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NAME
rtrace - trace rays in RADIANCE scene

SYNOPSIS
rtrace [ options] [ $EVAR ][ @file] octree
rtrace [ options ] —defaults

DESCRIPTION
Rtracetraces rays from the standard input through the RADIANCE scemea by octreeand sends the
results to the standard outpuiiput for each ray is:

xorg yorg zorg xdir ydir zdir

If the direction ector is (0,0,0), a bogus record is printed and the output is flushedxhidiae is unset or
zero. (Sedhe notes on this option b&lg This may be useful for programs that maraceas a separate
process. Irthe second form, the daflt values for the options (modified by those options present) are
printed with a brief gplanation.

Options may be gen on the command line and/or read from theinment and/or read from a filéA
command agument bginning with a dollar sign ('$’) is immediately replaced by the contents of trea gi
ervironment \ariable. Acommand agument bginning with an at sign (@’) is immediately replaced by
the contents of the gn file. Mostoptions are follawed by one or more guments, which must be sepa-
rated from the option and each other by white spdde eceptions to this rule are the boolean options.
Normally, the appearance of a boolean option causes a feature to be "toggled", that is switchefdtérom of
on or on to dfdepending on its pwous state.Boolean options may also be s&plcitly by following

them immediately with a '+’ or ’-’, meaning on orfpfespectiely. Synoryms for '+’ are ag of the char
acters "yYtT1", and syngms for -’ are ag of the characters "nNfFO"All other characters will generate

an error

-fio Format input according to the characieand output according to the character Rtrace
understands the follding input and output formatsa’ for ascii, 'f’ for single-precision float-
ing point, andd’ for double-precision floating pointln addition to these three choices, the
character 'c’ may be used to denote 4-byte floating point (Radiance) color format for the output
of values only(—ov option, bela). If the output character is missing, the input format is used.

Note that there is no space between this option andyisnant.

-ospec Produce output fields accordingdpec. Characters are interpreted as folfo

o] origin (input)

d drrection (normalized)
% value (radiance)

w weight

effective length of ray

L first intersection distance

p point of intersection

n normal at intersection (perturbed)

N normal at intersection (unperturbed)
S arface name

m modifier name

If the letter t' appears irspecthen the fields follwing will be printed for eery ray traced, not
just the final resultSpavned rays are indented one tab for eagHlle

Note that there is no space between this option andyisnant.
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-te mat

-ti mat

-tE file

-tl file

-Xres

-y res

-dj frac

-dsfrac

-dt frac

—dcfrac

-dr N

RADIANCE

RTRACE(1)

Appendmatto the tracexclude list, so that it will not be reported by the trace opfiartt*).

Any ray striking an object Wéng matas its modifier will not be reported to the standard output
with the rest of the rays being tracethis option has no &fct unless thet” option has been
given as part of the output specifieAny number of &cluded materials may bevgn, but each
must appear in a separate option.

Add matto the trace include list, so that it will be considered during the indirect calculation.
The program can use either an include list onafude list, lut not both.

Same as-te, except read materials to beatuded fromfile. The RAYPATH environment \ari-
able determines which directories are searched for thisTile. material names are separated
by white space in the file.

Same asti, except read materials to be included fréia

Boolean switch to compute irradiance rather than radiaalkcees. Thisonly affects the final
result, substituting a Lambertian sagé and multiplying the radiance by gklass and other
transparent suates are ignored during this stadiéght sources still appear with their original
radiance glues, though thedv option (belav) may be used toverride this. This option is
especially useful in conjunction with ximage(1) for computing illuminance at scene points.

Boolean switch to compute irradiance rather than radiance, with the input origin and direction
interpreted instead as measurement point and orientation.

Boolean switch for information header on output.

Set the x resolution tees. The output will be flushed aftevery res input rays. A value of
zero means that no output flushing willegkace.

Set the y resolution tees. The program will git after res scanlines hee keen processed,
where a scanline is the number of raygegiby the —x option, or 1 if-x is zero. A value of
zero means the program will not halt until the end of file is reached.

If both —x and -y options are gien, a resolution string is printed at theglmning of the out-
put. Thisis mostly useful for reamring image dimensions witpvalue(1),and for creating
valid Radiance picture files using the color output forn{&ee the-f option, abwe.)

Set the direct jittering térac. A value of zero samples each source at specific sample points
(see the-ds option belav), giving a smoother it som&hat less accurate rendering. posi-

tive value causes rays to be distriled wver each source sample according to its size, resulting
in more accurate penumbraghis option should ner be geater than 1, and mayen cause
problems (such as speckle) when tladug is smaller A warning about aimingdilure will
issued iffracis too lage.

Set the direct sampling ratio ficac. A light source will be subdided until the width of each
sample area dided by the distance to the illuminated point is fethis ratio. This assures
accurag in regons close to laye area sources at a slight computatiompkase. Avalue of
zero turns source sulviion of, sending at most one shadeay to each light source.

