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DreamWorks’ Trolls

DreamWorks’ Trolls has a magical yet 
believable world of tiny creatures.



The World of Trolls

Trolls are small; x16 smaller than us. 

* What are Trolls like?
* What’s their world like?
* How can we bring 
an audience into 
this Troll world?

This talk presents some ideas that I shared with 
the crew. Not all of them are good ideas.



Creating Scale

What makes these 
machines seem 
monstrously big?

What makes these 
dragons seem 
curiously small?



Relative Size
Using objects of known size is the 
most common way to show scale. 

How big is 
this dragon? 

The humans 
give the scale 
for the size of 
the dragon.



Ambiguous Relative Size
Visual cues are 
ambiguous in 
fantasy worlds.

Troll

Bergen

Are the Trolls tiny or
are the Bergen giants?



Gravity Timing

Timing of motion due 
to gravity is a physical 
cue for size.

For constant acceleration, 
the distance travelled 
goes as the square of the 
time elapsed.

Baseball falls 
for 3 frames

Bowling ball falls 
for 6 frames

Bowling ball is x4 size of 
baseball and takes x2 time 
to fall comparable distance 
(one diameter).



Humans & Trolls
Basic motion occurs x4 faster for Trolls. 

Humans: Apple hits floor in 12 frames.
Trolls: Apple hits floor in 3 frames.

Gravity is unchanged; the apparent 
acceleration is entirely due to the 
Troll’s small scale perspective.

Example: Drop apple from shoulder height.



Scale Models
Scale models filmed with high speed 
cameras at x3 normal will appear to be 
x9 times larger when they explode.

Apparent size goes as 
the square of the timing.

Tanker truck explosion from 
The Terminator (1984)



Reference for Madagascar 3

The scale increases by a factor of 
x36 due to x6 slow motion timing.

Reference was shot at x3 speed 
then digitally boosted to x6 speed.

Two foot chain swings 
like a chain of animals 
that’s 72 feet long.



Slow Motion & Scale

Visual contrast is 
needed when 
using timing to 
create scale.

This can be 
achieved by 
compositing or 
simply using cuts. 

Jason & the Argonauts (1963)

Poseidon and rocks in slow motion.
Jason and the Argo in real time.



Slow Motion & Scale

The enormous 
scale of Poseidon 
is lost when we 
remove the slow 
motion timing.

x3 Playback



Jack the Giant Slayer (2013)

This scene has few visual cues to indicate 
that the warriors are actually huge giants.



Scale & Motion Capture

Motion capture used for character animation often 
retains the original scale in the character’s motion.

Jack the Giant Slayer (2013)



Captain America: Civil War (2016) 

Motion capture was used for Ant Man but the 
timing was digitally slowed down to create scale.



Cadence Timing of swinging 
pendulum is also 
gravity timing

Cadence (steps per minute) 
is a physical cue of size.

Pendulum x4 longer 
swings in x2 the time 
regardless of angle.

x1

Time
x2

The slow, 
lumbering 
walk makes 
AT-AT feel 
huge.



Walking Speed
Walking speed is a 
physical cue for size.

Long legs swing 
more slowly than 
short legs but also 
have a longer step 
length.

Legs x4 longer have 
x2 walking speed 
since x4 step length.

x1
Distance

x4

Time
x2



Empire Strikes Back (1980)

Notice the timing of the giant walkers, 
which were stop-motion animated.



Humans & Trolls
Cadence is x4 faster for Trolls but 
absolute walking speed is x4 slower. 
Humans: Walk cycle is 24 frames.
Trolls: Walk cycle is 6 frames.
Humans: 2 to 4 miles per hour
Trolls: ½ to 1 mile per hour

Trolls walk briskly but it takes them a 
long time to cover human distances.



Timing 
in Trolls

Trolls move 
quickly relative 
to the lumbering 
motion of the 
Bergen



Allometry

1 ounce        1 lb                 100 lb                10,000 lb

1000

100

10

Beats 
per 
minute

Strong correlation 
between heart rate 
and animal size is 
predicted by physics



Size, Area, and Volume

Big cube is 2x the size 
so it has 4x the area 
and 8x the volume.

Area goes as: 
(Size) x (Size) = (Size)2

Volume goes as:
(Size) x (Size) x (Size) = (Size)3



Bone Strength and Weight

Bone strength scales as area,
Weight scales as volume.

x3

x9x27

Bone that is x3 in length 
has x9 the strength but 
with x27 the weight.

x1

x1

x1



Skeletal Fraction
Skeletal fraction is a 
physical cue for size.

Rabbit Elephant

Skeleton is 9% of total weight for rabbit and 
27% for elephant (their size ratio is 15-to-1)

Bone strength scales 
as area while body 
weight scales as 
volume.

Thin 
bones

Thick 
bones



Posture

Elephant

Posture is a physical cue for size.

Large animals need to stand 
straight so as to minimize 
strain on bones due to weight.

Horse
Cat Rabbit

Posture, measured as 
mechanical advantage of 
limbs, scales as size



Size and Posture

These dragons are about 
the size of an iguana so 
their posture is similar to 
that of an iguana. Anole Lizard

Komodo Dragon

Iguana



Humans & Trolls
Small mammals crouch and 
slouch. For trolls this lacks 
appeal so it was not done.



Muscle Strength and Weight

Muscle strength scales as area,
Weight scales as volume.

x3

x9x27

Leg that is x3 in length 
has muscles that are 
x9 the strength but 
with x27 the weight.

x1

x1

x1



Humans & Trolls
Trolls are strong for their size. 
Humans: Lift a 90 lb. weight.
Trolls: Lift a 6 oz. weight.
Humans: Lift x½ of body weight.
Trolls: Lift x3 body weight.

