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Back to Basics...
Modeling with Primitives

What we'll cover in this chapter:

@ The primitive objects
@ Sphere
@ Box
@ Pyramid
@ Cone
@ Cylinder
@ Torus
@ Plane
@ Polyhedron
@ Making the most of primitives

@ Tutorial: Creating a city
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In this chapter, we’ll be covering the various primitive objects at your disposal in Swift 3D v3, as well
as their individual properties and possible uses. We will finish with an exercise in which we’ll be
modeling a cityscape using only primitives and creative ingenuity.

So what are primitive objects? Small geometric shapes running about wearing loin cloths and
brandishing spears...? Sadly not. What they are is the fastest and easiest way to add 3D objects to a
scene. Clicking one of the object buttons in the Main Toolbar adds the respective text or primitive
object to the stage. When an object arrives on scene, it will appear at the intersection of the X, Y, and
Z axes (the dead center of your 3D environment) and be wearing its signature default material; glossy

gray.

As with any craft, it’s as important to understand the materials you work with as much as it is the tools
you wield, so we’ll spend some time looking at each of the primitives in detail, from left to right as they
appear in the Main Toolbar. For the time being, we will skip over the first button, which adds a Text
object, and move onto the Sphere. It isn’t that the Text object isn’t worthy of our attention; rather it
has been given a chapter all its own (see Chapter 5).

The primitive objects

Each primitive has properties that can be adjusted to alter its —
appearance. When selected, an object’s properties will appear in the .:Tf:....
Properties Toolbar under a category named after the primitive type. Emsisanmant
. . Bl adwmal
For example, to access the properties of a box, you would select it in the Object
Viewport and then select the Box category in the Properties Toolbar. Fasilien
Srale
Many properties are universal, while others are unique to specific
primitive types. Before getting into each primitive individually, | want to i
cover those properties that the majority of objects share in common. i {
prop jority ] e m .
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@ Sizing. This is exactly what it sounds like; sizing alters the dimensions of an object. The type of sizing
available depends on the object involved, and includes radius, width, height, depth, and length.

Changing the dimensions of an object though Sizing is different than
Scaling. While Sizing is used to numerically set specific dimensions,
such as height, width, and radius, Scaling works by altering the size
of objects along their X, Y, and Z axes. You will find more information
on both of these methods in Chapter 3.

Y,

@ Segmentation. Segmentation controls the number of polygons into which the surface of an object
is divided. In some primitives, altering Segmentation does not have as evident a visual affect as it
does with others, until you hit one extreme at either end of the spectrum. As a general guideline,
low segmentation results in a “faceted” object, while high segmentation results in a very smooth
surface. However, be warned that using high segmentation settings can result in extremely large
file sizes, increase the time it takes to render, and can cause some computers to suffer delays when
moving objects about the Viewports.

Example of segmentation settings on the structure of a cylinder primitive.

Segmentation is handled slightly differently for objects with flat sides. For example, by default, each of the
six sides of a Box is comprised of two polygons, resulting in 12 polygons total. Increasing or decreasing the
number of polygons does not visibly alter the basic structure of the Box. The change will only become visible
when you select one of a few vector rendering styles, such as Cartoon Full Color Fill, Mesh Gradient Shading,
or the Entire Mesh option when including Edges. This change takes the form of how light plays off the
surfaces of the cube or, in the case of outlines, how many subdivisions are visible.
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The effects of segmentation settings when used on an object with flat sides.

Segmentation (Width:1, Height:1, Depth:1) Segmentation (Width:16, Height:16, Depth:16)

It should be noted that the segmentation settings for a Box will not affect the image when rendering
to raster format with EMO.

Let’s now take a look at the primitive objects themselves.

Sphere

You most likely became familiar with this shape when you played with
a ball for the first time as a child. “Round and devoid of sharp edges”
is probably all you need to say to describe the Sphere.

