Tutorial 9.1: Animating a Bouncing Ball

I've had several students goto Interviews with a studle, and the studio - after

the Interview — performs a brlef skills test, The test was, S0, youte tool is
Maya? Ok, cool. Over there on that machine is Maya, Please animate a nicely
bouncing ball, We'll be back in 10 minutes to see how youTe delng”

" The reason for this is simple. There are a lot of Impertant znimation principles

going of with a bouncing ball - mast critically, the idea of Squash & Stretch,

- it the veritable flour sack {the movement test of many early 2D animators) of

3D animation. So let’s see what we can da.

Step 1: Create a new scene and in this scene create a polygon piane for the

graund and a polygon sphere for the balf {Flg, 9.1).

Step 2: Move the axis to the bottorn of the ball. In the slde View Panel,

select the sphere and the held d and then v dewn [d to move the object’s
axis and v o snap to a vertex), and move the axis of the sphete to the very
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bottomn of the bal,

Why?

The default manipulator is In the middle of the sphere, which means that
when the sphere squashes the battam of the sphere weuld ift off the

Isthat the sphere should squask: from the bottom of the sphere (where
the sphere will contact the ground), so we need to move the sphere's axls
there,

ground (it wil} scale from the middle of the sphere). What needs to happen

Step 3: Sbap the sphere to sit tight on the ground, In the side View Panel,

hold x {snap to grid) and move the sphere up sp that It's sitting right on
the piane (Flg.9.2).

Why?

Semetimes, close Is good, But when anitnatling something waiking or
hopping, "tlose” isn't gond enough, That hall needs to really hit the ground -

of vertices becomes very valuable.

not pass through It, not float abave it~ but be right on the ground.Th_e same
would go for feet If the character was wallking, This is where snapping to grid

Step 4: Freeza transformatlons, Select the sphere and choase Modify >
Freeze Transformations,
- pte

Why?

We've moved the sphere from where It was first created. This means that
H has dirty transforms (likely Translate ¥ = 1). This means that to get the
sphere back on the graund, we need 1o get Transiate Y ta exactly 1 [and
remember that this happens to be the value for this situation). A more
Intuitive mathod is to Just have the sphere he a ¥ = 0 when itis on the
ground. By freezing the transformations, we telf the sphere to make this
position lts origin. After this, If we ever want ta be sure that the sphere s
an the ground, we can just enter 0 in the Channe! Box for its Translate Y,

( } Step 5: Set the Anlmation praferences, Do this by choosing Windows >

Settings/Preferences > Preferences. Ih the left of the Preferences window,
lock for the Settings sectlen and click on the Time Slider section beneath
that, Then, change the Playback Speed to Real-Tima {24 fps). Click the Save
button to save changes and close the window,

Why?

Maya, by defalit Is a bit of a show off, When an animattan Is played, it plays
every frame as fast as It can, While this might show how great Maya can
handie information, 1ts uselass far animators attempting to find timing. By
changing this Playback Spead to Real-fime, Maya will play the frames back
&t 24 framas par second. If it can play it back faster than that — it'll restraln
itself and stlif onfy show 24 fps,

Of caurse, the bad part of this Is that if the scene is tao complicated

for Maya to playback at 24 fps, 1t will start dropping frames to keep the
piayback speed. Luckily for us, we wan't be working with a scene that is
complicated enough for that to be a problem,
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Step &: Set a keyframe at frame 1 for the sphare, Do this by selecting the
sphere and hitting s,

“This first keyframa is impartant as i lets Maya know*this s where the

Why?

It seems lke nothing happens, but If you leok at the Time Slider, there
will be a red line on frAme 1 (assuming that the Current Time Marker is at
frame 1} indicating that this is a keyframe.

antmation should start, and the shape of the sphere before It starts
deforming”

FREEZE TRAMSEGRMY

Stap 7: Animate the squash with a keyframe at frame 8. To do this, first
move the Current Time Marker te frame 8. Then, with the Scale Toel, first
scale the sphere down in f only by dragging on the green cube handle,
Then, scale the sphere up In all directians by dragging on the middle light
biue cube. Finally, be sure and hit s to set the key (fig. 9.4),

Why?

