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xurv User's Guide . . .
Chapter 1What is xurv?xurv is the 2D modeller of the xmodel system [XCMODEL00℄. This pro-gram is self-ontained and exeutable from the xmodel onsole window.It is distributed with the arhive xurvdev.tar.gz (version in its devel-opment phase) and xurvusr.tar.gz (exeutable version). Downloadingand installation instrutions are in [XCMODEL00℄.xurv is a system for modelling 2D urves, only based on NURBS mathe-matis primitive. This interative graphis system was designed bearing inmind two main objetives:� to provide a development environment for the experimentation of newtehniques and algorithms in the setor of geometri modelling;� to provide a learning environment and a pratial appliation of thetheories of geometri modelling presented in many books and papers(see referenes).For these reasons, xurv is very di�erent from other 2D CAD systems onthe market. Apart from being based on NURBS, it has general hara-teristis, not belonging to CAD systems, allowing the user to provide allthe data needed to de�ne a urve (suh as knot partition, weights, typeof parametrization), while CAD systems remain more restritive, imposingmethods that are onsidered eÆient, but are invariable.For example, xurv allows the user to hoose the NURBS degree, and thisdegree an have up to a maximum value of 10. In CAD systems, muh lowerdegrees of spline are used (at most ubi).As a result, the algorithms implemented in xurv are as general as possi-ble, in order to be applied in all the ases that the user may require. Thisould limit the eÆieny of the system. For example, the alulation of theB-spline funtions (the basis of the spae of the polynomial spline) exploitsthe reurring formula that de�nes them. In CAD systems, on the otherhand, algorithms are used that make the alulation of the B-splines, aslong as they are of low degree, through the onversion of eah span into the



2 What is xurv?power basis and the use of the Horner method.Additionally, while in a CAD system 'irle urve' or 'irle ar urve', et.,are de�ned as being primitive, xurv provides the instruments for the re-ation of these urves, while waiting for the users to have the basi knowledgethat will allow them to be onstruted.The ode is written in ANSI C language and an be exeuted on dif-ferent workstations. In order to make the system portable, it was deidednot to use graphis development tools. The graphi user interfae only usesroutines from the Xlib library, provided with the Xwindow system. Thishelps exibility, sine the Xwindow system is a standard for workstations.The X programming is therefore omplex, in order to manage the user in-terfae by means of the reation of windows, pop-up menus, buttons, eventsmanagement, et.
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Chapter 2How to work with xurvWhen xurv is set up, it opens �ve windows (see �gure 2.1):� Menu: in whih �ve option buttons and the button to quit the programare viewed.� Colors: presents the olor palette, if olors are available on your om-puter. Otherwise there is a palette of greys or only blak and white.� Curves: is used to design urves. Every point on the window hasreal oordinates belonging to the interval [�1; 1℄ � [�1; 1℄. One animagine that it ontains a system of artesian axes from the entre ofthe window, whose asisse axis is horizontal and whose versus is to theright, while the ordinates axis is vertial and its versus is to the top.� Text: is used to input from the keyboard or to view texts (data relatingto the error urves and messages).� Funtions: is used to view the knot partition, to graphially representthe spline basis funtions, the omponent funtions of the urves, thespeed and urvature funtions and �nally the kC 0(t)k funtion thatestimates the auray of the parametrization of the urve.The user an vary the position and dimensions of some of the windows,within the limits de�ned by the program, in order to view all the informationrequired. For example, it is not possible to hange the dimensions of themenus olors and texts windows. It is possible, on the other hand, tohange the dimensions of the urves and funtions windows.As in any interative graphis system, xurv uses the keyboard and themouse. In the text we use the expression "lik on something with the LMB"(Left Mouse Button) or "the CMB" (Centre Mouse Button) or "the RMB"(Right Mouse Button), when the user plaes the mouse pointer on somethingon the sreen and presses and releases (to lik) a mouse button. In order



4 How to work with xurvto arry out any operation allowed by the system, the user has to selet anoption from the main menu. To selet, lik on a menu button with the LMB.A pop-up menu will then open, indiating the possible hoies. For example,liking on the Curve button, a window appears showing the operationsthat an be made on a urve (suh as reate, delete, reparametrize, et.).If the user hooses the New button, a pop-up menu will appear, allowingthe user to hoose the type of urve (for example, shape approximation orleast square approximation or an interpolation urve).All the xurv menus have a Close button to exit from the menu withoutmaking a hoie. Figure 2.1 shows the work environment and a pop-upmenu.

Figure 2.1: Work environment
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Figure2.2showsallthexurvmenusandhowtheyarelinked,starting
fromthemainmenubuttons.Thismanualisorganisedtoexplainallthe
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6 What to do with xurvmenus and their buttons and how xurv works, following a top-down menuorder.Note that there is an on-line help, that an be ativated in the Optionmenu, and that guides the user, step by step, in his/her ations.The detailed desription of the methods, only desribed here from a fun-tional point of view, an be found in [CASC98℄. The mathematial notationused in this manual is the same as that used in the instrutions leaet men-tioned above.2.1 What to do with xurvxurv is used to model and examine traditional and free-form 2D urves.It is possible to work simultaneously on several urves. The seleted (a-tive) urve is visualised in white and it an be modelled or examined. Thenon-ative urves are shown in the seleted olor from the Colors menu inwhih they were reated. There are several tehniques for reating urves,from interative to automati by interpolation and approximation methods(see New button). xurv allows the user to display urve parameters andsome test funtions, suh as slope, urvature et. (see Funtions menu).xurv allows the user to apply and analyze some modelling tools, suhas knot-insertion, knot-removal, degree-elevation, et. (see Modify menu).The ative urve an be modi�ed by working diretly on its parameters oraided by the system giving some geometri onstraints (see Modify menu).The ative urve an be transformed by geometri transformation, suh astranslation, saling and rotation. xurv allows the user to save the ativeurve in a �le (.db extension), suh as save its ontrol points and interpola-tion/approximation points only (.p and .ip extensions). It is also possibleto load a urve or other �le previously saved (see File menu and Data �leformats setion).