A Sphere’s parameters include Sizing, which comes in the form of
Radius and Segmentation. Although these can change the appearance
of a sphere, the real changes can be made using the X, Y, Z Scale
properties, found under Scale in the Properties Toolbar. Adjusting
these will let you create cigar shapes, rounded disks, and many more
sphere-based shapes. Additionally, Scaling combined with
Segmentation can result in the creation of some very non-sphere like
objects.

Shapes created from a Sphere primitive through segmentation and scale settings.
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Box
The Box is, well, a box. Call it a cube if you prefer. Simple and utilitarian
in form, the Box, like the Sphere, has only two properties, Sizing and
Segmentation. Sizing is rather self-explanatory, as it consists of Height,
Width, and Depth, and we’ve already looked at how segmentation affects
the Box.

Pyramid

Once again simple in form, but monolithic in nature, the Pyramid has only
one property setting, Sizing. Adjusting Width and Depth will change the
dimensions of the base, while Height controls the distance between the
base and apex. If you need a Pyramid with fewer, or greater than four g
sides, you can use a modified Cone, speaking of which... ‘*-:r

Cone

As you would imagine, the Cone is round at the base and pointy on top.
If the primitive genes of a Pyramid and Cylinder were spliced together,
the Cone would most likely be the mutated result. The Cone has the
Sizing property of Height like the Pyramid, and Radius similar to the
Cylinder. A Cone, however, has one step up on the Cylinder, as it has both
a Top and Bottom Radius, meaning that it does not necessarily have to
have its signature point, nor does the Top have to be of a smaller radius
than the base.

The Axial Segmentation setting will alter the Cone in a similar way to how Segmentation alters the Box,
affecting how light plays on its surface in some rendering settings. Radial segmentation makes a more
visible change, causing the geometry of the Cone to be altered. As was hinted at earlier, you can create
a 3 sided pyramid by simply setting the Radial Segmentation of a Cone to three.

Finally, the Cone brings one new property to the table that you may have already noticed in the Properties
Toolbar. Here, you will find a checkbox under Segmentation labeled “Closed”. When unchecked, the cone
will be devoid of “end caps”, creating a hollow shape perfect for holding ice cream.
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Cylinder

The Cylinder, much like the Box, is one of the primitives you will
probably find yourself using often. It lends itself to many basic
modeling needs including forming columns, tubes, shafts, and pillars
with the greatest of ease.

The Cylinder shares the properties of primitives we have already
covered. The Height and Radius (single setting for top and bottom)
settings are the same as that for a Cone, as are the affects of
Segmentation. Like the Cone, the Cylinder also has the ability to disable
the “Closed” property, which makes it perfect for creating hollow
tubes, or the cannon barrels of a giant, mechanized robot.

Torus

Whether you think of it as a tire, donut, or lifesaver, you’re getting the
right picture. The Torus has two radius settings, one for the inner edge
(Minor Radius) and one for the outer edge (Major Radius). Setting the
Major radius will increase or decrease the size of the Torus, while
adjusting the Minor radius will change the size of the hole and the
space between the inner and outer edge. If you simply want to make
the Torus larger (maintaining the same radius proportions) it is best to
go to its Scale page in the Properties Toolbar and scale it.

Note that the Minor radius may never be less than .01 of the size of
the Major radius.

The Torus has two segmentation settings, Minor and Major. Minor controls the cross section of the Torus,
while Major controls the perimeter (both inside and outside) segmentation. Reducing or Increasing
Outer Segmentation will result in the Torus being made up of more or less segments. At the minimum
setting of three, the shape will become triangular. Altering the Inner Segmentation can have some
unexpected results. For example, if reduced to one, the Torus will look more like a cross section of a
hollow Cylinder. Opposite are some examples of what is possible through manipulating property settings.
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Plane

No other object suits the name primitive so well. The Plane
is comparable to a single sheet of paper. It was introduced
in Swift 3D v2, and its primary use is to quickly create
surfaces on which to cast shadows, and to divide up spaces
by building walls, rooms, and so on.

The properties of the Plane are as simple as its form. Sizing options consist of the self-explanatory Width
and Height. The Width and Height Segmentation settings produce results identical to those for the Box.

