ALIASTORLE(1) ALIASTORLE(1)

NAME

aliastorle — Convert Alias™ raster files to RLE format.
SYNOPSIS

aliastorle [ —-v ][ —o outfile] [ infile ]
DESCRIPTION

This program converts an image in Alias™ "pix" formaRIcE(5) format. Since "pix" an@®RLE differ
on the origin location, the program flips the image top to bottom.

OPTIONS
-o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.Verbose output.

infle  The input will be read from this file. Iffile is "-" or is not specified, the input will be read
from the standard input stream.

SEE ALSO
rletoaliag(1), urt(1), RLE(5).

AUTHOR
Raul Rivero, Mathematics Department, University of Oviedo.
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NAME

applymap — Apply the color map in an RLE file to the pixel data
SYNOPSIS

applymap|[ -l ][ —o outfile] [ infile ]
DESCRIPTION

This program takes the color map inRIbE(5) file and modifies the pixel values by applying the color
map to them. If there is more than one color channel in the input file, the color map in the input file
should hae the same number of channels. If the input file has a single color channel, the output file
will have the same number of color channels as the color map.

Each pixel in the input file is mapped as follows: For a multi-channel input file, a pixel in ch@nel
mapped asnap[i][pixel] >> 8, producing a pixel in output chanriel The right shift takes the 16 bit
color map value to an 8 bit pixel value. For a single channel input file, to produce a pixel in output
channel is produced from the corresponding input pixel valumap(i][pixel] >> 8 .

OPTIONS
- This option will cause a linear (identity) color map to be loaded into the output file. Other-
wise, the output file will have no color map.

infle  The input will be read from this file, otherwise, input will be taken from stdin.

-o outfile
If specified, output will be written to this file, otherwise it will go to stdout.

SEE ALSO
rleldmap(1), urt(1), RLE(5).
AUTHOR
Spencer W. Thomas, University of Utah

BUGS
If the image data and color map channels in the input file do not conform to the restriction stated above
(N = N or 1- N) the program will most likely core dump.
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NAME
avg4 — Downfilter an image by simple averaging.

SYNOPSIS
avg4[ —o outfile] [ infile ]

DESCRIPTION
Avg4downfilters an RLE image into a resulting image of 1/4th the size, by simply averaging four pixel
values in the input image to produce a single pixel in the output. If the original image does not contain
an alpha channelyvg4 creates one by counting the number of non-zero pixels in each group of four

input pixels and using the count to produce a coverage value. While the alpha channel produced this

way is crude (only four levels of coverage) it is enough to make a noticeable improvement in the edges
of composited images.

OPTIONS
infle  The input will be read from this file, otherwise, input will be taken from stdin.
—o outfile
If specified, output will be written to this file, otherwise it will go to stdout.
SEE ALSO
fant(1), rlecomg1), smusl(l), urt(1), RLE(5).
AUTHOR
Rod Bogart, John W. Peterson
BUGS

Very simple minded — more elaborate filters could be implemented.

1 Nov 12, 1986 3
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NAME

crop — Change the size of an RLE image
SYNOPSIS

crop [ —b ][ xmin ymin xmax ymal| —o outfile] [ infile ]
DESCRIPTION

Crop changes the size of an RLE image. The command line nurmbiergmin xmax ymaspecify the
bounds of the resulting image. If the resulting image is larger than the origim@kupplies blank
pixels, otherwise pixels are thrown away.

OPTIONS
-b The input image is cropped to the enclosing box. Extra rows and columns of black pixels are
removed. Thénfile must be a file; no piped input is allowed for this option.
—o outfile

If specified, output will be written to this file, otherwise it will go to stdout.
infle  The input will be read from this file, otherwise, input will be taken from stdin.
SEE ALSO
repos(1), url), RLE(5).

AUTHOR
Rod Bogart

BUGS
Could be combined wittepos Does not check to see if the input and output regions are disjoint.

4 Nov 12, 1986 1
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NAME

cubitorle — Convert cubicomp image to an RLE format file.
SYNOPSIS

cubitorle [ —o outfile] inprefix
DESCRIPTION

Cubitorle converts a set of files in the Cubicomp image format to a raster file in the Utah Raster Toolkit
RLE format. Cubitorle expects as input a set of files of the form "inpreBix "inprefixg8", and
"inprefix.b8". These files are combined to form a simjl&(5) file. The output is written tetdout
unless an output file name is given using-theption.

OPTIONS

-0 Allows specification of an output file name.
SEE ALSO

rleflip(1), urt(1), RLE(5).
AUTHOR

Rod Bogart
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NAME

dvirle — convert dvi version 2 files, produced by TeX82, to RLE images
SYNOPSIS

dvirle [ -m number] [ -h ][ =s ][ —=d number] [ —x xfilter ] [ -y ¥filter ] infile.dvi
DESCRIPTION

Dvirle converts .dvi files produced AgX(1) to RLE(5) format. The basic process involves two passes.

In the first pass, the .dvi file is converted into a list of characters. The second pass takes this list and
converts it toRLE. The image is filtered to produce gray-scale letters. 300dpi fonts are used, produc-
ing an unfiltered page size of approximately 2500x3500 pixels. The default is to average this by 5 pix-
els in the X direction and 5 in the Y, producing a %208 image. The filtering parameters can be
altered with the-x and-y flags.

The—m numberoption is used to change the device magnification (which is in addition to any magnifi-
cation defined in the TeX source fildlumbershould be replaced by an integer which is 1000 times
the magnification you want. for exampten 1315would produce output magnified to 131.5% of true
size. The default is no magnification (1000). Note, however, that a site will only support particular
magnifications. If you get error messages indicating that fonts are missing when using this option, you
probably have picked an unsupported magnification.

The-h flag, when supplied, causes the image to be converted "on its side" (rotated by 90 degrees).
Normally the first pass prints the page numbers from the .dvi file ~3fieg suppresses these.

The defaulmaxdriftparameter is 2 pixels (1/100th of an inch); tlieoption may be used to alter this.

The maxdriftparameter determines just how much font spacing is allowed to influence character posi-
tioning. The default value 2 allows a small amount of variation within words without allowing any let-
ters to become too far out of position.

The output file contains a number of sepaRit& images concatenated, one for each page in the input.
These can be separated wiésplit(1). The output images have a single image channel and an identi-
cal "alpha" channel. For compositing with a colored background, it will be necessaryrkesusa(1)

to expand it to 3 color channels.

The shell scriptopcropwill crop off the top 384 lines of the output image (assuming the ddfaliéX
page size andvirle filtering parameters), making it suitable for viewing on a &384) frame buffer.
topcrop <file.rle >cropfile.rle

A better solution is to use something like the followlrajTe Xmacros to set the page size so that, with
the default filter parameters, the output images will bex3849.
\newcommand{\maxpage{%% Make page as large as possible
\setlength{\topmargin}{0in}
\setlength{\oddsidemargin}{Opt}
\setlength{\evensidemargin}{Opt}
\setlength{\marginparwidth}{Opt}
\setlength{\marginparsep}0pt}
\setlength{\headheight{0pt}
\setlength{\headsep}{Opt}
\setlength{\textwidth}{6.5in}}
\newcommand{\plainpageH{%% Page with space for headers
\pagestyle{plain}
\setlength{\textheightl{4.0667in}
\setlength{\footheight{12pt}
\setlength{\footskipH{24pt}
\maxpage}

\newcommand{\headingspage{%% Page with headers

6 May 12, 1987 1
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\pagestyle{headings}
\setlength{\textheightl{4.0667in}
\setlength{\footheight{12pt}
\setlength{\footskip{24pt}
\maxpage}

\newcommand{\emptypage{%% Page with no headers
\pagestyle{empty}
\setlength{\textheight{4.4in}
\setlength{\footheight}{Opt}
\setlength{\footskip}{Opt}
\maxpage}

FILES
dvirlel first pass
dvirle2 second pass

SEE ALSO
rleflip(1), rlesplit(1), rleswaf1), urt(1), RLE(5).

AUTHOR
The original (Versatec) version was written by Janet Incerpi of Brown University. Richard Furuta and
Carl Binding of the University of Washington modified the programs for DVI version 2 files. Chris
Torek of the University of Maryland rewrote both passes in order to make them run at reasonable
speeds. Spencer W. Thomas of the University of Utah converted it to produce RLE images as output.

BUGS
The—h option doesn’t work properly. Usteflip(1) instead.

Truncates pages wider than 2550 pixels (8.5 inches).
Doesn't handle missing fonts gracefully.

Should be a single program, instead of a shell script and two programs. Doesn't use the usual RLE
argument and file name conventions. Should output the TeX page numbers as picture comments.

1 May 12, 1987 7
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NAME
fant — perform simple spatial transforms on an image

SYNOPSIS

fant [ —aangle] [ —b blurfactor ][ —o outfile] [ —p xoff yoff] [ —s xscale yscalé [ —S xsize ysizé [
—-v][infile ]

DESCRIPTION
Fant rotates or scales an image by an arbitrary amount. It does this by using pixel integration (if the
image size is reduced) or pixinterpolation if the image size is increased. Because it works with sub-
pixel precision, aliasing artifacts are not introduced (hah! see BUBBX uses a two-pass sampling
technique to perform the transformation.inifile is "=" or absent, input is read from the standard input.

OPTIONS
—aangle
Amount to rotate image by, a real number from 0 to 45 degrees (positive numbers rotate clock-
wise). Use rleflip(1) first to rotate an image by larger amounts.

—b blur_factor
Control the amount of blurring in the output image. If the blur factor is greater than one,
image blurring will increase. If the blur factor is smaller than one, image blurring will
decrease but aliasing artifacts may be visible.

—-o outfile

Specifies where to place the resulting image. The default is to write to stdoutfilis "-"
the output will be written to the standard output stream.

—p xoff yoff
Specifies where the origin of the image is — the image is rotated or scaled about this point. If
no origin is specified, the center of the image is used.

—sxscale yscale
The amount (in real numbers) to scale an image by. This is often useful for correcting the
aspect of an image for display on a frame buffer with non square pixels. For this use, the ori-
gin should be specified as 0, 0 (sgeabove). If an image is only scaled in Y and no rotation
is performedfant only uses one sampling pass over the image, cutting the computation time
in half.

—-Sxsize ysize

An alternate method of specifying the scale factxsizeandysizegive the desired output
image size.

The-Soption can not be used in combination witly —p, or -s.

-V Verbose output. Primarily for debugging.

SEE ALSO
avg4(1), rleflip(1), rlezoon(1), urt(1), RLE(5),
Fant, Karl M. "A Nonaliasing, Real-Time, Spatial Transform TechnigiieEE CG&A January, 1986,
p. 71.

AUTHORS
John W. Peterson, James S. Painter

BUGS

Fant uses a rather poor anti-aliasing filter (a triangle filter). This is usually good enough but will
exhibit noticeable aliasing artifacts on nasty input images.

8 Dec 4, 1990
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NAME

giftorle — Convert GIF images to RLE format
SYNOPSIS

giftorle [ —c] [ —o oulffile.rle] [ infile.gif ... ]
DESCRIPTION

Giftorle converts a file from Graphics Interchange Format (GIF) format into RLE format. Multiple
input images may be converted, these will be written sequentially to the output RLE file. The origin of
a JF image is at the upper left, while the origin of an RLE image is at the lower left. This program
automatically flips the image to preserve its orientation.

OPTIONS
—-C Preserve the colormap that the GIF image contains, otherwise the colormap is applied to input
image.
-o outfile.rle
If specified, the output will be written to this file. dtitfile.rleis "-", or if it is not specified,
the output will be written to the standard output stream.
infile.gif ...
The input will be read from these files. iffile.gif is "-" or is not specified, the input will be
read from the standard input stream.
MISC

GIF and Graphics Interchange Format are both trademarks of CompuServe Incorporated.
SEE ALSO
rletogif (1), urt(1), RLE(5).

AUTHOR
David Koblas (koblas@mips.com or koblas@cs.uoregon.edu)
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NAME

graytorle — Merges gray scale images into an RLE format file.
SYNOPSIS

graytorle [ —a] [ —h hdrsize] [ —o outfile] xsize ysize infiles
DESCRIPTION

Graytorle reads a list of 8-bit gray scale images in unencoded binary format and converts them to an
RLE(5) image with the number of channels corresponding to the number of input files. A command
line option allavs specifying one of the files as an alpha channel.

OPTIONS
-a Designates the first file in the input list as being information for the alpha channel of the
image.
-h hdrsize

Often gray scale image files include some sort of header information. This option allows
specification of a count of bytes to discard at the beginning of each input file.

xsize  Specifies the horizontal resolution of the input files.
ysize  Specifies the vertical resolution of the input files.

-o outfile
This option is used to name the output file. Otherwise, output is writstddat.

infiles List of input files.

SEE ALSO
rletogray(1), urt(1), RLE(5).

AUTHOR
Michael J. Banks, University of Utah.

10 Jun 24, 1988 1
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NAME
into — copy into a file without destroying it

SYNOPSIS
into [ —f ] outfile

DESCRIPTION
Into copies its standard input into the specifierdfile, but doesn’t actually modify the file until it gets
EOF. This is useful in a pipeline for putting stuff back in the "same place.'oiitfieeis not overwrit-
ten if that would make it zero length, unless thkoption is given. That option also forces overwriting
of theoutfileeven if it is not directly writable (as long as the directory is writable).

SEE ALSO
pipe(2)
BUGS

For efficiency reasons, the directory containingdhtfile must be writable by the invoker.
The originaloutfile’sowner is not preserved.

Utah 12/17/84 11
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NAME

mcut — Quantize colors in an image using the median cut algorithm
SYNOPSIS

mcut [ —n colors] [ —d ] [ —o oulffile] infile
DESCRIPTION

Mcutreads an RLE file and tries to choose the "best" subset of colors to represent the colors present in
the original image. A common use for this is to display a 24 bit image on a frame buffer with only
eight bits per pigl using a 24 bit color mapgVicutfirst quantizes intensity values from eight bits to five

bits, and then chooses the colors from this space.

Mcut runs in two passes; the first pass scans the image to find the color distributions, and the second
pass maps the original colors into color map indices. The output file has a color map containing the
colorsmcuthas chosenMcut also sets the picture comment "color_map_length" equal to the number

of colors it has chosen. Thgetxl1lprogram (among others) will use this color map instead of dither-

ing.
OPTIONS
—n ncolors
Limit the number of colors chosen to ncolors. The default is 200.
—-d Uses Floyd/Steinberg dither to hide contouring. Greatly improves images that have a small

number of colors.

infle  The input will be read from this file. If it is a multi-image file, each image will be quantized
to its own colormap. Piped input is not allowed.

—o outfile
If specified, output will be written to this file, otherwise it will go to stdout.

SEE ALSO
getx111), rlequant(1), urt(1), RLE(5),
"Color Image Quantization for Frame Buffer Display", by Paul Heckbert, Procedings of SIGGRAPH
'82, July 1982, p. 297.

AUTHOR
Robert Mecklenburg, John W. Peterson, University of Utah.

BUGS
The initial quantization is hardwired to five bits. This should be an option.

12 Nov 8, 1987 1
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NAME

mergechan — merge channels from several RLE files into a single output stream
SYNOPSIS

mergechan[ —a] [ —o outfile] infiles ...
DESCRIPTION

Mergechantakes input from several RLE files and combines them into a single output stream. Each
channel in the output stream comes from the respective filename specified on the input (i.e., channel
zero is takn from the first file, channel one from the next, etc). The same file can be specified more
than once. If the-a flag is given, the channels are numbered from -1 (the alpha channel) instead of
zero. All of the input channels must have exactly the same dimensiongdpgl to adjust files to fit

each other).

Mergechan is typically used to introduce an alpha mask from another source into an image, or combine
color channels digitized independently.

If —ois specified, the output will be written ¢aitfile.

SEE ALSO
crop(1), rleswaf1), urt(1), RLE(5).

AUTHOR
John W. Peterson, University of Utah.

BUGS
Mergechan is totally ignorant of the color maps of the input files.

The restriction that all input files must be the same size could probably be removed.

1 Nov 8, 1987 13
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NAME

painttorle — Convert MacPaint images to RLE format.
SYNOPSIS

painttorle [ —c[ red] [ green] [ blue ][ alpha] ][ —r ][ —o outfile.rle] [ infile.paint]
DESCRIPTION

Painttorle converts a file from MacPaint format into RLE format. Because MacPaint and RLE disagree
on which end is up, the output should be sent throlediip to preserve orientation.

OPTIONS
—c[red] [green] [blue] [alpha]
Allows the color values to be specified (the default is 255).

-r Invert the color of the MacPaint pixels (reverse video).
infile.paint
The input paint data will be read from this file, otherwise, input will be taken from stdin.
-o outfile.rle
If specified, output will be written to this file, otherwise it will go to stdout.
SEE ALSO
rletopaint(1), urt(1), RLE(5).
AUTHOR

John W. Peterson

14 December 20, 1986 1
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NAME

pgmtorle — convert a pbmplus/pgm image file into an RLE image file.
SYNOPSIS

pgmtorle [ -h][-v ][ —a ][ —ooutfile] [ filename]
DESCRIPTION

This program converts PBMPLUS grayscale (pgm) image files into Rit&i{5) image files. PBM-
PLUS/pgm image files contain the image dimensions and 8-bit pixels with no matte or alpha data.
When conerting to an RLE file, the alpha channel may optionally be computed. The RLE file will
contain a "grayscale" image (8 bits) with no colormap. The origins of PBMPLUS and Utah RLE files
are in the upper left and lower left corners respectively, so this program automatically "flips" the image.
These RLE files may then be viewed using any RLE image viewer.

OPTIONS
-V This option will cause pgmtorle to operate in verbose mode. The header information is writ-
ten to "stderr". Actually, there is not much header information stored in a PBMPLUS file so
this information is minimal.

-h This option allows the header of the PBMPLUS image to be dumped to "stderr" without con-
verting the file. It is equivalent to using the —v option except that no file conversion takes
place.

-a This option will cause pgmtorle to use the grayscale data to compute an alpha channel in the
resulting RLE file. For any non-zero grayscale data, the alpha channel will contain a value of
255. The resulting RLE image file will contain one color channel and one alpha channel.

-o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the

output will be written to the standard output stream.

infile.pgm
The name of the PBMPLUS image data file to be converted. This file must end in ".pgm".
However, it is not necessary to supply the ".pgm" extension as it will be added to the supplied
name if not already there.

EXAMPLES
pgmtorle —v test.pgm —o test.rle
While running in verbose mode, convert test.pgm to RLE format and store resulting data in

test.rle.

pgmtorle —h test
Dump the header information of the PBMPLUS file called test.pgm.

SEE ALSO
ppmtorlg1), rletoppn(1), urt(1), RLE(5).

