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Abstract

In 3D animation, visual effects help to establish and reinforce the scale of different objects

that may otherwise be uncertain. In the Fall of 2022, I taught a class about visual effects to several

students. At the time, it was difficult to explain the importance of properly scaling 3D effects in

order to add realism. To create effects based on the laws of physics, we must input properly scaled

scenarios to get visually realistic outcomes. In several of my previous projects, I noticed that I had

made mistakes in scaling several of my objects and effects. With this paper, I set out to revise and

improve several of my previous projects by both correcting scale and adding supplementary effects

that convey scale. I then rendered animations that I could use to teach the importance of scale in

effects in the future by showing some of my mistakes in the past.

These projects each cover some different facet of 3D animation, having different constraints

based on the type of project. This allowed me to explore separate areas across 3D digital work and

discuss scale under different lenses.

The Chess Animation collection is a series of several separate disconnected animated shots

that all use the same chess geometry at different scales. I used surrounding effects and composition

to change the apparent size of both the chess pieces and the games themselves. I created several

abstract explorations of chess games that show chess in different ways to create visual interest.

The Wave Chocolate series is a commercial that adheres to cinematography principles and

continuity. This commercial prioritizes visual fidelity and the brand above all else in order to

maximize the appeal of the chocolate bar. These shots are relatively abstract and use various tricks

that make digital simulations behave in different manners than what may be physically expected.

This commercial was an exercise in tastefully adjusting scale to maximize appeal, while not losing

out on perceived realism.

The Small Robot’s Big Gamble is an animated short about a very small robot in a much
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larger world that is not built to accommodate them. This is presented as a section of an animated

movie and adheres to cinematography principles while working to reinforce the intended story.

Effects are important but are used alongside other props and techniques that establish scale. This

is presented through a few different shots from a sequence, only rendering a few that include visual

effects.

During the production of these different projects, I kept several work-in-progress renders

that serve as fantastic points of comparison for what a project may look like when improperly scaled.

By comparing these to the finished renders, I hope to teach about the importance of scale and several

tricks that you can use in order to create appealing animations. I took this opportunity to improve

several of my older projects, rather than create entirely new ones. This paper serves as a capstone to

my time at the Clemson Digital Production Arts program, exploring several of my different projects

from the first time I picked up 3D to my program’s completion.
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Chapter 1

Introduction

In 3D animation, visual effects help to establish and reinforce the scale of different characters

and objects that are otherwise unclear. As an artist, keeping scale in mind helps to create realistic

results, but also creates opportunities in order to break scale to create interesting effects.

In the Fall of 2022, I taught a course to my fellow Clemson Digital Production Art students

on effects and proceduralism in Houdini, a popular visual effects program. When I began to cover the

topic of computer simulations, I had a difficult time communicating the importance of establishing

scale in these programs. While I can always tell someone to properly scale their environment, it’s a

different issue helping them understand why without their own trial and error.

After teaching this course and seeing the same few mistakes over and over again, I decided

to discuss the importance of scale in my thesis. This gave me a chance to use the opportunity and

correct some of my past mistakes in previous projects that are related to scale, as well as create

new ones. I decided to work on a series of animations in different contexts and scenarios that show

the importance of scale in 3D. Learning these principles also helped me in understanding scale and

recognizing situations where I can break scale deliberately and tastefully in order to enhance the

visual appeal of a project.

1.1 Issues with Ignoring Scale in 3D

Scale can often be overlooked by 3D artists as it may interfere with their creative vision

while making a project. After dropping in a cube on a blank canvas, they may have their own idea
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about what that cube will become, and work around that assumption. However, every object in 3D

space has a scale in its respective program that is defined by real-world units. Whether centimeters,

meters, or miles, these digital workspaces have equivalent scales that may be difficult to evaluate

when they are empty.

Ignoring units of scale when creating 3D objects may cause issues later down the line in

the effects phase of productions. When improperly scaled objects interact and have forces acting

on them, things may look strange. Other objects may have been built in a different scale, so even

simply rendering two objects next to each other may look incorrect. It’s very difficult to keep track

of scale through a computer screen, as you cannot physically interact with the objects that you

are working on. However, when filling your blank canvas with 3D objects, scale should not be an

afterthought and instead be constantly checked and managed.

The consistent scale should be defined at the beginning of a project and properly com-

municated throughout the team. Ideally, scale is handled consistently across all digital assets, in

order to have those objects work well together. If one object is incorrectly scaled and passed on to

another team, it may become an issue that has to be fixed by multiple people. Digital pipelines are

extremely important to keeping every artist on a project in line with the constraints and facilitating

communication about the proper use of assets.

Whether your first or last thought on the project, scale is incredibly important for effects

due to the interaction of different objects and forces. One everyday example would be an object

interacting with gravity. An object on Earth accelerates at a very specific speed, usually quantified

as 9.81m/s2. All objects will accelerate by 9.81m/s towards the center of the Earth every second

that they are unaffected by other forces. However, even if someone does not know the math behind

objects falling, they are familiar with the scale from seeing gravity everyday. People have internalized

this speed from seeing it day-to-day and will recognize if the speed is different, which may cause a

3D project to look “wrong” and ruin immersion.

For this reason, it’s very important to define both what a “second” and a “meter” are in

your 3D environment in order to give meaning to gravity. Typically for digital cinema, a “second”

is represented by a combination of 24 frames that are shown in one second to give the viewer the

perception of movement. This frame rate may vary depending on the type of media, but in these

projects, I will be working at 24 frames per second.

Television and commercials often run at 60 frames per second, and games and other inter-
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actable media often need faster speeds. Virtual reality experiences often have participants experience

motion sickness if the framerate is not high enough to keep up with movement. More frames will

make movement seem smoother and closer to reality, but will not be explored in this project.

This frame rate is finalized in exporting your media, as a program collects your images from

a sequence of frames and turns them into video. This display speed is defined as constant across

any display and will display at that rate provided the monitor can keep up.

Returning to the example of an object falling, we would also need to define a unit for

distance. 3D programs often have a specific “unit” that is pre-defined. This setting can often be

changed, but frequently use metric units by default due to their widespread use. 1 “unit” by default

is 1 meter in Houdini or 1 centimeter in Maya. However, these scales only gain meaning if all objects

in a 3D scene are scaled to the same ratio. For example, a box that is 1 “unit” tall will need to fall

with an acceleration of -9.81 “units”/s2 to appear as a 1 meter tall box. If the box accelerates twice

as fast, the object will appear to the viewer as half of its intended size.

There are several other physical situations where scaling your simulations is important

depending on the type of simulation. It is important to do your research and keep in mind how

objects interact with each other in the real world just as much as it is to work with whatever looks

best on your screen.

1.2 Benefits of Ignoring Scale

1.2.1 Simulations

Simulations in 3D are software tools that will allow the user to predict real-world behavior

on objects in 3D space. Common simulations include things like smoke, fire, and fluids, which are

highly driven by real-world physics and are difficult to animate manually. To get a good result out of

a simulation, there are a plethora of factors that need to be considered and set up before simulating.

These factors are commonly referred to as inputs and may include various forces and objects inside

the simulation. These forces and objects will also have several parameters that determine their

physical attributes and how they will interact. These include density, friction, temperature, viscosity,

and other factors that change how the objects and forces act.

Most inputs have real-world units attached to them that ensure the simulations work accu-

rately. These simulations are built upon mathematical models based on real-world behavior that are
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simulated by the computer. Not all of these equations have inputs with real-world equivalents, and

often iteration and review with real comparisons are necessary to produce realistic-looking results.

However, if the artist is not intending to create a physically realistic simulation, changing

parameters in unrealistic ways may produce interesting results. This is done frequently to create

stylized effects, magic, or other interesting results. Having good parameters will help to keep your

simulations art-directable and adjustable to fit your needs.

1.2.2 Keyframed Animation

An alternative to working with simulations is keyframing, where the artist will determine

how each and every object moves individually, with no interaction between multiple objects. This

task is frequently left to talented animators that dedicate themselves to the craft of deciding how

objects and characters move in each frame of an animation. This gives the animator paramount

control over their scene, with the ability to decide how everything moves.

This movement is decided using keyframes, which are representations of numbers in param-

eters at a given time. With multiple keyframes, we can interpolate between different parameters

over time, which will allow us to animate different aspects of our animation or simulations. These

interpolations can be linear, or adjusted at varying rates as decided by the creator to produce the

exact behavior that the creator intends.

