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CHAPTER 1

What i1s xzeccurv?

zecurv is the 2D modeller of the zemodel system [ XCMODELOO]. This pro-
gram is self-contained and executable from the zcmodel console window.

It is distributed with the archive xccurvdev.tar.gz (version in its devel-
opment phase) and xccurvusr.tar.gz (executable version). Downloading
and installation instructions are in [XCMODELO0O].

zecurv is a system for modelling 2D curves, only based on NURBS mathe-
matics primitive. This interactive graphics system was designed bearing in
mind two main objectives:

e to provide a development environment for the experimentation of new
techniques and algorithms in the sector of geometric modelling;

e to provide a learning environment and a practical application of the
theories of geometric modelling presented in many books and papers
(see references).

For these reasons, zccurv is very different from other 2D CAD systems on
the market. Apart from being based on NURBS, it has general charac-
teristics, not belonging to CAD systems, allowing the user to provide all
the data needed to define a curve (such as knot partition, weights, type
of parametrization), while CAD systems remain more restrictive, imposing
methods that are considered efficient, but are invariable.

For example, zccurv allows the user to choose the NURBS degree, and this
degree can have up to a maximum value of 10. In CAD systems, much lower
degrees of spline are used (at most cubic).

As a result, the algorithms implemented in zccurv are as general as possi-
ble, in order to be applied in all the cases that the user may require. This
could limit the efficiency of the system. For example, the calculation of the
B-spline functions (the basis of the space of the polynomial spline) exploits
the recurring formula that defines them. In CAD systems, on the other
hand, algorithms are used that make the calculation of the B-splines, as
long as they are of low degree, through the conversion of each span into the
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power basis and the use of the Horner method.

Additionally, while in a CAD system ’circle curve’ or ‘circle arc curve’, etc.,
are defined as being primitive, zccurv provides the instruments for the cre-
ation of these curves, while waiting for the users to have the basic knowledge
that will allow them to be constructed.

The code is written in ANSI C language and can be executed on dif-
ferent workstations. In order to make the system portable, it was decided
not to use graphics development tools. The graphic user interface only uses
routines from the Xlib library, provided with the Xwindow system. This
helps flexibility, since the Xwindow system is a standard for workstations.
The X programming is therefore complex, in order to manage the user in-
terface by means of the creation of windows, pop-up menus, buttons, events
management, etc.
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CHAPTER 2

How to work with xccurv

When zccurv is set up, it opens five windows (see figure 2.1):

Menu: in which five option buttons and the button to quit the program
are viewed.

Colors: presents the color palette, if colors are available on your com-
puter. Otherwise there is a palette of greys or only black and white.

Curves: is used to design curves. KEvery point on the window has
real coordinates belonging to the interval [—1,1] x [-1,1]. One can
imagine that it contains a system of cartesian axes from the centre of
the window, whose ascisse axis is horizontal and whose versus is to the
right, while the ordinates axis is vertical and its versus is to the top.

Text: is used to input from the keyboard or to view texts (data relating
to the error curves and messages).

Functions: is used to view the knot partition, to graphically represent
the spline basis functions, the component functions of the curves, the
speed and curvature functions and finally the ||C’(¢)| function that
estimates the accuracy of the parametrization of the curve.

The user can vary the position and dimensions of some of the windows,
within the limits defined by the program, in order to view all the information
required. For example, it is not possible to change the dimensions of the
menus colors and texts windows. It is possible, on the other hand, to
change the dimensions of the curves and functions windows.

As in any interactive graphics system, zccurv uses the keyboard and the
mouse. In the text we use the expression ”click on something with the LMB”
(Left Mouse Button) or ”the CMB” (Centre Mouse Button) or ”"the RMB”
(Right Mouse Button), when the user places the mouse pointer on something
on the screen and presses and releases (to click) a mouse button. In order
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to carry out any operation allowed by the system, the user has to select an
option from the main menu. To select, click on a menu button with the LMB.
A pop-up menu will then open, indicating the possible choices. For example,
clicking on the Curve button, a window appears showing the operations
that can be made on a curve (such as create, delete, reparametrize, etc.).
If the user chooses the New button, a pop-up menu will appear, allowing
the user to choose the type of curve (for example, shape approximation or
least square approximation or an interpolation curve).

All the zccurv menus have a Close button to exit from the menu without
making a choice. Figure 2.1 shows the work environment and a pop-up
menu.

=| Menu =0

File Curue Optiohs Modify Functions

M

Select

Riparametrize

Undo reparam,

Draw points

Reset

Split curve

Delete

Span

Display params

Close

Figure 2.1: Work environment
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menus and their buttons and how zccurv works, following a top-down menu
order.

Note that there is an on-line help, that can be activated in the Option
menu, and that guides the user, step by step, in his/her actions.

The detailed description of the methods, only described here from a func-
tional point of view, can be found in [CASC98]. The mathematical notation
used in this manual is the same as that used in the instructions leaflet men-
tioned above.

2.1 What to do with zeccurv

zecurv is used to model and examine traditional and free-form 2D curves.
It is possible to work simultaneously on several curves. The selected (ac-
tive) curve is visualised in white and it can be modelled or examined. The
non-active curves are shown in the selected color from the Colors menu in
which they were created. There are several techniques for creating curves,
from interactive to automatic by interpolation and approximation methods
(see New button). zccurv allows the user to display curve parameters and
some test functions, such as slope, curvature etc. (see Functions menu).
zecury allows the user to apply and analyze some modelling tools, such
as knot-insertion, knot-removal, degree-elevation, etc. (see Modify menu).
The active curve can be modified by working directly on its parameters or
aided by the system giving some geometric constraints (see Modify menu).
The active curve can be transformed by geometric transformation, such as
translation, scaling and rotation. zccurv allows the user to save the active
curve in a file (.db extension), such as save its control points and interpola-
tion/approximation points only (.cp and .ip extensions). It is also possible
to load a curve or other file previously saved (see File menu and Data file
formats section).
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CHAPTER 3

Options button

This button opens the following menu from which it is possible to choose
the functions of zccurv.

