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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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Alita- Battle Angel (2018)




IRBIEIR vs. 1IEEIEBIR

o BEERBEXNZD)]
o — MBI TF B — MRS

o YINZIX + tHXIZE)) Rk IBERIR

= JET
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o BT IREN ERERTBRISECRANIET R EDE?

o EEIFAZIESCzsIiN] (XKATFa17I5)
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IEMNEEIZ (Forward Kinematics)

o B|MEYEIEEEXR IR TIEEIS2CRIEHYINIZE]
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WmEEEIE (Inverse Kinematics, 1K)

o HETEEETUE, RFEKFEHEEKRINKTA,




APIRE

o BRI

s 2R — RIS 75 (oints HERERRAGERT (links)
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o TRE— REIFEMEF



HHFE (Degrees of Freedom, DOF)

o TEIEE— TN EIATRIER/NETREL

yaw

LN
L pitch

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




HAEHEXD

o FIFE— N TIRNEE]
BIgn: &shxT3, #ahx< 15 (Prismatic joint)




o BZYXT

» 2BHEEXT
3SEHEEXTD

o AMT(Gimbal)

o BRIRSTT (/8. BEXT5) (Ball and socket joint)

ENERXTAEMEANMBREATRNXTEY n-1 K
ijjOE/J tﬂ*ﬁ 1=+,

N

on/|\'
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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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o AMMEELER

J JE?&%(ShOU

s JEXT3 (Wrist): 2 DOF
s XTI (Knee): 1 DOF

ARENBHE

e fRTP /2 (Root): 3 translational DOF + 3 rotational DOF
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=
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der): 3 DOF

Ihiekz <73 (Rotational joints)
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1 DOF —
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ZPN Lt 2

root node

O root ™~

—
root arc

a=

link joint

Articulated figure Abstract hierarchical

representation
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EXIREAMIAGIE (Fi2EIR)

To: Link FIHRAHRREFNSHAIZEIR 0k 74

l T, (global position and orientation) V,: Link, ] — 10 s
Data for Link, (the root) ) ‘E' H‘Jﬁﬁ J:]F/]?jj VO = TO VO
T;(transf tion of Link, relative to Link, . S
i(transformation of Link, relative to Linkg) Vl: LlIlkl EI(J /l\:@j ){_:T\
( Data for Link, )

T, 4(transformation of Link, 4 relative to Link;)

>
( Data for Link; 4 )
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EXRBERINIREGH (hEfe3EiR)
Ln

[ Data for Link, (the root)
B ) T1
’ Ry(64)
[ Data for Link;
T4 1
Ry.1(61.1)
’ b _

[ Data for Link




EXRBERINIREGH (hEfe3EiR)

VO: Link() E[‘J_‘/I\TDE\IA ){_i
?E@'ﬁﬁéé*ﬂ?yﬂ: VOI — TOVO

Vl: Link1 EI@ —‘/I\]‘Jﬁ\ ):Lf':
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WHEF (Two Appendages) BiXiEEY

Link, 4

A [ Data for Link, (the root) ]

Link, 4 T i
e D R5(6,) R1(64)
 Data for Link, | [ Data for Link; |
To T2 1 T4 1
) A2 1(02.1) Ry.1(01.4)

>

 Data for Link, 1 ) [ Data for Link |
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X558 vs. H-ER=EE

= XTI AAZAHIZS ]

s AR R T

o HR/RZH

n =4E%S(A]

= IHESIN

SHITHEER
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IERFISERISEF

o IFMN=EN=Z(Forward kinematics) o HM=EZF(Inverse kinematics)
s NXTHTEETEI S R/R=TIE s NEERTEETEIXTZE
0, X
"\ X

(01,0;) = f1(X)

Forward Kinematics Inverse Kinematics
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IEFNEENZFHIF

Base

x =1y cos(60;) + [, cos(6,) + l5cos(03)
y =1l;sin(81) — l,sin(8,) + [5sin( 63)
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DEMO

MOCAP Animation




WiEhEEEF (Inverse Kinematics)

STV ESRENBInESH
2, 1EXTHERNE, 1581
N EFTRIES
n AILABOAN. 1SR
o I EFE(Over-constrained
system)

o RARZEF(Under-constrained
system)

= At

Inverse and Forward kinematics demo application
http://www.fit.vutbr.cz/~dobsik/projects/kinem_INV/kinem_INV.htmi
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FRIEEF

o {5l
n 2R (LIRS x = 1 cos(6;,) + 1, cos(6,) + I3 cos(83)
. 3/NSEATEY y = lysin(81) — [, sin(05) + [53sin( 653)

» BTHEE
o XipENEFEEE
» ERIFRNFENEIE R, ALREIRAIAT




IKRRRIHE S [a)=%

o Joitf




FRIEEF

« —HEBERXTREER, HITNABIYIRESTIRZEBRIXK
TREEHITEE AMERIAERIEIE,.

