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Chapter 1Getting startedx
model is a system based on NURBS to model free form 
urves and sur-fa
es, to 
ompose solid obje
ts and to render modelled s
enes. The x
modelenvironment integrates four intera
tive graphi
s systems:� x

urv performs the modelling of 2D NURBS 
urves;� x
surf performs the modelling of 3D NURBS 
urves and surfa
es;� x
bool performs boolean operations on solids. The boundary of a solidis represented using trimmed NURBS surfa
es;� x
rayt with xmovie, performs the des
ription and rendering of a mod-elled s
ene by a ray-tra
ing algorithm and its visualization.This se
tion of the x
model User's Guide, 
ontains information spe
i�
 toUnix implementation of x
model. It begins with instru
tions for installingx
model on your 
omputer (the whole system) or one of its subsystems (x
-
urv, x
surf, x
bool and x
rayt), along with a dis
ussion of minimum systemrequirements. Later se
tions, provide information about what it is possibleto do with the system and about the data �le formats used.1.1 System requirementsx
model is designed to run on any workstation or PC system running a UnixOperating System with Xwindow System.x
model is able to 
ompile and run in the following environments:� SUN Spar
, Solaris, with SUN's C 
ompiler "

" or GNU's "g

"� SGI, Irix, with SGI's C 
ompiler "

"� Intel, Linux



2 Download x
modeland we expe
t 
ompilation problems to be minimized under other environ-ments.The development version of x
model (the whole system ) requires 11Mbytes of free spa
e on your hard disk for PC-Intel (Red Hat 6.1).x

urv and x
surf do not require parti
ular resolution or 
olors for thegraphi
s adapter and display.x
bool and x
rayt require at least a 24 bit and 1024x768 resolutiongraphi
s adapter and display.Thus x
model (the whole system) requires at least a 24 bit and 1024x768resolution graphi
s adapter and display.1.2 Download x
modelx
model is freely distributed in 
ompressed format �les (tarred and gzipped)at the following Web site:http://www.dm.unibo/�
as
iola/html/x
model.htmlYou 
an �nd x
model (the whole system), x

urv, x
surf, x
bool and x
rayt(the single subsystems) in the development version (the sour
e 
odes) orin the user version (the exe
utables only); you 
an also �nd x
model data(
urves, surfa
es, obje
ts and models as examples) and the do
umentation.The 
omplete list is:x
modeldev.tar.gz development versionx

urvdev.tar.gzx
surfdev.tar.gzx
booldev.tar.gzx
raytdev.tar.gzx
modelusr.tar.gz binary/user versionx

urvusr.tar.gzx
surfusr.tar.gzx
boolusr.tar.gzx
raytusr.tar.gz
urves2d.tar.gz data
urves3d.tar.gzsurfa
es.tar.gzobje
ts.tar.gzmodels.tar.gzdo
.tar.gz do
umentationThe following installation pro
edure un
ompresses and untars them in Unixenvironments in an intrusive manner. This means that a subdire
toryx
model will be 
reated in the dire
tory you are using and all the �les



Getting started 3will be in
luded in this dire
tory (to remove all, you simply give the unix
ommand: rm -r x
model). gunzip �le.tar.gztar xvf �le.tarIf you download a development version then you 
an either 
ompile via"imake" or in a stand-alone way.1.2.1 With imakeImake�les are provided to build spe
i�
 Make�les on your 
omputer andoperating system.On Solaris, sin
e the "

" 
ompiler is no longer part of the OS distribution,a lot of people use "g

" instead. This is �ne, but be aware that the imaketool you get as part of the Xwindow System on a Solaris box is 
on�guredfor "

