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Abstract 

This paper dcscribes MALUDA system, which 
constitutes an important too/ for teaching 3D
visualisation pipeline at the laboratory classes of the 
Computcr Craphics course at Instituto Superior 
Técnico. 
Keywords: applicatio11 too/, 3D visualisation pipeline, 
111odelli11g, rastcrization algorithms. 

1. Objcctives 

The traditional 3D-visualisation pipeline is one of the 
main !opies to be taught in any introductory Computer 
Graphics course. The M/\LUDA system constitutes 
itself as an important complementary too! to learn 
about 30 visualisation. ln fact, it is uscd at the 
laboralory classes of the Computer Graphics course al 
Instituto Superior Técnico, not only as a way to 
practice lhe use of a virtual camera modcl based
viewing pipeline bul also as a lesl environmenl for 
raslcrizalion algorithms developed by the studcnts. 

2. MALUDA main fcaturcs 

There are three main approachcs a novice studenl in 
Computcr Graphics can take to makc effective use of 
MALUDA: 

• Learning to create 3-dimensional scenes 
• Underslanding and ohserving different realism 

leveis of imagc rendering 
• Testing bis own scan convcrsion strategy. 

• 
2.1. Thrcc-dimcnsional modclling 

A scene can be huilt up hy using lhe NFF (Neutral File 
Formal) language and/or the SIPP (Simple Polygon 
Proccssor) sccne description lihrary. 

NFF [ 1 l is a low levei scenc description language in 
lhe scnse that it providcs a minimal interface which 
allows a programmer to quickly create a scene by 
describi ng lhe gcometry and hasic surface 
charactcristics of objccts, the placement of lights, and 
lhe vicwing fru stum for lhe cyc. There is no 
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hierarchical modelling. An examplc of a NFF file is 
illustrated in Appendix A.1. 
ln addition to support the NFF scene description 
language, MALUDA also supports SIPP scene 
description library f21. A SIPP scene is buill up of 
objects (described in their local coordinates systems) 
which can bc transformed with rotation, translation and 
scal ing. The objects form hierarchies where each object 
can have arbitrarily many sub-objects. lt allows also a 
scene to be illuminated by an arbitrary number of light 
sources of different types. ln a SIPP scene is possible 
to create severa! virtual cameras, and then specify one 
of them to use when rendering the scene. 

An important feature of MALUDA modelling 
capability is the possibility of merging a SIPP scene 
with one described in NFF language. Then, a user can 
ask either to render the resulting scene or to export it in 
NFF formal (containing optionally only triangles). 

2.2. Image Rendcring 

MALUDA provides the ability for creating 3-
dimensional scenes and rendering them using either the 
internai scan-line z-buffer algorithm or an externai 
raslerization algorithm provided by lhe user. By 
defaull, lhe internai raslerizalion engine is used in lhe 
rendering operalion. This engine, through the use of lhe 
public domain SIPP library, renders images at different 
realism leveis. Scene objecls are rendered with either 
Phong, Gouraud or llat shading. An image can also be 
rendered as a line drawing of the polygon edges 
withoul any shading ai ali. The SIPP library also 
provides 3-dimcnsional lexture mapping with 
automatic inlerpolation of texlure coordinates. Simple 
anti-aliasing can be performed through oversampling. 
Transparencies are all owed and severa! shading 
functions ("shaders") are available. Some examples 
generated by MALUDA by using lhe internai SIPP 
rasterization engine are illustrated in Appendix B. 

2.3. Rastcrization support 

A major feature of this tool is lhe ability for a student 
to provide his own rasterization function. This makes it 
easy to experimenl with various scan conversion 
schemcs and to do special effecls. 
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Two procedures can be used accordingly to the 
platform to execute the rasterization algorithm is 
relevant or not for the test. If execution platform is not 
important, the routine containing the rasterization code 
developed by the studcnt can be integrated into 
MALUDA system to be invoked )ater. This procedure 
is meant to check the strategy and its performance 
whatever thc machine and operating system. Or, the 
platform is important, like a parallel machine where we 
are interestcd to experiment severa! parallel schemes 
for the rasterization stage. Tn this case, MALUDA 

o 
Export OatabaM 

NeWal Flié fo<mat (NFF) 0 

should be instructed to output an ASCII fil e containing 
device dependent coordinates polygonal database, 
which will be then used to fced the target rastcrization 
algorithm. An examplc of this "flat" fil e is shown in 
Appendix A.2 

3. MALUDA architccture 

ln figure l , is depicted the MALUDA activity ílow 
diagrarn 

Wortd. VlfM & 
Light delinitioos 

(SIPP 30 Libraoy) 

Objoct Modeling 
NFF P.-..,. Surtaces. Potygon.s & 
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Figure 1 - MALUDA activity flow diagram 
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An analysis of it shows to a reader the most important 
modules and their associated funclionality. Thus, 
accordingly Lo Lhe MALUDA system description made 
above, wc can distinguish the following functional 
blocks: 

• Rcader and parser of scenes created by NFF and/or 
SIPP languages 

• Gcometric transformer 
• Output gcncrator 

At this point, is convcnient to remind some imporlant 
fcatures of MALUDA and relate them with Lhe 
numbcrcd operations illustratcd in Figure 1. 