1.3 Forms of Scale in 3D

Visual effects in 3D usually refer to physically simulated effects or abstract technical ap-

plications of 3D programs that create interesting visuals. This is used as an alternative to special

effects where the effects are created and filmed in the real world. There are several steps of pro-

duction that every project must follow to create a rendered frame. These steps include modeling,

texturing, surfacing, lighting, rendering, as well as others that depend on the scope of the project.

Not every project has the same needs, and effects may not even be included in certain projects. For

this reason, it is important to recognize that effects are not the sole technique to create scale, and

likely not the best at it either. Viewers realizing scale through effects may include them having a

keen eye for the differences in how water, smoke, or fire may act in different environments. Most

viewers may not have that level of understanding of certain effects that are less common.
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The most important technique in cinematography that establishes scale is aptly named the

“establishing shot”. This is the opening shot that helps to establish the characters relative to their

environment and helps the viewer realize what they are looking at before moving the camera. Later

shots may show only certain objects and so it’s important to show the entire scene at the start of a

sequence. Establishing shots often have very wide focal lengths that let the audience see all relevant

objects in the scene as well as the environment at large. While establishing shots are incredibly

important for sequences of shots, I hope to establish scale through different means in each shot in

my thesis rather than rely on an establishing shot.

Establishing scale with 3D models is fairly easy, as just having two objects in the same shot

will open up opportunities for comparisons. If a viewer doesn’t know how big one object is, they will

be able to discern the relative size by comparing it with objects that they do understand. Having

one object juxtaposed against another is by far the most recognizable way to establish the scale of

one object. In these projects, all models have been created with the intention of being shown alone.

While I hope to establish the scale of my objects through effects, there may be some expectations

on what the size of an object may be due to other objects in the environment.

The surface details or “textures” of an object may also be a visual cue to the scale of an

object. Smaller imperfections on the surface of an object can help show their size, such as scratches

and rust. Multiple scratched objects will have the same-sized scratches, and objects with similar

materials should have their details scaled at the same level. In some cases, a scratch may also imply

the scale of the object that dealt damage to the object. Surface details work similarly to individual

models, just generally on smaller details that are difficult to show from just a 3D model alone.

1.3.1 Faking Scale in Real Life

Movies that intend to create a fantasy of grand proportions or of smaller scale may deal with

similar issues to 3D productions, but may not have the flexibility of scaling objects in 3D. Props

can be scaled by creating miniatures or larger versions of objects that are filmed. However, certain

things cannot be shrunk or stretched, like actors. This is when cinematographers have to come up

with interesting solutions in order to recreate what they want in their films.

Movies such as “Star Wars” use miniature versions of their props to create large settings.

Several elements are filmed separately and composited on top of one another to deal with separate

parts of complex scenes. “Star Wars” contains plenty of large-scale space battles that contain a
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wide variety of ships and combatants. Miniatures allow the filming of several small-scale props to

populate these seemingly large-scale scenes. Some effects from battles such as explosions were filmed

practically, destroying smaller versions of these props.

However, certain things cannot be made into miniatures, such as the cast of films. In the

1959 Disney film “Darby O’Gill and the Little People”, some of the little people were intended to

seem approximately two feet tall. Forced perspective is a technique where certain actors are placed

closer to the camera than others in order to make them appear larger. The camera does not move,

only showing the actors from a planned camera angle where the effect works. To create this effect,

several of the sets for this movie were created four times larger than life [6]. Actors were filmed in

both the foreground and background interacting with sets of different scales to create the illusion

of different-sized people. According to Hoyt Yeatman, senior visual FX supervisor for DreamQuest

Images, approximately 85 to 90% of the movie was filmed in forced perspective shots [9].

In the “Lord of the Rings” series, several shots used forced perspective, but with other

techniques that allow more flexibility. In some over the shoulders shots, several of the hobbit actors

were swapped out for smaller doubles wearing similar clothes to save time. When actors are visible,

they use forced perspective shots, but this limits the camera movement. In order to create shots

with forced perspective and moving cameras, crane setups were made that would move actors in the

opposite direction of the camera to hold the illusion. The invention of moving forced perspective

shots allowed for more creative freedom in planning and filming the “Lord of the Rings” series [18].

Matte paintings are another technique that take advantage of a static camera. Matte paint-

ings are constructed by filming through glass panes that have drawings of environments to create

the illusion of backdrops that may be too large to produce on a budget. These drawings function

extremely similarly to forced perspective shots. As long as the camera stays static, the illusion of a

basic matte painting may be sufficient for a shot.

1.4 History of Scale from Pixar

In researching for this paper, I found significant inspiration from digital media that focused

on small characters. The largest inspiration for this was Pixar and several of their movies that revolve

around smaller characters. This is especially apparent in my animated short, as the cinematography

is heavily inspired by the “Toy Story” series.
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The original “Toy Story” was the first 3D animated feature-length film, created by Pixar.

This movie was revolutionary for a plethora of reasons and has since received several sequels and

spinoffs, including 3 movie sequels since its release in 1995[16]. We can learn a lot about scale in

animation from looking at what this series did in order to make the toys fulfill their role as both

playthings and fleshed-out human characters.

“Toy Story” is a movie about a boy and his toys, which come to life whenever he isn’t

looking. These toys come in all shapes and sizes, but they all act like individuals with their own

goals and motivations that live out marvelous adventures. The toys function in different ways at

different times, switching how they act often. In these moments, the characters are treated differently

depending on the scene and mood. Just as there are scenes where the toys need to seem small, the

movies benefit from moments where the viewers see the world from the toys’ perspectives.

Across the 1,500 shots of animation in this feature-length film, few had visual effects in

this movie. Most of the scaling of their characters was done with the techniques mentioned above,

but there still was the inclusion of several visual effects including rain, sparks, smoke, exhaust,

and explosions[5]. These effects were handled by separate animators from the ones that animated

characters. This allowed specialized animators to focus on specific details pertaining to the effects in

a shot. This was a trend that the industry moved forwards with, separating further over the years.

“Toy Story 4” was released in 2019, and has taken many technological revolutions from

its predecessors in the Toy Story series and other Pixar movies and shorts. The most notable

improvement in the film is in the level of realism and detail. From the first animated feature film to

one finished nearly 25 years later, the level of realism and effects help portray the band of toys in

even better ways.

First of all, I want to discuss Renderman, Pixar’s render engine for the past 30 years[12].

Pixar has developed and maintained their own proprietary render engine to create their films. This

means that if they need a feature, their pipeline engineers are able to implement a solution. I have

also decided to also use Renderman in creating my animated short, but this does not mean that

small characters cannot be created using other render engines.

One massive innovation in the animated film space is creating cinematography and camera

work that mirrors real-life movie production practices. “Toy Story 4” was the first Toy Story movie

shot at an aspect ratio of 2.39:1 giving it a more cinematographic look based on traditionally shot

movies. This opened the door for more interesting lens selections based on realistic counterparts.
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Figure 1.1: Split Diopter Lens Shot from Toy Story 4 By Pixar

The cameras in Toy Story 4 were created using virtual cameras, or physical cameras that have digital

equivalents. This was a technique proposed by the Director of Photography, Patrick Lin, after using

it in other Pixar films. Virtual cameras allow cinematographers to move cameras around in a studio

and see the animated action from their digital scenes in real time. Filming the action from a physical

camera helps create some of the “human” touches and imperfections in the film that parallels how

other physical movies are created. Patrick Lin used virtual cameras on several Pixar movies that

dealt with smaller personified characters such as “The Blue Umbrella” in 2013 and “Inside Out” in

2015[13].

Lens selection for these virtual cameras was also a key part of filming “Toy Story 4”, with

each lens used having real-world equivalents and imperfections. In many of the shots from “Toy

Story 4”, cinematographers simulated anamorphic lenses which have a very shallow depth of field

and are good at separating a subject from their background. This helps blur out their backgrounds

and focus on the toys, especially in key moments where they portray the toys as human.

The key to many of the important moments with conversations between toys comes in the

form of the split diopter lens. A split diopter lens is a specifically manufactured lens that will have a

different focal length in different parts of the frame, allowing two different depths to be in focus at the

same time. When you are using telefocal lenses and trying to focus on your characters, this technique

can be incredibly important as it seemingly shrinks the distance between two characters[13].
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Chapter 2

Animated Projects

2.1 Project Selection

When I decided to use effects as a means to reinforce scale, I wanted to work with a variety

of different projects and effects. I used several different projects that I have created throughout

the Clemson DPA program as a base and created scenarios for me to portray the scale. I worked

to remaster several shots as well as created new ones that would show off different kinds of effects.

The necessity of scale in a project is based on what you are trying to portray to the audience, and

for that reason, I decided to split up my work into three categories each with several different shots

that have different needs.

