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Polar Express (2004)

THE FOLLOWING PREVIEW HAS BEEN APPROVED FOR

ALL AUDIENCES
BY THE MOTION PICTURE ASSOCIATION OF AMERICA
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ElHE (Degrees of Freedom, DOF)

o TEIEE—MMINGEIATHRIER/NETREL

o —ZR KHIAIE

/

Z (61Y) : 3MMUEEHHBEE+3TSEE

yaw

VS
L pitch

6 DOF: X, Y, z, raw, pitch, yaw

i




HABHEXTD

o S E—1SRNIZE]
{5Ian: 25X 75, #aX T (Prismatic joint)




o BZYKT

m 2 - JE;E:B-
3SEHEXT

o AT (Gimbal)

o BIRKTT(W/B. B<T) (Ball and socket joint)

o NMMBEHENEFNXTHERENMBREATRXTIET n-1 MK
EA0BUEMHEIE.

21



Planar joint JE T

zero-length linkages zero-length linkage

Ball-and-socket joint modeled as 3 one-degree joints Planar joint modeled as 2 one-degree

with zero-length links prismatic joints with zero-length links
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root node

O root ™~
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root arc

a=

link joint

Articulated figure Abstract hierarchical

representation
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To: Link FIHRBIRR BTG RHAYIER

l T, (global position and orientation)

Data for Link, (the root)
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J' T;(transformation of Link, relative to Link)

( Data for Link;

)
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( Data for Link; 4

T, 4(transformation of Link, 4 relative to Link;)
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o IFM=a=F(Forward kinematics) e HMh=EZF(Inverse kinematics)
s WK R/R=S(E) s MEBR/RTEMREIEIR T (6]
0, X
"\ X

(91' 82) — f_l (X)

Forward Kinematics Inverse Kinematics
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Base

x =1y cos(60;) + 1, cos(6,) + l3cos(653)
y =1l;sin(81) — l,sin(8,) + I3 sin( 63)
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DEMO

MOCAP Animation




WiEh=L]= (Inverse Kinematics)

ETEMIRESREMNHIRESH
£, if8XvTRENE, F154
N EFTRIES
s LB, 1SR
o ISR Z FE(Over-constrained
system)

o RAERZE A (Under-constrained
system) -

TR
Inverse and Forward kinematics demo application
http://www.fit.vutbr.cz/~dobsik/projects/kinem_INV/kinem_INV.htmi
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cos(07) =
L 180- 02LZ <« XD (6r) VX2 +Y2
O], 02 S
R L RS 0. = cos~! ( X )
X VX2 +Y?
%
2 2 2 2
LA AL - (XE4YR) g gyl XAV Ly
cos(180 — 6,) = (61— 067)
: 2L4L; 2LVX2 + Y2

Li* + L,* — (X2 +Y?)
L +X?+Y? - L,”

2L1L2 0 — COS—l )-l— 6
' ( 2L VX2 Y2 ’

6, = 180 — cos~I(
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611 92163 — f_l(X)
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e T1R(Redundancy)

o BB ARNEEIEH
s KTIPRH!

=/ \BIEEN(minimum jerk)
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o IFFIAIA(Singularities)
s FSHTE(Il-conditioned)
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o WimIETRLLAiE(INnverse-Jacobian method)

o TEAALERTBEIZ(Cyclic Coordinate Descent (CCD))
o FABRIK;jZ(Forward And Backward Reaching Inverse Kinematics)
o EFt{tAY5i%(Optimization-based method)

o« BT AT iE(Example-based method )
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[terate
do=7J"'(dXx)

Figure 16.7 One iteration step towards the goal.
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@
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J(d0:.,) — d Xy
.]((10,-])

X+ ./(dOH |)

Figure 16.11 Minimizing tracking error.
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Zi X (E . JI)
(1),' i
\\ Zi @LZ; \\ ZI ] ,/ E
\\ J, /’ \ o ' /’
\ ‘ \\ i ’

.
-

a) Angular velocity, o, b) Linear velocity, Z; X (E — J))

E — end effector

J;— i th joint

Z; — i th joint axis

w; — angular velocity of / th joint
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