To make a ball befievably hop on lts own accord, we must take hints from
how a person would hop. The first thing a persen does when hopping Is
compress the muscles that will provide the upward thrust— he squashes.

But it's not enough just to make the sphere get squattler. Thera is an
Important cancept ity animation cafled “Conservation of Velume which
focusas on the amount of material that is in an object retmaining constant
tegardless of how it defarms. If this sphere were a ballogn and we pressed
down an the tap, the amaunt of alr within the balloon wouldn't change, It
would just zeshape. This means that as the sphere gets shorter in ¥, It has
te get wider {fatter) in Xand Z.

Step 8 Animate the stretch at frame 12, Do this by moving the Current
Time Marker to frame 12 and then use the Scale Tool again to scale the
sphere tall {with the green cube handle}, and then very skinny (with the
biue cube handle), Hit s to set the key {Fig, 8.5).

Why?

This Is the second half of the eritical Squash & Stretch principle. Asa
persan jumps, he uncolls those compressed muscles and stretches cut to
a long pose before lifting off the ground. This explosion of energy happens
much faster than the squash {thls is happing over four frames hera),

Notice that we are afso still werking with Conservation of Volume, As the

sphera gets reaily tall, he needs to get really skinny,

Current Time Marker to frame 24, Use the Move Tool and move the sphere

q Step %: Set the keyframe for the top of the hop. Ta do this, move the
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up Into tha air 2fong the Y axis to wheze you figure the top of the hap
would be ('m using ¥ = 8}, Then, In the Channel Box, changa the Scala X, Y,
and Z values ta 1. Hit s to set the key {Fig. 9.8).

Why? )
One of the advantages of freezing the transformations as we did earller Is

that when the ball needs te get back to regular size {Scale), we can just set
the Scafe X, Y, and Z to t in the Channel Box ard we're there,

In other news, in this step, we are both moving and scaling, but hitting s
once will set the keys for Scale and Positicn {and Rotation too, by the way,
even though we aren't changing thish

Step 10: Increase the visible frames to 48, Do this with the Range Slider by
dragyling the right end of it owt to fill the entire 48 frames,
Step 11: et the keyframe for the landing. To do this, we'll explare alltle
bit different method. This keyframe on the landing will ook very simitar
1o the keyframe where the sphere leaves the greund (frame 12}, Move
the Current Time Marker to frame 12 and then right-click-held on it and

. choase Copy. Then, move the Current Time Marker to frame 35 and agaln
right-ciick-hold and choose Paste > Paste (Fig, 9.7).

Why? .
This Is frequently a problem for students, They know that when the
character hits the ground, they squash. The important detail here is that
it's because the character hits the ground that he squashes. This means
that the mament the ball touches the ground, it stilt needs to be stretched,
1¢'fl squash In fust a bit,

This method of capy and pasting keyframes can help speed time up and

generate some nice consistency across the anlmation. it tums cut that
Maya's copy/paste mechanism is really deep and can be reaily complex.

But for this situatlon, the standard methed shown in step 11 works great.




Step 12: Copy and paste the squash keyframe to frame 40, Copy the key at
frame B and paste it into frame 4C.

Step 13: Copy and paste the rest key from frame 1 to frame 48. )

Step 14: Play the animation. Do this with the VCR fooking controllers in the
Time Slider or by hitting Alt-v (Alt-v will also stop the playback).

Refining Animation . i
Wel, it's moving. And it’s got squash and stratch happenlng. But it's stll a long
way from plausible orappealing. This Is the nature of animation — at least for me.
My first pass is almost always wrong — o at least not right.

This is where the power of the computer as an animaticn tool starts
emerge. We're not tied into the choices of titing or position, and In fact, we
" can change things in a hurry.