2.2 Chess Animations

The first project that I used to display scale is a series of chess animations that had different

scales of pieces or games. Chess pieces are fantastic models to use for playing with our expectations

of scale because they represent humans in combat. While many have played the tabletop game of

chess, this is meant to represent a “war” on a small board. To standardize chess boards used in

tournaments, the World Chess Federation, also known as FIDE, created a set of regulations on chess

boards for tournament play. According to the FIDE Standards for Chess Equipment, regulation

chess boards are an 8 by 8 grid of 5-6cm wide squares for tournament play [1]. However, chess

boards exist in a variety of sizes, with examples like travel-sized chess kits or outdoor chess. Rooted
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in their representations of war, books like “Harry Potter and the Philosopher’s Stone” popularized

the idea of “wizard chess” where chess piece statues would move across the board with magic and

attack other chess pieces. Playing with expectations allowed me to create small tabletop chess games,

as well as vast wars on the planetary scale.

2.3 Wave Chocolate Commercial

The second project that I use to portray scale is an advertisement for “Wave Chocolate”, a

luxury milk chocolate and caramel candy bar brand. This project was created to focus on the appeal

of the chocolate bars, with the scale being a secondary concern. Often chocolate commercials are

abstract with appetizing shots of chocolate and caramel, that do not look or behave like they do in

reality. I decided to lean into the abstract nature of some of these commercials to better understand

using scale for appeal. I worked with several physically based effects and created controls for myself

to twist how these foods interacted to maximize appeal. I also created interesting scenarios to show

the candy looking realistic, while focusing on reinforcing the brand and portraying the product in

a positive light. Liquid chocolate was the perfect product for this, as it can be anywhere from

thin chocolate milk to thick melted chocolate. Once the chocolate solidified, I ran simulations with

caramel to contrast the liquids. While most of these shots contained some type of fluid shot, each

shot was created with different techniques to meet the specific needs of the shot. None of these

shots are perfectly realistic, and instead, each break some “rule” of how fluids would work in real

life. This series features four different effect shots with an emphasis on fluid simulations to create

the “wave” in “Wave Chocolate”.

2.4 Robot Animation

The final project that I created to demonstrate effects being used to reinforce scale is a

small animated short, “The Little Robot’s Big Gamble”, that I created as my first animated short.

In my undergraduate years, I was new to creating 3D work and neglected to address scale in my

project despite its importance for this animated short. This caused viewers to not notice the scale of

characters and several themes of the short went unnoticed. For my thesis, I have recreated several

of the shots with updated 3D models to show the importance of portraying scale and using scale
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Figure 2.1: A Caramel Simulation Scaled Properly (Left) Improperly (Right)

to fit a narrative in a production setting. The effects in this short are unrelated to simulating

physical phenomenon and instead art-directed to portray the little robot being preyed on by big

corporations. The difference in size between the small robot and the big slot machine helps create a

sense of helplessness, and this conflict has been reinforced by the addition of several effects. I have

worked on the effects shots only rather than creating the full animated short in order to focus on

the scope of this paper. However, I have made deliberate decisions pertaining to scale within my

model creation, surfacing, cameras, lighting, and other relics that are important for the creation of

these effects. All of these parts come together to help give me a better idea of working on scale in

an animated short context to reinforce the difference in scale.

2.5 Iteration on Projects

It is worth noting that I have iterated over these projects over a long time and have ren-

dered versions of this project several times. In addition to the finished renders, I have documented

the effects when improperly scaled. I believe these examples serve the purpose of showing what

improperly scaled effects look like and how they can draw away from the media. I have included

a few examples of these renders alongside the finished projects, and believe they will be useful for

comparison purposes.

While these three separate projects vary greatly in their objectives and uses of scale, they

each benefit greatly from decisions pertaining to adjusting scale. Whether an abstract art piece, an

advertisement, or an animated short, scale is a tool that you can use to reinforce a theme or change

a meaning entirely.
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Chapter 3

Chess Solver

3.1 Creation of Chess Solver

I originally created my chess solver as a project that shows the variety of chess games that

could be played. This tool will simulate different chess games, and while I found this interesting, I set

out to create different visually interesting ways to show games of chess that others could appreciate.

In this thesis, I use this chess solver as a tool to show how we can make the same 3D models of chess

pieces appear larger, smaller, or of uncertain scale.

This chess solver was made in Houdini as a tool that simulates and animates a random chess

game based on the rules that I gave it. I coded the standard rules of chess using Python nodes while

removing a few rules such as castling and en passant that involve multiple chess pieces moving at the

same time. I also left controllers for myself that included settings that I could use to art-direct how

likely some moves are to be made, including the taking of other pieces. The pieces are represented

in the simulations as points that store attributes regarding what piece they represent and other

information about the game. This includes details on the row, column, number of moves the piece

has made, and if the piece is taken or active. These attributes are read to replace the points with

full chess piece geometries that can move across a board and be rendered.

Originally I created this tool with one row or column on the chessboard representing one

“unit” in Houdini for ease of coding. Working from the grid units made the coding much quicker,

and when replacing my points with full chess pieces I forgot to change the units. When a point

representing a piece moved one row or column, it would actually move one meter according to the
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Figure 3.1: Improperly Scaled Chess Board Simulation

scale in Houdini.

The first time that I rendered this project with chess pieces shattering, I neglected to correct

the scale of my chessboard and got some rather strange results. It looked like my pieces would break

apart, but the pieces fell much slower than I expected, almost like the game was played in slow

motion. In this simulation, the chessboard was 9 by 9 meters in scale, which is between 16 to 20

times larger than the standard for FIDE regulation boards that are used in chess tournaments [1].

At this improper scale, the shortest piece, a pawn, measured 1.2 meters tall, and the tallest

piece, a king, was 2.65 meters tall. These heights are more comparable to a human than a chess

piece. The pawn and king pieces were respectively 24 and 28 times the recommended height of FIDE

regulation chess pieces [1]. These lifelike scales looked peculiar as pieces fell, but gave me ideas for

“wizards’ chess” and other abstract animations.

While this was an unintended accident, I set out to create several variations of this scene. I

started with two versions of my “basic” chess board, one with small pieces and one with the same

human-sized pieces for comparison. I fixed the gravity to make the pieces crumble more realistically,

but also used several other techniques to reinforce the scale of my pieces while using the same

geometry.
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3.1.1 Project Constraints

Before discussing creating variations on this project, I find it important to establish what I

am and am not willing to do in order to make these chess pieces seem to be of different scale. I am

not willing to...

• Change the chess piece geometry in effect shots for pieces that are different or more detailed

• Slow down or speed up my simulations by adjusting what constitutes a second

• Remove the RBD simulation where the chess pieces fracture

However, there are several different things that I will change to make these pieces seem

larger or smaller with effects. These include...

• Adjust the scale of the models, gravity, or other factors

• Create different effects that supplement the chess pieces breaking

• Change camera positions, focal lengths, or create other compositions

• Add different geometry or adjust the board design

3.2 Adjusting Solver for Scale

3.2.1 Simulation Changes

The first step in adjusting the scale of my scene was to correct the major mistake that made

this animation look strange in the first place, the gravity force. I left the gravity the same for the

larger shot to have pieces that are between 1.2 and 2.65 meters tall with the previous gravity of

9.81m/s2. For the smaller pieces, rather than scaling the pieces down, I decided to increase the

gravity. This would let me keep my camera and lights in the same place, while still creating the

proper ratio between the gravity and scale of my pieces. I increased the gravity to 288.414m/s2

to make the gravity on these large pieces roughly equal to what we experience on Earth. I scaled

this number by the increase in size of the smaller king to the realistic-sized king, an increase of

approximately 2944%. This causes all of the pieces to crumble much quicker than before and seem

smaller.
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Figure 3.2: Chessboard Fracture With More Fragments

The next adjustment that I made to my scene was adjusting the number of fragments from

my chess pieces. I used 90 fragments per chess piece for the larger chess pieces, but I decreased this

number to 25 to have the chess pieces break up into larger chunks. While plastic chess pieces do

not naturally move across a board and break apart, if they were to break apart we would want the

level of “detail” in the shatter to be less for smaller pieces. More detail in effects animation implies

realism and suggests a larger scale[2].

Adjusting the number of fragments per piece was a good start, but adding volumetric effects

helped to push the idea of breaking even further. When objects shatter apart, they may create smoke,

which is simply smaller particulates that are launched airborne. These particles can be caught up

by the wind and take significant time before they fall or disperse. Adding volumetric dust to the

simulation on the larger pieces can help to imply the existence of even more small fragments being

spread by a larger impact.

