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x
surf User's Guide . . .
Chapter 1What is x
surf?x
surf is the 3D modeller of the x
model system [XCMODEL00℄. This pro-gram is self-
ontained and exe
utable from the x
model 
onsole window.It is distributed with the ar
hive x
surfdev.tar.gz (version in its develop-ment phase) and x
surfusr.tar.gz (exe
utable version). Downloading andinstallation instru
tions are in [XCMODEL00℄.x
surf is a system for modelling 3D 
urves and tensor produ
t surfa
es,whi
h is only based on trimmed NURBS mathemati
s primitive (for an in-trodu
tion see [PITI95℄ and [CASC98℄). This intera
tive graphi
s systemwas prin
ipally designed to provide a development environment for the ex-perimentation of methods, algorithms and te
hniques in the se
tor of mod-elling free form 
urves and surfa
es.x
surf is very di�erent from other 
ommer
ial system.It only deals with the geometri
 modelling aspe
t, leaving solid obje
t 
on-stru
tion, using trimming surfa
es and boundary representation, to x
boolsystem [XCBOOL00℄.x
surf also provides a learning environment for the fundamental aspe
ts ofNURBS 
urves and surfa
es and, more generally, for modelling te
hniques.The 
ode is written in ANSI C language and 
an be exe
uted on varioustypes of workstation or PC running a Unix operating system with Xwin-dow. In order to make the system portable, it was de
ided to use a Graphi
User Interfa
e made with xtools library [XTOOLS99℄, provided with thispa
kage.1.1 How to work with x
surfWhen x
surf starts, it opens seven windows (see �gure 1.1):� Render/I
ons: in whi
h the surfa
es, and the i
ons of the surfa
esloaded into the system, are viewed.� Control Net: in whi
h the surfa
e 
ontrol nets are viewed.



2 How to work with x
surf� Up, Side, Front, Persp: the four fundamental views.� Main Menu: in whi
h nine option buttons and the button to quitthe program are viewed.The user 
an vary the position and dimensions of the Render/I
ons andControl Net windows, within the limits de�ned by the program, for asuitable visualization of the windows in the s
reen. As in any intera
tive

Figure 1.1: x
surf environmentgraphi
s system, x
surf uses the keyboard and the mouse. In the text we usethe expression "
li
k on something with the LMB" (Left Mouse Button) or"the CMB" (Centre Mouse Button) or "the RMB" (Right Mouse Button),when the user pla
es the mouse pointer on something on the s
reen andpresses and releases (to 
li
k) a mouse button. In order to begin, the userhas to 
li
k on a Main Menu button with the LMB; it is then 
lear whi
hbuttons are a
tive. In fa
t, x
surf uses a bla
k label on an enabled buttonand a white one on a disa
tivated button. The same 
onvention is used forall the x
surf menus.The x
surf menu windows always 
ontain the Can
el button or both theCan
el and the Ok buttons. When only the Can
el button is available(usually in windows only 
ontaining buttons) pressing on it 
loses the relatedmenu window. If both buttons are available (usually in windows 
ontaining
he
kboxes, 
he
kpoints, textboxes, et
.) the Ok button a
tivates the setparameters, while the Can
el button does not able them and 
loses thesewindows.



What is x
surf? 3Note that there is an online help that 
an be a
tivated in the Params menuwindow, and that guides the user, step by step, in his/her a
tions.1.2 What to do with x
surfx
surf serves to model and examine 
ommon and free form 3D NURBS
urves and surfa
es. In x
surf a 
urve is 
onsidered a degenerated surfa
e,that is, the two dimensional parametri
 domain [0; 1℄ � [0; 1℄ degeneratesinto a one dimensional domain [0; 1℄� [0; 0℄ � [0; 1℄. Everything that x
surfallows you to do to a surfa
e will therefore also be possible for a 
urve.In the following se
tions we refer to a surfa
e even when we mean a degen-erated surfa
e or, for the above 
onsideration, a 
urve. Any spe
ial 
ase willbe underlined.After starting, the �rst and only thing the program allows you to do is toload a single surfa
e or list of surfa
es.Loading a surfa
e means 
reating a new surfa
e or opening a surfa
e �le (.db�le) previously 
reated and saved, and storing it in the system memory.Loading a list of surfa
es means opening a �le (.obj �le) 
ontaining a listof �le surfa
e names, that will be opened and stored in the system mem-ory. x
surf 
an store up to MAXSUR surfa
es (in this release MAXSURis de�ned as 25). All the stored surfa
es are i
onised and viewable in theRender/I
ons window (see �gure 1.1).When a surfa
e has been loaded, all the buttons in the Main Menu win-

