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Preface

The opportunities for fulfilling, sustaining work in 3D have never been more
plentiful than they are today, with everyone from solo and indie developers to
mega-corporations employing the immense power of 3D to immerse and engage
audiences in ways that 2D media cannot: by allowing viewers to experience art,
entertainment, education, industry, medicine, advertising and more, from every
perspective, inside and out.

Learning how to create in 3D is a daunting and lengthy process, no matter which
software is used. Folks just starting out have an especially hard time choosing
applications that are worthy of such great investments in effort and time that will
serve them all the way from a beginner to a professional. This book is designed
to equip new and aspiring 3D creators with the fundamentals of 3D creation and
introduce the vast capabilities of the one industry-standard software which does
all of that and happens to be free to use forever: Blender 3D.

Blender 3D for Job Seekers highlights the many facets of 3D creation, including
modeling and sculpting, surface decoration, animation, effects, and preparing
3D creations for real-world markets, such as print, film, and games. Real-world
exercises are designed to gradually acclimate readers to navigating and thinking
in 3D space while inspiring further exploration through producing a marketable
3D asset suitable for games and interactive applications. Guidance on where to
begin deeper exploration is provided with each core concept.

With the knowledge of how to get started creating in 3D, readers will be prepared
to begin fulfilling creative work by making products that are in high demand in
the vast, lucrative market of 3D.

Chapter 1: Features of Blender 3D - highlights the vast capabilities of Blender 3D
for money-making content, from basic modeling to advanced skills, like special
effects and physics simulations. Topics covered include ways that Blender is
preferable to other 3D software, an overview of its core and advanced features,
and ways to extend Blender’s capabilities.

Chapter 2: Installation and Interface - walks the reader through the steps of
downloading and installing Blender, opening Blender for the first time, and getting
familiar with navigating the interface. Topics covered include getting started and
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saving progress, understanding the defaults, short exercises to get acclimated,
working between versions and updating, and customizing the interface.

Chapter 3: General 3D Concepts - introduces general 3D concepts that apply to
all 3D software, giving readers the necessary foundation to begin creating in 3D.
Topics covered include the anatomy of 3D objects, getting oriented to working in
3D space, perception versus reality, exercise in creating 3D objects from scratch
and understanding basic operations.

Chapter 4: Polygonal Modeling - introduces polygonal modeling: the essential
starting point for creating 3D objects. Topics to be covered include the differences
between various methods of 3D creation from poly modeling to sculpting, low
and high poly, planning projects, topology, and edge flow, and an example project
beginning to model a marketable 3D pedestal from reference.

Chapter 5: Poly Modeling Extras - explores supplemental tools and techniques
for poly modeling. Topics to be covered include the full set of tools in the Edit
Mode toolbar, editing 3D objects with modifiers, curves, and text, and enabling
and working with add-on resources.

Chapter 6:3D Sculpting - introduces 3D sculpting: amethod of creating and editing
3D models with great detail and organic shapes. Topics to be covered include
when to sculpt and how to plan the project, helpful workflows and introduction to
sculpting tools, an exercise adding sculpted detail to the 3D pedestal, and working
between high and low poly objects.

Chapter 7: 3D Surfaces - introduces the standard way to prepare a 3D model for
surface details like color, roughness, metallicness, and fake height variation, as
well as how to apply colors, images, and effects to the surface of 3D models, and
how to edit their appearance. Topics to be covered include unwrapping UVs,
texturing and how to edit textures, Materials, and Shaders, and exercises adding
textures and transferring sculpted detail from the previous exercise onto the 3D
pedestal model.

Chapter 8: 3D Animation - will get readers started animating 3D creations. Topics
to be covered include an overview of the timeline, keyframing, and animatable
properties, types of 3D animation from bone to mesh animation with example
exercises, and an introduction to the advanced animation tools.

Chapter 9: Effects and Simulations - gets readers started exploring special effects
and simulations in Blender. from fantasv effects to realistic water. fire. smoke.



cloth, and even fur and hair. Topics to be covered include an introduction to the
types of effects and simulations and their uses and exercises working with hair
particles, modeling with physics, and creating a volumetric effect.

Chapter 10: Images and Video - teaches readers how to showcase their 3D models
and animations in images and video, which can be used in portfolios, advertising,
film, games, and an unlimited number of other creative projects. Topics to be
covered include an overview of rendering, 3D cameras, lighting, shadows,
reflections, and transparency, exercises in lighting and rendering the 3D pedestal,
and an introduction to the advanced image and video editing capabilities of
Blender.

Chapter 11: 3D in Production - readers will learn how to apply their 3D skills in
Blender to earn money and become sought-after creators in their fields of interest.
Topics to be covered include best practices, planning and optimization, pipelines
and tools, working on teams, and finding a niche.
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CHAPTER 1

Features of
Blender
3D

Introduction

Welcome to Blender 3D for Job Seekers, and congratulations! We are about to
embark on ajourney of creative and financial freedom and empowerment. Before we
begin navigating the application, we will discuss the many reasons why Blender 3D
— referred to as Blender from this point forward - is preferable to other 3D creation
software.

Structure

This chapter highlights the vast capabilities of Blender for fun, satisfying creation
of sustaining, money-making content, from simple primitive 3D objects to special
effects. Topics to be covered include:

o Competitors
¢ Standards

o Features

a (Tanahilitioe
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o Affordability
o Accessibility
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e Performance

o User Friendliness
¢ Compatibility

o Extensibility

Objectives

Every industry imaginable uses and pays for 3D content. We have probably seen 3D
employed by multiple industries all around us, just today, without even realizing
it. While the average person may only imagine video games and film using 3D,
3D content creators also contribute to the fields of science, medicine, education,
journalism, marketing, manufacturing, and innovation, among others.

The category of 3D creation software is cluttered with a wide range of options. To
weigh each of these options as an aspiring 3D content creator, one must first consider
the context. What do we want to create in 3D? What is even possible? After reading
this chapter, we will understand when and why to choose Blender over other 3D
creation software.

Alternatives to Blender

A quick internet search of “3D software” will reveal several major competitors
who have paid to have their products appear at the top. The ubiquity of costly
alternatives to Blender has little to do with the quality of other applications or their
user reviews. Instead, that predominance reveals a malicious side of corporate
efforts to mandate widespread dependence on inferior and prohibitively expensive
products, throughout entire industries like computer-aided drafting. Fortunately,
Blender’s developers have come to the rescue.

Mission

Get the world’s best 3D CG technology in the hands of artists as free/open source
software.”
-Blender.org

The founders of Blender seek to democratize the money-making power of 3D
creation tools, by reducing as many barriers to Blender’s use as possible. Instead of


Blender.org

forcing out competition through exclusive agreements with bureaucratic institutions,
Blender was designed to empower creators through its compatibility with other
3D creation software. Instead of developing proprietary file formats, for example,
Blender allows the import and export of the widest variety possible, making Blender
the go-to application for converting one 3D file format to another.
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What 3D software does

The same internet search for “3D software” will reveal a few software packages that
can do some part of what Blender is capable of overall, which highlights a significant
way that Blender excels: in its flexibility. In general, all 3D software can be used to
create basic 3D components - from the vertices, edges, and faces which make up all
3D geometry, to simple shapes like cubes, cylinders, and spheres — for combination
into more complex structures as shown in Figure 1.1:

Figure 1.1: Simple character made of 3D objects assembled in Blender

Advanced 3D software often specializes in one area of 3D creation or another.
Zbrush, for example, excels in the niche of high-resolution 3D sculpting. Marvelous
Designer excels in the 3D cloth niche. Blender, on the other hand, performs both
tasks and more adequately, in a way that is seamless with other 3D workflows (see
Figure 1.2):




Figure 1.2: High-resolution 3D model sculpted and posed in Blender
Some of Blender’s competitors offer similar varieties of more general functionality.

3DS Max and Maya, for example, perform the same 3D modeling, 3D surface design,
3D animation, and rendering tasks that Blender does. Unlike other general-purpose
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3D applications, however, Blender is not a haphazard assortment of functionality
added on by developers who do not use and directly benefit from those features.
Because Blender is developed by the very 3D creators who use Blender in production
day in and day out, each of Blender’s capabilities was conveniently crafted to
complement the rest.

Above all, Blender is an industry standard suite of 3D creation tools. The term
“industry standard” means that Blender can produce output that is not only fully
functional for production, but also meets the highest standards of quality possible,
wherever it is used in the creation of video games, interactive applications, film, and
television, advertising, simulation, printing, digital archiving, education, science,
and even medicine.

Blender is feature rich

Blender is primarily a 3D modeling software, but also much more. Blender comes
loaded with every basic feature a 3D creation software might need. The most basic
features of Blender include:

¢ 3D modeling and sculpting

¢ 3D model and scene editing

o 3D surface design (UVs, textures, materials, shaders)

¢ 3D animation (rigging and skinning, mesh morphing, keyframing)

¢  Rendering 2D images and videos of 3D objects and scenes
While 3D modeling alone is powerful functionality, Blender is also capable of many
advanced features out of the box, like:

¢ 2D drawing and combined 2D+3D drawing

¢ 2D animation and combined 2D+3D animation

¢ Rendering 360 images and videos

o Recording, compositing, and editing images, videos, and audio

o SFX (volumetrics, particles, and motion tracking)
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o  Physics simulations (cloth, fluid, smoke and fire, forces)
o Procedural and parametric modeling (geometry nodes, modifier stack)
o Scripting and modding Blender itself

¢ Game development
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Blender is capable

Blender’s capabilities are vast, which means that when we learn how to use Blender,
our capabilities will also become vast.

It is easy to identify the most common applications of 3D creations, enabled by
Blender. Entertainment represents a trillion-dollar industry using 3D in every
digital product from video games to film (both short and feature-length), as well as
television. 3D is also used in the design and manufacture of toys, board games, and
sports accessories. But entertainment uses only scratch the surface of 3Ds power.

Science also employs 3D in every facet of the field: from illustration, education, and
training to simulation and safety. From the far reaches of outer space to the depths
of volcanic activity, 3D provides views into and interactions with the microscopic
and macroscopic, real, and theoretical, in ways that just are not possible in the real
world (yet).

Medicine is similarly served by 3D through illustration and education, as well as
through medical treatments ranging from virtual experiences that cure or alleviate
pain and trauma to the design and manufacture of assistive devices and prosthetics,
from teeth to limbs.

Education also utilizes 3D to achieve more engaging and more thorough illustration
of the known world through immersion and interaction, enabling embodiment that
expands understanding, in addition to facilitating experimentation and exploration
of the unknown.

Journalism employs 3D for archiving and documentation, ensuring the veracity of
information, and communicating news and history in ways that increase empathy,
by personalizing stories and immersing consumers in surprising and challenging
topics.

Marketing with 3D generates virality and problem/solution awareness by giving
customers a fuller perspective of products and services through affordable, accessible
prototypes and visually stunning presentations.

Manufacturing enjoys the same benefits Science and Marketing do, through the
affordable and safe design, testing, and additive and subtractive production of



products, as well as worker 'training and automated assembly, all enabled by 3D.

Innovation is 3D. The amount of overlap between the uses of 3D in all the above
industries speaks to the universal nature of 3D. The future is 3D, whether that means
the realization of retro visions like holograms and holodeck experiences, or modern
movements to build a digital twin for everything real within a shared metaverse.

Blender users the world over have contributed 3D creations to every single one of
these industries, thanks to Blender’s versatile capability.

6 Blender 3D for Jobseekers

"Free and Open Source

Blender is a public project hosted on blender.org, licensed as GNU GPL, owned
by its contributors. For that reason Blender is Free and Open Source software,
forever.”

-Blender.org

Blender is affordable

One of the most compelling aspects of Blender is that it is absolutely, 100% free,
forever; and not just free to learn, but also free to use commercially. This means
there are no restrictions to using Blender to make money, and the developers of
Blender take no cut of users’ profits. If we have not yet run into the creative block
of prohibitively expensive 3D creation software, we can consider ourselves lucky,
because software comparable to Blender typically costs thousands of dollars per
year for commercial use and upgrades.

It is not just the “sticker price” of competing 3D software that answers the question,
“Why choose Blender?” Nor is it merely the capabilities of Blender compared to
competitors that should be considered. Possibly the most compelling answer to this
question is why those competitors exist, and at what cost. Frankly, the largest players
in 3D software entered the market to make the corporations money, whereas Blender
was created by its users to empower other creators.

Blender is accessible

The cost of using any 3D software package is not limited to the initial monetary outlay.
There are additional costs like licensing to consider. The most popular competing
3D software packages do offer lower-priced educational licenses, but they restrict
educational versions to non-commercial use. This is intentional, to trap users into
spending more money through dependence. Blender, on the other hand, has only
one license with no restrictions on commercial use, and the Blender Foundation
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charges no royalties no matter how much money we make using it.

There are other barriers to consider with competing 3D software, such as the
availability and price of updates, training, supplemental content, and productivity
tools like add-ons or plug-ins. Whereas competing 3D software must be updated
yearly by creators who need to keep their skills relevant to the market - often at
the same price as the original software - Blender is updated multiple times a year,
always free of charge.

There are thousands of time and effort saving add-ons available for Blender, many
for free and some paid. On the other hand, add-ons and plug-ins for comparable 3D
software almost always cost a great deal more simply because their developers need
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to charge more to recoup higher costs of development. The availability of Blender for
free has nourished the growth of an unparalleled community of 3D creators offering
free mutual support and very reasonably priced training and resources.

As the adage goes, time is money, and the time between learning and implementing
new skills is also shorter for Blender than for comparable 3D software. Because we
can learn Blender entirely on our own using free and affordable tutorials that are
readily available online, we can get started creating money-making content with
Blender today! No need for a college degree to acquire marketable 3D skills.

Vision

"Everyone should be free to create 3D CG content, with free technical and
creative production means and free access to markets."

-Blender.org

Blender is also completely open-source, which means that anyone can change the
code and modify Blender free of charge. We can develop Blender tools for ourselves
or offer them for sale as well. When we sell anything we made with Blender -
whether it be assets, scripts, tutorials, or tools — we are not restricted from profiting
from our own work. As one might imagine, this freedom has opened the floodgates
of Blender’s developer community creativity.

Another benefit of Blender's accessibility is its unique license model, which will
ensure its longevity. Users of paid and proprietary software often suffer when that
software gets sold to another business and winds up fundamentally changed or
even abandoned, but Blender’s GNU General Public License model will ensure
those tragedies never happen to Blender users.

Blender is performant

The specs for necessary hardware to run Blender are much lower than with other
3D applications (which can also equate to monetary savings). Although any 3D task

-
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can push the boundaries ot computer hardware, Blender and Blender worktlows can
be easily adjusted to run well on minimal specs, making 3D creation possible even
for youth, older adults, students, and borrowers or owners of low-end computers.
While Blender users can enjoy plug-and-play drawing tablet functionality, all of
Blender’s operations can be performed with a mouse by default.

Blender is also a remarkably bug-free software. Even with years of use, we may
never need to report a bug, but rest assured that Blender’s developer community
will be responsive if we do. Blender’s exceptionally high-quality user experience is
attributable to the fact that Blender’s code is maintained by its avid community of
users, and the fact that it is upgraded at no cost, multiple times each year.

8 Blender 3D for Jobseekers

Blender is user friendly

While creating in 3D space is challenging in and of itself, Blender is particularly
user-friendly due to its logical layout and easily customized interface. In version
2.8, Blender’s Ul was overhauled by community developers, to better align it with
the needs and preferences of everyday users. Every element, from icons and color
schemes to button behavior and hotkey mapping was thoughtfully debated and
carefully redesigned where needed. The resulting improvements have been widely
celebrated since.

Every panel of Blender can be moved, duplicated, scaled, and even converted into
a panel of another type and back again. Typical Windows File, Edit, Window and
Help functions, plus a row of tabs that toggle between convenient layouts for the
most common tasks appear across the very top of the main viewport. Hotkey presets
are provided to match a variety of industry standard functions and can be easily
remapped, while any available action can be added as a Quick Favorite bound to

the Q key.

Blender’s UI also employs progressive disclosure, which means the enabling of
advanced features is conveniently accessed through the Preferences dialogue,
without cluttering the view for more common tasks.

Blender is compatible

Blender is compatible with all other industry standard 3D creation software, which
is an astonishing feat. Not only can we use Blender in place of expensive, exclusive
software like 3DS Max, Maya, Zbrush, and 3D Coat, but we can also use Blender
with all of those and more, in the same production pipeline.

For example, Blender is compatible with the entire suite of Adobe Creative Cloud
software, such as Photoshop, lllustrator, Premiere Pro, After Effects, Substance Painter,



Substance Designer, and the rest. All of the file formats that these apps have in
common with Blender can be transferred back and forth seamlessly. Blender also
allows the selection of Photoshop, Krita, Gimp, and any other image editing software
as the preferred external tool.

Blender is also fully compatible with popular game development software, such
as Unity, Unreal, Godot, and every other modern game engine. As previously
mentioned, Blender allows for the import and export of all the commonly used (and
some uncommon) 3D formats for web, mobile, desktop, and console games, viewers,
and interactive applications: FBX, OBJ, STL, GLTF, and USD to name a few.
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Blender is extensible

Finally, while Blender can be used to create an infinite variety of income sources all
on its own, Blender’s capabilities can be extended even further using both free and
paid add-ons and plug-ins. Some of the most popular add-ons for Blender enable:

¢ Human character, hair, and clothing generation

¢ Humanoid and creature animation

o Nature prop generation

¢ Motion capture, animation, and editing

¢ Advanced simulations and SFX

o  Architectural visualization and CAD

¢ Data visualization

¢ 3D printing preparation

o Advanced 3D editing (UV editing, retopology, LOD, optimization)

¢ Asset management and more
Since multiple web pages, articles, video tutorials, and entire marketplaces are
devoted to the add-ons and plug-ins available for Blender, we will not address them

in any great depth here. It is important to note, however, that Blender’s extensibility
is also superior to that of its competitors.

The relatively low cost and great abundance of extensions to Blender’s core
functionality truly set it apart as the 3D creator’s software of choice. For this reason,
hundreds of thousands, if not millions of freelancers and entire businesses thrive and
owe their existence to Blender’s welcoming, enthusiastic community, and ecosystem
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Conclusion

As we have seen, Blender is the obvious choice for beginners in 3D and seasoned
professionals alike, when compared with its competitors. Blender easily meets
industry standards with its versatile features, capabilities, and performance. No 3D
creation software comes close to Blender’s accessibility and user-friendliness. Finally,
we have learned that Blender opens doors to other 3D creation tools rather than
locking users in and offers limitless potential for creative expression and financial
sustainability.

