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3D MOTION
GRAPHICS

f you're interested in
animation -- you C
prepare 10 make it
your career.




CAREERS in Computer Animation

* 3D Computer Modeler

s https://www.youtube.com/watch?vs=4" ¥
» https://www.youtube.com/watch?v=W@urk
 Animator "

 Art Director

» Graphic Artist

* Interface Designer

* Multi Media Design Engineer
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https://www.youtube.com/watch?v=4IyKV0n8zBg
https://www.youtube.com/watch?v=WCofh2ggQ9s
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Career

DO YOU HAVE WHAT IT TAKES TO BE A MONSTA?

You could be the one that we are looking forl
Send your portfolio,resume and cover letter at career@animonsta.com

3D Animators

* Possess a Diploma or Degree in Film& Animation or equivalent.

» Good understanding of Autodesk Maya.

» Experienced individuals and fresh graduates are encouraged to apply.
» Must be a strong team player and can work collaboratively with others.

Render Artists

« Holds a diploma or degree in Film & Animation or equivalent.
» Very passionate and self-driven.

* Must be able to work in a team.

» Fresh graduates is encouraged to apply.

Compositors

» Holds a diploma or degree in Film & Animation or equivalent.
« Very passionate and self-driven
» Must be able to work in a team.

Graphic & Web Designer

» Possess a Diploma or Degree in Digital Media or equivalent.

» Experienced in using Adobe Photoshop,lllustrator,Encore & Dreamweaver.

» Good sense of design & understanding of layers, mask filters,image blending
« Must be a strong team player and can work independently as well.

» Programming knowledge is a big plus.

The Different Types of Animation

animation animation

http://ftmk.utem.edu.my/ibrahim/rpg/

0 When it comes to jobs that require a combination of skill,
boundless creativity, and passion, few can compare to animation.

O Animators are the ones who bring ideas to life so that others may enjoy
stories and characters not possible in real life.

O Animation has been around for a while now and many new types of
techniques have been introduced, which means animation studios and
companies all over the world are looking for talented individuals who have
what it takes to master them.



http://www.gamedesigning.org/animation-companies/
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Is 3D always better than 2D?

Resident Population of U.S.

Is 2D always better than 3D?
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Preliminary conclusion

» 2D & 3D play their roles better in their own
fields

» 2D better in information visualization and mining

» Deal with categorical, discrete variables, sparse
sampling of real world

» Focused on discovery of patterns, trends, clusters,
outliers, gaps, etc

» 3D better in scientific visualization

» Deal with continuous variables, dense sampling of
real world

» Focused on vision impression

* 3D better in first-person experience
» Focused on simulation of real world
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> 2D animation is when scenes and characters are animated in a 2D space instead of a 3D environment.

> Today, artists use computer software to create everything in a 2D animation, including environments,
characters, visual effects, and more.

> Although drawing skills are still required to be a 2D animator today, most of the work is done with the use of computer
software.

> These programs often have a huge toolbox of features that help the artists manipulate the animation in a number of ways,
including making it look smoother by fine-tuning important elements such as timing.

> Other advantages of 2D animation over the traditional way include being able to save and load work. Being able to do so
proves very handy if something didn’t work and you need to revert back to an earlier version of the animation.

> Being skilled in a particular 2D animation program also allows you to make good use of a vast library of visual effects.
> Of course, every 2D animation software comes with its own learning curves, which only get steeper the better the program is.

> Knowing what each tool does and how to use it effectively is essential if you want to be a good 2D animator that isn’t limited to
a few techniques.

Notable 2D Animation Programs
*Toon Boom Studio,Autodesk’s SketchBook Pro,Anime Studio Debut,DrawPlus,FlipBook Lite,Adobe Photoshop
*The TAB Pro,CrazyTalk Animator,MotionArtist,Flip Boom Cartoon

02D animation is widely used in a number of creative industries and is still widely used

OEverything from cartoon series and Japanese anime to video games and full feature
films are done in 2D. The fact that 2D animation is flexible enough to be done on a
wide range of platforms it what makes it such a popular form for anything from
entertainment and multimedia to broadcast video.

OTelevision is where 2D animation is still used the most.

dThe number of shows that have been made with 2D animation is near-endless, with
some of the more well-known ones being The Simpsons, SpongeBob Squarepants,
South Park, and Avatar: The Last Airbender.