Figure 1.2: Cur/Sur environment



4 What to do with x
surfdow, are enabled, so it is possible to save it in a �le, delete one or all thesurfa
es from the system memory, make a 
opy of a surfa
e, or set a largenumber of parameters to manage the system and viewing mode.With the Cur/Sur button, whi
h will later be des
ribed in detail, it is pos-sible to model, examine and do a lot of things on a single surfa
e or a listof surfa
es sele
ted from those already loaded. This is the environment inwhi
h we 
an intera
tively model the surfa
e shape.In the same environment it is also possible to position a surfa
e with respe
tto the others, so that they des
ribe the boundary of an obje
t. This is nota solid modelling tool, but only an opportunity to position some surfa
esappropriately in the 3D spa
e (see �gure 1.2).
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Chapter 2Load Cur buttonThis button allows the user to load a 
urve or list of 
urves into the systemmemory. Remember that x
surf manages a 
urve like a degenerated surfa
e.At the end of the pro
edure used to load a 
urve, the user must indi
ate theposition of the related i
on. In the 
ase of a list of 
urves, the related i
onswill be positioned automati
ally by the system. It opens the window shownin �g. 2.1

Figure 2.1: Load 
urves menu window2.1 
urve2d and 
urve3d 
he
kpointsThese 
he
kpoints allow the user to 
hoose to load a 2D or 3D 
urve. Ifa 2D 
urve is 
hosen, it will appear in the 3D spa
e on a plane parallel to



6 By mouse buttonone of the three planes of 
o-ordinates (XY, XZ or YZ). In order to 
hoosethis plane, sele
t the 
he
kpoint 
orresponding to one of the planes of 
o-ordinates (
onstant in Z for XY, 
onstant in Y for XZ or 
onstant in X forYZ) and the value of the 
onstant by giving it in the textbox.2.2 db File buttonThe system opens the �le request allowing the user to sele
t a .db exten-sion �le, 
ontained in the x
model/
urves2d or in the x
model/
urves3ddire
tory, depending on the sele
ted 
he
kpoint. The x
model/
urves2ddire
tory 
ontains the 2D 
urves previously modelled and saved using x
-
urv (see [XCCURV00℄). The x
model/
urves3d dire
tory 
ontains the 3D
urves previously modelled and saved using x
surf.2.3 obj File buttonThe system opens the �le request allowing the user to sele
t an .obj extension�le, 
ontained in the x
model/
urves3d dire
tory and 
ontaining a list ofthe �le names of the 3D 
urves previously saved with x
surf.2.4 By mouse buttonThis option allows the user to 
reate a new 2D or 3D 
urve (depending onthe sele
ted 
he
kpoint) by spe
ifying the 
ontrol points intera
tively in theControl Net window by mouse. For 2D 
urve, this is simply done with theLMB to add and the RMB to stop. If the 
urve to be inserted is 3D, the
ontrol points must be inserted in two steps:� �rst give the proje
tion of the 
ontrol points on the XY plane in the
orre
t order, by 
li
king with the LMB;� then give the Z 
o-ordinates for the 
ontrol points in the 
orre
t order,by 
li
king with the LMB.These two steps are guided by x
surf.On
e the 
ontrol points have been inserted, the New Curve menu win-dow opens (see �g.2.2), in whi
h the following parameters must be de�ned:the 
urve degree, the knot partition 
hoi
e between automati
 (the internalknots are equally spa
ed, while the external ones are set to 
oin
ide with theend interval points) and manual (the internal knots are expli
itly markedby the user in a textbox window, while the external ones are set to 
oin
idewith the end interval points). The user must 
hoose whether the 
urve willbe open or 
losed (in the latter 
ase x
surf manages the given 
ontrol pointsin order to de�ne a 
losed and periodi
 
urve).