". Therefore the 
ompilation using the generated Make�les will notsu

eed, unless you have 
hanged the default 
on�guration.The 
ompiling pro
edure 
an be performed in two di�erent ways:� By the Make�le 
ontained in the x
model/sour
es dire
tory.Exe
ute the following 
ommand:make allto 
ompile the whole system ormake <target>to 
ompile a single pa
kage, where target 
an be "x

urv", "x
surf","x
bool" or "x
rayt".� Step by step.For ea
h of the sour
e dire
tories, following the order shown in thespe
i�
 se
tions, exe
ute the 
ommands:xmkmf -aor, if this option is not supported by your version of xmkmf:xmkmfmake Make�lesmake in
ludesmake dependThen simply exe
ute:



4 x
model dire
tory stru
turemake installwhi
h will install the library or the program in x
model/lib orx
model/bin dire
tory.Building the x
model distribution with imake means that you have imake
orre
tly installed and 
on�gured on your system. We have done our best toprovide the Imake�les so they work with as many systems as possible, butthere is nothing we 
an do against wrong imake 
on�gurations. So, if yourinstallation fails using imake, get your imake 
on�guration �xed or don'tuse it.1.2.2 Without imakeA set of make�les is provided for those who do not have imake available ontheir system. However, this is only provided as a 
onvenien
e, and shouldbe 
onsidered as a starting point and not as something ready to use. Thesemake�les, 
alled Make�le.ok, will most likely require some editing in orderto be tweaked to your system.On
e this setting is done, you should be able to 
ompile and install, byexe
uting the following 
ommand for ea
h of the sour
e dire
tories in thegiven order (see the spe
i�
 se
tions):make -f Make�le.ok1.3 x
model dire
tory stru
tureAfter installation, your x
model dire
tory will in
lude the following subdi-re
tories 
ontaining the various 
omponents of the x
model system./bin the x
model binary and asso
iated files/lib the x
model libraries/do
 the x
model do
umentation/sour
es the x
model sour
e 
odes/
urves2d/
urves3d/surfa
es/obje
ts/models/textures1.3.1 x
model development versionThe development version 
ontains an almost empty bin and lib dire
tories.The bin dire
tory 
ontains:
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urvr
.x
modelr
.x
surfr
seal.ppmThe lib dire
tory 
ontains:
amera.x
librefra
tionindex.x
lib/texturesIf you list the dire
tory sour
es you �nd:/xtools/matrix/des
riptor/x
model/x

urv/x
surf/trim/x
ssi/x
dbe/x
bool/hrayt/x
raytNote that this is the order to follow for the 
ompilation pro
edure.1.3.2 x
model binary versionThe bin dire
tory 
ontains the exe
utable �les. If you list this dire
tory you�nd:.x

urvr
.x
modelr
.x
surfr
hraytseal.ppmx
boolx

urvx
dbex
modelx
raytx
ssix
surf



6 x

urv dire
tory stru
turex
trimxframexhraytxmovieIf you list the lib dire
tory you �nd:
amera.x
librefra
tionindex.x
lib/texturesThe binary version 
ontains an almost empty sour
es dire
tory. In fa
t,you only �nd:/matrix/des
riptor/in
lude/des
riptor/des
riptor.h/in
lude/des
riptor/types.h/in
lude/matrix/matrix.h/in
lude/hrayt/ve
\_ma
ros.h/in
lude/hrayt/types.h/in
lude/globals/define.hIn order to 
reate new models you need to apply the 
ompilation pro
edurefor the following dire
tories:/matrix/des
riptor1.4 x

urv dire
tory stru
tureAfter installation, your x
model dire
tory will in
lude the following subdi-re
tories 
ontaining the various 
omponents of the x

urv system./bin the x

urv binary and asso
iated files/lib/do
 the x

urv do
umentation/sour
es the x

urv sour
e 
ode/
urves2d1.4.1 x

urv development versionThe development version 
ontains an almost empty bin dire
tory. It 
on-tains:
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urvr
.x
modelr
seal.ppmIf you list the sour
es dire
tory you �nd:/xtools/x
model/x

urvNote that this is the order to follow for the 
ompilation pro
edure.1.4.2 x

urv user versionThe bin dire
tory 
ontains the exe
utable �les. If you list this dire
tory you�nd:.x