In the following chapter, we will install and open Blender for the first time, to get
familiar with its interface and learn handy navigation shortcuts. In Chapter 3, General
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3D Concepts we will delve into understanding 3D in general, and discover even more
proof that Blender is the ultimate tool for creating in 3D.

Points to remember

o 3Disa trillion-dollar industry with uses in multiple lucrative fields.
¢ Popular and pricey does not equate to quality 3D creation software.

o Software licensing and subscription models impact our ability to make a
living long-term.

o Blendermakeslearning and profiting from 3D skills accessible and affordable.

Questions
1. What are basic features of 3D creation software?
2. What are advanced features of 3D creation software?
3. What other 3D creation tools exist besides Blender?
4. What are the advantages to using free and open-source software?
5. Why is compatibility with other software important?
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CHAPTER 2

Installation and
Interface

Introduction

Now that we understand the benefits of using Blender for 3D creation, we'll start by
installing the application and then learn to navigate the interface. Getting familiar
with any new software package can be intimidating, but Blender is a bit different
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from most. Because Blender is developed and maintained by 3D creators for 3D
creators, any time you wonder where or why a feature exists in Blender, you are
sure to find a logical answer at your fingertips.

Structure

This chapter will walk the reader through the steps of downloading and installing
Blender, opening Blender for the first time, and getting familiar with navigating and
customizing the interface. Topics to be covered include:

¢ (etting started in Blender

o Versions and updating

o Navigating Blender’s interface

¢ Saving your progress

o Backup features
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o Customizing the interface and preferences
o Essential shortcuts and hotkeys
o Where to get help and expand your Blender knowledge

Objectives

After reading this chapter we will be comfortable installing, launching, and
navigating Blender, then customizing it to our needs, locating every Blender tool at
our disposal, and saving all our progress with confidence.

Getting started

To get started using Blender, first visit the Blender Foundation’s website at https:/
www.blender.org/. Alink to the downloads page appears in bold on the main page,
above the fold. On the downloads page, the most recent version of Blender for your
OS will be highlighted by a prominent button which you may click to begin your
download. Alternatively, you may select a Windows, macOS, Linux, or another
version of Blender from the dropdown list below that, or an LTS version from the
lower link.

Following your download, a confirmation page will appear with an invitation to
support Blender development. Contributing to these funds is voluntary, so feel free
to sign up now or come back later when Blender inevitably becomes your favorite
software.
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Double click the file in your downloads folder, click Next, accept the License
Agreement, and follow the installation wizard prompts. Blender does not start upon
installation by default, so you'll navigate to the Start menu, Launchpad, or desktop,
and click the icon to open the application.

Versions and updating

Note: In this chapter, we will refer to Blender version 3.1.2, however, the
instructions herein will apply equally to any version 3.0 or newer. Future
chapters will refer to the most recent version of Blender at the time of writing
and will remain forward-compatible.

The number of Blender version options can be overwhelming at first, but it will be
helpful to briefly look at the system in place for Blender releases to learn how to
evaluate when it is time to upgrade, downgrade, double up, or stick with a version
you already have installed.
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As discussed in Chapter 1, Features of Blender 3D, Blender’s free and open-source
approach provides us with unique benefits including assurance that Blender will
never be sold or abandoned. That means Blender updates will not stop so long as
there are users using it.

This also means that multiple versions of Blender are available at any given time,
and that content made for Blender, such as tutorials, assets, plug-ins, add-ons, and
books like this one, may refer to features of a different version from the one that you
are using.

As noted in this chapter, we refer to Blender version 3.1.2. Midway through this
writing, Blender version 3.2 was released, and the impending release of Blender 3.3
in a few months’ time was also announced. On top of that, Blender releases a Long
Term Support (LTS) version every year, which receives important bug fixes and
updates but often lags in terms of features.

This is normal, and as explained by Ton Roosendaal - original creator of Blender - is
designed to, “ensure that a project that started with an LTS version can be completed with
the same version in a reasonable amount of time.”

For these reasons, the decision was made to tailor the illustrations and instructions
contained in the chapters of this book to each new release, to show the way that
Blender users typically work with an always-improving software.

Finding the right version



First, when a new version of Blender is announced, take a look at the release notes
pages on Blender.org to find out what will be changing;: https://www.blender.org/
download/releases/ Blender Foundation won't spam you or require a login, so to be
notified of updates to Blender you may want to subscribe to one of the many online
market places that promote Blender training materials, plug-ins/add-ons and assets.

Don’t immediately switch to a newer version of Blender in mid-production, but
feel free to download the latest version at any time. Newer versions of Blender will
install in a directory next to the previous one, rather than overwriting it, allowing
you to run multiple versions of Blender on your computer system at once. Windows
Desktop and Start menu shortcuts will be updated to the newest version, but
shortcuts pinned to the Taskbar will not, and unless you choose to delete the old
version, both can coexist in your Program Files > Blender Foundation folder and
be used interchangeably.

Timing updates

As Roosendaal and the Blender Foundation intended, you should consider timing
any updates to coincide with the start and end of your Blender projects. When you
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are just starting out, this will likely be a very short cycle, such that you can complete a
project before a new version is released. When you begin working on larger projects,
it is advisable to hold off updating until completion, unless a new feature is essential
to your product.

Working between versions

It's reassuring to know that when we need to, it's simple to work between multiple
versions of Blender. Two different versions can be opened and run simultaneously,
and Ctrl + C works to copy a selected object from one Blender instance and Ctrl +
V works to paste it into another. Alternatively, data from one Blender file can be
Linked or Appended to another BLEND file even if it is closed, via File > Link, or
File > Append. Linking data maintains its relationship to the source file, so changes
made externally affect that data in the linked file. Appending severs the relationship
with the source file, so changes to either file do not impact the other (and doubling
the space that data occupies on the hard drive).

To open two instances of Blender at once, navigate to where Blender is installed,
usually in C:/Program Files/Blender Foundation on Windows machines. Inside
this folder you will find Blender versions you have installed, in folders named to
match their version number. Inside each numbered folder, locate the blender.exe,
right-click, and select Pin to Start. When you click on the shortcut for each version,
additional instances of Blender will open in the selected version.

To identify which version you are currently looking at, look in Status Bar at the very
bottom right of the Blender application. If there are no numbers there, right-click
that space and enable Blender Version.

Navigating the interface

A new installation of Blender will open with a Quick Setup overlay as shown in
Figure 2.1. For 3D creators who are accustomed to other 3D software, the Shortcuts
options can be adjusted to make working with Blender more familiar. Users of prior
versions of Blender can also load settings saved in other versions here. Since this
book assumes little or no prior experience with 3D software, we will start with the
default settings.
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Figure 2.1: Blender version 3.1.2 interface upon first opening, with Quick Setup overlay

Left-click anywhere within Blender to close the overlay, and you'll recognize
common application menus in the upper left. The familiar File, Edit, Window and
Help menus appear there, with Render - a term specific to 3D - in the middle.

The default layout

As shown in Figure 2.2, to the right of the topmost menus, you'll see several tabs,
which reveal the same core functionality, laid out in more convenient ways for
different tasks. This is called the Active Workspace, and functions similarly to
Workspaces in other popular software such as Adobe Photoshop:

Figure 2.2: Blender's topmost menus and Active Workspace tabs

Tip: now is a good time to get accustomed to hovering your mouse cursor over
any unfamiliar text, field, button, or icon in Blender. Blender includes detailed
tooltips for almost every function, which is immensely useful for both novice
and seasoned users alike.

Blender’s default Active Workspace tab is labeled Layout. The Layout Workspace
is a convenient starting point for basic 3D modeling and assembling objects within
scenes. The largest panel within the Layout Workspace is set to display the 3D
Viewport by default. The 3D Viewport is an all-purpose Editor Type, within which
you can move, rotate, scale, and edit 3D objects.
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To the upper right of the 3D Viewport you'll see a text outline listing names of all the
objects within the current scene, regardless of whether they are visible or not. This
panel is called the Outliner. By default, the Outliner will show a Camera, Cube, and
a Light nested within a Collection, further nested within a Scene Collection. The
Outliner is an essential organization tool whose utility will become clearer over time.

Below the Outliner in the default view is a panel called Properties. Properties are
essentially adjustable settings, so whenever you need to make a change to anything
actively selected in the 3D Viewport or Outliner - whether you're adjusting a tool or
editing an object - you will likely be interacting with one of its Properties tabs.

Below the 3D Viewport is the Timeline. The Timeline is where animation timing
and length are managed, and animation key frames are recorded. In Chapter 8, 3D
Animation, we will learn our way around the Timeline and its related Editor Types:
Dope Sheet, and Graph Editor.

Note: An important feature of Blender is that every action, tool, and menu option
is context-dependent. For that reason, it is important to pay attention to where
your cursor is within the application, and which item or items are selected, to
ensure that you are affecting exactly what you intended to affect.

Hidden away at the very bottom of the Blender application is the Status Bar which
contains important contextual hints for almost every action and tool. When your
mouse is within the 3D Viewport, for example, the Status Bar shows actions that can
be performed with the mouse: Select, Box Select, Rotate View, and Object Context
Menu. Keep an eye on the Status Bar. While you may be tempted to forget that it
exists, information there will be critical to multiple 3D creation and editing tasks we
will begin to perform in Chapter 3, General 3D Concepts.

Exercise 2.1

In this first exercise, we will delete the default objects in the scene, add the Blender
mascot Suzanne, and learn to zoom, orbit, and pan around the scene. These may
seem like mundane steps at first, but practice with any software improves muscle
memory, which will help navigating 3D space become like second nature to you.
Through multiple mistakes you will find that it is best to practice on creations that
are not too precious.
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1. 'To begin, select the three default objects via the Outliner, by pressing and
holding Shift, then clicking each object name with the left mouse button as
shown in Figure 2.3.

Figure 2.3: Three objects selected in the Outliner panel,
Camera is outlined in yellow, Cube and Light in orange

When Shiftis pressed while selecting objects in the Outliner, every item between the
first and last item selected will also be selected as expected. Notice the color of each
of the items selected with the Shift key pressed: the first item selected with Shift will
be highlighted in yellow, with the following selections highlighted in orange.

When Ctrl is pressed while selecting objects in the Outliner, individual items can be
selected out of sequence, as expected. Notice the color of each of the items selected
with the Ctrl key pressed: the last item selected with Ctrl will be highlighted in
yellow, with the previous selections highlighted in orange.

Tip: The highlight color and order of selections will play an important role in
many future exercises, so this is a good time to begin to associate the term Active
with yellow and Selected with orange, as shown in Figure 2.4. Note too, that
objects selected via the Outliner are highlighted in the same colors in the 3D
Viewport.
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Figure 2.4: Active objects are highlighted yellow, while Selected objects are highlighted orange

2. Next, right-click the selected object names, and choose Delete, as shown in
Figure 2.5.

Tip: Hotkeys for possible actions appear to the right of their text label. In this
case, you can see that Delete is also bound to the X key. Also note that descriptive
tooltips appear when your mouse cursor hovers over any of the available options.

3 s
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3. Once the default objects are deleted, hover your mouse cursor over the text
in the upper left of the 3D Viewport.

Notice that the Add option displays “Shortcut: Shift A” upon mouse-over.

Tip: Remember that shortcuts and hotkeys are context dependent, which means
they perform different actions depending on what is selected and the location of
your mouse cursor.

To use the Add shortcut, your mouse cursor must be within the bounds of a 3D
Viewport panel.

4. Click Add from the menu in the upper left of the 3D Viewport, or Shift + A
anywhere inside it, and select Mesh > Monkey from the menu, as shown in
Figures 2.6:

Figure 2.6: Selecting Add > Mesh > Monkey will add the 3D Blender mascot Suzanne lo the scene
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Figure 2.7 shows 3D object Suzanne, the Blender mascot:

& e = 8 X

Figure 2.7: 3D object Suzanne, the Blender mascot

View navigation
Now that we have a new 3D mesh in the scene, let's navigate around it.

To zoom the view, with your mouse cursor inside the 3D Viewport, scroll your
mouse wheel forward to zoom in, and backward to zoom back out.

To otbit the view around the selected object, press and hold the scroll wheel (middle
mouse button), then drag the mouse around the screen.

To pan the view, first press Shift, and then press and hold the scroll wheel and drag
the mouse around the screen.

Note: At this point we are only manipulating the view, and not the object or the
scene. It will be helpful to make this distinction in the next chapter when you
start to manipulate the scale, rotation, and position (together, called transforms)
of actual objects, as well as their sub-object components.

Once again, time is money, which means that wasted time is a waste of potential
income. To increase the speed of your workflows, it will be helpful to utilize the
keyboard number pad to navigate the view. There are corresponding menu options



for all the followiné commands but using number pad keys saves ste};s, which allows
you to stay in the flow of creation as you work. If you use a computer without a
number pad, you may find it helpful to invest in a numeric keypad peripheral device.
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From left to right in Table 2.1, as shown in Figure 2.8, the viewport navigation hotkeys
are:

Shortcut Hotkey

Lock Number Pad Num Lock
Local View Num /

N/A Num *

Zoom Out Num -

Top View Num7
Bottom View Ctrl + Num 7
Rotate Up Num 8
Reverse View Num 9
Zoom In Num +
Rotate Left Num 4
Perspective / Orthographic Num 5
Rotate Right Num 6

Front View Num 1

Rear View Ctrl + Num 1
Rotate Down Num 2

Right Side View Num 3

Left Side View Ctrl + Num 3
Camera View Num 0
Frame Selected Num .
Confirm Num Enter

Table 2.1: Viewport Navigation - Shortcuts and Hotkeys
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Figure 2.8: Number pad viewport navigation keys, labeled
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Saving progress

At this point, we have not created anything new or remarkable, so it is not necessary
to save our file. However, before you begin creating anything new in 3D, it is critical
to know how to save your progress. Blender files are saved in the BLEND file format.

File saving in Blender is accessed through the topmost left menu. Under File, you
can choose Save, Save As, or Save Copy. When you save a BLEND file for the first time,
a file browser window will open for you to navigate to the preferred save location as
shown in Figure 2.9. If your file has already been given a name and saved once, Ctrl
+§ or Cmd + S work too.

Figure 2.9: Navigating your local file system through Blender's File View

Save Copy is a unique feature which saves a separate version of your BLEND file in its
current state, allowing you to continue working and changing the open file. When
you save the open file again, the changes you made will not be applied to any copy
you previously saved.

Note: The contents of Blender files can be accessed via older versions of Blender,
although newer features of Blender will not work in older versions. Files saved

in RTEND farmat can alen ha nnanad hy cavaral thirdnasky nenorame anch ac
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the game engine Unity or the 3D viewer Sketchfab, but not all 3D software can
open BLEND files. Features specific to Blender will not work outside of Blender,
even in software that can open BLEND files.
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Save everything

As with all creative software, it is imperative to save your work early and save often.
To preserve all your progress though, it is important to know what data gets saved
into a Blender file and what does not. That's right, not everything you see on screen
will be preserved whenever you save a 3D file.

To understand why this is the case it is helpful to know that 3D software makes use
of multiple kinds of data, to display and edit 3D objects. Some of this data is likely
familiar, such as Images. Other kinds of data may require further explanation, such
as Materials.

Some of this data is saved within a 3D file by default, while some of this data is
kept outside of 3D software to keep it accessible through other applications (such as
images, so they may be edited with image editing software). Such data is therefore
“external” and must be saved separately.

For a chunk of data to be saved into a BLEND file, it must also be used within that file.
This means that if you create data that can be transferred between objects such as an
Animation, and then disconnect that data from any 3D object - through deletion of
the animated object for example - so that the data block is no longer being “used” in
the file, then that data will not be saved by default.

Fortunately, Blender does provide a way to save unused data as needed, by allowing

us to mark certain blocks of data as having a fake user as shown in Figure 2.10.
Additional use-cases for this feature will appear in later chapters.

ooy

Fake User
Save this data-block even if it has no users,

Figure 2.10: The highlighted shield symbol indicates the
associated data block will be saved with the BLEND file

Packing to save

Images are one of the forms of data created with Blender or imported into Blender,
which are “external” resources as described previously. This means that images must

he caved conaratelv fram the RIENR file and will anlu remain referenced hy Rlonder
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s0 long as neither the BLEND file nor the image file are moved from their containing
folder. That is, unless you pack the external resource into the BLEND file.
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Tip: If you ever open a BLEND file and find that objects have turned pink, that
is a sign that external images have been moved, causing the file reference to be
lost. To correct pink textures, reassigh missing images manually and remember
to move external resources with the BLEND file or pack resources before moving
the file again. Instructions for assigning images to objects will be covered in
Chapter 7, 3D Surfaces.

As shown in Figure 2.11, images made in Blender can be saved in a variety of popular
formats including PNG and JPG.

mAeE v N - ®
File Format ] PNG

N
il
N
N
INE:
N

Figure 2.11: File Format options for saving an image made with Blender

To pack external resources like images into a BLEND file so you may share the BLEND
file without losing references to the files, select File > External Data > Automatically
Pack Resources (this will continue packing all resources as they are added to the file)
or Pack Resources (this will only pack resources that are currently in use within the
file) as shown in Figure 2.12:
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Figure 2.12: Packing resources into the current BLEND file fo maintain references

Caution: the action of packing creates a duplicate of the packed file in your
local file system which can seem inconsequential at first, but 3D files tend to be
larger than common file formats and packing may lead to severe storage space
problems when repeated.

Backup features

Blender provides multiple ways to back up our work.

Auto save

Blender’s Auto Save feature is enabled by default in recent versions. Whether to leave
this setting enabled or not is worth revisiting once you are familiar enough with
Blender to start creating. Because 3D files are quite large due to their very nature of
containing information in more than two dimensions, file saves (and undo histories)



can easily accumulate to the point where they interrupt creative work by slowing
the software.

For this reason, it is advisable to leave Auto Save enabled only until you develop an
intuition about when your 3D work should be saved, and then disable it, when you
are comfortable saving your files habitually. Enabling and disabling this feature is
addressed later in this chapter in the section on editing Preferences.
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Undo history

Another safety feature built into Blender is the Undo History which can be found in
the topmost left menu under Edit > Undo History. It is helpful to look through your
Undo History as shown in Figure 2.13, to understand the types of actions stored
there.

Figure 2.13: Viewing the current session’s Undo History, located under Edit > Undo > Undo History

Ctrl + Z or Cmd + Z works to Undo actions one at a time, while Ctrl + Shift + Z
will Redo actions. Keep in mind that Undo History is purged from memory when a
Blender file is closed, even from a system crash. During a session, Blender keeps a
maximum of 32 Undo steps in memory by default. This maximum can be increased
or decreased through Blender’s Preferences which will be discussed later in this
chapter.