Load Cur button 7

Figure 2.2: New 
urve parameter windowWhen all the parameters have been set, the user presses the Ok buttonwhi
h 
loses the 
urve 
reation and loading pro
edure. By 
li
king on theCan
el button it is possible to 
an
el the 
urve 
reation and loading.
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Chapter 3Load Sur buttonThis button allows the user to load a surfa
e or a list of surfa
es into thesystem memory. At the end of the pro
edure for loading a surfa
e, theuser must indi
ate the position of the related i
on in the Render/I
onswindow. In the 
ase of a list of surfa
es, the related i
ons are automati
allypositioned by the system. It opens the window shown in �g.3.1

Figure 3.1: Load surfa
e menu window
3.1 Usual buttonThis opens the menu window shown in �g.3.2 in whi
h the user 
an sele
t asurfa
e type.



10 By mouse button

Figure 3.2: Usual surfa
es menu window3.2 db File buttonThe system opens the �le request and the user sele
ts a �le with a .dbextension 
ontained in the x
model/surfa
es dire
tory and 
ontaining asurfa
e previously saved.3.3 Revolution buttonThis option allows the user to 
reate a revolve surfa
e starting from a pro�le
urve. Only the 
urve i
ons are shown in the Render/I
ons window andthe user has to 
hoose one by 
li
king on it with the LMB.3.4 Skinning buttonThis option allows the user to 
reate a surfa
e by skinning, that is, by 
urveinterpolation. Only the 
urve i
ons are shown in theRender/I
ons windowand the user has to 
hoose the 
urves in the order in whi
h he/she wishesthem to appear; 
li
k on them with the LMB.3.5 By mouse buttonThis option allows the user to load a new surfa
e by giving the 
ontrol netintera
tively with the mouse and then de�ning the remaining parameters.The 
ontrol points should be inserted in two stages:



Load Sur button 11� spe
ify the proje
tion of the 
ontrol points on the XY plane; the netwill be inserted by giving the 
ontrol points of the �rst line by 
li
kingwith the LMB (RMB to 
lose the row), then the remaining 
ontrolpoints for rows with the LMB (RMB to 
lose the net);� spe
ify the Z 
o-ordinates of the 
ontrol points by 
li
king with theLMB.These two steps are guided by x
surf.On
e the 
ontrol net has been de�ned, the window in �g.3.3 will open, in

Figure 3.3: New surfa
e parameter windowwhi
h it is possible to set the surfa
e degrees in u and v, the knot partitionsin u and in v that 
an be manually assigned by the user (manual) or au-tomati
ally by x
surf (automati
); in the latter 
ase, the internal knots areequally spa
ed while the external ones 
oin
ide with the end interval points.It is important to 
hoose whether the surfa
e should be 
losed in u, v or inboth dire
tions. In these 
ases x
surf manages the given 
ontrol net in orderto make a 
losed and periodi
 surfa
e.3.6 Swinging buttonThis option allows the user to 
reate a swinging surfa
e starting from apro�le and a traje
tory 
urve. It is possible to set an arbitrary s
ale fa
tor



12 ip File buttonfor the XY dimension of the surfa
e. Only the 
urve i
ons are shown inthe Render/I
ons window and the user has to 
hoose from these, �rst thepro�le 
urve and then the traje
tory by 
li
king on them with the LMB.3.7 obj File buttonA �le request opens, allowing the user to sele
t a �le with an .obj extension
ontained in the x
model/surfa
es dire
tory and 
ontaining a list of surfa
e�le names, that have previously been saved with x
surf.3.8 
p File buttonThis button allows the user to 
reate a new surfa
e by loading a �le of
ontrol points. A �le request opens, allowing the user to sele
t a �le with a.
p extension 
ontained in the x
model/surfa
es dire
tory and 
ontainingthe 
ontrol net. The window in �g.3.3 then opens, in whi
h the user 
anspe
ify the remaining parameters in order to de�ne the surfa
e 
ompletely(see By mouse button se
tion).3.9 dbe File buttonThis opens the �le request allowing the user to sele
t a �le with a .dbeextension 
ontained in the x
model/surfa
es dire
tory and 
ontaining atrimmed surfa
e previously saved with x
surf.3.10 ip File buttonThis option allows the user to 
reate a new surfa
e by interpolating a 3Dpoint mesh stored in a �le. This opens the �le request allowing the userthe sele
t a �le with a .ip extension 
ontained in the x
model/surfa
esdire
tory. This then opens a menu window from whi
h to 
hoose a methodof interpolation (this x
surf release only provides the bi
ubi
 interpolationmethod).
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Chapter 4Params buttonThis button allows the user to set some x
surf parameters regarding inter-a
tivity and viewing (see �g.4.1) that are explained as follows.