While the pieces on my board are whisked around by magic, I decided to think a bit about

chess piece movement could differ on boards of different scales. Chess pieces are small and easy to

pick up when playing. For the smaller chessboard simulation, the pieces float through the air as if

being picked up and moved. These pieces have slightly wavy travel paths created by using a noise

function that randomly adjust the piece’s position. This helps to give the illusion of the smaller

chess pieces being light, and moving slightly inaccurately. If you asked someone to move an object

in a perfect line, they may have difficulty, and this helps create the imperfections of someone moving

a chess piece, even if there is no hand pictured moving them across the board.

On the contrary, if a piece was a much larger statue, it would weigh much more and be more

difficult to pick up. Because of this, I decided to have the larger pieces move by sliding across the
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board with no vertical movement. The larger pieces slide in straight lines across the board, with the

exception of knights that may need to jump over allied chess pieces. In the event that a chess piece

clips the corner of an allied chess piece, it will not simulate a fracture.

In the same thought, it would make sense that larger chess pieces could take longer to move

as they have to cover more space across the board. However, in this example, I decided to keep the

time to take a move consistent in order to allow for direct comparisons between the animations of

different scale. I also left no time in-between moves for deliberation, to focus on the action, and not

have the animation be too slow or stagnant.

3.2.2 Camera Selection and Placement

Camera selection was also kept consistent for ease of comparison, but it is worth mentioning

that camera position plays an important role in how we perceive the game. Before the chess pieces

start moving and have visual effects with their shatters, the perspective that you view the chess

pieces from gives clues about their scale by how a human would view these objects. If the camera

was looking at the board from far above the table, mimicking the perspective of sitting or standing

above the board, the perspective mirrors the perspective of watching a chess game. If the camera

level was low to the board, looking up at the pieces may give the viewer the idea that the pieces

are the same size or larger than them. Is this perspective from a person standing next to a large

chessboard, or perhaps they are even a piece playing in the chess game? It is worth moving the

camera position in order to frame the perspective of your audience.

In lens selection, it is important to consider this same perspective we want to give the

audience. A focal length of 50mm has a field of view of approximately 46* which is the most similar

to how people view things. This is close to humans’ central angle of view where they have the most

detail, measuring between 40* and 60*. The human field of view can see objects up to 210* total,

but it is impossible to notice everything in focus and detail at the same time [3]. Combining a

camera placed at approximately human height with a lens that has a focal length of around 50mm

will produce a render that looks like it could be from a person’s perspective. Switching out your lens

for a longer focal length, often called telefocal, could give the impression of an object being viewed

from further away, as if from a telescope. Other camera-related effects can help reinforce the idea

of how a person may see an object.
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Figure 3.3: Infinite Chessboard Grid with Wooden Pieces

3.3 Infinite Chessboard

Moving on from my previous chessboard, I decided to adjust the scale of my chess game

rather than the individual pieces, Because my chess solver was fully procedural, I was able to adjust

the size of the simulated game very easily. Instead of an 8 by 8 square board, I began to use a 50 by

50 grid. I modified my chess solver, removing rules that would keep the pieces from moving outside

of a small chessboard and limiting piece movement below 6 squares at once. I made each “team”

take 6-8 moves at the same time to make the game seem larger, and added rules to prevent pieces

to move to the same square. Pieces were randomly placed with more pawns than back-row pieces

and then divided between black and white based on their position on the board. I used a gradient

of values for the team based on position added with a noise pattern to give variation. This visually

split the grid into 2 “sides”, but gave slight variation to make the board seem like the game was an

ongoing conflict.

To make the game seem infinite, I used an orthographic camera view rather than a perspec-

tive one. Orthographic cameras have every object appear on the same scale, regardless of distance. I

opted to switch out my chess pieces on this board to square wood-carved chess pieces modeled after

cubes of wood that could look nicer with the orthographic camera. I pointed the camera downwards

at the table and animated the camera to scroll across the board, to make it seem infinite. Expanding
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the simulated board slightly past what we would see from the camera would allow pieces to move

to and from off-screen. This implies the existence of more chess happening off in the distance and

helps give the idea of the chessboard being “infinite”, with no clear indication of where it ends.

While I did not use any visual effects to add scale to this shot, exploring this composition

made the chess game seem “bigger” by limiting what the viewer could see and subverting expectations

for how a normal chess game would work. Although the literal scale of the pieces is uncertain without

any identifying effects or comparisons, the chess board itself seems much larger and so this game

could stretch on for meters or kilometers.

3.4 Chess Planet

Given my two previous explorations with scaling my chessboards, I decided to make another

abstract animation where chess pieces left behind their normal board and moved to a planet.

I decided to move my infinite chess setup off of a usual chessboard and instead place it on a

checkered planet to make it seem large. Pieces hit each other and break, this time with less gravity

allowing fragments to fly off into the atmosphere. I placed a smoke simulation in the background

with lights to imply some abstract galaxies and stars that shine on our main chess planet. I let my

simulations play out, and created the interesting result of a massive war across a planet, without

any clear indications of scale on the effects side.

What sets the scale in this context is primarily the composition and ideas at play here.

This is not a familiar topic for most people beyond those watching sci-fi, and an average person

does not have personal experience with outer space. However, because this planet is shown with a

gravitational field, viewers generally assume that the checkerboard planet is large enough to be a

celestial body that holds a noticeable gravity such as a planet or moon.

While this “sells” as a planet, this sphere is significantly smaller than Earth, even with

the “human-sized” chess pieces. The gravity is significantly less than on Earth, and the horizon

is extremely curved, showing that this sphere is small, although we don’t see all of it. This chess

“planet” is simulated in the same way as the previous infinite chess board, with the difference being

that the result is curved by two curve nodes in Houdini. One node wraps the grid into a quarter of

a cylinder, and the other wraps it into a section of a sphere. This warps the results a small amount

but ensures that all of the gravity pulls “down” towards the center of the chess planet, because the
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Figure 3.4: Chess Planet Simulation with Uncertain Scale

simulation was run on the flat grid before it was curved. However, although the gravity is still small,

the gravity makes the planet seem larger, as a small asteroid would not have a noticeable amount of

gravity. A curved volume adds a slightly purple rendered “atmosphere” to mirror gasses on Earth

to sell the planet idea more.

While previously, I had increased or reduced gravity to portray different object scales on

Earth, in this context the same assumptions do not hold true. Assuming the same sizes of chess pieces

in the human-sized animation previously, the gravity in this simulation measures at 0.2875m/s2

which is approximately 3% the gravity of Earth. For comparison, this gravity is closer to Pluto,

measuring 0.62m/s2 [17]. The gravity of a planet is based on its density, size, mass, and proximity to

other celestial bodies. If the gravity in this situation was physically accurate, the gravity would be

even smaller due to how small this chess “planet” is, as the size would be much closer to an asteroid.

While this would still have some amount of gravity, the gravitational pull would be extremely small.

The initial velocity of the fragments is caused by the bounce parameter of 0.4 making the

collisions preserve 40% of the force when two pieces collide. This helped the fragments not fall to the

ground immediately after colliding, although this would not be a regular trait of marble collisions.

Adjusting the bounce parameter and the gravity to get a visually interesting initial velocity of my

pieces as well as acceleration allows me to fine-tune the movement after the pieces are taken.
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The interesting takeaway from this abstract chess game played in space is that the viewer

has very little understanding of the scale of the pieces due to the gravity being uncertain. Given

the strangeness of the situation, people typically assume that the pieces are human-sized by relying

on the fact that chess pieces are representations of humans and the marble texture implies a scale

resembling that of a statue. Effects are not effective at conveying the scale of these pieces due to

the gravity being uncertain.

3.5 Large Chess Pieces on Earth

My final shot for my chess series of projects is placing my chess pieces on Earth as a planet

with recognizable gravity to set scale. I have set this shot as two 100 meter tall chess pieces over an

ocean and am using several different recognizable effects and setting them in a recognizable gravity.

I decided to strip this project down to a king taking a queen to keep a clear focal point

with only one “move”. I scaled my pieces to roughly 100 meters in height and placed them over an

ocean. The pieces moving by themselves and destroying one another still seems fantastical, as they

move through the sea. I needed a large flat area to place my pieces, and to avoid selling scale with

other models, I decided that the ocean would be a great location for this simulation.

