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NAME
splat — ASurfacePathL engthAnd Terrain analysis tool

SYNOPSIS
splat [-t transmitter_sitegth] [-r receiver_sitegth] [-c coverage area_in_miles (floa})[-p terrain_pro-
file.ext] [-e elevation_pofileext] [-0 topagraphic_map_filenamppni [-b cartographic_boundary_file-
namedaf [-s site/city_databasdaf [-d sdf_diectory_path[-n] [-N]

DESCRIPTION
SPLAT! is a simple, yet pmerful terrain analysis tool written for Unix and Linux-basedrkstations.
SPLAT! is free softvare. Redistribtion and/or modification is permitted under the terms of the GNU Gen-
eral Public License as published by the Free SoBwoundation, eitherersion 2 of the License oryan
later \ersion. Adoptiorof SPLAT! source code in proprietary or closed-source applications is a violation
of this license, and istrictly forbidden.

SPLAT! is distributed in the hope that it will be usefultbNITHOUT ANY WARRANTY, without even
the implied varranty of MERCHANZBRBILITY or FITNESS FOR A RRTICULAR PURPOSE. See the
GNU General Public License for more details.

INTRODUCTION
SPLAT! analyzes point-to-point terrestrial RF communication paths as well as the service area of transmit-
ters and repeater systems, \pding data useful to communication system designers and site engineers.
SPLAT! provides great circle distances, bearings, antennetela angles (uptilt), depression angles
(downtilt), antenna height abe mean sea iel, antenna height ale average terrain, bearings and dis-
tances to knan obstructions, as well as minimum antenna height requirements needed to establish geomet-
ric line-of-sight communication paths absent of obstructions due to tei®8®hAT! produces reports,
graphs, and highly detailed and carefully annotated topographic maps depicting line-of-sight paths and
expected cwerage areas of transmitters and repeater systémsituations where multiple transmitter or
repeater sites are empéal, SPLAT! determines indidual as well as mutual areas olvemge within the
network specified.

INPUT FILES
SPLAT! is a command-line dren gpplication, and reads input data through files accessible through a
workstations filesystem. Seeral different types of files are used by the progr&ach has itswen format.
Some files are mandatory for successkacation of the program, while others are optionamong the
mandatory files are SPOAData Files (SDF files) and site location files (QTH fileSptional files include
city/site location files, and cartographic boundary files.

SPLAT DATA FILES
SPLAT! imports topographic data in the form of SALBata Files (SDFs) that may be generated from a
number of information sourcesn the United States, SPIAData Files are most often desdl from U.S.
Geological Surey Digital Elevation Models (DEMs) using thesgs2sdf utility included with SPLAT!.
USGS Digital Elsation Models compatible with this utility arevalable at no cost via the Internet at:
http://edcwwwer.usgs.gue/glis/hyper/guide/1_dgr_dem#dem?7

SPLAT Data Files contain topographic ed&ons to the nearest meter &bkarean sea lesl for 1-dgree by
1-dggree rgions of the earth with a resolution of 3-arc secor8BF files can be read in either standard
format (sdf as generated by thasgs2sdf utility, or in bzip2 compressed formais@itbzd. Sinceuncom-
pressed files can be slightlgster to load than compressed fileBl. AT! searches for the needed SDF data
in uncompressed format firskf such data cannot located, th®&AL AT! tries to read the data in bzip2 com-
pressed formatlf no compressed SDF files can be found for tlggore requestedSPL AT! assumes the
region is over water or outside the United States, and will assign arsteda of sea-leel to these areas.
This feature ofSPLAT! males it possible to perform path analysis not onigr dand, lut also between
coastal areas not represented by USGS Digitalafiten Model Data since tlyeare wid of ary land
masses. Haever, this behsior of SPLAT! underscores the importance of/img all the SDF files required
for the rgion being analyzed if meaningful results are to be obtained.
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SITELOCATION (QTH) FILES
SPLAT! imports site location information of transmitter and reeesites analyzed by the program from
ASCII files haing a .qth extension. QTHfiles contain the site’ rame, the sitg’ latitude (in dgrees
North), the sites longitude (in dgrees Vést), and the site’antenna height abe gound level (AGL). A
single linefeed character separates each fielk antenna height is assumed to be specified in feet unless
followed by the lettem or the word metes in either upper or lwer case.Latitude and longitude informa-
tion may be gpressed in either decimal format (40.9608333) greks minute, second (DMS) format (40
57 39.0).

