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RTRACE(1G
NAVE
rtrace - ray tracing program
SYNOPSI S
rtrace [options] scene image [>log]
AUTHOR
Antoni o Costa, | NESC-Norte, 1989 1992
DESCRI PTI ON
rtrace command perfornms ray tracing froma SFF text file
whi ch nust describe a scene with objects, lights, surface
definitions, textures, etc. This scene file nust be in the
appropriate format, as described bell ow
Basically, ray tracing is an algorithmfor the creation of
realistic images fromthe geonetry and attributes of
objects, lights, etc. This ray tracer supports several
types of objects (sphere, box, bicubic patch, cone,
cylinder, polygon, triangle and text), CSG and |ist opera-
tions, different light types, reasonable surface defini-
tions, lots of textures, several anti-aliasing schenes,
depth of field, stereoscopic image creation and so on...
OPTI ONS

[ wi mage-wi dt h] [ hi nage- hei ght]
The paraneters inmage-w dth and inmage-height define the inmage
size. Defaults are 256x256.

[ Aali asi ng-t hreshol d]

[ Sshadi ng-t hr eshol d]

[ Tanbi ent -t hr eshol d]

The paraneters aliasing-threshold (pixel supersanpling),
shadi ng-threshol d (shadi ng rays propagation) and anbient -
threshold (ambient rays distribution caching) control the
image quality (0-best, 1-poor). Defaults are 0.05, 0.01 and
0 (no anbient threshold). Good ranges are 0.1-0.03, 0.01-
0.001 and 0.01-0.00001, respectively.

[aanti al i asi ng- node]

The paraneter antialiasing-npde chooses adaptive supersam
pling antialiasing (0-default), sem -adaptive supersanpling
antialiasing (1) or normal supersanpling antialiasing (2-
shoul d be used with nonzero focal apertures).

[ Bnaskfile]

The paraneter naskfile creates a file with a background
mask, suitable for mxing images (it is |ike an al pha chan-
nel).

[ccluster-size]

The paraneter cluster-size controls the enclosing of objects
(nunber of grouped objects per cluster) in the object
hierarchy. Use a | ow val ue for sparse scenes, a high val ue
for dense scenes (4-default).

[ danbi ent - | evel s]

The paraneter anbient-|evels defines the nunber of shading
level s (shading tree depth) in which anbient |ighting

cal culations will be done through ray distribution (0-
default, ie, no ray distribution). Use | ow val ues!

[ Danbi ent - sanpl es]

The paraneter anbient-sanples defines the maxi mum nunber of
distributed rays to be used in anbient |ighting calculations
(16-default). Again, use with care.

[iintersect-npde]

The paraneter intersect-npode chooses, in adaptive supersam
pling antialiasing, between testing all scene objects (1) or
only the objects found at the pixel corners and inside (0-
default; this greatly reduces CPU tinme, but with very snall
objects, it sonmetinmes fails).

[lintersect-adjust-node]

The paraneter intersect-adjust-node avoids sone probl ens
with invalid self-intersections (1) (O-default). Scenes

wi th text objects should be traced with this paranmeter equal
to 1.

[jLittering-node]

The paraneter [ittering-node chooses jittered sanpling (1)
or not (O-default). Sonetines, activating it produces better
images fromscenes with small tricky details.

[I']ighting-node]

The paraneter |ight-npde controls the generation of shadow
rays through non-opaque objects: 0-none (default), 1-
partial, 2-full. If a scene has translucent objects, to
obtain realismone should use 1 or 2 (better).

[ nehadi ng- node]

The paraneter shadi ng-mbde chooses between shadi ng nodel s:
0-normal phong, 1-strauss (default but slower) (note: this
nmodel was devel oped by Paul Strauss of SA).

[ nnor mal - node]

The paraneter nornal -node controls the correction of surface
normal s, so that it points against the incident ray: O-

al ways (default), 1-only inside objects. Wth "correct"
objects, it is good to use 1.

[ znor mal - check- node]

The paraneter nornal -check-node controls the correction of
surface nornals when textures that nodify the normal are
used, as they may sonetinmes create strange surface effects.
This tends to happen if the scale of the normal perturbation
is big. 0-no correction (default), 1-correction.

[Rrawfil e]
The paraneter rawfile creates a raw image file, w thout any
antialiasing (all defects show up!).