» R MRENRRZEBRAEGRAERN, IEERABEFFALT.

n FRRIINE:
o IEEESHE

o JWEMIERBELESHEHTIKITE, BRIFEE—HZINXTREE
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A[DIEEF
ik vs. EVR
o RSN, ST IERRATAR

AN

o —ZP] HEUEIEE A KR
s JHOFERTEL FiE(Inverse Jacobian method)
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80- 02 S
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IIIIIIIIIII r) x +y2 E

2

L12 + L22 _ (Xz N Yz)

cos( 180 — 6,) =

6, = 180 — COs—l(

2L1L2

L12 + L22 _ (Xz N Yz)

2L1L2

41

o VX2 4+ Y2
6 1( . )
= COS
T VX2 4+ Y2
(6, —07) L24X%4+Y%—L,>2
COS _ _
1 T 2L1\/XZ_|_Y2
Lt XP YL
91=C()S )+€T




Base

01,05,05 = f~1(X)



AT AKBEIKZEMERT?

e T1:R(Redundancy)

o BXBARRIEDIEH!
s KTIPRH!
s 5/ NBYEEI(Minimum jerk)
n AT
o IxFIAJRE(Singularities)
s S HTE(I-conditioned)

n EFAFESIngular




SEKEFIK

o WimIETREL S E(Inverse-Jacobian method)

o TEAALARTBEZ(Cyclic Coordinate Descent (CCD))

o BEF{t{tAI75i%(Optimization-based method)

o BEF A Z(Example-based method )



FRHETELLR

X(t) = f((D)) X € R (@¥n = 6)
60 € R™(m = HHE)

o JESELULABRE InxmEVFERE, BHEORYRID (d)SXAYRZTEREX (dX)

dx _ do O
a1 ]”_aej

o FLAFHESR LU E R T L EAEE IR 2 B R/RZE A RNEE
V =](0)0



FRHETELLR

o WAMTLLIEMA: 6 =71 (X)

o f B— 1B E AR ERRL

GEOE wbi: Lot o b =13 S UL o EA ] = A= 1 oz 5 e g
6 =]y

 BY—RIEESER, EREIEREENNE



FRHETELLR

o IEEVIIREBTIFIBENES, ENENUXTA, [EERinsluss

SN VA= T Ny sI CIETTj e
= XFHIEIW, HREFEIFMFIESHE

o WTFE—Hk BT ERANBRIXTBHAEE 6 , AEHiT




F R G iE—ENE

[terate
do=J"'(dXx)

Figure 16.7 One iteration step towards the goal.



BRI D E—ENE

/ X
If|/(d6) — dX|| <& &
X=X+J(d6)
Iterate over [ X, X,oul N
X +J(d6) / :
L * - —

7

[terate over
(X, Xi]

Aooal

N
\\GQ’ J(d) — dX,

X/ d X’ XI ‘Yﬂ\).l|

If|/(d6) — dX| > ¢
subdivide X;;; = (X + X))/2
Iterate over [X, X /]

dX., X X,

J(L101+I) - (L‘r,,|
./(dﬂ,q)

X +J(d6.,))

Figure 16.11 Minimizing tracking error.



DEMO

FRETELLR A




FRHETELLR

o HERILAEFCXPEAINERIRSIZIEH RRZEEEE.