|
Overwriting Keys i —— , FiG 9.1 Agaln, two animatien
Thee first way we're going to lock at editing animation is te simply write over ! curves s ey would appearn the . i
- . i hich the distance
an existing keyframe. This is pretty easy; just mu\;e t:e Cu:re:it'l'im;e N};r_keret: | Graph Editor. Conv;ar;ely, th; In';iag:horl\fthfe t;:sl:itjzt:‘;v:e ar ::?:i?;‘;itt?e r_u:npared 0 that
when s Is hit again, this n i R traveled over the first half o
:Eﬁ:‘::; :::Itaaclée;ciyof;js;iem make changes an i ‘ traveled over the second haif of the tlme. This i an object that travels very
. lowly at first and speeds up as It goes, .
s ig i Marker s 3
Stef]: 13 Makehthe hupf?;gh;::u;:;g:: E:::;::gf:r:::: It?: sphere l The funny thing about those two graphs is that the keyframes themselves
::: ; m(ﬂ : 4\?_91 ;?lel}t 5 t: cvsr;vr'lte the keyframe. | are identical - it's all abaut how that curve goes hetwaeen the twoe. Clearly, ;
gnerisyY=tal. ‘ controlling that curve makes a blg differenca In the movement of an i
abjact, 7 {
:
The Graph Editor wifl always shaw the time (by frames) across the X axts. Of particuler Interest are the two highlighted areas at frames 12 and 3,
The ¥ aiis will be vaiues that change depending on what attribute is Frame 125 whers the sphera jeaves the ground and i n:"E;B | a"h :
selected, For instanc, if Translate ¥ Is selacted, the ¥ values represent touches down again, Notice that before frame 12 and aaﬁeer e . “;: rt‘:-nlit
I ] . - g rame 36, the
centlmette;s (the defauit Maya unit). But, if Rotate Y is selected, the Y values line ts flat ~ meaning that the sphere daes nat mave In'Y at all {which is what
tepresent degrees, . It should he doing). The problem Is that at frame 12, the curve is flat going
One key thing that is a little different here is that to move a key elther In time aut of the key. And then again, in frame 36, the curve is very flat com| '
; Ty ing
by shifting it along the X axis) or in value (by shifting it along the ¥ axis) into frame 36, This means that

atthe frames Immediataly fallowing lift off

has exerted enough force to Iift 1t off the floor
{an explosive amount of energy), It Is travefing very slowly,

requires you to first be in the Move Toot (hit w on the kevboard) and then . (frame 12) - when the sphera
middle-mouse-dragging,

20 o Likewlse, at frame

. . wnen the sphere has b -

g Step 16; Make the hop still higher thraugh Gragh Editor manlpulaticn, hittlng the ; miﬁ;’i,z;;::w?‘ﬂg‘;;h:rzr:tes:' :t suddenly - right before
The heigit of the bounce is defined by the Translate ¥ values, With the ' 5t piaii wrong,

sphere selected, In the Graph Editor, click on the Tranzlate Y in the left
slde list of attributes (this will show only the keys for Translate Y). Swap to
the Move Tool (hit w on the keyboard). Select the key that represents the
tx;uif;:e_hrsi:u;)sm& down and middfe-mouse-drag the key up to ; ] Stap 17: Welght the Tangents. To do this, select the sphere and then in the
a = 9.9.9), Graph Editor click on the Translate ¥ attribute, Hit f to frame this curve,

Click on the graen curve in the graph area. Choose Curyves » Weighted

What should be happening is a very sharp vertical curva coming off of
frane 12 and a very sham vertical curve coming hyto frame 36, To de this, we
need to be ablet_‘o control the tangents - and spacifically to break them.

Tangents,
&wz{ gL
Why? Luu;hk‘ﬂ ijam@
Holding the Shift key down makas sure you are cnly moving the Translate
¥ value and not moving the keyframe in time as well, .
Why?
The handies will change a fittle bitin the Graph Editor. The tangent
Anatomy of a Curve . ) handles themselves will get slightiy larger circles on thelr ends, But
The Graph Editor is about curves, Being able to tead the curves and Importantly, they will na lenger be the same length going in and cut of
manipulate those curves is what makes this tool powerfill. Consider the . . ;heanchnlr (take a closa fook at the tangent handles at frames 12 and 36
following curves (Fig. 9.10). far example),

Step 18: Free the TéngentWeights.Tu do this, with the Trmnslate Y curye
still selected, choos rae Tangent Weighty . :

MeAL N gy by > e T“-vuje-ﬂl‘(-b?ié §'(>

Disanca Dharca

Why?

The handles whi change in appearance again. The end of the tangent
handles wifl appear as squares, This means that now thesa handles can be
grabbed and shortened or tengthened.