Like many actions in Blender, Undo is context-dependent. This means, for example,



that when you switch from Object Mode to Edit Mode, that mode switch is recorded
to your overall Undo History, such that Ctrl + Z will also reverse the toggling of
modes. Similarly, changes to Properties are also recorded in the Undo History, like
changes to Brush settings. This can be surprising to users of other creative software
like Photoshop — in which changes to tool settings are independent of the action
history — but is very convenient for experimenting with unfamiliar settings.

File reverting

If all else fails, and we find it necessary to restart from the last saved progress,
Blender allows us to revert to a previously saved version of any BLEND file. File
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Revert is accessed via the upper left File menu > Revert, and requires a confirmation
click before the previously saved file will reload.

File recovery

In Blender, there are a few ways to recover lost work. In case of software or computer
crashes or a file is corrupted, the Auto Save file can be accessed via File > Recover >
Auto Save as shown in Figure 2.14:

Figure 2.14: Accessing the Auto Save file via File > Recover

In the case where you accidentally closed a BLEND file without saving it, you can
reopen Blender, and choose Recover Last Session in the bottom left of the splash
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screen, as shown in Figure 2.15, or choose the Last Session option from the File >
Recover menu as shown in Figure 2.14:

AYblender

Figure 2.15: Recover Last Session via the splash screen

In the case where you accidentally saved over a BLEND file, you can navigate to the
system folder where the original file is located, there will be a copy of the previous
version of that file named BLEND1 which you can double click to open with Blender.

Within Blender, you can also access this file by selecting File > Open, navigating to
the folder where your original file is located, and in the upper right Filters menu
(with a funnel icon) enabling Backup Blend Files as shown in Figure 2.16. The BLEND1
file containing the previous save can then be opened from there.

Figure 2.16: Revenling Backup .blend Files in the Blender File View
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Customizing the interface

Every panel in Blender can be moved, split, maximized, resized, or converted into
another panel type, called an Editor Type. The appearance of every panel can also be
adjusted, menus and headers flipped between top and bottom, font sizes and colors
adjusted, and so on.

The utility of these features will become clearer in later chapters, but for now, think
of creating in 3D like using a workbench, table, or desktop. First, you gather the
necessary tools and materials and arrange them in such a way that we have a clear
central space to work, with our most frequently used items close at hand. As you
work and our project progresses through different phases, we'll grab and use items,
move things around, put some things away, and bring out new items as needed.

As described earlier, Active Workspace tabs provide several pre-set layouts that
are convenient for common tasks, but Blender is as flexible as you are creative. In
this second exercise, we will practice customizing the interface by splitting the 3D
Viewport into four equal panes, and then learn how to revert or save the custom
layout.

Exetcise 2.2

When we begin to create in three-dimensional space, one of our first discoveries will
be that visible objects can easily hide or “occlude” other objects, while movement
of the mouse and keypresses can have both visible and invisible results. For this
reason, it is common for 3D creators to work with different views simultaneously.

1. From the default Layout view, right-click the top menu bar of the 3D Viewport
and select Horizontal Split as shown in Figure 2.17. A thin horizontal line will
appear in the middle of the viewport, which you may move up and down
freely until you click to confirm, but before clicking, press Ctrl or Cmd and
notice how your mouse movements snap between one invisible increment
and another.
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2. Move the horizontal bar to the middle increment and left-click to confirm:

Figure 2.17: Selecting Horizontal Split from the 3D Viewpor! menu

Your 3D Viewport is now split into two equal halves, upper and lower as shown in
Figure 2.18. If you clicked too early, simply hover your mouse cursor over the split
until the double arrow cursor appears, press Ctrl, and snap it up or down as needed:

Figure 2.18: Splitting 3D Viewport into equal halves
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Before moving on to splitting the view one more time, we will practice
collapsing the newly created panel.

Hover your mouse cursor over the upper left or right corner of the bottom 3D
Viewport, until you see a plus-shaped cursor appear.

With the plus-shaped cursor, left-click and drag upward, just until the upper
panel darkens.

Release the mouse cursor, and the lower pane will expand into the space
where the upper pane existed.

Once again, it is helpful to note that we have not changed anything about our 3D
objects or scene, we have only changed our view. Now that we know how to revert
your changes, let's repeat the previous steps to split the panel horizontally again, as
shown in Figure 2.17. Next, lets split the top and bottom 3D Viewports vertically.

6.

Right-click the menu bar above each 3D Viewport, one at a time, and this time
select Vertical Split. Press Ctrl and snap the vertical line to the middle of each
3D Viewport. Now you should have what is commonly called a “quad view”
as shown in Figure 2.19:

Figute 2.19: Quad 3D Viewports

The utility of a “quad view” will become more apparent when you begin
polygonal modeling in Chapter 4, Polygonal Modeling. Of course, not all 3D
creators use this layout, and nor must you . However, looking at a 3D model

in the quad view will help illustrate an important concept of 3D creation that
ic diffimilt ta docrriho in tovt
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To see this concept for yourself, click the green transparent circle on the
Gizmo in the upper left 3D Viewport as shown in Figure 2.20, then the solid
red circle on the upper right 3D Viewport Gizmo, and finally click the solid
blue circle on the lower left 3D Viewport Gizmo.

Figure 2.20 Changing the perspective shown in each 3D Viewport

If you still have a Suzanne in your scene from the earlier exercise, skip to the
next paragraph.

If you started this exercise with a new project, the new views of a default
Camera, Cube and Light may be unremarkable, so let’s select all these objects
again from the Outliner, and with your mouse cursor still over the Outliner,

click the Delete or X key to remove them from the scene.

We'll employ these objects in Chapter 10, Images and Video instead. Now, with
your mouse cursor over any of the four 3D Viewports, press Shift + A, and
select Mesh > Monkey from the menu.

Now, you can see a single Suzanne model from the Front, Right, Top, and Perspective
views simultaneously, as shown in Figure 2.21.

10.

11.

With your mouse cursor over any of the 3D Viewports and Suzanne still
selected, press G, then Y.

Move your mouse around, and notice what happens in each of the 3D

Viewports. In three of the views, you will see Suzanne move, but in the
fourth, she will appear motionless. This lack of motion is an illusion.
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Figure 2.21: Simultaneous views of Suzanne in Front, Right, Top and Perspective

The cause of this illusion is the difference in perspectives shown in each of the 3D
Viewports. In the upper left corners of each of the four 3D Viewports there are
text descriptions of the perspective shown within that panel. In the upper left 3D

Viewport, where you clicked the transparent green circle on the Gizmo in the upper
right, the view description reads Front Orthographic.

Below the view description is more information we will use in later chapters,
including the frame number of the current animation in parenthesis, the name of the
currently Active Collection, the name of the Active selected model, and the current
unit of measure.

Perspective

The bottom right 3D Viewport description reads User Perspective instead of
Orthographic. Technically, Perspective and Orthographic are both “perspectives,”
but the term Perspective is used to differentiate the distorted perspective that mimics
the way human eyes and camera lenses “see” the world, and the mathematically
accurate Orthographic perspective. The Perspective mode is not actually a single
perspective, but rather Perspective refers to any amount of distortion applied to the
view.

Many people feel more comfortable working in Perspective view, at least at first,
because it feels more natural to the human eye. Unfortunately, relying on the
distorted Perspective view can ruin your 3D creations by misleading your eye.
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1. Toillustrate this problem, open the Sidebar menu using the N hotkey, select the
View tab from the right-hand side, and set the View’s Focal Length to 15mm
by clicking in the text area which reads 50mm, typing 15, then pressing the
Enter key.

At first, nothing is visibly amiss other than Suzanne appearing to shrink.

2. Nextlet's frame the still-selected Suzanne in the view by pressing the number
pad period key as shown in Figure 2.22. Now the distortion of Perspective
view is on full display.

Figure 2.22: Bottom Right 3D Viewport, Suzanne framed in
User Perspective view mode, with 15mm Focal Length

To wrap up this exercise, lets save this custom layout, and then learn how to revert
to the default again.
3. At the top of the Blender application, click the plus-sign at the right end of
the Workspace tabs, and choose Duplicate Current as shown in Figure 2.23:
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Figure 2.23: Creating o New Workspace from the current layout

This makes a copy of the Layout tab in its current state appear to the right
of Layout, appended in Blender’s unique numbering format, “Layout.001”.
These changes have not been saved to the original Layout tab, which will
revert the next time Blender is closed and reopened, unless you save the file.
The new tab can be renamed by double clicking on the text and typing over
the existing text.

4. Right-click the tab label, to see the options for changing this tab’s place in the
tab group order.

If you would rather have Blender open with this entire file as-is - Suzanne alone, in
a quad view - under File > Defaults, select Save Startup File as shown in Figure 2.24.1f
we close and reopen Blender now, the new file will begin in this configuration. If we
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don’t want Blender to open this way from now on, we can simply navigate to File >
Defaults, and this time choose Load Factory Settings.

Figure 2.24: Saving the current layout fo the Startup file

Unfortunately, this will remove the new Workspace tab we just made, but if we close
the file without saving, the previously saved Startup File will appear again. Factory
Settings will only become the default Startup File again if we choose File > Defaults >
Load Factory Settings and then choose File > Defaults > Save Startup File.

The way to preserve the original Layout tab along with a custom one is to duplicate
the Factory Setting tab first, make changes to the layout in the duplicate tab, then
choose Save Startup File from File > Defaults.

Editing preferences

The extent to which we can edit Blender’s Preferences is too vast for an introductory
section to cover in full, but here we will highlight the types of changes that can be
made there, so you will know where to go whenever you discover a need to modify
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Blender’s Preferences. Blender Preferences are accessed via Edit > Preferences, which
opens a modal window as shown in Figure 2.25:

Figure 2.25: Opening the Preferences modal window via Edit > Preferences

As mentioned earlier, increasing the maximum Undo Steps can be accessed via the
Preferences window. Under System in the left-hand side as shown in Figure 2.25, the
number of Undo Steps is listed under the third group, Memory & Limits.

Tip: To change any numerical value, anywhere in Blender, click once in the text
field, begin typing, and press Enter to confirm.

Also mentioned earlier, Auto Save can be disabled and re-enabled through the
Preferences panel. To access the Auto Save toggle, in the Preferences window, select
Save & Load from the lower left-hand side as shown in Figure 226, and check or
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uncheck the box to the left of Auto Save. A highlighted checkmark means the feature
is enabled.

Figure 2.26: Togqling Auto Save on or off

Essential shortcuts and hotkeys

In each upcoming chapter, we will add new tables of Shortcuts and Hotkeys based
on what we have learned. In this chapter, we have learned the following Shortcuts
and Hotkeys:

Shortcut Hotkey

Select Left mouse click
Undo Crl+7Z

Redo Ctrl + Shift + Z
Delete Xor Delete
Escape Esc

Table 2.2: Essential Shortcuts and Hotkeys



You can also access menu options by assigning them your own Shortcuts. Right-
click any menu option to set it as a Quick favorite accessed via the Q key or Assign
Shortcut to assign the menu option to a key of your choosing. Every single key can
be remapped individually via Edit > Preferences > Keymap, but this is an advanced
option that likely won't be useful until later.
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Getting help

The first resources to reach for when you need more help than this book can provide
are the Blender Foundation Support and Documentation pages. At https://www.
blender.org/support/, the Blender Foundation provides basic Documentation in the
form of a User Manual, as well as the advanced documents Python API Reference,
and Blender for Developers. Also provided on the Blender Support page are links
to free Tutorials, Community Support links, an FAQ, and Blender’s Report a Bug
forum.

Aside from the support directly from Blender Foundation, there are thousands of
popular community resources available online, both free and paid. Remember that
while free support and tutorials are an integral part of the Blender ecosystem and
democratizing tech, the people offering support are doing laborious work. So, if you
have the means to pay for tutorials or training, please do so!

A simple internet search preceded with the term Blender, along with the version
number 3, filtered to the past year, should bring up the most useful results.

Conclusion

We now have a firm understanding of how to get started and navigate our way
around Blender. Rest assured that we have barely scratched the surface, but don't let
the sheer number of options both on-screen and hidden behind menus alarm you. If
at any point you lose your way, you are now equipped to revert to default settings,
and reliably save or restore lost work. In the following chapter, we will begin to
apply this knowledge and create our first 3D model from scratch, to become familiar
with the anatomy of a 3D object and understand 3D modeling in general.

Points to remember

¢ Practicing Hotkeys will help you develop muscle memory, reducing the time
it takes to complete a task, Hotkey combos for Shortcuts appear to the right
of their matching menu options

o Right-click any menu option to set it as a Quick favorite accessed via the Q
key, or Assign Shortcut to assign the menu option to a key of your choosing

o Refer tn Rlender official Dactimentation and Teer Mannal at httns//dnes
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blender.org/ for a refresher, troubleshooting, or to learn more about the
interface and common tasks
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Questions
1. What are the mouse and keyboard commands to zoom, orbit, and pan the
view?

2. What is the most recent version of Blender?
3. What are two ways to save your BLEND files?
4. What happens to my BLEND file if my computer crashes?

Join our book's Discord space

Join the book's Discord Workspace for Latest updates, Offers, Tech happenings around the
world, New Release and Sessions with the Authors:

https://discord.bpbonline.com
EI.’.EIE

Eu
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CHAPTER 3

General
3D Concepts

Introduction

Now that we have learned how to install and navigate Blender, we will get hands-on
experience with general concepts that are useful for any 3D creation. As we saw in
Chapter 2, Installation and Interface, working in 3D space is a step more complicated
than working in 2D space as with documents and images, but you do not need to be
intimidated by that added complexity. The third dimension is just that: one more, of
two familiar dimensions.

If you have ever picked up a pencil, you can already create it in 2D. Connect three
or more lines together, and you begin to make 2D shapes. You have likely already
created in 3D as well if you have ever handled paper, fabric, or clay; prepared

food; crafted with textiles; carved into wood or stone; dug in sand or soil; or built a
ctriictire
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Structure

This chapter introduces the general 3D concepts that apply to all 3D software, giving
readers the necessary foundation to begin creating in 3D. Topics to be covered
include:

s The anatomy of 3D objects: coordinates, vertices, edges, faces, and origins
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¢ Orienting yourself in 3D space for fast, accurate 3D creation
o Exercise: creating a new 3D object from vertices, edges, and faces
¢  Understanding transforms: position, rotation, and scale

o Tools of the trade: gizmos, parameters, hotkeys, shortcuts, and toolbars

Objectives

After reading this chapter you will have a thorough understanding of general 3D
concepts and will be ready to begin modeling your own designs with Blender.

Anatomy of 3D Objects

You may have heard some of the terminologies we will use here in math lessons.
Math courses tend to delay discussing the third dimension, not because 3D math
is much more difficult, but because it comes later in a sequence of logical steps.
Rest assured, the same basic addition, subtraction, multiplication, and division that
works in 2D, also works in 3D.

Note: Advanced math can be helpful to 3D creators but is not necessary for
cteating in 3D. Simply keeping the additional dimension in mind will help us
avoid many common mistakes and pitfalls.

If you have studied Geometry in the context of learning math, you may already be
familiar with axes and coordinates, and how they can map the extents of 2D shapes
when connected, such as the triangle shown in Figure 3.1:




Figure 3.1: Mock graph of a 2D shape, with x and y coordinates, labeled
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Essentially, coordinates are an address to the locations of points where two or more
lines intersect on a two-dimensional grid. Coordinates are written in parenthesis
with the x value listed first, followed by a comma and then the y value as shown in
Figure 3.1. The point at (0,0) is called the origin. Coordinates are useful for recording
and communicating the size, position, and outline of basic shapes such as points,
lines, triangles, rectangles, and even circles.

In essence, this is what 3D software does: It stores data such as the coordinates of all
the points, lines, and shapes that make up a 3D object, along with information about
the intended appearance of the surface - such as which side is facing outward - and
allows that data to be saved and shared. In this way, 3D is merely an extension of 2D
shapes into one additional dimension as shown in Figure 3.2:

Figure 3.2: Mock graph of the previously shown 2D triangle
extended into a 3D shape, with x, y, and z coordinates labeled

The surface of a 3D object, as shown in Figure 3.3, is composed of vertices (points),
cannected hv edoes (linea) filled with facea (chaneq):
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Vertices

Edges

Faces.

Figure 3.3: A 3D object with vertices, edges, and faces labeled
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Note: Simpler 3D software may not expose these sub-object components to direct
editing, but all 3D objects are made up of vertices, edges, and faces behind the
scenes.

As touched, the coordinates of Vertices, Edges, and Faces are not the only data that
3D objects are composed of. On top of their surface, 3D software also displays color,
to mimic the casting of light in a variety of ways that we will learn more about in
Chapter 7, 3D Surfaces. In Figure 3.3, the 3D Suzanne model is rendered with a solid
grey surface, with simulated lighting in a “flat shaded” mode, in a scene with a
white background.

At the most basic level, all 3D objects are just collections of the preceding kinds of
data, in a format that is readable by 3D software. To illustrate this point, observe that
is even possible to open a 3D file with a text editor as shown in Figure 3.4 and find
some recognizable terms, although not in a useful format for many humans:
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Figure 3.4: A 3D planar object in FBX format, opened with a text editor

Getting Oriented in 3D Space

When learning to navigate 3D space it is helpful to remember that every digital object
is merely a trick of the eye. Digital photos, for example, are not actually the flattened
physical objects depicted within them, rather, they are tiny squares of colored light
appearing so close together that the human eye perceives the pattern as something
recognizable.
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Every digital object in 3D software is similarly a trick of the eye. Sure, we can take a
3D design, and build a physical object based on that design or even have a computer
3D printitinto existence, but the original digital objectis still just data that a computer
reads and displays on the screen, preferably in a way that the 3D creator intended.

This “trick of the eye” concept is helpful to the process of translating what you
imagine in your mind, into something visible on a screen. Earlier we asserted that
even circles can be formed from a series of points connected by lines. That may
seem like a strange claim, but remember, up until very recently every digital shape
has been displayed as tiny dots of light that only connected end to end to create the
iltusion of contiguous lines, both straight and curved.

In that format, digital circles or roundness in general can be thought of as a series
of straight lines, each drawn at an angle from the previous one. Shapes constructed
with larger numbers of smaller segments appear more smoothly rounded than those
constructed with smaller numbers of larger segments, as illustrated in Figure 3.5:




Figure 3.5: Seven columns appearing rounded, each
made of straight lines, seen from three viewpoints: top, 45 degrees, and front

All of this is to say that fooling the eye is a vital component of displaying 3D objects,
so keeping that concept in the forefront of our minds will help us become thoroughly
comfortable creating in 3D.

Perspective again

Another concept first introduced in Chapter 2, Installation and Interface, and further
illustrated is that perspective is important when working in 3D because what you
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see is not always what you get. Here, we are referring to both “perspective” by its
dictionary definition as well as the technical term, a viewpoint used in 3D software.