xurv User's Guide . . .
Chapter 3Options buttonThis button opens the following menu from whih it is possible to hoosethe funtions of xurv.� Grid� Axes� Polygonal� Mouse� Keyboard� Con�guration� Zoom� Help� CloseSome buttons in this menu are hek-boxes indiating the seletion of ayes/no option.3.1 Grid buttonThis button opens a menu with the following options:� �2� =2� able/unable� Close



8 Zoom buttonThe third button allows you to able/unable a referene grid in the Curveswindow. If this is abled, every operation following it will be arried out ina system of disrete oordinates, that is, every point is approximated to thenearest point on the grid.The � 2 and =2 buttons, if the grid is ative, allow it to be doubled orhalved.3.2 Axes buttonThis button draws the oordinate axes in the Curves window.3.3 Polygonal buttonThis button ables/unables the viewing of the ontrol polygon of the ativeurve.3.4 Mouse and Keyboard buttonsTheMouse and Keyboard buttons are mutually exlusive hek-boxes. IfMouse is hosen, almost all the operations for data insertion will be arriedout using the mouse, whereas, by hoosing Keyboard, these will be madeusing the keyboard.3.5 Con�guration buttonThis button allows the user to modify the position of all the xurv windowsand the dimensions of the Curves and Funtions windows (the Menus, Textsand Colors windows have a �xed size). It is possible to save this on�gura-tion in the .xurvr �le. The system will use this �le to set the on�gurationwindows in following work sessions.Clik on Con�guration button with LMB, and the following pop-up menuwill appear:� Save onf.� CloseNow you an modify the positions and dimensions of xurv windows asusual with your Window Manager; when you have �nished lik on Saveonf. button with LMB to save the new on�guration. If you don't likon the Save onf. button, but on Close, your on�guration will be ativeonly for the present work session.



Options button 93.6 Zoom buttonThis button opens the following menu:� Zoom out� Zoom in� Reset� CloseButtons Zoom in and Zoom out respetively allow you to magnify andredue the image urves in the Curves window. Button Reset, resets theCurves window to [�1; 1℄ � [�1; 1℄.3.7 Help buttonThis button is used to able/unable the on-line help of xurv. For every se-leted operation, this help guides the user on how to arry out the operationorretly.





xurv User's Guide . . .
Chapter 4File buttonThis button opens the following menu from whih it is possible to hoose toread/write from/on the data �les for the NURBS urves.� Load� Save� Save IP/AP� Save CP� Close4.1 Load buttonThis button allows a �le, with the extension .db, to be loaded. The �les withthis extension ontain all the data needed to de�ne a 2D NURBS urve ina standard format (see Data �le formats setion) The urve de�ned by thistype of data �le will be viewed and will be ative. A mask will appear inthe Texts window (see �g.4.1) through whih it is possible to:

Figure 4.1: Load and Save mask



12 Save IP/AP button� selet the searh diretory. Clik on DIRECTORY box with the LMB.Then use Bakspae to delete the old name and digit the new one.Press Enter on the keyboard to view the diretory list;� hoose the �le to be loaded, by giving it a name. Clik on the FILENAME box with the LMB. Use Bakspae to delete the old name anddigit the new one. Press Enter on the keyboard to load the �le;� selet a �le name from those on the list. Clik on the �lename withthe LMB. Press Enter on the keyboard to load the �le; to sroll the�le names, lik on the arrows with the LMB.� Press OK to exit;� Press ESC to dismiss.If it is impossible to load the �le, or if the �le or the hosen diretory doesnot exist, an error message will appear.4.2 Save buttonThis button allows all the de�nition data for a 2D NURBS urve ative ina �le, with a .db extension, to be saved (see db format in setion 9.). In theTexts window, the mask of �g. 4.1 appears, through whih it is possible to:� selet the searh diretory. Clik on the DIRECTORY box with theLMB then use Bakspae to delete the old name and digit the new.Press Enter on the keyboard to view the diretory list;� hoose a name for the �le to be saved. Clik on the FILE NAME boxwith the LMB. Use Bakspae to delete the old name and digit thenew one. Press Enter on the keyboard to save the �le;� selet a �lename from those on the list. Clik on the �lename with theLMB; Press Enter with the keyboard to save the �le; to sroll the �lenames, lik on the arrows with the LMB.� Press OK to exit;� Press ESC to dismiss.If it is impossible to save the �le, or if the hosen diretory does not exist,an error message will appear.