Grid

Axes
Polygonal
Mouse
Keyboard
Configuration
Zoom

Help

Close

Some buttons in this menu are check-boxes indicating the selection of a
yes/no option.

3.1

Grid button

This button opens a menu with the following options:

x2

/2
able/unable
Close
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The third button allows you to able/unable a reference grid in the Curves
window. If this is abled, every operation following it will be carried out in
a system of discrete coordinates, that is, every point is approximated to the
nearest point on the grid.

The x 2 and /2 buttons, if the grid is active, allow it to be doubled or
halved.

3.2 Axes button

This button draws the coordinate axes in the Curves window.

3.3 Polygonal button

This button ables/unables the viewing of the control polygon of the active
curve.

3.4 Mouse and Keyboard buttons

The Mouse and Keyboard buttons are mutually exclusive check-boxes. If
Mouse is chosen, almost all the operations for data insertion will be carried
out using the mouse, whereas, by choosing Keyboard, these will be made
using the keyboard.

3.5 Configuration button

This button allows the user to modify the position of all the zccurv windows
and the dimensions of the Curves and Functions windows (the Menus, Texts
and Colors windows have a fixed size). It is possible to save this configura-
tion in the .xccurvre file. The system will use this file to set the configuration
windows in following work sessions.

Click on Configuration button with LMB, and the following pop-up menu
will appear:

e Save conf.
o Close

Now you can modify the positions and dimensions of zccurv windows as
usual with your Window Manager; when you have finished click on Save
conf. button with LMB to save the new configuration. If you don’t click
on the Save conf. button, but on Close, your configuration will be active
only for the present work session.
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3.6 Zoom button

This button opens the following menu:
e Zoom out
e Zoom in
o Reset
e Close

Buttons Zoom in and Zoom out respectively allow you to magnify and
reduce the image curves in the Curves window. Button Reset, resets the
Curves window to [—1,1] x [—1,1].

3.7 Help button

This button is used to able/unable the on-line help of xccurv. For every se-
lected operation, this help guides the user on how to carry out the operation
correctly.
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CHAPTER 4

File button

This button opens the following menu from which it is possible to choose to
read/write from/on the data files for the NURBS curves.

e Load

e Save

Save IP/AP

Save CP

Close

4.1 Load button

This button allows a file, with the extension .db, to be loaded. The files with
this extension contain all the data needed to define a 2D NURBS curve in
a standard format (see Data file formats section) The curve defined by this
type of data file will be viewed and will be active. A mask will appear in
the Texts window (see fig.4.1) through which it is possible to:

1 .
= Text =10
DIRECTORY:

gdt_hzs.db

.. fourves2d ‘
gddiscoprof db ‘

R FILEMAME
adp_hss.

gdt_hzsn,db | |

gdtc_hsz.db

il ‘
H
E
m
by
8

Figure 4.1: Load and Save mask
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e select the search directory. Click on DIRECTORY box with the LMB.
Then use Backspace to delete the old name and digit the new one.
Press Enter on the keyboard to view the directory list;

e choose the file to be loaded, by giving it a name. Click on the FILE
NAME box with the LMB. Use Backspace to delete the old name and
digit the new one. Press Enter on the keyboard to load the file;

e select a file name from those on the list. Click on the filename with
the LMB. Press Enter on the keyboard to load the file; to scroll the
file names, click on the arrows with the LMB.

e Press OK to exit;
e Press ESC to dismiss.

If it is impossible to load the file, or if the file or the chosen directory does
not exist, an error message will appear.

4.2 Save button

This button allows all the definition data for a 2D NURBS curve active in
a file, with a .db extension, to be saved (see db format in section 9.). In the
Texts window, the mask of fig. 4.1 appears, through which it is possible to:

e select the search directory. Click on the DIRECTORY box with the
LMB then use Backspace to delete the old name and digit the new.
Press Enter on the keyboard to view the directory list;

e choose a name for the file to be saved. Click on the FILE NAME box
with the LMB. Use Backspace to delete the old name and digit the
new one. Press Enter on the keyboard to save the file;

e select a filename from those on the list. Click on the filename with the
LMB; Press Enter with the keyboard to save the file; to scroll the file
names, click on the arrows with the LMB.

e Press OK to exit;

e Press ESC to dismiss.

If it is impossible to save the file, or if the chosen directory does not exist,
an error message will appear.
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4.3 Save IP/AP button

If the active curve has been created by a process of interpolation or approxi-
mation of data, this button allows the interpolation or approximation points
used to be saved in a file with an .ip extension. In the Tezts window the
mask of fig.4.1 appears, through which it is possible to:

e select the search directory. Click on the DIRECTORY box with the
LMB then use Backspace to delete the old name and digit the new.
Press Enter on the keyboard to view the directory list;

e choose a name for the file to be saved. Click on the FILE NAME box
with the LMB. Use Backspace to delete the old name and digit the
new one. Press Enter on the keyboard to save the file;

e select a filename from those on the list. Click on the filename with the
LMB; Press Enter with the keyboard to save the file; to scroll the file
names, click on the arrows with the LMB.

e Press OK to exit;

e Press ESC to dismiss.

If it is impossible to save the file, or if the chosen directory does not exist,
an error message will appear.