For example, a site location file describing Edwin Armstrengadio tawver in Alpine, Ne&v Jerseg
(alpineqth) might read as follas:

Al pi ne Tower
40 57 39.0
73 55 23.0
400.0

Each transmitter and rewer site analyzed bysPL AT! must be represented by it site location (QTH)
file.

CITY LOCATION FILES
The names and locations of citiesywé&s sites, or other points of interest may imported and be plotted on
topographic maps generated 8L AT!. SPLAT! imports the names of cities and locations from ASCII
files containing the locatios’name, the locatios’latitude, and the locatiamlongitude. Eacliield is sepa-
rated by a commaEach record is separated by a single linefeed chara&tewas the case with theth

files, latitude and longitude information may be entered in either decimatj@edeninute, second (DMS)
format.

For example ¢ities.daj:

Burlington, 40.074412, 74.854062

Butler, 41.000950, 74.343019

Cal dwel I, 40.839879, 74.276621

Cal i fon, 40.721236, 74.836147

Canden, 39.938583, 75.110875

Cape May Court House, 39.081392, 74.810071
Cape May Point, 38.937679, 74.965657

A total of five eparate city data files may be imported at a tiffigere is no limit to the size of these files.
SPLAT! reads city data sequentiglignd plots only those locations whose positions do not conflict with
previously plotted locations.

City data files may be generated manually usingtext editor, imported from other sources, or ded
from data wailable from the U.S. Census Bureau using thgdecoder utility included with SPLAT!.
Such data iswailable free of chage via the Internet alittp://wwwcensus.geo'geo/www/cob/bdy_files.html
and must be in ASCII format.

CARTOGRAPHIC BOUNDARY DATA FILES
Cartographic boundary data may also be imported to plot the boundaries of cities, counties, or states on
topographic maps generated 3§ AT!. Such data must be of the form of ARC/INFO Ungenerate (ASCII
Format) Metadata Cartographic Boundary Files, and aagahle from the U.S.Census Bureau via the
Internet at: http://wwwcensus.ga/geo/www/cob/co2000.html#ascii  and http://wwwcen-
sus.ge/geo/www/cob/pl2000.html#asciiA total of five eparate cartographic boundary files may be
imported at a timelt is not necessary to import state boundaries if county boundariesdhsady been
imported.
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PROGRAM OPERATION
SPLAT! is invoked via the command-line using a series of switches agdnaents. Sinc&PLAT! is a
CPU and memory inteng gplication, this type of inteaice minimizes werhead, and also lends itself well
to scripted operations and ugkfined scheduling priority (using the Umikce command). Theaumber
and type of switches passedIeL AT! determine its mode of operation and method of output data genera-
tion. Nearlyall of SPLAT!’s switches may be cascaded inyader on the command line whervaking
the program to include all the features described by those switches when performing an analysis.

POINT-TO-POINT ANALYSIS
SPLAT! may be used to perform terrain analysis betweergpacified site locationsfFor example:

splat -t tx_site.qth -r rx_site.qth

invokes a errain analysis between the transmitter specifiedxirsiteqth and recaier specified in
rx_siteqth, writes aSPLAT! Obstruction Report to the currenbrking directory and displays it to the
console. Theeport contains details of the transmitter and kexeaites, and identifies the location ofyan
obstructions detected during the analysisan obstruction can be cleared by raising the wecaitenna to

a geater altitudeSPLAT! will indicate the antenna height required for a geometric line-of-sight path to
exist between the transmitter and reeeilocations specifiedIf the antenna must be raised a significant
amount, this determination can ¢éagome time.