Set the direct threshold foac. Shadaev testing will stop when the potential contriton of at

least the ng and at most all remaining light sources is less than this fraction of the accumu-
lated \alue. (Seehe—dc option belev.) The remaining light source contutions are approxi-
mated statistically A value of zero means that all light sources will be tested for shado

Set the direct certainty tivac. A value of one guarantees that the absolute acgufathe
direct calculation will be equal to or better than thaemgiin the —dt specification. Avalue of
zero only insures that all shaddines resulting in a contrast change greater thardhspeci-
fication will be calculated.

Set the number of relays for secondary sourceN.tA value of 0 means that secondary
sources will be ignoredA value of 1 means that sources will be made into first generation sec-
ondary sources; aalue of 2 means that first generation secondary sources will also be made
into second generation secondary sources, and so on.
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-dp D

—dv

-sj frac

-stfrac

-bv

RTRACE(1)

Set the secondary source presampling density tdtis is the number of samples per stera-

dian that will be used to determine ahead of time whether or not drtk ¥ollowing shader

rays through all the reflections and/or transmissions associated with a secondary source path.
A value of 0 means that the full secondary source path witlysl be tested for shads if it is

tested at all.

Boolean switch for light source visibilityWith this switch of, sources will be black when
viewed directly although thewill still participate in the direct calculationThis option is
mostly for the programémkillum(1)to avoid inappropriate counting of light sourcesit lit may
also be desirable in conjunction with thieoption.

Set the specular sampling jitterftac. This is the dgree to which the highlights are sampled
for rough specular material# value of one means that all highlights will be fully sampled
using distriluted ray tracing.A value of zero means that no jittering will éafdace, and all
reflections will appear sharpen when thg should be difuse.

Set the specular sampling thresholdfrtac. This is the minimum fraction of reflection or
transmission, under which no specular sampling is perforrdedalue of zero means that
highlights will alvays be sampled by tracing reflected or transmitted rdysalue of one
means that specular sampling ivereused. Highlightdrom light sources will avays be cor
rect, lut reflections from other saées will be approximated using an ambiexlug. Asam-
pling threshold between zero and ontersf a compromise between image acopad ren-
dering time.

Boolean switch for backate visibility With this switch of, back fices of opaque objects will

be invisible to all rays.This is dangerous unless the modelsweonstructed such that all sur

face normals on opaque objectsé outvard. Althoughturning of back face visibility does

not sae much computation time under most circumstances, it may be useful as a tool for scene
dehugging, or for seeing through one-sidedll® from the outsideThis option has no ffct

on transparent or translucent materials.

-av red grn blu

-aw N

-ab N

-ar res

-aaacc

-ad N

RADIANCE

Set the ambientalue to a radiance @éd grn blu . This is the final &lue used in place of an
indirect light calculation.If the number of ambient bounces is one or greater and the ambient
value weight is non-zero (seaw and-ab below), this \alue may be modified by the computed
indirect \alues to impree oveall accurag.

Set the relatie weight of the ambientalue gven with the -av option toN. As nev indirect
irradiances are computed, yhsill modify the defwult ambient glue in a maing average, with
the specified weight assigned to the initialue gien on the command and all other weights
set to 1.If a value of O is gien with this option, then the initial ambienalue is neer modi-
fied. Thisis the safestalue for scenes with lge diferences in indirect contnittions, such as
when both indoor and outdoor (daylight) areas are visible.

Set the number of ambient bounced\to This is the maximum number of flife bounces
computed by the indirect calculatioA value of zero implies no indirect calculation.

Set the ambient resolution tes. This number will determine the maximum density of ambi-
ent \alues used in interpolatiorirror will start to increase on sades spaced closer than the
scene size dided by the ambient resolutiof.he maximum ambientalue density is the scene
size times the ambient accuygsee the-aa option belov) divided by the ambient resolution.
The scene size can be determined uggtigfo(1) with the—d option on the input octree.

Set the ambient accusato acc. This value will approximately equal the error from indirect
illuminance interpolation A value of zero implies no interpolation.

Set the number of ambientviiions toN. The error in the Monte Carlo calculation of indirect
illuminance will be iversely proportional to the square root of this numbgwalue of zero
implies no indirect calculation.
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-asN

-af fname

-aemat

-ai mat

-aE file

-al file

RTRACE(1)

Set the number of ambient suysamples tdN. Supersamples are applied only to the ambient
divisions which she a dgnificant change.

Set the ambient file thame This is where indirect illuminance will be stored and reéde
Normally, indirect illuminance &lues are &pt in memory and lost when the program finishes
or dies. By using a file, diierent irvocations can share illuminancealuves, saing time in the
computation. Thambient file is in a machine-independent binary format which cardra-e
ined withlookamb(1).