Trolls can easily throw each other around.



Weightlifting in Trolls

King Peppy 
runs while 
carrying a 
dozen trolls 
on his back



Relative Stiffness
Relative stiffness is a 
physical cue for size.

Stiffness goes as area; 
weight goes as volume.

Thread, string, and rope 
differ by about x4 in size 
(length and diameter) 
and they are made of 
similar materials.

Thread String Rope



Hair - Kirchhoff Theory
Straight hair has two basic shapes, erect or 
flaccid, depending on its relative stiffness, .

 = 1 (Buckling transition)

Erect

Flaccid

 decreases when:
• Hair grows longer
• Density increases 

(e.g., hair is wet)
• Elasticity decreases 

(e.g., wet hair and 
some hair products)

Large 
(Short
or 
Stiff)

Small 
(Long
or
Limp Relative Stiffness =                      =  Elasticity

Weight



Kirchhoff Theory for Curly Hair

 = 1

Large 
(Short
or 
Stiff)

Small 
(Long
or
Limp Small 

(Straight hair)
Large 
(Curly hair)

α 1/ β


= 

1
α 1/ β

Relative Curliness =                                      =  Length of the Hair, L
Radius of a Curl, R

Trolls



Hair in Trolls
Hair in 
Trolls is 
often 
physically 
realistic

But in some 
shots it’s 
wacky



Surface Tension 
& Stiction

Surface forces, 
such as surface 
tension of a liquid 
or stiction between 
solid surfaces, are 
significant at small 
scales.



The Secret World 
of Arrietty (2010) 

Large surface tension and 
stiction forces indicate the 
scale of the tiny Borrowers.



Stiction in Trolls
Branch easily 
climbs up a 
fabric curtain



Burning and Dissolving
The time it takes to burn 
or to dissolve is a 
physical cue for size.

Burn or dissolve 
rate goes as area 
but total amount 
goes as volume.

Kindling is consumed 
quickly while large logs 
take longer to burn.

Cubes dissolve 
slower than grains.



Humans & Trolls

Humans: Log burns for one hour.
Trolls: Log burns for 4 minutes.

Fire burns quickly in the Trolls’ world 

Humans: Match burns for 30 seconds.
Trolls: Match burns for 2 seconds.



Fire in Trolls
Poppy’s guitar 
burns completely 
in just seconds



Maximum Falling Speed
Weight goes as 
volume but force of 
air resistance goes 
as (area)x(speed)2

Maximum falling speed 
(due to air resistance) is 
a physical cue for size.

Squirrel: 
25 mph

Cat: 50 mph

Human: 
120 mph



Humans & Trolls

Humans: 120-140 mph
Trolls: 7-8 mph

Maximum impact speed from a fall, 
regardless of height.

Trolls cannot be injured by falls. 



Falling in Trolls

Living in tall trees is 
perfectly safe for Trolls.

Trolls have no fear of 
falling from great heights.



Loudness of Sound
Loudness is 
proportional to 
physical volumeLoudness (amplitude) 

of sound is a physical 
cue for size.

Compare sound of cat and lion

Loudness gives scale to 
an explosion, especially 
when it is far away



Pitch of Sound Frequency goes 
inversely with 
wavelength, which 
scales with pipe or 
string length.

Pitch (frequency) of sound 
is a physical cue for size.

Pitch drops one octave 
when pipe length doubles

Compare pitch of 
ukulele and cello

Mouse hears 
4 octaves 
higher than 
elephant.



Humans & Trolls
Trolls’ voices are 35 decibels lower 
(Horton-Who effect) and 4 octaves 
higher than human voices (Alvin effect).

Humans: Singing Middle C (C4)
Trolls: Singing C8

(highest note on a piano).

Troll hearing is similarly shifted.



Voices in Trolls

Smidge is the 
smallest Troll 
but has the 
deepest voice



Epic (2013)

The voices of the 
tiny creatures 

are high pitched 
and low volume.

To the human 
ear they sound 
like soft buzzing.



Eating
Food consumption as 
percentage of body 
weight is a physical 
cue for animal size.

Caloric energy 
required goes as 
area while body 
weight scales as 
volume

Mouse 28%

Squirrel 18%
Leopard 5%

Zebra 2%



Humans & Trolls
Trolls are big eaters, by body weight. 
Humans: 2000 calories per day
Trolls: 10 calories per day
Humans: 2 Big Mac meals
Trolls: 16 Big Mac meals

Trolls are also big drinkers.

Humans: Eat 3 meals per day
Trolls: Eat 24 meals per day



Eating in Trolls

Poppy eats this berry in one bite; it’s just a quick snack



Longevity Total heartbeats 
per lifetime is 
about one billion.

Longevity is a 
physical cue for 
animal size.

Mouse: 3 years

Cat: 10 years

Human longevity is roughly 30 years, without medicine.

Donkey: 40 years



Humans & Trolls
Trolls go through life quickly. 

Humans: Gestation: 280 days
Trolls: Gestation: 90 days
Humans: Maturity: 14 years
Trolls: Maturity: 1 year
Humans: Lifespan: 40-80 years
Trolls: Lifespan : 6-18 years

Estimates based on data for marmosets and mice.



Aging in Trolls

Poppy is a baby 
at the beginning 
of the film and 
20 years later 
Poppy is a 
young adult.



Breaking the “Rules”
Physics provides ideas and guidance, not rules.

Only rule you should follow is:
Always do what is best for the story.



That’s All Folks!

Send questions or 
comments to:

Alejandro.Garcia@sjsu.edu

Thank you!