AUTHOR
Wesley C. Barris
Army High Performance Computing Research Center (AHPCRC)
Minnesota Supercomputer Center, Inc.

1 duly 20, 1990 15
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NAME

ppmtorle — convert a PBMPLUS/ppm image file into an RLE image file.
SYNOPSIS

ppmtorle [ -h][-v ][ —-a][ —o outfile] [ infile.ppm]
DESCRIPTION

This program converts PBMPLUS full-color (ppm) image files into IR&E(5) image files. PBM-
PLUS/ppm image files contain the image dimensions and image data in the form of RGB triplets.
When corerting to an RLE file, the alpha channel may be optionally computed. The origins of PBM-
PLUS and Utah RLE files are in the upper left and lower left corners respectively, so this program
automatically "flips" the image. The input can consist of several concatenated ppm images, in which
case, the output will consist of several concatenated RLE images.

The RLE file will contain a "true color" image (24 bits). These RLE files may then be viewed using
any RLE image viewer. When they are displayed on an 8 bit display, the image must be dithered. In
order to produce a better looking image (on 8 bit displays), it is recommended that the image be quan-
tizing (to 8 bit mapped color) prior to its display. This may be done by piping the output of this pro-
gram into the Utaimcu{(1) orrlequant(1) utilities. An example of this is shown later.

OPTIONS
-V This option will cause ppmtorle to operate in verbose mode. The header information is writ-
ten to "stderr". Actually, there is not much header information stored in a PBMPLUS file, so
this information is minimal.

-h This option allows the header of the PBMPLUS image to be dumped to "stderr" without con-
verting the file. It is equivalent to using the —v option except that no file conversion takes
place.

-a This option will cause ppmtorle to use the RGB data to compute an alpha channel in the
resulting RLE file. For any non-zero RGB data, the alpha channel will contain a value of 255.
The resulting RLE image file will contain three color channels and an alpha channel.

—o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

infile.ppm
The name of the PBMPLUS image data file to be converted. This file must end in ".ppm".
However, it is not necessary to supply the ".ppm" extension as it will be added to the supplied
name if not already there.

EXAMPLES
ppmtorle —v test.ppm —o test.rle
While running in verbose mode, convert test.ppm to RLE format and store resulting data in
test.rle.

ppmtorle test | mcut >test.rle
Convert test.ppm to RLE format and convert to 8 bit mapped color before storing data in
test.rle

ppmtorle —h test
Dump the header information of the PBMPLUS file called test.ppm.

SEE ALSO
mcuf(1), pgmtorl€1), rlequant(1), rletoppm(1), urt(1), RLE(5).

AUTHOR
Wesley C. Barris
Army High Performance Computing Research Center (AHPCRC)
Minnesota Supercomputer Center, Inc.

16 July 30, 1990 1
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NAME

pyrmask — Blend two images together using Gaussian pyramids.
SYNOPSIS

pyrmask [ —I levels] [ —o outfile] inmask outmask maskfile
DESCRIPTION

Pyrmaskblends two images together by first breaking the images down into separate bandpass images,
combining these separate images, and then adding the new bandpass images back into a single output
image. Thiscan produce very seamless blends of digital images. The two images are combined on the
basis of a third "mask" image. The resulting image will contairintimaskimage where the mask con-

tains a maximum value (255) and themaskimage where the mask contains zeros. This is done on a
channel by channel basis, i.e. the maskfile should have data in each channel describing how to combine
each channel of themaskandoutmaskmages. All three images must have exactly the same dimen-
sions (both image size and number of channels). For best results, it's often useful to filter the mask
image a little withsmuslfl) first.

OPTIONS
-l levels
How many pyramid levels to use (maximum is log(2) of image size).

—o outfile
If specified, output will be written to this file, otherwise it will go to stdout.

SEE ALSO
smuslfl), rleswaf1), urt(1), RLE(5),
Burt and Adelson, "A Multiresolution Spline With Applications to Image Mosa®€M Transactions
on Graphics, October 1983, V2 #4, p. 217.
Ogden, Adelson, Bergen and Burt, "Pyramid-based Computer GrapRIC#\, Engineer Sept/Oct
1985, p. 4.

AUTHOR
Rod Bogart

BUGS
The current implementation has very strict requirements for image sizes and dimensions. The exten-
sive use of floating point computation makes it very slow for normal sized images. It also keeps all of
the bandpass images in core at once, which requires considerable amounts of memory.

Pyrmask is built on top of a library of functions for working with Gaussian pyramids. This library has
yet to be documented or fully tested.

1 Nov 8, 1987 17
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NAME
rawtorle — Convert raw image data to RLE.

SYNOPSIS
rawtorle [ -N][-s][-r ][ -w width] [ —=h height] [ -f header-sizg [ -t trailer-size] [ —n nchan-
nels] [ —a [ alpha-valu€g] ] [ —p scanline-pad [ I left-scanline-pad [ —o oultfile] [ infile ]

DESCRIPTION
This program is used to convert image data in any of a number of "raw" forms Rb.E(g) format.
The «pected input size is computed from the arguments, so that several images may be concatenated
together and will be processed in sequence. In this case, the output file will contain several RLE

images.
OPTIONS
-N The input is in non-interleaved order, as might be generated by the command
cat pic.r pic.g pic.b
-s The input is in scanline interleaved order.
-r Reverse the channel order. (E.g., data will be interpreted as ABGR instead of RGBA.)
-w width
Specify the width of the input image.
-h height

Specify the height of the input image.

-f header-size
This many bytes will be skipped before starting to read image data.

—t trailer-size
This many bytes will be skipped at the end of the image data.

—-n nchannels
The input data has this many color channels.

—-a[alpha-valud
Generate a constant alpha channel. The default valadptoa-valueis 255.

—p scanline-pad
This many bytes will be skipped at the end of each scanline.

—| left-scanline-pad
This many bytes will be skipped at the beginning of each scanline.

-o outfile
If specified, output will be written to this file, otherwise it will go to stdout.

infle  The input will be read from this file, otherwise, input will be taken from stdin.

The input data is assumed to have an alpha channel if there are 2 or 4 channels. The alpha channel is
the last input channel unless is specified, in which case it is the first.

EXAMPLES
512x512 grayscale
rawtorle -w 512 -h 512 -n 1

640x512 raw RGB
rawtorle -w 640 -h 512 -n 3

picture.[rgb]
cat picture.[rgb] | rawtorle —w 640 —h 512 -n 3 =N —r
(l.e., separate red, green, blue image files. This subsynagsrle(1).)

JPL ODL Voyager pics
rawtorle —w 800 —h 800 —f 2508 -t 1672 -n 1 —p 36

24bit Sun raster file
rawtorle -f32 -w...-h...-n 3
(But rastorle(1) is easier.)

18 1990 1
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pic.{000-100}.[rgb]
cat pic.* | rawtorle -w ... -h ... -n 3 -s -r
(I.e., each color of each scanline is in a separate file.)
SEE ALSO
graytorle(1), rastorle(1), urt(1), RLE(5).

AUTHOR
Martin Friedmann
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NAME
repos - reposition an RLE image

SYNOPSIS
repos| —p xpos ypo§ [ —P xinc yinc] [ —o outfile] [ infile ]

DESCRIPTION
reposrepositions an RLE image. Repos just changes the coordinates stored in the RLE header (see
RLE(5)),no modification is made to the image itself.

OPTIONS
If neither of the following flags are specifieeh 0 0 is assumed.
—P XpOS ypos
Reposition the image to the absolute coordingbes ypos.
—P xinc yinc
Move the image byinc yincpixels from where it currently is (relative movement).
infle  The input will be read from this file, otherwise, input will be taken from stdin.

-o outfile
If specified, output will be written to this file, otherwise it will go to stdout.

DIAGNOSTICS
Repogdoes not allow the image origin to have negative coordinates.

SEE ALSO
rlesetbd1), urt(1), RLE(5).

AUTHORS
Rod Bogart, John W. Peterson
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NAME

rlatorle — convert a Wavefront "rla" or "rlb" image file into an RLE image file.
SYNOPSIS

rlatorle [-b][-h ][-v ][—-m ][ —ooutfile] [ infile.rla]
DESCRIPTION

This program converts Wavefront image files (rla or rlb formats) into BaB(5) image files.
Wavefront image files store RGB data as well as a matte channel. They also define a "bounding box"
containing non-background ks which is in many cases smaller than the total image area. Only this
non-background area is run length encoded. When converting to an RLE file, the matte channel is
stored as an alpha channel and the "bounding box" dimensions are ignored. It is for this reason that in
general the RLE version of the file will be larger than its Wavefront counterpart.

The RLE file will contain a "true color" image (24 bits). These RLE files may then be viewed using
any RLE image viewer. When they are displayed on an 8 bit display, the image will be dithered. In
order to produce a better looking image (on 8 bit displays), it is recommended that the image be quan-
tizing (to 8 bit mapped color) prior to its display. This may be done by piping the output of this pro-
gram into the Utaimcu{(1) orrlequant(1) utilities. An example of this is shown later.

OPTIONS

-b This option will cause rlatorle to convert from a Wavefront "rlb" image rather than use the
default "rla" conversion.

-V This option will cause rlatorle to operate in verbose mode. The header information is written
to "stderr".

-h This option allows the header of the wavefront image to be dumped to "stderr" without con-
verting the file. It is equivalent to using the —v option except that no file conversion takes
place.

-m This option will cause rlatorle to ignore the RGB data and use the matte channel information
to produce a monochrome image. The resulting RLE image file will contain only one color
channel instead of the usual four (RGB + alpha).

-o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

infile.rla
The name of the Wavefront image data file to be converted. It is not necessary to supply the
“.rla" or ".rlb" extension as it will be added to the supplied name if not already there.

EXAMPLES
rlatorle —v test.0001.rla —o test.rle
While running in verbose mode, convert test.0001.rla to RLE format and store resulting data
in test.rle.

rlatorle test.0001.rla | mcut >test.rle
Convert test.0001.rla to RLE format and convert to 8 bit mapped color before storing data in
test.rle

rlatorle —h test.0001.rla
Dump the header information of the Wavefront file called test.0001.rla.

rlatorle -b test.0001 | get4d
Convert test.0001.rlb to RLE format and display the resulting image.

SEE ALSO
mcuf(1), rlequant(1), rletorla(1), urt(1), RLE(5).

AUTHOR
Wesley C. Barris
Army High Performance Computing Research Center (AHPCRC)
Minnesota Supercomputer Center, Inc.
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NAME
rleaddcom — add picture comments to an RLE file.

SYNOPSIS
rleaddcom|[ —-d ][ —i ][ —ooutfile] infile comments

DESCRIPTION
Therleaddcomprogram will add one or more comments toRUE(5) file. If infile is "-", it will read
from the standard input. The modifi®LE(5) file is written to the standard output if the outfile
option is not gien. All remaining arguments on the command line are taken as comments. Comments

are nominally of the forrmame=valueor name Any comment already in the file with the saname
will be replaced.

OPTIONS
—-d Will cause matching comments to be deleted, no comments will be added in this case.
=i “In place." The input file will be rewritten with the added comments. This argument requires
write permission to the directory containiidile, but does not require write permission for
infile. Of the special file name cases describedurit{1l), only compressed files may be
updated in place. (It doesn't make sense to update the output of a pipe "in place", does it?)
If —o outfileis specified together withi, thenoutfilewill not be modified untitleaddcomhas
finished (this is similar to the way thato(1) works).
SEE ALSO
into(1), rlehdr(1), urt(1), RLE(5).
AUTHOR

Spencer W. Thomas, University of Utah
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NAME
rleaddeof — Put an end of image marker on an RLE file.

SYNOPSIS
Superseded bifecat(1).

1 June 12, 1990

RLEADDEOF(1)
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NAME
rlebg — generate simple backgrounds

SYNOPSIS
rlebg [ —1][ -V [ top[ bottom] ] ] [ —s xsize ysiz&[ —o outfile] red green blug alpha]

DESCRIPTION
rlebg generates a simple background. These are typically used for compositing below other images.
The valueged green bluespecify the pixel values (between 0 and 255) the background will have. If
alphais not specified, it defaults to 255 (full coveragegbg generates both constant backgrounds and
backgrounds with continuous ramps.

OPTIONS
—sXxsize ysize
This is the size of the background image. The default is43@

- Generate a linear ramp of pixel values. If no ramp flag is gilebg generates a constant
background.

-v top bottom
Generate a variable ramp, using a quadratic function (this looks best with gamma corrected
images).top andbottomare the fractions of the full color values at the top and bottom of the
image. The defaults are 1.0 0.1, respectively. If botland-I are given, then a linear ramp
function is used instead of a quadratic ramp.

-o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

SEE ALSO
rlesetbd1), urt(1), RLE(5).

AUTHOR
Rod Bogart

24 November 12, 1986 1



RLEBOX(1) RLEBOX(1)

NAME

rlebox — print bounding box for image in an RLE file.
SYNOPSIS

rlebox [ —c] [ —-m margin] [ -v ][ infile ]
DESCRIPTION

This program prints the bounding box for the image portion &l=E(5) file. This is distinct from the
bounds in the file header, since it is computed solely on the basis of the actual image. All background

pixels are ignored.

OPTIONS
—-C Print the numbers in the order that crop wants them on its command line. The default order is
xmin xmax ymin ymaxIf this option is specified, the bounds are printed in the orden
ymin xmax ymaxThus, a filefoo.rle could be trimmed to the smallest possible image by the
command
crop ‘rlebox —c foo.rle' foo.rle
—m margin
Pads the output values by the margin given.
-V Verbose mode: label the numbers for human consumption.
infle  Name of theRLEfile (defaults to standard input).
SEE ALSO
crop(1), urt(1), RLE(5).
AUTHOR

Spencer W. Thomas, University of Utah
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NAME

rlecat — concatenate and repeat images.
SYNOPSIS

rlecat [ —c] [ —n repeat-couni [ —o outfile] [ files ... ]
DESCRIPTION

This program will concatenate all the ingRILE(5) images, adding titles, and optionally repeating the
images a specified number of times. For each input file, it copies all images to the output file. If an
image does not ka atitle or TITLE comment, and the input is not coming from the standard input,
then the file name (and an image number, if it is not the first image in the file) is addEd BE eaom-

ment. If the input file were named ’'images.rle’, the first image would be given a comment
TITLE=images.rlethe second would get a comméttLE=images.rle(2)and so on.

OPTIONS
—-C With —n, specifies that the output images should be "collated". In other words, the repeat
sequence willbe 12 3...1 2 3 ... instead of the defaultof 11...22...33 ...

—n repeat-count
Specifies that each input image should be repeefezht-countimes. The "repeat unit" (if
—c is specified, this is the entire concatenated sequence of input images, otherwise it is just
each image, separately) is written to a temporary file, and then copied to the output the requi-
site number of times.

—o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

files  The input will be read from these files. If a file name is "-", or none are specified, the input
will be read from the standard input stream.

EXAMPLES
rlebg 128 128 128 | rlecat -n 25
Generates 25 copies of a gray background; useful for deiogmg1) to put background on
an animation sequence (with 25 or fewer frames).

rlecat *.rle | <some processing> | getx11
AddsTITLE comments so the individual images are correctly identifiegielyl11(1).

rlecat -c -r 3 anim*.rle
Generates an animation with 3 repeats of the action.

rlecat -r 3 anim*.rle
Generates a "triple-framed" animation — each frame is repeated 3 times.

FILES
tmp/rlecatX X XXXXXX

SEE ALSO
rleaddcongl), rlehdr(1), urt(1), RLE(5).

AUTHOR
Spencer W. Thomas, University of Michigan

BUGS
If the /tmp directory is not writable, or if there is not sufficient space on /tmp to hold a repeat unit, the

program will not work correctly.
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NAME

rleccube — Make a picture of a color cube.
SYNOPSIS

rleccube[ —w squares-widé¢ [ —o outfile] [ cube-sidg
DESCRIPTION

This program computes &LE(5) image of slices through the RGB color cube. The arguments control

the size of the cube and the arrangement of the slices into an image. Slices are taken in planes of con-
stant red, with greenavying along the "x" axis and blue along the "y" axis within a slice. The slice for
red=0 is placed in the lower left corner of the image; red increases along the bottom row, then to the left
of the next row, and so on. Thieswap(1) program can be used to get an image with slices of constant
green or blue.

OPTIONS
—w squares-wide
The number of slices in a row will lEuares-wide The default is the smallest divisor of
cube-siddarger tharsqgrt(cube-side). Isquares-widés not an exact divisor afube-side, the
top row will be filled in with slices starting from red near O.

—o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

cube-side
The number of samples on each side of the cube. Each slice wilbbesid&cube-side, and
there will becube-sideslices. The default value is 64.

SEE ALSO

rleswafl), urt(1), RLE(5).
AUTHOR

Spencer W. Thomas

BUGS
It really should fill in the excess space in the last row with black.
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NAME

rleClock — Generate a clock face in RLE format

SYNOPSIS

rleClock [ options] [ —o outfile]

DESCRIPTION

This program generates an analog clock fadgLiE(5) file format and writes it toutfile or standard

output. The picture is a standard clock face with optional digital representation above. The user has
control over the colors of the portions of the clock face, the text, and the text background. The user
also has control over the clock configuration: number of ticks, scale of the big and little hands, the val-
ues of the big and little hands, and the format used to generate the digital portion.

By default,rleClock generates a standard analog clock face displaying the current time and with no
digital portion. This default face is transparent, that is, the alpha channel is only defined for the clock
outline, tick marks, and the hands.

On those options that expect colors, three numbers must be given after the option switch. These are
values for red, green, and blue on a scale of zero through 255. Those color options that are capitalized
indicate the colors for the filled regions (optional for the clock face and text but default for the hands).
Those that are not capitalized are for lines that either outline or constitute the feature (the clock face is
default, but they’re optional for the hands).

OPTIONS

28

—help Prints a synopsis of the options.
The options that control the value displayed by the clock are

-Is FLOAT
This specifies the full scale (360 degrees) of the little hand. Default is 12.

-lv FLOAT
This specifies the value of the little hand, expressed in units of the little hand full scale.
Default is the current hour time on a 12-hour scale.

-bsFLOAT
This specifies the full scale (360 degrees) of the big hand. Default is 60.

—-bv FLOAT
This specifies the value of the big hand, expressed in units of the big hand full scale. Default
is the current minute time.

The following options manage the display configuration of the clock:
=X INT The INT specifies the width of the clock in pixels. Default is 128.

—CcyINT
The INT specifies the height of the clock face (minus text portion) in pixels. The default is
128.

~ty INT
The INT specifies the height in pixels of the text portion of the display. If it is zero (the
default), no text portion is displayed.

-t INT This specifies the number of tick marks to place around the clock. The default is 12.

