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Abstract

The United States Coast Guard needs a more modern, and up to date coverage predicting
software to replace its current program known as COAST. This paper outlines the senior design
project which concentrated on taking previously developed software and putting it into a very
user-friendly graphical user interface (GUI) form. MATLAB® GUIDE was utilized to provide for
organized GUI building and fast implementation of the existing functions. The majority of the
objectives for this year were met and the results were outstanding. All graphical user interfaces
were linked and tested for functionality and performance. Additionally, tasks for next year will
be based on the uncompleted work for this year and feedback from the Loran Support Unit as
well as the Navigation Center.

Introduction

This has been an ongoing project concentrating on constant improvement and management of
U.S. Coast Guard radio navigation. The sponsors of this project, Command and Control
Engineering Center (C2CEN) and the Navigation Center (NAVCEN), have shown interest in
creating a more up to date way of making signal coverage predictions for both Long Range
Navigation (LORAN) and Differential Global Positioning System (DGPS) signals. The software
program is a replacement for an older program known as COAST. The new program has a
greater ability to theoretically estimate the coverage of individual transmitters throughout the
United States. It models the effects of ground wave and sky wave propagation, as well as sky
wave interference for antenna sites with the same operating frequency. This year’s project will
allow for easier and more functionality of the current software enabling the Coast Guard to see
their overall coverage areas as well as better allocate resources for navigation.

Background

Prior development, done by Mike Danish (*00) [2], successfully created a software package that
used Millington’s Method of calculation [1] to allow the Coast Guard to estimate signal coverage
of DGPS sites in the United States. It allows the user to visually analyze current coverage of
DGPS and LORAN transmitters based on beacon parameter values for location, frequency and
power. Prior to this year’s work, the software provided lists of transmitter information selected
through rough menus written in MATLAB® coding. Though thorough, all lists and menus were
far from user friendly and were in need of up-to-date data and functionality.

Over the course of last semester, MATLAB®’s GUIDE program [3] was utilized to create
graphical user interfaces to implement more user-friendly menus and functionality for the
prediction software. The GUI’s were linked to the original calculation functions much like the
original program enabling the user to perform the coverage predictions more efficiently.



Objective

With the need for a more user-friendly software program, the scope of this project began with an
implementation of a graphical user interface for the main menu of the program. Created in
MATLAB®, the GUI would create links to the current software programming and provide a more
organized and attractive program. In addition, updating the individual site parameters was
necessary due to changes in power and frequency made over the past two years.

Additional tasks were to fix the continental borders of the United States, Canada, and Mexico as
well as check accuracy of the coverage plots. Once these tasks have reached completion, the last
objective is to prepare a prototype for submittal to NAVCEN and C2CEN.

Technical Approach

Necessary improvements were required in the functionality of the software and user-friendly
operations of the program. The first step was to implement a Graphical User Interface using
MATLAB® code to provide initial selection options. This GUI would provide all past options for
the initial menu while giving a more attractive look to the software package. The MATLAB®
GUIDE program was utilized for the layout and functionality that was necessary for this project.
Using help files and specific reference material [3], GUIDE has proven very useful allowing
quick creating of GUI layouts and providing callback functions for linking the GUI to the
existing functions.

The necessary approach to building the GUI was to start small, eventually linking all the parts of
the GUI together. Creating an interactive list box that allows the user to simply click on the
selected beacon was the first small step. Once a selection is made, the plot functions will call on
the existing coverage functions to produce graphs and other data based on the selected beacon.
The project advanced by implementing up-to-date site data for more accurate coverage and was
referenced from the NAVCEN information web site [4]. Once the information was obtained,
updating the database of transmitters was necessary as well as testing of the data for the current
coverage throughout the U.S. Current LORAN software still needs several improvements on the
written code and functionality.

Results

The first stage of the project was to make the software program more user-friendly by
implementing graphical user interfaces (GUI) for the different functions of the program. During
the first semester, GUI functions for the list box, ground wave, and sky wave calculations were
fully implemented to allow for easier accessibility and better organization than the original
software package. These functions are selected through a main menu GUI (appendix 1) which
makes every option the program has to offer, accessible using a computer mouse. During the
second semester, emphasis was put on creating the beacon adding function and the beacon
deletion functions. These functions are what allow the user to add possible future sites and see
how the theoretical coverage will add to the total coverage of the United States. Additionally,
the deletion function allows the user to delete any beacon they choose in the case where an
antenna is actually removed from an old site. Lastly, once the graphical user interfaces were
created for all of the programs functions, up-to-date beacon data was added. The original beacon
data was used for the design of the program however, there are differences between the
NAVCEN beacon parameters and the programs beacon parameters [4].