UAnime, a style of Japanese animation inspired by their manga comics, also makes use
of 2D animation.
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Animation | Technique

Stop Motion

STOP MOTION

» Stop motion (also known as stop frame) is an animation
technique to make a physically manipulated object appear to
move on its own.

» The object is moved in small increments between individually
photographed frames, creating the illusion of movement when
the series of frames is played as a continuous sequence.

Dolls with movable joints or clay figures are often used in stop
motion for their ease of repositioning. Stop motion animation
using plasticine is called clay animation or "clay-mation”.

Not all stop motion requires figures or models; many stop
motion films can involve using humans, household appliances
and other things for comedic effect.



http://en.wikipedia.org/wiki/Animation
http://en.wikipedia.org/wiki/Plasticine
http://en.wikipedia.org/wiki/Clay_animation
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Puppetoon

» created using techniques developed by George Pal.

* In puppetoon animation the puppets are rigid and
static pieces; each is typically used in a single
frame and then switched with a separate, near-
duplicate puppet for the next frame.

* Thus puppetoon animation requires many separate
figures. It is thus more analogous in a certain sense
to cel animation than is traditional stop-motion:
the characters are created from scratch for each
frame (though in cel animation the creation
process is simpler since the characters are drawn
and painted, not sculpted).

Pue’_coon



http://en.wikipedia.org/wiki/Puppetoon
http://en.wikipedia.org/wiki/George_Pal
http://en.wikipedia.org/wiki/Puppetoon
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Clay animation or claymation

» Clay animation or claymation is one of many
forms of stop motion animation. Each
animated piece, either character or
background, is "deformable”"—made of a
malleable substance, usually Plasticine clay.

Cut out Animation

» Cutout animation is a type of stop-motion
animation produced by moving 2-
dimensional pieces of material such as
paper or cloth. Examples include Terry
Gilliam's animated sequences from Monty
Python's Flying Circus (UK, 1969-1974); La
Planete sauvage (Fantastic Planet)
(France/Czechoslovakia, 1973) ; Skazka
skazok (Tale of Tales) (Russia, 1979), and
the pilot episode of the TV series South
Park (US, 1997).

http://en.wikipedia.org/wiki/Animation#Traditional_animation



http://en.wikipedia.org/wiki/Stop_motion
http://en.wikipedia.org/wiki/Plasticine
http://en.wikipedia.org/wiki/Clay
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Animation | Technique

3D Animation

Z| FROsnf‘sl”

Chocolate ,

3D animation is the manipulation of three dimensional objects and
virtual environments with the use of a computer program.

. Animators first create a 3D polygon mesh with various connected
vertices to give it form.

. The mesh is then rigged by giving it an armature, a skeletal structure
that can be manipulated to make the object appear in specific poses.

. After making other objects and environments, the artist then uses the
software to create scenes that are much more lifelike than 2D
animation.

. This form, which is also called computer-generated imagery (CGl), is
a fairly recent technigue that only came into use during the 1990s.

. Before that, the closest thing to 3D animation was stop-motion and
Claymation, which involved using real-life objects and taking pictures to
give the illusion of motion. Now it is arguably the most popular form of
animation and is used in anything from TV shows, video games, and
feature films.

10


../../../../../../../seminar/AINAKI/movie images/Roadshow/Citroen_C4.mov
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What is 3-D Computer
Animation?

. Computer gnimation consists of a series of
individual images.

» These images are stored one at a time in the
comButer. They are viewed at the normal
playback speed of 30 frames per second. The
result is a moving picture, or animation.

* 3-D animation allows the viewer to move
around the scene and change perspective over
time.

e An animator is required to ensure that the
animation looks natural and believable.

Benefits Provided by 3-D
Computer Animation

e A computer animation can graphically simplify
complex concepts which are difficult to
visualize.

e 3-D computer animation captures attention.

¢ [t can communicate more information, at a
faster rate, than an oral description can.

e Best of all, information presented as moving
images is retained by the viewer for a longer
time and with greater accuracy

11
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Benefits Provided by 3-D
Computer Animation

e A computer animation can re-create an event
which is too expensive or too dangerous to
reproduce, such as an aircraft accident.

e |t can re-create a scene which has been
altered or which no longer exists, such as a
building which has been demolished.

e When used as an illustrative tool, computer
animation can help the presenter maintain
focus. It creates interesting presentation.