—lw INT
This specifies the line width in pixels of the clock face, the tick marks, the optional hand bor-
ders, and the text. The default is one, but two or three give better looking clocks.

-tf STR
The string describes how to show the digital portion of the clock. The rules for forming STR
are the same as forintf format strings, that is, a percent sign, optionally followed by field
width values, followed by a key letter. In this case, the key letter may lb&, or L. Lower
caseb means to insert the integer value of the big hand and uppeBaasans to insert the
floating point value of the big hand. Lower caseeans to insert the integer value of the little
hand and upper cakemeans to insert the floating point value of the little hand.
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-fcRGB
This specifies the color in red, green, and blue, of the clock face.

-FcRGB
This specifies the color to fill in inside the clock face, under the hands. If this option is not
supplied, the clock is generated with no inside-face background (by use of the alpha channel).

-HCcRGB
This specifies the color to draw in the hands with.

-hcRGB
This specifies the color to dvathe outlines of the hands. If it is not given, no outlines are
drawn on the edges of the hands.

-ttcRGB
This specifies the color of the text above the clock. It only has effect if a text height (-ty) is
supplied.

-TcRGB
This specifies the color of a background field to place behind the text. If omitted, no back-
ground (zero alpha channel) is drawn.

EXAMPLES
rleClock
Generates a transparent clock face showing the current time and no digital representation.

rleClock -ty 32
Generates a current-time clock with digital representation above.

rleClock —Fc 25500 -Hc 0 0 255 —lw 3 -ty 96 —tc 0 255 0 -Tc 128 128 128
Generates a clock with a red inside, white face, blue hands, wide lines, tall text field, green
test, and grey text background.

rleClock -ty 32 —bs 10 —bv 4.51 -Is 100 -Iv 45.1 —tf "%2|.9%62.2B"
Generates a clock with the scale of the big hand set to 10 and it's value at 4.51, the scale and
value of the little hand as 100 and 45.1, and the format for the digital portion formatted as
%2d.%2.2f to print the integer little hand value (two spaces) and the floating point big hand
value.

SEE ALSO
urt(1), RLE(5).

AUTHOR
Robert L. Brown, RIACS, NASA Ames Research Center

BUGS
Not thoroughly checked when the line width is cranked up. May dump core.
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NAME

rlecomp — Digital image compositor
SYNOPSIS

rlecomp [ —o outfile] Afile operator Bfile
DESCRIPTION

rlecompimplements an image compositor based on presence of an alpha, or matte channel the image.
This extra channel usually defines a mask which represents a sort of a cookie-cutter for the image. This
is the case when alpha is 255 (fulvecage) for pixels inside the shape, zero outside, and between zero
and 255 on the boundary. Affile or Bfile is just a single —, therlecompreads that file from the stan-

dard input.

The operations behave as follows (assuming the operatidnoigerator B):

over  The result will be the union of the two image shapes, itibscuringB in the region of over-
lap.

in The result is simply the imagecut by the shape @&. None of the image data Bfwill be in
the result.

atop  The result is the same shape as imgeith A obscuringB where the image shapes overlap.
Note this differs fronover because the portion @f outsideB’s shape does not appear in the
result.

out The result image is imagewith the shape oB cut out.

Xor The result is the image data from both images that is outside the overlap region. The overlap
region will be blank.

plus  The result is just the sum of the image data. Output values are clipped to 255 (no overflow).
This operation is actually independent of the alpha channels.

minus The result ofA — B, with underflow clipped to zero. The alpha channel is ignored (set to 255,
full coverage).

diff The result of abg(— B). This is useful for comparing two very similar images.
add The result ofA + B, with overflow wrapping arounanod256).

subtract
The result ofA - B, with underflow wrapping arounthd256). Theadd andsubtract opera-
tors can be used to perform reversible transformations.

SEE ALSO
urt(1), RLE(5),
"Compositing Digital Images", Porter and DUfoceedings of SIGGRAPH '$1255

AUTHORS
Rod Bogart and John W. Peterson

BUGS
The other operations could be optimized as mudaivesis.

Rlecompassumes both input files have the same number of channels.
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NAME

rledither — Floyd Steinberg dither an image to the given colors.
SYNOPSIS

rledither [ —eedge_factoll [ -| nchan length —{tf} mapfile[ —o outfile] [ infile ]
DESCRIPTION

This program accepts &LE(5) file and a file of colormap entries, and dithers the image to those col-
ors. Edge enhancement is also performed, if specified.

OPTIONS
—eedge_factor
An edge_factoof zero means no edge enhancement (the default). A value of 1.0 looks pretty
good for most images.

-l nchan length
Specifies the number of channels in the colormap, and the number of entries in each channel.
The default is 3 channels of 256 entries, which is appropriate for an eight bit color display.

—{tf} mapfile
The mapfile must contain at leastchan*lengthvalues in the range 0 to 255. The flag
causesnapfileto be read as R G B R G B R G B... Thélag implies the entries are listed as
RRR..GGG...BBB...

-o outfile
If specified, the output will be written to this file. dbitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

infle  The input will be read from this file. Iffile is "-" or is not specified, the input will be read
from the standard input stream.

SEE ALSO
mcuf{(1), rlehdr(1), rlequant(1), urt(1), RLE(5).

AUTHOR
Rod G. Bogart, University of Michigan

BUGS
It should read colormaps from RLE files, too. For the moment, edit the outputléfodn -m
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NAME

rleflip — Invert, reflect or rotate an image.
SYNOPSIS

rleflip —{rlhv} [ —o outfile] [ infile ]
DESCRIPTION

Rleflipinverts, reflects an image; or rotates left or right by 90 degrees. The picture’s origin remains the
same. If no input file is specified, the image is read from standard input. For rotations of other than 90
degrees, uséant(1).

OPTIONS
Exactly one of the following flags must be given:

-r Rotate the image 90 degrees to the right
- Rotate the image 90 degrees to the left
-h Reflect the image horizontally

-V Flip the image vertically

—o outfile

If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

SEE ALSO
fant(1), urt(1), RLE(5).

AUTHOR
John W. Peterson
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NAME
rlegrid — create grids and checkerboards in rle format

SYNOPSIS
rlegrid [ -b bg_color] [ —c ] [ —f fg_color] [ —o outfile] [ —sxsize ysiz¢[ —w width]

DESCRIPTION
rlegrid generates simple grid and checkboard patterns.

OPTIONS

-b bg_color
Specifies the background color value. Should between 0 and 255. Default is 0.

—-C Generate checkboards. With theeoption, rlegrid will generate a checkboard with squares of
sizewidthon a side. Squares will alternate between the foreground and background colors.
Without the-c option, rlegrid will generate a grid. Grid lines will taedth apart and will be in
the foreground color. The remainder of the image will be in the background color.

—f fg_color
Specifies the background color value. Should between 0 and 255. Default is 255.

-o outfile

Specifies where to place the resulting image. The default is to write to stdoutfiléis "-",
the output will be written to the standard output stream.

—sXxsize yssize
This is the size of the resulting image. Default is 512x512.

-w width
The spacing between grid lines or checkboard squares. The default is 16.

SEE ALSO
rlebg(1),

AUTHOR
James S. Painter
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NAME

RLEHDR(1)

rlehdr — Prints the header of an RLE file

SYNOPSIS

rlehdr [ -b ][ -ccomment-namdq —-d ][ -m][ —v]][ files ...]

DESCRIPTION
This program prints the headerREE(5) files in a human readable form. If the opticfilasargument
is not supplied, input is read from standard input.

OPTIONS
-b

Print the information in a "brief" one-line form. The form of the output line is

name [l,b]+[xs,ygxnc+A, BG=color, map=NXxL, (C)

Where [Ib] is the position of the lower-left corner of the images)d is the size of the image

in pixels,ncis the number of channels saved, +A is present if an alpha channel is saved. BG=
or OV= indicate that a background color was saved; OV= means that the existing background
is not cleared to the background color before the image is read (this was used for a cheap form
of compositing, but is basically obsolete noveplor is the saved background color. The
map= entry will be present only if a color map was saie@d; the number of channels in the

color map and. is the length of the map. Finally (C) is appended if there are comments
present.

—C comment-names

-d

-m

EXAMPLES

If a comment identified by any of the words in the comma-separatecbfimnent-nameis
present in the input file, its first line will be printed. Each name is tried, in turn, and only the
first match is printed. If no match is found, but comments are present, (C) will be printed.
The-cflag implies—b.

Dump a very verbose version of the image contents as text to the standard error output stream.

Print out the color map information-v Prints the raster toolkit version and patch level. No
input files will be processed if this option is given.

rlehdr image.rle

Print the header information for all images in the file image.rle.

rlehdr -m image.rle

Also print the color map contents, if one is present.

rlehdr -b *.rle

Print one line summaries of all the images in the directory.

rlehdr -c title, TITLE *.rle

SEE ALSO

Print one line summaries of all the images, and print the title of any that have a title comment.

urt(1), RLE(5).

AUTHOR

Spencer W. Thomas, University of Utah
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NAME

rlehisto — generate histogram of RLE image.
SYNOPSIS

rlehisto[ -b][—c ][ -t ][ —h height] [ —o outfile] [ infile ]
DESCRIPTION

Rlehistocounts the pixel values in an RLE file, producing an RLE file graphing frequency of occur-
rence. The horizontal axis runs from pixel value 0 on the left to pixel value 255 on the right. The
height indicates the number of plg seen for each pixel value. Histograms are computed indepen-
dently for each channel, scaled identically, and then overlaid.

The following options are available:

-b Don't count the background pixel values when scaling the histogram. This is useful if most
pixels are colored the background color, so that the interesting part of the histogram would be
too small. This option is ignored-fcis specified.

—-C Output cumulative values instead of discrete values.
-t Print the totals instead of generating the histogram as an RLE file.
-h heightScale the output image to the specified height. The default is 256.

—o outfile
Direct the output toutfile.

SEE ALSO
urt(1), RLE(5).

AUTHORS
Gregg Townsend, University of Arizona; Rod Bogart, University of Utah.
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NAME

rleintrp — Interpolate between 2 RLE images .
SYNOPSIS

rleintrp [ —o prefixe-ouf [ -1 filel][ —2file2] [ —n nbimageq
DESCRIPTION

This program create nbimages files of RLE images resulting of linear intefRblEf) images must
have the same caracteristics (Number of colors, channel alpha, backg

OPTIONS
—o prefixe-out
specify the prefix of the names of output files. The names are composed fdéihisr of
file2) is used as prefix. If a name cannot be create by the above methods it is arbitra

—-1filel Specify the name of the file containing the initial image for interpolate. 12 egist we inter-
polate between a black image and the existing file (‘fondu adilediis -’ standard input is
used.

-2 file2 Specify the name of the file containing the initial image for interpolate. 1 egist we inter-
polate between a black image and the existing file (‘fondu adilediis -’ standard input is
used.

—-n nbimages
Specify The number of images to create. By default nbimages = 1. The value is li
EXAMPLES
rleintrp -1 imagel —o fondu.rle —-n 5

Interpolate 1 image between imagel and image2.
rleintrp -1 imagel -2 image2

Interpolate 3 images with names of files inter_XXX.rle :
rleintrp -1 imagel -2 image2 -o inter.rle —-n 3
SEE ALSO
urt(1), RLE(5).

AUTHOR
Michel Gaudet SLX Onera CHATILLON (France)
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NAME
rleldmap — Load a new color map into an RLE file

SYNOPSIS
rleldmap [ —{ab} ][ —n nchan lengt [ —sbits] [ -I [ factor]][ —g gamma] [ —{tf} file][—-m files ...
11 —r rlefile ] [ —o outfile] [ infile ]

DESCRIPTION
The program will load a specified color map intoRIrE(5) file. The color map may be computed by
rleldmapor loaded from a file in one of several formats. The input is readifrfiaor stdin if no file
is given, and the result is writtendatfileor stdout.

The following terms are used in the description of the program and its options:

input map:
A color map already in the input RLE file.

applied map:
The color map specified by the argumentslétdmap This map will be applied to or will
replace the input map to produce the output map.

output map:
Unless—aor —b is specified, this is equal to the applied map. Otherwise it will be the compo-
sition of the input and applied maps.

map compoaosition:
If the applied map is composedter the input map, then the output map will &pplied
maginput map. Composing the applied map before the input map produces an output map
equal toinput magpapplied map. The maps being composed must either have the same num-
ber of channels, or one of them must have only one channel. If an entry in the map being used
as a subscript is larger than the length of the map being subscripted, the output value is equal
to the subscript value. The output map will be the same length as the subscript map and will
have the number of channels that is the larger of the two. If the input map is used as a sub-
script, it will be downshifted the correct number of bits to serve as a subscript for the applied
map (since the color map in &LE(5) file is always stored left justified in 16 bit words).
This also applies to the applied map if it is taken fronRBE(5) file (-r option below). Note
that if there is no input map, that the result of composition will be exactly the applied map.

nchan: The number of separate lookup tables (channels) making up the color map. This defaults to 3.
length: The number of entries in each channel of the color map. The default is 256.

bits: The size of each color map entry in bits. The default value is the log base 2 of the length.
range: The maximum value of a color map entry, equal to 2**bits — 1.

OPTIONS
-a Compose the applied mafterthe input map.

-b Compose the applied méeforethe input map. Only one efa or —b may be specified.

—-n nchan length
Specify the size of the applied map if it is not 3x256. TEmythshould be a power of two,
and will be rounded up if necessary. If applying the mepanmust be either 1 or equal to
the number of channels in the input map. It may have any value if the input map has one
channel or is not present.

—shits Specify the size in bits of the color map entries. l.e., only théitspits of each color map
entry will be set.

Exactly one of the optiond, —g, —t, —f, —-m, or —r, must be specified.

—| factor
Generate a linear applied map with tikentry equal to
range * min(1.0, factor*(n/(length-1)))
Factor defaults to 1.0 if not specified. Negative valuedaaftor will generate a map with
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values equal to
range * max(0.0, 1.0 - factor*(n/(length-1)))

-g gamma
Generate an applied map to compensate for a display with the given gammath ghiey is
equal to
range * (n/(length—-1))**(1/gamma)

-t file Read color map entries from a table in a text file. The values for each channel of a particular
entry follow each other in the file. Thus, for an RGB color map, the file would look like:
red0 green0 blue0
redl greenl bluel

Line breaks in the input file are irrelevant.

—ffile Reads the applied map from a text file, with all the entries for each channel following each
other. Thus, the input file above would appear as
red0 redl red2 ..lgngthvalues)
green0 greenl green2 ler(gthvalues)
blueO bluel blue2 ... (lengttalues)
As above, line breaks are irrelevant.

-m files ...
Read the color map for each channel from a separate file. The number of files specified must
equal the number of channels in the applied map. (Note: the list of files must be followed by
another flag argument or by the null flag to separate it from thiafile specification.

-o outfile
The output will be written to the fileutfile if this option is specified. Otherwise the output
will go to stdout

infle  The input will be taken from this file if specified. Otherwise, the input will be read $tdim

SEE ALSO

applymaygl), urt(1), RLE(5).

AUTHOR
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NAME

rlemandl — Compute images of the Mandelbrot set.
SYNOPSIS

rlemand| [ —o outfile] [ —s xsize ysiz§[ —v ] real imaginary width
DESCRIPTION

Rlemandicomputes images of the Mandelbrot set as an eight bit gray scale imagealidmimagi-
nary arguments specify the center of the area in the complex plane to be exaWid#dtspecifies the
width area to bexamined.

OPTIONS
-o outfile
If specified, output will be written to this file, otherwise it will go to stdout.
-s xsize ysiz&pecify the resolution of the image (in pixels).
-V Print a message after every 50 lines are generated.
SEE ALSO
urt(1),
"Computer RecreationsScientific American, August 1985.
AUTHOR
John W. Peterson, University of Utah.
BUGS
What a frob. Gratuitous features are left as exercise to the reader. The command name is spelled incor-
rectly.
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NAME
rlenoise — Add random noise to an image

SYNOPSIS
rlenoise[ —n amount] [ —o oultfile] [ infile ]

DESCRIPTION
Rlenoiseadds uniform random noise to an image. The peak-to-peak amplitude of the noise can be
specified with the-n flag, the default value is 4. This program may be useful for trying to deal with
guantization in an output diee, if you are able to trade spatial resolution for color resolution, and you
don't have a good characterization of the quantization function.

OPTIONS
infle  The input will be read from this file, otherwise, input will be taken from stdin.

—o outfile
If specified, output will be written to this file, otherwise it will go to stdout.
SEE ALSO
urt(1), RLE(5).
AUTHOR
Spencer W. Thomas, University of Michigan.
BUGS

Of limited utility.
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NAME
rlepatch — patch smaller RLE files over a larger image.

SYNOPSIS
rlepatch [ —o outfile] infile patchfiles...

DESCRIPTION
Rlepatchputs smaller RLE files on top of a larger RLE image. One use for rlepatch is to place small
"fix" images on top of a lger image that took a long time to compute. Along waghog1), rlepatch
can also be used as a simple way to build image mosaics.

Unlike rlecomp1), rlepatchdoes not perform any arithmetic on the pixels. If the patch images overlap,
the patches specified last cover those specified first.

If the input files each contain multiple images, they are treated as streams of images merging to form a
stream of output images. |.e., thiéh image in each input file becomes part ofritteimage in the out-
put file. The process ceases as soon as any input file reaches its end.

OPTIONS
infle  The background image will be read from this file. If input is to be taken from stdin, "-" must
be specified here.
—o outfile
If specified, output will be written to this file, otherwise it will go to stdout.
SEE ALSO
rlecom@l), crop(1), repog1), urt(1), RLE(5).
AUTHOR
John W. Peterson, University of Utah.
BUGS

Rlepatchuses the "row" interface to the RLE library. It would run much faster using the "raw" inter-
face, particularly for placing small patches over a large image. Even fixing it to workedamp
(which uses "raw" mode only for non-overlapping images) would make a major improvement.
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NAME
rleprint — Print the values of all the pixels in the file.

SYNOPSIS
rleprint [ —a] [ infile ]

DESCRIPTION
This program reads &RLE(5) image and prints the values of all the pixels to the standard output. Each
pixel is printed on a single line. For example, a count of all the unique pixel values in the file could be
obtained by
rleprint pic.rle | sort —u | wc

infle  The input will be read from this file. Iffile is "-" or is not specified, the input will be read
from the standard input stream.

OPTIONS
-a Print the alpha value (if available) as the last entry on the line.
SEE ALSO
rlehdr(1), urt(1), RLE(5).
AUTHOR
Spencer W. Thomas
BUGS

This program is of limited utility because of the shedume of output it generates.
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NAME
rlequant — variance based color quantization for RLE images
SYNOPSIS
rlequant [ —b bits][ —c][ —d ][ —f ][ —i cubesidd [ -m ][ —n colors] [ -r mapfile] [ —o outfile] [
infile ]
DESCRIPTION

This program quantizes the colors in an RLE image using a variance-based methoalor§aan(3)
for more details on the method.