The reason we practiced opening multiple 3D Viewports at once in Chapter 2,
Installation and Interface was to prepare us for the reality that shifting our attention
back and forth, from one dimension to another as we work, is incredibly helpful to
avoid accidentally making changes to our project that are hidden, and to develop
our power to fool the eye with intention.

It is completely up to you whether to use a “quad” 3D view, a split view, or simply
zoom, orbit, and pan while toggling between Perspective and Orthographic views
as needed, but whatever method you choose, it is highly advisable to make it a habit
to check for hidden mistakes before your undo history is filled.

Remember from Chapter 2, Installation and Interface that the Undo History in Blender
records 32 steps by default, including mode switches and tool parameter changes.
This limit can be increased via Edit > Preferences > System > Memory and Limits. No
matter which 3D software you use, it is helpful to familiarize yourself with how and
how often you can undo mistakes.

Scene statistics

In a similar vein, we can reduce the odds of making costly errors by keeping an eye
on information about the whole scene, and not just the 3D objects you are working
with. Scene statistics are numbers, like how many objects, vertices, edges, and
faces are not just visible on screen, but also impact the file size and speed of the 3D
software at any given time.

Tt is helpful to locate this information before beginning work in anv 3D software. In



Blenderl, the display of scene statistics can be enabled by right-diéking the bottom
right Status Bar and selecting Scene Statistics, or via the Overlays menu appearing
as two overlapping circles in the upper right icon cluster of the 3D Viewport, which
will enable scene statistics to appear in the upper left.

Tip: The reason to keep an eye on scene statistics is that very large numbers of
3D components on screen at once can crash the application or cause it to petform
very slowly. Editing 3D models can have the effect of dividing a single shape into
millions of objects as quickly as you can move a slider. The more 3D objects on
the screen, the harder your computer must work. For this reason, when adjusting
settings in any 3D software, it is very important to proceed slowly.

Exercise 3.1

In this exercise, we will create our first new 3D model beginning with a single vertex
inBlender. To begin, we will enable one of Blender’s extra options which are disabled
by default, to keep the menus and workspace free from clutter. The option we will
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enable can be found under Edit > Preferences > Add-ons. In the right-hand Blender
Preferences window, a search box appears near the top, on the right, just below the
Install and Refresh buttons.

1. In this search box, type “extra” and press the Enter key. Two add-ons will
appear below: Add Curve: Extra Objects and Add Mesh: Extra Objects.
Clicking in the empty check box to the left of the Add Mesh: Extra Objects
options will enable this menu option in the 3D Viewport.

2. Click the white triangle to the left of the text to see a description of this Extra
feature, and the location where it now appears in Blender’s menu, as shown
in Figure 3.6:
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Figure 3.6: Add Mesh: Extra Objects add-on enabled via Edit > Preferences > Add-ons

. Close the Blender Preferences window using the X button in the upper right

corner.

By default, changes to Blender’s preferences are saved automatically when
we save our BLEND files and will persist even when we close and reopen
the application.

. If we do not plan to save this file, we can choose Save Preferences via the

“hamburger” (three lines) menu icon in the bottom left corner of the
Preferences window.

The Auto Save Preferences option can be disabled or re-enabled from this
menu as well.
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. If you have any objects in the scene, either from opening a new instance

of Blender or from previous exercises, hover your mouse cursor in the 3D
Viewport, left-click anywhere away from 3D objects (this will clear your
current selection), press the A key to select all, then press the Delete key, or
press the X key and choose Delete.

Tip: The preceding sequence of left-clicking away from 3D objects to
clear the selection, and then pressing A to select all objects may not
technically constitute a Shortcut, but it is advisable to get into the habit of
first clearing your selection this way, to avoid accidentally performing an
action like deletion on something you forgot that you selected moments
ago, that may now be hidden or off-screen.

. With the scene clear, click Add at the top left of the 3D Viewport or press Shift

+ A with your mouse cursor inside the 3D Viewport, then select Mesh > Single
Vert > Add Single Vert.

Note: This new object is named Vert, as we can see in the Outliner. This is just
a descriptive default name and can be changed at any time by double-clicking
on the text in the Outliner and typing a new name, then press Enter. If we make
a duplicate of an object with the same name, the new object will have the suffix
.001 appended. The .001 suffix will be incremented to .002 for the next duplicate,
and so on.

Maoades. and editing 3D abiects
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Congratulations! It may not seem like much, but we have begun creating a new 3D
object from a single vertex. To edit this or any 3D object in Blender, we must first
verify that we are in Edit Mode.

Note: The Single Vertobjectis unique, in that when weadd it toascene, Edit Mode
is automatically enabled for us (likely because a single vertex is almost invisible
in Object Mode.) If you prefer to enter Edit Mode automatically whenever you
add any new object, the setting can be enabled via Edit > Preferences > Editing
> Objects > New Objects as shown in Figure 3.7.
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Figure 3.7: Enabling Enter Edit Mode upon adding New Objects

Operation Modes are an important feature of Blender and many 3D applications.
Changing modes enable us to switch between related sets of tasks and tools — such as
painting or sculpting — and allows Hotkeys to be reused based on the current mode.

As noted, in Blender, adding most new 3D objects will not enable Edit Mode by
dofanlt Ta tnoole hotwoon Edit Mada and Ohiort Mado in Rlondor colent tha docired
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mode from the drop-down menu in the upper left of the 3D Viewport, or press the
Tab key with your mouse cursor inside the 3D Viewport. When in Edit Mode, you will
see a different set of tools and options appear from those available in Object Mode.

+ Edit Mode is for directly modifying an object’s sub-components: vertices,
edges, and faces.

o Object Mode is for modifying whole objects within a scene.
7. With Edit Mode enabled, let’s make the first change to our new 3D object. If
the single vertex is still highlighted in yellow, press the E key for Extrude,

and move your mouse around the view. (If the vertex wasn’t highlighted,
simply left-click to select it first.)
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You should see a yellow line extending between your cursor and the first vertex as
shown in Figure 3.8. Left-click and release anywhere, and you have created an Edge,
connecting two Vertices. This is the same as a line, drawn between two points, as
discussed earlier in the chapter.

Figure 3.8: A new Vertex, extruded from the original Single Vertex, connected by a single Edge



Next, clear your selection again by left-clicking anywhere in the 3D Viewport, away
from any 3D object, then press A to select all. Press the E key again, move your cursor
to extrude the Edge, and left-click anywhere to confirm. This creates a new Face as
shown in Figure 3.9:
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Figure 3.9: A new Face, extruded from an Edge
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Clear your selection by clicking away from the 3D object again, select all by pressing
A, press E to extrude again, and left-click to confirm once more. You may need to
scroll the mouse wheel backward to zoom out and click + drag the middle mouse
button to orbit your view, to get a good look at the resulting cube as shown in Figure
3.10:




Figure 3.10: A new 3D cube, extruded from o Face

Primitive Objects

To create our new 3D object, we began with a basic component upon which to build
it. The most basic component of 3D models is the humble vertex. From a single
vertex, we can begin to create and edit 3D objects. From one vertex we can extrude
an edge. In 3D space, this edge can be extruded at any distance and in any direction.
Similarly, from an edge, we can extrude a face as far as we want in whichever
direction we want. Multiple faces together form the surface of a 3D object.

Often, beginning with a slightly more structured shape will help to save us many
steps. Itis a waste of time to “reinvent the wheel,” as the saying goes. For this reason,
the ability to start from basic premade objects - called primitives - is a common
feature of all 3D software. As shown in Figure 3.11, default primitive objects typically
include cubes, cylinders, cones, spheres made from four-sided planes, spheres made
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from triangles, torus shapes, and often, one special object with a complex enough
shape to make for a universal example such as Blender’s Suzanne.




Figure 3.11: Primitive 3D Objects from left to right:
Cube, UV Sphere, Icosphere, Cylinder, Cone, Torus, Suzanne

Primitive objects are included in 3D software because many everyday objects share
some aspect or another of one or more primitive shapes. The torus primitive, for
example, is a literal wheel that saves us the trouble of reinventing it. Reflecting on
the example simple character made from primitive objects in Chapter 1, Features of
Blender 3D, we can see that a cylinder can serve as the beginning of an arm or leg, a
sphere the foundation for a head, a cone for a hat, and so forth. In Chapter 4, Polygonal
Modeling we will explore multiple ways, to begin with primitive objects and develop
them into more complex and interesting designs.

Editing normals

Depending on which direction you moved your mouse after pressing the E key in
the earlier exercise, you may have created an inverted cube without realizing it. This
means that the cube’s surface may be pointing inward rather than outward.

Think of 3D objects as being like garments, in that there is a specific side that is
intended to face outward. Like garments, 3D objects can be turned inside out. As
you can see, this is not always a problem or even visible, but in many situations,
an inverted 3D object will vanish from view completely. This brings us to another
important feature in the anatomy of 3D objects: normals.

General 3D Concepts W 53

In 3D, the term “normal” refers to the direction a given component of a 3D object
18 pointing, whether that is a vertex, an edge, or a face. Even though a rectangular
face looks like a piece of paper with two distinct sides (technically six: one front, one
back, and four that are imperceptibly thin), in 3D software, a single face has only one
side. The side of a face that is always visible is typically the side that it normally is
facing, otherwise known as its normal direction.

Because of the way that 3D software displays the surface of 3D objects, it may not
always be obvious whether the normals of a 3D object are facing outward or inward.
Under the hood, though, all 3D software keeps track. Note that a single 3D object can
have some faces pointing inward, and some pointing outward at the same time, for
practical reasons we will clarify in future chapters. A simple extrude operation like
we performed previously, however, will only result in all faces turned inward, or all
faces turned outward. Much like a garment, the direction you pulled the free edge
will dictate whether the whole object winds up outside out, or inside out.

The fact that - depending on the display mode - you may not be able to tell which
side is facing out and which is facing in is more evidence of the concept introduced
earlier, that what we see on screen is not necessarily as it appears in 3D.

4 . 1 1



It 15 possible and sometimes advantageous to render 31 objects in such a way that
both sides of any given face are visible at once, but this too is merely a trick of the
eye. Either the renderer has been set to calculate and display the nonexistent side
as is the case in the preceding exercise, or the 3D creator has duplicated faces and
flipped the duplicates to face in the opposite direction, giving the illusion of a two-
sided object.

In most 3D applications, normals facing different directions are highlighted by a
difference in shading. In Blender, there are multiple methods for verifying which
direction the faces of a 3D object are pointing, regardless of the viewport rendering
mode.

In the upper right-hand corner of the 3D Viewport, there is a cluster of icons that
control the view displays. As indicated earlier, the third icon from the left within
this right-hand cluster, appearing as two overlapping circles, controls Overlays.
To display nonexistent, inward pointing faces (also called back-faces) as red, and
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outward pointing faces as blue, mouse-click the icon to expand the menu and near
the middle, enable Face Orientation as shown in Figure 3.12:




Figure 3.12: A cube with inverted (inward facing) face normals

In Blender, another way to visualize the direction an object’s normals are facing is
also accessed through the Overlays menu, nearer the bottom left. Click one or multiple
of the icons appearing as a square with lines protruding out from it, to enable the
overlay. The left-most of these 3 icons enables the overlay display for Vertex Normals,
the next is for Split Normals (which we will explain in future chapters), and the third
displays [face] Normals.

Note: In the default Blender theme, a blue highlight indicates that a feature is
enabled.

When any of these normal displays are enabled, a short blue line will be displayed
protruding in the direction of the sub-objects’ normals. If the indicator is too small
to see, you can increase its length in the Size field to the right of the same area of the
Overlays menu. However, if your 3D object is currently inverted, you may not see
these indicators at all because they are facing inside the cube. To flip all the normals
of a 3D object at once, in Edit Mode, press Alt + N and choose Flip, as shown in Figure
W S
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Figure 3.13: A cube with correct, outward facing normals,
and the face normal visualization showing after a Flip operation

Enabling backface culling

Yet another way to check that normals are facing the intended direction in Blender
is to disable the rendering of the nonexistent sides of faces, also called “back faces.”
This brings up another key concept to working in 3D called culling,

In 3D, culling is the computer temporarily hiding things from view. Hiding some
things from view when they do not need to be seen can be extremely helpful, making
it easier to understand what we see on screen, but can also be deceptive like most
other tricks of the eye. Culling is a behavior that can be turned on or off as needed
in 3D software, so it is helpful to familiarize yourself with what is being culled or
hidden by default, and when, in any 3D application.

In Blender, to hide “back faces” that are nonexistent and therefore not visible (or
“rendered”) in many circumstances, open the drop-down in the farthest upper right-
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hand corner of the 3D Viewport and enable backface culling, about halfway down, as
shown in Figure 3.14:




Figure 3.14: Togqle for Backface Culling in the 3D Viewport

To see Backface Culling in full effect, first verify that you are in Edit mode (indicated
in the upper left corner of the 3D Viewport). Then, switch to Face Select mode, either
by pressing the 3 key in the upper row of the keyboard, or by selecting the Face
Select icon that looks like a grey cube with one white side in the upper left of the 3D
Viewport, to the right of the Mode menu. Finally, left-click the middle of any of the
front faces, and delete it. Now you should be able to see that the shape’s inner faces,
or “back faces” are rendered transparent, as shown in Figure 3.15:

Figure 3.15: Toggle for Backface Culling in the 3D Viewport
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In general, it won't be necessary to have all these normal displays enabled at once,
so feel free to disable any of them until you discover a need to see them. Like most
Overlays, normal displays will remain as they were set when you last saved the file.

Transforms

While we first discussed zooming, orbiting, and panning the 3D view in Chapter 2,
Installation and Interface, now we will dive into modifying 3D objects themselves.
Modifying whole 3D objects or their sub-component vertices, edges, and faces,
involves a universal concept called Transforms.

In 3D, the term Transform is both a verb and a noun, simultaneously referring to
the action of Moving, Rotating, and Scaling a 3D object, and to the amount that a
3D object has been Moved, Rotated, or Scaled from a previous state. The reason we



make this distinction is so we can understand common instructions, like “zero out
all transforms,” or “apply all transforms,” which we will explore in just a moment.

Transforming with gizmos

In 3D software there are multiple ways to change object transforms. One of the more
straightforward approaches to moving, rotating, and scaling in 3D is to use a visual
overlay called a gizmo as a sort of 3D handle. A gizmo is not part of a 3D object but
acts as a visual stand-in for operations you can perform on 3D objects, with symbols
indicating the available directions of movement, rotation, or scale.

Tip: Very commonly, gizmo handles are color coded red, green, and blue to match
the display of the three axes of three-dimensional space: x, y, and z. If you find
it easy to remember the abbreviation RGB, it might help to associate the colors
Red, Green, and Blue with the dimensions x, y, and z listed in alphabetical order.

In Blender, the display of gizmos can be controlled via the 3D Viewport's upper
right-hand cluster of icons, second icon from the left that looks like a quarter circle
with an arrow through it as shown in Figure 3.16. The appearance of gizmos can also
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be modified in Blender via the drop-down just above the Move, Rotate, and Scale
gizmo options. Please refer to the following figure:




Figure 3.16: Enabling the Move Gizmo

The typical way to use a gizmo, is to click and drag one of its handles, which are
commonly displayed as arrows for Move, circles for Rotate, and small cubes for
Scale.

Clicking and dragging the ends of a Move gizmo will move the corresponding object
in that direction only — which is called “constrained” movement - while clicking and
dragging the center will allow movement in all directions.

Rotate gizmos behave slightly differently, in that the red, green, and blue circles
constrain the rotation to the corresponding x, y, and z axes, while the white circle
tends to constrain the rotation to the view plane. This means that if you zoom, orbit,
or pan your view, the transformed object will rotate in a different direction than it
did prior to the view change.

Like the Move gizmo, clicking and dragging the ends of a Scale gizmo will scale the
object in that dimension only, while clicking and dragging the center of the gizmo
will scale the object in all the dimensions at once.

Gizmos are especially convenient for new 3D creators because they enable click
+ drag operation and leave no doubt about what to expect. However, gizmos can
clutter the view and often require extra clicks to use, so seasoned 3D creators tend to
prefer using Hotkeys instead.
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Transforming with hotkeys

Hotkeys for transform Shortcuts vary between different 3D applications, but it is
universal to include keys for Move, Rotate, and Scale. In Blender, the Hotkeys for
Move, Rotate, and Scale transforms are G (for “grab”), R (for “rotate”), and S (for
“scale”). To confirm a transform that was initiated with a Hotkey, left-click with the
mouse. To cancel a transform, right-click instead.

Tip: It can be helpful to get in the habit of testing a transform by first pressing
the Hotkey, moving the mouse cursor around to see the result, and then right-
clicking to cancel that action if the desired result is not achieved.



In Blender, the axes of movement, rotation and scale are all linked by default,
meaning that if you press S to scale, the object will be scaled equally in all three
dimensions. To get around this, you can press a second key to modify the first key’s
behavior. For example, to move only on the x axis, press G and then X before moving
the mouse. To rotate only in the y axis, press R and then Y. Press S and then Z to scale
only in the z axis, and so-forth.

While it is inadvisable to modify the Hotkey combinations for any software before
you are familiar with the bindings for keys you may prefer to use, it is helpful to
know that we can always view and change Hotkey bindings in Blender via Edit >
Preferences > Keymap > 3D View > 3D View (Global) as shown in Figure 3.17:

e ki

Figure 3.17: Maximized Preferences showing the 3D View
keymapping options with the G for Move key binding highlighted
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Transforming with parameters

Another way to change transforms in 3D is to directly edit numerical characteristics
- like measurements or increments - otherwise known as parameters. In 3D,
parameters for transforms occur in sets of x, y, and z, corresponding to the three
axes of three-dimensional space. As shown in Figure 3.18, transforms for the selected
object or sub-object component (vertex, edge, or face) can be typed directly into
parameter fields appearing in the top tab of the Properties panel (in the bottom right
of the default Lavout view). and via the Item tab of the Side Bar menu accessed via the
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Figure 3.18: Two arens where parameters can be edited directly:
in the Side Bar > Item menu and the Properties panel

In both the Properties panel and the Side Bar menu, the Location, Rotation, and Scale
of each dimension (x, y, and z) of a selected object can be edited by typing a value
directly into the corresponding field. In the Side Bar menu, we can also edit the
selected object’s overall Dimensions.

In this context, Scale refers to the object’s original state, such that a value of 1 in
all three of the x, y, and z axes mean the object is currently its original size. Typing
positive numbers into any of the object’s Scale parameters will scale the selected
object up, that many times its original scale in that dimension. Typing a negative
number (preceded by the minus sign) will scale the object by that amount in the
opposite direction.
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Tip: Typing -1 into any Scale axis is a handy way to mirror the object across
that axis.

