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Squash and Stretch gives the animated object sense 
of weight and flexibility. The object itself should 

have a volume which should not change when it’s 
squashed or stretched. An example of this would be 

a bouncy ball and how you would expect it to 
squash and stretch with its movement.

Principles of Animation
(Unit 8 PO1)

Staging is to do with the placement of objects within a scene. By using the 
objects within the scene correctly, you can direct the audience’s attention to 
a certain place. Obstructing an animation behind a stationary pillar means 

that the audience will be sidetracked by the pillar and won’t see the 
animation itself. Also, for example, the characters should be directed 

towards the audience, this makes the audience feel more immersed with the 
experience.

Exaggeration is to do with the warping of animation elements and affects the realism 
of the animation. For example, when a cannon fires, you make the turret expand as if it 

is pushing the cannonball out of the vent by bending the shape of itself, this would 
make the animation less realistic. To make the cannon more realistic, you wouldn’t 

warp the vent.



Anticipation is where the audience is prepared for an animation 
to occur. For example, if someone were to jump off of the floor, 
they will first bend their knees and then jump, compared to the 
character just jumping. If the audience can anticipate what the 
animation is about to show, it will come off as more realistic.

Principles of Animation
(Unit 8 PO1)

Straight Ahead Action and Pose to Pose are two similar principles of 
animation and are to do with the order in which an animation is 
created. Straight Ahead Action is where the animation is created 

linearly from beginning to end, this is good for more fluid 
movement. Pose to Pose on the other hand, is done by creating the 
keyframes first and then filling animating between these keyframes. 

This is better for more emotional scenes.

Ease In and Ease Out or Slow In and Slow Out are to do with the 
acceleration and deceleration of an  object. It is derived from the basis of 
objects in the real world can’t go from 0-60 or 60-0 instantaneously, they 

must first gain or lose speed via acceleration and deceleration. By 
animating objects like this, the animation will appear more life-like. An 

example would be how a pendulum must first slow down before it reverses 
its direction.



Arcing is to do with loose objects such as limbs always rotating around its 
pivot point - i.e. a joint. If you - theoretically - were to lift up and then drop a 

dead person’s arm, it would move in parabola. Another example would be 
firing an arrow. This will have a parabolic trajectory due to the force of 

gravity and will eventually hit the ground - using SUVAT equations, you can 
calculate this.

Principles of Animation
(Unit 8 PO1)

Secondary Action is an action that follows the primary action - as 
you would expect. This is to emphasise the initial action and to give 
the scene more life. It’s the more subtle parts of the animation that 

people don’t really notice, but if they aren’t there, the animation 
won’t look right. An example of Secondary Action would be a person 

swinging their arms when walking.

Timing is to do with the number of frames or drawings within a given 
action. Having a large number of frames will make the animation longer 
but by having a large amount of frames within an animation, it may mess 
up how it transitions into another animation. By using the correct timings, 

an object will appear to obey the laws of physics much better than an 
object that doesn’t use the correct timings.

http://www.floobynooby.com/ICAN32
11/spacing-A.gif

http://www.floobynooby.com/ICAN3211/spacing-A.gif
http://www.floobynooby.com/ICAN3211/spacing-A.gif


Solid Drawing is where in an animation, you take into account the 
three-dimensional space or give objects volume and weight. This is 

done by creating 3D wireframes as a basis for the animation to show 
both the front and rear edges of the object. It is recommended that 
characters aren’t mirror images because it makes them look lifeless 

and unrealistic.

Principles of Animation
(Unit 8 PO1)

Appeal is similar to charisma, mainly that of stature. It’s to do 
with making the audience believe that the character/s are real or 

alive and not something that has been created or drawn.

Follow Through and Overlapping Action are what give the 
animation the impression of it following the laws of physics - 

like inertia for example. Things like loosely tied parts (like 
limbs) should continue to move even after the character has 

stopped moving.