The.qgth extensions are assumed 8PL AT!, and are optional when woking the program.SPLAT! auto-
matically reads all SPL'AData Files necessary to conduct the terrain analysis between the sites specified.
By default, the location of SDF files is assumed to be in the curreriting directory unless &plat_path

file is present under the usehome directory If this file is present, it must contain the full directory path

to all the SDF files required ISPLAT! to perform its analysis for thegi®n containing the transmitter

and recaier sites specified.The path in this file must be of the form of a single line of ASGit te

/opt/spl at/sdf/

and may be generated withyatext editor. The defult path specified in thHeHOME/.splat_patHile may
be overridden at ap time using thed switch:

splat -t tx_site -r rx_site -d /cdrom sdf/

A graph of the terrain profile between the regeeand transmitter locations as a function of distance from
the receler can be generated by adding tpeswitch:

splat -t tx_site -r rx_site -p terrain_profile.qgif

SPLAT! invokes gnuplot when generating graphslhe filename xension specified t&PLAT! deter
mines the format of the graph producedif will produce a 640x480 color GIF graphic file, whifes or
.postscriptwill produce postscript outputOutput in formats such as PNG, Adobe lllustratantoCAD
dxf, LaTeX, and seeral dozen other formats areaflable. Pleaseonsultgnuplot, and gnuplot’s docu-
mentation for details on all the supported output formats.

A graph of eleations subtended by the terrain between the vecend transmitter as a function of dis-
tance from the recegr can be generated by using Hesswitch:

splat -t tx_site -r rx_site -e elevation_profile.gif
The graph produced using this switch illustrates thestiten and depression angles resulting from the ter
rain between the rea@’s location and the transmitter site from the perspedti the recerer’'s location.

A second trace is plotted between the left side of the graph \egeseiocation) and the location of the
transmitting antenna on the righthis trace illustrates the &fion angle required for a line-of-sight path
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to exist between the reoar and transmitter locationslf the trace intersects the estion profile at ag
point on the graph, then this is an indication that a line-of-sight path doegistotireder the conditions
given, and the obstructions can be clearly identified on the graph at the point(s) of intersection.

A topographic map may be generated3y AT! to visualize the path between the transmitter andwercei
sites from yet another perspeeti Topographic maps generated 8L AT! display eleations using a log-
arithmic grayscale, with higher e&tions represented through brighter shades of. gfaig dynamic range
of the image is scaled between the highest anddbel®ations present in the maghe only &ception to
this is sea-heel, which is represented in blue.

SPLAT! generated topographic maps are 24-biteColor Portable PixMap (PPM) images, and may be
viewed, edited, or corerted to other graphic formats by popular imagewing applications such as/,

The GIMP, ImageMagick, and XPaint. PNG format is highly recommended for lossless compressed
storage ofSPLAT! generated topographic output file&n excellent command-line utility capable of con-
verting PPM  graphic files to PNG files iswpng, and is @&alable at:
http://wwwlibpng.org/pub/png/book/soaes.html As a bst resort, PPM files may be compressed using the
bzip2 utility, and read directly byrhe GIMP in this format. Topographic output is specified using tioe
switch:

splat -t tx_site -r rx_site -o topo_map. ppm
The.ppmextension on the output filename is assume®RiyAT!, and is optional.

In this example,topo_map.ppmwill illustrate the locations of the transmitter and reeesites specified.n
addition, the great circle path between the sites will be dravn over locations for which an unobstructed
path eists to the transmitter at a redgeg antenna height equal to that of the resresite (specified in
rx_siteqth).

It may desirable to populate the topographic map with names and locations of cite¥ssites, or other
important locationsA city file may be passed @PLAT! using the-s switch:

splat -t tx_site -r rx_site -s cities.dat -o topo_map
Up to five sparate city files may be passe®RL AT! at a time.