Polyhedron

Polyhedron basically means a many sided shape. It’s derived from the
Greek poly, meaning many and from the Indo-European hedron, meaning
seat. For our use in Swift 3D, it’s simply a three-dimensional solid object
that is made up of a collection of polygons, which are generally joined at
their edges.

The Polyhedron is the least primitive of the primitives; no other shape
gives us more options than the Polyhedron.
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Because of the vast possibilities it offers it is usually the least
understood among its primitive brethren in the Main Toolbar. The
confusion lies in the fact that the Polyhedron is not a single primitive,
but a blanket term for several families of basic shapes; five in total.
Their names, which include tetrahedron, octahedron, and
dodecahedron, might bring back memories of geometry class. Whether
they are good or bad memories, | will leave between you and your
report cards. But don’t worry, no matter what your past experience,
once you get over the terms being thrown around, you’ll find that
working with polyhedra is nothing but good.

You cannot specify family properties until after you add a Polyhedron
to the stage. If you have Swift open, go ahead and do that now. Once
you’ve added your Polyhedron, select it and the Properties Toolbar will
automatically display the Polyhedron category.

Lisiee
Camubia
Erwina nimird

Lipksrial
Dibjeel
Farfizn
Boaly

- Famiby
= Talra

™~ chard

(" CubeMeta 1 Star2
" Dodeoons

Family Parametes

| o = afves o

Boale #ais

iE'ﬁu':l.
| T

R Huais

Radius

00 0

{RRR

The types of optional polyhedra are the Tetrahedron, Hexahedron (Cube), Octahedron, Dodecahedron
and Icosahedron. In geometry, these five are known as the Platonic Solids, or Regular Solids. They
receive this distinction because each face is composed of congruent convex polygons. This simply
means that each face is the same, and they all line up at the points. As you can see, a few of the shapes
share radial buttons. That is because by reversing the Family Parameters of one, for example the Cube,
you can create the Octahedron. The same principle works for the Dodec/Icos duo. We will be discussing

Family Parameters and their influence over the various polyhedra shortly.

You'll notice that | did not mention Star1 and Star2. These two are simplified names that were adopted

for use with shapes derived from the Dodecahedron and Icosahedron.

Let’s break this down a little further and take a look at the individual characteristics of each of the

polyhedron families.
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Polyhedron families

Tetra (Tetrahedron)

The most basic form of Polyhedron, the Tetrahedron is the first we
will discuss. It is also, by no coincidence, the default form a new
Polyhedron takes when it is added to a scene.

The Tetrahedron is made up of four vertices, six edges, and four
equilateral triangular faces. Although its form may initially seem
limited, you can create a multitude of Tetrahedron variations by
adjusting the Family Parameters, which we’ll discuss shortly.

Cube (Hexahedron) /Octa (Octahedron)

The default geometry of this family is the cube, or hexahedron. Its makeup includes eight vertices, twelve
edges, and six square sides. Its sibling, the Octahedron, consists of six vertices, twelve edges, and eight
equilateral triangular faces. You do not simply check a box to create an Octahedron, rather you convert
a Cube by altering the Family Parameters.
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Dodec (Dodecahedron) / Icos (Icosahedron)

A~

When you first select this family, the geometry will be that of the Dodecahedron, composed of 20
vertices, 30 edges, and 12 pentagonal faces. As with the previous family, the alternative geometry, the
Icosahedron, is achieved through manipulating the properties of the default geometry. The Icosahedron
is comprised of 12 vertices, 30 edges, and 20 equilateral triangular faces.

The next group of objects we’ll discuss, Star1 and Star2, are actually derivative polyhedra of this family
that have gone through a process known as Stellation. Read on to learn the riveting details of one
family’s tale of spikiness and betrayal! OK, maybe not riveting, but | think it is interesting nonetheless.

Star1 & Star2 ... a tale of stellation

Stellation. “So what is it” you ask? Stellation occurs when the facial planes of a given polyhedra are
extended past the edges, until they intersect. Adjusting the Family Parameters of a polyhedron, which
you will be introduced to in a following section, causes this. So that you can see exactly what is occurring
when a polyhedron goes through the process of stellation, in the example below, | have isolated a single
face of an Icosahedron as it is pulled outward from the center, forming a three-sided “spike”.