Dimensions, on the other hand, refer to an object’s measurements relative to the
scene’s unit of measure. A default cube at a Scale of 1 in Blender’s default unit of
measure is 2 meters wide, by 2 meters deep, by 2 meters tall; while Suzanne measures
2.73 meters wide, by 1.7 meters deep, by 1.97 meters tall at a Scale of 1.
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intended unit of measure. Typing a value followed by a unit of measure such as
cm, centimeters, ft, feet, in, or inches into a parameter field, for example, will be
translated correctly into the default unit of measure automatically.

Real-world measurements like these are very important when creating 3D objects for
3D printing, or for objects to appear life-sized in games and interactive applications.
Dimensions can also affect the behavior of operations that are based on relative
distance or size, such as setting one object’s distance from another. The utility and
interaction of Dimensions will become more apparent, the deeper into 3D creation
we go.

Working between 3D applications — such as when exporting 3D objects from
modeling software for import into printing software or game engines - can get
confusing because mismatches between two applications” base unit scales are
common. In Blender, the default unit of measure is meters, but Blender allows us to
change the base unit scale to match our needs, via the Properties panel, in the Scene
Properties tab with the icon appearing as a collection of shapes, under Units as shown
in Figure 3.19:

L]

Figure 3.19: Unit scale options located in Scene Properties tab of the Properties panel
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Note: When we change the base unit of measurement in a 3D application, we
are not changing the dimensions of the 3D objects themselves.

Another area where transforms can be changed via parameters in Blender is through
contextual menus that appear in the bottom left of the 3D Viewport for every move,
rotate, and scale operation, as well as other operations we will address in greater



detail through later chapters. Whenever we use Hotkeys to move an object, a new
menu will appear in the bottom left of the 3D Viewport with contextual options. In
Blender, we can continue to adjust the settings that appear in this menu until we
have either deselected the object or performed another operation with it.

Combining hotkeys with parameters

Transforming with parameters can also be combined with Hotkeys. For example, if
we press the S key, to scale an object, we can also type in a number and then either
left-click with the mouse or press the Enter key, to indicate the amount we want
to scale it. Typing S, 3, Enter will scale the object up three times its starting size.
Rotation works the same way, but in degrees. So, if we type R, 180, and Enter, the
object will be rotated by 180 degrees.

In Blender we can also type in decimal values using the keyboard period key, to
transform by fractions. Typing S, .5, Enter, for example, will scale the object down by
half, S, .25, Enter by a quarter, and so forth. Negative values can also be typed in to
invert the direction of the transform operation.

Remember that the x, y, and z axes of movement, rotation and scale are linked when
transforming with Hotkeys, so typing S, 3, Enter, will scale the entire selected object
three times its starting size in all three dimensions at once. However, just as we can
press a second key to modify the first key’s behavior, we can string together a series
of Hotkeys to isolate transforms in one dimension. For example, typing S, X, 3, Enter
will scale the selected object to three times its original size in the x axis only.

To exclude a dimension from the transform operation, press the Shift key before
typing the dimension to exclude. For example, typing S, Shift, X, 3, and Enter will
scale the selected object to three times its original size in the y and z axes only.

Undoing transforms

As we discovered when flipping the normals of our 3D object earlier in this chapter,
the Alt key used in combination with other keys can serve as a way of undoing
certain operations in Blender. To undo whole object transforms, resetting the object
to its original state, we can of course press Ctrl + Z. If a transform was performed
long ago, though, it may no longer appear in our Undo History. The good news is,
s0 long as the whole object’s transforms have not been applied, object transforms
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can be reverted to their original states by using the Alt key in combination with a
transform Hotkey. More on applying transforms in a bit.

In Object Mode, undoing movement to reset an object to its original location, for
example, can be accomplished by pressing Alt + G. Rotation can be reset to zero with
Alt + R, and unapplied scale changes can be undone by pressing Alt + S. Undoing



transtorms this way 1s one method ot what we call zeroing out transtorms. Another
way to “zero out” transforms is by literally typing the number 0 into parameter
fields for location and rotation, or 1 for scale.

Note: Up until now, we had been learning about transforms that can be applied
both to whole objects in Object Mode, as well as to sub-components (vertices,
edges, and faces) in Edit Mode. It is very important to note that beyond Ctrl + Z
and the Undo History, transforms can only be reverted to an original state at the
object level, because sub-object components share a single origin point with the
whole object. Therefore, instructions for reverting transforms to their original
states apply to the whole object in Object Mode only.

Origins and applying transforms

Earlier we specified that transforms can only be reverted to their original states so
long as they have not yet been “applied.” Applying a transform essentially gives the
whole object a brand-new original location, rotation, or scale, which is also known as
its origin. The origin point of an object is very important to the way operations on its
transtorms behave and can almost be considered a basic component of all 3D objects
along with their vertices, edges, and faces.

An object’s origin is sometimes, but not always at its center, because as we just
discovered, applying a transform can change the object’s origin. But the origin is
the center or “pivot point” of any transform operations performed on the object. For
example, if we move an object 1 meter along an axis, and apply the transforms there,
the object’s origin point will now be 1 meter away from the world origin in that
dimension. Then, when we go to transform the object again, the transform operation
will be offset so that the object will move, rotate, or scale from that offset, instead of
from the object’s center.

As we can see, applying transforms has a cascading effect. When creating in 3D we
may find this effect to be desirable. For example, if our object is a 3D building, we
may want to change its origin to the base, so that when we increase its scale, it will
grow upward and to the sides, instead of downward into the ground.

Thankfully, applying transforms requires a few steps, so itis easy to do with intention
and difficult to do by accident. In Blender, we can apply location, rotation, and scale
transforms individually or apply all transforms at once. In Object Mode, pressing
Ctrl + A will open the Apply menu, where individual transforms or all transforms
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can be applied. The Apply menu can also be accessed from the upper left hand of the
3D Viewport under Object > Apply.

After applying transforms to an object that was previously moved, rotated, or scaled,



the Location, Rotation, and Scale transforms will be what we call “zeroed out,” and
the new location, rotation, and/or scale will have become the object’s permanent
origin. Now, Alt + G, Alt + R, and Alt + S will revert the object to this state, rather
than the previous one.

In Blender, an object’s origin is displayed as a tiny orange dot (or a yellow dot, if
the selected object is active) as shown in Figure 3.20. In an unedited primitive object,
the origin starts out located in the center, or more precisely, in the center of where
a cube’s center would be if the cube bounded the farthest vertices of the 3D object
from the world’s center, also called the World Origin. Please refer to the following
figure:

Figure 3.20: Primitive objects selected with orange origin points shown

In all 3D applications, the world origin lies at (0,0,0,): the intersection of x, y, and z
axes on a three-dimensional grid. The world origin is important because the view,
and every new 3D object begins there. Otherwise, 3D objects could start an infinite
distance apart in 3D space and 3D scenes would be impossible to navigate. The
world origin also serves as an important reference point for all other points in 3D
space.

General 3D Concepts W 65

Blender’s 3D cursor

All transforms are applied to an object relative to this world origin unless an alternate



point (also called a “pivot point”) 1s specitied tor the operation. In Blender, a special
gizmo or overlay appearing as a red and white dotted circle with a grey plus sign in
the middle, called the 3D Cursor also appears at the world origin by default. Like
other gizmos, Blender’s 3D Cursor can be moved and used for a variety of purposes,
but unlike transform gizmos, the 3D Cursor operates independently from any 3D
object.

A common use for the 3D Cursor is as a temporary origin point, or pivot point,
that replaces the object’s true origin during transform operations where the object’s
origin point should be retained. In Blender, the Transform Pivot Point options appear
in the upper center of the 3D Viewport drop-down. By default - appearing as a chain
link icon - the Transform Pivot Point will be set to the Median Point of the selected
object or objects.

To transform an object with the 3D Cursor as a temporary Pivot Point so that the
object can be easily and accurately returned to its original location, rotation, and
scale in what is called a “non-destructive workflow,” we can select the 3D Cursor
from the Transform Pivot. Then we can enable movement of the 3D Cursor through
the Tool bar menu, which can be toggled on or off by pressing the T key.

Press the T key if the Tool bar menu is closed, and look for the red and white dotted
circle with a grey plus sign in the middle and click it to enable freehand placement of
the 3D Cursor. When this 3D Cursor tool is active, you can left-click anywhere in the
scene to move the 3D Cursor to the location you clicked. Disable freehand placement
of the 3D Cursor by enabling the Select mode again, at the top of the upper left corner
of the Tool bar.

More precise positioning of the 3D Cursor is also possible and often desired. The
3D Cursor can be automatically placed - in both Object Mode and Edit Mode, at the
origin of any object, or at the location of a sub-object component, or even between
multiple selected objects or sub-objects - by pressing Shift + S and selecting Cursor
to Selected from the radial menu that appears, as shown in Figure 3.21. Be careful
not to confuse Cursor to Selected with Selection to Cursor, which will move the
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selected object to the 3D Cursor, another useful operation we will employ in Chapter



4, Polygomzi Modeling.

Figute 3.21: Radial 3D Cursor menu accessed via Shift + S,
with Cursor to Selected highlighted in lighter grey

Notice the number key Shortcuts displayed to the right of each of the options in this
radial menu. Using the Hotkeys for these Shortcuts allows for quick confirmation
of the desired operation, without having to move the mouse. Some 3D creators
prefer to memorize and use the Hotkeys for these Shortcuts, rather than finding the
locations of their frequently used options along the radial menu.

Transforming with tool bar tools

Now that we have toggled the Tool bar menu off and on, we can explore more ways
to transform 3D objects available there. The Tool bar menu is another area that is
context-dependent. In Object Mode, the Tool bar menu contains Selection tools, the
3D Cursor placement tool, Move, Rotate, and Scale tools that operate exactly as the
gizmos do, a Transform tool which is essential all the gizmos rolled into one, and 3
more tools we will explore in fater chapters. In Edit Mode, the Tool bar menu contains
all the preceding, plus even more editing tools that we will explore in Chapter 4,
Polygonal Modeling.

Selection

To Transform 3D objects and their sub-components, you must first know how to
select those components. In Blender, we have already practiced direct selection quite
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more selection options. If we press and hold the top tool in the Tool bar menu, we will
also find Tweak, Select Box, Select Circle, and Select Lasso.

The default selection mode is Select Box, also known as Box Select. Box Select works
by left-clicking and dragging a dotted rectangle over the view plane, inside of which
everything visible and fully encompassed by the box will be selected. From any
other selection mode, Box Select can be activated by pressing the B key within the
3D Viewport. Using any active select mode with the Ctrl key pressed will deselect.
Using Shift with any selection mode will add to the previous selection.

The second selection mode available in the Tool bar menu is called Tweak, which is
essentially direct selection that also allows frechand movement of the selected object
or sub-object component in all axes via click and drag. Clicking anywhere in the 3D
Viewport away from any 3D object deselects all.

Select Circle, or Circle Select, enables a small, dotted circle that follows the mouse
cursor, and works like a paintbrush by left-clicking and dragging across objects,
which will select anything visible and fully encompassed by the circle’s radius while
the left mouse button is depressed. The radius of Circle Select can be decreased or
increased by rolling the scroll wheel forward or backward. From any other selection
mode, Circle Select can be activated by pressing the C key within the 3D Viewport.
Clicking with the middle mouse while Circle Select is active deselects.

Select Lasso enables drawing a freehand dotted line that loops back onto itself
upon release of the left mouse button and selects anything visible within and fully
encompassed by the bounds of the loop. The Lasso Select tool is most helpful for
making precise selections among complex groups of objects. From any other selection
mode, Lasso Select can be activated by pressing Ctrl + right mouse click and drag.
Shift + Ctrl + right mouse click and drag will deselect.

Mode dependent selection

It is important to note that some selection behaviors are mode-dependent. Earlier we
specified that Box, Circle, and Lasso Select methods select anything visible within
and fully encompassed by the bounds of the selection type. This is entirely true of
Edit Mode selections; however, Object Mode selection is a bit more flexible. In Edit
Mode, if we draw a selection around a vertex but not the entire neighboring edges,
the neighboring edges will not be selected even if the selection crosses over them.
Likewise, if an object or sub-object component is hidden behind other geometry in
Edit Mode, it will not be selected, even if it really exists within the area of selection. In
Object Mode, however, a selection must only cross over an object for it to be selected,
even if it is hidden by another object.
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In the same way that gizmos can obscure the view of our work, geometry itself - as
we refer to objects and sub-object components - can also obscure important views of
our work, making it unavailable for selection and otherwise un-editable.

Conclusion

In this chapter, we have learned the common anatomy of all 3D objects and
begun exploring the most basic ways to create and edit them. We now have a firm
understanding of the transforms that are used to work with 3D geometry and have
explored several Shortcuts and Tools that will help us begin to translate designs
from our mind, into visible 3D objects to be interacted with and shared.

In Chapter 4, Polygonal Modeling, we will begin to practice adjusting the visibility of
different objects through Show and Hide Shortcuts and menu options.

Essential shortcuts and hotkeys

In this chapter we used the following Shortcuts and Hotkeys:

Shortcut Hotkey
Mouse Select Left mouse click
Deselect Left mouse click away from 3D object
(Cancel Action Right mouse click
Vertex Select (in Edit Mode) 1
Edge Select (in Edit Mode) 2
Face Select (in Edit Mode) 3
Clear Selection Left mouse click away from 3D objects
Select All A
Box Select B
Circle Select C
Lasso Select Ctrl + Right mouse click and drag
Undo Ctrl+Z
Redo Ctrl + Shift + Z
Delete Xor Delete
Escape Esc
Scale
Rotate R
Grab (change position) G
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Show /Hide Side Bar N
Show /Hide Tool Bar T
Toggle Edit Mode and Object Mode Tab
Extrude (in Edit Mode) E

Table 3.1: Essential Shortcuts and Hotkeys

Points to remember

o Every digital object is a trick of the eye

» Make a habit of checking for hidden mistakes before your undo history is
filled

o Normals is the direction a vertex, edge, or face is facing

o Transforms are both the movements, rotations, and scale that have been
applied to an object, and the act of moving, rotating, and scaling.

Questions

1. How do we flip the normals of an inside-out object?
2. Why would we want to zero out transforms?
3. Why would we want to apply transforms?

4. What is the default selection mode?

Join our book's Discord space

Join the book's Discord Workspace for Latest updates, Offers, Tech happenings around the
world, New Release and Sessions with the Authors:

https://discord.bpbonline.com
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CHAPTER 4

Polygonal
Modeling

Introduction

With a firm foundation of general concepts necessary for 3D creation, we will build
on our knowledge through hands-on experience, by planning and beginning to
create a practical 3D object. Individual 3D objects such as the one we will create here
are an essential part of a thriving and growing worldwide market for 3D assets.

Just like print media relies on a mix of stock and contracted or commissioned
photography, 3D products like games and film rely heavily on both a la carte
purchases of stock 3D models, and agreements with skilled 3D creators to custom
model, texture, animate, and render 3D objects to the buyer’s specifications.

Structure

This chapter introduces polygonal modeling with Blender: the essential starting
point for creating 3D objects. Topics to be covered include:

¢ Triangles, Quads, and Ngons
o Methods of 3D creation
o Where to start 3D modeling

¢ Topology and edge flow
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¢ Exercise: poly modeling a pedestal

Objectives

After reading this chapter, we will understand when and why to begin 3D creation
with the poly modeling method and have a firm understanding of the tools and
techniques to get started in Blender. We will have gained hands-on experience
applying our creativity to model and begin customizing a marketable, practical,
and decorative 3D object. By learning the differences in the theory behind different
methods for 3D creation, we will understand how to plan early to save significant
time and effort, saving money in the process.

Triangles, quads, and ngons

Polygonal modeling — known as “poly modeling” for short - refers to modeling
by directly editing a 3D object’s sub-object components, together called polygons.
Polygons in this context are the shapes we learned about in Chapter 3, General 3D
Concepts: one or more faces, bounded by three or more edges, connecting three or
more vertices. A three-sided polygon is a triangle, a four-sided polygon is a rectangle
— also known as a quad - and any polygon with more than four sides is called an
ngon.

In 3D, all polygons — whether they are three-sided, four-sided, or n-sided - are
made of triangles even when we can't see the edges between them on screen. That's
because 3D software effectively ignores those invisible edges in computations where
it is helpful to do so. However, in terms of the anatomy of 3D objects - coordinates
of points where lines intersect filled with planes - all four-sided polygons are in fact
two reflected triangles sharing an invisible diagonal edge, which may connect at
either of the opposing corners.

Examining a quad from top-down as in Figure 4.1, this invisible diagonal edge may
either connect the upper left vertex to the lower right vertex, or the lower left to the
upper right. These are the two options for the “triangulation” of any given quad
(four-sided face) of a 3D object.
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Figure 4.1: Left quad triangulated from upper left to lower right vertices,
and the right quad triangulated from lower left to the upper right

Ngons have potentially infinite sides and can therefore be triangulated in an infinite
number of directions. The pairs of vertices which are connected invisibly this way
will dictate the directions in which any polygon will bend when its vertices are
moved, as shown in Figure 4.2:

K pren

Figure 4.2: A quad, with opposite corner vertices translated in the z axis,
bending along the invisible edge in between
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The same quad as shown in Figure 4.2, with the same two vertices (highlighted)
in the same exact position, bends along the opposite diagonal when the invisible
edge triangulating the quad has been rotated, as shown in Figure 4.3. This time the
surprising effect is not a trick of the eye and can be recreated with a square of paper
held by four hands and folded across a diagonal. Whichever direction the fold is
oriented will determine whether the paper folds up or down. Please refer to the
following figure:

Figure 4.3: A quad with the sante opposite corner vertices
translated as above, bending along the opposite invisible edge

The initial direction in which these invisible edges are rotated is determined at the
creation of every new polygon but can also be manually or automatically changed. It
is rare to need to adjust the rotation of these edges face-by-face early on in 3D creation,
but for future reference: from Edit Mode, with Edge select mode enabled, Rotate Edge
CW (clockwise) or Rotate Edge CCW (counterclockwise) can be accessed through
the Edge menu in the upper left of the 3D Viewport or via the Ctrl + E shortcut, with
the mouse cursor over the 3D Viewport.

Pros and cons of triangulation

If you are interested in 3D designing for game development, you may have heard
that triangulation of 3D objects should always be avoided, or that every polygon
should be a quad. While triangulation of 3D game objects is not always a problem, it
can be. But the situations when and the reasons why are commonly misunderstood.