File button 134.3 Save IP/AP buttonIf the ative urve has been reated by a proess of interpolation or approxi-mation of data, this button allows the interpolation or approximation pointsused to be saved in a �le with an .ip extension. In the Texts window themask of �g.4.1 appears, through whih it is possible to:� selet the searh diretory. Clik on the DIRECTORY box with theLMB then use Bakspae to delete the old name and digit the new.Press Enter on the keyboard to view the diretory list;� hoose a name for the �le to be saved. Clik on the FILE NAME boxwith the LMB. Use Bakspae to delete the old name and digit thenew one. Press Enter on the keyboard to save the �le;� selet a �lename from those on the list. Clik on the �lename with theLMB; Press Enter with the keyboard to save the �le; to sroll the �lenames, lik on the arrows with the LMB.� Press OK to exit;� Press ESC to dismiss.If it is impossible to save the �le, or if the hosen diretory does not exist,an error message will appear.4.4 Save CP buttonThis button allows the user to save the ontrol points of the ative urvein a �le with the .p extension. The mask of �g.4.1 appears in the textswindow, whih an be used to:� selet the searh diretory. Clik on the DIRECTORY box with theLMB then use Bakspae to delete the old name and digit the new.Press Enter on the keyboard to view the diretory list;� hoose a name for the the �le to be saved. Clik on the FILE NAMEbox with the LMB. Use Bakspae to delete the old name and digitthe new one. Press Enter on the keyboard to save the �le;� selet a �lename from those on the list. Clik on the �lename with theLMB; Press Enter on the keyboard to save the �le; To sroll the �lenames lik on the arrows with the LMB.� Press OK to exit;� Press ESC to dismiss.If it is impossible to save the �le, or if the hosen diretory does not exist,an error message will appear.
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Chapter 5Curve buttonThis button opens the following menu from whih it is possible to hoose dif-ferent generi funtions for urves (suh as reate a new urve, reparametrizeor subdivide a urve), but also di�erent management funtions (suh as se-let a urve to beome ative, delete one or all urves, view the de�nitionparameters of a urve, et.).� New� Selet� Reparametrize� Undo reparametrization� Draw points� Reset� Split urve� Delete� Span� Display parameters� Close5.1 New buttonThis button opens the following menu whih presents the di�erent urvereation modes provided by xurv (see also �g.2.1).� Shape approx.



16 New button� Interpolation� Norm approx.� CP �le� IP �le� AP �le� CloseA urve an be reated by:� shape approximation from a set of 2D points (ontrol points (CP)),� interpolation from a set of 2D points (interpolation points (IP)),� approximation in norm from a set of 2D points (approximation points(AP)).For eah of these modes, the user an input the 2D points using the mouseor keyboard, or read these points from a data �le.The next steps, after the input of the 2D points, that is, the input of theremaining data (degree, knot partition, weights) to de�ne the urve, are thesame.Therefore we an desribe these ases together.
Figure 5.1: CP setting, using the keyboard5.1.1 Shape Approx. and CP �le buttonsThese buttons provide the reation of a shape, while preserving the approxi-mation urve, or rather, a variation diminishing urve respet to a polygonalof verties alled ontrol points:



Curve button 171. Control Points setting:Mouse ! lik on urves window with LMB to seletCPs;! lik with CMB to selet a CP oinidingwith the previous one;! lik with RMB to stopKeyboard ! digit CP oordinates and weights in thetext-box mask of �g.5.1;! press Enter with keyboard to on�rm;! lik on ESC with LMB to stop.File ! hoose the �le (.p) to load;! press Enter with keyboard to on�rm;! lik on OK with LMB to stop.2. Set the degree of the urve: digit the degree in the text-box; pressEnter with keyboard to on�rm.3. Choose extended partition ��. A menu with the following hoies willappear:� Equally spaed knots� Uniform knots� Periodi knots� Manual knots� Chord lenght parametrization knots� CloseWe desribe the possible hoies for extended partitions.� Equally spaed and Periodi buttons{ interior knots are set equally spaed in the [0,1℄ parametri do-main. Let K be the number of interior knots (it holds K =np�m where np is the CP number and m is the urve order),then ti are given by:ti = i�mK + 1 i = m; : : : ;m+K + 1{ exterior knots are de�ned byti = a� (b� ti+K+1) i = 1; : : : ;m� 1ti = b+ (ti�K�1 � a) i = K +m+ 2; : : : ;K + 2m



18 New buttonwhere [a; b℄ is the parametri domain. Sine interior knots are equallyspaed, we have the same extended partition both in Equally spaedand Periodi seletions.� Uniform button{ interior knots are equally spaed;{ exterior knots are oinident with the end interval points:ti = 0:0 i = 1; : : : ;m� 1ti = 1:0 i = K +m+ 2; : : : ; 2m+K� Manual buttonThe extended partition an be setted by the user. With the mousehe/she an set only the interior knots, while the exterior are auto-matially set to be oinident with the end interval points; with thekeyboard he/she an set all the knots.{ Mouse! lik K times on interval domain with LMB (Funtionswindow){ Keyboard! digit all knot values, that is K+2m values, in text-box in Texts window.� Chord length parametrization button{ interior knots are hosen so that:ti+1 � titi+2 � ti+1 = Pi�1j=i�m+1 kPj � Pj�1k2Pij=i�m+2 kPj � Pj�1k2where Pj are the urve CPs.{ exterior knots are oinident with the end interval points:Note that all automati extended partitions have interior knots witha multipliity to 1. It is only possible to set knots manually with amultipliity greater than 1.The last parameters to set are the NURBS weights. If you have seletedthe ontrol points using the keyboard, then you are required to give themweights; if you have used the mouse, then the weights are set automatiallyto 1. To hange their values, you must use the Options menu. Then hoosethe Control point button and, �nally the Modify weights button.To summarise, one we have given all the following information:� degree g (or order m = g + 1);



Curve button 19� knot partition (��) and number of knots (K + 2m);� ontrol points (CPs) and number (K +m);� weights;xurv an proeed to ompute and graphially represent the urve.5.1.2 Interpolation and IP �le buttonsThese buttons provide the reation of an interpolation urve starting fromsome given 2D points (IP).1. Interpolation Points setting:Mouse ! lik on Curves window with LMB to seletinterpolation points;! lik with RMB to stop.Keyboard ! digit IP oordinates in the mask text-boxas for �g.5.1;! press Enter with keyboard to on�rm;! lik on ESC with LMB to stop.File ! hoose the �le (.ip) to load;! press Enter with keyboard to on�rm;! lik on OK with LMB to stop.2. Choose an interpolation method:� Lagrange interpolation� Hermite interpolation� Periodi interpolation� Rational ubi interpolation C1 with tension� Rational ubi interpolation C2 with tension� Close3. Choose a parametrization strategy:� Uniform� Chord length� Centripetal� Exponential� Close