[ psanpl i ng-1evel s]

The paraneter sanpling-levels controls the amount of sam
pling levels inside pixels: 0-none ... 3-maxi mum (default).

A reasonabl e value is 2 for high resolutions, but for small
ones 3 gives better (and slower) results.

[ sshadi ng-1 evel s]

The paraneter shading-|evels establishes a maxi num shadi ng
tree depth (default is 8). Wien a scene has
transparent/reflective objects, it nay be inmportant to | ower
this paraneter, or else the tracing never stops. In the

ot her cases, there should be no problemallowing it to be

bi g.




92/07/27
17:55:43

[ttexture-node]

The paraneter texture-node allows the definition of
texture(s) for the objects: 0-no textures (default), 1-with
textures defined inside objects field, 2-with textures
defined after objects field. As textures may consume nuch
CPU tine, they should be activated only for final images.

[ vvi ew npde]
The paraneter view node chooses the view node: O-nornal
(default), 1-left eye, 2-right eye.

[ Pfocal -aperture]

The paraneter focal -aperture defines the focal aperture of
the canera (default 0.0, ie, pinhole canera). If different
than zero, there is depth of field, and so adaptive super-
sanpling antialiasing will not work well.

[ Ffocal - di st ance]
The paraneter focal -distance defines the focal distance of
the canera (default is the distance fromthe eye point to
the | ook point).

[ Est er eo- separ ati on]

The paraneter stereo-separation controls the separation
between the left and the right eye. |I|f negative, it
represents a percentage of the gaze distance.

[ Cout put - f or mat ]
The paraneter output-format chooses between the PIC fornat
(0-default) or the PPMformat (1).

[ Wer bose- npde]

The paraneter verbose-npde supresses any nessages (0) or
shows listing of paraneters (1), previous plus statistics
(2-default) or previous plus a line by line echo of the
tracing (3-default on DOS and transputers).

The scene data internal syntax (SFF) is described bellow.

The inmage file will contain the ray traced image. The inmage
file has a 4 byte header conposed of width LS and MS bytes,
hei ght LS and MS bytes and RGB byte triplets starting in the
upper left corner line by line to the |ower right corner.

RESTRI CTI ONS

The straightforward use:
rtrace deno.sff demp.pic

is not recommended, as ray tracing usually takes lots of CPU
time to execute.

So, it is better to do:
rtrace deno.sff deno.pic >denp.log &

or then use nice (1) or similar strategies.

BUGS

No bugs known. They have to be hi dden deep sonmewhere, as
usual .

DESCRI PTI ON

SFF (Sinple File Format) description follows. This is a very
crude ASCI| format, alnost like if generated by a |exical
anal yser. The idea is to have other programs create scene
descriptions in nore sophisticated ways, and then feed the
tokeni zed results to this program So, it behaves accord-
ingly to the UNI X phil osophy: one programfor one task.

Conpl aints are not wellcone!...

There is a reasonabl e scene | anguage avail abl e (SCN) that
allows the creation of scenes with much nore flexibility;
the converter is called 'scn2sff’ and works directly with
this program

Note: the ~(circunflex) character represents start of I|ine.

[Start of File]

~... Conment

"Eye(X Y 2)

ALook(X Y 2)

"p(X Y 2Z)

AView angle(H V) [1,89 degrees]

AL, Comment

~Background(R G B)

AAnbi ent (R G B)

AL, Comment

ALight _type(Type) Position(X Y Z) Bright(R G B)
|

| [ R R LR LR LT /
| |
\Y \Y,
1- PO NT:
2-DIRECTIONAL: Direction(X Y Z) Angl e(La) Light_Factor(Lf)
3- EXTENDED: Radi us(R) Sanpl es(N)
"Etc
A<NL>
A... Comment

ASurface_type(Type) Color(R G B)
| [
| IR R /
| |
\% \%
1-: Dif(R G B) Spec(R G B) Phong(Pf) Metal (M) Trans(R G B)
2-: Smoothness(R G B) Metal ness(R G B) Transnmi ssion(R G B)
~Etc
A<NL>
A... Comment
ACbj ect _type(Type) Surface_ID(S) Refraction(Re)
|

| R /
| |
\Y \Y
1- SPHERE: Center (X Y Z) Radius(R)
2- PARALLELI PI PED:  Center(X Y Z) Size(X Y 2)
3- PATCH: Oigin(XY Z) Scale(XY 2Z) Filenane(...)