County and state boundaries may be added to the map by specifying pUdsfiCensus Bureau carto-
graphic boundary files using tHeswitch:

splat -t tx_site -r rx_site -b co34_d00.dat -o topo_map

In situations where multiple transmitter sites are in use, ay asafour site locations may be passed to
SPLAT! at a time for analysis:

splat -t tx_sitel tx site2 tx_site3 tx sited -r rx_site -p profile.gif

In this ekample, four separate terrain profiles and obstruction reports will be gener&8Bd Ay!. A sin-

gle topographic map can be specified using-¢th@vitch, and line-of-sight paths between each transmitter
and the receer site indicated will be produced on the map, each inwe oolor The path between the
first transmitter specified to the reamiwill be in green, the path between the second transmitter and the
recever will be in gyan, the path between the third transmitter and thevexosill be in violet, and the
path between the fourth transmitter and the veceiill be in sienna.

DETERMINING REGIONAL COVERAGE
SPLAT! can analyze a transmitter or repeater site, oror&tef sites, and predict thegienal coverage for
each site specifiedn this mode SPLAT! can generate a topographic map displaying the geometric line-
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of-sight coverage area of the sites based on the location of each site, and the heighvefa¢eena wish-
ing to communicate with the site in questid8PL AT! switches from point-to-point analysis mode tw-co
erage mode when the switch is irvoked &s follows:

splat -t tx_site -c 30.0 -s cities.dat -b co34_d00.dat -0 tx_coverage

In this ekample,SPLAT! generates a topographic map caltedcorerageppmthat illustrates the predicted
regional caverage oftx_siteto receving locations heing antennas 30.0 feet alsogound level (AGL).

The contents o€ities.datare plotted on the map, as are the cartographic boundaries contained in the file
co34_d00.dat

When irvoked in coverage modeSPLAT! generates a site report for each station analySBd.AT! site
reports contain details of the s#efeographic location, its height alm mean sea e, the antennag’
height abwe nean sea k&, the antenng’ height abee average terrain, and the height of thesage ter
rain calculated in the directions of 0, 45, 90, 135, 180, 225, 270, and @¥esl@azimuth.

DETERMINING MULTIPLE REGIONS OF COVERAGE
SPLAT! can also display a@rage areas for as maas four separate transmitter sites on a common topo-
graphic map.For example:

splat -t sitel site2 site3 sited -c 30.0 -0 network. ppm

plots the rgional caoerage of sitel, site2, site3, and site4 based on aveseaienna located 30.0 feet
above gound level, and writes a topographic map to the filtwork.ppm In the map generated, theveo
age area of the transmitters are plotted asvisllm the colors indicated (along with their corresponding
RGB \alues in decimal):

sitel: Green (0, 255,0)

site2: Cyan (0, 255, 255)

site3: Medium Violet (147,112,219)
site4: Sienna 1 (255,130, 71)

sitel + site2: Yellow (255,255, 0)

sitel + site3: Pink (255,192, 203)

sitel + sited: Green Yellow (173, 255, 47)

site2 + site3: Orange (255, 165, 0)

site2 + sited: Dark Sea Green 1 (193, 255, 193)

site3 + sited: Dark Turquoi se (0,206, 209)

sitel + site2 + site3: Dark Green (0,100, 0)

sitel + site2 + sited4: Blanched Al nond (255, 235, 205)
sitel + site3 + sited4: Medium Spring G een (0,250, 154)
site2 + site3 + site4: Tan (210, 180, 140)

sitel + site2 + site3 + sited: Cold2 (238, 201, 0)

If separateqthfiles are generated, each representing a common site locatiardiferent antenna height,
a dngle topographic map illustrating thegrenal caverage from as manas four separate locations on a
single taver may be generated BPLAT!.