I wanted to incorporate a few separate effects that would help with the grandeur and large

spectacle of the effect. The first effect would be the RBD simulation of the two massive chess pieces

slamming into each other. This would have fragments of the piece breaking off, as well as smoke

being created from all of the debris. As the pieces move together, waves would form in the ocean,

being displaced by the massive chess titans. The larger fragments from the debris would fall into

the ocean below, creating splashes below. I also wanted mist from the ocean and debris from the

fracture as volumetric effects that are displaced by the motion of the pieces. I would need several

separate simulations for each part of this project and would segment my simulations out to keep the

processing load manageable on my computer.

I decided to start first with the RBD simulation of the two pieces crashing together. This

was the simulation that I was the most familiar with given my experience with the other shots that I

created, although I had more to do with it than simply adjust the scale of gravity. I decided to make

these large chess pieces out of concrete and used a RBD fracture node to break apart my queen into

roughly 1500 small pieces. These pieces were smaller towards the points of impact and larger on the
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Figure 3.5: Water Displacement (Left) and Smoke from Debris (Right)

back of the piece to create a variety of larger cracks in the back and smaller fragments in the front.

The king moves towards the queen at approximately 20km/h and follows through at the

same speed. Glue constraints were used with a RBD fracture to make points of contact that can

break, while the rest of the Queen would be pushed aside. I lowered the ground plane that the queen

rests on over time in order to create the impression of the queen slowly descending into the water

as it tips over. This part of my project was not physically accurate as there were no calculations

regarding buoyancy. However, I believe this is a reasonable time to use keyframed animation instead.

Because people don’t see 100 meter tall towering figures sink into the ocean regularly, I was fine

with doing my best to keyframe the sinking at the end.

Moving to the fluids, additional effects would help augment my effect by having the envi-

ronment surrounding these chess pieces be affected. My largest concern with increasing the scale of

the scene was how long my various simulations would take to simulate properly. I would not be able

to simulate an entire ocean in a reasonable amount of time, but could simulate a small portion of

an ocean in a shorter period. I used a setup that I learned from Sean Lewkiw in his Houdini Ocean

Tools Quickstart talk to produce a FLIP fluid simulation that would simulate a select part of the

ocean[7]. For the rest of the ocean, I used Tessendorf waves to render a displaced grid with the same

material. The simulated waves were switched with the displacement waves along the edge of my flip

21



Figure 3.6: Ocean Chess Simulation from “Boat” (Left) or “Plane” (Right) Perspective

simulation using a gradient to best hide the seams. This would ensure that the most affected parts

of the ocean were simulated, while not worrying about the waves further away from the chess pieces.

When working in scale, it is important to have enough precision in data for your simulations

to work properly. The FLIP particles in the ocean had a particle separation of 1/8th of a meter,

which would not be sufficient up close. Luckily, I chose my camera angles upfront, and with enough

distance from the perspective of a “boat” or “plane”, this resolution is not particularly noticeable.

This was a necessary sacrifice in order to simulate the 125 by 350 meter stretch of water on my

available computers. The FLIP simulated area also moves over time with the king to simulate the

most important stretch of the ocean surface, which would move with the piece during the 15 second

long animation.

Supplementary smoke and white water spray were added using volumetric tools sourced

from particles and rendered as volumes. These effects were based on the RBD fracture and FLIP

fluid simulations respectively, and helped to tie the effect together, using wind to displace both of

the volumes. These supplementary effects made the chess pieces look larger with each addition, as

merely having them helped sell the impact to the viewer. While I would have liked to simulate all

effects at a larger resolution to get even more details, these were sufficient in making the chess pieces

look much larger.
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3.6 Conclusion

Taking the idea from the chess planet and placing it on Earth allowed me to set the scale

of the chess pieces, even using the same geometry from previous tests. These projects helped in

demonstrating how effects can make objects look larger or smaller, although it is still noteworthy

that composition played a large role in these tests.

• Placing chess pieces on a board gives the impression of them being smaller

• Gravity of simulated fragments and debris help to establish the scale of an object by giving a

direct-world comparison

• Placing chess pieces on a planet gives the impression of them being larger due to the unfamiliar

situation, even with different gravity

• Placing chess pieces over an ocean makes them seem larger and ties them into our world

Most of our perception of the scale of objects lies in how those objects are placed and used,

but some of the scale is set by these supplementary effects in order to make these objects behave as

expected in the real world.

It is incredibly important to scale your digital scenes properly in order to have objects

behave as expected. Improper scaling caused several issues with object behavior due to gravity,

mass, glue constraints, and needing increased substeps in a simulation. It is good practice to get

reference material and work based off of that to produce the desired result.
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Chapter 4

Wave Chocolate Commercial

4.1 Research

When I was starting to learn about fluid simulations, I did some research on the tools that

I could use and found a plethora of people creating chocolate simulations in Houdini using FLIP

fluids.

A FLIP fluid, also known as Fluid-Implicit Particles, is a type of fluid solver that has

interaction between particle-based and volume-based fluid simulations. The fluids are represented

by particles, but the movement is driven in part by volumetric velocity calculations, often with a

slightly lower resolution in order to save processing time [14]. This is due to bodies of water generally

moving with similar motions in larger waves and can be adjusted to have a higher resolution if

needed. These volume-based velocity fields help to calm compressed fluids and prevent particles

from shooting out at high velocities and producing unwanted results, even with fewer simulation

substeps. This can result in a reduced mass of the fluids, as the compression can delete particles,

but this is a minor concern when not worrying about the perfect accuracy of the simulation. The

fluid particles can interact with various forces and volume-based colliders and can be processed with

different attributes that determine how they are meshed.

SPH fluids or Smoothed Particle Hydrodynamics are a type of fluid solver that is only

particle-based, with the particles being incompressible and working to maintain space above a set

distance. SPH fluids boast perfect mass preservation, but this is not as important as the movement

of the particles in the context of this project [8]. While not having a volume-based component will
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speed up processing time at the minimum substeps, far more substeps are necessary to produce

non-jittery results of calmer water. For a commercial, this calmness is essential and FLIP fluids are

a better fit.

The easiest part of simulating liquid chocolate is that its consistency can vary from anything

between thin to thick. By experimenting with viscosity, you can get the exact result that you want

to maximize appeal. And almost no matter the result, your chocolate can look like anything from

liquid chocolate milk to a thick sauce.

I researched several of the top chocolate brands and found that chocolate commercials

were often made practically to take advantage of real chocolate simply looking realistic. If I was

creating a digital commercial, I wanted to take advantage of the benefits of digital visual effects

by creating something unpractical with physically based special effects. By using digital software

and 3D programs, I could create something that shows chocolate appearing in ways that would not

always work in the real world. While I would not focus on realism, I could take artistic freedom to

aim to make the chocolate and brand look as appealing as possible.

The main commercial that resonated with me was a practical effects shot from Ronald

Koetzier for YOLO, a chocolate brand [4]. In this shot, the brand name for YOLO was embossed

above a rougher solid chocolate surface below. A wave of chocolate sweeps over the shot, covering

up the logo. I enjoyed this shot and believed that I could recreate a similar shot digitally, with a

few revisions. I wanted to make the chocolate fill up the shot and switch the embossed logo for an

inset one. From this one starting idea, I story-boarded out three other shots in a commercial that

could follow in a meaningful way.

4.2 Commercial

My first shot is liquid chocolate covering a series of chocolate molds. The chocolate in these

molds “solidify” and rise to the surface and out of the liquid in the second shot. The third shot

shows the chocolate dried off on a towel as liquid caramel is added and solidifies in the crevices of

the bar. The final shot has the chocolate wrapped in a wrapper, as it spins around and shows the

packaging. This sequence was not realistic and could not be done easily using practical effects due

to the unrealistic nature of several elements in this ad, but would make enough sense for viewers

to follow if they are shown these shots in order. While this was not how chocolate molds worked,

25



Figure 4.1: YOLO Chocolate Commercial Chocolate Wave By Ronald Koetzier

chocolate dried, or caramel worked, I could play with the laws of physics to make it look believable.

This project was created in order to focus on the brand Wave Chocolate from a commercial

angle. This means it would have some different goals and limitations compared to other projects in

this Thesis, as it would be approached from a different perspective. I decided to treat this as if I was

an independent contractor working on shots for a commercial for Wave Chocolate. I have outlined

these goals and limitations for this ”commercial” project below.

• Focus on the visual appeal of the brand and the chocolate bar

• Use scale as a tool to maximize appeal in simulations

• Keep the Wave brand and logo visible while avoiding modifications

• Make an abstract commercial that takes advantage of 3D simulations and features rather than

practical photography

• Keep projects light enough to be simulated and rendered on one computer

To recreate this project, I first turned to Houdini’s FLIP fluids for their particle-based fluid

capabilities. Viscosity would be key for working with viscous liquids, and having control of particles

on an individual basis was extremely important to art-directing my simulations. This would give

me the flexibility to change the viscosity and behavior of each particle based on other attributes
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including particle age or position. Viscosity is not measured in any particular units in Houdini and

is also related to particle density. This means that changing particle density would also adjust how

the liquid acts, so I had to iterate a significant amount in these projects.