—-b bits The colors in the input image will be "prequantized" to this many bits before applying the
variance-based method. Two internal tables of 87¢8*hits) are allocated, so values bits
greater than 6 are likely to cause thrashing or may prevent the program from running at all.
The default value dbitsis 5. It must be less than or equal to 8 and greater than 0.

—-C Only the color map will be output; the image will not be digitized. The output file will be a
0x0 RLEfile with a color map, suitable for input tieldmap(1), rledither(1), orrlequant -r.

—-d Floyd Steinberg dithering is performed on the output. This is very helpful for images being
guantized to a small number of colors.

—f If this option is specified, a faster approximation will be used. In most cases, the error so
introduced will be barely noticeable.

-i cubeside
Initializes the output color map with a "color cube" of simbeside™3. l.e., #i 2 were speci-
fied, the 8 corners of the color cube (black, red, green, blue, yellow, cyan, magenta, white)
would be added to the output colormap. This reduces the number of colors available for quan-
tization. The color cube will be used to quantize the output image, but will not otherwise
affect the choice of representative colors.

-m Computes a single color map suitable for quantizing all the input images. This is useful when
the quantized images will be used as a "movie" (e.g., with-thdlag of getx11(1)). The
input may not come from a pipe when this option is specified, untdssalso specified.

-n colors
The output image will be quantized to at meosiors colors. It might have fewer if the input
image has only a few colors itself. The default valueadbrsis 256 —cubesize™3 apsize
It must be less than or equal to 256. If a color cuio® ¢r an input map-t) is given, colors
may be 0; otherwise it must be greater than 0.

-r mapfile
The color map from the RLE filmapfilewill be added to the output color map. The number
of colors in the input color mamapsizeas calculated as follows: If eolor_map_lengtltom-
ment is present imapfile, its value is used. If not, the size of the color map (usually 256) is
used (thelehdr(1) program will display the color map size and the comment, if present). The
input color map will be used to quantize the output image, but will not otherwise affect the
choice of representative colors. If the combinatior® -r mapfileis specified, themlequant
will just quantize (and dither, if requested) the input images to the given colormap. This is
usually faster than usintgdither.

—o outfile
The output will be written to the fileutfile. If not specified, or ibutfileis "-", the output will
be written to the standard output stream.

infle  This file contains one or more concatenated RLE images. Each will be processed in turn. A
separate quantization map will be constructed for each image. If not specifiethfibe i§
"-" the image(s) will be read from the standard input stream.

EXAMPLES
rlequant file.rle
Quantizedile.rle to 256 colors using a 5-bit pre-quantization fild.rle has multiple images,
each will get its own (different) colormap.
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rlequant —m file.rle
Quantizedile.rle to 256 colors using a 5-bit pre-quantization fild.rle has multiple images,
they will all be used to choose the color map, and will all be quantized to the same color map.

cat *.rle | rlequant -m —c >map.rle ;
cat *.rle | rlequant —n 0 —r map.rle
Computes a single colormap based on all the images in thé.fleesthen quantizes each
image to that color map. The output is the stream of quantized images.

rlequant -i 4 -d file.rle
Compute 192 representative colors for each imadaeinle, add a 4x4x4 color cube to the
resulting color map, and then quantize the image to the resulting set of colors with dithering.

rlequant -b 6 file.rle
Quantize file.rle to 256 colors using a 6-bit prequantization. This provides slightly more pre-
cision in color matching than does a 5-bit prequantization. It also runs significantly slower
and requires approximately 8 times the memory for its intermediate storage.

SEE ALSO
mcuf(1), rledither(1), rlehdr(1), urt(1), colorquan{(3), RLE(5).

AUTHOR
Spencer W. Thomas
Craig Kolb (Yale University) wrote the color quantization code.
Rod Bogart wrote the dithering code.
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NAME
rlescale — produce gray scale images.

SYNOPSIS
rlescale[ —c] [ —n nstepq [ —o outfile] [ xsize] [ ysiz€]

DESCRIPTION
Rlescaleproduces an RLE image containing a (more-or-less) standard gray scale image. Along the
bottom are 8 colored patches (in the standard primary and secondary colors). Above these are a
sequences of lagithmically scaled gray patches. By default, a 16 step scale is produced. The size of
the output file (default 512 by 480) can be set withxgizeandysizearguments.

OPTIONS
—-C Produce red, green, blue, and gray scales.
-n nsteps
Specify the number of steps to be produced.
SEE ALSO
urt(1), RLE(5).
AUTHOR
Spencer W. Thomas, University of Michigan.
BUGS

Cant make an image narrower than Bigtepsixels wide.
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NAME

rleselect — Select images from an RLE file.
SYNOPSIS

rleselect[ —i infile ] [ —o outfile] [ —v ] [ image-numbers ..]
DESCRIPTION

This program selects images from BRhE(5) file containing multiple concatenated images. The
selected images are specified by number; the first image in the file is number 1. A negative number in
theimage-numberist means that all images from the previous number in the list to the absolute value
of this number should be included. A zero in the list is taken as '—infinity’, so that all images from the
previous number to the last image in the file will be included. To try to clarify this, some examples are
included below.

OPTIONS
—iinfile The input will be read from this file. Iffile is "-" or is not specified, the input will be read

from the standard input stream.

—o outfile

If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

-V Verbose output.

EXAMPLES
rleselect 145
Selects image 1, 4, and 5.

rleselect415
Also selects image 1, 4, and 5.

rleselect 1 -4 5
Selects images 1 through 4 and 5 (i.e., 1 through 5).

rleselect 30
Selects images 3 through the last.

rleselect -4
Selects images 1 through 4.

SEE ALSO
rlesplit(1), urt(1), RLE(5).

AUTHOR
Spencer W. Thomas
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NAME

rlesetbg — Set the background value in the RLE header.
SYNOPSIS

rlesetbg[ —{DO} ][ —c bgcolor ... ][ —o outfile] [ infile ]
DESCRIPTION

rlesetbgsets the background color field in the image header &Ldt{5) image (none of the actual
pixels are changed). iffile isn't specified, the image is read from stdin.

The background color in the header is used to save space in the run-length encoded file. Runs of back-
ground-colored pixels longer than 2 pixels are simply not saved. (Doing this for runs of 1 or 2 back-
ground pixels can make the saved image larger than if no encoding were done.) Therefore, changing
the background color witHesetbgmay still leave some pixels saved in the original background color.
The-D option will delete the background color altogether from the header; this can be useful in certain
circumstances, but can also lead to very strange results.

OPTIONS
-D Delete any background specification that might be present.
-0 Specifies that the image has no background, it overlays existing images.
—c bgcolor ...
Specifies the color values to set the background to. There should be at least as many values as
there are color channels in the image. Use —— or another option to separate the list of colors
frominfile.
—o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.
AUTHORS
John W. Peterson and Rod Bogart
SEE ALSO
repog1), urt(1), RLE(5).
BUGS

This should really be part of a single program that does all header munging...
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NAME

rlespiff — Use simple contrast enhancement to "spiff up" an image.
SYNOPSIS

rlespiff [ —b blacklevel]l [ -s ] [ -t threshold] [ —-w whitelevel] [ —o outfile] [ infile ]
DESCRIPTION

Rlespiff'spiffs up" an image by stretching the contrast range so that the darkest pixel maps to black and
the lightest to white. If the-sflag is given, the color channels will be treated separately. This will
likely cause some drastic color shifts.

OPTIONS

-b blacklevel
The darkest input pixel will map to this pixel value in the output image. The default is 0.

-s If specified, each color channel will be mapped separately.

-t threshold
This argument controls the number of samples of a pixel value that should be considered
insignificant (and will therefore be ignored). It is specified in pixels/million. A threshold of 4
applied to a 512x512 image would mean that any value that existed at only one pixel would be
ignored. The default value is 10.

-w whitelevel
The lightest input pixel will map to this pixel value in the output image. The default is 255.

—o outfile

If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

infle  The input will be read from this file. Iffile is "-" or is not specified, the input will be read
from the standard input stream.

SEE ALSO
urt(1), RLE(5).

AUTHOR
Spencer W. Thomas
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NAME

rlesplice — Splice two RLE files together horizontally or vertically.
SYNOPSIS

rlesplice —{hv}[ —c][ —o outfile] infilel infile2
DESCRIPTION

rlesplice splices two RLE images together either vertically or horizontally. If one image is smaller,
then its background value or black is used to pad that image to equal the larger dimension in the other
image. The-cflag is used to specify whether the smaller image should be centered when put next to
the larger. Presently the two images must have the same number of color channels, the same presence
of an alpha channel, and the same colormap size and length. The colormap from the first image is used
for the resultant image.

SEE ALSO
rlecomfl), rlepatch(1), unslicg1), urt(1), RLE(5).

AUTHOR
Martin R. Friedmann
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NAME
rlesplit — split a file of concatenated RLE images into separate image files

SYNOPSIS
rlesplit [ —n number digits] ][ —o prefix] [ infile ]

DESCRIPTION
This program will split a file containing a concatenated sequenReEf) images into separate files,
each containing a single image. The output file names will be constructed from the input file name or a
specified prefix, and a sequence numbtean inputinfile is specified, then the output file names will
be in the form "rlefileroat.rle”, whererlefileroot is infile with any ".rle" suffix stripped off. If the
option —o prefix is specified, then the output file names will be of the fopnefix#.rle". If neither
option is given, then the output file names will be in the fa#mée". Input will be read froninfile if
specified, from standard input, otherwise. File names will be printed on the standard error output as
they are generated.

The option—n allows specification of an initial sequence number, and optionally the number of digits
used for the sequence number. By default, numbering starts at 1, and numbers are printed with 3 digits
(and leading zeros).

SEE ALSO
rleselec{l), urt(1), RLE(5).

AUTHOR
Spencer W. Thomas
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NAME

rlestereo — produce anaglyph from stereo pair
SYNOPSIS

rlestereo[ —I leftscale] [ —r rightscale] leftimage rightimage
DESCRIPTION

Rlestereareads the two named RLE files and produces a single image suitable for viewing with red-
blue or red-green glasses.

The ’left’ image is converted to greyscale and written on the red channel. The ’right’ image is con-
verted to greyscale and written on the blue or green channel. The intensity of the two channels may be
scaled in order to compensate for the relative intensities of the two base colors as viewed through the

glasses.
OPTIONS
-g The right-eye image is written to the green channel rather than the blue.
-| leftscale
Scale the intensities of the left-eye greyscale image by the given amount. The default value is
0.7.
—r rightscale
Scale the intensities of the right-eye greyscale image by the given amount. The default value
is 1.0.
SEE ALSO

urt(1), RLE(5).

Cardboard glasses are available at many comic book stores.

AUTHOR
Craig Kolb, Yale University

1 duly 31, 1990 51



RLESWAP(1) RLESWKP(1)

NAME
rleswap — swap the channels in an RLE file.

SYNOPSIS
rleswap [ —-v ] [ —f from-channels,...] [ -t to-channels,...] [ -d delete-channels,..] [ -p channel-
pairs,... ] [ —o outfile] [ infile ]

DESCRIPTION
This program can be used to select or swap the color channd®_E(3) file. The major options pro-
vide four diferent ways of specifying a mapping between the channels in the input file and the output
file. Only one of the optionsf, —t, —d, or —-p may be specified. If the optioniafile is not given, input
will be read from standard input. A néRLE(5) file will be written to the standard output orctatfile,
if specified. The output image will be similar to the input, except for the specified channel remappings.

OPTIONS
-V Print the channel mappings that will be performed on the standard error output.

—f Following this option is a comma separated list of numbers indicating the input channel that
maps to each output channel in sequence. l.e., the first number indicates the input channel
mapping to output channel 0. The alpha channel will be passed through unchanged if present.
Any input channels not mentioned in the list will not appear in the output.

-t Following this option is a comma separated list of humbers indicating the output channel to
which each input channel, in sequence, will map. l.e., the first number gives the output chan-
nel to which the first input channel will map. No number may be repeated in this list. The
alpha channel will be passed through unchanged if present. Any output channel not men-
tioned in the list will not receive image data. If there are fewer numbers in the list than there
are input channels, the excess input channels will be ignored. If there are more numbers than
input channels, it is an error.

—-d Following this option is a comma separated list of numbers indicating channels to be deleted
from the input file. All other channels will be passed through unchanged. The alpha channel
may be specified as -1.

-p Following this option is a comma separated list of pairs of channel numbers. The first channel
of each pair indicates a channel in the input file that will be mapped to the the channel in the
output file indicated by the second number in the pair. No output channel number may appear
more than once. Any input channel not mentioned will not appear in the output file. Any out-
put channel not mentioned will not receive image data. The alpha channel may be specified as
-1.

SEE ALSO
mergechafil), urt(1), RLE(5).

AUTHOR
Spencer W. Thomas, University of Utah
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NAME

rletoabA60 — convert RLE images to Abekas yuv format
SYNOPSIS

rletoabA60[ —c] [ —{pP} x y ][ —ooutfile] [ infile ]
DESCRIPTION

This program converts a@RLE(5) file to a yuv byte file suitable for display on an Abekas A60. Typi-
cally the yuv file is then rcp'd to the Abekas for display. By defdetbabA60will attempt to place

the image according to the placemealues in the image header. If the image is to large to fit in the
Abekas format (720x486), the portion of the image extending off the edge will be cropped.

OPTIONS
—-C Center the image on a black background.

—-pxy Position the lower left corner of the image at (x y).

-Pxy Increment the position of the image by (x y).

At most one of-c, —p, or—P can be specified.

infle  The input will be read from this file, otherwise, input will be taken from stdin.

—o outfile
If specified, output will be written to this file, otherwise it will go to stdout.

SEE ALSO
urt(1), RLE(5).

AUTHOR
Thomas Todd Elvins, University of Utah
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NAME

rletoabA62 — Convert from RLE Format to Abekas A62 Dump Format
SYNOPSIS

rletoabA62[ -N ][ —fn][—-n n][infile]
DESCRIPTION

RletoabA6Zonverts a raster file in the Utah Raster Toolkit RLE format into a format suitable for writ-

ing to an Abekas A62 dump tape and subsequent loading onto the Abekas disk. The generated image is
768 pixels wide and 512 pixels high. If the input is larger, it is truncated. If it is smaller, it is padded

on the top and right with black. The output is writterstiout and should be written to a tape in 24K

byte blocks withdd as in the following:

dd of=/dev/rmt8 obs=24k

Normally, the output is processed with a simple digital filter; this feature may be turned off with an
option. RletoabA6Zormally writes two consecutive frames, normally starting at frame 1.

Input is taken fronstdin unless a file name is given on the command line. Only a single file may be
given, and so if multiple invocations détoabA62are performed in a script, care must be taken to tell
the program to convert the data for the proper Abekas frame number (1-4). Otherwise, the colors will
appear wrong; they will be rotated on a vector scope diagram.

EXAMPLE
The following example converts all files ending.iite in the current directory and writes them to a
tape. Two frames are written per image and the frame number is incremented accordingly.

frame=1
number=2
for file in *.rle
do
rletoabA62 —f $frame %file
frame="'expr \(\( $frame — 1\) + $number\) % 4 + 1°
done |
dd of=/dev/rmt8 obs=24k

OPTIONS
Options are parsed by getopt(3).

-N Do not apply digital filtering.

—fn Create the first frame as Abekas frame nunmbdraving a value from one to four. Consecu-
tive frames increment this number modulo four. The default is one.

-nn  Write nframes of output, incrementing the frame number each time. The default is two.

SEE ALSO
urt(1), RLE(5).

AUTHOR
Bob Brown, RIACS.

BUGS
This program does not preserve the aspect ratio of the input.
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NAME

rletoalias — Convert RLE image to Alias™ pix format.
SYNOPSIS

rletoalias[ —v ] [ —o outfile] [ infile ]
DESCRIPTION

This program converts an imageRihE(5) format to Alias™ "pix" format. Since "pix" aridLE differ
on the origin location, the program flips the image top to bottom.

OPTIONS
-o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.Verbose output.

infle  The input will be read from this file. Iffile is "-" or is not specified, the input will be read
from the standard input stream.

SEE ALSO
aliastorle(1), urt(1), RLE(5).

AUTHOR
Raul Rivero, Mathematics Department, University of Oviedo.
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NAME

rletoascii — Print an RLE image as ASCII chars.
SYNOPSIS

rletoascii [ —Sasciistr] [ -r ][ —o outfile] [ infile ]
DESCRIPTION

Rletoasciireads a file irRLE(5) format, converts it to black and white, then dumps it as ASCII charac-
ters. The 0 to 255 range of pixel values in the image is scaled to the lemgitiistrand a the charac-

ter at that position in the string is printed for eactepixnput will be read fronnfile if specified, from
standard input, otherwise. Output dumps to standard outpoitfile, if specified.

Usually, the input will need to be resizedflayt(1) orrlezoon{1) to make it small enough to fit on the
screen and to adjust the pixel aspect ratio to the "character aspect ratio" of the terminal. To get it "right
side up", useleflip(1) with the-v option. Finally, it may be helpful to maximize the dynamic range
with rlespiff(1).

OPTIONS
—Sasciistr
Specifies the range of ascii characters for conversion. The default string
(@BR*#$PX0wolcv:+!™., ) was designed to look good with the X 6x13 font.
-r Reverse video. This causes the 0 to 255 range to be mapped to the reverse of the ascii string.
SEE ALSO
fant(1), rleflip(1), rlespiff(1), rlezoon{1), urt(1), RLE(5).
AUTHOR
Rod G. Bogart, University of Michigan.
DEFICIENCIES

Could be rewritten to use overprinting for output to a real printer.
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NAME
rletogif — Convert RLE files to GIF format.

SYNOPSIS
rletogif [ —o oultfile.qgif] [ infile.rle ]

DESCRIPTION
This program converts @RLE(5) image file toGIF format. The input file must be a single channel (8
bit) image. Three channel (24 bit) images can be converted to single channel images using the pro-
gramstobw(1), to8(1), mcut(1), orrlequani1). The input image will be flipped vertically, since the
GIF origin is in the upper left, and tl&L_E origin is in the lower left. Only a single image will be con-

verted.
OPTIONS
—o outfile.gif
If specified, the output will be written to this file. dtitfile.gifis "-", or if it is not specified,
the output will be written to the standard output stream.
infile.rle
The input will be read from this file. Iffile.rle is "=" or is not specified, the input will be
read from the standard input stream.
SEE ALSO
to8(1), mcut(1), rlequant(1), giftorle(1), urt(1), RLE(5).
AUTHOR

Bailey Brown, University of Michigan
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NAME
rletogray — Splits an RLE format file into gray scale images.