20 New button4. Choose NURBS weights:� Non rational� Manual� CloseWe desribe the available interpolation methods:� Lagrange interpolationLet fQig i = 1; : : : ; n, be the interpolation points. This method om-putes the NURBS urve C(t), so that:C(�i) = Qi i = 1; : : : ; nThe degree of the urve must be given. The knot partition will beomputed automatially so that the Shoenberg-Whitney onditionsare satis�ed. Exterior knots are oinident with the end interval points.� Hermite interpolationLet fQìg i = 1; : : : ; n, and ` = 0; : : : ; `i be the interpolation points.This method omputes the NURBS urve C(t) so that:C`(�i) = Qì i = 1; : : : ; n ` = 0; : : : ; `iThis option opens the following menu:{ Hermite F/LThis method, in addition to the interpolation points fQ0i g, i =1; : : : ; n, interpolates the �rst derivative at the end interval points;that is Q11 and Q1n (`1 = `n = 1 and `i = 0 for i = 2; : : : ; n � 1)must be given. The interpolation urve is of degree 3. The inte-rior knots are hosen to oinide with the interpolation parametervalues �i; the exterior knots are oinident with the end intervalpoints.{ HermiteIn addition to the interpolation points fQ0i g, i = 1; : : : ; n, d 2f1; 2; 3; 4g must be given and then the information fQìg, i =1; : : : ; n, and ` = 1; : : : ; d. The interpolation urve is of degree2d + 1. The interior knots are hosen to oinide with the inter-polation parameter values �i and are of multipliity d + 1. Theexterior knots are oinident with the end interval points.{ AkimaStart from the given points fQ0i g, i = 1; : : : ; n. This option om-putes, the points fQ1i g, i = 1; : : : ; n with Akima tehnique. Then



Curve button 21an interpolation of all this information, with a urve of degree 3,is performed. The interior knots are hosen to oinide with theinterpolation parameter values �i and have multipliity 2. Theexterior knots are oinident with the end interval points.� Periodi interpolationLet fQigi=1;:::;n, be the interpolation points. This method omputesthe NURBS urve C(t) so that:8><>: C(�i) = Qi i = 0; : : : ; nC1(�1) = C1(�n)C2(�1) = C2(�n)The interior knots are hosen to oinide with the interpolation param-eter values i�i. The exterior knots are hosen to satisfy the periodionditions automatially.� Rational ubi C1 interpolationLet fQìgi=1;:::;n, and ` = 0; 1 be the interpolation points and wii = 1; : : : ; n�1, be tension parameters assoiated with eah pair fQìgfQì+1g of points. This method omputes the interpolation NURBSurve (ubi over quadrati) with the property of being globally C1and for wi !1 8i to onverge to the polygonal de�ned by the inter-polation points. If wi = 1 8i, it is the ubi Hermite interpolationurve.� Rational ubi C2 interpolationLet fQìgi=1;:::;n, and ` = 0; � � � ; `i where `1 = `n = 1 and `i = 0 i =2; � � � ; n � 1 be the interpolation points and wi i = 1; : : : ; n � 1, betension parameters assoiated with eah pair fQìg fQì+1g of points.This method omputes the interpolation NURBS urve (ubi overquadrati) with the property of being globally C2. If wi = 1 8i, it isthe ubi Hermite interpolation urve that we alled Hermite F/L.After the hoie of an interpolation method, the user must hoose theparametrization strategy, that is, the rule to set the interpolation parametervalues �i. xurv provides four strategies:� Chord length parametrizationSets the �i parameters in the interval [0; 1℄, so that:�i+1 � �i�i+2 � �i+1 = kQi+1 �Qik2kQi+2 �Qi+1k2� Uniform parametrizationSets the �i parameters equally spaed in the interval [0; 1℄.



22 New button� Centripetal parametrizationSets the �i parameters in the interval [0; 1℄, so that:�i+1 � �i�i+2 � �i+1 = � kQi+1 �Qik2kQi+2 �Qi+1k2�1=2� Exponential parametrizationSets the �i parameters in the interval [0; 1℄, so that:�i+1 � �i�i+2 � �i+1 = � kQi+1 �Qik2kQi+2 �Qi+1k2�� with � > 0Finally, the user must set the NURBS weights to de�ne the NURBS spae.� Non RationalEah weight is set to 1. Thus the NURBS spae is a non-rationalspline spae.� ManualFor eah weight:keyboard ! digit its value! Press Enter to on�rm! lik on Es with LMB to exit.Remember that the same number of weights must be set as the numberof the interpolation points.5.1.3 Norm approximation and AP �le buttonsThese buttons allow the omputation of a least square weighted approxima-tion urve starting from some given 2D points (AP).1. Approximation Points setting:Mouse ! lik on urves window with LMB to seletapproximation points;! lik with RMB to stop.Keyboard ! digit AP oordinates in the text-box maskas for �g.5.1;! press Enter with keyboard to on�rm;! lik on ESC with LMB to stop.File ! hoose the �le (.ip) to load;! press Enter with keyboard to on�rm;! lik on OK with LMB to stop.



Curve button 232. Choose the values to weight the approximation points:� Equal� Manual� Close3. Choose an approximation method:� Least square� Constrained least square� Periodi least square� Close4. Choose urve degree:Keyboard ! digit an integer value � 105. Choose a parametrization strategy:� Uniform� Chord length� Centripetal� Exponential� Close6. Choose extended partition:� Automati� Manual� Close7. Choose the number of knots:Keyboard ! digit an integer value8. Choose NURBS weights:� Non rational� Manual� CloseThe weights to assoiate to the approximation points an be:� EqualThis option sets all the weights to 1; non-weighted approximation.