X©)=fOw®), Vv=Jb
o HEIERILAEMHER RRZEEIMEERTZIX B EAERE,

6 =]y, do = J~1dXx



RITRIREE: et R LbiERs?

o FEITITER Q@ B _1dD
= XTI AT =J

o JUAITIE
s EETERXD
= AN, FATERRORInH=zHI I Ee
o IXHY, HEFELLREREA3x VB, HFRNABHEREHE
o XTENEHE, RIothell(IEEREZE




Rt S LLEPF———1MilF

Kimssuz=P

Base



Rt S LLEPF———1MilF

x] B [fl (9)] [ll cos 84 + [, cos 6, + [3 cos 03]
y

-~ 1f5(0) l;sinf; — 1, sin@, + I3 sin O,
e
51=1):
05
011(0) 0f1(0) 0f1(8)
00, 00, 00, _[=lysinf; —l;sinf, —l3sin0f;
0f>(0) 0f,(0) 0f,(0) [{cosf; —l,cosB, [l3cos0;
| 004 20, 005 |




R LCIEMFT R U E——ERTHFE

o [RIRFAIE—ERBEN_HmAFE, B3 1T BEHENTRILE

KT




e LLAEPE T RRYLALGE
o TEELUFEREI(D) R T elNE

—E"HFE

Mo =UHIEE N XT R

de, de,-

_ dp, 0J0¢,
J(@) = de, Oe,

0@4 6_g02




JEe BT RV LAGE
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® %f‘:’
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NFRIE @, LSEENN—)

de

Ip:1

|

de, Jde,

dp; 0@

|

—E"HFE

= A\ H=-H
W\ e KE:

T A ZE?




JEe BT R LAE

o [AIE

|, MRE,LERNN—R, e K-

de [aex de,

a_(Pz_ dop, 0¢,

—E"HFE

~AZE?




R LCIEMFT R U E——ERTHFE

de,, de,]

dp; 0@,
aey aey

_acpl 6(,02_

V=](®)¢p =




JEe BT R LAE

—BRHFE

Zi X (E . JI)
wW; |
\ “t @Z' A E-J [/ E
\\\ J, ‘/ \\ J ! /

.
-

; |
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

ATIAHhELE S A AIREZEE
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JEe BT RV LAGE

o LIFATBEIE BT e BHEXTRIERA
o FAVENIBWRGEZK T AVIIES:, BIMIEeUI3E(L?

—E"HFE

/% €

de _[aex 0ey]
d@q dp; 0¢,q

=al><(e—l‘1)




IR RN E—ER"HFE
de — N
d;
aa;,; =a; X (e—r;) o

@ SIS TE AR R ch B TR b
O SNt RATR RS
e RIBBANSETE AR DS




BT R EF——3BHENEEXT

o —BRAIE 7T XTEHRYIRRENE N, BIMER 7Ll

Rt 9— 5
o FME3IBHEIREXTHMINMNBBERNXT, LUERILABHEME
HNATERITESE:

de
d;

=a; X (e—r;)

s X=PMRENHEEN A LANT
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JEe EEEPFIT RV LAE

S—ER_HFE

FPRT5[EAEENSMEHS, NmiEEIRim

o [AJFNZNRY: 1T

s DERHIERRE.,




JEe EEEPFIT RV LAE

BRI FE

de, de, Jde,]

_(G _ E)x

. 0 0 0 .
V=GBl =)@ =|30" Ger e, |9
(G o E)z Y Y Y
) ) dp; 0@, 03]

((0,01) xE), ((0,01) X (E—Pp)yx ((001) X (E—Pp)y
((0,0,1) X E),, ((0,0,1) x (E —Py), ((0,0,1) X (E —Py)y| ¢
((0,01) XE), ((0,01)x(E—Py), ((001)X(E—P,),




FRHERELTEGE

X = f(6)
6 = f~1(X) HETT LY AR PR T MBI 5 1R/
V=J(6)6 (configuration), FEZMITE!

0 =J 1OV



FRHETELL D AR

o EREML X =f ()FHARE (IRE)
o TEXRFEFFEREFHIIAIR
o JESFIERE
o PRI
» TFRIARE
o AERI ST AR T
o MFE 6 BTSRRI V
o FEF R
o FERSHER




R ELL Y &
— JeeEHLAERE ROt R e

V=J6 |
JTV =JT]6 J*V =20
AT BRES, (]T])_lﬁﬁr_! ]T(]]T)_lV .
TIN—11Ty — (T \—=11T 1/
) ] V=0'n—-J]]Je B 8 = ()Y, SR ()8 = V.
Jtv =26
A DL LUS Rk iR (RER).
182 J B TR (KA 5)

"B = 0(RTH0
]"' — (]T])—le :]T(]]T)—l I'B ( ~F )

(PR R LR 5!



o XTIJEIRNEME

o IHEHETIELTTIARNA UK

o HETILLEREITRRY LA




The End