4.4 Save CP button

This button allows the user to save the control points of the active curve
in a file with the .cp extension. The mask of fig.4.1 appears in the texts
window, which can be used to:

e select the search directory. Click on the DIRECTORY box with the
LMB then use Backspace to delete the old name and digit the new.
Press Enter on the keyboard to view the directory list;

e choose a name for the the file to be saved. Click on the FILE NAME
box with the LMB. Use Backspace to delete the old name and digit
the new one. Press Enter on the keyboard to save the file;

e select a filename from those on the list. Click on the filename with the
LMB; Press Enter on the keyboard to save the file; To scroll the file
names click on the arrows with the LMB.

e Press OK to exit;

e Press ESC to dismiss.

If it is impossible to save the file, or if the chosen directory does not exist,
an error message will appear.






zccurv USER'S GUIDE ...

CHAPTER 5

Curve button

This button opens the following menu from which it is possible to choose dif-
ferent generic functions for curves (such as create a new curve, reparametrize
or subdivide a curve), but also different management functions (such as se-
lect a curve to become active, delete one or all curves, view the definition
parameters of a curve, etc.).

o New

e Select

e Reparametrize

e Undo reparametrization
e Draw points

e Reset

e Split curve

e Delete

e Span

e Display parameters

o Close

5.1 New button

This button opens the following menu which presents the different curve
creation modes provided by zccurv (see also fig.2.1).

e Shape approx.
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Interpolation
e Norm approx.

CP file

IP file

AP file

e Close

A curve can be created by:
e shape approximation from a set of 2D points (control points (CP)),
e interpolation from a set of 2D points (interpolation points (IP)),

e approximation in norm from a set of 2D points (approximation points

(AP)).

For each of these modes, the user can input the 2D points using the mouse
or keyboard, or read these points from a data file.

The next steps, after the input of the 2D points, that is, the input of the
remaining data (degree, knot partition, weights) to define the curve, are the
same.

Therefore we can describe these cases together.

= Text {ai[]

Humber: 3 ¥ WETGHTS CP Mot 3

1 00, 500000 0, 300000 1,000000

2 0,800000 0, 200000 1,000000

3 00, BOO000 0.,400000

ESC

Figure 5.1: CP setting, using the keyboard

5.1.1 Shape Approx. and CP file buttons

These buttons provide the creation of a shape, while preserving the approxi-
mation curve, or rather, a variation diminishing curve respect to a polygonal
of vertices called control points:
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1. Control Points setting:

Mouse — click on curves window with LMB to select
CPs;
— click with CMB to select a CP coinciding
with the previous one;
— click with RMB to stop

Keyboard — digit CP coordinates and weights in the
text-box mask of fig.5.1;

— press Enter with keyboard to confirm;
— click on ESC with LMB to stop.

File —  choose the file (.cp) to load;
— press Enter with keyboard to confirm;
— click on OK with LMB to stop.

2. Set the degree of the curve: digit the degree in the text-box; press
Enter with keyboard to confirm.

3. Choose extended partition A*. A menu with the following choices will
appear:
e Equally spaced knots
e Uniform knots

e Periodic knots

Manual knots

Chord lenght parametrization knots

e Close
We describe the possible choices for extended partitions.
e Equally spaced and Periodic buttons

— interior knots are set equally spaced in the [0,1] parametric do-
main. Let K be the number of interior knots (it holds K =
ncp —m where nep is the CP number and m is the curve order),
then t; are given by:

1 —m .
ti:K—|—1 t=m,....,m+K+1

— exterior knots are defined by

tiza,—(b—tH_K_H) i=1,...,m—1
ti=b+ (tirk—1—a) i=K+m+2,...,K+2m
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where [a, b] is the parametric domain. Since interior knots are equally
spaced, we have the same extended partition both in Equally spaced
and Periodic selections.

e Uniform button

— interior knots are equally spaced;
— exterior knots are coincident with the end interval points:

t;i=00 ¢=1,....m—1
=10 1=K+m+2,....2m+ K

e Manual button
The extended partition can be setted by the user. With the mouse
he/she can set only the interior knots, while the exterior are auto-
matically set to be coincident with the end interval points; with the
keyboard he/she can set all the knots.

— Mouse — click K times on interval domain with LMB (Functions
window)

— Keyboard — digit all knot values, that is K 4+ 2m values, in text-
box in Texts window.

e Chord length parametrization button
— interior knots are chosen so that:

i1
tivt — i _ imiomi 1P — Pi—all2
tiva = ti1 Z;‘:i—m—l—Q ||Pj - ijl“2

where P; are the curve CPs.

— exterior knots are coincident with the end interval points:

Note that all automatic extended partitions have interior knots with
a multiplicity to 1. It is only possible to set knots manually with a
multiplicity greater than 1.

The last parameters to set are the NURBS weights. If you have selected
the control points using the keyboard, then you are required to give them
weights; if you have used the mouse, then the weights are set automatically
to 1. To change their values, you must use the Options menu. Then choose
the Control point button and, finally the Modify weights button.

To summarise, once we have given all the following information:

e degree g (or order m = g+ 1);
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e knot partition (A*) and number of knots (K + 2m);

e control points (CPs) and number (K + m);

e weights;

zecurv can proceed to compute and graphically represent the curve.

5.1.2 Interpolation and IP file buttons

These buttons provide the creation of an interpolation curve starting from
some given 2D points (IP).