Figure 4.1: Parameters window
4.1 no. of steps textboxThe value spe
i�ed in this textbox de�nes the number of steps in whi
h the
amera 
ompletes a 180 degree rotation to view the surfa
es. The asso
iatedparameter, "revolution step" shows the step value in radiants.



14 Grid button4.2 on line help 
he
kboxThis 
he
kbox ables/unables the online help of x
surf. For every operation,this help guides the user on how to 
arry out the operation 
orre
tly.4.3 COP by keyboard and COP by mouse 
he
k-pointsThese 
he
kpoints allow the user to spe
ify the COP (Center Of Proje
tionor 
amera position) a

ording to its 
oordinates using the keyboard or usingthe mouse 
ursor. This only a�e
ts the surfa
e view (View Sur button) andthe 
ontrol points view (View CP button) in the Cur/Sur menu window.4.4 sele
t by i
on and sele
t by CP 
he
kpointsThese 
he
kpoints allow the user to sele
t the a
tive surfa
e either by 
li
kingon its i
on or by 
li
king near one of its 
ontrol points. This only a�e
ts the
hoi
e of surfa
e viewed in the Cur/Sur menu window.4.5 Render method 
he
kpointsThese 
he
kpoints allow the user to 
hoose the viewing method for oursurfa
es in the Render/I
ons window. x
surf provides three methods:� hidden line� depth 
ueing� wire framewhi
h vary in rendering quality and viewing speed.4.6 simple do and undo options 
he
kpointsThese 
he
kpoints allow the user to 
arry out an undo pro
edure that pro-vides the simultaneous viewing of the surfa
e before and after modi�
ation,in order to appre
iate the di�eren
e.4.7 view restri
tion 
he
kboxThis 
he
kbox allows the user to view a sub-pat
h of the surfa
e, during thepro
edure a
tivated using the View Sur button.



Params button 154.8 Grid buttonThis button opens a window allowing the user to set the dimensions in uand v of its grid rendering through the numeri
al index of one of the 
urvesor surfa
es in the system.4.9 Conf Win and Save Conf buttonsThese buttons allow the user to modify the position of all x
surf windowsand the dimensions of the Render/I
ons and Control Net windows. Itis possible to save this 
on�guration in the .x
surfr
 �le. The system willuse this �le to 
on�gure the windows for subsequent work sessions.Cli
k on the Conf Win button with the mouse; now you 
an modify thepositions and dimensions of x
surf windows as usual with your WindowManager; when you have �nished, 
li
k on the RMB. If you don't 
li
k onthe Save Conf button, but on Can
el, your 
on�guration will only be setfor your a
tual work session.
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Chapter 5Other buttons5.1 Save buttonThis button opens a window (see �g. 5.1) allowing the user to 
hoosewhether to save a surfa
e, a list of surfa
es, a surfa
e 
ontrol net, a 3D
urve or a list of 3D 
urves on �le. The 
urves or surfa
es must be sele
tedfrom the Render/I
ons window with the mouse. Open the �le requestallowing the user to spe
ify the name to be used to save the 
urve, surfa
eor 
ontrol net. In the 
ase of a list, if the individual surfa
es do not alreadyhave an asso
iated �le name, one expli
it name is requested for ea
h one;�nally, the �le request opens allowing the list to be named.

Figure 5.1: Save menu window5.2 Delete buttonThis button allows the user to delete one or more surfa
es from x
surf'smemory. Cli
k with the LMB on the 
urve or surfa
e i
on to delete. By



18 Copy button
li
king with the CMB on the Render/I
ons window you 
an delete all the
urves and surfa
es loaded into the system. To stop the delete pro
edure,
li
k on the Render/I
ons window with the RMB.5.3 Copy buttonThis button allows the user to make a 
opy of a surfa
e; 
li
k with the LMBon the surfa
e i
on to 
opy, then 
li
k with the CMB on an empty position.To quit the 
opy pro
edure, 
li
k on the Render/I
ons window with theRMB.
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Chapter 6Cur/Sur buttonThis option allows the user to enter the modelling, analysis and viewingmode of one or more surfa
es. The user is asked to sele
t the surfa
es onwhi
h to work by 
li
king with the LMB on the relative i
ons. Cli
k withthe CMB on the surfa
e i
on you want to be a
tive, that is, the surfa
e tomodel and analyse. Cli
k with the RMB to quit the sele
tion pro
edure.The Control Net window shows the 
ontrol nets of all the sele
ted sur-fa
es, ea
h presented in a di�erent 
olour; the net of the viewed surfa
e willbe drawn in white. The sele
ted surfa
es in wire-frame 
an be viewed inthe Render/I
ons window. The menu window of �g. 6.1 proposes thefollowing options.