MALUDA can cxport thc input sccne as a NFF file 
formal (World Coordinates) -opcration 6- or as an 
ASCII polygonal "tlat" file formal (Dcvicc Dcpendcnl 
Coordinates) -operation 15. Thc systcm providcs also 
the ability of imagc rcndering by using eithcr the 
internai SIPP rastcrization cngi ne -operation 17- or an 
externai rastcrization algorithm provided by thc student 
-operation 16. 

lt is interesting to mention that when MALUDA is 
eonfigurcd to act as imagc renderer, diagnostic and 
statistics informations are providcd by the system. 
Appendix A.3 shows thc information provided by lhe 
system when thc default SIPP raslcrization engine is 
being used. 

[ 1] 

(2] 
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Appendix A - MALUDA Input/Output 
informalion 

A.1 NFF File Format 
v Vicwpoint dcfiniLion; 
from 1.02285 -3.17715 -2. 1745 
ai -0.004 103 -0.004103 0.216539 
up -0.816497 -0.8 16497 0.8 16497 
angle 45 
hither 1 
resolution 1024 1024 
1 1.87607 - 18 .1239 -5.00042 light sourcc position; 
f 1 0.2 0.2 1 O 100000 O O surfacc paramclcrs; 
p 3 Pol ygon wilh threc vcrticcs; 
-1 -1 1 
-1 -0.9375 0.9375 
-0.9375 -1 0.9375 
p 3 
-0.9375 -0.9375 1 
-0.9375 -1 0.9375 
-1 -0.9375 0.9375 
p 4 
12 12 -0.5 
-12 12 -0.5 
-12 -12 -0.5 
12 -12 -0.5 
f 1 0.9 0.7 0.5 0.5 45.2776 O O Ncw surface; 
s O O O O. 5 a sphcrc; 
s 0.272166 0.272166 0.544331 0.166667 

A.2 Dcvicc Dcpendent Coordinates Output File 
512 512 65535 255 
º120838 
1 
3 100 50 
40 100 89 30 128 30 
50 80 89 30 128 30 
60 50 89 30 128 30 
1 
4 11040 
40 40 89 30 128 30 
50 11 o 89 30 128 30 
60 50 89 30 128 30 
55 60 89 30 128 30 
1 
127 

Maximum rcsolution (x,y,z and colour); 
Total number of polygons; 
Scparalor; 

Polygon with 3 verticcs and Yn1ax/Ymin; 
(x.y,z) and (RGD) 

Polygon with 4 vcrliccs and Ymax/Ymin; 

End of file; 
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A.3 Diagnostic and Statistics information 
NFF scene will be imported! 
Pipeline: Parsing NFF file, wait.. 
Pipeline: Be aware that some S IPP and user defined view parameters 

will be override by NFF parameters ! 
Pipeline: NFF background loaded 
Pipeline: NFF view parameters loaded 
Pipeline: NFF light loaded (6 .00 6.00 6 00) (1.00 1.00 1.00) 
Pipeline: NFF surface with 1 polygons 
(0.30,0.60 ,0.30,5, l .00.0.85,0.70) 
Pipeline: NFF surface with 1 polygons 
(0.30,0.00,0.20,5, 1.00,0.61 ,0.41) 
Pipeline: NFF surface with 145 polygons 
(0.30,0.00,0.20,5, l .OO,O 61,0.41) 
Pipeline: NFF surface with 1 polygons 
(0.30,0.00, l .00,5, l .OO, l .OO, l .00) 
Pipeline: NFF surface with 145 polygons 
(0.30,0.00, l .00,5, l .OO, l .OO, l .00) 
Pipeline: NFF surface with 1 polygons 
(0.30,0.00, 1.00,5,0.02,0.67, 1.00) 
Pipeline: NFF surface with 145 polygons 
(0.30,0.00, 1.00,5,0.02,0.67, 1.00) 
Pipeline: NFF surface with 1 polygons 
(0.30,0.00,I .00,5,0.2 1, l .OO,O.Ol) 

Pipeline: NFF surface with 145 polygons 
(0.30,0.00, l .OO.S.1.00,0.26,0.75) 

Pipeline: lmportcd 129 surfaces wi 1h 9345 polygons, O spheres and O 
cones. 
Pipeline: NFF parser dane 
Pipeline: Hither: 1.00, Yon: 15 .00, 
Resolution(X, Y ,Z,Color): 1024, I 024, I 024,5 12 
Pipeline: Pipeline crcat ing render data, wait... 
Timer started Geometric Transformalions start; 
Pipeline: lmage fil e to be created: 'pipe.ppm' 
Pipeline: Objects loaded: 3 
Pipeline: Surfaces loaded: 129 
Pipeline: Polygons loaded: 9345 
Pipeline: Polygons ready 10 be renderecl by SIPP ! Geometric 
Transfonnations end; 
Timer Stoppcd (Elapsed: 2. 108s, User: 2.023s, System: 0.066s) 
Pipeline: SIPP rendering, wait. .. 
Timer started Rasterization stage; 
Pipeline: Render Mode: Gouraud Método de sombreamento; 
Pipeline: SIPP rasterization dane! 
Timer Stoppcd (Elapsed: l l 2.693s, Uscr: 108.058s, System: l .053s) 

Pipeline: Successful End 
Pipeline: Polygons backfacing: 4864 
Pipeline: Polygons totally dipped: 39 
Pipeline: Polygons splited to triangles: O 
Pipeline: Polygons rendered: 4442 
Pipeline: Releasing resources ... 1 

Pipeline: Rclease complete 

Appcndix B - Differcnt types of imagc rcndering with SIPP rasterization 
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Appendix B - Diffcrent types of image ren<lering with SIPP rastcrization (cont.) 

Tcapot - Gouraud shading 

Mount with transparcnt sphcrcs Tcapot clippcd by Suthcrland-Hodgman 
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