SYNOPSIS
rletogray [ —o prefix] [ infile ]

DESCRIPTION
Rletograyreads a file irRLE(5) format and splits the file into unencoded binary files, one for each
channel in the RLE fileThe output file names will be constructed from the input file name or a speci-
fied prefix.

If an inputinfile is specified, then the output file names will be in the forefiteroot{alpha, red,

green, blue}', wherelefileroot is infile with any ".rle" suffix stripped off. If the optioro prefixis
specified, then the output file names will be of the form "prefix.{alpha, red, green, blue}". If neither
option is given, then the output file names will be "out.{alpha, red, green, blue}". Input will be read
from infile if specified, from standard input, otherwise. If more channels than just red, green, blue, and
alpha are present in the input, numeric suffixes will be used for the others.

OPTIONS
—o prefix
Specifies the output file name prefix to be used.

infle  This option is used to name the input file. If not present, input is takersfcim

SEE ALSO
rletoraw(1), urt(1), RLE(5).

AUTHOR
Michael J. Banks, University of Utah.
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NAME

rletopaint — convert an RLE file to MacPaint format using dithering
SYNOPSIS

rletopaint [ =l ][ -r ][ —g [ gamma] ] [ —o outfile.paint] [ infile ]
DESCRIPTION

Rletopaintconverts a file fronRLE(5) format to MacPaint format. The program uses dithering to con-
vert from a full 24 bit color image to a bitmapped image. If the RLE file is larger than a MacPaint
image (57&720) it is cropped to fit.

Because MacPaint files have their coordinate origin in the upper left instead of the lower left, the RLE
file should be piped througteflip(1) -v beforerletopaint.

The resulting file can be downloaded to a Macintosh in binary mode, and should be given a type of
PNTGand a creator dfIPNT, so it will be recognized as a MacPaint file.

OPTIONS
- Use a linear map in the conversion from 24 bits to bitmapped output.

-g[ gammag]
Use a gamma map ghmma(gamma is 2.0 if not specified).

-r Invert the sense of the output pixels (white on black instead of black on white). For normal
images, you probably want this flag.

SEE ALSO
painttorle(1), ur(1), RLE(5).
AUTHOR
John W. Peterson. Byte compression routine by Jim Schimpf.

BUGS
Should use a color map in the file, if present.
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NAME

rletoppm - convert a Utah RLE image file into a PBMPLUS/ppm image file.
SYNOPSIS

rletoppm [ -h][-v ][ -p ][infile ]
DESCRIPTION

This program converts UtaRLE(5) image files into PBMPLUS full-color (ppm) image files.
Rletoppm will handle four types of RLE files: Grayscale (8 bit data, no color map), Pseudocolor (8 bit
data with a color map),rliecolor (24 bit data with color map), and Directcolor (24 bit data, no color
map). Since the orgins for the RLE and PBMPLUS image file formats are in different locations, this
program automatically "flips" the image when converting.

OPTIONS
-V This option will cause rletoppm to operate in verbose mode. Header information is printed to
"stderr".
-h This option allows the header of the RLE file to be dumped to "stderr" without converting the
file. Itis equivalent to using the —v option except that no file conversion takes place.
-p This option will output the ppm data in the "plain" format (P3), instead of the default "raw

bits" format (P6). The plain format is more readable, but takes up more space.

infle  The input will be read from this file. Iffile is "=" or is not specified, the input will be read
from the standard input stream. The resulting PBMPLUS/ppm data will be sent to "stdout".

EXAMPLES
rletoppm -v lenna.rle >lenna.ppm
While running in verbose mode, convert lenna.rle to PBMPLUS/ppm format and store result-

ing data in lenna.ppm.

rletoppm -h test.rle
Dump the header information of the RLE file called test.rle.

rletoppm —p test.rle >lenna.ppm
Convert lenna.rle to PBMPLUS/ppm plain (P3) format and store in lenna.ppm.

SEE ALSO
ppmtorlg1), pgmtorlgl), urt(1), RLE(5)

AUTHOR
Wesley C. Barris
Army High Performance Computing Research Center (AHPCRC)
Minnesota Supercomputer Center, Inc.
Modifications by Eric Haines to support raw and plain formats.
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NAME
rletops — Convert RLE images to PostScript

SYNOPSIS
rletops[ —C ][ —a aspecf [ —c center] [ —h height] [ —o outfile.ps] [ —=s] [ infile ]

DESCRIPTION
RletopsconvertsRLE(5) images intdPostScript The conversion uses tiRostScriptimage operator,
instructing the device to reproduce the image to the best of its abilitiedilelfsn't specified, the RLE
image is read from stdinThe PostScript output is dumped to stdout, arutile.ps,f specified.

OPTIONS
—aaspect
Specify aspect ratio of image. Default is 1.0 (note PostScript uses square pixels).
-C Causes a color PostScript image to be generated. This creates larger files and uses the Post-
Script colorimage operator, which is not recognized by all devices. The default is mono-
chrome.
—ccenter

Centers the images about a paianterinches from the left edge of the page (or left margin if
—sis specified). Default is 4.25 inches.

—h height
Specifies the height (in inches) the image is to appear on the page. The default is three inches.
The width of the image is calculated from the image height, aspect ratio, and pixel dimen-
sions.

-s Specifies image is to be generated in "Scribe Mode." The image is generated without a Post-
Script showpageoperator at the end, and the default image center is changed to 3.25 inches
from the margin (which usually is 1 inch). This is to generate PostScript files that can be
included in Scribe documents with the @Picture command. Images may also be included in
LaTex documents with local conventions like the \special{psfile=image.ps} command.

NOTES
On devices like the Apple LaserWriteletops generates large PostScript files that take a non-trivial
amount of time to download and print. A 512x512 image takes about ten minutes. For including
images in documents at the default sizes, 256x256 is usually sufficient resolution.

SEE ALSO
avg4(l), urt(1), RLE(5).

AUTHORS
Rod Bogart, John W. Peterson, Gregg Townsend.

Portions are based on a program by Marc Majka.

BUGS
Due to a mis-understanding with the PostScript interpré¢égopsalways rounds the image size up to
an even number of scanlines.
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NAME
rletoraw — Convert RLE file to raw RGB form.

SYNOPSIS
rletoraw [ —a][ —[Ns] ][ —-r ][ —f header-sizg [ -t trailer-size] [ I left-scanline-pad [ -p scan-
line-pad[ —o outfile] [ infile ]

DESCRIPTION

This program converts aRLE(5) image to a raw RGB form. The output file is normally a stream of
pixels (RGBRGB...), in left-to-right, bottom-to-top order (this can be changed witi\ttoe —s flags).
The width and height of the input image will be printed on the standard error stream.

OPTIONS

-a If specified, an alpha channel will be written to the output file. This is the last output channel,
unless-r is specified, in which case it will be the first.

-N If specified, the output will be written in a non-interleaved order. l.e., all the red pixels will be
written first, then all the green pixels, etc.

-s If specified, the output will be written in a scanline-interleaved order. l.e., all the red pixels
for a scanline will be written, followed by all the green pixels for the scanline, etc. The
options—N and-sare mutually exclusive.

-r Reverse the order of the channels in the output. l.e., output will be written ABGR instead of

RGBA.

-f header-size
A header of this many zero bytes will be written to the output file.

—t trailer-size
A trailer of this many zero bytes will be written after the output file.

—| left-scanline-pad
The left (beginning) of each scanline will be padded with this many zero bytes.

—p left-scanline-pad
The right (end) of each scanline will be padded with this many zero bytes.

-o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

infle  The input will be read from this file. Iffile is "-" or is not specified, the input will be read
from the standard input stream.

SEE ALSO
rawtorle(1), urt(1), RLE(5).

AUTHOR
Martin Friedmann

BUGS
Basically handles input files with 1 or 3 channels (plus alpha). Only the first channel of a 2 channel
image will be written.

The header, trailer, and pad options are of dubious utility.
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NAME

rletorla — convert a Utah RLE image file into a Wavefront "rla" or "rlb" image file.
SYNOPSIS

rletorla [ -b][-h ][-v ][ —o outfile ] [ infile ]
DESCRIPTION

This program converts UtdRLE(5) image files into Wavefront "rla" or "rlb" image files. Rletorla will
handle four types of RLE files: Grayscale (8 bit data, no color map), Pseudocolor (8 bit data with a
color map), Tuecolor (24 bit data with color map), and Directcolor (24 bit data, no color map). In
each case the resulting Wavefront image file will contain RGB data as well as a matte channel. If no
alpha channel is found in the RLE file, the Wavefront matte channel will be computed using the RGB
or mapped data. The entire area of the Wavefront image will be run length encoded. The size of the
Wavefront "bounding box" data structure will be set to that of the total image area.

NOTE: Even though images of any size can be converted, Wavefront is very fussy about image dimen-
sions. Normally, the converted image must be one of the following sizes or Wavefront will complain
with "ERROR, cannot open image file filename, error -8";

646x485 (0-645x0-484) ntsc_4d
720x486 (0-719x0-485) qtl_ntsc
636x484 (0-635x0-483) iris_ntsc
1024x1024 (0-1023x0-1023) 1k _square

To get around this problem, the aspect ratio field in the Wavefront "rla" file will be "faked" with
"ntsc_4d" for all formats that do not match one of those shown above. This way, Wavefront will find a
valid format string, and any image size will be readable. "rlb" image file do not have this limitation.

OPTIONS

-b This option will cause rletorla to create a Wavefront "rlb" image file instead of using the
default "rla" conversion.

-V This option will cause rletorla to operate in verbose mode. Header information is printed to
"stderr".

-h This option allows the header of the RLE file to be dumped to "stderr" without converting the
file. Itis equivalent to using the —v option except that no file conversion takes place.

-0 oultfile

This option allows the name of the output file to be specified. Re-directing standard output as
is done with most all other toolkit utilities is not permitted here because the resulting "rla" or
"rlb" file is not written sequentially.

infle  The name of the RLE image data file to be converted. The name of the resulting Wavefront
file will be derived from the name of the input file (unless the —o option is used) -- the exten-
sion will be changed from "rle" to "rla" or "rlb". (Note: if you use the extended input file
names described unt(1), this will result in a very strange filename for the Wavefront file.)

EXAMPLES
rletorla —v lenna.rle
While running in verbose mode, convert lenna.rle to Wavefront rla format and store resulting
data in lenna.rla.

rletorla —h test.0001.rle
Dump the header information of the RLE file called test.0001.rle.

rletorla —b -o junk.rlb test.rle
Convert test.rle into a Wavefront "rlb" file called junk.rlb.

SEE ALSO
rlatorle(1), urt(1), RLE(5).

AUTHOR
Wesley C. Barris
Army High Performance Computing Research Center (AHPCRC)
Minnesota Supercomputer Center, Inc.
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NAME
rletotarga — Convert an RLE(5) image file to Truevision TARGA format.

SYNOPSIS
rletotarga [ infile ] outfile

DESCRIPTION
Rletotargareads a file in RLE(5) format and converts it to Truevision’s TARGA format. If no input file
is specified, the data is read from stdin. The output TARGA file will be in one of three formats,
depending on the contents of the RLE file: 8-bit B/W (format #3), 24— or 32-hit true color (format #2).
Only the first image in the RLE file is read.

SEE ALSO
urt(1), RLE(5).

AUTHOR
Andrew C. Hadenfeldt, University of Nebraska-Lincoln
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NAME
rletotiff — Convert 24 bit RLE image files to TIFF.

SYNOPSIS
rletotiff [ —{cC} ] —ooutfile.tif[ —v ] [ infile.rle ]

DESCRIPTION

This program converts a 24 bit imageRhE(5) format intoTIFF form. Only a single image will be
converted.

OPTIONS
—{cC} Sets the type of compression used in the outputfitlgthe default) will cause the output file
to be compressed using the Lempel-Ziv-Welch (LZW) algoritki@. will suppress any com-
pression.
—o outfile.tif
The output will be written to this fileoutfile.tif must be a real file, the special cases described

in urt (1) do not apply. Note also that this "option" is not optional. Fodlag is required for
consistency with the other tools.

-V Flip image vertically.

infile.rle
The input will be read from this file. Iffile.rle is "=" or is not specified, the input will be
read from the standard input stream.

SEE ALSO
tifftorle(1), urt(1), RLE(5).

AUTHOR
Bailey Brown, University of Michigan.
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NAME

rlezoom — Magnify an RLE file by pixel replication.

SYNOPSIS

rlezoomfactor[ y-factor] [ —f ] [ —o outfile] [ infile ]

DESCRIPTION

This program magnifies (zooms) BbLE(5) file by a floating point factor. Each pixel in the original
image becomes a block of pixels in the output image. ¥f-factoris specified, then the image will be
magnified byfactor equally in both directions. I§-factoris given, then each input pixel becomes a
block of factor x y-factor pixels in the output. Iffactor or y-factoris less than 1.0, pixels will be
dropped from the image. There is no pixel blending performed. Input is takerirfitanor from the
standard input if not specified. The magnified image is written to the standard outputfilerif
specified.

You should uselezoomover fant(1) if you just want a quick magnification of an image with the pixel
boundaries showing. It is significantly faster tHant because it does no arithmetic on the pixel val-
ues. If you need blending between pixels in the magnified imagefahtis the correct program to
use. Uselezoom —f factor y-factoto produce an image the same sizéaas—p 0 0 —s factor y-factor
for previewing purposes.

Note: due to the way thatcanarg$3) parses the arguments from the command line, if the name of
infile is a number, and it is in the current directory, you should prefix it with "./* so that it will not be
confused wittfactor or y-factor.

SEE ALSO

fant(1), urt(1), scanarg$3), RLE(5).

AUTHOR
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NAME
smush — defocus an RLE image.

SYNOPSIS
smush[ —-m maskfile] [ -n ] [ —o outfile] [ levels] [ infile ]

DESCRIPTION
Smushconvolves an image with a 5x5 Gaussian mask, blurring the image. One may also provide a
mask in a text file. The file must contain an integer to specify the size of the square mask, followed by
size*size floats.The mask will be normalized (forced to sum to 1.0) unlessittféag is given.

The resulting image is the same size as the input image, no sub-sampling takes place. The levels
option, which defaults to one, signifies the number of times which the image will be blurred. Each suc-
cessive blurring is done with a more spread out masksstuahof level 2 is blurrier than piping two

level onesmustcalls. If no input file is specifiedmushreads from stdin. If no output file is specified

with —o it writes the result to stdout.

SEE ALSO
avg4(l), urt(1), RLE(5).

AUTHOR
Rod G. Bogart

BUGS
Smustshould probably automatically generate different sized gaussians and other common filters.
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NAME

targatorle — Convert Truevision TARGA images to RLE format.
SYNOPSIS

targatorle [ —h headerfile] [ —n nchanneld [ —o outfile.rle] [ infile.tga]
DESCRIPTION

Targatorleconverts a file from Truevision’s TARGA format into RLE format. If no input file is speci-
fied, the data is read from stdifargatorlerecognizes (but cannot necessarily process) all of the image
subtypes defined by the 1988RGA 2.0 specification:

0 — Header Only, No Image Data

1 - Uncompressed, Color-mapped Image

2 — Uncompressed, True-color Image

3 — Uncompressed, B/W (gray scale) Image

9 - Run-length encoded, Color-mapped Image
10 - Run-length encoded, True-color Image
11 - Run-length encoded, B/W Image

Targatorleshould correctly process images in formats 0, 2, 3, 10, and 11. No support is currently avail-
able for color mapped images.

OPTIONS
-h Allow the program to write TARGA header informationhteaderfile
-n wherenchannelss 3 or 4. If input is a color image, copy omghannelf the TARGA file;
this allows the alpha channel to be stripped. By default, the alpha channel will be copied if
present.
-0 Useoutfileas output instead atdout.
LIMITATIONS

The TARGA image descriptor byte is ignored; therefore, the image origin is assumed to be that of
RLE(5) (bottom left). None of the color-mapped TARGA formats (types 1 and 9) are supported.
Finally, no attempt has been made to support extensions to the TARGA File Format introduced by
Truevision in 1989 (new support for time stamps, comments, user—defined data fields, etc.).

SEE ALSO
urt(1), RLE(5).

AUTHOR
Hann-Bin Chuang
Andrew C. Hadenfeldt, Univ. of Nebraska-Lincoln (modifications)
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NAME
tifftorle — Convert TIFF image files to RLE.

SYNOPSIS
tifftorle [ —o outfile.rle] infile.tif

DESCRIPTION
This program converts a TIFF imageRoE(5) format.

OPTIONS
-o outfile.rle
If specified, the output will be written to this file. dtitfile.rleis "-", or if it is not specified,
the output will be written to the standard output stream.

infile.tif The input will be read from this fileinfile.tif must be a real file, the special cases described in
urt(1) do not apply here.

LIMITATIONS
Can't handle RGB TIFF files with a separate planar configuration.
Can'’t handle tiled TIFF files.

SEE ALSO
tifftorle (1), urt(L), libtiff, RLE(5).

AUTHOR
Bailey Brown, University of Michigan.
Extended by David R. L. Worthington, SRI International to single channel TIFF files.
Extended by Spencer W. Thomas, University of Michigan to TIFF files with fewer than 8 bits/sample.
Requires libtiff, by Sam Leffler.

BUGS
Doesn't copy alpha channel when present.
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NAME

to8 — Convert a 24 bit RLE file to eight bits using dithering.
SYNOPSIS

to8[ —gdisplay_gamma[ —{il} image_gamma[ —o outfile] [ infile]
DESCRIPTION

To8 Converts an image with 24 bit pixel values (eight bits each of red, green and blue) to eight bits of
color using a dithered color map (the special color map is automatically written into the output file). If
no input file is specifiedp8 reads from stdin. If no output file is specified withit writes the result

to the standard output.

Other options allow control over the gamma, or contrast, of the image. The dithering process assumes
that the incoming image has a gamma of 1.0 (i.e., a 200 in the input represents an intensity twice that of
a 100.) If this is not the case, the input values must be adjusted before dithering-viarthkoption.

The input file may also specify the gamma of the image via a picture comment (see below). The output

display is assumed to have a gamma of 2.5 (standard for color TV monitors). This may be modified via

the—g option if a display with a different gamma is used.

To8will put a picture comment into the output file indicating the display gamma assumed in construct-
ing the dithering color map.

OPTIONS
—-i image_gamma
Specify the gamma (contrast) of the image. A low contrast image, suited for direct display
without compensation on a high contrast monitor (as most monitors are) will have a gamma of
less than one. The default image gamma is 1.0. Image gamma may also be specified by a pic-
ture comment in th&LE (5)file of the formimage_gammagamma. The command line
argument will override the value in the file if specified.