Figure 6.1: Curves/Surfa
es environment



20 Modify button6.1 Modify buttonThis button allows the user to 
hange the shape of the a
tive surfa
e, or tomove it into the 3D spa
e. The window of �g. 6.2 opens; this 
ontains threeparts: geometri
 transformation, modify surfa
e parameters and set COP.

Figure 6.2: Modify Surfa
e menu window� Set COP, whi
h is made using the four arrow buttons in the top right-hand 
orner, enables the user to obtain the best view of the part ofthe surfa
e whi
h is to be modi�ed.� geometri
 transformations modify the whole surfa
e (all CP) or onlypart of it (sele
ting some CPs with the mouse). They 
onsists in:{ translation. The relative 
he
kpoints show:� 
oeÆ
ients; the values sele
ted in the textboxes dX, dY anddZ are taken as the 
o-ordinates of the translation ve
tor.� 
p to 
p; de�nes the translation ve
tor as the di�eren
e be-tween two CPs on the surfa
e, lo
alized by mouse.



Cur/Sur button 21� 
p 2 to 2; enables the translation of individual CPs on thesurfa
e. To do this, sele
t the CP to be moved and anotherCP as a point to whi
h the previous CP will be translated(it is useful in order to make several CPs 
oin
ide).� symmetry; a�e
ts all the CPs and translates them in su
h away that the surfa
e remains symmetri
al with respe
t to agiven point 
hosen with mouse among the CPs.� push/pull; the translation ve
tor is automati
ally 
omputedto be orthogonal to the viewplane. The value sele
ted in thetextbox on the right is taken as the translation ve
tor length.{ s
aling. The relative 
he
kpoints indi
ate:� bary
enter; the bary
enter of the surfa
e is taken as the s
al-ing 
enter.� 
oordinates; through the textbox on the right it is possibleto provide a s
aling 
enter. The textboxes Sx, Sy and Szenable the s
aling fa
tors to be given.� by mouse; it is possible to give a CP as the s
aling 
enterusing the mouse.{ rotation. The rotation is around an axis of a given angle in de-grees. The axis is de�ned by two 3D points P1 and P2 whose
oordinates are given in the textboxes. By setting the "bary
en-ter" 
he
kbox, P1 will be the surfa
e bary
enter.� to modify the surfa
e parameters we have (�g.6.2):{ CP button; enables a CP to be sele
ted with the mouse, then byopening an appropriate window, allows the user to modify theCP 
oordinates and weight.{ Degree button; enables the degree in u and in v of the surfa
eand therefore the knot partition to be 
hanged.{ Ins U and Ins V buttons; enable a knot insertion of a numeri
allyspe
i�ed knot to be made in u or in v through a textbox.{ Knot by mouse; enables a knot insertion to be made intera
tivelyon the knot map in the Render/I
ons window.{ Re�nement; 
arries out a repeated knot insertion in both u andv dire
tions at the mid-point of ea
h knot interval.� Undo and Redo buttons; respe
tively allow the user to return to thesurfa
e situation previous to the latest modi�
ation and to repeat thelatest modi�
ation eliminated with Undo.



22 Information button6.2 Information buttonPressing the Information button in menu illustrated in �g.6.1, will beshown the menu of �g.6.3 in whi
h the user 
an obtain general informationabout the surfa
e/s (General button) and, guided by the system, 
an ex-plore the 
onne
tions between the knots and CPs on the enabled surfa
e(Knot-CP button) or the 
onne
tions between the knots and CPs in a hy-potheti
al knot insertion operation (Knot-Ins button). In any 
ase, the

