Math plays a crucial role in

creating a film. Film production
and animation involve a variety
of math techniques such as
statistics, trigonometry, algebra,
geometry, subdivision surfaces,
and more.

Math 1in Film

Hyperfocal distance: affects the
camera’s depth of field (which objects
are in focus in a shot)

To determine depth of field, one must
determine the hyperfocal distance, which
is the smallest distance where all the
objects from half this distance to infinity
are in focus.
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Inverse square law:

Influences how the crew chooses
to light a scene so it can be shot
with desired effects

Linear equations:

For all the points in a frame, it
must be determined how much
light is traveling between them.
With typically 1 million to 10
million pieces and one equation
per piece, that’s a lot of equations
to solve to create an entire film!

“We typically end up
with about 300 degrees
of freedom in these
characters and perhaps
700 controls.”

2D to 3D animation:

3D animation exists on a x,y,z plane
and can do things that are
impossible for 2D characters to do.
2D animation was usually drawn
frame by frame but 3D animation

Harmonic Coordinates: helps
simplify the controls needed to
animate/move a character

Harmonic coordinates-describe how
interior points move within polygons
in the plane

To obtain harmonic coordinates that
behave just the way they want,
animators solve Laplace’s equation:

uses computer controls to move
characters like a puppet with digital
strings.
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costs, ratings, movi
of the film industry

Statistics: used to gather data about production

egoers, and predict the future

repeatedly splitting and
averaging a midpoint

of a line points)

midpoints:
1. Split - add midpoints (making 8

2. Average - move those points to the
midpoint of their clockwise neighbor
and repeat split (making 16 points)
3. Put those two steps together (average
and split) creates subdivision
4. Repeat until it is smooth

Global box office
revenue predicted to
increase to nearly

More than 1.2 billion
movie tickets sold in
the U.S.in 2015

$50 billion in 2020
Global box
office revenue
is about $38.3
billion -
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—> 2006

Timeline:

Tony DeRose won a scientific and technical Academy
Award for his work with subdivision surfaces. After
receiving a Ph.D. in computer science from Berkeley, he
became a professor of computer science and engineering
at the University of Washington and then went on to
become a Senior Scientist at Pixar.
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—> 1832 —> 1930s
Phenakistoscope: Animators at Walt Disney Studios
Invented by Belgian developed the principles of animation
physicist Joseph which include:

Plateau, this early -The arc principle-almost all actions
animation device follow some form of arc like a
consisted of two bouncing ball following a parabolic
spinning disks that path

when reflected in -Squash and stretch principle-dilation
mirrors, it appeared is used for stretching and shrinking an

as if the drawings object like how showing a slight

—> 1995

Toy Story is known
to be the first feature
length film that was
fully computer

Tony DeRose gave his TED talk about how
math is used in movies, and encouraged his

were moving. stretch when a ball falls infers speed animated. audience, especially kids, to learn as much
and a squash as it bounces infers math as thfiy can so they can help create the
weight technologies of the future.
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) —> 1970s a short film called
was invented by 40
British mathematician Pixar Animation Studios -omp uter
William Horner and it created a 3D rendering A’; W}?{ed Hand, —> 1997

which is

involved a cylinder
with vertical slits and
pictures on the inside.
While the cylinder was
rotating, the images
would appear to be
moving.

computer program, called
Renderman, which has
been used to create
numerous films.

considered the
first example of
3D digital
rendering.

> 1972

The technique of subdivision surfaces
was first used in animation to create
the character Geri in the Pixar short
called Geri’s Game, which won an
Academy Award.

Brave was released, which demonstrates
how Pixar has continued to use and
develop subdivided surfaces and their
animation skills. Merida’s hair alone
consists of 100,000 individual elements!
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Images:

http://biginmicrostock.com/pages/photography/Focusing-on-hyperfocal-distance.html
I chose this image because it displays what hyperfocal distance is in a simple way for anyone to understand. It helped me grasp the idea of
what exactly hyperfocal distance means and what objects would therefore be in focus in the shot.

http://www.xpmath.com/careers/topicsresult.php?subjectID=3 &topicID=15

This image displays the mathematical process of transformation, specifically reflection, rotation, and translation. One of the topics I discuss
relating to film is coordinate geometry and transformation allowing animators to move and change their characters/objects. Therefore, this image
shows what transformation is, and how math can be used to move an object around a space.