I decided to render my fluids in Redshift, to take advantage of their subsurface scattering

and GPU based renderer. The renderer being GPU based would allow me to iterate more frequently

by keeping my render time low. Each of these shots was iterated on frequently, and being able to

visualize the output frequently helped with iteration. The renderer would stay the same throughout

this project in order to keep the materials consistent throughout multiple shots. If I were to change

the shaders for my chocolate, I may get vastly different results in terms of subsurface scattering,

roughness, and color. Any minor variations between shots as a product of light amount or other

factors could be handled through compositing.

4.2.1 Shot 1: Chocolate Wave

While attempting to recreate this first chocolate wave, I had difficulty getting the chocolate

to “flow” properly across the molds in an appealing manner. Viscosity was the most important

element in simulating the fluid to stick together and not splash around like water. If I made the

chocolate too thick, it would barely move over the mold and take far too long to accomplish what I

wanted it to do. To get a nice “flow” over the mold, I used a combination of several “tricks” to fake

the scale of my liquid and have the chocolate fill up my scene. I decided on the source of my wave,

changed the scale of the scene by adjusting gravity, and adjusted the collision geometry in order to

have the fluid jump up nicer in my simulation.

Starting from the source, I needed a way to get chocolate into my scene. I laid out tiled

molds I created from my chocolate bar design to create a surface for the liquid chocolate to flow

into. These molds were created with flipped text to keep the brand name “Wave” visible in both

the chocolate bars and molds. Adding ridges at the ends of the molds helped make them deep to

contain liquid while giving enough verticality for the chocolate to ”jump” up. When the chocolate

would dissipate in all different directions, I added a few “guiding colliders” off-screen to the left, top,

and bottom essentially making a collider for my chocolate to stay inside and fill up. These would

ensure that my “Wave” would grow in height as it moved from left to right rather than spread out

into a thin puddle in all directions.

I started by creating a sphere for my chocolate emitter, but the “source” of the liquid was
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Figure 4.2: Liquid Chocolate Wave Sweeps Across Mold Grid

far too noticeable from the chocolate flowing in. I wanted to create the illusion that the liquid was

sourced from a wave that flows in from off-screen, but I could not create that from a consistent

static emitter. I decided on a rounded cylinder on its side to ensure a relatively even distribution of

chocolate to keep the wave shape. In the start, the liquid would flow from the cylinder and splash

down into the molds creating a nice splash as the area quickly filled up. As the chocolate level rose,

I animated this cylinder vertically upwards to keep the level of the wave rising. After the chocolate

began to “settle down”, I added several animated ellipse shapes to the emitter that break up the

surface of the chocolate and keep the flowing chocolate from being too smooth. Not lighting the shot

from the left side avoids showing the emitter, and hides any shadows from the final render. This

approach to sourcing my liquid allowed me to add nice variations to the shapes while still implying

that the molds are being filled in a normal manner.

The chocolate was coming down from the emitter faster than I intended, and some of the

splashes did not remain in the air very long. In order to help with the verticality, I reduced the

gravity to get behavior that was more in line with my vision. The exact size of the chocolate bar

is unclear and there are no other visual references for scale, which means that I can make this

adjustment without it being too apparent. The thickness of the chocolate helps to mask liquid

behavior, as the viscosity would get in the way of it falling downwards.
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The last “faked” part of the first shot involves hidden collision geometry in the scene. As

mentioned above, I placed a few guiding colliders at the top and bottom of the camera view in order

to redirect the chocolate flow back down to the focal point. This helps create the illusion halfway

through the shot that more chocolate is entering from the top and bottom of the frame and gives

more variety to the wave.

Modifying the collision geometry of the molds also helped in getting good waves. There are

several divots between each of the chocolate molds where chocolate could get stuck. It was important

to keep the chocolate momentum flowing to the side rather than vertically, so these divots are not

included in the collision geometry. This keeps the liquid chocolate flowing over the gaps rather

than falling into them. In addition, the peaks next to the divots’ collision geometry are actually

slightly less steep than the rendered geometry. This helps keep the angle of the splashes slightly

lower so that they travel more horizontal distance. The viewer cannot see this discrepancy easily, as

chocolate flows over the adjusted gaps. Although minor, these slight adjustments went a long way

toward getting the FLIP fluid chocolate to behave in a visually appealing manner.

4.2.2 Shot 2: Chocolate Bar Emerges

The second shot is far less realistic when it comes to chocolate behavior. As a follow-up

from the previous shot, one of the chocolate bars emerges from the result of this first “wave” of

chocolate. It rises to the surface and falls over, creating ripples on the surface of the chocolate.

This rising animation of the chocolate bar was hand animated to keep the movements and timings

art-directable. Meanwhile, the liquefied chocolate is reactive to how the bar moves using a ripple

solver. The chocolate bar is lifted out of the chocolate, becoming less smooth and rounded as it

dries into the chocolate bar.

This shot was created using VDBs rather than FLIP fluids in order to maximize directability.

VDBs are volume dynamic grids that share properties with B+ trees. These allow users to create

an object on a grid of a set size and store that object in a gridded context. Because objects are

stored as volumes, there is spacial coherency in smoothing operations that would not be available

with meshed objects[10]. Multiple objects can be combined together into a single VDB by sampling

multiple meshes onto a single VDB grid, and then later when it’s time to render, converting the

VDB back into a single mesh. This shot uses VDBs for their topology-independent operations to

combine both meshes into one, and take advantage of accurate volume-based smoothing operations.
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Figure 4.3: Hardened Chocolate Bar Emerges from Liquid Chocolate

Both the liquid and chocolate meshes are separately art-directed and animated prior to

merging them together to create one VDB object. Rather than directing millions of liquid points

into the shape of a chocolate bar, working directly with the original meshes allows for keeping the

shape of the object precise. When the two objects are combined together into one VDB there is a

slight loss in resolution with the resolution-independent vectors from a mesh being rasterized on the

resolution-dependent grid of a VDB, this loss can be minimized with a small enough grid. While

the liquid and solid chocolates separate towards the end of the shot, they are still both processed

as one VDB object throughout the entire shot. All post-processing techniques including a series of

mesh smoothing are done on the VDB, and material adjustments are processed after converting the

result to a mesh for rendering.

The surface of the chocolate pool was created with a grid displaced by an animated noise

pattern that imitates a calmer version of the movement from the previous shot to imply time has

passed. As the bar rises to the surface, a ripple solver is used to raise and lower the chocolate

based off of the solid chocolate movement. The amount of displacement is art directed with several

keyframes to control the size of the ripples. The chocolate surface grid slowly moves from the top

right to bottom left to create the illusion that the chocolate is still slowly flowing and makes the

ripples slightly uneven in their speed to prevent perfect circles from being visible. These techniques

30



keep the simulation looking like liquid, even though it does not use particle fluid simulations like

FLIP fluids in the other shots.

The chocolate “drying” effect was created by smoothing the combined VDB of the chocolate

“liquid” and “solid”. These two elements were smoothed equally at the start to give rise to the idea

that the chocolate bar is still in a liquid state. However, the smoothing decreases over time as the

chocolate bar rises above the surface, and again as it separates later. The parts where the chocolate

bar starts to smooth are determined by the vertical positions and adjusted over time. In addition, the

amount of smoothing decreases on the combined liquid and chocolate solid as time continues. The

liquid chocolate background smooths out as the solidified bar becomes the focus and the material

of the two parts separate.

This shot would not have been possible using a traditional particle-based fluid simulation.

I wanted to have control over the individual elements in this shot, and leaving movements up to

procedural behavior would have taken ages to get the behavior correct. In this situation, I found

it much better to dismiss proper scale and physics in exchange for several hand-crafted controllers

that I could use to tweak all of the shot’s separate elements. I consider this to be a proper situation

to ignore scale and instead use several other non-simulated elements to create the effect.

4.2.3 Shot 3: Caramel Drizzle

In the third shot, caramel is added to the space between the chocolate bar. This shot is

similar to the first with the caramel filling a “mold” inside the individual bars but is significantly

more demanding regarding directing the caramel exactly into the gap in the chocolate bar. This shot

was done with FLIP fluids using a few techniques involving variable viscosity to fill the chocolate

bar precisely.

