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The Space and Naval Warfare System Center, San Diego has a full spectrum research and
development program with along and proud history of rapidly responding to critical fleet
requirements and deploying systems to address these requirements. One such system is the new
Advanced Refractive Effects Prediction System (AREPS).

AREPS computes and displays radar probability of detection, propagation loss and signal-
to-noise ratios, Electronic Support Measures (ESM) vulnerability, UHF/VVHF communications,
and surface-borne surface-search radar capability versus range, height, and bearing from the
transmitter.

The power of AREPS derives from its Windows 95/NT interface, making full use of pop-
up menus, object linking and embedding (OLE) features such as file drag and drop and graphics
export, and an extensive on-line help with colorful graphic examples.

At the core of AREPS is our Advanced Propagation Model (APM) a hybrid ray-optic and
parabolic equation (PE) model that uses the complimentary strengths of both methods to
construct afast, but yet very accurate composite model. Depending upon the requirements of the
tactical decision aid, APM will runin several different modes. For the full hybrid mode, APM has
proven to be much faster than PE models alone, with overall accuracy at least as good as the pure
PE models. With its airborne sub-model, APM can solve problems for very high elevation angles,
where PE methods would not normally be used.

APM dlows for range-dependent refractivity over various sea and/or terrain paths. Not
only does the terrain path include variable terrain heights but may a so include range-varying
dielectric ground constants for finite conductivity and vertical polarization calculations. APM
considers absorption of electromagnetic energy by oxygen and water vapor. APM accounts for
al normal propagation mechanism including troposcatter and the anomal ous propagation
mechanisms of subrefraction, superrefraction, and ducting.
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At the top of the display window
isaseries of buttons, which alow you to animate the display in bearing, both forward and
backward, to pause the animation, and obtain a printed copy of the display. Because AREPSisa
Windows 95/NT program, the full capabilities of the operating system are available. For example,
should you desire to brief the display, you may “copy” the display to the Windows 95/NT
clipboard and “paste” it directly into a presentation package such as Microsoft PowerPoint. To
obtain loss versus range and or height displays (figures 2 and 3), simply click the right mouse
button on the coverage display.
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Figure 3: AREPS loss-versus-height
display.
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Figures 4, 5, and 6, illustrate the coverage for an airborne transmitter in the presence of an
elevated duct, simultaneous surface-based radar coverage and ESM vulnerability, and UHF
communication assessment respectively. Note also the three earth surface depictions of dual
curved, curved, and flat.
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Figure 4: AREPS Air-borne air search
application.
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UHF Communications Application
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Figure 6: AREPS Communications application.

Figure 5: AREPS Radar probability of detection
and ESM vulnerability application.

In addition to coverage displays,
the effects of radar cross-section
variability as afunction of viewing angle,
ship displacement, ship height and range
are combined with the APM capabilities
of range-dependent environments and
terrain to produce a bar-graph display,
figure 7, of detection for five classes of
ship targets. These classes range from
small (apatrol boat) to avery large
warship (aircraft carrier). The viewing
angle variability is displayed as subbars
within each ship class. These anglesare
labeled minimum, maximum, and average
that correspond to a view of bow, beam,
and quarter.
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AREPS capabilities include antenna radiation patterns of specific system height-finder
antennas and a user defined antenna pattern. Detection threshold cal culations include radars using
incoherent and coherent integration techniques.
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(NIMA) either on CD-ROM or from their
Internet homepage. DTED data are
provided in level 0, level 1, and level 2 Figure 8: AREPS radar system input window
formats. Level O data spacing is 30 arc

seconds in horizontal resolution (approximately 1 kilometer). DTED level O datais unlimited
distribution and may be obtained directly from NIMA’s Internet homepage. DTED level 1 data
gpacing is 3 arc seconds in horizontal resolution (approximately 100 meters). Level 2 data
spacing is 1 arc seconds in horizontal resolution (approximately 30 meters). Level 1 and 2 data
are limited distribution. For this reason, DTED data are not and may not be distributed with
AREPS. For ease of input when using DTED CD-ROMSs, you need only specify the latitude and




longitude location of your transmitter. The AREPS program will determine which CD-ROM is
required, prompt you to insert the CD-ROM into the drive, and automatically extract the terrain
data needed.

In addition to terrain elevations, the APM allows for the specification of range-dependent
surface conditions should you be concerned about surface types for vertically polarized antennas.
AREPS uses the surface conditions as defined by the International Telecommunication Union,
International Radio Consultative Committee (CCIR). These conditions are provided by plain
language descriptors, selected from a drop down menu.

Environmental Input

Atmospheric data may be derived from World Meteorological Organization (WMO)
upper-air observations. The entry of environmental data into AREPS has been completely
automated by using the capabilities of the Windows 95/NT operating system. Within normal
naval message traffic, WMO coded radiosonde messages are routinely available. Figure 9
illustrates such a message.
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Figure 9: WMO radiosonde message from Commander, Sixth Fleet.

Y ou need only locate the message (for a ship, the message is usually available on the
ship’slocal area network); open the message file using any ASCI| text editor such as Notepad
that is provided with Windows 95/NT; “copy” the text to the Windows clipboard and “ paste” it
into the Import WMO Code window of AREPS, figure 10.
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It is not always necessary
to have access to alocal area network for the WMO observation. Many shore organizations and
ships post their local radiosonde observations on their Internet or SIPRNET homepage. Once
such a homepage is found for your particular area of interest, the WMO report may be copied to
the Windows 95/NT clipboard directly from the browser (such as Netscape or Microsoft Internet
Explorer), and then pasted into the Import WMO Code window. For military users, WMO
reports are also available from the Fleet Numerical Meteorology and Oceanography Center viathe
Joint METOC Viewer (JMV) and/or the METCAST client.

For those without access to observationa datain the WMO format, AREPS contains
options to import observationa datain a generic column format. Should real-time data be
unavailable, AREPS contains a 921 observing station worldwide climatology of ducting
conditions.

Distribution and support

AREPS is configured for Defense Information Infrastructure (DIl1) Common
Operating Environment (COE) compliance and has been submitted as a Global Command and
Control System - Maritime (GCCS-M) segment. We aso provide distribution and technical
support for the AREPS program. Distribution is provided on CD-ROM through the U.S. mail
system or by direct download of the program from our Internet homepage
(http://sunspot.spawar.navy.mil). In addition to the program software, our homepage includes
help topics, frequently asked questions, and program service packages as necessary.