The ambient file may also be used as a means of communication and data sharing between
simultaneously xecuting processesThe same file may be used by multiple processes, possi-
bly running on diferent machines and accessing the file via the ar&t(ie. nfs(4)). The net-

work lock managelockd(8)is used to insure that this information is used consistently

If any calculation parameters are changed or the scene is modified, the old ambient file should
be remweed 0 that the calculation can stanven from scratch.For convenience, the original
ambient parameters are listed in the header of the ambienG&knfo(1)may be used to print

out this information.

Appendmatto the ambient>elude list, so that it will not be considered during the indirect cal-
culation. Thids a hack for speeding the indirect computation by ignoring certain obj&ays.
object haing mat as its modifier will get the dafilt ambient leel rather than a calculated
value. Ary number of &cluded materials may bewgnh, btut each must appear in a separate
option.

Add matto the ambient include list, so that it will be considered during the indirect calculation.
The program can use either an include list onafude list, lut not both.

Same as-ae, except read materials to bexatuded fromfile. The RAYPATH environment
variable determines which directories are searched for thisTie material names are sepa-
rated by white space in the file.

Same as-ai, except read materials to be included fréila

-merext gext bext

Set the global mediumxgnction coeficient to the indicated colpim units of 1/distance (dis-
tance in vorld coordinates)Light will be scattered or absorbeden distance according to this
value. Theratio of scattering to total scattering plus absorption is set by the albedo parameter
described belw.

-maralb galb balb

Set the global medium albedo to theepi value between @ Oand 11 1. A zero \alue
means that all light not transmitted by the medium is absorhacitary value means that all
light not transmitted by the medium is scattered in somedirection. Theisotropy of scat-
tering is determined by the lsey-Greenstein parameteaescribed bela.

-mggecc Set the medium Hmey-Greenstein eccentricity parameteigezc. This parameter determines
how strongly scatteringdvars the forvard direction. A value of O indicates perfectly isotropic
scattering. Aghis parameter approaches 1, scattering tends to prefer trerdadikection.

—ms sampdist
Set the medium sampling distancestompdistjn world coordinate unitsDuring source scat-
tering, this will be the \werage distance between adjacent samphesialue of 0 means that
only one sample will be t&k per light source within awgin scattering wlume.

-Ir N Limit reflections to a maximum di.

-lw frac ~ Limit the weight of each ray to a minimum fofc. During ray-tracing, a record ift of the
final contritution a ray wuld hare o the image.If it is less then the specified minimum, the
ray is not traced.

-Id Boolean switch to limit ray distancéf this option is set, then rays will only be traced arsas
the magnitude of each directioector Otherwise, ector magnitude is ignored and rays are
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traced to infinity
-e efile Send error messages and progress repogfdeinstead of the standard error
-w Boolean switch to suppressaming messages.

-Ppfile  Execute in a persistent mode, usipie as the control file.Persistent xeecution means that
after reaching end-of-file on its inputtacewill fork a child process that will &it for another
rtracecommand with the sameP option to attach to it(Note that since the rest of the com-
mand line options will be those of the originalanation, it is not necessary tovgiany agu-
ments besidesP for subsequent calls.Killing the process is achied with thekill(1) com-
mand. (Theprocess ID in the first line gffile may be used to identify theaiting rtracepro-
cess.) Thioption may be used with ther option of pinterp(1)to avoid the cost of starting
uprtracemary times.

—-PPpfile Execute in continuous-forking persistent mode, ugifilg as the control file.The diference
between this option and the€® option described alve is the creation of multiple duplicate
processes to handleyanumber of attachesThis pravides a simple and reliable mechanism of
memory sharing on most multiprocessing platforms, sincdatk2) system call will share
memory on a copon-write basis.

EXAMPLES
To compute radiancealues for the rays listed in samples.inp:

rtrace -@ scene.oct < samples.inp > radiance.out
To compute illuminancealues at locations selected with thecommand ofkimage(1):
ximage scene.pic | rtrace -h -x 1 -i scene.oct | rcalc -e '$1=47.4*$1+120*$2+11.6*$3’
To record the object identifier corresponding to eacklpixan image:
vwrays -fd scene.pic | rtrace -fda ‘vwrays -d scene.pic’ -0s scene.oct
To compute an image with an unusualwimapping:

cnt 640 480 | rcalc -e 'xr:640;yr:480" -f unusual wieal | rtrace -x 640 -y 480af scene.oct >

unusual.pic
ENVIRONMENT
RAYPATH the directories to check for auxiliary files.
FILES
Jusritmp/ritXXXXXX commonheader information for picture sequence
DIAGNOSTICS

If the program terminates from an input related erttoe eit status will be 1. A system related error
results in anxt status of 2.If the program recees a $gnal that is caught, it wilbaét with a status of 3In
each case, an error message will be printed to the standaraetodhe file designated by thee option.

AUTHOR
Greg Ward

SEE ALSO
getinfo(1), lookamb(1), ocmfl), pfilt(1), pinterp(1), palue(l), rpict(1), rviev(1), vwrays(1), ximage(1)
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