urvr
.x
modelr
seal.ppmx

urvx
modelThe binary version 
ontains empty sour
es and lib dire
tories.1.5 x
surf dire
tory stru
tureAfter installation, your x
model dire
tory will in
lude the following subdi-re
tories 
ontaining the various 
omponents of the x
surf system./bin the x
surf binary and asso
iated files/lib/do
 the x
surf do
umentation/sour
es the x
surf sour
e 
ode/
urves2d/
urves3d/surfa
es1.5.1 x
surf development versionThe development version 
ontains an almost empty bin dire
tory. It 
on-tains:.x
surfr
.x
modelr
seal.ppm



8 x
bool dire
tory stru
tureIf you list the sour
es dire
tory you �nd:/xtools/x
model/x
surfNote that this is the order to follow for the 
ompilation pro
edure.x
surf user versionThe bin dire
tory 
ontains the exe
utable library �les. If you list this di-re
tory you �nd:.x
modelr
.x
surfr
seal.ppmx
modelx
surfThe binary version 
ontains empty sour
es and lib dire
tories.1.6 x
bool dire
tory stru
tureAfter installation, your x
model dire
tory will in
lude the following subdi-re
tories 
ontaining the various 
omponents of the x
bool system./bin the x
bool binary and asso
iated files/lib/do
 the x
bool do
umentation/sour
es the x
bool sour
e 
ode/obje
ts1.6.1 x
bool development versionThe development version 
ontains an almost empty bin dire
tory. It 
on-tains:.x
modelr
seal.ppmIf you list the sour
es dire
tory you �nd:
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model/trim/x
ssi/x
dbe/x
boolNote that this is the order to follow for the 
ompilation pro
edure.1.6.2 x
bool user versionThe bin dire
tory 
ontains the exe
utable �les. If you list this dire
tory you�nd:.x
modelr
seal.ppmx
modelx
boolx
ssix
dbex
trimThe binary version 
ontains empty sour
es and lib dire
tories.1.7 x
rayt dire
tory stru
tureAfter installation, your x
model dire
tory will in
lude the following subdi-re
tories 
ontaining the various 
omponents of the x
rayt system./bin the x
rayt binary and asso
iated files/lib/textures/do
 the x
rayt do
umentation/sour
es the x
rayt sour
e 
ode/models1.7.1 x
rayt development versionThe development version 
ontains an almost empty bin and lib dire
tories.The bin dire
tory 
ontains:.x
modelr
seal.ppm



10 x
rayt dire
tory stru
tureThe lib dire
tory 
ontains:
amera.x
librefra
tionindex.x
lib/texturesIf you list the sour
es dire
tory you �nd:/xtools/matrix/des
riptor/x
model/hrayt/x
raytNote that this is the order to follow for the 
ompilation pro
edure.1.7.2 x
rayt user versionThe bin dire
tory 
ontains the exe
utable �les. If you list this dire
tory you�nd:.x
modelr
seal.ppmx
modelx
raythraytxframexhraytxmovieIf you list the lib dire
tory you �nd:
amera.x
librefra
tionindex.x
lib/texturesThe binary version 
ontains an almost empty sour
es dire
tory. In fa
t,you only �nd:/matrix/des
riptor/in
lude/des
riptor/des
riptor.h/in
lude/des
riptor/types.h/in
lude/matrix/matrix.h/in
lude/hrayt/ve
_ma
ros.h/in
lude/hrayt/types.h/in
lude/globals/define.h