Single face of an Icosahedron going through the process of stellation

A simpler explanation is to take a Dodecahedron and replace each of its 12 pentagonal faces with five-
sided pyramids. While that would not be true Stellation, it should help you to draw a clear picture in
your mind.

—
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Star1 and Star2 are both deceptively simple names for Stellated polyhedra. Formally, Star1 is known as a
“Great Stellated Dodecahedron”. Its base geometry is that of an Icosahedron. Star2 is a “Small Stellated
Dodecahedron” and is created from a Dodecahedron. In geometry, these are two of the four stellated
shapes known as the Kepler-Poinsot solids. Reversing the Family Parameters of Star1 and Star2 results in
the creation of the remaining two.

The Kepler-Poinsot solids

Greal Slekaled Small Slelaled Graal
Dodecahedron Deodecahedran |lcasahedman

{Start} i Skard)

Rather than getting into lengthy explanations about what is possible with stellation, it’s far quicker, and
more effective for your own learning, to leave it to you to discover the magic shapes you can achieve by
modifying polyhedra.

Since | have once again touched on the topic of Family Parameters, | will now quit teasing and finally cover
them, and the remaining Polyhedron parameters.

Family Parameters... Watching your Ps and Qs

The Polyhedron has parameters that no other primitive possesses. These fall under the header of Family
Parameters and are known as P and Q. These letters do not have a definition that | know of, but as long
as we know exactly how they affect polyhedra, we’re good to go!

Adjusting the P parameter alters the number of faces a polyhedron possesses, while Q controls the
number of vertices. However, things aren’t quite as simple as that. The numbers in the P and Q settings
do not directly translate to the actual number of faces and vertices present in the primitive, rather they
are simply related to them. The easiest way to learn how the P and Q parameters affect polyhedra is to
experiment with the settings, and the various Polyhedron families to see what you get.

When you start altering the P and Q settings, you may notice that at a certain point of changing one, the
other one will change as well. For example, add a Polyhedron to the stage and set the P parameter to
0.50. Now, start increasing the Q parameter. As soon as Q hits 0.51, P will change to 0.49 and keep
decreasing for each point Q increases. This is because the two parameters may never total more than 1,
which is also the maximum setting for either Box individually.

Family Parameters have extremes and midpoints. The midpoint is when both P and Q are at 0, while
extremes are when one parameter's value equals 1 and the other's 0. The effects of this are most

_/
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noticeable in the Cube/Octa and Dodec/Icos families. When you reverse the P and Q parameters of the
default shape for each family, you get the alternate.

Cube to Octahedron by reversing Family Parameters
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For example, place a Polyhedron on the stage and set it to the Dodec/Icos family. By default, you will
have a perfect Dodecahedron, with which P=0 and Q=1. If you reverse those to P=1 and Q=0, you will
have a perfect Icosahedron. It’s important to understand that at the stages in between these two
extremes, you’re not dealing with a Dodecahedron or Icosahedron, but a geometric variation of one or
the other.

Dodecahedron to Icosahedron
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The Tetrahedron is in a family of its own, because if you reverse the P and Q settings of the default
perfect Tetrahedron you get... another perfect Tetrahedron! This is the only family in which this occurs.

Reversing the P and Q parameters of Star1 and Star2 results in noticeable changes, because they are
both derived from the Dodec/Icos family. When talking about Stellated Polyhedra, | mentioned the
Kepler-Poinsot solids, of which Star1 and Star2 are members. | stated that by reversing their Family
Parameters you could create the other two Stellated Polyhedra of the group. This is once more a matter
of setting the P and Q to extremes. For example, if you take a Star1 (Great Stellated Dodecahedron) with
P=0 and Q=1 and reverse them, the result is a Great Icosahedron, with a lot of interesting geometries
along the way.
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Scale Axis
So we've got the Ps and Qs; the Family Parameters under our belt. If we T ;
now move down to the Scale Axis section of the Properties Toolbar, we’ll rm
see we now have an R joining the party. L -
O Auis [ 10000 =
Unlike regular scaling, which works on the X, Y, Z axes, Scale Axis affects R Aods | A00.00 E
the faces of a polyhedron, pulling them in various directions. There are