Some of 3D Computer Animation
Software

e Maya
e the indust star%dz-hrd high-end 3D computer

ro ) ular computer games
rge w1th ?Aaya so? ware. - s

« 3D Stud1o Max

* 3DS MAX

. Thg world's. most Bopul r aplmatw maqdeling,
ren ng sol tlonf television,
games an sign visua 1zat1on

+ Softimage,
* Lightwave
* Animator Studio

12
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3-D Computer Animation is
growing!

. ?-D ComPuter Animation is %he orld’s
astest gfowing creative technology.

* 3-D domina,tels iR the animated feature,
ame, specia ect, interactive, and

ommercial industry
. ﬁ)m utelr 3-D animation is taking over the
1lm world

. ComPalter Animated are breaking box office
records

. g?gg uters[iare used fﬂ' many gf the special

ts in live-action films, and digitized actors.

* The field of 3-D animated video, comguter,
and interactive games has grown amazingly

Principles of animation

» Animation is not easy. Each second of
computer animated video has 30 separate
images. The number of images that need to be
generated to create even a very short film

15
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Principles of animation

Modellng Bu1ld1 ect and c eatures, from
E rpltlves apes ré g mode ing, and/or
pting wit pom S.

Motion: A lmatlrLg obJectsa aeaﬁures
gou model using Key ram? IR shape
nimation, sim latlon eforrmat 1on

Character Construi:( ion: Creating skeletons,
attaching skins to skeletons.

Col randT re Creating, importing, and
8 P etextures 0 qQbjects/creatures;
efi §‘ co or reflect1v1ty, and transparency.

Rendering: Lights, camera, compiling movies,
adding so&nclf.g e

Jobs: Motion Picture Production
& Distribution

* Employment is projected to grow rapidly.

* Employment is centered in several major
cities, particularly New York and Los Angeles

* Many workers have formal training, but
experience, professionalism, talent, and
creativity are the most important factors for
getting many jobs in this industry

16
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Jobs: Motion Picture Production
& Distribution

Making a movie can be a difficult, yet
rewarding, experience. However, it is also
a very risky one. Although thousands of
moviées are produced each year, only a
small number of these account for most
box office receipts. Most films do not make
a full return on their investment from
domestic box office revenues, so
filmmakers rely on profits from other
markets, such as broadcast and cable
television, videocassette and DVD sales and
rentals, and foreign distribution

Some Example of Companies &
Computer Animated Films

. xar
computer animatjon at Pixar have
been arolan since 1a9é4
 Toy Story,
» A Bug's Life
* Monsters, Inc
* Finding Nemo

* Disney Picture _ _
| up with Pixar to create

» Dreamworks Pixar's main competitor
* Shrek

17


http://www.pixar.com/
http://disney.go.com/disneyvideos/animatedfilms/monstersinc/index.html
http://www.dreamworks.com/

Some of the Computer Animated
movies

» HARRY POTTER

» THE LORD OF THE RINGS
» THE MATRIX

* MEN IN BLACK

* MINORITY REPORT

» SCOOBY-DOO

* SOLARIS

* SPIDER-MAN

» STAR WARS

Example of 3 D Computer
Presentation

e http://3d.datausa.com/

9/13/2017
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http://3d.datausa.com/
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Motion Picture Production &
Distribution

Directors and producers often work under stress as
th%y try to meet schedules, stay within budget,
and resolve personnel and production probléms.

* Actors, producers, directors, cinematographers, .
and camera operators face the anxiety of rejection
and intermittent employment.

Writers and editors must deal with criticism and
demands to restructure and rewrite their work
many( times until the producer and director are
finally satisfied.

» All writers must be able to withstand such criticism
and dlsapci)omtment; freelance writers are under
the added pressure of always looking for new jobs.