Getting started 11In order to 
reate new models you need to apply the 
ompilation pro
edurefor the following dire
tories:/matrix/des
riptor1.8 x
model datax
model system and its subsystems use and ex
hange data �les organizedinto six dire
tories:/
urves2d/
urves3d/surfa
es/obje
ts/models/texturesIn the tarred and gzipped �les you 
an �nd, rispe
tively, a lot of alreadymodelled 
urves, surfa
es, obje
ts, models and textures as examples.If you download a subsystem you �nd the relative data dire
tory en
losedwith one example only. For 
ompleteness we summarize the subsystems andtheir data dire
tories, referring to the "Data �le formats" se
tion to explainwho 
reates a data �le and who only uses it:x

urv: 
urves2dx
surf: 
urves3d and surfa
esx
bool: obje
tsx
rayt: models and textures1.9 x
model do
umentationx
model system and its subsystems are all do
umented. The do
umentationis in PostS
ript format. You 
an �nd this do
umentation in the tarred andgzipped �le do
.tar.gz. It 
onsists of:/do
/x
model.ps this do
ument!/do
/x

urv.ps/do
/x
surf.ps/do
/x
bool.ps/do
/x
rayt.ps/do
/xtools.ps/do
/trim.ps/do
/des
riptor.ps/do
/matrix.ps



12 Modifying the environment1.10 Modifying the environmentx
model system (as all of its subsystems) runs giving the Unix 
ommand:./x
model &

Figure 1.1: x
model 
onsole window

Figure 1.2: x
model environment settingThis program opens the 
onsole window in �g. 1.1 that allows ea
h sub-system to also run at the same time and allows the user to set his/her



Getting started 13environment. In fa
t, the Environment button opens the window in �g.1.2, from whi
h it is possible to modify the dire
tories site where x
modellooks for the binary 
ode, libraries and data �les. This 
an be very usefulfor the user to personalize the system.The Set button modi�es the environment for the a
tual work session, whilethe Set and Save buttons modify the environment ever for su

essive worksessions (the .x
modelr
 �le in the bin dire
tory will be saved). The Closebutton 
loses this window.
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Chapter 2Tutorial: building atelephoneThis tutorial will fo
us on building a s
ulptured obje
t using 
urve andsurfa
e modelling te
hniques, boolean operations and rendering te
hniques.We start by modelling the di�erent parts of our obje
t.2.1 Curve and surfa
e modelling� telephone base:{ model some 2D se
tion 
urves by x

urv;{ position these 
urves in the 3D spa
e loading them with x
surf(see Fig. 2.1);

Figure 2.1: se
tion 
urves{ interpolate by skinning te
hnique using x
surf (see Fig. 2.2);� re
eiver:
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e modelling

Figure 2.2: telephone base surfa
e{ model intera
tively by x
surf just half of the whole re
eiver (seeFig. 2.3a);{ 
reate the se
ond half by dupli
ating and rotating (see Fig. 2.3b);

(a) (b)Figure 2.3: re
eiver surfa
e� disk:{ model the pro�le 
urve by x

urv (see Fig. 2.4a);



Tutorial: building a telephone 17{ model the disk by revolution using x
surf (see Fig. 2.4b);
(a) (b)Figure 2.4: pro�le 
urve and disk surfa
e{ load a 
ylinder primitive with x
surf and lo
ate it with respe
tto the disk (see Fig. 2.5a);{ dupli
ate the 
ylinder and rotate it around the "disk axis" by 36degree;{ repeat for the other 
ylinders (see Fig. 2.5b);

(a) (b)Figure 2.5: disk and 
ylinder surfa
es2.2 Solid modelling� disk:{ 
ompose the primitives disk and 
ylinder by the boolean opera-tion di�eren
e in x
bool (see Fig. 2.6a);{ 
ompose, by the same operation, the resulting obje
t with theother 
ylinders (see Fig. 2.6b);
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(a) (b)Figure 2.6: disk and 
ylinder di�eren
e2.3 RenderingOn
e you have 
reated an obje
t, you will want to look at it as a renderedimage. This means to des
ribe a virtual s
ene by de�ning the ba
kground,setting some light sour
es, de�ning the material pe
uliarities of the obje
t,applying eventually a texture and then positioning the 
amera and settingthe view parameters (see Fig. 2.7, 2.8 and 2.9). All these 
apabilities areprovided by x
rayt system.