The idea behind the list box (appendix 2) is to be able to access the plot functions by simply
clicking on the chosen beacon. The existing plotting function uses the beacon identification
number as the key variable for finding the desired beacon information. Once the information is
found, the ground/sky wave can be plotted for the user. However, the list box is simply a display
of the BeaconL.ist.mat file which is a preexisting character array. The beacon list array was
divided up and set as two different arrays of information. One array simply listed the names of
the beacons while the other listed the beacon identification numbers. The beacon ID numbers
were then converted from a character array to a number array using the STR2NUM command.
As a number array, each site is given an index numbers and can be easily accessed when
necessary.

The ground wave GUI (appendix 3) displays a list of all information and data regarding every
beacon. When a beacon is single clicked, the program will return the index number of the line
where the click occurred. With the index number, the program opens the list of beacon
identification numbers and finds the number with the matching index. This number is displayed
in a text box so the user can see which beacon is the chosen one. Once the number has been
entered and stored, the program calls the preexisting ground wave function from the original
program. When the user compresses the plot command button on the GUI, the calculation
process takes place. In a perfect world, the coverage around an antenna would form a perfect
circle. However, due to the conductivity constants of the earth, the signal strengths over
different terrains vary. The imbedded equations create strength values that take into
consideration the different conductivities around the antenna. Once the calculations are made, the
GUI will plot the site and show the effective coverage of the selected antenna (appendix 4).

The sky wave GUI (appendix 5) is very similar to that of the ground wave by way of displaying
the data in a separate figure layouts in MATLAB®. The sky wave plot however, takes into
consideration the sky wave produced by other beacons with the same frequency. Due to
reflections of the ionosphere, the sky wave emitted from neighboring antennas with the same
frequency causes distortions in the coverage plots. The sky wave plot shows the original
coverage, without interference, as well as the sky wave and the coverage plot with distortion.
The user simply selects a site from the list box of beacons. An additionally list box will then
read the initial choice and load another list of beacons which are on the same frequency as the
selected site. The user again will select a beacon with the same frequency from the second list
box and hit plot to see how the two sites interact with each other (appendix 6). Additional
options in the GUI are the ability to choose either median or worst case plots since the distortion
from the ionosphere is worse during the night versus during the day.

As mentioned above, the second semester of the year consisted of implementation of the beacon
addition function and the beacon deletion function. One of the main purposes of the software
program is to allow for testing of the theoretical coverage for possible future sites. The addition
GUI (appendix 7) allows the user to simply fill in the appropriate parameter values of the new
site. These parameters include: beacon identification number, site name, latitude, longitude,
frequency, and finally power. Once these fields are filled in, the user selects the “submit” button
to enter the values into the database. If this site currently exists, an overwrite option is also
available. The delete GUI (appendix 8) is the opposite of the addition GUI and is utilized for



updating the overall coverage of the United States. When sites are taken down or are no longer
in service, the user simply has to click on the beacon site from the available list of sites, pulling
up all the information on that specific site. Then when the user is ready to delete, he/she simply
has to select to delete button to erase it from the database.

Conclusions

Overall, the project has been a success, fulfilling nearly every objective set forth at the start of
the year. The majority of the years work has been spent using MATLAB®’s GUIDE program to
create GUI’s and link all major functions to newly created coverage software. All graphical user
interfaces have been created and functionality is excellent. All GUI’s are appealing to the user’s
eye as well as easily used by anyone. All that is left for the project is to complete the continental
borders around Canada and Mexico. This is a major part of the program and was unfortunately
not reached throughout this year’s work. Additionally, continuation of updating the beacon
database will also be necessary for next years work. Lastly, checking the coverage software
against the COAST software located at NAVCEN must be completed for test of accuracy. Other
than these few extra tasks, the project is successfully completed.
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Appendix 1

Main Menu Graphical User Interface
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Appendix 2

Beacon List Graphical User Interface
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Appendix 3

Groundwave Plot Graphical User Interface
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Ground Wave Plotting Sample

Lousiville-USA Groundwawe Signal Strength (dB rel 1uw'm for a 71.28 W X-mitter)
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Appendix 5

Skywave Plot Graphical User Interface
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Lousiville-USA Groundwave Signal Strength (dB rel 1ue'm for a 71.28 W X-mitter)

Skywave Plotting Sample
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Appendix 7

Add Beacon Site Graphical User Interface
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Appendix 8

Delete Beacon Site Graphical User Interface
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