Media | Animation | Type

CG ANIMATION

Features Film Web interactive
& Broadcast Visualizes &
Visual FX Games

19
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Animation | Technique

3D controller

Animation | Technique

3D object

21
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Motion Capture

* Motion capture (MOCAP) adalah salah satu cara / tool
yang efektif untuk capture gerakan manusia untuk
keperluan animasi

Motion Capture

» Rotoscoping

» Rotoscoping - tracing

» Rotoscoping = Post Processing

22



MOCAP - Marker

9/13/2017
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Tahapan MOCAP - fitting the
skeleton

Tahapan MOCAP"= Post Processing

 Motion Editing
Cut, Copy, Paste

* Motion Warping
Speed up or Slow Down
Rotate, Scale or Translate

* Motion Signal Processing
Smoother Motions

9/13/2017
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Masa depan MOCAP

* Markerless
» Lebih murah

Bregler et al., 2002

OP(TH t 2 Recap

* 3D Motion Capture
s _Marker-based
* Video Based
» Mocap demo

* on Monday (2/26)

* Image segmentation and matting

)llywoodjesus.com

9/13/2017
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ifficu n fo ried
Mgtfé ﬁsmigcg liﬁgééﬁod
+ 3 used Tomasi-Kanade
* 1 used Zhang’s approach
» 2 used home-brewed methods
* Data collection
» very important--getting good video makes all the difference

* Tracking was a challenge
» Discrete search more reliable than Lucas-Kanade for some
» Need to restart the tracker periodically
» Took a lot of fiddling with parameters to get right
* Rendering
* RenderX bugs
» Some used openGL, java, but not required
* Calibration
» nearly co-planar features a problem

Match Move Results

» Direct Linear Method
» Factorization

» Zhang’s method

26


http://www.cs.washington.edu/education/courses/cse590ss/01wi/projects/project2/students/dougz/index.html
http://www.cs.washington.edu/education/courses/cse590ss/01wi/projects/project2/students/cyy/index.html
http://www.cs.washington.edu/education/courses/cse590ss/01wi/projects/project2/students/allen/index.html

Motion Cap

o %
S

* From “Final Fantasy” (Columbia Pictures)
» out Summer 2001

HO\AI 1c 1+ DNAnA?

Track the balls in 2D for each camera
Triangulate to compute 3D positions
Label markers

Compute body pose
— inverse kinematics (IK)

.a Place ping pong balls on an a€toF

Do it all at up to 240 Hz !!!

t& & " Mocap demo at end of class today

Today: how to do this without markers

9/13/2017
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final_fantasy_480.mov

» Capturing hands and fingers

J. Rehg, T. Kanade, Model-based tracking of self-occluding articulated objects, In
Proceedings of International Conference on Computer Vision, pages 612-617,
Cambridge, MA, 1995. [pdf, 300K

Ying Wu and Thomas S. Huang, "Capturing Articulated Hand Motion: A Divide-and-
Conquer Approach”, In Proc. IEEE Int'l Conf. on Computer Vision (ICCV'99), pp.606-
611, Greece, Sept., 1999.

» Capturing Faces
. Essa. I., and A. Pentland. "Coding, Analysis, Interpretation and Recognition of Facial Expressions.",
Volume 19 (7), IEEE Computer Society Press, July, 1997.
K. Toyama and G. Hager, Incremental Focus of Attention for Robust Vision-Based Tracking,
(35), No. 1, November 1999, pp. 45-63.
Douglas DeCarlo and Dimitris Metaxas, Optical Flow Constraints on Deformable Models with
Applications to Face Tracking. In [JCV, July 2000, 38(2), pp. 99-127. [PDF (695K

9/13/2017
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http://crl.research.compaq.com/vision/publications/Rehg-thesis-iccv95.pdf
http://www.cc.gatech.edu/cpl/pubs/pami.97/essa97a.pdf
http://www.cs.rutgers.edu/~decarlo/pubs/ijcv-face.pdf
ftrack2.mov
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Human Body

* Focus of today

+ Search over 3D pose
* Gavrila & Davis

+ 3D tracking
» Bregler & Malik

+ Single view motion capture
» Leventon & Williams
» Brand

o D. M. Gavrila and L. S. Davis, 3-D Model-based Tracking of Humans in Action: a
Multi-view Approach, Proc. of IEEE Conference on Computer Vision and Pattern
Recognition, San Francisco, U.S.A., 1996.

