HORIZON PROGRAM

1. Introduction

The HORIZON program calculates the line-of sight horizon for 360 degrees around a transmitter or receiver site using the digitized data from the terrain database.  The program produces graphical plots and data files of the distance to the radio horizon and the elevation angle to the radio horizon.  The HORIZON program is an extension of the PROFILE program, and is used as an input to the Appendix 28 (A28) program, a model required for coordination of earth stations with terrestrial microwave systems.

2. Analysis

The PROFILE program produces terrain profile from a digitized database, taking into consideration the ray bending in the atmosphere.  The HORIZON program makes multiple retrieves from the terrain database.  Profiles are made from 0 to 360 degrees around a reference point at increments of one degree.  The origin is the reference point entered by the user.  Because the terrain handling routine requires two latitudes and longitudes to define a path, a second point must be computed.  The point is computed using the estimated distance to the radio horizon and the bearing that is incremented from North. 

The elevation angle to the radio horizon is computed by the following equation:





Angle = MAX [TAN (Ai / Bi)] 


(2.1)

Where, Ai is the perpendicular distance from a horizontal line from the top of an antenna to each elevation point in a profile, and Bi is the distance along the horizontal line from antenna to the line Ai.  

The distance to the horizon is computed by the following equation:





Distance = i (I – 1)




(2.2)

Where, i is the integer index of the array position where the maximum elevation angle is determined and I is the increment of arc between elevation points in miles.

The array of distances and elevation angles to the radio horizon versus bearing from the transmitter is plotted.  

The user specifies the maximum profile distance and the arc length increment.  The program steps in increments of arc length to the maximum profile distance looking for the highest elevation.  If the highest elevation for an azimuth is also the last point, the program assumes that the last point must be on the side of an incline.  The program will add 10 miles/kilometers to the maximum profile length for this azimuth to ensure that the actual distance to the radio horizon is found.  The program will continue to add 10 miles/kilometers to the maximum profile length until the highest elevation is not the last point.  This technique may still only find a local maximum.  An actual site survey or the use of topographical maps may be used to select the maximum profile length.  When the program looks at the next profile, it will use the maximum profile length initially entered by the user.  For those profiles that require a different maximum profile length than that used by the user, the program will display a message on the screen.  

3. Input Parameters and Output

The user provides the latitude and longitude of the transmitter or receiver site, the antenna height in meters or feet, maximum profile length in miles or kilometers, and the profile increment in seconds. The program requires a terrain database.  The user must also provide the surface refractivity.  Figure 1 and 2 show worldwide maps of surface refractivity referred to the mean sea level (From ITU-R Rec. P.453-8, 2001). The default value of surface refractivity is 301.

The program calculates and plots the Radio Horizon Distance and the Elevation Angle to the radio horizon for 360 degrees around a site.  Optionally, the user may select to list the elevations and/or distances in a data file. 
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