The relationship between temperature and viscosity is that as substances heat up, they

become less viscous. In this shot, I drop “melted” caramel from an emitter above the screen that

waves back and forth to drop the caramel in a thick ribbon pattern, stacking up on itself. The

caramel is very thick as it falls to keep the sheet-like shape, but gradually “melts” into a shape that

fills up the space in the bar. The viscosity decreases based on the age of the FLIP particles in order

to make them flow and fill the gap in the chocolate bar. However, this behavior is the opposite

of realistic caramel. If the caramel was melted at the start, it would cool off over time at room

temperature, and solidify without filling in the shapes. Instead, the chocolate serves as a stovetop,
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Figure 4.4: Caramel Drizzle over Wave Chocolate Bar

”heating” up the caramel and decreasing the viscosity.

A similar material mixing technique was used in this shot as in the second shot, with the

material changing over time. I adjusted both the amount and distance of the subsurface scattering

to make the caramel look like it was solidifying and changing color. The caramel changing from a

saturated color to a darker one helps sell the illusion that the caramel is “cooling off” rather than

its more physically accurate counterpart.

4.2.4 Shot 4: Wrapper Packaging

The final shot in the Wave Chocolate series may have been by far the most difficult. This

is the shot where the chocolate is packaged up in a wrapper and presented to the audience. The

wrapper would need to serve as a relative element of scale where the chocolate is packaged. I needed

to make the wrapper look realistic but also did not want it to be too wrinkled or obscured. I surfaced

this wrapper as a foil wrapper, but this wrapper has properties that are similar to foil, plastic, and

cloth in its production.

The wrapper was created using vellum simulations in Houdini to simulate the wrinkles. I

wanted to create a few wrinkles in it, but also present the wrapper in an abstract way as the chocolate

bar flies in to fill it. For this reason, I set up a scene with several lights floating around that would
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Figure 4.5: Chocolate is Sealed inside Packaging and Spins Around

orbit the foil. The chocolate bar would be inserted into the foil, and then the chocolate bar would

spin around and close, before presenting itself to the camera one final time to let consumers know

what to look for in the stores.

The greatest point of my concern was getting the wrinkles in the wrapper to look both

correct and appealing. Foil wrappers for candy are produced with a combination of aluminum and

plastic in order to give a proper seal to keep the candy preserved. Wrappers are often also made

of just paper or plastic, but as I hoped for this chocolate bar to be a luxury brand, I decided to

create a wrapper out of the more expensive option[15]. I used a fairly stiff vellum object for this

simulation and an even stiffer material on the edges where it is thicker. Variable lengths between

points in the simulation geometry helped create a slightly irregular surface that would wrinkle when

touched. The distances between points would be reduced by approximately 90 percent in the sealed

version of the package to make the seal seem tight and show the shape of the chocolate bar, as if

some of the air was vacuumed out of the package.

The act of sealing the wrapper was very difficult, as Houdini’s vellum does not have the

best controls for self-intersecting geometry. I set up several tests to test its functionality, but ended

up deciding on switching out the geometry in the middle of the spin for a closed version. It is well

masked with the spin, and assuming similar topology and UVs, I could hide the transition without
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anyone noticing the difference. I decided that the actual act of the wrapper being sealed was not

important, especially provided none of the actual proper equipment for sealing is present in the shot.

This shot is stylized, with the chocolate bar spinning through the air and particles of light

brightening up the scene. The rustling on the foil wrapper is caused by a wind force with turbulence

on top of a constant force from screen left to screen right. A constant “gravity” force also acts on

the wrapper from the front of the wrapper towards the back to pull the wrapper close and make the

shape of the chocolate bar visible while inside. A simple collision plane keeps the back from being

wrinkled, helping to obscure the geometry being switched during the curl.

The spheres of light twirl slowly around the chocolate bar at a changing angle, and quickly

gain speed when the chocolate bar spins as if the wind from the bar spinning is blowing them back.

Realistically, this would cause the particles towards the center to experience the force first, which

would make some of them bunch up and not look as good in the shot. For this reason, the force

that comes from the “spin” impacts all particles at the same starting and ending time.

4.3 Conclusion

While the shots in this sequence are not physically accurate, plenty of other chocolate

commercials are not realistic either. The goal is to make the product look appetizing, and showcase

the brand in a good light and often. In this case, scale was a tool that was used to maximize appeal,

rather than focus on the realism of the shots. My main takeaways from this series of shots are listed

below.

• Using a variety of tools allowed flexibility in creating various realistic and unrealistic ways to

showcase chocolate by bending rules

• Avoiding realistic scale made creating appealing simulations easier

• It is easiest to fake scale or behavior in situations that individuals are unfamiliar with

• Lots of iteration is important in making stylized or abstract shots look good

• A high level of detail in simulations is necessary when looking at products up close

• Making chocolate look appealing is subjective
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Treating scale as a flexible tool allowed the creation of abstract shots, on top of using other

techniques to adjust simulation behavior. Often keyframing parameters and straying from what is

realistic will open up room for experimentation on what can be done in a shot. Scale functioned as

a parameter to adjust the look of a project rather than staying realistic.

There were other opportunities for establishing the scale of the chocolate bar, and if that

was the focus of this sequence, it would have been increasingly important to be exact. In addition

to effects, this project could have been planned around showing the chocolate alongside models and

relics of real-world scale. Including details such as printing artifacts in the packaging shot or putting

the bar on a countertop would have made scale clear, but that is not particularly important in the

context of a commercial.

Overall, I am quite happy with how these shots turned out and believe that this exercise

gave me a better understanding of when to break scale for increased visual appeal.

35



Chapter 5

The Little Robot’s Big Gamble

The goal with “The Little Robot’s Big Gamble” was to recreate an animated short that I

had produced several years prior, about a small robot that picks a fight with a large slot machine. I

had set out to make it about the struggle of the little robot trying to fit in with an oversized society,

and due to my inability to convey scale, these themes went overlooked. In the final part of my thesis,

I sought out to recreate this first animation by recreating several elements while keeping the core

ideas intact.

This project in my thesis serves to apply the principles from the previous projects in the

context of an animated short. The primary goals and considerations are listed below.

• Stay faithful to the previous animation as “source material”

• Keep the design of the small robot visually similar

• Create effects that reinforce the robot’s small stature

• Have proper cinematography and connection between shots as fitting of an animated short

• Position cameras with regard to the robot’s perspective

Accomplishing these goals will help in conveying scale in order to get across the ideas that

this older animation did not convey well.
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Figure 5.1: Render of Old Animation (Left) Compared with New Animation (Right)

5.1 Previous Animation

My previous animation was a 15-second short about a small robot and a slot machine. The

small robot played the slot machine, didn’t win, and then got mad. He kicked the slot machine, and

then the lever came down and hit him on the head.

I had hoped to craft a short about the dangers of gambling, the futility of resistance, and

the little guy being picked on by the big corporation. These themes were not conveyed at all due

to how inexperienced I was with 3D animation and how terrible it looked. There was no indication

of the robot being small or mad, the slot “machine” looked more like a vending machine, and there

were no other identifying models for scale.

At the time, I did not properly scale my characters or add effects to help with visual fidelity.

Now that I have learned more about animation, I wanted to revisit this sequence and re-design it to

try and capture a few of the ideas that I had hoped to show at the time.

5.2 3D Models and Assets

5.2.1 Remaking Characters

In order to recreate the animated short, I first needed to recreate several assets and char-

acters. I decided to remake the robot and slot machine and used a different approach for both

objects.
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I recreated the small robot using similar shapes to keep faithful to the original. I did not

intend to change the scale of my robot by giving it a full redesign, so I used a similar silhouette,

primitive shape language, and rounded edges. There are not any real-world relics to infer scale from

on the robot, as I have left out any realistic functioning parts from the model. If your goal was to

create a small robot, generally including these relics would help to reinforce the scale, but they have

been omitted in this case.

While the object itself is important for portraying scale, one can also make an object seem

larger or smaller depending on what it is styled off of. One example of this is the city Chronopolis in

the quantum realm of “Antman and the Wasp: Quantumania”. In order to make the city seem small,

as the whole space is microscopic, they styled all of the infrastructure off of the insides of a watch.

When it was time to rework the slot machine design, I opted for a vertical standing slot machine

based on various architectural styles that fit with the themes of my story. This slot machine does

not have any tiny details of machinery on the outside, but it does all together look like a skyscraper.