Applying Animation Principles 
(UNIT 8 PO1)

https://www.youtube.com/watch?v=DJv
HHgRnKsI

This animation shows the 
Squash and Stretch 
animation principle. The 
ball bounces from the sides 
of the the cube, using the 
squeeze modifier in 3DS 
Max.

https://www.youtube.com/watch?v=IW
mx43JEe_A

This animation shows the 
Secondary Action animation 
principle. The ball collides 
with the cylinder, the cylinder 
then teeters as if it is going to 
fall. The ball comes back and 
finally knocks the cylinder 
over.

https://www.youtube.com/watch?v=WRs
1M2G3VeE

This animation shows the 
Ease In and Ease Out 
animation principle. The 
object swings from side to 
side along its pivot point, 
losing energy as it swings.

https://www.youtube.com/watch?v=DJvHHgRnKsI
https://www.youtube.com/watch?v=DJvHHgRnKsI
https://www.youtube.com/watch?v=IWmx43JEe_A
https://www.youtube.com/watch?v=IWmx43JEe_A
https://www.youtube.com/watch?v=WRs1M2G3VeE
https://www.youtube.com/watch?v=WRs1M2G3VeE


3D Animation
(Unit 8 PO1)

https://www.youtube.com/watch?v=kwCmJi30Tag

I believe that the animation shown in this video is 
overall good. Whilst it doesn’t use all 12 of the 
animation principles, it does use Slow In and Slow 
Out well with the ball and it uses Secondary Action 
and Timing well with the dominoes. I have also 
done staging correctly with the multiple cameras, 
there is no point in the animation where the objects 
are obstructed by other objects. One thing I could’ve 
done was use the Squash and Stretch principle on 
the ball to make it look more bouncy. I could have 
also used Exaggeration principle, to improve my 
animation, for use alongside the Squash and Stretch 
principle.

https://www.youtube.com/watch?v=kwCmJi30Tag
http://www.youtube.com/watch?v=kwCmJi30Tag


Keyframe Animation vs. 
Motion Capture

Keyframe animation is the standard animation technique whereas 
motion capture is a newer, better alternative. Motion capture is often 
used in AAA games where an actor wears a bodysuit with various points 
highlighted. Motion capture gives much more fluent movement and is 
really good when for things like realistic facial expressions. Keyframe 
animation on the other hand is much, much cheaper to do due to the 
fact that you only need a piece of software - or even a pen and paper to 
do it. Motion capture requires hardware, a studio and multiple actors 
when you want to make something in line with The Last of Us or 
Avatar; two media productions which used motion capture.



Medieval Vehicles



Vehicle Designs - Traditional 1

The image shown to 
the right is the initial 

mockup of what I 
want my vehicle to 

look like. It is crudely 
done but gave me the 

basis of the vehicle 
that I was trying to 

develop in this 
project. It contains 

little-to-no detail and 
is formulated of basic 
shapes. However, you 

can see that the 
vehicle will be using 4 

wheels and that the 
chosen weapons are a 
battering ram and a 

catapult.



Vehicle Designs - Traditional 2

The image shown to 
the left is the second 

mockup of what I want 
my vehicle to look like. 

I have added more 
surface detail to show 
which textures should 
be used on my vehicle. 
Due the the historical 
theme, I have chosen 
for my vehicle to be 

made of wooden logs - 
due to its abundance at 
the time. This means 

that it's not very 
resistant to fire.



Vehicle Designs - Traditional 3

The image shown 
to the right is the 

final mockup of my 
vehicle. I have 

darkened the lines 
and tried to 

improve the overall 
quality of the 

drawing.  My idea is 
that battering ram 
will be made of 3 
textures; wood for 
the base, a silver 

metal for the ring 
and a golden metal 

for the end.



Vehicle Designs - Digital

The image shown 
to the right depicts 

the front view of 
my vehicle. I have 
added colour to 

the design to help 
the perception of 

the textures.

The image shown 
to the left depicts 
the rear view of 

my vehicle.

The image shown 
to the right depicts 

the side view of 
my vehicle.



Name: Urdad;

Top Speed: 30 mph;

Weapons: Catapult; Battering Ram;

Ammo Type: Boulder; Small Rocks;

Ammo Quantity: Unlimited;

Seats: Driver; Passenger;

Seats Total: 2;

Material: Wood Logs; Wood; Silver; Gold;

Vehicle Information



The next thing I did was extrude every other column and then 
chamfer the edges created. After that, I did the same to the 

non-extruded faces and chamfered again.