24 New button� ManualThis option allows to input the weights by keyboard.Approximation methods:� Least square approximation methodLet fQigi=1;:::;n, be the approximation points. This method omputesthe NURBS urve C(t), so that the following expression is the mini-mum value:nXi=1 kC(�i)�Qik22 = nXi=1((C1(�i)� xi)2 + (C2(�i)� yi)2)� Constrained least square approximation methodIn addition to satisfying the least square approximation, this methodonstrains the urve to pass from the �rst and last given points, thatis: C(�1) = Q1 e C(�n) = Qn� Periodi least square approximation methodIn addition to satisfying the least square approximation, this methodonstrains the urve to be periodi, that is:8>>>><>>>>: C(�1) = C(�n)C 0(�1) = C 0(�n)...C(m�2)(�1) = C(m�2)(�n)Then the user must give the degree urve and hoose the parametrizationstrategy, that is, the rule to set the interpolation parameter values �i. xurvprovides four strategies:� Chord length parametrizationThis option sets the �i parameters in the interval [0; 1℄, so that:�i+1 � �i�i+2 � �i+1 = kQi+1 �Qik2kQi+2 �Qi+1k2� Uniform parametrizationThis option sets the �i parameters equally spaed within the interval[0; 1℄.� Centripetal parametrizationThis option sets the �i parameters in the interval [0; 1℄, so that:�i+1 � �i�i+2 � �i+1 = � kQi+1 �Qik2kQi+2 �Qi+1k2�1=2



Curve button 25� Exponential parametrizationThis option sets the �i parameters in the interval [0; 1℄, so that:�i+1 � �i�i+2 � �i+1 = � kQi+1 �Qik2kQi+2 �Qi+1k2�� with � > 0The next steps are the hoie of the number of knots and their position.The latter an be:� ManualFor eah knot:Keyboard ! digit its value! Press Enter to on�rm! lik on Es with LMB to exit.� Automatixurv sets the interior knots so that the least square approximationurve will be unique. The exterior knots are set to oinide with theend interval points.The �nal step is to de�ne the NURBS spae by giving the NURBS weights:� Non RationalEah weight is set to 1. Thus the NURBS spae is a non-rationalspline spae.� ManualFor eah weight: ! digit its value! Press Enter to on�rm! lik on Es with LMB to exit.Remember that the same number of weights must be set as the numberof the approximation points.5.2 Selet urve buttonxurv allows the user to model a maximum number of nine urves at thesame time. One of these must be seleted as ative (appearing in white).All the operations that xurv provides are only able for the ative urve.To selet a urve as being ative, lik on one CP of a urve with LMB andlik with RMB to on�rm. Note that the last urve reated or loaded by a�le is set ative.



26 Reparametrization button5.3 Reparametrization buttonThis button opens the following pop-up menu, from whih it is possible tohoose di�erent reparametrization tehniques:� Linear rational� Span� kC 0(t)k� Root ar� Adaptive span� Adaptive kC 0(t)k� Adaptive root ar� CloseThese onsist in hanging the urrent parameter of the ative urve withanother parameter using a linear rational reparametrization funtion thatkeeps the urve a NURBS too.All the proposed tehniques use a linear rational or a pieewise linear rationalfuntion to approximate the ar length parametrization funtion'(t) = Z t0 kC 0(u)k2 duby interpolation or uniform approximation.For eah hosen tehnique, the following menu is presented, from whih itis possible to hoose the approximation mode:� C1 interpolation� C0 uniform approximation� C0 interpolation� CloseThe proposed tehniques partition the parametri interval in di�erent waysand onsequently use a di�erent pieewise reparametrization funtion.5.3.1 Linear rational buttonThis option reparametrizes the whole ative urve using a single linearrational funtion. In this ase the hoise of C1 or C0 interpolation givesthe same approximation funtion for '(t).



Curve button 275.3.2 Span buttonThis option performs pieewise reparametrization of the ative urve aftersplitting the parametri domain at the knots.5.3.3 kC 0(t)k buttonThis option performs a pieewise reparametrization of the ative urve aftersplitting the parametri domain at the points where the '(t) funtion'(t) = Z t0 kC 0(u)k2 duhanges onvexity (onavity).Beause a linear rational funtion is always onvex (onave), this optionallows the user to approximate the '(t) shape.5.3.4 Root ar buttonThis option performs a pieewise reparametrization of the ative urve aftersplitting the parametri domain at the zeroes of the ar test funtion a(t)a(t) = R t0 kC 0(u)k duL � t t 2 [0; 1℄where L is the urve length (L = R 10 kC 0(u)k du).A well-parametrized urve, in the ar length sense, results in a(t) = 0 8t.Splitting the reparametrization at the a(t) zeroes means reparametrizing theurve only where neessary.The following three tehniques, alled Adaptive, approximate the ar lengthparametrization funtion '(t) adaptively, up to a given tolerane.The �rst step is to ompute an approximate linear rational funtion overthe whole parametri domain. If tolerane is not reahed, the parametriinterval is divided into two intervals, and so on:5.3.5 Adaptive span buttonThis option divides the interval in orrespondene with a knot. Otherwise,it splits the interval in half, if it does not ontain knots.5.3.6 Adaptive kC 0(t)k buttonThis option divides the interval into two intervals to respet the onave/onvexbehaviours of the kC 0(t)k funtion. Otherwise, it splits the interval in half,if the kC 0(t)k funtion is already onave or onvex, but tolerane has notbeen reahed.