Figure 6.3: Information menu windowparametri
 domain of the surfa
e with the knot partition is shown in theRender/I
ons window, next to a matrix of symbols representing the ma-trix of the CPs; information about the degrees, number of knots and numberof CPs are shown too.� General button; gives information about the 
enter and radius of thesmallest sphere 
ontaining the surfa
es, about the 
enter and radiusof the smallest sphere 
ontaining the a
tive surfa
e , about the COPand about the three segments 
onsidered and shown as axes.� Knot-CP button; provides two fun
tions:1. 
li
k with the LMB on a CP shown in the Control Net win-dow. The position of the sele
ted 
ontrol point will be viewed inthe Render/I
ons window in the matrix and re
tangle of theparametri
 domain a�e
ted by the CP.2. 
li
k with the LMB on a matrix row (
li
k under the �rst rowelement) or on a matrix 
olumn (
li
k to the right of the �rst ele-ment in the 
olumn) in the Render/I
ons window. The related



Cur/Sur button 23row of CPs will be viewed in the Control Net window as wellas the re
tangle of the parametri
 domain a�e
ted by these CPs.� Knot-Ins button; allows for two fun
tions:1. 
li
k with the LMB on the u or v axes where you want to inserta new knot. The related rows and 
olumns of the matri
es of theCPs whi
h would be modi�ed by the knot-insertion operation inthat position will be viewed.2. 
li
k with the LMB on the CP matrix exa
tly between two rows(
li
k between the �rst two row items) or between two 
olumns(
li
k between the �rst two 
olumn items). Rows and 
olumnsof the CPs whi
h 
ould be involved in a knot-insertion operationwill be viewed in the Control Net window.6.3 Params buttonThis button, in the menu of �g.6.1, opens the same menu window of theParams button in the Main Menu (see �g.1.1); this button also appearsin the Cur/Sur menu be
ause when it is a
tive, the main menu is nota
tive and vi
eversa, although it must always be possible to set the systemparameters at any moment.6.4 Trim buttonThis button allows the user to 
ut out a pat
h from the surfa
e. The para-metri
 domain of the surfa
e with the knot grid and, at the top, informa-tion about the degrees, number of knots and CPs are shown in the Ren-der/I
ons window. The user is guided in sele
ting a re
tangle within theparametri
 domain with verti
es, whi
h are knots in the partition.By doing this, the user de�nes the surfa
e, trimming away the re
tangularregions sele
ted; the 
ut-out part of the surfa
e is memorised as a separatednon-trimmed region of the surfa
e and is i
onised in the �rst free position.It should be noted that this operation 
an result in a trimmed surfa
emade up of dis
onne
ted pat
hes, as well as being used to trim a previ-ously trimmed surfa
e.6.5 View Sur buttonThis button allows the user to view the sele
ted surfa
e from various pointsof view. The user 
an 
hoose to view only a part of the surfa
e or, evento restri
t the view to a re
tangle in the knot grid. This 
an be done bygiving the indi
es of the external points of the required re
tangle (see View
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tive Sur buttonrestri
tion 
he
kbox in the Params menu window).Therefore, a

ording to whether COP by keyboard or COP by mousehave been sele
ted in the Params menu window, a window will appearin whi
h either the COP 
o-ordinates 
an be spe
i�ed or a 
ursor 
an bea
tivated by the mouse; in the latter 
ase there are 4 buttons allowing theuser to view the surfa
e from 3 basi
 viewpoints and to return to the originalperspe
tive at any time (see �g.6.4).

Figure 6.4: View sur menu window
6.6 View CP buttonThis button allows the user to view the CPs on the surfa
e from variouspoint of view. As with View Sur, a

ording to what has been set in theParams menu window, the COP 
o-ordinates 
an be assigned using thekeyboard or the mouse 
ursor (see View Sur button).6.7 Draw Sur buttonThis option simply draws the surfa
e in the Control Net window, showingthe grid of CPs and the surfa
e together, so that it is possible to observethe relationship between the CPs and the surfa
e they de�ne. This viewis temporary and every other operation in the Control Net window onlyreturns to the 
ontrol net.
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tive Sur buttonThis button allows the user to sele
t another surfa
e as the a
tive surfa
e.If the 
he
kpoint "sele
t by i
on" has already been set in the Params menuwindow, the sele
tion will be made by 
li
king on the surfa
e i
on, shownin the Render/I
ons window, with the LMB; if, on the other hand, the
he
kpoint "sele
t by CP" has been set, the sele
tion will be made by 
li
kingon a CP surfa
e, shown in the Control Net window, with the LMB.6.9 Cur Sweep buttonThis option allows the user, guided by the system, to 
arry out a sweepingoperation on a pro�le 
urve along a spine 
urve. Remember that sweeping
onsists in the interpolation of many 
opies of the same 
urve pla
ed indi�erent positions, and usually pla
ed along a spine 
urve. Using "CurSweep" x
surf allows the user to position a pro�le 
urve 
orre
tly alonga spine 
urve, and therefore to obtain the interpolating surfa
e throughthe appli
ation of the skinning pro
edure (see Skinning button). Beforea