-l image_gamma
An alternate method of specifying the image gamma, the number follewirsgthe gamma
of the display for which the image was originally computed (and is therefore 1.0 divided by
the actual gamma of the image). Image display gamma may also be specified by a picture
comment in theRLE (5)file of the formdisplay _gamma=zgamma. The command line argu-
ment will override the value in the file if specified.

—gdisplay_gamma
Specify the gamma of thé display monitor. The default value is 2.5, suitable for most color
TV monitors (this is the gamma value assumed by the NTSC video standard).

-o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.

SEE ALSO
tobw(1), getx111), mcut(1), rlequant(1), urt(1), dither(3), RLE(5).

AUTHOR
Spencer Thomas
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NAME
tobw — Convert a 24 bit RLE file to eight bits of gray scale value.
SYNOPSIS
tobw [ -t ][ —o outfile] [ infile ]
DESCRIPTION
Tobwconverts an image with 24 bit pixel values (eight bits each of red, green and blue) to eight bits of
grayscale information. ThETSC Ytransform is used. If thet flag is given, then the monochrome
pixel values are replicated on all three output channels (otherwise, just one channel of eight bit data is
produced). If no input file is specifiethbw reads from stdin. If no output file is specified witty, it
writes the result to stdout.

SEE ALSO
to8(1), urt(1), rgb_to bw3), RLE(5).

AUTHOR
Spencer Thomas
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NAME

unexp — Convert "exponential” files into normal files.
SYNOPSIS

unexp[ -m maxval] [ —o outfile] [ —-p ][ —s][ —V ] infile
DESCRIPTION

UnexpConverts a file of "exponential" floating point values intdRrfe(5) file containing integer val-

ued bytes. Exponential files have N-1 channels of eight bit data, with the Nth channel containing a
common &ponent for the other channels. This allows the values represented by the pixels to have a
wider dynamic range.

If no maximum value is specifiednexpfirst reads the RLE file to find the dynamic range of the whole
file. It then rewinds the file and scales the output to fit within that dynamic range. If a maximum value
is specifiedunexpruns in one pass, and clamps any values exceeding the maximum.

Files containing exponential data are expected to have a "exponential_data" conmeeppyrints a
warning if such a comment doesn'’t exist. An exponential file shoulthbrp’ed before attempting to
use any tools that perform arithmetic on pixels (glggomf1), avg4(1), fant(1), orapplymagl)) or
displaying the image.

Unexpdoes not allow piped input. Thafile must be a real file; the special filenames described in
urt(1) are not allowed. ("-" does work, as long as the input is coming from a real file; this is of mini-
mal utility, therefore, as typingnexp - <foo.rld@s harder than typingnexp foo.rle

OPTIONS
—-m maxval
Specify the maximum value (i.e., the data in the file is assumed to be in the range 0..maxval).
Only the conversion pass is executed, and values found exceeding the maximum are clamped.
—o outfile
If specified, the output will be written to this file. dtitfileis "-", or if it is not specified, the
output will be written to the standard output stream.
-p Print the maximum value found during the scanning phase
-s Just scan the file to find the maximum, don’t generate any output.
-V Verbose mode, print a message to stderr after scanning or converting every hundred scanlines.
SEE ALSO
float_to_exg3), urt(1), RLE(5).
AUTHOR
John W. Peterson
BUGS

Unexpis provided because of the lack of floating point or extended precision RLE files.

The-v flag is a historical relict from the slow CPU days.
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NAME
unslice — Quickly assemble image slices

SYNOPSIS
unslice[ —f ctlfile ] [ -y ymax] [ —o outfile] infiles ...

DESCRIPTION
Unslice quickly assembles a number of horizontal image strips into a single output image. A typical
use forunsliceis to put together portions of an image ("slices") computed independently into a single
output picture.Becausaunsliceuses the "raw" RLE library calls to read and write the images, it runs
much faster than doing the equivalent operations with crop and comp.

unslicehas two modes of operation. If given th&flag, unslicereads a control file telling it how to
assemble the images. This is a text file with two decimal numbers on each line, one line for each slice
to be assembled into the output image. Each line gives the starting and stopping scanlines (inclusive)
for each slice. These must be in ascending order. This is useful if the slices have excess image area
that should be cropped away.

If no control file is given, they flag is used. This tellanslicewhat the maximum Y value of the out-

put image is.Unslicereads the files in order, using the RLE headers to determine where to place the
slices. If two slices overlap, the first scanlines from the second slice are thrown away. In both cases,
the slices must be in ascending order, and are expected to be of uniform width.

SEE ALSO
crop(1), rlecomyl), rlepatch(1), repog1), urt(1), RLE(5).

AUTHOR
John W. Peterson

BUGS
Unslicehas really been supercededrlgpatch(1).
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NAME
urt — overview of the Utah Raster Toolkit

SYNOPSIS
applymap Apply color map to image data.
avg4 Simple 2x2 downsizing filter.
crop Crop image.
cubitorle  Convert Cubicomp format to RLE.
dvirle Typeset TeX ".dvi" files as RLE images.
fant Image scale/rotate with anti-aliasing.
get4dd Display on SGI Iris/4D display.
get_orion Display on "Orion" display.
getap Display on Apollo.
getbob Display under HP window system.
getcx3d Display RLE on Chromatics CX3D.
getfb Display using BRL generic fb library.
getgmr Display on Grinnell GMR-27 frame buffer.
getiris Display on SGI 2400/3000 w/o window manager.

getmac Display on Mac under MPW.
getmex Display on SGI under the window manager.

getqcr Display on Matrix QCR camera.
getren Display on HP SRX.
getsun Display using SunTools.

getx10 Display on X10 display.

getx11 Display using X11.

giftorle Convert GIF files to RLE.

graytorle  Convert separate rrr ggg bbb files to RLE.
mcut Median cut color quantization.
mergechan Merge colors from multiple images.
painttorle  Convert MacPaint to RLE.

pgmtorle  Convert PBMPLUS pgm format to RLE.
ppmtorle  Convert PBMPLUS ppm format to RLE.
pyrmask  Generate "pyramid" filter mask.

rastorle Convert Sun Raster to RLE.

rawtorle Convert various raw formats to RLE.
read98721 Read the screen of an HP 98721 "Renaissance" to an RLE file.
repos Reposition an image.

rlatorle Convert Wavefront RLA format to RLE.
rleClock Draws a clock face.

rleaddcom Add comments to an RLE file.

rleaddeof Add an EOF code to an RLE file.

rlebg Generate a "background".

rlebox Find bounding box of an image.

rlecomp Image composition.

rledither Floyd-Steinberg dither an image to a given colormap.
rleflip Flip an image or rotate it 90.

rlehdr Print info about an RLE file.

rlehisto Make a histogram of an image.

rleldmap  Load a new colormap into a file.

rlemandl  Make a Mandelbrot image.

rlenoise Add noise to an image.

rlepatch Patch smaller images on a big one.
rleprint Print all pixel values in image.

rlequant Variance based color quantization.
rlescale Generate a "gray scale".

rleselect  Select images from an RLE file.

rlesethg Set the background color of an image file.
rleskel Skeleton tool. Programming example.
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URT(2)
rlespiff Simple contrast enhancement.
rlesplice Splice two images horizontally or vertically.
rlesplit Split concatenated images into files.

rlestereo  Combine two images into a "red-green" stereo pair.
rleswap Swap or select color channels.

rletoabA60 Convert RLE to Abekas A60 format.

rletoabA62 Convert to Abekas A62 format.

rletoascii  Make a line-printer/CRT version of an RLE image.
rletogif Convert RLE images to GIF format.

rletogray  Convert RLE to separate rrr ggg bbb files.
rletopaint Convert RLE to MacPaint.

rletoppm  Convert RLE to PBMPLUS ppm format.

rletops Convert RLE to (B&W) PostScript.

rletorast Convert RLE to Sun Raster.

rletoraw Convert RLE to rgbrgb raw format.

rletorla Convert RLE to Wavefront RLA format.

rletotiff Convert RLE to TIFF 24 bit format.

rlezoom Scale image by sub- or super-sampling.

smush Generic filtering.

targatorle  Convert TARGA to RLE.

tifftorle Convert TIFF 24 bit images to RLE.

to8 24 to 8 bit ordered dither color conversion.
tobw Color- B&W conversion.

unexp Convert "exp" format to normal colors.
unslice Paste together "slices" into a full image.

wasatchrle Convert Wasatch paint system to RLE.

DESCRIPTION

The Utah Raster Toolkiis a collection of programs and C routines for dealing with raster images com-
monly encountered in computer graphics. A device and system independent image format stores
images and information about them. Called Ri€e(5) format, it uses run length encoding to reduce
storage space for most images.

The programs (tools) currently included in the toolkit are listed above, together with a short description
of each one. Most of the tools read one or more input RLE files and produce an output RLE file. Some
generate RLE files from other information, and some read RLE files and produce output of a different
form.

An input file is almost always specified by mentioning its name on the command line. Some com-
mands, usually those which take an indefinite number of non-file argumentsiéadgdcon) require a

—i flag to introduce the input file name. If the input file name is absent the tool will usually read from
the standard input. An input file name of "-" also signals that the input should be taken from the stan-
dard input.

On Unix systems, there are two other specially treated file name forms. A file name starting with the
character ’|' will be passed &(1) to run as a command. The output from the command will be read

by the tool. A file whose name ends in ".Z" (and which does not begin with a ’|") will be decompressed
by thecompresgl) program. Both of these options supply input to the tool through a pipe. Conse-
qguently, certain programs (those that must read their input twice) cannot take advantage of these fea-
tures. This is noted in the manual pages for the affected commands.

An output file is almost always specified using the optiomutfile. If the option is missing, or ibut-
fileis "-", then the output will be written to the standard output.

On Unix systems, the special file name forms above may also be used for output files. File names start-

ing with ’|" are taken as a command to which the tool output will be sent. If the file name ends in ".Z",
thencompreswvill be used to produce a compressed output file.
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Several images may be concatenated together into a single file, and most of the tools will properly
process all the images. Those that will not are noted in their respective man pages.

Picture comments. Images stored iRLE form may have attached comments. There are some com-
ments that are interpreted, created or manipulated by certain of the tools. In the list below, a word
enclosed in <> is a place-holder for a value. The <> do not appear in the actual comment.

image_gamma=<float number>
Images are sometimes computed with a particular “gamma” value -- that is, the pixel values
in the image are related to the actual intensity by a power pixel value=inten-
sity"image_gamma. Some of the display programs, anuifgmag(3) function will look for
this comment and automatically build a "compensation table" to transform the pixel values
back to true intensity values.

display_gamma=<float number>
The display_gammas just 1/image_gammaThat is, it is the “gamma” of the display for
which the image was computed. If #image _gammaomment is not present, butdis-
play _gammas, the displayed image will be gamma corrected as abovetoBlpeogram pro-
duces alisplay_gammaomment.

colormap_length=<integer>
The length of the colormap stored in tREE header must be a power of two. However, the
number of useful entries in the colormap may be smaller than this. This comment can be used
to tell some of the display programs (getx11, in particular) how many of the colormap entries
are used.The assumption is that entries GCelormap_length-Jlare used. This comment is
produced byncut rlequant, andledither.

image_title=<string>
This comment is used byetx11to set the window title. If present, the comment is used
instead of the file name. (No other programs currently pay attention to this comment.) The
commentdMAGE_TITLE,title, and TITLE are also recognized, in that order. No programs
produce this comment.

HISTORY=<string>
All toolkit programs (with the exception of rleaddcom) create or addHtsaORYcomment.
Each tool appends a line to this comment that contains its command line arguments and the
time it was run. Thus, the image contains a history of all the things that were done to it. No
programs interpret this comment.

exponential_data
This comment should be present in a file stored in “exponential” form. uBegp(1l) and
float_to_exp(3) for more information. Theexpprogram expects to see this comment.

SEE ALSO
compresgl), sh(1), RLE(5).

AUTHOR
Many people contributed to the Utah Raster Toolkit. This manual page was written by Spencer W.
Thomas, University of Michigan.
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NAME

wasatchrle — Convert Wasatch Systems image files to RLE format
SYNOPSIS

wasatchrle[ —o outfile] basename
DESCRIPTION

Wasatchrleconverts image files generated by the Wasatch Systems Paint program to RLE format. It
expects to find two files,basenamdut" (the color look-up table) andasenamelc" (the run-length
encoded data).

Wasatchrlegenerates as output a single channel RLE image with a full color map. Since the Wasatch

Paint program'’s origin is the top left of the image, the results should be passed ttefimhv to

correctly orient the image. If the image is to be used with other toolkit operations (e.g., compositing),

it should first be run througlpplymagl) to convert the image to a full color (three channel) RLE file.
SEE ALSO

rleflip(1), applymap(1), uft), RLE(5),

Wasatch Systems, "Wasatch Raster Image File Definition for Wasatch lllustration Software (Version

1.2 and Later)"

AUTHOR
John W. Peterson
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NAME

buildmap — create a color map array from an RLE file header.

SYNOPSIS

#include <rle.h>

rle_pixel ** buildmap( the_hdr, minmap, orig_gamma, new_gamma )
rle_hdr * the_hdr;

int minmap;

double orig_gamma, new_gamma,;

DESCRIPTION

The color map in thde_hdr(3) structure is not in the most easily used form. The funttididmap
returns a pointer to a colormap array with certain minimum dimensions, making it a little easier to
implement color mapping in a program. The color map from first arguthentadr, is used to build
the result. If no map is presentthre_hdr, then an identity map of the minimum size will be returned.

The returned color map will have at leaihmaprows or channels, each of which is at least 256
entries long (so that indexing into the color map with an 8éipixelvalue will always succeed.)

The color map fronthe_hdrwill be composed with a gamma compensation curve to account for the
gamma of the display for which the input color map was presumably computed. The argument
orig_gammaspecifies the gamma of the compensation curve. It would typically be the gamma of the
original display.

If gammais 0, then if a picture commeimiage _gamma=i_gammia presentgammawill be set to
1.0/i_gamma. Otherwise, if a commaeligplay _gamma=d_gamnia presentgammawill be set to
d_gamma. The gamma compensation value for pigse?55*(i/255) gamma

If this color map will be used directly for another display, the gamma of this new display should be
passed imew_gamma

The returned value is a pointer to an array of pointers to arrales pfxelvalues. It may be doubly
indexed in C code, so thatdfapis the return value, the RGB color mapping for a ppieValis
(cmap[O][pixval], cmap[1][pixval], cmap[2][pixval]).

NOTES

Generally, unless the user explicitly specifies the image or original display gamma (e.g., as-with the
or -1 flags ofgetx111), you should pass 0 forig_gamma This letsbuildmapuse the value from
the_hdr, if it is present.

If you are going to use the result of buildmap to generate values to be ditteredammahould
always be 1.0, and the display gamntairf getx11) should be passeddithermag3). If you are not
planning to dither, then pass the user supplied display gamnevagamma

The color map storage allocatediyildmapcan be released by callifige( map[0] )

SEE ALSO

dithermag3), rle_hdr(3), librle (3), RLE(5).

AUTHOR
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Spencer W. Thomas, University of Utah
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NAME
colorquant — variance-based color quantization

SYNOPSIS
#include <colorquant.h>
int colorquant(red, green, blue, npix, colormap, colors, bits, rgbmap, flags, accum_hist)
unsigned char *red, *green, *blue;
unsigned long npix;
unsigned char *colormap[3];
int colors, bits;
unsigned char *rgbmap;
int flags;
int accum_hist;

DESCRIPTION
Colorguantperforms variance-based color quantization on a given image. A representative colormap
and a table for performing RGB to colormap index mapping are computed. The number of colors to
which the image was quantized (the total number of colormap entries computed) is returned. The argu-
ments tacolorquantare:

red, green, blue
The red, green and blue channels of the image. The ith pixel is represented as the RGB triple
(red[i], greeni], blue[i]). These arrays usually contain values that have been 'prequantized’

(see below).

npix  The length, in bytes, of thred, greenandbluearrays. Equal to the total number of pixels in
the image.

colormap

Points to a pre-allocated, three-channel colormap. These arrays will be filled with the col-
ormap values computed by the variance-based color quantization algacitformagO][i],
colormag1][i], and colormap[2][i] are, respectively, the red, green and blue components of
the ith colormap entry.

colors The number of pre-allocated colormap entries. The image will be quantized to at most this
many colors.

bits The number of significant bits in each entry of i greenandbluearrays. Normally, the
red, green and blue arrays contain values that have been prequantized to fewer than eight sig-
nificant bits (sedlagsbelow). Five significant bits usually represents a good tradeoff between
image quality and running time. Anything above six significant bits will likely lead to exces-
sive paging, as the size mfomapand the internal histogram are proportional tditg8)"3.

rgbmap A pointer to an array of unsigned chars of siz&i(2)"3. This array is used to map from pix-
els to colormap entries. The prequantized red, green and blue components of a pixel are used
as an index into this array to retrieve the colormap index that should be used to represent the
pixel. The array is indexed as:
colorindex =rgbmap[(((r <<bits) | g) <<hits) | b];
where 1, g, and b are the prequantized red, green and blue components of the pixel in question.

flags A collection of bit-flags that modify the operationaufiorquant Currently defined values are
CQ_FAST,CQ_QUANTIZE , andCQ_NO_RGBMAP.
If CQ_FAST is set, the construction ajbmapwill be relatively fast. If notrgbmapwill be
built slowly but more accurately. In most cases, the error introduced by the 'fast’ approxima-
tion is barely noticeable.
If CQ_QUANTIZE is set, the values ired, green, andlueare taken as 8-bit values and will
be quantized tbits significant bits bycolorquant If not set, these values are assumed to be
prequantized.
If CQ_NO_RGBMAP is set,rgbmapwill not be built.

accum_hist
This argument provides a facility to accumulate multiple images into a single colormap. If
accum_hists zero, the routine works normally. To build a colormap for several images,
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accum_hisshould have the value 1 for the first image, and 2 for subsequent images. Finally,
after all the images have been processed, a value of8dom_histvill compute thecol-
ormapandrgbmap. The values aflorsandbits should not change during this process. The
argumentgolormap rgbmap, andastare ignored iaccum_hists 1 or 2, anded, green

blue, andnpixare ignored iiccum_hists 3.

AUTHOR
Craig Kolb, Yale University.
Martin Friedmann, MIT Media Lab did treccum_histhanges.

REFERENCE
Wan, Wong, and Prusinkiewican Algorithm for Multidimensional Data Clusteringransactions on
Mathematical Software, Vol. 14 #2 (June, 1988), pp. 153-162.

SEE ALSO
rlequant(1), inv_cmayg3).
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NAME
dithermap, bwdithermap, make_square, dithergb, ditherbw — functions for dithering color or black and
white images.