1. Interpolation Points setting:

Mouse —
_)

Keyboard —

1l

File

11

click on Curves window with LMB to select
interpolation points;
click with RMB to stop.

digit IP coordinates in the mask text-box
as for fig.5.1;

press Enter with keyboard to confirm;
click on ESC with LMB to stop.

choose the file (.ip) to load;
press Enter with keyboard to confirm;
click on OK with LMB to stop.

2. Choose an interpolation method:

Close

Lagrange interpolation

Hermite interpolation

Periodic interpolation

Rational cubic interpolation C'' with tension

Rational cubic interpolation C? with tension

3. Choose a parametrization strategy:

Uniform
Chord length
Centripetal

Exponential
Close
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4. Choose NURBS weights:

e Non rational
e Manual

e Close
We describe the available interpolation methods:

e Lagrange interpolation
Let {Q;} i =1,...,n, be the interpolation points. This method com-
putes the NURBS curve C(¢), so that:

Q(TZ)ZQZ 1=1,...,n

The degree of the curve must be given. The knot partition will be
computed automatically so that the Schoenberg-Whitney conditions
are satisfied. Exterior knots are coincident with the end interval points.

e Hermite interpolation
Let {Q% i =1,...,n, and £ = 0,...,4; be the interpolation points.
This method computes the NURBS curve C(#) so that:

Clm)=QF i=1,...,n £=0,...,4
This option opens the following menu:

— Hermite F/L

This method, in addition to the interpolation points {Q%}, i =
1,...,n, interpolates the first derivative at the end interval points;
that is Q} and QL (/1 =4, =1and ; =0 fori=2,...,n—1)
must be given. The interpolation curve is of degree 3. The inte-
rior knots are chosen to coincide with the interpolation parameter
values 7;; the exterior knots are coincident with the end interval
points.

— Hermite
In addition to the interpolation points {Q%}, i = 1,...,n, d €
{1,2,3,4} must be given and then the information {Qf}, i =
1,...,n, and £ = 1,...,d. The interpolation curve is of degree
2d 4+ 1. The interior knots are chosen to coincide with the inter-
polation parameter values 7; and are of multiplicity d + 1. The
exterior knots are coincident with the end interval points.

— Akima
Start from the given points {QV}, i = 1,...,n. This option com-
putes, the points {Q}}, i = 1,...,n with Akima technique. Then
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an interpolation of all this information, with a curve of degree 3,
is performed. The interior knots are chosen to coincide with the
interpolation parameter values 7; and have multiplicity 2. The
exterior knots are coincident with the end interval points.

e Periodic interpolation

Let {Qi};— ., be the interpolation points. This method computes
the NURBS curve C(¢) so that:

Q(Tz) — Q’L 1= 07 y T
0_1(7'1) = C_I(Tn)
Q2(Tl) = Q2(Tn)

The interior knots are chosen to coincide with the interpolation param-
eter values 77;. The exterior knots are chosen to satisfy the periodic
conditions automatically.

Rational cubic C! interpolation

Let {Qf}izl,___,n, and £ = 0,1 be the interpolation points and w;
i =1,...,n—1, be tension parameters associated with each pair {Q¢}
{Qf 41} of points. This method computes the interpolation NURBS
curve (cubic over quadratic) with the property of being globally C!
and for w; — oo Vi to converge to the polygonal defined by the inter-
polation points. If w; = 1 Vi, it is the cubic Hermite interpolation
curve.

Rational cubic C? interpolation

Let {Qf}izl,___,n, and £=0,---,¢; where {1 = ¢, =1and 4, =0 =
2,---,n — 1 be the interpolation points and w; ¢ = 1,...,n — 1, be
tension parameters associated with each pair {Q¢} {Qf,,} of points.
This method computes the interpolation NURBS curve (cubic over
quadratic) with the property of being globally C2. If w; = 1 Vi, it is
the cubic Hermite interpolation curve that we called Hermite F/L.

After the choice of an interpolation method, the user must choose the
parametrization strategy, that is, the rule to set the interpolation parameter
values 7;. zccurv provides four strategies:

e Chord length parametrization

Sets the 7; parameters in the interval [0, 1], so that:

Tip1 —Ti @iy — Qill
Tive — Tiv1  ||Qive — Qixill2

e Uniform parametrization

Sets the 7; parameters equally spaced in the interval [0, 1].
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e Centripetal parametrization
Sets the 7; parameters in the interval [0, 1], so that:

Titl = Ti ( |Qit1 — Qill2 >1/2

Tit2 — Tit1 1Qit2 — Qix1ll2

e Exponential parametrization
Sets the 7; parameters in the interval [0, 1], so that:

Tigl = Ti ( 1Qiv1 — Qill2
Qiv2 — Qit1ll2

Finally, the user must set the NURBS weights to define the NURBS space.

[0
) with a >0
Ti+2 — Tit+1l

e Non Rational
Each weight is set to 1. Thus the NURBS space is a non-rational
spline space.

e Manual
For each weight:

keyboard — digit its value
—  Press Enter to confirm
— click on Esc with LMB to exit.

Remember that the same number of weights must be set as the number
of the interpolation points.

5.1.3 Norm approximation and AP file buttons

These buttons allow the computation of a least square weighted approxima-
tion curve starting from some given 2D points (AP).

1. Approximation Points setting:

Mouse — click on curves window with LMB to select
approximation points;
— click with RMB to stop.

Keyboard — digit AP coordinates in the text-box mask
as for fig.5.1;

press Enter with keyboard to confirm;
click on ESC with LMB to stop.

11

File choose the file (.ip) to load;
press Enter with keyboard to confirm;

click on OK with LMB to stop.