three basic types of surface that make up the faces of a Polyhedron:
@ squares
@ triangles
@ pentagons
P, Q, and R each scale a different type of surface.
@ P - Scales square faces
@ Q- Scales triangular faces
@ R -Scales pentagonal faces
If a Polyhedron does not contain a surface that corresponds to an axis, adjusting that axis will have no
effect. It’s important to realize that it’s possible to have a Polyhedron made up of any combination of the

three surfaces.

While experimenting with Scale Axis, you might find that you end up with shapes similar to Star1 and
Star2. In fact, adjusting Scale Axis is exactly how you go about created Stellated Polyhedra.

Radius

The final Polyhedron parameter is that of Radius. Although you might expect me to throw you a curve
ball on this one too, you can breath a sigh of relief, because it works just how you expect it to. Increase
Radius and the shape gets bigger. Decrease Radius, and it gets smaller. If only everything were so simple.

With that, we can now move on to actually modeling with primitives!
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Making the most of primitives

It is a serious mistake to simply take a primitive at face value and leave it at that. | mean of course you
could take a Box, drop it in a scene and add a 360 degrees animation. There’s nothing wrong with that.
It'll do its job to the best of its blocky ability, and never once complain. But if that’s the only type of
thing you use it for, or any other primitive for that matter, than you’re missing out on the big picture.
I'm reminded of a quote that sums up my thoughts on this matter perfectly. In the movie Indecent
Proposal (1993), Woody Harrelson, playing an architect, states "A common, ordinary brick, wants to be
something more than it is.”.

I really do believe that a primitive is happiest when it’s being used to build something grander. Perhaps
I've simply spent too much time thinking about primitives, and developed some odd sort of fixation. |
admit that’s a possibility, as recently | have been spending more time with them than other living

beings. But leaving my stunted social life to one side, in the event | am correct, why not help them
fulfill their dreams (while at the same time making your modeling tasks easier)? Here are some

examples of the great heights our primitives can reach:

@ 24 Spheres and 48 Cylinders bond to create something | have
become intimately familiar with, a caffeine molecule. S,

P
& 74

@ Twelve boxes elongate and combine to form more complex
cubic structure:
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@ More Tori than | care to count link together to form
the chain of a pocket watch.

@ Representatives from all of the primitive types
congregate to form a cityscape (you may want to pay
careful attention to this example, as in the following
project, we’ll be creating something very similar).

Hopefully, now that you’ve seen a few ways in which primitives have been put to work in modeling, you’ll
be eager to get on and do some experimentation of your own. The last part of this chapter will be spent
working through a project that will give you some hands-on experience in combining primitives to make
more complex models.

We built this city...

The objective of this project is to introduce you to modeling
with primitives. We’'ll also cover setting up a document, and
putting what you learned about manipulating objects in the
previous chapter to use.

This can be a rather lengthy project, taking anywhere from
1.5 to 2+ hours to complete. While it is easiest if you can go
from start to finish in one sitting, it is not necessary, as each
of the three buildings is split into its own section, so it could
be completed in multiple sessions. If you do not have time
or the desire to create each of the buildings, you can find
the models in the source files.

As you may have guessed from the title, our goal is to create a cityscape using only primitive objects. This
may sound like a tall order for the end of a chapter, but don’t worry, we’re not going to go painstakingly
through modeling an entire city. What we will cover is the creation of three buildings, after which you
should have a solid foundation for expanding your virtual Swiftropolis as you see fit. Also, we won’t be
adding a lot of detail, such as individual windows, to our buildings, as we’ll ultimately be using what we
create here as a background in one of the larger case studies we’ll participate in later on. Nevertheless, |
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