28 Span button5.3.7 Adaptive root ar buttonThis option divides the interval into two intervals to respet the roots of thea(t) funtion. Otherwise, it splits the interval in half, if it does not ontainother a(t) roots.5.4 Undo reparametrization buttonThis option allows the user to undo the last reparametrization of the ativeurve. If the urve has been parametrized more than one, it is possible toundo every reparametrization.5.5 Draw points buttonxurv graphially represents the ative urve using dots. These dots orre-spond to urve points with equally spaed parameter values.This option is useful to test urve parametrization. In fat, if the urve iswell-parametrized, these urve points will be equally spaed, even on theurve. To ontinue and redisplay the urve in the standard mode, lik withLMB.5.6 Reset buttonThis button resets xurv. If the urves have not been saved they will belost.5.7 Subdivide buttonThis option allows the user to split the ative urve into two urves.� To subdivide, lik on the hosen splitting point with LMB;� Clik with RMB to on�rm;5.8 Delete buttonThis option allows the user to delete the ative urve. After this operation,no urve will be ative. Proeed immediatly to selet a urve to be ativeor reate a new urve.



Curve button 295.9 Span buttonThis button allows the user to visualize and math a knot interval with aurve span.� To selet a knot interval, lik on it with LMB; repeat for other knotintervals.� Clik on the Funtions window with RMB to stop.5.10 Display parameters button
Figure 5.2: Display parameters maskThis button displays the de�nition parameters of the ative urve in themask shown in �g.5.2 on the Texts window.� Clik on arrows with LMB to sroll the knots, CPs and IPs/APs tables.� Clik on Es with RMB to exit.





xurv User's Guide . . .
Chapter 6Modify buttonThis button opens the following pop-up menu from whih it is possible tomodify the ative NURBS urve:� Tranformation� Degree-elevation� Knots� Control points� Geometri modify� Save modify� Undo modify� CloseBy Modify we mean variation of the urve parameters. Sometimes thisinvolves a shape urve variation, and sometimes only a di�erent analytialrepresentation.Every variation is not saved, unless you hoose Save modify. Every un-saved variation an be deleted by hoosing Undo modify.6.1 Transformation buttonThis button opens the following menu with the available geometri trans-formations:� Translation� Saling� Rotation� Close



32 Transformation button6.1.1 Translation buttonThis button allows the user to translate the ative urve from its positionto a new one given by the user.� translation enter:Mouse ! lik on hosen point with LMB;! lik with RMB to on�rmKeyboard ! digit its oordinates;! Press Enter to on�rm� translation vetor de�ned with respet to the given enter:Mouse ! lik on hosen point with LMB! lik with RMB to on�rmKeyboard ! digit its oordinates;! Press Enter to on�rm;6.1.2 Sale buttonThis button allows the user to sale the ative urve.� saling enter:Mouse ! lik on hosen point with LMB;! lik with RMB to on�rm.Keyboard ! digit its oordinates;! Press Enter to on�rm;� saling fators:Keyboard ! digit their positive values;! Press Enter to on�rm;6.1.3 Rotation buttonThis button allows the user to rotate the ative urve.� rotation enter:Mouse ! lik on hosen point with LMB;! lik with RMB to on�rmKeyboard ! digit its oordinates;! Press Enter to on�rm.



Modify button 33� rotation angle in degrees:Keyboard ! digit its value;! Press Enter to on�rm.6.2 Degree-elevation buttonThis button allows the user to make a degree elevation of the urve by1 degree. This proedure does not modify the urve shape, but only itsanalytial representation.To make a degree elevation greater than 1, lik on the button more thanone.6.3 Knots buttonThis button opens the following menu, from whih it is possible to hoosebetween di�erent variations of the urrent knot partition. Sometimes thisinvolves a shape urve variation, and sometimes only a urve representationvariation.� Insert� Move� Remove� Multipliity� Close6.3.1 Insert buttonThis button allows the user to make a knot insertion of 1 or more knots inthe atual knot partition. This proedure does not modify the shape of theurve, but only its analytial representation.Mouse ! lik on hosen position insideparametri interval with LMB;! lik with RMB to stop.Keyboard ! digit new knot value;! Press Enter to on�rm;! lik on Es with LMB to exit.



34 Control points button6.3.2 Move buttonThis button allows the user to move one or more interior knots on the atualpartition from their initial position to a new one. This proedure modi�esthe urve shape.Mouse ! press on a knot with LMB. Drag to new position,then release;! lik with RMB to on�rm.Keyboard ! selet a knot by liking on it with LMBin the knot table;! digit its new value(use Bakspae to delete the old value);! Press Enter to on�rm;! lik on Es with LMB to exit.6.3.3 Remove buttonThis option tries to remove a knot from the atual knot partition withoutmodifying the urve shape. If this proedure is suessful, the e�et will bea urve with a di�erent analytial representation.Mouse ! lik on a knot with LMB;! lik with RMB to on�rm.Keyboard ! selet a knot by liking on it with LMBin the knot table;! Press Enter to on�rm;! lik on Es to exit.6.3.4 Multipliity buttonThis button allows the user to identify the multipliity of the knots in theatual partition. Mouse ! lik on a knot with LMB;! lik with RMB to stop.An integer value (the knot multipliity) will be displayed near the hosenknot.6.4 Control points buttonThis button opens the following menu from whih it is possible to modifythe ontrol points and weights.



