Section 4:Creating NURB Surfaces

4A. NURB Primitive surfaces
There are six primitive NURB surfaces that are ladé under th€reate menu. The
attributes on all of these are straightforward.

SpheresCreate -> NURBS Primitives -> Sphere ) are probably the most commonly
used NURB surface in Maya. The primary optiondlaiée in the options window are
the radius, the major axis, and the numbers of@ectnd spans. Spans are like latitude
lines (such as the equator) on a globe. Thesel@sed curves running around the globe;
each span represents a constant value of the mptea Sections on the other hand are
curves running from pole to pole on the major axibey are half-circles and represent
constant values of the v-parameter.
Figure 1 shows a sphere with a checker
board texture that highlights the

NURB patches. The major axis is
vertical; the u-parameter moves up and
down the sphere towards the poles,
while the v-parameter moves
horizontally around the sphere.

Although we usually use the Create Spheres tool
to make complete spheres, it is possible to create
partial spheres with it. A pair of options allowwy
to specify theéStart andStop Sweep Angles

which are 0 and 360 by default. These angles
refer to the spans of the sphere. For example,
Figure 2 shows a sphere with Start Sweep Angle 0
and Stop Sweep Angle 180 and with a vertical
major axis. The horizontal isoparms, which in a
full sphere are complete circles centered on the
major axis, are now semicircles.




NURB planes Create -> NURBS Primitives -> Plane ) are rectangular surfaces.
Options include the length and width, the normas$aand the numbers of u and v
patches. The u-parameter moves across the widtiegectangle, the v-parameter along
the length. You may also specify the degree ofkfiime surface. This has no effect on
its initial appearance but does effect the waystinéace can be deformed. For example,
if you move some of the control points in a direntthat is orthogonal to the plane, a
cubic plane surface will develop rounded hills all@ys while a linear surface will grow
sharp creases.

NURB cubesCreate -> NURBS Primitives -> Cube

) group together 6 sides. You may specify in the
options window the major axis and the lengths ef th
three dimensions: length, width and height. Height
in the direction of the major axis, the other two
dimensions are orthogonal to this axis. You nlag a
specify the number of patches in the u and v
directions. These options apply in a specific way
each of the faces in turn. The cube in Figure 8 wa
created with height 8, length 4 and width 2, with i
major axis vertical. We specified 2 u-patches and
patches. The highlighted face in Figure 3 is thatf
face; with this orientation it should be easy tentify
the other faces: left, right, back, top, and bottaddm
all but the top and bottom faces the u-parameter
moves horizontally across each face and the v-
parameter moves vertically. On the top and bottom
faces the u-parameter moves between the front and
back faces; the v-parameter moves between tharidftight faces. The specification for
2 u-patches and 3 v-patches cause the top, bafirand right faces to all be created in
| this way. However, the front and back faces are
created with 3 u-patches and 2 v-patches, as
shown in Figure 4. Maya does this in order to
make the connections between the faces appear
more natural. If it seems awkward to you it is
easy to avoid — just use the same number of
patches for each of the parameters.




NURB Cylinders Create -> NURBS Primitives -> Cylinder )are rolled-up planes,
either with or without endcaps. The major optiondude the direction of the cylinder’s
axis, the height and the radius. As with spheres,can specify the start and s&peep
anglesto construct a partial cylinder. You may spetifg number of sections (arcs
around the cylinder) and spans (along its heightjou may
| also specify which, if any, endcaps to create. eNbat
cylinders are not grouped objects (like cubes)olf create a
cylinder with an endcap, that cap is an integral pathe
cylinder. The u-parameter for cylinders runs altmglength
of the cylinder, while the v-parameter runs arothel
circumference of it. Figure 5 shows a cylinderhn8tsections
and 4 Figure 5 shows a cylinder with 8 sectiors4aspans.

the same options, though cones have only one endcap
rather than the cylinder’s two. Figure 6 shows a
cylinder with a vertical axis, 4 spans and 8 s&&io




A torus Create -> NURBS Pr|m|t|ves ->Torus )is a donut-like surface that results
S T - from rotating a circle about an axis

e outside the circle but lying in the same

- - plane as the circle. Figure 7 shows a
typical torus, with 16 sections and 4
spans. In addition to the spans and
sections, the torus options allow you to
specify the radius and minor radius of the
torus. The radius is the distance of the
center of the circle being rotate from the
center of its axis of rotation. The minor
radius is the radius of the circle being
rotated. As always, the u-parameter runs
along the sections and the v-parameter
runs between sections.

i

4B. Surfaces from curves

The Surfacesmenu has several tools for building surfaces fNMIdRBS curves. These
tools give you the option of either building polygd or NURB surfaces, and they work
in the same way for either option. The RevolSarfaces-> Revolve ), Loft
(Surfaces->Loft ) and ExtrudéSurfaces-> Extrude ) tools are all intuitive and
have natural geometrical implications.sArface of revolutiorms created by spinning a
curve around an axis. You select the curve andl titve tool, or option the options
window of the tool and then select the curve. ®hly interesting options here are the
degree of the surface, usually 3, the axis of imtatind angle of rotation. ifted
surfaceextends over a family of curves. It is importemselect the curves in the order in
which you want them to appear in the surface. Wighdefault parameterization these
become the isoparms v[0], v[1], v[2], and so fodbrrsesponding to parameter values
v=0, v=1, etc. Finally, andxtruded surfaces the result of dragging a curve through
space. You may either select a single curve andheskstanceoption, moving the
curve through a distance specified in the optiomglaw in a specific direction, or else
select the curve to move and a guide curve. Inatter case the curve that is selected
first is dragging through space. If you selectFla option the curve retains its original
orientation and is moving through space withouttatron. If instead you select the
Tube option the first-selected curve is dragged aldmggduide curve and retains its
orientation to the guide curve. This is usually #ffect desired for extrusion.



