183209		0.3475102284		50.8705764495		102.5365704634		5.9733946454		50.8705764495		5.9734964362		50.8705764495		5.9734178614		0.0000		0.0000		0.0001		0.0000		0.0001

		359		37.76103		-121.7991		250		-194		37.6362936708		-122.3449373567		750				258.8775178925		5.3218414183		50047.6232433919		6.9213167328		-105.9426020305		0.3476484196		50.8705764495		83.338386273		10.9098709721		50.8705764495		10.910163123		50.8705764495		10.910177272		0.0000		0.0000		0.0003		0.0003		0.0000

		360		37.76103		-121.7991		250		-194		37.6514296122		-122.3501112867		750				258.8775178925		5.3218414183		50043.5612045271		5.7164254773		-103.9438410395		0.34771313		50.8705764495		68.7440555877		12.3539920095		50.8705764495		12.3544348385		50.8705764495		12.3540929228		0.0000		0.0000		0.0004		0.0001		0.0003











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Studies	




Create Matrix for Studies

				ES Lat		ES Long		ES Hgt (m)		Sat Long		CBSD Lat		CBSD Long		CBSD Hgt (m)				Lat / Long Grid at ES						Δ +-Az (°)		Δ Dist (km)		Δ Hgt (m)

				37.76103		-121.7991		250		-194		37.4322288365		-123.4521338601		2050				0.0000089838		° Latitude / meter				-3		150		1800

																				0.0000113637		° Longitude / meter

												-36.5993336996		-145.4664523962												A-th		D-th		H-th

												N/S (km)		E/W (km)						ES Azimuth				Index		12		5		6

																				258.8775178925				1		0.0		0.1		-100

																								2		3		1		-10

																								3		5		5		10

																								4		10		50		100

																								5		30		150		500

																								6		80				1800

																								7		180

																								8		-80

																								9		-30

																								10		-10

																								11		-5

																								12		-3

































Create Test Vectors for Studies	
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