The sections of the building are based from bottom to top on: brutalist, art-deco, Egyptian,

and art-deco skyscrapers. I found the boxy repeating patterns of a poor brutalist and the height and

luxury of art-deco to be the most compelling and filled in the rest with similar styles. Art-deco is also

inspired by Egyptian style, with the discovery of King Tutankhamun’s tomb in 1922 fascinating the

world and influencing artistic movements [11]. This similarity comes mostly in the geometric forms,

and because I was focusing on large shapes, this seemed like a logical fit. Adding some smaller details

and flourishes in the form of hieroglyphics helped add detail and make the resemblance obvious.

I gave it the fitting name of “Blockbusters”, and then I had the two main characters to set

up the shots with. While I am fairly happy with my work on the models, it is worth noting that in

order to set scale the best, it would be best to have realistic and fully functioning pieces of machinery

with visible gears and elements of construction. I strayed away from the literal construction of robots

to focus on the artistic shape language and specifically setting scale with my visual effects.

5.2.2 Asset Collecting from Online

Other props were included in the environment to help set the scene. I used several different

props from websites including Polyhaven and 3DModelsCC0 to help fill out the environment. Props

are important as points of comparison for scale. Many of these objects that were downloaded actually

needed to be rescaled in order to fit in with the proper scale of the units in Autodesk Maya.
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Figure 5.2: Slot Machine Design for Animation

While ideally every model would be created and surfaced custom for the project, I had to

cut some corners with visual fidelity in order to get into the effects as the main focus for this project.

I used these props to assemble a simple scene that I would use for this animated short.

5.3 Effects

5.3.1 Lighting Effects

In Toy Story 4, one of the primary ways that they established scale was by using environ-

mental lighting, particularly in moments where the characters are at a carnival. Each light from all

of the rides was modeled and animated, and I found this as a good way to help establish scale for

characters from having an overwhelming light from small bulbs.

When designing the slot machine, I paid a lot of attention into having specific lights on it.

There are 20 animated light bulbs that can create different patterns as players use the slot machine,

4 spotlights that move and create beams of light, several lights from the “skyscraper” on top of the

slot machine that are “on” or “off”, and even a few lights in locations that were too dark otherwise.

I animated several of these lights using Python scripts in Maya to accurately get the filaments of the

light to turn on and off, including states between perfectly on and off. I experimented with several
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light patterns that could serve different purposes and selected two for use in the animated short.

Having the lights accurately come from the filament, as well as properly heating up and cooling

down over time helps to create realistic details that would be noticeable at a smaller scale.

I decided to also give the small robot light effects in the form of shocks that come out when

he gets mad. By comparison, these lights are temporary and much smaller than the light bulbs from

the slot machine. This helps with pushing a low moment and keeping the robot as powerless as he

is using all of his power to kick the slot machine.

5.3.2 Animation Effects

While animation was not a particular focus for me, I believe that it is worthwhile to discuss

how the animation of the character and slot machine would be handled. I discuss simulated gravity

in prior projects, but as the robot moves and falls, one would expect the robot to fall with a properly

scaled gravity.

In the shot where the robot grabs onto the slot machine lever, it would pull down the lever

but with some resistance. Having the lever move slowly at first helps show a relationship in scale

between the slot machine designed for humans and a small robot. The robot dangles off of the lever,

and slowly pulls it down with a much smaller force than a human would. The lever accelerates as it

falls, but moves very slowly overall. This animation was keyframed, but it was animated with this

relationship and behavior in mind. The gravity may not be perfectly exact, as this force was not

simulated, but it was keyframed to look approximately correct as the robot swings on the lever.

The slot machine slots start spinning as a result of the lever being pulled, and while the

first two slots land in a row, the third one slows to a stop partway between a winning or losing

outcome. This slot rolls over to the losing side, showing a losing result that the robot gets mad

about. While the robot has no influence over the exact outcome of the slot machine, this situation

is the slot machine “winning” and makes the robot seem much smaller and helpless in comparison.

5.3.3 Camera Effects

I found camera placements to be extremely important for conveying scale in my chess series,

so I have decided to be extremely deliberate with my camera placements in these shots. I have

decided to use a deep depth of field for most of my shots to keep the focus on the small world of
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this robot rather than the large world that lies outside of it.

Shots that are framed from above serve to make the robot seem insignificant and small in

low moments, and shots on its level will represent the higher moments as it feels strong playing

against the slot machine. To make the slot machine seem larger, I show more of the slot machine

with a wider field of view. While the robot is watching the slot machine spin, a smaller field of view

makes the robot and slot machine appear closer and larger due to filling an increased percentage of

the screen.

In my one establishing shot, I have decided to digitally recreate a split diopter shot that

keeps the robot and the slot machine in focus. This will help to draw the two objects together and

establish a relationship between them while keeping the space between them out of focus. The split

diopter effect is recreated by rendering the shot in different focal lengths and compositing them

together afterward in Nuke.

5.4 Conclusion

Working on an animated short helped me to understand scale in a production setting and

several of the different tools that help set scale. I was able to learn how sometimes physically based

effects would not fit into every story or situation, and come up with effects that I can use in other

areas to help establish scale.

• Scale is created by several different visible factors in 3D, including models, surfacing, effects,

cinematography, and more

• Physically based effects may not fit into certain stories

• Characters can be made to seem larger or smaller in order to fit a narrative

• Carefully selecting relics of scale that fit into a production is an important part of planning a

story

In the context of this story, I believe that my lighting effects helped to establish scale, but

the cinematography and models were greater factors. This does not make effects unimportant, but it

is worth noting that other techniques may be more impactful at times. For example, if this sequence

put the robot in the rain, effects would play a larger role.
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The cinematography of this animated short was not perfect, but selecting camera angles and

focal lengths for this project allowed experimentation with what would look best. These cameras

change how the viewer sees this world, and allowing them to shrink down to the size of a small robot

allowed a different perspective than regularly standing next to it the full time.

I believe that creating the slot machine and robot models was the second most important

in establishing scale. Creating the slot machine to look like architecture would help in making it

tower over the smaller robot. The slot machine model was only able to have a lighting effect due to

the inclusion of lights. For this reason, it is extremely important to be deliberate with planning out

what methods will be used to establish scale from the start of a project, as these lights could not

have been created as easily if they were not combined with the model. The small robot could have

had several facets of scale in working gears or relics of scale, but these opportunities were mostly

avoided due to working under the intent of keeping a visually similar model as the previous project.
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Chapter 6

Conclusions and Discussion

6.0.1 Importance of Scale in Effects

Working through these projects has given me a much greater understanding of how and

when to frame objects using effects. Whether making an object seem large or small, effects can be

an important way to establish the scale of your objects.

However, I have realized that outside of extreme examples, generally other 3D production

methods and steps prove to be more effective indicators of scale. Generally, I have noticed that

the scale of simulations being incorrect will be visible, but small inaccuracies may be overlooked

depending on one’s familiarity with the subject matter. I found that I could get away with a lot in

my Wave Chocolate series through my explorations with different abstract effects, but large-scale

issues would still be noticeable.

I believe that the most important factors of scale come from composition and framing. I

was able to use several effects such as the infinite chess board or chess planet to make my games of

chess seem larger, but that was mostly due to composition rather than a physically accurate effect.

Adding small waves below a giant chess piece will make the pieces seem larger, but many people

may not know the scale of waves in the ocean if they have not seen or experienced them firsthand.

Modeling and surfacing of objects still serve to be important visual representations of scale

through comparisons. While people can make these comparisons with effects, this ultimately depends

on the level of familiarity they have with these effects.
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6.0.2 Opportunities for Continued Exploration

While I do believe that these projects helped show the importance of scale in visual effects

under several different contexts, I do believe that there are other possible extensions to projects that

may serve as further explorations.

The most important factor is removing several of these constraints when creating media

that further relates to the topics. One such example would be in creating an animated short where

effects are more ingrained in the story. While I believe that adapting an effect for an existing story

serves to suit this project, I believe there may be stories more suited for visual effects.

I made a point out of leaving out visual representations of scale in the models of several

of my projects, but I would be interested in seeing how these effects hold up if there were visual

relics of scale. One example of this would be swapping the Wave chocolate bar for a recognizable

Hershey’s one. This would likely increase the importance of scaling the effects properly and may be

a path worth exploring.

These projects were also slightly limited by hardware. In larger simulations such as the chess

collision over the ocean, the waves and smoke could have been more accurate with a smaller particle

separation and voxel size. However, due to limitations to storage space and processing power, the

particle size and volume resolution remained at a scale of 1/8th of a meter. While this looks okay

from a distance, I would have liked to capture smaller details in the smoke. These smaller details can

be created using a second simulation or other post-processing methods. Making larger simulations

appear smaller and more detailed may be worth exploring in the future.
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