Az o M By oBwesieten [ ] TV S te e D mlsn & Jles ) dem Sa M2y 2]l Swm Seemraleln Blie



AS WE VE Just ulscovered, dil o ODJeCTs die difeduy Tldiiguidied, ITs Just Ut e
connecting edges are not always being displayed or calculated for editing purposes.
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When the direction of those invisible triangulating edges is unplanned, a 3D object’s
surface can look very different from what was intended, especially when the object
is deformed through animation or displayed with certain surface treatments as we
will see in Exercise 4.1. Whether or not the underlying triangulation is visible and
calculated can also significantly impact the speed of certain poly modeling tasks,
which we will explore later in this chapter. For now, notice how visible triangulation
cuts a jagged and asymmetrical path across rows and columns of connected quads
as shown in Figure 44.
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Figutre 4.4: Two spheres constructed from quads, with default triangulation visible on the right

Mostoften, the rotation of the unseen edges of any given 3D object is inconsequential,
especially in simpler designs, and under common display situations. Some 3D
surface treatments such as those we will discuss in Chapter 7, 3D Surfaces can also
hide unwanted effects of unintended triangulation. Once we begin working with
more convoluted shapes that curve and bend in 3D space, the situations where
unseen triangulation matters will become more apparent. For now, this serves as
another reminder that digital objects are all merely a trick of the eye.

Methods of 3D creation

The most common methods for creating in 3D are poly modeling, sculpting, and
computer-aided drafting (CAD.) CAD is a more mathematically precise method
of 3D creation from parameters that we won't discuss in this book, as it is typically
reserved for situations where precision is critical to safety and stability, such as in



architecture, manufacturing, and scientific applications. While Blender excels at

76 Blender 3D for Jobseekers

hard-surface modeling where technical constraints are more flexible, such as in
product visualization - CAD software is better suited to digital engineering tasks
than Blender. Fortunately, Blender excels at both poly modeling and sculpting, of
either hard surface or organic objects.

Hard surface versus organic

3D creation is often subdivided into the hard surface and organic categories to help
separate the skills and tools that are faster and more precise for the creation of each
type of 3D object and its intended use. 3D creators often choose to specialize in either
hard surface modeling or organic, and many employment opportunities specify a
preference.

Hard surface, in 3D, means appearing to be made through mechanized or computer-
aided means, such as 3D models of cars and buildings. Machine and computer
made objects tend to have a more rigid and regular appearance than objects made
by living beings. Even objects which only exist in fantasy may be considered hard
surfaces if they appear too mathematically precise to be made by an imperfect, living
creature. Representations of living organisms, if made to look carved, printed, or
generated through an algorithm, such as humanoid robots or a plastic flower, can
still be considered hard surfaces under this definition. Tools and techniques which
produce precisely smooth, sharp, and regular shapes are preferable for hard surface
3D creation.

Organic can refer literally to plant and animal life but doesn’t exclusively refer to
living things. In the context of 3D, organic means anything appearing to be affected
by natural forces like gravity, growth, erosion, wind, and water, or anything made
directly by living beings. Organic objects have irregularity, asymmetry, wear, and
accidental imperfections. By this definition, 3D rocks are considered organic rather
than hard surfaces. A 3D bag created to look machine sewn from machine woven
fabric but slouching with bulges and wrinkles as if affected by gravity or placement
by a human hand can also be considered organic. Tools and techniques which allow
for randomness and free-hand creation are preferable for organic 3D objects.

Note: While computer generated noise patterns and mathematical randomness
can resemble or enhance an organic appearance, the human mind often finds
something uncanny about the artificial regularity created by a machine and
will reject it as unrealistic. Believable organic results are often easier to achieve
manually because of subtle, accidental irregularities produced by the touch of
a living being.
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Some 3D objects aren’t clearly hard surfaces or organic, or the skill and tools for both
must be employed in their creation. A crumbling building, for example, or a zipper
sewn to a [umpy coat can each be considered a mixture of both. Hard surface skills
and tools would be required for the underlying structures, and organic skills and
tools would be required to weather and warp them realistically.

Poly modeling versus sculpting

While poly modeling involves directly editing a 3D object’s sub-object components,
3D sculpting - like its real-life counterpart - involves adding to and subtracting
from the surface and volume of an object, as well as pushing and pulling it like clay.
3D sculpting can also include changing an object’s overall shape in ways that don’t
correlate to real-world sculpting atall, such as inflating, subdividing and collapsing,
remeshing, or using simulated forces like gravity, collision, wind, and fluid on both
soft and rigid bodies.

Sculpting in 3D is typically performed with a specialized set of tools, with many
interchangeable parts often referred to as brushes even though they have qualities
unlike a real brush, such as carve, pinch, inflate, and nudge, which we will begin to
explore in Chapter 6, 3D Sculpting. But first, we will create a base mesh upon which
to sculpt later, like a lump of clay in the overall form of our desired result, via poly
modeling,

Low poly versus high poly

With any given 3D object, it is important to remain aware of the total polygon count
and make thoughtful choices about when to add and remove them. This is one
reason we explored how to find scene statistics in Chapter 3, General 3D Concepts.
As a reminder, scene statistics, and individual sub-object component counts can be
enabled to display in the bottom-most menu bar on the right-hand side in Blender
via right-click. Scene statistics can also be enabled to appear in the upper left corner
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of the 3D Viewport via the Overlays menu in the upper right corner, as shown in
Figure 4.5:

e = 0 X

Figure 4.5: Enabling Scene Statistics in the 3D Viewport via Overlays menu

While poly modeling is typically used to create objects with a lower or controlled
number of polygons, and while some sculpting techniques rely on or create higher
polygon counts, the distinction between high poly and low poly is not strictly
dictated by the methods through which a 3D object was made. Whether a 3D object
counts as low or high poly is entirely dependent on whether the finished object
consists of few or many polygons, relative to the whole project it is used within.

It is important to keep track of poly counts both while planning the desired result
and throughout multiple stages of the creation process, but the terms low poly, high
poly, and even medium poly all refer to wide ranges of poly counts that only matter
in context. 3D productions will often establish a budget or maximum limit for how
many polygons any individual 3D object should have, although setting these limits
is tricky and must account for factors like the prominence and importance of specific
objects in relation to others.

High poly 3D objects are most appropriate for use where high resolution smoothness,



sharpness, and detail are needed, such as in 3D printing, or product renders when
the object will never be displayed or moved in real time. Objects given higher
poly count allowances in video game development are sometimes called “hero”
pieces because their placement or importance to the whole product justifies their
consuming a larger portion of the overall budget. It is important to note though,
that even allowances for higher poly counts don't justify excess, a concept we will
address again in Chapter 11, Using 3D Objects in Production.
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Low poly, on the other hand, implies a certain level of optimization. An object
accurately described as low poly means that only the number of polygons necessary
to the object’s form and function are used and no more, making that object performant
for its intended use, such as in real time applications like games and interactive
applications. Unfortunately, the label “low poly” is often misapplied to medium and
high poly 3D objects that only appear to have fewer polygons because of a faceted or
flat-shaded surface treatment.

Tip: When marketing 3D creations for sale, it is very important to truthfully
represent the number of polygons a given 3D object contains rather than labeling
an asset low poly based solely on the style. High poly objects in a product with
a low polygon budget, such as Virtual Reality, can literally break a game, make
players of a game physically ill, or crash a customer’s computer.

Complicating low and high poly considerations is the fact that - as we will see in
Chapters 5, 3D Sculpting, and Chapter 6, 3D Surfaces — low and high poly objects are
often used together in the creation of one 3D object. A common scenario is that high
poly objects are used for small, high-density detail, to be transferred onto the surface
of alow poly duplicate object through a process called “baking normal maps” which
we will explore in Chapter 7, 3D Surfaces. This is an essential way that 3D creators can
fake computationally demanding high-resolution detail while achieving adequate
real time performance.

Low to high, large to small

Through poly modeling, it is time consuming but possible, to achieve quite complex
results. However, as we experienced in Chapter 3, General 3D Concepts, poly modeling
can also begin with the least complex components. This simplicity is one of the key
benefits of poly modeling.

In introductory art classes it is explained that the human brain naturally condenses
chaotic input from daily life into simple forms or symbols, to help us make sense of
otherwise overwhelming complexity. Almost universally, a child instructed to draw
a person will begin with a stick figure, just as their human ancestors did millennia
ago. For this reason, it is naturally easier to begin creative efforts from bite-sized
starting points and build from there.

As with all ather art forms. 3D creation alsn henefits fram a thanehtfill annroach
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of gradually increased complexity from low to medium, then high, and from a few
larger forms to more medium forms, with too many small details. For more on this
concept, popular professional 3D artist Neil Blevins explains and illustrates various
rules of three for composition in the many art lessons on his website http://www.
neilblevins.com/.
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As we saw in Figure 4.1, a humanoid figure can be conceived of as a collection of
primitive shapes. Sometimes, a basic shape is a result we are seeking to create. The
default cube in Figure 4.6, makes a striking composition all on its own, for example.
However, most creative compositions call for further development and refinement.
Please refer to the following figure:

Figure 4.6: Blender’s infamous default cube, destined to be deleted in perpetuity

Planned complexity

In Chapter 3, General 3D Concepts we learned that primitive objects can be a helpful
shortcut for beginning a complex shape. A face may be sculpted from a primitive
sphere for example. In this chapter, however, we will discover that there is sometimes
a stage of complexity in between that gets us closer to higher complexity when
desired, through fewer steps. Once again, it is important to consider our time as
creators as valuable and follow time-saving workflows whenever possible.


neilblevins.com/

For this reason, it is advisable to plan for the desired complexity of the finished
work and then think backward through mid-levels of complexity, before choosing
alow complexity starting point. Imagining the finished creation in our mind is one
helpful way to proceed. Creating a 2D sketch is another. Creating a 3D mockup out
of primitive shapes - called a grey box - is yet another helpful way to experiment
and discover where the high, medium and low levels of complexity exist naturally
in your planned 3D creation.
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Collecting multiple references to work from is an even more advanced way to plan
a 3D project. Taking photos in the real world, or screenshots from the web, and
compiling them into a collage - along with any 2D sketches and screenshots of 3D
mockups - is a great way to gather reference material while enhancing our mental
image of the desired result. Including markups, like circles and arrows, and text to
emphasize areas of importance as shown in Figure 4.7, is also extremely useful to this
planning process:
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Figure 4.7: Hand-drawn sketch of pedestal concept, with
annotations made with Excalidraw.com virtual whiteboard

Reference images also help to communicate a shared vision to clients or members of
a team. Working from reference is not just convenient, it is also necessary to ensure
performance of our 3D creations as intended, and to minimize wasted time and
money in the production of 3D products like games, film, and 3D prints. For this


Excalidraw.com

reason, we will revisit working from reference in Chapter 11, Using 3D Objects in
Production.

Performance considerations are an important reason to start from a thoughtfully
chosen level of complexity; not just the performance of an end-product, but also
hardware and software performance during production. As we will also explore
further in Chapter 11, Using 3D Objects in Production, the speed of editing and
rendering are both critical concerns for digital products where development time
makes or breaks the success of a launch, or where customers will interact with 3D
objects in real-time on a variety of computers and devices.
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Where to start

We'll begin our exploration of poly modeling by imagining a low-to-medium poly
3D pedestal you might like to create for display on the web or in product renders
as shown in Figure 4.7. 3D pedestals, pillars, columns, or plinths commonly appear
in 3D environments, serving both practical and decorative purposes. Pedestals
have a recognizable, simple shape, while allowing for infinite variety of creative
customizations.

At this point, it might be tempting to wonder: if we can sculpt a pedestal from a
sphere without ever touching the sphere’s sub-object components, then why would
we ever start with anything less? The simple answer is that a sphere has many
vertices, edges, and faces (512, in the default UV sphere shown in Figure 4.4) that are
extraneous to the shape of a pedestal which we would need to remove later through
a process called “retopology,” to make the resulting object performant for popular
uses like games and interactive applications.

Therefore, an ideal midpoint of complexity for beginning to model a pedestal - a
shape which could potentially include multiple curves, twists, extrusions, and
intrusions - exists somewhere between the simplicity of a single vertex and the
complexity of a sphere. In Exercise 4.1, we will begin poly modeling our pedestal
from a cylinder because it most closely resembles the final form while saving us the
effort of making a perfectly circular columnar shape by hand.

Another reason to start modeling from a polygon or primitive rather than sculpting
is to easily achieve this precision. Modeling a set of 3D walls, floors, ceilings, doors,
and windows to be snapped together into scenery, for example, requires consistency
between the units of measurement. While a pedestal can be sculpted to resemble
many organic shapes, many of its features are also self-similar. Starting from precise
shapes like columns, cubes, spheres and curves makes maintaining that precision
simpler and faster.

L ) IS [P S | NSRS (| PE—
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In Chapter 3, General 3D Concepts, we performed the first of many possible poly
modeling operations when we extruded a vertex, then an edge, and finally a plane,
resulting in a cube. Extrusion - one of the primary tools of poly modeling - also
allows us to plan and create faces, edges, and vertices in a grid configuration, by
extending new faces from previous faces, and new groups of connected faces from
previous groups.

In the same way that we can select entire rows and columns of a spreadsheet or
a table through the click of a button, creating a 3D model with a grid-like surface
allows us to rapidly select and edit entire rows and columns of vertices, edges,
and polygons at once. If you've ever edited a spreadsheet, you know the tedium
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of selecting every cell individually, which is why one of the first shortcuts we tend
to seek is how to select more than one at once. Creating models with the aim of
maintaining a seamless flow of edges in neat rows and columns over as much of the
surface as possible is a valuable method of optimizing both our workflows, and the
shapes we work with.

Another reason to begin with poly modeling is for optimization. Poly modeling
allows us to start creating a 3D object from an optimal shape and continue building
on that in an optimal way. Poly modeling techniques like extruding, collapsing,
subdividing, and dissolving allow for iteration through removal of the unneeded
while refining the necessary, whereas sculpting can change a 3D object in ways that
cannot be undone. This has what is called a “destructive” effect on the underlying
structure of a 3D object, called its “topology.” Poly modeling ensures precise control
over the creation, removal, and placement of every polygon, every step of the way.

Exercise 4.1

We'll begin this exercise by first opening a new instance of Blender, then selecting
and deleting the default Camera, Cube and Light objects. Then we will place an
image from our hard drive into the BLEND file to serve as a reference. To follow this
exercise using the same design, you may want to take a digital photo of the sketch
provided in Figure 4.8, but many of the concepts will apply to your own designs as
well.




Figure 4.8: Hand drauwn sketch of pedestal concept
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. To set up a reference image, we'll enter Front Orthographic view by pressing

the number pad 1 key, or by clicking the green circle on the 3D Viewport
gizmo with a negative X in the center.

. From Object Mode, we will press Shift + A with our mouse inside the 3D

Viewport, and select Image | Reference, to open Blender’s File View.

. Navigate to a reference image - changing the Display Mode to Thumbnail if

necessary —and select, then load the desired image as shown in Figure 4.9:

Figure 4.9: Navigating through Blender's File View to locate
the desired reference image, using Thumbnail Display Mode

Note: At the time of this writing, Blender version 3.2.1 has just been released,
and is the version that will be shown in the following figures. Refer to Chapter
2, Installation and Interface, for guidance about when and why to upgrade to the
latest version of Blender.

Depending on the dimensions of this image, labeled Empty in the Outliner,
its imported scale may be too large or too small. Just like any other 3D object
though, it can be infinitely re-positioned, rotated, and re-sized to suit our needs.
To create our 3D object in real world dimensions we should scale any reference
image so that the object depicted within is also real-world scale. If we want
the pedestal to stand about 4 feet or 1.2 meters tall, for example, we should
scale the reference to 1.2 meters tall as well. However, since there is space in
the preceding image and the following object depicted, you can't refer to the
image size alone. Another object scaled to real world units of measurement
will help with that, so now we'll add our first primitive shape.
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4. With our mouse cursor inside the 3D Viewport, we'll press Shift + A, and
select Mesh | Cylinder to add a new cylindrical primitive shape to the scene.
Press the number pad period key, to frame the selected object in the view.

Notice the contextual menu which appears in the bottom left area of the 3D
Viewport. If you accidentally clicked away and this menu has disappeared,
in the top-most upper left menu of Blender, select Edit | Adjust Last Operation
(or press the F9 key) to bring it back.

From here, we can adjust the starting number of edges in our cylinder, as
well as its starting radius and depth.

5. The cylinder’s radius to the reference image once we correct the image scale,
s0 leave that alone for a moment.

When creating objects with performance in mind - such as for displaying
on the web - it is desirable to start with the minimum shape necessary to
create a recognizable silhouette. In 3D, as we saw in Figure 4.5, the illusion of
curvature in 3D objects such as a cylinder can be created from a very minimal
number of sides. In game development, a minimum of 6 sides is commonly
used for curved objects that will be seen from first person perspective. At 32
sides, the default cylinder is much more complex than we need, so we will
first adjust the parameters defining this object before continuing to edit it.

6. In the Add Cylinder contextual menu, change the Number of Vertices to 12
~ by typing 12 into the open parameter field.

This is the actual number of vertices in the circumference, not the total, and will
result in a cylinder made up of 12 faces. 12 faces provide a more than adequate
appearance of roundness, but is still easily reduced to 6 later, by removing every
other edge. The resulting shape appears more faceted than rounded at first, so next
we will change how the surface is shaded.

Shading and smoothing

In real life, humans perceive the shape of visible objects through light bouncing
off surfaces and back onto receptive parts of the eyes which send signals to the
brain. Faking the appearance of reflected light is one way that optical illusions like
Escher’s impossible structures are achieved. Art lessons often introduce shading in
these terms.

In addition to helping create the impression of a surface, the perceived distance
of that surface from the viewer can be adjusted through varying its brightness or
darkness. In 3D “shading” refers to the simulated behavior of light reflecting off
3D surfaces displayed through variation in the brightness and darkness displayed
on each visible face of a 3D object. In 3D modeling software, there are two primary
shading models, smooth and flat.
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o Flatshading is, as we can observe in our 12-sided cylinder, the true structure
of a 3D model - which is multiple connected, but flat, surfaces - is displayed
more realistically, but not always as desired.

¢  Smooth shading is, where edges between any two faces marked smooth are
artificially blurred. Instead of an abrupt delineation between surfaces facing
different directions, a gradient is displayed across the common edges.

Looking back at Chapter 3, General 3D Concepts, we can begin to understand how
these two modes of shading are achieved. As we discovered, the normals of a 3D
object’s faces, edges, and vertices dictate which directions those components appear
to be pointing. The appearance of smooth shading between one face and another is
achieved by blending the directional information provided by neighboring normals,
resulting ina gradient between light and shadow that adjacent edges marked smooth
appear to be receiving as shown in Figure 4.10.