SYNOPSIS
dithermap( levels, gamma, rgbmap, divN, modN, magic )
int levels;
double gamma;
int rgbmap(][3], divN[256], modN[256], magic[16][16];

bwdithermap( levels, gamma, bwmap, divN, modN, magic )
int levels;

double gamma;

int bwmap(], int divN[256], modN[256], magic[16][16];

make_square( N, divN, modN, magic )
double N;
int divN[256], modN[256], magic[16][16];

dithergb( x, y, 1, g, b, levels, divN, modN, magic )
intx,y,r,g,b, levels;
int divN[256], modN[256], magic[16][16];

ditherbw( X, y, val, divN, modN, magic )
int x, y, val, divN[256], modN[256], magic[16][16];

DESCRIPTION
These functions provide a common set of routines for dithering a full color or gray scale image into a
lower resolution color map.

Dithermap computes a color map and some auxiliary parameters for dithering a full color (24 bit)
image to fewer bits. The argumdavelstells how many different intensity levels per primary color
should be computed. To get maximum use of a 256 entry color malpyake6. The computed map
useslevels™3entries. Thegammaargument provides for gamma compensation of the generated color
map (that is, the values in the map will be adjusted to give a linear intensity variation on a display with
the given gamma). The computed color map will be returned in thergbmap divN andmodNare
auxiliary arrays for computing the dithering pattern (see below)nagicis the magic square dither
pattern.

To compute a color map for dithering a black and white image to fewer intensity levels, use
bwdithermap The arguments are as fdithermap but only a single channel color map is computed.
The value ofevelscan be larger than falithermap as the computed map only Haselsentries.

To just build the magic square and other parametersmage_square The argumeniN should be
equal to 255.0 divided by the desired number of intensity levels less onl &.255.0 / (levels - J)
The other arguments are filled in as above.

The color map index for a dithered full color pixel is computedlitiyergh Since the pattern depends
on the screen location, the first two argumerdady, specify that location. The true color of the pixel
at that location is given by the tripke g, andb. The number of intensitievelsand the dithering
parameter matrices computeddithermapare also passed tlithergh

The color map index for a dithered gray scale pixel is computeatitigrbw. Again, the screen posi-
tion is specified, and the intensity value of the pixel is supplie@lin The dithering parameters must
also be supplied.

Alternatively, the dithering may be done in line instead of incurring the extra overhead of a function
call, which can be significant when repeated a million times. The computation is as follows:
row =y % 16;
col = x % 16;
#define DMAP(v,col,row) (divN[v] + (modN[v]>magic[col][row] ? 1 : 0))
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pix = DMAP(r,col,row) + DMAP(g,col,row)*levels +
DMAP(b,col,row)*levels*levels;

For a gray scale image, it is a little simpler:
pix = DMAP(val,row,col);

And on a single bit display (assuming a 1 means white):
pix = divN[val] > magic[col][row] ? 1: 0

SEE ALSO
rgb_to_bw3), librle(3), RLE(5).

AUTHOR
Spencer W. Thomas
University of Utah
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NAME
float_to_exp — Convert floating point values into "exponential" pixels.

SYNOPSIS
#include <rle.h>

float_to_exp( count, floats, pixels)
int count;

float * floats;

rle_pixel * pixels;

DESCRIPTION
The functionfloat_to_expconvertscountfloating point numbers (pointed to Ifipats) into count+1
bytes (pointed to bpixels)using an "exponential" format. This format generaimsntpixels as eight
bit "mantissa" values, and another byte containing a common exponent for all of the data values. This
format has a wider dynamic range of values with little extra overhead. The inverse mapping is
float expnt, flt_val;
rle_pixel exponent, val;
expnt = Idexp( 1/256.0, (int)exponent - 127 );
flt_val = (float)val * expnt;

Files containing exponential data may be converted into displayable images usimgt({&) com-

mand. Unexpshould be used before using any tools that perform arithmetic on pixel values, or display-
ing the image.Unexpexpects files containing exponential data to have an "exponential_data" picture
comment.

SEE ALSO
unexgl), rle_putcong3), librle (3), RLE(5).

AUTHOR
John W. Peterson, based on code by Spencer Thomas.
University of Utah
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NAME

SYNOPSIS

hilbert_i2c, hilbert_c2i — Compute points on a Hilbert curve.
void hilbert_i2¢c( dim, bits, idx, coords )

int dim, bits;

long int idx;

int coords];

void hilbert_c2i( dim, bits, coords, idx )
int dim, bits;
int coords];
long int *idx;

DESCRIPTION

These procedures map the real line onto a Hilbert curve and vice versa. (A Hilbert curve is a space fill-
ing curve similar to the Peano curve, except it is not closed.) The prodathed i2c returns the
coordinates of a point on the Hilbert curve, given an index value representing its sequential position on
the curve. The proceduhélbert_c2ireverses the process. The arguments are:

dim The dimensionality of the Hilbert curve. For the usual planar curve case, this would be 2.

bits The resolution to which the Hilbert curve will be computed. The space is quantizeatso 2°
values on each axis, so there are 2°(3¥hiisints on the curve. The product dim*bits
should be less than or equal to the number of bits in a long integer (typically 32)itsand
should be less than or equal to the number of bits in an integer.

idx The sequential position of the point along the curve (starting from 0). This lsita I3t inte-
ger.

coords The spatial coordinates of the point on the curve. The array shouldihol@dlues. Eachis a
bits bit integer.

REFERENCE

A. R. Butz, "Alternative algorithm for Hilbert's space-filling curvéZEE Trans. Computvol C-20,
pp. 424-426, Apr. 1971.

AUTHOR
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NAME
inv_cmap - efficiently compute an inverse colormap

SYNOPSIS
void inv_cmap( colors, colormap, bits, dist_buf, rgbmap )

int colors, bits;
unsigned char *colormap[3], *rgbmap;
unsigned long *dist_buf;

DESCRIPTION
Inv_cmapcomputes an inverse colormap to translate an RGB color to the nearest color in tlelgiven
ormap. The arguments are

colors The number of colors in the input colormap. Must be 256.

colormap
The input colormap. Thigh color is (Colormap([0][i], Colormap[1][i], Colormap[2][i]).

bits Controls the size and precision of the inverse colormap. The resulting colormap will be a cube
2°bitson a side, and will therefore contalf(3*hits) entries. RGB colors must be quantized
to bits bits before using the inverse colormap.

dist_buf
Temporary storage used lmy_cmap It should contain at leagf(3*hits) elements.

rgbmap The inverse colormap. Should be allocated with at [28g&t*bits) elements. After calling
inv_cmap, an RGB color (r,g,b) can be mapped to its closest representatdlermap by
evaluating
#define quantize(p) ((p)>>(8-bits))
rgbmap[ (((quantize(r) << bits) | quantize(g)) << bits) | quantize(b) ]

Predicted performance @(2°(3*bits)*log(colors)) The measured performance is sublinear (but not as
good adog) in the number of input colors and also in the size of the output inverse colormap. (l.e., it
goes up more slowly thai(3*bits).)

SEE ALSO
colorquan{3).

AUTHOR
Spencer W. Thomas
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NAME
librle — Functions to create and read Run Length Encoded image files.

SYNOPSIS
#include <rle.h>

cc ... -Irle

DESCRIPTION
The RLE(5) image file format provides a method for saving and restoring images in a device indepen-
dent form. A number of subroutines are available to facilitate writing and reRdiB(p) files. They
are described separately in their own manual pages (listed below).

SEE ALSO
buildmag(3), bwditherma3), colorquan(3), ditherbw(3), dithergh(3), dithermag3), float_to_ex3),
make_squai@), rgb_to_bw3), rle_addhis(3), rle_cp(3), rle_debud3), rle_delcon{3),
rle_freeraw(3), rle_get_erro3), rle_get_setu(B), rle_get_setup_dlB), rle_getcon(3), rle_getraw(3),
rle_getrow(3), rle_getskig3), rle_open_{3), rle_open_f noex{B), rle_put_init(3), rle_put_setufs),
rle_putcong3), rle_puteof(3), rle_putraw(3), rle_raw_alloq3), rle_raw_fre€3), rle_rawtorow(3),
rle_row_allod?3), rle_row_fre€3), rle_skiprow(3), scanarg$3), rle_hdr(3), rle_op(3), RLE(5).

AUTHOR
Spencer W. Thomas, Todd Fuqua, and others.

86 3/6/85 3



RGB_TO_BW(3) RGB_TO_BW(3)

NAME
rgb_to_bw — convert a color scanline to black and white.

SYNOPSIS
#include <rle.h>

void rgb_to_bw( red, green, blue, bw, length );
rle_pixel * red, * green, * blue, *bw;
int length;

DESCRIPTION
rgb_to_bwconverts red/green/blue color information to black and white using TS Wransform:
Y=030*R +0.59*G + 0.11 * B. The arguments point to scanlines wihgthbytes in eachbw
may be identical to one o#d, green or blue.

SEE ALSO
tobw(1), librle (3), RLE(S).

AUTHOR
Spencer W. Thomas
University of Utah
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NAME
rle_addhist — add a history comment to an RLE file.

SYNOPSIS
#include <rle.h>

void rle_addhist( argv, in_hdr, out_hdr)
char **argv;
rle_hdr *in_hdr, *out_hdr;

DESCRIPTION
rle_addhistis used to add history comments to RieE(5) file in the form:
HISTORY=cmd argl arg2 on Tue Sep 13 01:06:49 WST 1988
where cmd, argl, etc. are the command line arguments which have been used to generate or filter this
RLEfile. The HISTORY comment is always appended to so that an accumulated history is kept along
with a timestamp. Programs which geneRtd€=files should calfle_addhistas follows:
rle_addhist(argv,(rle_hdr *)0,&out_hdr);
Programs which filteRLEfiles should callle_addhistas:
rle_addhist(argv,&in_hdr,&out_hdr);

SEE ALSO
rle_hdr(3), rle_putcong3), rle_getcon(3), librle (3), RLE(5).

AUTHOR
Andrew Marriott,
Curtin University of Technology (Australia)
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NAME
rle_cp — Copy the rest of an image to the output.

SYNOPSIS
#include <rle.h>

rle_cp(in_hdr, out_hdr)
rle_hdr *in_hdr, *out_hdr;

DESCRIPTION
This routine copies the image contents of Bd=(5) file to another. The image describedityhdr
will be copied to the image file described doyt _hdr. If any rows have been read witle_getrow(3)
or rle_getraw(3), those rows must have also been written wehputrow(3) orrle_putraw(3), respec-
tively, in order for the input and output files to be "in sync". In any case, the header should have been
written to the output file withle_put_setufB). Whenrle_cpreturns, the input image file will be posi-
tioned at the end of the image, and an end of image code will have been written to the output image
file.

SEE ALSO
rle_hdr(3), rle_getrow(3), rle_getraw(3), rle_putrow(3), rle_putraw(3), rle_put_setufB), librle(3),
RLE(5).
AUTHOR
Spencer W. Thomas
University of Michigan
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NAME

rle_get setup — Read the header from an RLE file.

rle_get setup_ok — Print error message and exit if rle_get_setup fails.
rle_get_error — Print error message for rle_get_setup failure.
rle_debug - Turn on or off debugging messages.

SYNOPSIS

#include <rle.h>

rle_get setup(the_hdr);
rle_hdr * the_hdr;

rle_get setup_ok( the_hdr, prog_name, file_name);
rle_hdr * the_hdr;
char * prog_name, * file_name;

rle_get_error( code, prog_name, file_name )
int code;
char *prog_name, *file_name;

rle_debug( on_off)
int on_off;

DESCRIPTION

Rle_get setujs called to initialize the process of readingRE(5) file. It will fill in the_hdrwith the
header information from thRLEfile, and will initialize state forle_getrow(3) andrle_getraw(3). The
rle_file field of the _hdrshould be initialized to the input stream before caltiegget setup Thebits

field is initialized byrle_get_setugo enable reading of all the channels present in the input file. To
preventrle_getrowor rle_getrawfrom reading certain channels (e.g., the alpha channel), the appropri-
ate bits should be cleared before calling them. The error codes returieddst setupare defined in
rle.h.

Rle_get setup_okwvokesrle_get setupand checks the return code. If an error occurred, it calls
rle_get_error( err_code, prog_name, file_name Yprint the appropriate error messagestderr, and
the program exits with the status code set.

Rle_get_errorcan be called to print an appropriate error message on the standard error output for the
failure code returned lye_get_setup Theprog_nameandfile_nameparameters are used for the error
message. Hfile_names NULL or "-", the string "Standard input" is substituted.

The functionrle_debugis used to enable or disable debug printing forrkhegetfunctions. Ifon_off
is non-zero, all input read from aRLE file will be printed in a readable form on the standard error
output. Callingle_debug(Owill turn off this activity.

SEE ALSO

rle_hdr(3), rle_getrow(3), rle_getraw(3), librle (3), RLE(5).

AUTHOR
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Spencer W. Thomas, Todd Fuqua
University of Utah
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NAME
rle_getraw — Read run length encoded data from an RLE file.
rle_freeraw — Free pixel storage allocated by rle_getraw.

SYNOPSIS
#include <rle.h>
#include <rle_raw.h>

unsigned int rle_getraw( the_hdr, scanraw, nraw )
rle_hdr * the_hdr;

rle_op ** scanraw;

int * nraw;

void rle_freeraw( the_hdr, scanraw, nraw );
rle_hdr * the_hdr;

rle_op ** scanraw;

int * nraw;

DESCRIPTION
Rle_getrawcan be used to read information from an RLE file in the "raw" form.

The scanrawargument is an array of pointers to arraysl®fop(3) structures. EacHe_op structure
specifies a run or sequence ofghixalues. The arragraw gives the number afle_op structures for
each channel. l.enraw]i] is the length of the array pointed to $ganrawfi].

Return value is the current scanline number. Returns 32768 at EOF.

Sufficient space must be allocated in the arraydeobp structures to hold the data read from the file.
A function, rle_raw_alloq3), is provided to make this easier. The storage required by any pixel
sequences in the input will be dynamically allocateddygetraw

The pixel storage allocated dynamically thy getraw(3) must be freed to avoid memory leaks. This
is most easily accomplished by callirig_freeraw The argumenscanrawpoints to an array afe_op
structures, wittmraw indicating the number of structures in each channel. All pixel data arrays will be
freed by the call tole_freeraw

EXAMPLE
The usual code looks something like

rle_hdr in_hdr, out_hdr;

rle_op **raw;

int *nraw;

while ( rle_getraw( &in_hdr, raw, nraw ) = 32768 )

{
/* Process data. */
rle_putraw( &out_hdr, raw, nraw );
rle_freeraw( &in_hdr, raw, nraw );

SEE ALSO
rle_hdr(3), rle_op(3), rle_putraw(3), rle_raw_alloq3), rle_raw_fre€3), rle_getrow(3), rle_getskig3),
librle (3), RLE(5).
AUTHOR
Spencer W. Thomas
University of Utah
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NAME
rle_getrow — Read a scanline of pixels from an RLE file.

SYNOPSIS
#include <rle.h>

rle_getrow( the_hdr, rows);
rle_hdr * the_hdr;
rle_pixel ** rows;

DESCRIPTION
Rle_getrowreads information for a single scanline from the input file each time it is callegl. hdr
should point to the structure initialized dg_get setu(8). The arrayrows should contain pointers to
arrays of characters, into which the scanline data will be written. There should be as many elements in
rows as there are primary colors in the input file (typically 1 or 3), and the scanline arrays must be
indexable up to the maximum X coordinate, as specifiethdyhdr— xmax rle_getrowreturns the y
value of the scanline just read. This will always be 1 greater than the y value from the scanline previ-
ously read, and starts #&e_hdr- ymin. Only those channels enabled tye hdr- bits will be
returned.

NOTES
If an alpha channel is present in the input and enable®(Ey SET_BIT seerle_hdr(3)), thenrows
should include a -1 entry. (l.agws[-1] should point to a valid scanline array.) The easiest way to
ensure this is to ugée_row_allod3) to allocateows.

Rle_getrowwill continue to return scanlines even after the end of the input file has been reached, incre-
menting the return scanline number each time it is called. The calling program should use some other
termination criterion (such as the scanline number reatchischdr— ymax or explicitly testing test-

ing for end of file on the input witfeof(infile) The second test may failre_getrowhas encountered

a logical EOF in the file. The first will always work eventually.)

EXAMPLE
The code below reads the first two 3 color scanlines of 512 pixels from an RLE file on the standard
input.
char scanline[2][3][512], *rows[3];
int row, i;
rle_dflt_hdr.rle_file = stdin;
rle_get setup( &rle_dflt_hdr);
for (row = 0; row < 2; row++)
{
for(i=0;i<3;i++)
rowsJi] = scanline[row][i];
rle_getrow( &rle_dflt_hdr, rows);
}
SEE ALSO

rle_hdr(3), rle_row_alloq3), rle_row_fred3), rle_get setu(B), rle_getraw(3), rle_getskig3),
rle_putrow(3), librle (3), RLE(5).

AUTHOR
Spencer W. Thomas, Todd Fuqua
University of Utah
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NAME
rle_getskip — Skip the rest of an input image.

SYNOPSIS
#include <rle.h>

unsigned int rle_getskip( in_hdr)
rle_hdr *in_hdr;

DESCRIPTION
This routine skips the unread part of RhE(5) image. Each timée_getskipis called, a scanline in
the image described kiyp_hdr will be skipped. rle_getskipreturns the scanline number of the next
scanline that would be read Hg getrow(3) orrle_getraw(3). When the end of the image is reached,
rle_getskipreturns 32768.

SEE ALSO
rle_hdr(3), rle_getrow(3), rle_getraw(3), RLE(5).

AUTHOR
Spencer W. Thomas
University of Utah
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NAME
rle_hdr — Structure for communication with RLE functions.

SYNOPSIS
#include <rle.h>

rle_hdr rle_dflt_hdr;

RLE_SET_BIT(the_hdr,bit)
RLE_CLR_BIT(the_hdr,bit)
RLE_BIT(the_hdr,bit)
rle_hdr the_hdr;
DESCRIPTION
This data structure provides communication to and between aRLtBES) file routines. It describes

the parameters of the image being saved or read, and contains some variables describing file state that
are private to the routines. The public components are described below.

typedef unsigned char rle_pixel;
typedef unsigned short rle_map;

rle_hdr {
int ncolors, /* Number of colors being saved */
*bg_color, /* Background color array */
alpha, [*if# 0, save alpha channel (color -1) */
[* alpha channel background is always 0 */
background, /*if = 0, no background processing */
[*if =1 or 2, save only non-bg pixels */
[* If 2, set clear-to-bg flag in file */
xmin, /* Min X bound of saved raster */
Xxmax, /* Max X bound */
ymin, /*Min Y bound */
ymax, /* Max Y bound */
ncmap, /* number of color channels in color map */
/* if = 0, color map is not saved */
cmaplen; [* Log2 of the number of entries in */
/* each channel of the color map */
rle_map *cmap; /* pointer to color map, stored as 16-bit */
/* words, with values left justified */
char *comments; /* Pointer to array of pointers */
/* to comment strings. */
FILE * rle_file; [*1/O to this file */
/*
* Bit map of channels to read/save. Indexed by (channel mod 256).
*
char bits[256/8];
h

A global variableyle_dflt_hdr, is available, conveniently initialized with default values.