Modelling The Vehicle -
Vehicle Base

To create my vehicle base, I created a box and deleted some faces 
where the windows were to be located. I then used the shell modifier 

to hollow out the vehicle whilst also keeping the model closed.



I then selected some of the polygons on the top and used the detach 
tool to separate the roof into two pieces and used the shell modifier to 
create an inside to the object. This is where the catapult will be hidden.

Modelling The Vehicle -
Roof

To create the roof, I used a cylinder, deleted three-quarters of the 
polygons and bridged the edges. Then I closed off the model by 

bridging all the edges together.

Using what I detached from the roof, I created the roof door. This is one 
piece and will rotate round to open. This fits perfectly against the other 

roof section.



To create the catapult I started out with a small box. I then 
extruded the sides and extruded again to create the basis for the 
catapults cup. I then indented the cup part and chamfered the 

inside and outside.

Modelling The Vehicle -
Catapult and Battering Ram

To create the battering ram, I created a basic box and gave it a 
prism end.

I then created 4 spheres and added them to the box using 
proboolean. This adds depth to the model.

Finally, I added more detail to the model by extruding some of the 
faces and flattening the point.



Final Finished Model 
Contrasted With Initial 

Designs

For the most part, my model has stayed true to my designs, besides one feature; the 
reloading system. My initial idea was that the boulder would come out of a side 
door and fall into the catapult, this would mean that the ammo doesn’t magically 
appear. I have decided not to do this due to the fact that my vehicle is hollow 
meaning that when you look at the vehicle from the rear, the ammo will still 
mysteriously appear out of nowhere. I also believe that the door and rails would 
look out of place on the side of my vehicle.



Texturing The Vehicle

After modelling the vehicle, I textured it to give it more 
detail. The final model is on the left, the final textured 

model is on the right.



Vehicle Animation - 
Breakdown

To animate the vehicle I used 
keyframe animation. I have 4 
animations, the first of which 

engages the catapult; this moves 
opens the roof out of the way 
and raises the catapult. The 
second I have is the catapult 

firing; this rotates the catapult 
around. The third is the catapult 

disengaging, this moves the 
catapult back down and closes 
the roof. The final animation is 

the battering ram attack, this 
shoots the battering ram 

forwards in a short space of 
time.

When animating 
something within 

3DS Max, using the 
hierarchy is the best 

option. Using it allows 
you to move, rotate 
or resize the parent 
object and all of its 
children will move, 

rotate or resize in the 
exact same way.



Vehicle Animation - Catapult 
Engage - Visualised

Frame 30

At frame 30 of the animation, 
the catapult is fully engaged.

Frame 10

At frame 10 of the animation, the 
catapult begins to rise along with 
its risers. As you can also see, the 
roof is mostly open at this point.

Frame 0

At frame 0 of the animation, 
the roof begins to open. 
Above you can see it at its 
start position.



Vehicle Animation - Catapult 
Fire - Visualised

Frame 100

At frame 100 
of the 
animation, the 
catapult is 
starting to 
retract.

Frame 70-90

Between 
frames 70 
and 90, the 
animation is 
frozen in this 
state. The 
catapult has 
been fully 
fired at frame 
70.

Frame 60

At frame 60 of the 
animation, the vehicle 
is at the start state of 
the catapult fire 
animation.

Frame 200

At frame 200 of the 
animation, the 
catapult is back at its 
original and can now 
be retracted or fired 
again.

Frame 105

At frame 105 
of the 
animation, the 
catapult 
moves 
forward 
slightly giving 
it a ‘jumping’ 
effect. This is 
more like a 
real catapult.



Vehicle Animation - Catapult 
Engage - Visualised

Frame 260

At frame 260 of the animation, 
the roof and catapult (and its 
risers) are all back to their 
starting positions.

Frame 230

At frame 230 of the 
animation, the roof begins to 
close; reverting back to its 
original position.

Frame 220

At frame 220 of the animation, 
the catapult and its risers begin 
to descend back to their original 
position.



Vehicle Animation - Battering 
Ram Fire - Visualised

Frame 300

At frame 300 of the 
animation, the battering 
ram is back to its default 
position.