29


http://www.gavrila.net/Publications/cvpr96_ps.zip

9/13/2017
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phd_dwalk.mpeg
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Step 2: Background Edge

Search for 3D body pose parameters
* Model body as segments (superquadrics), 22 DOF
» Discrete search over DOF’s
» Metric: projected model should match edges
» Speedup: use distance transform of edge image

31
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Divide and Conquer

Searching all pose Stage 1: Stage 2: Stage 3:
parameters torso position arm positions leg positions
simultaneously is

too hard

* Tracking approach
* Initialize 3D model in first frame

» Track over subsequent frames

» C. Bregler and J. Malik, Tracking People with Twists and Exponential Maps, Proc. IEEE
CVPR 1998

32



3D9Tl£§2:& ith tracking a single rigid object
. K 3position X, orientation R in first frame
» Solve for change in 3D position  and orientation

How?
* Our old friend: Lukas and Kanade!!!
> U@ +tuy+o)— Ty
(z,y)EFCJ
* But now (u,v) are functions of and

» Problem: equation is not linear in and
» Solution (Bregler and Malik): use twist representation

r1 r2 r3 dx
rd r5 r6 dy
17 r8 r9 dz
000 1

3
e @O0
3!
* Any rigid transformation may be expressed as a rotation about
an axis and translation along that same axis
*  encodes the axis direction and rotation angle

» v the location of axis and amount of translation

9/13/2017
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Kinematic Chains As Twist Compositions

Bregler and Malik

 Algorithm Overview
« Initialize 3D pose in first frame
» Compute support map
» pixels that are on each body part being tracked
» use layer extraction techniques (Wang & Adelson, EM)

» Apply modified Lukas-Kanade to estimate change in
pose

» Repeat for each subsequent pose

» Works better with two or more views
» Each view gives more equations in unknown twist
» The more views, the better conditioned the problem is
+ Can also do better initialization

34
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Figure 5: Eadweard Muybridge, The Human Figure in Motion,
Plate 97: Woman Walking. The first 5 frames show part of a walk
cycle from one example view, and the second 5 frames show the
same time steps from a different view

Figure 8: Muybridge’s Woman Walking: Motion Capture results.
This shows the tracked angular configurations and its volumetric
model projected to 2 example views.

35


muy_plate97.mpeg
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Motion Capture from a Single Viewpoint

* Basic Idea
» Train the system on a database of motions
* Bias the system to reconstruct shapes from the training set

¢ tMﬂHHN‘ f
T2 OT VTN T T T RA
Tt[f“’”‘“lk

3
1 (

3)1.)[)%)&15)353\). 2%}'&)3.1;

|_enter || reachforpackage || switchhands || walk off

Figure 5. ABovE: Frames from a jump-and-twirl-360° sequence and the corresponding inferred 3p structure.
BELow: Every 12' frame from a grab-and-stroll sequence and the corresponding inferred 3o structure. In
both examples the inferred 3p is qualitatively correct but not pose-for-pose accurate: The system exploits
learned dynamics to successfully resolve image ambiguities, but often substitutes nearby poses where the
training set contains no plausible near-matches to the cbserved silhouette. See §7.3.

* Machine Learning Approach @@

* Model training 3D motion capture data using an HMM

» fancy HMM fitting method: Entropic Estimation
+ global rotation/scale handled by duplicating HMM for each setting

* Find most likely path through HMM, given input data

36


http://www.merl.com/projects/entropic/
mikespin.mov
mikespin-bw.mov

Levento

+ Train on motion capture data
» Break 3D motion into short snippets
» express motion as a linear combination of training snippets
» similar to Blanz and Vetter approach for face modeling
+ track limbs in image sequence in 2D, break into 2D snippets
* Whole problem is cast as Bayesian estimation

Wren anc ©-' -

* Real-time capture using learned motion models

» Combines inverse-kinematics with trained HWM model that
predicts next move
+ Uses “Blob Tracking” and two cameras

+ C. Wren and A. Pentland, Dynamic Models of Human Motion, Proceedings of the Third IEEE
International Conference, on Automatic Face and Gesture Recognition, April 14-16, 1998 in Nara,
NELEUR

9/13/2017
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Motion Capture in
3D Animation

B Animation : Movies
B Video GAfies
B Robot Control

Motion Capture as a Tool

» Motion capture (MOCAP) is an effective 3D animation
tool for realistically capturing human motion