Modify button 35� Insert� Add� Move� Delete� Modify weights� Close6.4.1 Insert buttonThis button allows the user to perform the operation known as Inverse Knot-Insertion. This onsists in the spei�ation of a point on the ontrol polygon.xurv identi�es a point on the parametri domain from whih, by knotinsertion, a new polygonal an be obtained having the hosen point as oneof the ontrol points.This proedure does not modify the urve shape, but only its analytialrepresentation.Mouse ! lik on hosen polygonal point with LMB;! lik with RMB to on�rm.Keyboard ! lik on CP table with LMB to hoosethe insertion position;! digit its oordinates and weight values;! press Enter to on�rm eah value;! lik on Es with LMB to exit.Note that, in the Keyboard ase, if the new oordinate point does not belongto the polygonal, a message appear and the user must digit others oordinatepoints.



36 Control points button6.4.2 Add buttonThis button allows the user to add new ontrol points. This proeduremodi�es the urve shape.Mouse ! to selet where to add a CP,lik on a polygonal segment with LMB or lik on the �rstor last CP with CMB;! lik with RMB to on�rm;! lik on new position with LMB;! lik with RMB to on�rm;! lik on graded sale with LMB to give weight value;! lik with RMB to on�rm;Keyboard ! to selet the position at whih to add a CP,lik on CP table with LMB;! digit its oordinates and weight values;! press Enter to on�rm eah value;! lik on Es with LMB to exit.Note that the �rst step is to hoose where to insert the new CP, then to giveits position (Mouse) or oordinates (Keyboard).6.4.3 Move buttonThis button allows the user to move a ontrol point. This proedure modi�esthe ontrol polygon and therefore the urve shape.Mouse ! lik on hosen CP with LMB;! lik with RMB to on�rm;! lik on new position with LMB;! lik with RMB to on�rm.Note that, at any new position, before on�rming, xurv shows the newpolygonal and urve shape.Keyboard ! lik on a CP with LMB in CP table;! digit its oordinate values;! press Enter to on�rm;! lik on Es with LMB to exit.Note that, using the Keyboard, it is possible to move a lot of CPs with asingle Move operation, but you an only view the new urve shape at theend.



Modify button 376.4.4 Delete buttonThis button allows the user to delete a ontrol point. This proedure mod-i�es the ontrol polygon and therefore the urve shape.Mouse ! lik on hosen CP with LMB;! lik with RMB to on�rm.Keyboard ! lik on a CP with LMB in CP table;! lik on Enter with LMB to on�rm;! lik on Es with LMB to exit.Note that, using the Keyboard, it is possible to delete a lot of CPs beforequitting.6.4.5 Modify weight buttonThis button allows the user to modify a weight value assoiated with aontrol point. This proedure modi�es the urve shape.Mouse ! lik on hosen CP with LMB;! lik with RMB to on�rm;! lik on graded sale with LMB;! lik with RMB to on�rm.Note that, at any new weight value, before on�rming, xurv shows thenew urve shape.Keyboard ! lik on hosen CP with LMB in CP table;! digit new weight value;! press Enter to on�rm;! lik on Es with LMB to exit.Note that, using the Keyboard, it is possible to modify a lot of weight values,before quitting.6.5 Geometri modify buttonThis button opens the following menu, from whih it is possible to makesome geometri modi�ations to the shape of the urve. By Geometrimodify we mean that it is possible to impose some geometri onstraints,suh as, passing over a given point.� One weight� Two weights� One CP� Loal� Close



38 Geometri modify button6.5.1 One weight buttonThis button allows the user to modify the ative urve so that it passes overa point S� by only hanging a weight. More preisely, the user must selet aurve point (S) and a point on the ontrol polygon (P ). Then he/she musthoose S� on the straight segment MP (see �g.6.1), where M is the analogof S, when the weight assoiated to the ontrol point P is zero.

Figure 6.1: One weight modifyMouse ! lik on a urve point (S) with LMB;! lik with RMB to on�rm;! lik on a polygonal point (P );The line de�ned by S and P and the segmentMP on this line will be shown.! lik on MP segment with LMB to hoose S�;! lik with RMB to on�rm.Note that, at any hosen S�, before on�rming, xurv shows the new urve.6.5.2 Two weights buttonThis button allows the user to modify the ative urve so that it passes overa point S� by hanging only two weights. More preisely, the user mustselet two ontrol points; xurv shows a urve point S and a point M . Sis the urve point that will be moved to S�, while M represents the urvepoint S, if the weights assoiated with the two seleted ontrol points werezeroes. Now the user an set S� to be in the triangle with the two ontrolpoints and M as the veries (see �g. 6.2).xurv also shows the line through S and M . If the user hooses S� inthe triangle, but also on SM , the urve will be modi�ed to be simmetrypreserving.



Modify button 39

Figure 6.2: Two weights modifyMouse ! lik on a CP (Pr) with LMB;! lik with RMB to on�rm;! lik on a CP (Ps) with LMB;! lik with RMB to on�rm;! lik on a point (S�) inside PrPsM triangle with LMB;! lik with RMB to on�rm.Note that at any hosen S�, before on�rming, xurv shows the new urve.6.5.3 One CP buttonThis button allows the user to modify the ative urve so that it passes overa point S� by hanging only one ontrol point. More preisely, the usermust selet a urve point (S); xurv �nds the ontrol point nearest to Sand shows the line through S and the ontrol point. The user must set S�to be on this line.Mouse ! lik on a urve point (S) with LMB;! lik with RMB to on�rm;Now xurv shows the line de�ned by S and the ontrol point nearest to S.! lik on this line with LMB to hoose S�;! lik with RMB to on�rm.Note that, at any hosen S�, before on�rming, xurv shows the new urve.