4- CONE/ CYLI NDER: Base(X Y Z) Base_Radi us(Rb) Apex(X Y Z)
Apex_Radi us(Ra)

5- POLYGON: Oigin(XY Z) Scale(XY 2Z) Filenane(...)
6- TRI ANGLE: Oigin(XY Z) Scale(XY Z) Filename(...)
7- TEXT: Filenane(...)
or
64- TEXTURE: see bel ow
65- TRANSFORMATI ON: - Cbj ect _I D( 1)

Transform(X1 Y1 Z1 W ... X4 Y4 Z4 WM)

66- CSG 0: Surface_I D(S) Refraction(Re) (Union-0
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Sub-1 Int-2)
CSG 1: Next CSG menber
CSG 2: End of CSG
67-LI ST 0: Surface_I D(S) Refraction(Re)
LI ST 1: End of Li st
“Etc
A<NL>
AL, Conment
ATexture_type(Type) Cbject_ID(I)
| Transform(XL Y1 Z1 W ... X4 Y4 Z4 W)
| C
| |
\% \%
0- NULL:
1- CHECKER: Surface_| D(S)
2- BLOTCH: Scal e(K) Surface_ID(S) [Filename(...) or -]
3- BUWP: Scal e(K)
4- MARBLE: [Filenane(...) or -]
5- FBM O fset(K) Scal e(K) Onega(K) Lanbda(L)

Threshol d(K) Cctaves(O

[Filenane(...) or -]
6- FBVMBUVP: O fset(K) Scal e(K) Lanbda(L) Octaves(O
7- \WWOQD: Col or (R G B)

8- ROUND: Scal e(K)

9- BOZO Turbul ence(K) [Filename(...) or -]
10- RI PPLES:  Frequency(K) Phase(K) Scal e(K)

11- WAVES: Frequency(K) Phase(K) Scal e(K)

12- SPOTTED: [Filename(...) or -]

13- DENTS: Scal e(K)

14- AGATE: [Filenane(...) or -]

15- WRI NKLES:  Scal e(K)
16-GRANITE:  [Filename(...) or -]
17- GRADI ENT: Tur bul ence(K) Direction(X Y Z)
[Filename(...) or -]
18- 1 MAGEMAP:  Tur bul ence(K) Mde(K) Axis(X Y) Filename(...)
19- GLCsS: Scal e(K)
20- BUMP3: Scal e(K) Si ze(K)
A<NL>
A... Comments
[End of File]

1. Valid ranges of data

RGB nust be in [0,1] (Note: RGB brightness of |ights may be
bet ween ]-300, 300[; negative values nmean to not attenuate
wi th distance).

XYZ nust be in [-10000, 10000]

Factor nust be in [0, 300[

Fil enane nmust a valid filename for the operating system or
then '-', in which case data is read fromthe standard input
or the current SFF stream

2. Patch specification

File format for PATCH (bicubic 4-sided patch):

[Start]

APatch_1_Index(1 23 4567 89 10 11 12)

APatch_2

NEtc
A<NL>

~Pat ch_l ndex_1_Coords(X Y 2)

APat ch_I ndex_2_Coords(X Y 2)

“Etc

A<NL>

A. .

[ End]

3. Pol ygon specification

File format for POLYGON (n-sided planar polygon):

[Start]

~Pol ygon_1_Vert ex_Nunber Polygon_1_Index(1 2 3 ...)
~Pol ygon_2

"Etc

A<NL>

~Pol ygon_I ndex_1_Coords(X Y 2)

~Pol ygon_I ndex_2_Coords(X Y 2)

"Etc

A<NL>

N

[ End]
4. Triangle specification

File format for TRI ANGLE (3-sided polygon with vertex nor-
mal s):

[Start]

ATriangle_1 Vertice_1(X Y Z) Normal _1(X Y 2)
Vertice_2(X Y Z) Nornmal _2(X Y 2)
Vertice_3(X Y Z) Normal _3(X Y 2)

ATriangle_2

A<NL>

A. e

[ End]

5. An exanple

[Start of File]