Step 19: Add some extra hang time. At the very top of the hop the sphere’s
upward energy is glving way to gravity. This Is the paint where the spead
of the sphere in Y will be the slowest, To help pump this up, we'll make

the curve flatter at the apex. To do this, marquee drag around one of the
tangent handles for the key at frame 24 (at the top of the hop). Using the

" MaveTaol, and while hnfdlpg Shift down, middle-mouse-drag the tangent

Time Time - handle outward (Fg.0.14),
FIG 9.10 Varlous curves and their
meaning. Why?
These curves represent a Translate curve within the Graph Editor. Agaln, the So now the curve coming In and out of that key is flat, meaning that the
X anis shows tltma and the Y axls shows distance. In both the curves, notica . sphere is traveling vary slowly thraugh the frames before and after this key.

that the mevement happens over the same amount of ttme, but the ane in
the left travels a far shorter distance than that In the right. This means that .
the graph on the right shews an object traveling much faster. Steeper curves Tips and Tricks

represent faster movemnent, ’ Selecting things in the Graph Editor can be allttle tricky. Get used to using

Now, to continue en with this, check out the curves in Fr. .11, the marguee-select {tkagging across the curve or key you want to seiect),
' It’s different than simply clicking ona curve of key; and for our purposes

in these two examples, the two keyframes are in identical lecations. The will actually expose the things we need to adjust.

difference is how Maya fs Interpolating between the two. In both the cases,

Step 21: Repeat for the key at frame 36 {Fig. 9.16).

tve split up the time into two equal halves. Natice that In theimage cn the )

teft, the distance traveled is a lot more over the first half of the time covered Step 20: Explode off t_he ground. Do this by breaking the tangents at
than in the secend haif, This means that this object shoots off In a hurry and frame 12, To make this happen, marquee-select the key at frame 12
then eases to a stop, {all this is done within the Graph Edltor). Then, choose Keys > Break

Tangents, Marquee-select the handle on the right and middle-mouse

drag It straight up (Fig. 9.15). '7,_.:/: je»vég >g s ZLL\ Tan 5,3...{;




To manipulate tangents, first the keyframe must be selected. When this is
donie, the keyframe will highlight yellow and the tangents wilk highlight
pink. Now here’s where It gets a little clumsy. By default, the curves that
Maya builds in the Graph Editor use Locked, Non-weighted Tangents, What
this means is that the tangent handles are the same length for every anchor
(non-welghted) and are unable to be lengthened (Jocked). We want ta be
able ta grab ahold of those tangent handles and bend them in all directions
and change their lengths to really have control over how those curves - and
thus the motlon — werk coming In and out of keyframes. Let me show you
why {Fiq. 9,13,

Why?

A unified tangent means that the two handles on either side of the
tangent are connected. S0 when one handle Is grabhbed, the other side
stays siraight In line - as though they were two ends of a stick. In this
ase, we want there to be a clear, sharp break at the key. 5o hrealdng
the tangents allows us to alter one handle without changing the other.
By moving this tangent straight up, the curve geing out of the key at
frame 12 becomes very sharp, which means that the speed will be very
fast; the sphere wiff be exploding off the ground with enoﬁgh energy to
overcame the force of gravity.
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The sphere will travel faster the farther it falls (until it reaches terminal

velocity). leshould be traveling the fastest right before it hits the ground. el Lt AL,
This means that the Graph Editor's curve should he the most vertical going
inta the frame 36. Breaking the tangent and making it vertica! does just that, <

f Step 22: flay the anémation, Do this back in the View Panel with the Time “

2, L Slidter. You should see an immediate difference,

Conclusion

Pretty cool, hih? The animatlon of that sphere should Immediately feel more
Iifeithe and [fe it has real weight. This comes from effective Graph Editor work
and knowing what the curve shauld look like.

In my university classes 7 out of 10 times, the problems with assignments
turned in can be solved with further work In the Graph Edltor, 1t can
satnetimes feel "unartistic*to he mired deep In Graph Editar curves, but an
animater who is comfortable in the Graph Editor produces better antmation
faster and more efficiently. Make the Graph Editer your friend.
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