* QOutline

m Rotoscoping

m The MOCAP Pipeline
m Limitations of MOCAP
m The Future of MOCAP

38
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Rotoscoping

 Captured Video

Johnston, et al., 1995

Rotoscoping

m [racing

Johnston, et al., 1995

39



Rotoscoping

* Post Processing

Johnston, et al., 1995

The MOCAP Pipeline

* Calibration

» Capture

* 3D Position Reconstruction

* Fitting to the Skeleton

» Post Processing: IK Inverse Kinematics

9/13/2017
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Capture

Optical

o
A

/@m

Poténtiometers

A

1§"

Costa-Sousa, M., 2004

MOCAP issues

* Issues: data inaccuracy, Expensive

* Optical: $90°000 - $210°000
high res cameras, occlusion, no outdoors,
more and more markers, cameras

« Magnetic: $100°000 - $120°000

heavier sensors, body wires, 10x accurate < optical,
smaller workspaces, sensitive to metal, EMI, flooring

» Mechanical: $20°000 - $30°000 US

limited movement, heavy and cumbersome,
must know rigid body at design time

9/13/2017
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MOCAP issues

» Resolution/range of motion
« Calibration
» Accuracy

- Marker movement

- Capture rate
 Occlusion/correspondence

MOCAP issues: Marker Placement

» Location should move rigidly with limb

» Stay away from bulging muscles

» Shoulders: skeletal motion not closely tied to skin
» Shoulders: not a rigid body chain

42
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MOCAP issues: Marker Set

3D points -> joint angles
It matters!
So do assumptions about human kinematics

Calibration

7

Image Space
X,Y) (X,Y,2)
X,Y) (X,Y,.2)

X,Y) (X,Y,.2)

43
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3D Position Reconstruction (Utopia)

3D Position Reconstruction (Reality)

44



Multiple Markers

Ringer, et al., 2002

Multiple Markers

* Mechanical Optical Hybrids

http:/ /www.animazoo.com/services/gypsyHybrid.htm

9/13/2017
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Fitting to the Skeleton

 Utopian approach
- 10 - 20% length
changes
» Markers on both
sides

» Joint Displacement

* Use Rotation Angles
Only

Post Processing

* Motion Editing
+ Cut, Copy, Paste
* Motion Warping
» Speed up or Slow Down
» Rotate, Scale or Translate
* Motion Signal Processing
* Smoother Motions

9/13/2017
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Limitations of MOCAP

* Only realistic motion captured
» Cartoony Animations not possible

* WYSIWYG (what you see is what you get)
» Can’t add more expression
» Continally need to recapture motion

A AN AF
rs could use more
than 750 controls to creale
Shrek’s performance. Some
controlled one joint or
muscle, others conltrolled
groups of several.

New animation controls make the chacters' lips
stick together a bit before opening. Farquaad's

\ forehead wrinkles automatically.

Robertson, B., 2601

Eric Darnell, co-director of Antz

The main problem with motion capture associated
with characters has to do with mass distribution,
weight, and exaggeration. He says that it is
impossible for a performer to produce the kind of
motion exaggeration that a cartoon character needs,
and the mass and weight of the performer almost
never looks good when applied to a character of
different proportions.

47



9/13/2017

Richard Chuang, VP at PDI

The mapping of human motion to a character
with non-human proportions doesn’t work,
because the most important things you get
out motion capture are the weight shifts and
the subtleties and that balancing act of the
human body. If the proportions change, you
throw all that out the door, so you might as
well animate it.

MOCAP issues: Marker Placement

» Location should move rigidly with limb

» Stay away from bulging muscles

» Shoulders: skeletal motion not closely tied to skin
» Shoulders: not a rigid body chain
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The Future of MOCAP

* Markerless MOCAP
» Cheaper MOCAP
» Retargeting and reuse of mocap data

hollywoodjesuiregter et al., 208an, S., 2004

Basic 3D Modeling
Poly Mesh

9/13/2017
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Modeling | Technique

Type of Modeling

sh Modeling

e Modeling

urface Modeling

Modeling | Technique

Mesh Modeling

9/13/2017
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Modeling | Technique

Curve modeling

Modeling | Technique

Surface modeling

AN
MY T
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Polygonal | Technique

Meshes structure

Curve | Technique

Spline structure
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Surface | Technique

Surface structure
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