essing "Modify Surfa
e" and 
li
king on "Cur Sweep", the user shouldalready have prepared a spine 
urve and several 
opies of the pro�le 
urve(use the "
opy" button to 
reate as many 
opies of the pro�le 
urve aspositions that you wish this 
urve to take along the spine 
urve).Enter the "Cur/Sur" mode by sele
ting the spine 
urve and all the 
opiesof the pro�le 
urve. Now the user 
an a
t on the Cur Sweep button; thefollowing steps must be followed:� sele
t the pro�le 
urves by 
li
king on their i
ons with the LMB; usethe RMB to stop.� sele
t the spine 
urve by 
li
king on its i
on with the LMB.� de�ne a point on the pro�le 
urve with the LMB.� de�ne as many points on the spine 
urve, by 
li
king with the LMB,as 
opies of the pro�le 
urve.� the pro�le 
urve will be viewed along the spine 
urve in the pointsde�ned and at right angles to it; it is then possible to rotate ea
hpro�le 
urve around the point of 
onta
t with the spine 
urve andalong the plane at right angles to the spine 
urve.� quit "Cur/Sur"; at this point, guided by the system, the user haspro�le 
urves that are 
orre
tly positioned in the 3D spa
e.� Enter the "Load sur" mode, then "skinning" and sele
t the pro�le
urves in order.



26 Cur Sweep buttonThe result of this whole pro
edure will be a surfa
e interpolating these pro�le
urves.
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Chapter 7Data �le formatsIn this se
tion the syntax of ea
h �le format used by x
surf is given andexplained. The data �les 
reated by x
surf are stored in x
model/surfa
esand x
model/
urves3d dire
tories as default, while the data �les used areloaded by the above-mentioned and x
model/
urves2d dire
tories as de-fault. The # 
hara
ter in the following introdu
es a 
omment on the datain the �le.7.1 3D NURBS 
urveThe following example �le is x
model/
urves3d/
urve08.db.The �les with a .db extension 
ontained in the 
urves3d dire
tory, identify3D NURBS 
urves or degenerated surfa
es (
ompare with a �le surfa
e).The format is self-explanatory.FILENAME : 
urve08.db #
urve file nameDEGREE_U_V #introdu
es the 
urve degree2 0 #
urve degreeN.C.P._U_V #introdu
es the CPs number45 1 #number of CPsKNOTS_U_V #introdu
es the knot number48 0 #number of knotsCOORD.C.P.(X,Y,Z,W) #introdu
es the CPs 
oord. and weights-4.000000e-01 4.000000e+00 -1.050000e+01 1.000000e+00-4.000000e-01 4.100000e+00 -1.000000e+01 1.000000e+00....-4.000000e-01 4.000000e+00 -1.050000e+01 1.000000e+00-4.000000e-01 4.000000e+00 -1.050000e+01 1.000000e+00KNOTS_U #introdu
es the knot ve
tor in not de
reasing order0.000000e+000.000000e+00



28 3D NURBS surfa
e....1.000000e+001.000000e+00KNOTS_V7.2 List of 
urvesThe following example �le is x
model/
urves3d/profiles.obj.The �les with an .obj extension 
ontained in the 
urves3d dire
tory, identifylists of 3D NURBS 
urves. The format is self-explanatory.FILENAME:profiles.obj #file name8 #number of 
urve file names
urve1.db #
urve file name
urve2.db....
urve7.db
urve8.db7.3 3D NURBS surfa
eThe following example �le is x
model/surfa
es/sphere.db.The �les with a .db extension 
ontained in the surfa
es dire
tory, identify3D NURBS surfa
es. The format is self-explanatory.FILENAME:sphere.db #surfa
e file nameDEGREE_U_V #introdu
es the surfa
e degrees2 2 #surfa
e degreesN.C.P._U_V #introdu
es the 
ontrol net dimensions5 9 #
ontrol net dimensionsN.KNOTS_U_V #introdu
es the knot partition dimensions8 12 #knot partition dimensionsCOORD.C.P.(X,Y,Z,W) #the 3D CPs 
oord. and weights by row0.00000E+00 0.00000E+00 1.00000E+00 1.00000E+000.00000E+00 0.00000E+00 1.00000E+00 7.07107E-01....0.00000E+00 0.00000E+00-1.00000E+00 7.07107E-010.00000E+00 0.00000E+00-1.00000E+00 1.00000E+00KNOTS_U #the U knot ve
tor in not de
reasing order0.00000E+000.00000E+00....1.00000E+00