111
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2. Choose the values to weight the approximation points:

e Equal
e Manual

e Close
3. Choose an approximation method:

e Least square
e Constrained least square
e Periodic least square

o Close

4. Choose curve degree:

Keyboard — digit an integer value < 10

5. Choose a parametrization strategy:

Uniform
Chord length
Centripetal

Exponential

e Close
6. Choose extended partition:

e Automatic
e Manual

e Close
7. Choose the number of knots:

Keyboard — digit an integer value

8. Choose NURBS weights:

e Non rational
e Manual

e Close
The weights to associate to the approximation points can be:

e Equal
This option sets all the weights to 1; non-weighted approximation.
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e Manual
This option allows to input the weights by keyboard.

Approximation methods:

e Least square approximation method
Let {Qi};_, . be the approximation points. This method computes
the NURBS curve C(t), so that the following expression is the mini-
mum value:
n n
Y IC(T) = Qill; = Y- ((Ci(mi) = 2:)” + (Ca(m) — wi)?)
i=1

=1

e Constrained least square approximation method
In addition to satisfying the least square approximation, this method
constrains the curve to pass from the first and last given points, that
is:

C(r)=Q1 e Clm) = Qn

e Periodic least square approximation method
In addition to satisfying the least square approximation, this method
constrains the curve to be periodic, that is:

Q(Tl) = Q(Tn)
C'(r1) = C!(my)

clm2)(my) = "2 (r,)

Then the user must give the degree curve and choose the parametrization
strategy, that is, the rule to set the interpolation parameter values 7;. zccurv
provides four strategies:

e Chord length parametrization
This option sets the 7; parameters in the interval [0, 1], so that:
Tip1 —Ti @iy — Qill
Tiv2 = Tit1  ||Qit2 — Qitill2

e Uniform parametrization
This option sets the 7; parameters equally spaced within the interval
[0, 1].

e Centripetal parametrization
This option sets the 7; parameters in the interval [0, 1], so that:

Titl = Ti _ ( Qi1 — Qill2 >1/2
1Qit2 — Qix1ll2

Tit2 = Titl
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e Exponential parametrization
This option sets the 7; parameters in the interval [0, 1], so that:

. JE— . . JE— . a
Titl = Ti _ < 1Qit1 — Qill2 ) with a >0
Tit2 — Tit1 |Qit2 — Qixill2

The next steps are the choice of the number of knots and their position.
The latter can be:

e Manual
For each knot:

Keyboard — digit its value
— Press Enter to confirm
— click on Esc with LMB to exit.

e Automatic
zecurv sets the interior knots so that the least square approximation
curve will be unique. The exterior knots are set to coincide with the
end interval points.

The final step is to define the NURBS space by giving the NURBS weights:

e Non Rational
Each weight is set to 1. Thus the NURBS space is a non-rational
spline space.

e Manual
For each weight:

— digit its value
—  Press Enter to confirm
— click on Esc with LMB to exit.

Remember that the same number of weights must be set as the number
of the approximation points.

5.2 Select curve button

zecurv allows the user to model a maximum number of nine curves at the
same time. One of these must be selected as active (appearing in white).
All the operations that zccurv provides are only able for the active curve.
To select a curve as being active, click on one CP of a curve with LMB and
click with RMB to confirm. Note that the last curve created or loaded by a
file is set active.
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5.3 Reparametrization button

This button opens the following pop-up menu, from which it is possible to
choose different reparametrization techniques:

e Linear rational

e Span

I (Bl

Root arc

Adaptive span

Adaptive [|C'(t)]]

Adaptive root arc
e Close

These consist in changing the current parameter of the active curve with
another parameter using a linear rational reparametrization function that
keeps the curve a NURBS too.

All the proposed techniques use a linear rational or a piecewise linear rational
function to approximate the arc length parametrization function

o) = [ 10"l du

by interpolation or uniform approximation.
For each chosen technique, the following menu is presented, from which it
is possible to choose the approximation mode:

e C'! interpolation

e CY uniform approximation
e CY interpolation

e Close

The proposed techniques partition the parametric interval in different ways
and consequently use a different piecewise reparametrization function.

5.3.1 Linear rational button

This option reparametrizes the whole active curve using a single linear
rational function. In this case the choise of C! or C? interpolation gives
the same approximation function for o(t).
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5.3.2 Span button

This option performs piecewise reparametrization of the active curve after
splitting the parametric domain at the knots.

5.3.3 ||C'(t)|| button

This option performs a piecewise reparametrization of the active curve after
splitting the parametric domain at the points where the ¢(t) function

o) = [ 10"l du

changes convexity (concavity).
Because a linear rational function is always convex (concave), this option
allows the user to approximate the ¢(t) shape.

5.3.4 Root arc button

This option performs a piecewise reparametrization of the active curve after
splitting the parametric domain at the zeroes of the arc test function a(t)

a(t)zw—t te0,1]

where L is the curve length (L = fol |C" (u)]] du).

A well-parametrized curve, in the arc length sense, results in a(t) = 0 V¢.
Splitting the reparametrization at the a(t) zeroes means reparametrizing the
curve only where necessary.

The following three techniques, called Adaptive, approximate the arc length
parametrization function ¢(t) adaptively, up to a given tolerance.

The first step is to compute an approximate linear rational function over
the whole parametric domain. If tolerance is not reached, the parametric
interval is divided into two intervals, and so on:

5.3.5 Adaptive span button

This option divides the interval in correspondence with a knot. Otherwise,
it splits the interval in half, if it does not contain knots.

5.3.6 Adaptive ||C'(t)|| button

This option divides the interval into two intervals to respect the concave/convex
behaviours of the ||C’(¢)|| function. Otherwise, it splits the interval in half,
if the ||C’(t)|| function is already concave or convex, but tolerance has not
been reached.