40 Save modify and Undo modify buttons6.5.4 Loal buttonThis button allows the user to selet a urve segment and modify only theshape of this urve segment only. This proedure onsists in loal knotre�nement and in a ontrol point movement.Mouse ! lik on a urve point with LMB to selet the �rstsegment end point;! lik on a urve point with LMB to selet the lastsegment end point;! lik with RMB to on�rm.xurv omputes the parametri interval assoiated with this urve segmentand inserts m + 1 knots (with m as the order urve) inside this interval.Now there is a basis funtion with this interval as support. By moving theontrol point assoiated with this basis funtion, only the urve segment willbe modi�ed.Mouse ! lik on a new position with LMB to move the ontrol point;! lik with RMB to on�rm.Note that xurv shows the new urve at any new ontrol point position.6.6 Save modify and Undo modify buttonsThese buttons allow the user respetively, to save the modi�ation made tothe ative urve (both shape and representation modi�ation) and to undothe previous urve.



xurv User's Guide . . .
Chapter 7Funtions buttonThis button opens the following menu whih provides the visualization of 10di�erent funtion graphs. These are very useful when you need to inspetthe analyti and shape harateristis of the ative urve.xurv is able to show up to 3 funtion graphs at the same time. At thebottom of the Funtions window, the parametri interval and the atualknot partition are always shown.� RB-Spline� X = C1(t)� Y = C2(t)� X = C 01(t)� Y = C 02(t)� Slope� Curvature� kC 0k� Ar Test� Int (kC 0k)� Close7.1 RB-Spline buttonThis option shows the graphs of the basis funtion for the NURBS spaeR(Pm;M;�;W ) to whih the ative urve belongs.



42 Ar test button7.2 X = C1(t) and Y = C2(t) buttons.These options show the graphs of the omponents of the ative urve. Theontrol polygons of these funtions that have verties (�i; xi)i=1;:::;m+K (or(�i; yi)i=1;:::;m+K) are also shown. The �i are the nodes and (xi; yi) are theontrol point oordinates.If the ative urve has been reated by interpolation or approximation, thepoints (ti; xi) (o (ti; yi)) where ti are the parameter values assoiated to theinterpolation or approximation points (xi; yi) will be shown.7.3 X = C 01(t) and Y = C 02(t) buttonsThese options show the graphs of the �rst derivative funtions of the urveomponent funtions.7.4 Slope buttonThis option shows the graph of the slope funtion v(t), de�ned by:v(t) = C 02(t)C 01(t)7.5 Curvature buttonThis option shows the graph of the urvature funtion k(t), de�ned by:k(t) = C 01(t)C 002 (t)� C 02(t)C 001 (t)([C 01(t)℄2 + [C 02(t)℄2)3=27.6 kC 0(t)k buttonThis option shows the graph of the funtion kC 0(t)k2 � L, where L is theurve length.This graph is useful to show the user whether the ative urve is well-parametrized or not. In fat, if a urve is well-parametrized, in the arlength sense, then kC 0(t)k �! Land therefore kC 0(t)k � L must zero.In addition, the minimum and maximum funtion values are shown.



Funtions button 437.7 Ar test buttonThis option shows the graph of the funtion a(t), de�ned by:a(t) = R t0 kC 0(u)k duL � t t 2 [0; 1℄;where L is the urve length (L = R 10 kC 0(u)k du). This graph is useful toshow the user whether the ative urve is well-parametrized or not. In fat,if a urve is well-parametrized, in the ar length sense, then a(t) must bezero.In addition the minimum and maximum funtion values are shown.7.8 Int kC 0(t)k buttonThis option shows the graph of the funtion '(t), de�ned by:'(t) = Z t0 kC 0(u)k2 duThis graph is useful to show the user whether the ative urve is well-parametrized or not. In fat, if a urve is well parametrized, in the arlength sense, then '(t) approximates a linear funtion; '(t) is the analytireparametrization funtion. When you hoose to reparametrize the ativeurve, you an ompare the '(t) funtion with the reparametrization fun-tion that xurv uses.
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Chapter 8Data �le formatsIn this setion the sintax of eah �le format used by xurv is given andexplained. The data �les reated or used by xurv are stored in the dire-tory xmodel/urves2d as default. The # harater in the following is aomment to the data in the �le.8.1 NURBS urve 2DThe following example �le is xmodel/urves2d/9p.db. The .db extensionidenti�es a NURBS entity.FILENAME:9p.db # the urve file nameDEGREE # introdues the urve degree2 # urve degreeN.C.P. # introdues the Number of Control Points9 # number of ontrol poinsN.KNOTS # introdues the Number of Knots12 # number of knotsCOORD.C.P.(X,Y,W) # introdues the CPs oord. and weight2.775558e-17 3.000000e-01 1.000000e+00 # X Y W values3.000000e-01 3.000000e-01 7.071070e-01....-3.000000e-01 -2.775558e-17 1.000000e+00-3.000000e-01 3.000000e-01 7.071070e-012.775558e-17 3.000000e-01 1.000000e+00KNOTS # introdues the knot vetor0.000000e+00 # knot values in not deresent order0.000000e+00....1.000000e+001.000000e+00



46 Control Points8.2 Interpolation/Approximation pointsThe following example �le is xmodel/urves2d/fgo.ip. The .ip extensionidenti�es a list of points.FILENAME fgo.ip # the file nameN.P. 18 # introdues the Number of Points and the value-0.030516 -0.373239 # X Y point oordinates-0.098592 -0.295775....0.105634 -0.3169010.037559 -0.373239-0.021127 -0.3779348.3 Control PointsThe following example �le is xmodel/urves2d/spiral.p. The .p ex-tension identi�es a list of ontrol points.FILENAME spiral.p # the file nameN.C.P. 10 # introdues the Number of CPs and the value0.000000 0.000000 1.000000 # X Y W 2d oordinates and weight0.000000 -0.100000 1.105168....0.400000 -0.300000 7.1789940.400000 0.400000 13.317328-0.400000 0.400000 20.908569-0.400000 -0.500000 26.867794
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