The following examples illustrate these tools. &lbiof these examples we use a five-
pointed star, created as a NURBS curve
between the control points of two circles with
five sections each. One of the circles is
rotated by 36 degrees (half of 360/5) to offset
the control points. Both of the circles are
created as®*idegree (linear) NURBS, so they
draw as pentagons. Figure 8 shows the two
circles in blue and the star in green.

First we create a surface by rotating the staubiv®
vertical axis. The star is symmetrical about s and

will rotate back upon itself, so we eliminate haflthe
curve. In the right mouse button marking menu hveose
Curve Point and then Shift-select points at the top and
bottom of the star on its vertical axigdit Curves ->
Detach Curveswill cut the curve at these two points. We
can then delete one half of the curve. Figure®sithe
result.

We then select the remaining portion of the
curve and choos8urfaces-> Revolve

The only option we need to modify is the

axis of rotation, in this case the y (vertical)
axis. Figure 10 shows the result of rotating
half of the star about this axis. An

alternative to cutting the star in half would
have been to use the whole star and to rotate
the curve only by 180 degrees about the
vertical axis.




To loft a surface we need a series of cross-seition
curves. For the next example we select our st@dr an
duplicate it withEdit -> Duplicate . In the options
window we choose to make 3 copies, raising each
vertically by 2 steps and scaling the two horizbnta
dimensions by 0.9. This gives a total of four @ago
far. We select the top curve this produces anthaga
chooseEdit -> Duplicate , this time we make three
more copies, lifting each curve by 2 steps antirgra
the horizontal dimensions by 1.1. Figure 11 shthes
seven curves we have now produced.

We carefully Shift-select these seven curves frioen t
bottom to the top, and chooSerfaces-> Loft
The default options here are all satisfactory.uFegl2
shows the surface that results from this loft.

Finally, we have several examples of extruding our
star curve. Figure 13 shows the easiest of tivese:
selected the curve and ch&darfaces-> Extrude

In the options window we choogistance specified
an axis and akxtrude Length of 5. A distance
extrusion simply moves the curve through spacéen t
specified direction for the specified distance; the
curve sweeps out the resulting surface.

The remaining two extrusions move the curve
along a seconckferencecurve. In this type of
extrusion the first curve selected sweeps out the
surface; the second specifies the region of the
sweep. In Figure 14 you can see both curves:
our star and an arc. We Shift-select first the
star, then the arc, and cho&&faces->




Extrude . Inthe options window we can either choba, producing Figure 15, or
Tube, producing Figure 16. In a Flat
extrusion the sweeping curve always

maintains its orientation to its original plane;
in a Tube extrusion the sweeping curve maintassrientation to the reference curve.
Since the start starts out orthogonal to the rafsxeurve, it remains orthogonal. As a
result, the cross-section at the top of the aquiite large. In the Tube extrusion this
cross-section at the top is very thin becausetdraesmained parallel to the ground plane.

Planar surfacesre the regions inside self-intersecting or peciedrves. They are easy
to create — just select the curve, then ch&séaces-> Planar. The default options are
usually sufficient. Unfortunately, planar surfadesve many limitations. A planar
surface is represented internally as a plane trichbyets curve (in fact, a NURB planar
surface is identical to the result of using Twem Tool on a NURB plane). There is no
internal representation for the boundary of a plauaface, so operations suchAdtach

or Bevelthat require knowledge of the surface edge cabeapplied to planar surfaces.

There are two similar surface tools that use cuagethe boundaries of surfaces. The
Squaresurface tool creates a surface inside four curlés curves need not all lie
within one plane, but they must intersect. Totis®tool select the four curves — the
first curve chosen determines the u-direction &edsecond curve the v-direction — and
then choos&urfaces-> Square . There are several interesting options. You may
selectFixed Boundary continuity orTangent continuity
as a preference for how to handle the cornerseof th
surface, where the boundary curves interesect. cdou
also give the system the option of rebuilding ahthe
curves, to better place the isoparms. For exanipigure
17 shows four curves — two straight edges and two
parabolic-shaped curves that lie in planes orthagtmthe
first two.




Figure 18 shows the “square” surface that has these
four curves as its boundaries.

Boundary surfaces are similar to Square surfacsnoore general. With boundary
surfaces you select two edges and one or two s@dsns, then chooSurfaces->
Boundary . The system interpolates the cross-sections dlmmgdges. Unlike with
Square surfaces, it is not imperative that thesseextions actually touch the other edges.
The most useful of the options allows you to hawey®drenumber the boundary curves to
achieve the surface it thinks you want.

The following pictures show the use of Boundaryates in modeling a flask. Figures
19 and 20 show the four boundary curves. We dirstv one of the vertical edges, then
used the Duplicate tools
(Edit ->Duplicate )

to make a copy with a
scale factor of -1 along
the vertical axis. Then,
with Snap To Points
turned on, we drew
connecting curves across
these two vertical
boundaries. Finally, we
pulled the central two
control points of each of the boundary curves upobthe
plane of the rest of the boundary to make roundigge
Figure 20 shows an alternative view of hte samee=uso
you can see the rounding of the cross-edges.

Figure 21 shows the result of drawing a boundary
surface over these curves.




Birail surfaces
Sculpted surfaces

To complete the flask we duplicated the surface
with another -1 scale factor to make the back side
of the flask, then usdddit NURBS -> Attach
Surfacesto join these two surfaces together. To
eliminate the cusp along the edge where the two
surfaces came together we rebuild the entire
surface withEdit NURBS -> Rebuild Surfaces