28 SPAN BUTTON

5.3.7 Adaptive root arc button

This option divides the interval into two intervals to respect the roots of the
a(t) function. Otherwise, it splits the interval in half, if it does not contain
other a(t) roots.

5.4 Undo reparametrization button

This option allows the user to undo the last reparametrization of the active
curve. If the curve has been parametrized more than once, it is possible to
undo every reparametrization.

5.5 Draw points button

zecurv graphically represents the active curve using dots. These dots corre-
spond to curve points with equally spaced parameter values.

This option is useful to test curve parametrization. In fact, if the curve is
well-parametrized, these curve points will be equally spaced, even on the

curve. To continue and redisplay the curve in the standard mode, click with
LMB.

5.6 Reset button

This button resets zccurv. If the curves have not been saved they will be
lost.

5.7 Subdivide button

This option allows the user to split the active curve into two curves.
e To subdivide, click on the chosen splitting point with LMB;

e Click with RMB to confirm;

5.8 Delete button

This option allows the user to delete the active curve. After this operation,
no curve will be active. Proceed immediatly to select a curve to be active
or create a new curve.
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5.9 Span button

This button allows the user to visualize and match a knot interval with a
curve span.

e To select a knot interval, click on it with LMB; repeat for other knot
intervals.

e Click on the Functions window with RMB to stop.

5.10 Display parameters button

= Text =g
N KHOTS =|[w X ¥ I Z|[w % ¥ z
IEGREE 3
1 -0,23076 1| 033 |-0.5%20  |1.000000 o OF KHOTS:25
2 -0,15384 2 | 0790 | -0.60465  |1,000000 o OF tho: 15
3 -0,07552 3 | .08 |-0.5%023 |1.000000
4 0000000 4 | -o,04803 | -0.28604 |1,000000
5 ooteazs  [=||5 | o.oesus |06 [Looooon [ = Est

Figure 5.2: Display parameters mask

This button displays the definition parameters of the active curve in the
mask shown in fig.5.2 on the Texts window.

e Click on arrows with LMB to scroll the knots, CPs and IPs/APs tables.

e Click on Esc with RMB to exit.
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CHAPTER 6

Modify button

This button opens the following pop-up menu from which it is possible to

modify the active NURBS curve:

Tranformation
Degree-elevation
Knots

Control points
Geometric modify
Save modify
Undo modify
Close

By Modify we mean variation of the curve parameters. Sometimes this
involves a shape curve variation, and sometimes only a different analytical
representation.
Every variation is not saved, unless you choose Save modify. Every un-
saved variation can be deleted by choosing Undo modify.

6.1 Transformation button

This button opens the following menu with the available geometric trans-
formations:

Translation
Scaling
Rotation

Close



32 TRANSFORMATION BUTTON

6.1.1 Translation button

This button allows the user to translate the active curve from its position
to a new one given by the user.

e translation center:

Mouse — click on chosen point with LMB;
— click with RMB to confirm

Keyboard — digit its coordinates;
— Press Enter to confirm

e translation vector defined with respect to the given center:

Mouse — click on chosen point with LMB
— click with RMB to confirm

Keyboard — digit its coordinates;
— Press Enter to confirm;

6.1.2 Scale button
This button allows the user to scale the active curve.
e scaling center:

Mouse — click on chosen point with LMB;
— click with RMB to confirm.

Keyboard — digit its coordinates;
— Press Enter to confirm;

e scaling factors:

Keyboard — digit their positive values;
— Press Enter to confirm;

6.1.3 Rotation button
This button allows the user to rotate the active curve.
e rotation center:
Mouse — click on chosen point with LMB;

— click with RMB to confirm

Keyboard — digit its coordinates;
— Press Enter to confirm.
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e rotation angle in degrees:

Keyboard — digit its value;
— Press Enter to confirm.

6.2 Degree-elevation button

This button allows the user to make a degree elevation of the curve by
1 degree. This procedure does not modify the curve shape, but only its
analytical representation.

To make a degree elevation greater than 1, click on the button more than
once.

6.3 Knots button

This button opens the following menu, from which it is possible to choose
between different variations of the current knot partition. Sometimes this
involves a shape curve variation, and sometimes only a curve representation
variation.

o Insert
e Move

Remove

Multiplicity

Close

6.3.1 Insert button

This button allows the user to make a knot insertion of 1 or more knots in
the actual knot partition. This procedure does not modify the shape of the
curve, but only its analytical representation.

Mouse — click on chosen position inside
parametric interval with LMB;
— click with RMB to stop.
Keyboard digit new knot value;
Press Enter to confirm;
click on Esc with LMB to exit.

L1l
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6.3.2 Move button

This button allows the user to move one or more interior knots on the actual
partition from their initial position to a new one. This procedure modifies
the curve shape.

Mouse — press on a knot with LMB. Drag to new position,
then release;
— click with RMB to confirm.

Keyboard — select a knot by clicking on it with LMB
in the knot table;
— digit its new value
(use Backspace to delete the old value);
— Press Enter to confirm;
— click on Esc with LMB to exit.

6.3.3 Remove button

This option tries to remove a knot from the actual knot partition without
modifying the curve shape. If this procedure is successful, the effect will be
a curve with a different analytical representation.

Mouse — click on a knot with LMB;
— click with RMB to confirm.

Keyboard — select a knot by clicking on it with LMB
in the knot table;
— Press Enter to confirm;
— click on Esc to exit.

6.3.4 Multiplicity button

This button allows the user to identify the multiplicity of the knots in the
actual partition.

Mouse — click on a knot with LMB;
— click with RMB to stop.