Figure 4.10: Solid light and dark represent flat shaded areas, gradient below represents smooth shading

1. Toenable a smooth, round-appearing shading on our 12-sided cylinder, with
the Cylinder selected we will select Object from the upper left menu in the
3D Viewport and choose Shade Smooth as shown in Figure 4.11:
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Figure 4.11: A completely smooth shaded, 12-sided cylinder

If we orbit the view by pressing the middle mouse button and moving the
mouse, we can see that the entire cylinder appears smooth, but that isn't
quite right. Now the upper and lower edges of the cylinder also appear
smooth where they should appear flat, the way cut ends of a log would. To
correct this, we'll need to enter Edit Mode and apply markings to delineate
where we want the shading to appear flat or “sharp”, separate from the side
edges that we want to appear smooth. In 3D this is commonly referred to as
assigning “smoothing” groups.

. Enter Edit Mode by pressing the Tab key. From here, we will switch from the
default Vertex select mode to Edge select by pressing 2 on the keyboard.

This is where we'll see how working with untriangulated quad faces can
come in handy, as it will allow us to select entire loops of edges - referred to
as “edge loops” - all at once.

In much the same way that we can select entire rows and columns of a spreadsheet
or a table through the click of a button, creating a 3D model with a grid-like surface
allow us to rapidly select and edit entire rows and columns of vertices, edges, and

polygons.

. In Edge select mode, press and hold Alt, and then left mouse click in the
middle of one of the edges in the loop encircling the top face, and the whole
loop of edges will be selected. Activate the Edge menu again with Ctrl + E

and thic time celect Mark Sharn fram near the hattam of the menn
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4. Press and hold Alt again, and this time left mouse click on an edge in the
bottom edge loop. Repeat the previous step again, marking the bottom
edge loop sharp, via the Edge menu, or by pressing Shift + R to repeat the
previous action from history.

Note: If you haven't changed the object’s creation settings, you will notice that
the top and bottom faces of this cylinder are currently 12-sided ngons. It's okay
to leave them as-is, for now.

5. Exit Edit Mode by pressing the Tab key, and it will appear as if nothing has
changed. For the Mark Sharp effect to take hold, we also need to enable Auto
Smooth, which allows for groups of edges to display as either smooth or
sharp independently, based on markings applied to the group’s bounding
edges. Auto Smooth is accessed through the Properties panel in the bottom
right of the default Layout workspace, under the Object Data Properties tab
appearing as a triangle with tiny circles at the corners.

In this tab, expand the Normals section mid-way down, click the box to
enable Auto Smooth, and then increase the amount to 180 degrees as shown
in Figure 4.12. This amount is the face angle threshold under which Auto
Smooth will take effect.

Figure 4.12: Auto Smooth enabled via the Normals section
inside the Object Data Properties tab of the Properties panel



Before continuing, let’s go back and scale the reference image so that the
sketched pedestal matches the height of our cylinder, which we set earlier to
be the total height of the pedestal: 1.2 meters.
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6. We could simply select the Empty object and press S to scale, but the cylinder
would be in the way. Instead, let's temporarily enter the Wireframe Viewport
Shading mode, by pressing the icon appearing as a spherical grid in the
upper right menu of the 3D Viewport.

Wireframe mode draws only the edges of 3D objects, while special objects
like our reference image remain visible. If necessary, scroll the mouse wheel
to zoom, or press the number pad period key to frame the reference image
in the view, and press number pad key 1 to enter front Orthographic view.

7. Now, by pressing the S key, scale the whole image so that the pedestal
reference fits within the top and bottom of the cylinder’s wire frame.

Tip: To make edges and wires a little bit easier to see, navigate to Edit |
Preferences | Interface, and under Display increase the Line Width option to
Thick.

With the reference image properly scaled so that the pedestal pictured within
it is 1.2 meters tall, we can ignore the cylinder for a moment.

8. Press G +Zand position the reference so that the base of the pictured pedestal
is at the same level as the red and green grid lines, which mark the world
x and y axes. It is perfectly alright for the previous transforms to be merely
approximated since we're creating an object from our imagination. In this
situation, getting close to real world scale is good enough.

Beginning to add detail
Let us now add details by implementing the following steps:

1. Set the Viewport Shading mode back to Solid by pressing the upper right
hand menu icon appearing as a solid sphere. Now that we have a column
appearing smooth and sharp where desired, let's begin to add some more
details from our design.

In Blender, we can easily combine multiple primitives, in either Edit Mode or
in Object Mode, for different effects.

2. For this exercise, let’s make sure we're in Object Mode, to learn how to
combine separate objects. To add a square base to the cylinder, lets first add
a Cube to the scene, by pressing Shift + A | Mesh | Cube with our cursor in
the 3D Viewport.



It we selected both the cube and cylinder at once, we could enter Edit Mode
and still edit the Cube and Cylinder separately, but we wouldn'’t be able to
bridge or merge parts of the separate objects together.
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. To allow the connecting of sub-object parts of these two objects (while

leaving the cylinder’s Auto Smooth enabled), first select the cylinder from
the Outliner panel in the upper right, and then press Shift, and select the
Cube. Then, with the Cylinder highlighted in yellow (Active) and the Cube
highlighted in orange (Selected) press Ctrl +J.

Now, in Edit Mode, we'll be able to connect parts of the two primitives,
making them a single object.

. This is a good time to rename the Cylinder to something more descriptive

like Pedestal, and the Empty to Reference, by double clicking and typing in
each object’s name field in the Outliner. This is also a good point to save our
file.

Tip: Save early and save often! Saving early makes it easier to habitually press
Ctrl + S to save every time that significant progress would be lost to a sudden
crash or power outage.

The cube is currently engulfing the whole cylinder, but we can easily correct

this.

. First, with the Pedestal object selected we'll return to Edit Mode by pressing

the Tab key and zoom out a bit by rolling the middle mouse wheel back, to
give ourselves some room to work. In Edit mode, we can see that newly
added sub-object component are selected at creation, along with any sub-
object component that was already selected. This is a handy feature that we
can use intentionally later, so that obscured geometry can be selected more
easily.

In this case, we probably still have an edge of the cylinder selected, so if we were to
move the cube around, part of the cylinder would move with it. Go ahead and check,
by pressing G, then moving the mouse around. Right-click to cancel out of the Move
operation, or if you accidentally left-clicked and confirmed, press Ctrl + Z to undo.
Click away from any mesh inside the 3D Viewport, to clear the selection.

Selecting linked sub-objects

What we want now is to edit the cube without moving the cylinder. Even though
they were joined via Ctrl + J, at this point, the cylinder and the cube are not “linked”
by any geometry. This means that they do not share any vertices, edges, or faces in
common, even though their components may overlap in space.

1. To select only the cube, be sure to have cleared your selection, then hover the

mouse over the cube anywhere that the cylinder is not also under the cursor,
then press the L key. Now when we move the cube, the cylinder stays put.
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Selecting linked sub-object parts of a 3D object this way will come in handy in
many future situations. The contextual menu that appears in the lower left of the
3D Viewport (or if you have clicked away, reopen this menu from Edit | Adjust
Last Operation, or by pressing F9) is the Select Linked menu and offers alternate
options for what Blender will consider linked when using the L key for this selection
method.

By default, this action selects all geometry connected to the component currently
under the mouse cursor. The Normal Delimit option will select linked faces whose
normals are matching the inside or outside pointing direction of the face under the
mouse cursor. This can be useful for selecting only faces whose normals are facing
the opposite way from what is intended so they can be flipped via Alt + N. The
Sharp Delimit option will select linked faces within the boundaries of edges marked
sharp. The other Delimit options will be useful when we begin exploring Materials,
Seams, and UVs in Chapter 7, 3D Surfaces. To reset the Select Linked options to default
behavior, Shift click the highlighted option to disable it.

Tip: Contextual menus like the preceding one will appear whenever an operation
is performed that can still be modified. The default operation will be performed
until these settings have been changed. Once the settings are changed, the last
setting will be repeated when the operation is performed again.

Snapping
Now is a good time to plan out the next few steps. To match the reference, we'll want
to:

» Raise the cube’s bottom face to sit on top of the world grid

¢ Lower the cube’s top face in the z axis to match

s Shrink the cube’s width and depth in the x and y axes

s Move the cylinder’s bottom face to sit on top of the cube

o Shrink the cylinder’s width and depth in the x and y axes

o Lower the cylinder’s top face in the z axis

Performing steps in a logical order is helpful when one action may impact another.
In our case, some of the steps are interchangeable, however “snapping” to the world
grid is easier to do with a default cube because of its uniform scale of 2 meters in all
axes.

1. Sofirst, let's move the cube up in the z axis, so that it is resting on the grid like
a floor. With only the cube selected, press G, then Z (to constrain movement
to the z axis only), then press Ctrl to enable snapping, and move the mouse
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up until the cube snaps with its bottom face at the same height of the world
grid as shown in Figure 4.13:

Figure 4.13: Cube sub-object, snapped 1 in the z axis so its bottom face rests on the world grid

Note again, the contextual menu appearing in the lower left, allowing
further adjustment of the Move operation we just performed. This menu also
shows that we moved the selected geometry 1 meter in the z axis positive
(or up axis, in Blender). By using the Ctrl key to modify the Move transform
operation, we temporarily enabled snapping to the default element - in this
case, Increment — based on the file’s unit of measure which is set to meters
by default.

Along with Increments, there are other elements that can be snapped to,
such as vertices, edges, and faces, which will come in handy very shortly.
Snapping can be enabled temporarily during transforms as we just saw by
combing a transform hotkey with the Ctr! key. Alternately, snapping can be
toggled to stay on via the Snap To icon in the middle top of the 3D Viewport,
appearing as a U-shaped magnet. The element to snap to can be switched
through the dropdown menu just to the right of the Snap To icon.

Itis also possible to change the Increment snapping behavior by changing the
file’s unit of measure, from meters to centimeters or kilometers for example.
For rotation, the file’s units can be left at degrees or changed to radians. It
is also possible to switch completely from Metric to Imperial units, but it
is advisable to leave the defaults alone until a need arises for such a far-
reaching change. Even when the default is set to Metric, Blender will convert
Imperial units when we type them in. Typing “3 inches” into a transform






Polygonal Modeling W 93

parameter field for example, will automatically be converted to 0.0762 m.
Alternate units of measure can be found in the Scene Properties tab of the
Properties panel, appearing as a collection of objects, under the Units section,
as shown in Figure 4.14:

Figure 4.14: Location of Scene Properties, Units, and alternate Unit Systems

For the next step - shrinking the cube height - we'll leave snapping set to
Increment, and this time select just the top face of the cube.

2. Tobegin, first switch to Face Select mode by pressing the 3 key, or by clicking
the Face Select icon in the upper left of the 3D Viewport, and then left-click
select the top face. This time, press G, then Z, then press and hold Ctrl +
Shift, and notice how the Shift modifier has made the snapping Increments
smaller and easier to manage.

Tip: Pressing Shift during an operation with Snapping enabled not only switches
to a smaller increment, but also conveniently slows down the movement in the
viewport, almost like down-shifting gears in a vehicle. This can be extremely
helpful when attempting precise transforms, at extremes of scale, or with the
view zoomed very far in or very far out.

3. In the middle of this or any transform operation, peek at the upper left
menu of the 3D Viewport, and you will see that the text and icons have
been momentarily replaced with a readout of the current transform amount,
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as shown in Figure 4.15. Making a habit of checking this readout during
transform operations will be incredibly helpful from now on.

Figure 4.15: Upper left menu area temporarily replaced by readout of the current transform amount

4. Inthis case, lets left-click to confirm when the top face of the cube is lowered
by exactly 1.7 meters (or -1.7) in the z axis. That may seem arbitrary, but
that makes the cube height a fraction of the width that closely matches the
reference. In a moment we will scale everything to match the reference.

If pressing G, then Z then holding Ctrl + Shift is a difficult maneuver,
remember that we can also move the face any amount, left-click to confirm,
then adjust the transform amount via the contextual menu that appears in
the lower left of the 3D Viewport. Typing -1.7 into the Z field will perform
the same operation.

Tip: Getting close to the desired result by eye and then editing the values to
perfection this way is another valuable time-saving approach.

Now that the rudimentary pedestal base is in place, let's move the cylinder
up so that it sits flush atop the cube.

5. Tobegin, clear the current selection by clicking within the 3D Viewport away
from any 3D object, and then hover the mouse over the cylinder anywhere
that the cursor is not also over the cube, and then press L. We could move
the whole cylinder incrementally until it’s at the correct height just as we did
with the cube shape, but this is a good time to practice snapping one sub-
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This time, we'll snap the cylinder’s bottom face to the bottom face of the
cube, moving the whole cylinder up in the process.

6. Inthe Snap To menu accessed in the middle menu of the 3D Viewport via the
icon appearing as a ruler, select Face this time, and notice that new options
appear in the lower half of the menu. From here, select Active from the Snap
With section, and verify that Project onto Self is enabled, as shown in Figure
4.16:

Figure 4.16: Face snapping selected via the Snap To menu, with Snap With set to Active

7. Now wel rely on the distinction between Active and Selected, that we
discussed in Chapter 2, Installation and Interface, to perform the desired
snapping operation. First, let's get a better look. With the whole cylinder
still selected, press, and hold the middle mouse button then move the mouse
upward, to orbit the view downward until the bottom of the cylinder is
visible. We can press and hold Shift while pressing and holding the middle
mouse button and move the mouse to pan the view if needed as well. Release
the mouse button when the bottom face is clearly visible.

8. Next, press Shift, and then left-click the bottom face of the cylinder, which
will first deselect it, then left-click again to re-select the bottom face.

Tip: In any selection of multiple objects, one object (or sub-object component, in
Edit Mode) will be highlighted in a lighter color than the rest, which indicates
the last selection, which is the Active object. When no object is Active, operations
on the Active object will not work. Re-selecting the intended Active object may

1 ‘ L
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Although it’s hard to see, this series of steps has made the last selected sub-
object component our current Active object, as shown by its slightly lighter
highlight from the other selected components. This is the point where our
selected objects will snap onto whichever element Snap To is currently set.

9. By pressing the middle mouse button, orbit the view back to the top, scroll
back to zoom out if needed, then press G then Z, then hold Ctrl to activate
snapping again, and move the cylinder upward until it snaps to the top face
of the cube as shown in Figure 4.17. Left-click to confirm the operation:

Figure 4.17: With the cylinder’s bottom face set to Active, cylinder snapped on fop of the cube base

For a moment during this operation, you may have seen a small orange circle appear
near the mouse cursor. As you move the mouse cursor around while snapping is
active, this circle will jump to the nearest available snapping point, as an indicator
of where the Active component will snap onto the target if confirmed at the current
mouse position. This can get a little confusing when transforming freehand, but
using the X, Y, or Z keys to constrain movement to one axis makes the snapping
behavior easier to predict.

Hiding and unhiding geometry

Since the top and bottom of this cylinder will never be seen in the pedestal’s final
form, now is a good time to simply remove those faces.



1. Removing the top face is as simple as left-clicking to select, then pressing
Delete or X, and choosing Faces. The bottom face is partly obscured though,
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which gives us an opportunity to practice hiding and unhiding geometry to
make accessing obscured components easier.

With the top face removed, we might assume that selecting the bottom face
of the cylinder is as simple as rotating the view and clicking inside it, but this
is where the face normal direction becomes important. Because the cube’s
face normal is pointing upward in the scene, and the cylinder’s bottom
face is pointing downward, if we try to select through the cylinder to its
bottom face, we will only wind up selecting the cube’s top face. This may be
frustrating at first, but it is desirable behavior, confirming that the pedestal’s
face normals are all pointing outside so far, as intended.

To directly select the cylinder’s bottom face, we'll need to temporarily hide
the geometry obstructing it from view. There are multiple methods available
to help us achieve this, besides switching to Wireframe as we did earlier.
Another way is to enable a see-through mode called X-Ray, which as the
tooltip suggests, allows selection through obstructions.

2. Enable this transparent display mode via the X-Ray icon in the upper right
hand menu bar of the 3D Viewport, appearing as a cube with back edges
visible as shown in Figure 4.18, or press Alt + Z as the tooltip suggests:

Figure 4.18: Transparent scene display mode toggled via the X-Ray icon in the upper right 3D Viewport

In this mode with Face select still enahled we can see a tinv hlack dot in the
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center of every visible face. These dots are a bit like an origin point for faces,
in that it is always located at a point between the face’s vertices. These dots
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can serve as markers, allowing us to distinguish between two offset faces
that overlap in the view.

. For now, the Reference image obstructs the view, so let’s hide it temporarily

too, by clicking the eye icon to the right of its name in the Outliner panel.

Note: Whole objects can be hidden through the Outliner panel by clicking the
eye icon to the right of their name in either Edit or Object Mode. On the other
hand, hiding and unhiding sub-object geometry via hotkeys H and Alt + H is
mode dependent. Geometry hidden in Edit Mode, will still be visible in Object
Mode, and vice versa.

4. With X-Ray mode enabled, look for the tiny dot at the center of the cylinder’s

bottom face, and left-click it to select the bottom face, while avoiding the
centers of other faces. Be sure that the selected face is the bottom of the
cylinder and not the top face of the cube, by checking that the highlight does
not extend outside the boundary of the cylinder’s edges (if it does, simply
click the same spot again and the selection should switch), then delete the
face.

In more complicated shapes, many layers of geometry can make selecting
the intended component difficult, even in X-Ray mode. In such a scenario,
it might be preferable to temporarily hide entire sections of a mesh. In the
preceding example, we could have selected the whole cube or the whole
cylinder via Select Linked (L key), and with the cube selected, pressed
H to hide it, or with the cylinder selected, pressed Shift + H to hide the
inverse of the selection. We could also use one of the other selection methods
introduced in Chapter 3, General 3D Concepts: box, circle, or lasso, but they
might inadvertently select part of the mesh we want to keep visible.

. Once finished with our selection and deletion operations, we can unhide

any hidden sub-object components by pressing Alt + H. Now that unneeded
faces of the cylinder have been deleted, we can return to solid shaded mode
by toggling X-Ray mode off in the upper right of the 3D Viewport, or by
pressing Alt + Z. Let’s also unhide the Reference image by clicking the eye
icon to the right of its name in the Outliner.

Transforming with the 3D cursor

Next, lets scale both these objects to the proper width and depth, but leave adjusting
the overall height for later. Since our cube is currently sitting on top of the world
grid like a floor, we can use the world center as the Transform Pivot Point for this
operation. To do this, we'll perform the following series of steps:

o  Ensure that the 3D Cursor is at the center of the world grid
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o Set our Transform Pivot Point to the 3D Cursor
s Scale all the objects relative to this point

Remember that the 3D Cursor is the red and white dotted circle with a grey plus sign
in the middle first introduced in Chapter 3, General 3D Concepts. By default, the 3D
Cursor appears at the center of the 3D scene, also known as the world origin, but it
is not difficult to accidentally move it.