Figure 2.7: Telephone base and re
eiver image
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Figure 2.8: disk image

Figure 2.9: �nal telephone image
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Chapter 3Data �le formatsThis se
tion, very important for a developer and less for a user, givessome information about the data �les used in x
model and its subsystems.For ea
h, we explain what data �les are 
reated and what data �les areonly used. Then we say what the data �le extensions mean, referringto [XCCURV00℄ (x

urv.ps), [XCSURF00℄ (x
surf.ps), [XCBOOL00℄ (x
-bool.ps) and [XCRAYT00℄ (x
rayt.ps) do
uments for the �le format syntax.This do
umentation 
an be found in do
.tar.gz.3.1 x

urvData �les made and used:
urves2d/.db.
p.ip3.2 x
surfData �les made and used:
urves3d/<user_obje
t>/.db.objsurfa
es/.
p.ip<user_obje
t>/.db.dbe



22 x
rayt and xmovie.objData �les only used:
urves2d/.db3.3 x
boolData �les made and used:obje
ts/<user_obje
t>/.dbt.int.tree.dbe.obj.
sgData �les only used:surfa
es/<user_obje
t>/.db.dbe.obj3.4 x
rayt and xmovieData �les made and used:models/<user_model>/.md.vw.arg.sta.hr.ppm.hraData �les only used:
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es/<user_obje
t>/.db.dbe.objobje
ts/<user_obje
t>/.dbe.objtextures/.hr.ppm3.5 Data �le extensions� A .db (a
ronym of data base) �le 
ontains all the information tode�ne a NURBS. It represents a NURBS 2d 
urve, 3d 
urve or surfa
e,depending on the dire
tory in whi
h it is.� A .dbe (a
ronym of data base extended) �le 
ontains all the infor-mation to de�ne a trimmed NURBS surfa
e. The trimming regionsmust be disjoint and de�ned by a list of 2d 
urves in the parametri
domain.� A .tree (stands for tree) �le 
ontains all the information to de�ne atrimmed NURBS surfa
e. The trimming regions are de�ned by a treeof 2d 
urves in the parametri
 domain.� A .obj (stands for obje
t) �le 
ontains a list of �le names with theextensions .db, .dbe or .tree. We have used obje
t instead of list, be-
ause we adopt the B-rep (boundary representation) for a solid obje
t,whi
h is de�ned by a list of trimmed NURBS surfa
es .� A .
sg (a
ronym of 
onstru
tive solid geometry) �le 
ontains theCSG tree for a 
omposed obje
t.� A .
p (a
ronym of 
ontrol points) �le 
ontains an array of 
ontrolpoints and weights for a NURBS. It represents the 
ontrol points for a2d 
urve, a 3d 
urve or a surfa
e, depending on the dire
tory in whi
hit is.� A .ip (a
ronym of interpolation points but also for approximationpoints) �le 
ontains an array of points. It represents the points for a2d 
urve, a 3d 
urve or a surfa
e, depending on the dire
tory in whi
hit is.



24 Data file extensions� A .int (stands for interse
tion) �le 
ontains the results of a sur-fa
e/surfa
e interse
tion.� A .dbt (a
ronym of data base tra
e) �le 
ontains the partial resultof a boolean 
omposition of NURBS solid primitives.� A .md (stands for model) �le 
ontains all the information to de�nethe geometri
 and light model of a 3D s
ene.� A .vw (stands for view) �le 
ontains all the information to de�ne the
amera parameters to view a 3D s
ene.� A .arg (stands for arguments) �le 
ontains all the parameters forrendering the s
ene with the ray-tra
er hrayt.� A .sta (stands for statisti
s) 
ontains all the information about theexe
ution of the ray-tra
er hrayt.� A .hr (stands for hrayt) �le 
ontains a 
ompressed image, produ
edby hrayt, that is the rendered s
ene.� A .ppm (Portable Bitmap Utilities) is a standard graphi
s formatin Xwindow-Unix environment) �le 
ontains an image in binary formwith an ASCII header.� A .hra (stands for hrayt animation) �le 
ontains a list of �le namewith extension .hr or .ppm. It represents an animation.
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