An integer value (the knot multiplicity) will be displayed near the chosen
knot.

6.4 Control points button

This button opens the following menu from which it is possible to modify
the control points and weights.
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Insert

o Add

e Move

Delete

Modify weights

Close

6.4.1 Insert button

This button allows the user to perform the operation known as Inverse Knot-
Insertion. This consists in the specification of a point on the control polygon.
zecurv identifies a point on the parametric domain from which, by knot
insertion, a new polygonal can be obtained having the chosen point as one

of the control points.

This procedure does not modify the curve shape, but only its analytical

representation.
Mouse —
%
Keyboard —
%
N
%

click on chosen polygonal point with LMB;
click with RMB to confirm.

click on CP table with LMB to choose
the insertion position;

digit its coordinates and weight values;
press Enter to confirm each value;
click on Esc with LMB to exit.

Note that, in the Keyboard case, if the new coordinate point does not belong
to the polygonal, a message appear and the user must digit others coordinate

points.
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6.4.2 Add button

This button allows the user to add new control points. This procedure
modifies the curve shape.

Mouse —
_)
_>
_)
_)
_>
Keyboard —
_>
_)
_>

to select where to add a CP,

click on a polygonal segment with LMB or click on the first
or last CP with CMB;

click with RMB to confirm;

click on new position with LMB;

click with RMB to confirm;

click on graded scale with LMB to give weight value;

click with RMB to confirm;

to select the position at which to add a CP,
click on CP table with LMB;

digit its coordinates and weight values;
press Enter to confirm each value;

click on Esc with LMB to exit.

Note that the first step is to choose where to insert the new CP, then to give
its position (Mouse) or coordinates (Keyboard).

6.4.3 Move button

This button allows the user to move a control point. This procedure modifies
the control polygon and therefore the curve shape.

Mouse — click on chosen CP with LMB;

click with RMB to confirm;
click on new position with LMB;
click with RMB to confirm.

Ll

Note that, at any new position, before confirming, xzccurv shows the new
polygonal and curve shape.

Keyboard — click on a CP with LMB in CP table;

digit its coordinate values;
press Enter to confirm;
click on Esc with LMB to exit.

11

Note that, using the Keyboard, it is possible to move a lot of CPs with a
single Move operation, but you can only view the new curve shape at the

end.
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6.4.4 Delete button

This button allows the user to delete a control point. This procedure mod-
ifies the control polygon and therefore the curve shape.

Mouse — click on chosen CP with LMB;
— click with RMB to confirm.
Keyboard — click on a CP with LMB in CP table;
— click on Enter with LMB to confirm;
— click on Esc with LMB to exit.

Note that, using the Keyboard, it is possible to delete a lot of CPs before
quitting.

6.4.5 Modify weight button

This button allows the user to modify a weight value associated with a
control point. This procedure modifies the curve shape.

Mouse — click on chosen CP with LMB;
— click with RMB to confirm;
— click on graded scale with LMB;
— click with RMB to confirm.

Note that, at any new weight value, before confirming, xccurv shows the
new curve shape.

Keyboard — click on chosen CP with LMB in CP table;
— digit new weight value;
— press Enter to confirm;
— click on Esc with LMB to exit.

Note that, using the Keyboard, it is possible to modify a lot of weight values,
before quitting.

6.5 Geometric modify button

This button opens the following menu, from which it is possible to make
some geometric modifications to the shape of the curve. By Geometric
modify we mean that it is possible to impose some geometric constraints,
such as, passing over a given point.

e One weight

Two weights
One CP

Local

Close
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6.5.1 One weight button

This button allows the user to modify the active curve so that it passes over
a point S* by only changing a weight. More precisely, the user must select a
curve point (S) and a point on the control polygon (P). Then he/she must
choose S* on the straight segment M P (see fig.6.1), where M is the analog
of S, when the weight associated to the control point P is zero.

Figure 6.1: One weight modify

Mouse — click on a curve point (S) with LMB;
— click with RMB to confirm;
— click on a polygonal point (P);

The line defined by S and P and the segment M P on this line will be shown.

— click on M P segment with LMB to choose S*;
— click with RMB to confirm.

Note that, at any chosen S*, before confirming, zccurv shows the new curve.

6.5.2 Two weights button

This button allows the user to modify the active curve so that it passes over
a point S* by changing only two weights. More precisely, the user must
select two control points; zccurv shows a curve point S and a point M. S
is the curve point that will be moved to S*, while M represents the curve
point S, if the weights associated with the two selected control points were
zeroes. Now the user can set S* to be in the triangle with the two control
points and M as the verices (see fig. 6.2).

zecurv also shows the line through S and M. If the user chooses S* in
the triangle, but also on SM, the curve will be modified to be simmetry
preserving.
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Figure 6.2: Two weights modify

Mouse — click on a CP (P,) with LMB;
— click with RMB to confirm;
— click on a CP (P;) with LMB;
— click with RMB to confirm;
— click on a point (S*) inside P,PsM triangle with LMB;
— click with RMB to confirm.

Note that at any chosen S*, before confirming, zccurv shows the new curve.

6.5.3 Omne CP button

This button allows the user to modify the active curve so that it passes over
a point S* by changing only one control point. More precisely, the user
must select a curve point (S); zccurv finds the control point nearest to S
and shows the line through S and the control point. The user must set S*
to be on this line.

Mouse — click on a curve point (S) with LMB;
— click with RMB to confirm;

Now zccurv shows the line defined by S and the control point nearest to S.

— click on this line with LMB to choose S*;
— click with RMB to confirm.