Data file formats 291.00000E+00KNOTS_V #the V knot ve
tor in not de
reasing order0.00000E+000.00000E+00....1.00000E+001.00000E+007.4 3D trimmed NURBS surfa
eThe following example �le is x
model/surfa
es/sphere.dbe.The �les with a .dbe extension 
ontained in the surfa
es dire
tory, identify3D trimmed NURBS surfa
es. This format 
onsists in the same informationalready given for a 3D NURBS surfa
e, plus appended information on the2D trimming 
urves on the parametri
 surfa
e domain. The format is self-explanatory.FILENAME:sphere.dbe #same as a .db fileDEGREE_U_V2 2N.C.P._U_V5 9N.KNOTS_U_V8 12COORD.C.P.(X,Y,Z,W)0.00000E+00 0.00000E+00 1.00000E+00 1.00000E+000.00000E+00 0.00000E+00 1.00000E+00 7.07107E-01....0.00000E+00 0.00000E+00-1.00000E+00 7.07107E-010.00000E+00 0.00000E+00-1.00000E+00 1.00000E+00KNOTS_U0.00000E+000.00000E+00....1.00000E+001.00000E+00KNOTS_V0.00000E+000.00000E+00....1.00000E+001.00000E+001 #this is a flag; it signals that other information follows0 # normal versus; 0 for 
omputed versus, 1 opposite versus



30 3D points0 # flag not used (see .tree format)8 # number of trimming 
urves0 # flag not used (see .tree format)5 # number of points for first trimming 
urve0.634467 0.496372 #(v,u) 
oord. in the param. surfa
e domain.....0.634467 0.4963720 # flag not used (see .tree format)5 # number of points for se
ond trimming 
urve0.384467 0.496372 #(v,u) 
oord. in the param. surfa
e domain.....0.384467 0.496372..... #et
.7.5 List of surfa
esThe following example �le is x
model/surfa
es/skittles.obj.The �les with an .obj extension 
ontained in the surfa
es dire
tory, identifylists 
ontaining 3D NURBS or trimmed NURBS surfa
e names. The formatis self-explanatory.FILENAME:skittles.obj #file list name10 #number of surfa
e file namesskittle01.dbe #trimmed surfa
e nameskittle02.db #surfa
e name....skittle09.dbeskittle10.db7.6 3D 
ontrol pointsThe following example �le is x
model/surfa
es/sphere.
p.The �les with a .
p extension 
ontained in the surfa
es dire
tory, identify
ontrol point nets. The format is self-explanatory.FILENAME:sphere.
p #
ontrol net file nameN.C.P._U_V #introdu
es the 
ontrol net dimensions5 9 #
ontrol net dimensionsCOORD.C.P.(X,Y,Z,W) #the 3D CPs 
oord. and weights by row0.00000E+00 0.00000E+00 1.00000E+00 1.00000E+000.00000E+00 0.00000E+00 1.00000E+00 7.07107E-01....0.00000E+00 0.00000E+00-1.00000E+00 7.07107E-010.00000E+00 0.00000E+00-1.00000E+00 1.00000E+00



Data file formats 317.7 3D pointsThe following example �le is x
model/surfa
es/random.ip.The �les with an .ip extension 
ontained in the surfa
es dire
tory, identifypoint arrays. The format is self-explanatory.FILENAME:random.ip #point array file nameN.P._U_V #introdu
es the array dimensions5 7 #array dimensionsCOORD.P.(X,Y,Z) #introdu
es the 3D point 
oord. by row0.00000E+00 1.00000E+00 1.00000E+000.00000E+00 1.00000E+00 7.07107E-01....0.00000E+00-1.00000E+00 7.07107E-010.00000E+00-1.00000E+00 1.00000E+00
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