1. To verify that the 3D Cursor is currently at the center of the world, with the
mouse cursor inside the 3D Viewport press Shift + S, and then move the
mouse cursor over the left option reading Cursor to World Origin or press
the 1key as suggested by the tooltip.

2. Next, we'll set the 3D Cursor as our Transform Pivot Point, via the upper
middle menu in the 3D Viewport, appearing as two chain links, and selecting
the 3D Cursor option from the drop down. Now, any transforms will use this
point as its origin, which means movement happens relative to this point,
rotation pivots at this point, and scaling happens from this point, or to this
point. This is a difficult concept to convey through words, so the best thing
to do is try it out.

3. Clear any selection by clicking away and then select all by pressing A, then
press S and move the mouse cursor toward the 3D cursor. This will shrink
the selected geometry down. Left-click to confirm when the cube pedestal
base is approximately the same width as the pedestal in the reference image
as shown in figure 4 19. Don't worry about the cylinder during this operation.
Please refer to the following figure:
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Figure 4.19: Cylinder and cube sub-object primitives scaled using 3D Cursor as transform pivot point
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If we refer to the reference again, we will note that the cylinder is currently
wider and shorter than intended but scaling it relative to the floor would
cause the cylinder to shrink downward and intersect with the cube. We want
it to stay snapped to the top of the cube, so we will use the cube’s top face as
the Transform Pivot Point next. To do this, we will need to perform the same
steps as done previously, but with one small difference.

o  Ensure that the 3D Cursor is at the center of the cube’s top face
o Set our Transform Pivot Point to the 3D Cursor

o Scale all the objects relative to this point

. To move the 3D Cursor to the center of the cube’s top face, first clear any

selection, then left-click to select the top face.

. Next, press Shift + S, and this time choose Cursor to Selected, or press the 2

key. Then clear the selection and select the cylinder by hovering the mouse
cursor over the cylinder shape and pressing L for Select Linked.

Now, when we press S, scaling of the cylinder will occur from the top of the
cube (pedestal base).

. Before adding intrusions and extrusions, we'll scale the cylinder up in the z

axis until its top edge is just below the first rounded extrusion in the reference
image by pressing S, then Z.

Next, lets scale the cylinder in the x and y axes to make it thinner, but exclude
the z to maintain its height.

. To do this, first press S, then Shift + Z. Scale the cylinder approximately

0.6 in the x and y axes as shown in Figure 4.20, but don't worry too much
about matching the reference perfectly, since it is lopsided. Hand drawn
reference images don’t need to be followed precisely but can still provide
useful landmarks.
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Figure 4.20: Cylinder sub-object primitive scaled up in the z and down in the x and y axes

Be sure to save your progress at regular intervals, especially at points
when losing your progress would be devastating. From here, we will begin
modeling the remaining large forms of our pedestal using several essential
poly modeling tools and techniques. First, let’s finish the forms at the top of
the pedestal.

Note: The remaining steps will be shortened, based on the assumption that we
are now familiar with techniques we have practiced multiple times previously,
such as zooming, orbiting, panning, clearing selections, and making sure the
mouse cursor is positioned correctly for contextual commands.

Inthe reference, at the top of the cylindrical form is a short, rounded extrusion.
There are many ways to approach creating any given shape, but here we will
begin with the most common.

8. To make a space from which to model the rounded extrusion, lets first select
just the top edge of the cylinder by first switching to Edge select mode (2
key), then pressing Alt + mouse clicking an edge in the loop, and extrude it
upward a small amount by pressing E + Z.
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Note: If we accidentally press Eand confirm the extrusion with aleft-click without
having moved the mouse cursor, the extrusion will have occurred, but with no
visible indication. If we're ever unsure whether we confirmed an extrusion
or not, it is wise to Undo a few steps or check the Undo History. Otherwise,
invisible doubled geometry will remain which can cause unexpected results,
such as selections that will inexplicably fail. Mistakes invariably happen, so
we will also discuss helpful mesh checks and cleanup in Chapter 11, Using 3D
Objects in Production.

9. At this point, it may help to switch back to X-Ray mode from the upper
right 3D Viewport menu, and Front Orthographic view, by pressing the
number pad period key. With the new loop of faces — referred to as a “face
loop” - framed in the view, we'll divide the faces in half horizontally once
by inserting a new horizontal edge loop through the middle. Press Ctrl + R
and hover the mouse cursor over one of the vertical edges in between the
top edge loop and the and second edge loop from the top, until a yellow
horizontal line appears as shown in Figure 4.21. Left-click to confirm:
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Figure 4.21: Newly inserted edge loop via Ctrl + R

We have just performed our first loop cut. In the left-hand Tool bar (opened and
closed with the T key), mid-way down, there is an icon appearing as a cube sliced
vertically by a blue line which also activates the loop cut tool. For now, though we'll
leave our tool set to Select Box and continue using hotkeys.
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Tip: As with the Select tool and all other Tool bar icons with a small triangle
in the lower right corner, if we click and hold this icon, additional options will
appeat.
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10.

With this new edge loop still selected, press S to scale it outward a small
amount to resemble the reference. If we haven't changed the Transform
Pivot Point, this scale will still be originating from the 3D Cursor, which is
an undesirable result, so press Shift + Z to exclude scaling up or down and
left-click to confirm.

Now is a good time to set the Transform Pivot Point back to Median Point,
or Bounding Box Center. All Transform Pivot Points are calculated from the
current selection.

In one more step, we will round the extrusion to better match the reference.

With the new edge still selected, press Ctrl + B, and then move the mouse
cursor away from the cylinder to increase the bevel amount. Before
confirming, roll the mouse wheel 3 clicks forward, which will increase the
number of segments added to 4. This will provide the 6 minimum sides to
make our curve appear rounded. Then continue moving the mouse toward
or away from the cylinder as needed, until the extrusion is rounded and the
segments are evenly spaced as shown in Figure 4.22. Left-click to confirm:

Figure 4.22: Beveling the inserted, outward scaled edge loop, to create a rounded extrusion
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The width and number of segments can then be adjusted to better match the
reference if needed. Next, we'll perform the same operation in reverse, to
achieve the rounded intrusion underneath the squared pedestal top.

11. Select the top-most edge of the cylinder, extrude it upward in the z axis,
confirm the extrusion, and this time, press § to scale the new edge outward
in the x and y axes as shown in Figure 4.23:
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Figure 4.23: Extruded edge loop, scaled outward

12. Once again, insert a new edge loop in the middle of the new faces and confirm.
This time, scale the new edge inward, to approximate the inner curve, and
bevel again. The same settings that were used before will be reapplied as
shown in Figure 4.24:
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Figure 4.24: Beveling the inserted, inward scaled edge loop, to create a rounded intrusion

Unfortunately, the top face loop is now taller than the bottom face loop of
this curved section of the cylinder.

13. To correct this, from the Bevel contextual menu, change the Width Type to
Percent, and increase the Width Percent to something like 70% as shown in
Figure 4.25:

[l

Figure 4.25: Adjusting the placement of the new bevel by changing the Width Type
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14,

15.

16.

1%

Now that we have some medium level details started, let's be sure to save,
and take a more objective look at our progress by disabling X-Ray mode and
exiting Edit Mode for a moment. Orbit the view around the rudimentary
pedestal and evaluate.

Before we begin refining the medium level details any further, lets finish
the larger forms by capping off the pedestal with the remaining rectangular
shape. Since our pedestal’s top and bottom would likely be created in the
same dimensions in real life, let’s use the existing base to our advantage.

Back in Edit Mode, in Face select mode (3 key) select the top face of the cube
shape, press Shift + D to create a duplicate face, and move the mouse around.
Before left-clicking to confirm, press Z to constrain movement in the z axis,
and position the new face where the top of the pedestal will be.

Next, let’s adjust the snapping settings from earlier to snap the new face to
the top edge of the cylindrical shape.

Under the Snap To icon in the upper middle menu of the 3D Viewport, to the
right of the icon appearing as a magnet, select Edge as the new target. Then
press E, then Z to extrude this face downward (press Z again if the blue line
showing that transforms are constrained to the z axis doesn’t appear), press
and hold Ctrl to activate snapping, and left-click to confirm when the new
face touches the top edge of the cylinder.

It might help to return to X-Ray mode with Alt + Z, and Front Orthographic
view with the number pad 1 key. By comparing our result to the reference,
we can see that the top face should be bigger to create an angle.

In Face select mode, box-select just the top face by pressing the B key, then
left-clicking and dragging a rectangular selection around the top of the top
cube. When just the top face is highlighted brighter than the rest of the cube,
scale it outward to match the reference.

The smaller rounded extrusion can be added here in much the same manner
as before, but with two additional steps.

Insert a new horizontal edge loop with Ctrl + R, and this time, when we left-
click, let's then move the mouse upward, causing the new loop to slide along
the vertical edges. We want to left-click again to confirm when the new loop
is in the middle of the upper third of the pedestal cap where the reference
extrusion is drawn, as shown in Figure 4.26:
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18.

13

20.

2le

22.

Figure 4.26: Adding an edge loop from which to create a second rounded extrusion

In the future, if we accidentally confirm a loop cut position too soon, we can
still Alt + left-click an edge in the loop, then press G twice in succession (G
+ G), to re-activate “edge slide” behavior, but this time let's undo with Ctrl
+ Z, and redo the operation if needed, so that we can use one more setting in
the Loop Cut and Slide contextual menu.

The top setting in the Loop Cut and Slide contextual menu is the number of
cuts. Feel free to try different values to see what happens, but to match the
reference we'll want to change this to 2.

Now, we can follow the same steps we performed earlier, to create a new
middle edge loop, scale it out, and then bevel it round. If we zoom out, we
can also see that the larger cylindrical form above the base and the rounded
extrusions and intrusions just above that are missing, so let’s add those now.

First, let's add a horizontal loop cut to the main section of the cylindrical
shape, and while itis still active, slide it down, to just above the first rounded
intrusion.

Below that, add another loop cut and slide it up, for the bottom of that
intrusion.

Below that, add one more loop cut for the bottom of the small extrusion, so
that there are two stacked face loops, of approximately the same size.

Follow the same steps as done earlier to create a rounded intrusion and
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extrusion to match the reference.
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28
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26.

For the last two large forms and the small, rounded extrusion between them,
we'll use similar approaches.

First, we'll add a loop cut to the middle of the bottom section.

Next, in Face Select mode, we'll select the bottom-most face loop by Alt +
left-clicking on a vertical edge within the loop. Then, we'll scale the bottom
face loop outward without changing its height by pressing S, then Shift + Z.

Insert a new horizontal edge loop in this bottom-most section, and slide it
up, leaving space for the small, rounded extrusion above.

Insert another edge loop in the middle, scale it outward, and bevel it round.
Repeat the process in the remaining section to create the large dome shape,
and we're done.

Updating shading

If we check the pedestal in Object mode with X-Ray turned off, we'll see some
unwanted shading going on. This is partially because we added brand new geometry
which has no shading information applied.

L.

So, let's make sure the Pedestal object is selected, then re-apply Shade
Smooth, via the upper left Object menu.

Back in Edit Mode, we can see that only the edges that were extruded from
sharp edges are still marked sharp, as indicated by the light blue edge
marking.

To correct this, we need to select every edge that we want to be sharpened
and mark them all sharp via Ctel + E | Mark Sharp.

Fortunately, selecting entire edge loops with Alt + Click makes quicker work
of this task, but the top and bottom edge loops of the base and cap pieces
can’t be selected this way, because a cube is essentially two four-sided face
loops joined perpendicular to each other, so that the loop selection operation
runs into a corner - also called a “pole” - and doesn’t know which way to go.

For the pedestal base, we can get around this by selecting the whole cube
with Shift L, since we also want its side edges marked sharp.

For the cap piece though, we'll need a more targeted approach.

While in Edge select mode, we can loop-select each corner and mark them
sharp one at a time.



Polygonal Modeling 109

5. To sharpen the top and bottom edges of the cap, it will be easier to switch to
Face select mode via the 3 key, then select the top face, hold Shift to add to the
selection, then left-click the bottom face, then still holding Shift, select the
top and bottom face loops above and below the rounded extrusion by also
pressing Alt, and clicking on a vertical edge along the face loop.

The needed edge marks will for our current progress will look something like the
light blue lines shown in Figure 4.27. From here on out, we'll try to remember to add
sharp markings as we create new geometry and reapply Shade Smooth as needed:

Figure 4.27: Large forms complete, and all sharp edges marked, with smooth shading reapplied

Now is a good time to save. With the largest shapes roughed in, this is also a good
point to adjust the proportions of anything not quite to our liking.

Tip: One of the easiest ways to adjust entire sections at once is, from X-Ray mode,
switching to any Orthographic perspective (number pad key 1 - front, 3 - right,
ot 7 - top, or the inverse with Ctrl) and Vertex select mode (1), then Box Selecting
layers of the mesh by pressing B and dragging a box that encompasses all the
vertices to be moved, and then moving the selected vertices up or down. Pressing
B to activate Box select, and then pressing and holding the middle mouse button
will draw a deselect box, removing vertices from the current selection.
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In Figure 428, we've selected and moved just the lower rows of intrusions and
extrusions to make the cylindrical base a bit taller:

Figure 4.28: Large forms

Combining, reusing, and repeating shapes

The idiom, “don’t reinvent the wheel” is particularly good advice for 3D creators.
It means don't waste your own effort by creating something new when it already
exists. This is the same principle behind starting from primitive objects, but we can
also apply it to objects and sub-object components which we have created or edited
ourselves.

The final touches we will add to our pedestal before moving on to sculpting high
resolution details in Chapter 6, 3D Sculpting are fluting along the core column, and a
radial pattern of half-spheres above and below the fluting.

1. We'll start by switching to Object Mode and - because new objects are added
to the scene at the location of the 3D Cursor - ensuring that our 3D Cursor
is located at word center, by pressing Shift + S and choosing 1, Cursor to
World Origin.

2. Next, we'll add a quad sphere to our scene via Shift + A | Mesh | Round
Cube. If you've recently upgraded Blender, you may need to re-enable this
option under Edit | Preferences | Addons | search for “extra” and enable Add
Mesh Extra Objects. The Round Cube isn't very spherical yet by default, so in
the Add Round Cube contextual menu, set the Radius to 1, and below the Size,
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increase the Arc number to 6. Our new sphere is too large, but we can scale it
down by eye in a moment.

Note: The difference between UV Spheres, Ico Spheres,and Round Cubes is their
construction. UV Spheres are essentially cylinders subdivided horizontally, and
cast into the shape of a sphere, with the end poles pinched into triangles causing
an uneven distribution of mostly quad faces. Ico Spheres are made entirely of
triangles. Round Cubes are subdivided cubes cast into the shape of a sphere and
are constructed entirely of quads.

3. Next, we'll move our new sphere up in the world so that the center (origin
point, appearing as a small yellow/orange dot) is at the right height for the
bottom row of half-spheres in the drawing by pressing G, then Z.

4. Next, scale the sphere down, to just a little bigger than the hemi-spheres in
the sketch. It may be easiest to do this in two or more steps, scaling close,
confirming, zooming in, and scaling again if needed.

5. With the sphere still selected in Object mode, under the Object menu, Shade
Smooth, and in the Object Data Properties tab of the Properties panel under
Normals, enable Auto Smooth and increase the amount to 180.

6. In Edit Mode, with X-Ray mode still enabled, switch to Right Orthographic
view by pressing the number pad 3 key. Switch to Face select mode, clear
selection, and Box select the right half of the sphere as shown in Figure 429,
then delete the selected faces.

ng)

Figure 4.29: Round Cube object, with right half selected in Right Orthographic view mode
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If we enable scene statistics in the bottom-most right menu or from Viewport
Overlays as shown previously in this chapter, and then select a middle edge
loop of this sphere, we will see that the number of segments remaining is
12 in both directions. Since this is only half a sphere, it doesn’t require all
12 subdivisions to appear round, so it would be wise to optimize this mesh
before repeating it around the pedestal by removing every other edge.

. To do this, first switch to Front Orthographic view and Edge Select mode,

then ignoring the boundary loop on the open edge, loop-select every other
interior edge loop (including the “corner” edges) by Alt + clicking each
loop, as shown in Figure 4.30. Then, press Delete or X, and this time choose
Edge Loops.

kb

) -

Figure 4.30: Every other edge selected for remouvnl

Now isa good time to save. Next, we'll snap the open edge of this hemisphere
onto the surface of our pedestal.

. Backin Right Orthographic view mode (number pad 3 key) zoom out enough

to see the surface of the pedestal. Clear the selection, and from Edge select
mode, Alt + click to select the open/flat edge loop, then press L to select the
whole hemisphere at once.

. With Snap To still set to Edge, type G, then Y to constrain movement to the y

axis, press and hold Ctrl, and move the hemisphere left in the viewport, until
it snaps to the surface of the pedestal.
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10.

11.

12

13.

We have successfully created our first “greeble”: a detail which helps to break
up the uniformity of large surfaces and make a more interesting composition.

If we look closely, there is a small gap on the sides of the hemisphere because
we aligned it with the cylinder’s front vertical edge rather than a flat surface.
One advantage to poly modeling is that we can edit parts of a mesh separate
from the rest. An advantage to having begun our pedestal with a 12-sided
cylinder is that it can be rotated to have a flat face on the front, back, and
sides if needed.

Inthis case, we will rotate the cylinder 15 degrees, separate from the pedestal’s
base and cap so that the front and sides are flat, allowing us to close the gap
between cylinder and hemisphere.

Exit Edit Mode from the Roundcube object. With the pedestal object selected
in X-Ray mode, lets view the geometry from top-down by pressing number
pad key 7. Enter Edit Mode for the Pedestal object and clear any selection.

The cylinder shape is visible from the top, and since it is still a separate sub-
object, selectable as linked, via the L key. With the whole cylinder selected,
press R then 15, and this time press the Enter key to confirm.

Exit Edit Mode, select the hemisphere (named Roundcube) and enter Edit
Mode again. In the side view (number pad 3 key), press G, then Y, then press
and hold Ctrl while moving the hemisphere back, to snap the hemisphere
flush with the front face of the pedestal.

The next step of our process could be to copy and rotate the hemisphere in
a radial pattern around the top and bottom of the column, but the fluting
pattern happens to match the shape of the sphere inverted, so a smarter
move would be to reuse a copy of the hemisphere to make the fluting,

In front Orthographic view, Object Mode, in Solid shading view, select
the hemisphere and press Shift + D to duplicate it, then Z to constrain its
movement and place the copy slightly above the original where the fluting
starts in the reference sketch.

The<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>