FIELDS
ncolors The number of colors (exclusive of the alpha channel) in the image. This is one greater than

the largest channel index (i.egolorswould be 3 if channels 0, 1, and 2 were saved, or if only
channel 2 were saved.)

bg_color
A pointer to an array oficolorsintegers, defines the background color (if used). The back-
ground alpha value is always 0, so is not included itb¢ghe€olorarray.
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alpha If non-zero, an alpha channel is present as channel —-1. This should always be 0 or 1.
Rle_get setupndrle_put_setugenforce this constraint. The alpha channel will only be actu-
ally read or written if the corresponding bithits is also set.

background
Controls whether background color processing is done. If 0, no background processing is
done at all (andbg_coloris ignored). If 1 or 2, then runs of 3 or more pixels in the back-
ground color are not saved at all. If 2, then these runs will be restorésl betrow; if 1, they
will not (this can lead to some strange images).

Xmin, Xxmax, ymin, ymax
The bounds of the image. All pixels frormin to xmax, inclusive, in rows numbered from
yminto ymax, inclusive, will be saved. Thus the dimensions of the image are
(xmax - xmin + 1x (ymax - ymin + 1)
ncmap, cmaplen

The size of the saved colormap (if any). The color map will hasmap channels, each
2°cmaplerlong. If ncmapis zero, no color map is present.

cmap A pointer to colormap data, if present. The data is stored in "channel major" order, so that all
the values for channel 0 precede all the values for channel 1, etc. Each individual value is left-
justified in 16 bits (i.e., the range of values is 0-65535).

comments
A pointer to picture comment data, if present. Use the functithgutcong3), rle_get-
com(3), andrle_delcon{3) to manipulate this field.

rle_file The standard I/@®ILE pointer for the file containing this image.

bits A bitmap that selects the channels that are actually written to/read from the file. The macros
below are used to modify this bitmap.

MACROS
The macroRLE_BITwill retrieve the state of one of the bits in thi's map. RLE_SET_BIT and
RLE_CLR_BITset and clear bits in thgts map. The predefined symbdd.E_RED RLE_GREEN
RLE_BLUE andRLE_ALPHA or an integer value from -1 to 254 may be used in these macros.

SEE ALSO
librle (3), RLE(S).

AUTHOR
Spencer W. Thomas, Todd Fuqua
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NAME
rle_op — Data structure for raw run-length encoded image data.

SYNOPSIS
#include <rle.h>
#include <rle_raw.h>
typedef struct rle_op rle_op;

DESCRIPTION
The rle_op data structure is used to describe a single run of dataRbE#) run-length encoded

image. It is filled by the functiomle getraw(3), and is used by the functiomke putraw(3) and
rle_rawtorow(3).

The structure is
struct rle_op {

int opcode; /* One of RByteDataOp or RRunDataOp. */
int xloc; [* X starting location of this data. */
int length; [* Length of run or data array. */
union {
rle_pixel *pixels; [* ByteData case. */
int run_val; /* RunData case. */
hu;

3

If the opcodehas the valudkByteDataOpthen theu.pixelscomponent points to an array lehgth
pixel values. If theopcodehas the valuRRunDataOpthen theu.run_valcomponent contains a pixel
value that is to be repeatkhgthtimes.

SEE ALSO
rle_hdr(3), rle_getraw(3), rle_putraw(3), rle_rawtorow(3), librle (3), RLE(5).

AUTHOR
Spencer W. Thomas
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NAME

rle_open_f — Open a binary file for input or output with defaults.
rle_open_f _noexit — Returns error code instead of exiting.

SYNOPSIS

FILE *rle_open_f( prog_name, file_name, mode )
char *prog_name, *file_name, *mode;

FILE *rle_open_f_noexit( prog_name, file_name, mode )
char *prog_name, *file_name, *mode;

DESCRIPTION

The functionrle_open_fis provided to simplify the task of opening files in toolkit programs. It works
similarly tofopen(3), but it also provides error checking and messages, and default values for input and
output. If the specifiefile_namecannot be opened, an error message is printed and the program exits.
A variantrle_open_f_noexis provided which will return NULL if the file cannot be opened. An error
message is still printed.

On those systems which require it, a 'b’ will be appended to the mode string so that the file will be
opened in binary mode.

If the file_namds NULL or "-", thenstdinwill be returned for inputrhode"r") files andstdoutwill be
returned for outputnjode"w" or "a") files.

The following two options are available only on systems supporting pifpiee file_namestarts with a
"|" character, then the rest of the file name will be taken st$13 command. Ifmodeis "r", a pipe
from the output of thehcommand will be returned. thodeis "w" or "a", a pipe to the input of theh
command will be returned.

If the file_nameends with the suffix ".Z" (and does not start with "|"), thendbm@presEl) program
will be invoked to uncompressnpde"r") or compressroode"w" or "a") the file. The file descriptor
returned byrle_open_fwill be a pipe from or to the compress program.

SEE ALSO

foper(3), popen(3), compresél).

AUTHOR

BUGS

Gerald Winter
Spencer W. Thomas
University of Michigan

If the command invoked vipopendoes not exist, thpopenstill returns successfully, and the underly-
ing shprints an error message.

There is no way of telling that a particuRILE pointer has been created jpgpen, so it isn't possible

to cleanly close the pipe withtlose. In fact, the eventual output file may not even exist by the time the
program exits.
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NAME

rle_put_setup — setup to create an RLE file.
rle_put_init — setup for writing to an RLE file.

SYNOPSIS

#include <rle.h>

void rle_put_setup( the_hdr);
rle_hdr * the_hdr;

void rle_put_init( the_hdr);
rle_hdr * the_hdr;

DESCRIPTION

Rle_put_setups called to initialize the output and write the image header &l#£(5) image. The
argument is a pointer torke_hdr(3) structure, which has been filled in with appropriate values for the
image being saved.

Rle_put_initis called to initialize the header data structure for writing output ®L&tfile. The argu-

ment is a pointer to de_hdr(3) structure, which has been filled in with appropriate values for the
image being saved. The "private" elements of the header will be initialized. The header is not written
to the file. This function could be useful for appending image data to an existing file. The new data
should hae the same number channels, the same width, etc. as the existing image.

SEE ALSO

rle_hdr(3), rle_putrow(3), rle_putraw(3), librle (3), RLE(5).

AUTHOR
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NAME
rle_putcom — set the value of a picture comment in an RLE file.
rle_getcom — get a picture comment from an RLE file.
rle_delcom — delete a picture comment from an RLE file.

SYNOPSIS
#include <rle.h>

char * rle_putcom( value, the_hdr)
char * value;
rle_hdr * the_hdr;

char * rle_getcom( name, the_hdr)
char * name;
rle_hdr * the_hdr;

char * rle_delcom( name, the_hdr)
char * name;
rle_hdr * the_hdr;

DESCRIPTION
Rle_putcomcan be used to add a picture comment or change the value of a picture comment in a
rle_hdr(3) structure. The argumertlueis the string value of the comment, and is generally of the
form name=value It may also be of the formame If there is another comment with the sanaene
it will be replaced with the newalue and the previous comment will be returned as the value of
rle_putcom

Rle_getconmeturns a pointer to the data portion of a picture comment from an RLE file. The comment
is assumed to be in the fomame=value a pointer tovalueis returned. If the comment is of the form
name a pointer to the null character at the end of the string is returned. If there is no comment of the
above forms, &lULL pointer is returned. Thie_hdrstructure contains the picture comments in ques-
tion.

Rle_delcoms used to delete a picture comment fronleahdr(3) structure. It is called with theame

of the comment and thtbe_hdrstructure to be modified. The first comment inrlee hdr structure of

the formname=valueor namewill be deleted. The deleted comment will be returned as the function
value.

SEE ALSO
rle_addhis(3), rle_hdr(3), librle (3), RLE(5).

AUTHOR
Spencer W. Thomas
University of Utah
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NAME
rle_puteof — write an end of image to an RLE file.

SYNOPSIS
#include <rle.h>

rle_puteof( the_hdr);
rle_hdr * the_hdr;

DESCRIPTION
Call rle_puteofto write an end of image opcode into RhE(5) file. Rle_puteofilso frees some stor-
age allocated bgle_putrow(3), "flushes" the output file, and generally cleans up.

SEE ALSO
rle_hdr(3), rle_put_setufB), rle_putrow(3), rle_putraw(3), librle (3), RLE(5).

AUTHOR
Spencer W. Thomas
University of Utah
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NAME
rle_putraw — write run length encoded data to an RLE file.

SYNOPSIS
#include <rle.h>
#include <rle_raw.h>

rle_putraw( scanraw, nraw, the_hdr);
rle_op ** scanraw;
int * nraw;
rle_hdr * the_hdr;
DESCRIPTION
The functionrle_putraw provides a structured method for creating run length encoded output. It is
passed an arragcanraw of pointers to arrays ate_op(3) structures, and an array of lengths. Each
rle_opstructure specifies a run or sequence of pixel values. Theraeagives the number afe_op
structures for each channel. lLeraw][i] is the length of the array pointed to $ganrawfi].
SEE ALSO
rle_hdr(3), rle_op(3), rle_put_setufB), rle_puteof(3), rle_skiprow(3), rle_raw_allod3),
rle_raw_fred3), rle_getraw(3), rle_freeraw(3), librle (3), RLE(5).
AUTHOR

Spencer W. Thomas
University of Utah
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NAME
rle_putrow — Write a row (scanline) of data to an RLE file.

SYNOPSIS
#include <rle.h>

void rle_putrow( rows, length, the_hdr );
rle_pixel ** rows;

int length;

rle_hdr * the_hdr;

DESCRIPTION
Rle_putrowis called for each output scanline when creatindRaE(5) image. Rowsis an array of
pointers to the pixel data for the color components of the scanline. Rows shouttiehavdr— ncol-
ors elements. If an alpha channel is being saved, rows[-1] should point to the alpha channel data.
Lengthis the number of pixels in the scanlin@ows]i] should point to th¢he hdr— xminelement of
the scanline.

The functionrle_row_alloq3) will properly allocate memory for use dg_putrow.
SEE ALSO
rle_hdr(3), rle_skiprow(3), rle_putraw(3), rle_puteof(3), rle_row_alloq3), rle_row_fred3), librle(3),
RLE(5).
AUTHOR
Spencer W. Thomas, Todd Fuqua

BUGS
Having the scanline indexed froxminis an incredible botch. Its origin lies in the deep dark history of
the raster toolkit, and it seems it's too late to change it now.
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NAME
rle_raw_alloc — Allocate memory for rle_getraw or rle_putraw.
rle_raw_free — free memory allocated by rle_raw_alloc.

SYNOPSIS
#include <rle.h>
#include <rle_raw.h>

rle_raw_alloc( the_hdr, scanp, nrawp )
rle_hdr * the_hdr;

rle_op *** scanp;

int ** nrawp;

rle_raw_free( the_hdr, scanp, nrawp )
rle_hdr * the_hdr;

rle_op ** scanp;

int * nrawp;

DESCRIPTION
The functionrle_raw_allocis provided to make it easier to allocate storage for use by the RLE "raw"
functions. It examines thine hdrstructure provided and return (via its other arguments) newly allo-
cated space suitable for reading from or writing to an RLE file described hhehkdrstructure.
Rle_raw_allocallocates the _hdr— xmax- the_hdr- xmin+ 1) elements per channel, which is more
than should ever be needed for a v&licEfile.

Rle_raw_freeshould be used to free memory allocatedlbyraw_alloq3). The arguments are point-
ers to the allocated storage. This is distinct fmben freeraw(3), which only frees pixel arrays refer-
enced by individuatle_op structures, whilele_raw_freefrees the storage consumed by the arrays of
pointers andle_opstructures. In factle freerawshould be called before callimg_raw_free

SEE ALSO
rle_hdr(3), rle_op(3), rle_putraw(3), rle_getraw(3), rle_freeraw(3), librle (3), RLE(5).

AUTHOR
Spencer W. Thomas
University of Utah

BUGS
The naming confusion betwede_freerawandrle_raw_freeis unfortunate.
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NAME
rle_rawtorow — Convert "raw" RLE data to scanline form.
SYNOPSIS

#include <rle.h>
#include <rle_raw.h>

rle_rawtorow( the_hdr, raw, nraw, outrows )
rle_hdr *the_hdr;
rle_op **raw;
int *nraw;
rle_pixel **outrows;
DESCRIPTION

Rle_rawtorowinterprets the "raw" run-length encoded dataraw, such as might be returned by

rle_getraw(3), and produces the corresponding scanline dataufrows such as would have been
returned byle_getrow(3).

SEE ALSO

rle_hdr(3), rle_op(3), rle_getraw(3), rle_getrow(3), librle (3), RLE(5).
AUTHOR

Spencer W. Thomas, after code by Rod G. Bogart and John W. Peterson.
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NAME
rle_row_alloc — Allocate scanline memory for rle_putrow or rle_getrow.
rle_row_free — Free scanline memory allocated by rle_row_alloc.

SYNOPSIS
#include <rle.h>

rle_row_alloc( the_hdr, scanp )
rle_hdr * the_hdr;
rle_pixel *** scanp;

rle_row_free( the_hdr, scanp)
rle_hdr * the_hdr;
rle_pixel ** scanp;

DESCRIPTION
The functionrle_row_allocis provided to make it easier to allocate storage for use by the RLE func-
tions. It examines ththe hdrstructure provided and returns (via its other argument) newly allocated
space suitable for reading from or writing to an RLE file described bythbehdr structure.
rle_row_allocallocates the _hdr— xmax+ 1) bytes for each scanline, to allow fide_getrowusage.
Only those rows enabled by the bit-magha_hdrwill have memory allocated.

To free memory allocated bye_row_alloq3), callrle_row_freewith the pointer to the allocated stor-
age.

SEE ALSO
rle_hdr(3), rle_getrow(3), rle_putrow(3), librle (3), RLE(5).

AUTHOR
Spencer W. Thomas
University of Utah
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NAME
rle_skiprow — Skip output scanlines in an RLE file.

SYNOPSIS
#include <rle.h>

rle_skiprow( the_hdr, nrow)
rle_hdr * the_hdr;
int nrow;

DESCRIPTION
This routine is used to output blank (background) scanlines RLE(D) file. It is used in conjunction
with rle_putrow(3) orrle_putraw(3). The number of scanlines indicated rogw will be blank in the
output file.

SEE ALSO
rle_hdr(3), rle_put_setufB), rle_putrow(3), rle_putraw(3), librle (3), RLE(5).

AUTHOR
Spencer W. Thomas
University of Utah

BUGS
Rle_skiprowshould not be called when creating RhE file with the_hdr- backgroundset to zero.
The specified number of rows will indeed be skipped, but they will not be filled with background when
the file is read.
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NAME
rle — Run length encoded file format produced by the rle library

DESCRIPTION
The output file format is (note: all words are 16 bits, and in PDP-11 byte order):

Word 0
A "magic" number Oxcc52. (Byte order 0x52, Oxcc.)

Words 1-4
The structure (chars saved in PDP-11 order)

{

short xpos, [* Lower left corner
ypos,
xsize, [* Size of saved box
ysize;
}
Byte 10
(flags) The following flags are defined:

H_CLEARFIRST
(Ox1) If set, clear the frame buffer to background color before restoring.

H_NO_BACKGROUND
(Ox2) If set, no background color is supplied. Hf CLEARFIRSTIis also set, it
should be ignored (or alternatively, a clear-to-black operation could be performed).

H_ALPHA
(Ox4) If set, an alpha channel is saved as color channel -1. The alpha channel does
not contribute to the count of colorsrinolors

H_COMMENT
(Ox8) If set, comments will follow the color map in the header.

Byte 11
(ncolors) Number of color channels present. 0 means load only the color map (if present), 1
means a B&W image, 3 means a normal color image.

Byte 12

(pixelbits)Number of bits per pixel, per color channel. Values greater than 8 currently will not
work.

Byte 13
(ncmap)Number of color map channels present. Need not be identicalotors If this is
non-zero, the color map follows immediately after the background colors.

Byte 14
(cmaplen)Log base 2 of the number of entries in the color map for each color channel. l.e.,
would be 8 for a color map with 256 entries.

Bytes 15-...
The background color. There aneolorsbytes of background color. Hcolorsis even, an
extra padding byte is inserted to end on a 16 bit boundary. The background color is only
present iH_NO_BACKGROUNDs not set irflags IF H_NO BACKGROUNDs set, there is
a single filler byte. Background color is ignored, but presemt, ELEARFIRSTs not set in
flags

If ncmapis non-zero, then the color map will follow asmag2”cmaplenl6 bit words. The
color map data is left justified in each word.

If the H_COMMENTflag is set, a set of comments will follow. The first 16 bit word gives the

length of the comments in bytes. If this is odd, a filler byte will be appended to the comments.
The comments are interpreted as a sequence of null terminated strings which should be, by
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corvention, of the forrmame=value or justname

Following the setup information is the Run Length Encoded image. Each instruction consists
of an opcode, a datum and possibly one or more following words (all words are 16 bits). The
opcode is encoded in the first byte of the instruction word. Instructions come in either a short
or long form. In the short form, the datum is in the second byte of the instruction word; in the
long form, the datum is a 16 bit value in the word following the instruction word. Long form
instructions are distinguished by having the 0x40 bit set in the opcode byte. The instruction
opcodes are:

SkipLines (1)
The datum is an unsigned number to be added to the current Y position.
SetColor (2)
The datum indicates which color is to be loaded with the data described by the following
ByteData and RunData instructions. Typically, fed, 1 - green, 2 blue. The operation
also resets the X position to the initial X (i.e. a carriage return operation is performed).
SkipPixels (3)
The datum is an unsigned number to be added to the current X position.
ByteData (5)
The datum is one less than the number of bytes of color data following. If the number of bytes
is odd, a filler byte will be appended to the end of the byte string to make an integral number
of 16-bit words. The X position is incremented to follow the last byte of data.
RunData (6)
The datum is one less than the run length. The following word contains (in its lower 8 bhits)
the color of the run. The X position is incremented to follow the last byte in the run.
EOF (7)
This opcode indicates the logical end of image data. A physical end-of-file will also serve as
well. TheEOF opcode may be used to concatenate several images in a single file.

SEE ALSO

librle(3)

AUTHOR
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