Vi ew

25 25 7 - Eye point

000 - Look point

010 - Up vector

30 30 - View angl es

Col ors

0.196 0.6 0.8 - Background (Sky Bl ue)
0.1 0.10.1 - Anbient |ight

Lights

1060600.90.90.9 - Point Light 1
12040 -7 0.90.90.9 - Point Light 2

<NL>

Sur f aces

10.60.80.196 0.99 0.990.9900000000
10.9090.90.50.50.50.50.505501000
10505050.10.10.10.10.10.12000.70.80.80.8
10.9020.20.990.990.900000000
<NL>

oj ects

511.0000 15 15 15 - Polygon

41234

<NL>

101

10-1
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-10-1
-101
<NL>
2210020723 - Parallelipiped
231.50510353 - Parallelipiped
1410715 -7 3 - Sphere
<NL>
Textures
2120000200002000010.44
425000050000500001
5410000110001 11
<NL>

Dermp / 11- OCT-1989 / Antonio Costa
[End of File]

To ray trace w thout textures, do
rtrace deno.sff denp.pic >&eno.| og
el se, do
rtrace t2 denp.sff denp.pic >&denp.| og
Anot her exanple with I NESC synbol
[Start of File]
Vi ew
45.0 45.0 81.0 - Eye point

45.0 45.0 -81.0 - Look point
0.0 1.0 0.0 - Up vector

30 30 - View angl es

Col ors

0.196 0.6 0.8 - Background (Sky Bl ue)

0.3 0.30.3 - Anbi ent

Li ghts

1 0.0 100.0 100.0 1 1 1 - Light 1 (Wite)
1 90.0 100.0 100.0 1 1 0 - Light 2 (Yellow
<NL>

Sur f aces

1 0.557 0.420 0.137 0.8 0.7 0.7 0.2 0.3 0.3 3
1 0.137 0.420 0.557 0.5 0.5 0.6 0.5 0.5 0.4 5
1 0.600 0.800 0.200 0.9 0.9 0.9 0.00.00.01
<NL>

oj ect s

111.010.0 09.5 0.0 4.5 - Sphere
111.010.0 26.50.0 4.5
111.020.063.50.04.5
111.020.080.00.04.5
111.040.009.50.04.5
111.040.026.50.04.5
111.040.043.50.04.5
111.050.080.00.04.5
111.060.053.00.04.5
111.070.009.50.04.5
111.070.043.50.04.5

421.0 10.0 30.0 0.0 1.5 10.0 70.0 0.0 1.5
121.010.070.00.0 1.5

421.010.0 70.0 0.0 1.5 17.5 77.5 0.0 1.5
421.012.512.0 0.0 1.5 20.0 19.5 0.0 1.5
121.020.019.50.0 1.5
421.020.019.50.0 1.5 20.0 60.0 0.0 1.5
421.022.561.00.01.537.546.00.0 1.5
421.037.512.00.0 1.5 30.0 19.5 0.0 1.5
121.030.019.50.01.5

00000100.60.520.16

Cyl i nder

42 1.030.019.50.01.530.03350.015
121.030.03350.01.5
42 1.030.03350.01.537.541.00.0 1.5
4 2 1.030.026.50.01.536.526.50.01.5
4 2 1.0 40.0 47.0 0.0 1.5 40.0 70.0 0.0 1.5
121.040.070.00.0 1.5
4 2 1.0 40.0 70.0 0.0 1.5 47.5 77.5 0.0 1.5
4 2 1.0 42.512.0 0.0 1.5 50.0 19.5 0.0 1.5
121.050.019.50.0 1.5
42 1.050.019.50.01.550.043.00.01.5
121.050.043.00.01.5
4 2 1.050.043.00.01.557.550.50.01.5
42 1.067.512.00.0 1.5 60.0 19.5 0.0 1.5
121.060.019.50.0 1.5
42 1.060.019.50.0 1.560.0 33.50.0 1.5
121.060.03350.01.5
42 1.060.03350.01.567.541.00.01.5
531.00.0 4.0 0.0 200.0 200.0 200.0 - Pol ygon
41234

<NL>

1.0 0.0 1.0

1.0 0.0 -1.0

-1.0 0.0 -1.0

-1.0 0.0 1.0

<NL>

<NL>

End

I NESC Logo / 23-FEB-1989 / Antonio Costa

HI STORY
Copyright (C) 1988 1992 by Antonio Costa
Permi ssion is granted to use this file in whole or in part
for any purpose, educational, recreational or commercial
provided that this copyright notice is retai ned unchanged
This software is available to all free of charge by
anonynous FTP.

25-Jul -92 Antonio Costa at | NESC-Norte
Rel ease 7.3.1
acc@sterix.inescn. pt acc@asi nger.inescn. pt