Note that, at any chosen S*, before confirming, zccurv shows the new curve.
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6.5.4 Local button

This button allows the user to select a curve segment and modify only the
shape of this curve segment only. This procedure consists in local knot
refinement and in a control point movement.

Mouse — click on a curve point with LMB to select the first
segment end point;
— click on a curve point with LMB to select the last
segment end point;
— click with RMB to confirm.

zecurv computes the parametric interval associated with this curve segment
and inserts m + 1 knots (with m as the order curve) inside this interval.
Now there is a basis function with this interval as support. By moving the
control point associated with this basis function, only the curve segment will
be modified.

Mouse — click on a new position with LMB to move the control point;
— click with RMB to confirm.

Note that zccurv shows the new curve at any new control point position.

6.6 Save modify and Undo modify buttons

These buttons allow the user respectively, to save the modification made to
the active curve (both shape and representation modification) and to undo
the previous curve.
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CHAPTER 7

Functions button

This button opens the following menu which provides the visualization of 10
different function graphs. These are very useful when you need to inspect
the analytic and shape characteristics of the active curve.

zecurv is able to show up to 3 function graphs at the same time. At the
bottom of the Functions window, the parametric interval and the actual
knot partition are always shown.

e RB-Spline

e X =C4(¥)

Y = Ca(t)

e X =Cj(t)

Y = (1)

Slope

Curvature

1

Arc Test

Int (/7))

Close

7.1 RB-Spline button

This option shows the graphs of the basis function for the NURBS space
R(P,,, M, A, W) to which the active curve belongs.
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7.2 X =C(C4(t) and Y = Cy(t) buttons.

These options show the graphs of the components of the active curve. The
control polygons of these functions that have vertices (&, z;)i=1,...m+x (or
(&i,Yi)i=1,....,m+K) are also shown. The ¢; are the nodes and (z;,y;) are the
control point coordinates.

If the active curve has been created by interpolation or approximation, the
points (¢;,2;) (o (¢;,;)) where t; are the parameter values associated to the
interpolation or approximation points (x;,y;) will be shown.

7.3 X =Ci(t) and Y = C5(t) buttons

These options show the graphs of the first derivative functions of the curve
component functions.

7.4 Slope button

This option shows the graph of the slope function v(t), defined by:

7.5 Curvature button

This option shows the graph of the curvature function k(t), defined by:

ko) - S0 ciny)

) —Cs
([CT@ + [C5()]2)%/2

7.6 ||C'(t)|| button

This option shows the graph of the function ||C’(t)||2 — L, where L is the
curve length.

This graph is useful to show the user whether the active curve is well-
parametrized or not. In fact, if a curve is well-parametrized, in the arc
length sense, then

IC’®I — L

and therefore ||C'(¢)|| — L must zero.
In addition, the minimum and maximum function values are shown.
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7.7 Arc test button
This option shows the graph of the function a(t), defined by:

a(t)zw—t te 0,1,

where L is the curve length (L = [)'||C"(u)| du). This graph is useful to
show the user whether the active curve is well-parametrized or not. In fact,
if a curve is well-parametrized, in the arc length sense, then a(#) must be
ZEro.

In addition the minimum and maximum function values are shown.

7.8 Int ||C'(t)| button

This option shows the graph of the function ¢(t), defined by:

o) = [ 10" du

This graph is useful to show the user whether the active curve is well-
parametrized or not. In fact, if a curve is well parametrized, in the arc
length sense, then ¢(t) approximates a linear function; ¢(t) is the analytic
reparametrization function. When you choose to reparametrize the active
curve, you can compare the ¢(t) function with the reparametrization func-
tion that zccurv uses.
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CHAPTER 8

Data file formats

In this section the sintax of each file format used by zccurv is given and
explained. The data files created or used by zccurv are stored in the direc-
tory xcmodel/curves2d as default. The # character in the following is a
comment to the data in the file.

8.1 NURBS curve 2D

The following example file is xcmodel/curves2d/c9p.db. The .db extension
identifies a NURBS entity.

FILENAME:c9p.db # the curve file name
DEGREE # introduces the curve degree
2 # curve degree
N.C.P. # introduces the Number of Control Points
9 # number of control poins
N.KNOTS # introduces the Number of Knots
12 # number of knots
COORD.C.P. (X,Y,W) # introduces the CPs coord. and weight
2.775558e-17 3.000000e-01 1.000000e+00 # X Y W values

3.000000e-01 3.000000e-01 7.071070e-01

-3.000000e-01 -2.775558e-17 1.000000e+00

-3.000000e-01 3.000000e-01 7.071070e-01

2.775558e-17 3.000000e-01 1.000000e+00

KNQOTS # introduces the knot vector
0.000000e+00 # knot values in not decrescent order
0.000000e+00

1.000000e+00

1.000000e+00
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8.2 Interpolation/Approximation points

The following example file is xcmodel/curves2d/fgo.ip. The .ip extension
identifies a list of points.

FILENAME fgo.ip # the file name
N.P. 18 # introduces the Number of Points and the value
-0.030516 -0.373239 # X Y point coordinates

-0.098592 -0.295775

0.1056634 -0.316901
0.037559 -0.373239
-0.021127 -0.377934

8.3 Control Points

The following example file is xcmodel/curves2d/spiral.cp. The .cp ex-
tension identifies a list of control points.

FILENAME spiral.cp # the file name
N.C.P. 10 # introduces the Number of CPs and the value
0.000000 0.000000 1.000000 # X Y W 2d coordinates and weight
0.000000 -0.100000 1.105168

0.400000 -0.300000 7.178994
0.400000 0.400000 13.317328
-0.400000 0.400000 20.908569
-0.400000 -0.500000 26.867794
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