https://www.ndeed.org/GeneralResources/Formula/RTFormula/InverseSquare/InverseSquareLaw.htm
To provide the equation for the inverse square law, I decided to add this image because I like how it states the equation but also shows how
the equation works so that viewers will be able to understand it better.

http://http.developer.nvidia.com/GPUGems2/gpugems2 chapter07.html
I chose this image because I think it displays a great representation of what subdivision surfaces are. After reading about the steps of
smoothing out a surface, viewers can see from the image what happens to the surfaces visually. As the process starts with a cube, it can be seen how



splitting and averaging can lead to the addition of more points until it eventually appears smooth. Reading about the process may make it seem
complicated, but I think the image makes it easier to understand.

http://www.mpaa.org/wp-content/uploads/2015/03/MPA A-Theatrical-Market-Statistics-2014.pdf

I included this image to show how statistics also plays an important role in the film industry. After including an example of three statistics I
found, I thought it would also be helpful to give an example of a bar chart displaying film statistics. I wanted to show that graphs we learned about in
class are also used when studying film revenues, ratings, attendees, as well as used to predict where the film industry might be heading in the future.
Although this chart is from 2014 instead of 2015 like my other statistics, I wanted it more to show how the data can be displayed instead of the actual
data that is included in the graph.

http://www.mhsgent.ugent.be/engl-plat5.html
I chose to use this image because whenever I read about older inventions that are not still used today, it’s hard for me to comprehend exactly
what it looks like or how it works. This image shows what a phenakistoscope looks like and also how someone can use it.

https://zoetropic.wordpress.com/about-zoetropes/

Similar to my reasoning for the phenakistoscope image, I wanted to include an image that shows what a zoetrope looks like and how it is
used. I think this image displays to the viewer what it looks like and also how the vertical slits and the pictures on the inside of the device can create
the illusion of movement while the device is rotating.

http://animateducated.blogspot.com/p/blog-page 31.html?m=0
I chose this image because it displays what I talk about relating to the principles of animation. It easily shows how animation of a bouncing
ball involves the use of math by stretching as it falls and squashing as it bounces.

http://www.digitaltrends.com/gaming/give-hand-first-3d-computer-animation-1972/
I included this picture on timeline because I wanted people to see animation that dates back to the 1970s. The short created by Ed Catmull
played an important role in the history of animation and this image shows the first step in creating 3D animation.

https://en.wikipedia.org/wiki/Toy Story (franchise)
I included this picture on the timeline because it’s a familiar logo to everyone who has seen the movie 7oy Story and it’s a fun, colorful image
to add that will capture people’s attention.



https://54disneyreviews.com/2015/05/12/pixar-review-8-geris-game/

This image shows the character Geri from the short Geri’s Game, which I mention on my timeline. I think it is a simple, cute image to add
but it also shows how much animation goes into creating something like this. Every aspect of the image used subdivided surfaces like his face, his
hands, his jacket, and his clothes. Therefore, I wanted people to see how the final product can look after all the behind the scenes math and
animation techniques are used.

http://www.huffingtonpost.com/tim-chartier/pixar-math-inside-and-out b _7756552.html

I chose to also include this image of Geri’s hands because it shows what the animation looks like before and after subdivision occurs. In the
first image, viewers can get a good sense of how many points and faces there are but the second image shows that one can obtain a smooth looking
hand after subdivision occurs.

http://www.momtrends.com/2012/06/exclusive-interviews-with-the-cast-and-director-of-brave/

This image of Merida from the film Brave is included because I wanted to include another popular Pixar movie that is more recent to show
how animation has developed from how it began to where it is now. Also, this specific picture of Merida shows how complex her hair is, which also
infers how much behind the scenes work went in to creating this movie.

https://www.youtube.com/watch?v=_1ZMVM{4NQO

This image is a still shot from the video in which Tony DeRose gives his TED talk. I decided to include this image of Tony DeRose because
I think it provides viewers with a good sense of who he really is. He is presenting to a large audience about his research and his love for math, and he
really is able to inspire others and I think that can be seen through the image. It also shows him holding a model of Geri’s hand, which was a part of
his first project working with Pixar. Geri was the first character he worked on, and is therefore his favorite character.