Frame 175

At frame 175 of the animation, the 
battering ram fires forwards as a melee 
attack for the vehicle. It doesn’t work 
quite how a normal battering ram 
does but it’s still good for barging 
other objects or vehicles out of the 
way.

Frame 170

At frame 170 of the 
animation, the battering 
ram is at its default 
position.



Vehicle Animation - Video

https://www.youtube.com/watch?v=kwCmJi30Tag 

http://www.youtube.com/watch?v=aAIfFAEjD9o
https://www.youtube.com/watch?v=kwCmJi30Tag


Exporting Model From 3DS MAx

When exporting from 3DS Max I used the following 
options:

- Geometry > Smoothing Groups
- Geometry > TurboSmooth
- Geometry > Convert Deforming Dummies to 

Bones
- Geometry > Preserve Edge Orientation
- Animation > Animation
- Embed Media > Embed Media
- Units > Automatic
- Axis Conversion > Z-up



Unity Test Environment - 
Images
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Unity Test Environment - 
Explained

Image 1 shows the boost. The two white boxes will open and 
close the boost canvas (code: page 34; documented: page 42).

Image 2 shows the starting point of the player. The white box 
disables the movement controls canvas (code: page 34; 
documented: page 42).

Image 3 shows some of the obstacles in my test track. These 
are bumps and a ramp, both of which make maneuvering 
more difficult (documented: page 43 - in video).

Image 4 shows the direction in which the player should 
progress around the track. However, nothing prevents the 
player from travelling the other way around the track.



Scripts Used

In my project, I have 7 user created scripts. These are;

spinItem.cs - this spins some of the obstacles around.

vehicleAnimations.cs - this checks for key presses and animates the vehicle 
accordingly.

particleController.cs - this enables and disables the wheel smoke particle system I 
have used.

notOnCatapult.cs - this checks to see if the boulder is on the catapult and acts 
accordingly.

menuController.cs - this shows and hides all of the canvases at any given time.

wakeUp.js - this activates and deactivates objects in my game based on if they are in 
view, this reduces lag in the game.

smoothFollow.js - this makes the camera follow the vehicle.

driveMe_new.js - this is what controls the movement of the vehicle.



spinItem.cs



vehicleAnimations.cs
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smoothFollow.cs



driveMe_new.cs



Particle System 1 -
Flare

The first particle system I added into my 
vehicle project was a flare. This is used to 
indicate the start of the loop, this is also 
the place where the controls menu is 
hidden from view. The particle system is 
used to add depth to the environment, 
and as a visual element, it does better 
help outline where the start point is.



Particle System 2 -
Dust Storm

The second particle system I added into 
my vehicle project was the dust storm. 
This adds a visual element to part of the 
environment by making it harder for the 
user to see where they are going, this is to 
add difficulty to the track created as the 
user is more likely to crash their vehicle 
or spin out.



Particle System 3 -
Smoke

The third - and final - particle system I 
added into my vehicle project was the 
smoke particle system. I added this to the 
wheels when the user uses the brakes. 
This is to ‘emulate’ some sort of friction 
as the smoke made would be generated 
from the heat created when two objects 
rub together.



Particle System -
Critical Evaluation

One of the particle systems I used, the Dust Storm 
particle system, is good because of how it can limit the 
player’s view making the game harder. When compared 
with AAA games - like Horizon: Zero Dawn for 
example, it looks terrible. In my particle system, there 
is tis layering effect which ruins the overall quality of 
the dust storm.



The image above shows the controls 
menu to the player. This tells them 
straight away how to drive the vehicle so 
they don’t have to look around any 
menus to find out how to drive or use 
the vehicle in any way.

The image below shows the boost menu. 
This tells the player what exactly the 
thing on  the floor in front of them is. 
This menu will only show up once so if 
the player drives round the 
environment multiple times, they won’t 
be reminded each time.

On Screen Prompts



Project Tech Demo

https://www.youtube.com/watch?v=ZpV2n9Ou81U

https://www.youtube.com/watch?v=ZpV2n9Ou81U
http://www.youtube.com/watch?v=ZpV2n9Ou81U