TOPOGRAPHIC MAP GENERATION
In certain situations, it may be desirable to generate a topographic mapyafrawihout plotting cueer-
age areas or line-of-sight paths or generating obstruction refdr&se are tw ways of doing this with
SPLAT!. If one wishes to generate a topographic map illustrating the location of a transmitter ara recei
site along with a brief t& report describing the locations and distances between the sites, siwéch
should be imoked &s follows:
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splat -t tx_site -r rx_site -n -0 topo_map. ppm
If no text report is desired, then thl switch is used:
splat -t tx_site -r rx_site -N -0 topo_map. ppm

If the -0 switch and output filename are omitted when using eithentbe-N switches, output is written to
a file namedmap.pprmin the current wrking directory by defult.

DETERMINATION OF ANTENNA HEIGHT ABOVE AVERAGE TERRAIN

SPLAT! determines antenna height abaverage terrain (HAA) according to the procedure defined by
Federal Communications Commissioart’73.313(d).According to this definition, terrain efgiions along

eight radials between 2 and 10 miles (3 and 16 kilometers) from the site being analyzed are sampled and
avaaged for each 45 deses of azimuth starting withrde North. If one or more radials lie entirelywer

water, or over land outside the United States (areas for which no USGS topggtatzhis &ailable), then

those radials are omitted from the calculationu@age terrain.If part of a radial gtends @er a body of

water or over land outside the United States, then only that part of the radial lyandJaited States land is

used in the determination ofexage terrain.

When performing point-to-point terrain analyss®L AT! determines the antenna heightebdaverage ter

rain only if enough topographic data has already been loaded by the program to perform the point-to-point
analysis. Inmost cases, this will be true, unless the site in question does not lie within 10 miles of the
boundary of the topograptdata in memory

When performing ceerage analysis, enough topogrgpdata is normally loaded b$PLAT! to perform
aveage terrain calculationdJnder such conditions§§PL AT! will provide the antenna height aleaver-
age terrain as well as theesage terrain abe mean sea kel for azimuths of 0, 45, 90, 135, 180, 225, 270,
and 315 dgrees, and include such information in the site report genertitede or more of the eight radi-
als sureyed fll over water or land outside the United Stat8BBL AT! reportsNo Terrain for those radial
paths.

SETTING THE MAXIMUM SIZE OF AN ANALYSISREGION

SPLAT! reads SDF files into a series of memory "slots" as required within the structure of the program.
Each "slot" holds one SDF fildcach SDF file represents a on@® by one dgee rgion of terrain. A
#define MAXSLTSstatement in the first geral lines ofsplat.csets the maximum number of "slots/ad:
able for topographdata. Italso sets the maximum size of the topographic maps generatael By !.
MAXSLOTS is set to 9 by dafilt. If SPLAT! produces a sgnentation &ult on start-up with this dailt,

it is an indication that not enough RAM and/or virtual memoryafswspace) arevailable to runSPLAT!
with this number of MAXSLOS. Inthis case, MAXSLOS may be reduced to 4, although this will
greatly limit the maximum ggon SPLAT! will be able to analyzelf 118 megabytes or more of total mem-
ory (swap space plus RAM) isvailable, then MAXSLA'S may be increased to 18&his will permit oper
ation over a 4-degree by 4-dgree rgion, which is sufcient for single antenna heights ircess of 10,000
feet ab@e mean sea k&=, or point-to-point distances ofzer 1000 miles.

ADDITIONAL INFORMATION

FILES

Invoking SPL AT! without ary arguments will display all the command-line optionsikable with the pro-
gram, as well as a brief summary of each.

The latest nes and information igerding SPLAT! software is &ailable through the dicial SPLAT! soft-
ware web page located dittp://wwwqsl.net/kd2bd/splat.html

$HOWVE/ . spl at _path
Usergenerated file containing the daft path to the directory containing the SDF data files.
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AUTHOR
SPL AT! was written and created by John A. Magliacane, KD2B@2bd@amsat.gp.
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