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Figure 13.11: Eramples of multi-segment objects

Recall that the motion of an individual object is defined by a time-varying
modeling translormaition maltrix which places the object in the common
world coordinate system. If the relative motion of ohject ¢ must be defined
with respect to object j, then the relative modeling transformation Tj; of
object ¢+ must place it in the local coordinate system of object j. Since
object jis lixed in its own modeling coordinate system, Ty will determine
the relative position and orientation of object ¢ with respect to object 7. A
point 7 in object i’s coordinate system will be transformed to point:

=T —

r=0 - A+ (13.57)

Transformation Tj; places object 7 in the local modeling coordinate sys-
tem of object ;. Thus, the world coordinate points of object ¢ can be
generated if another transformation object j's modeling transformation
T which maps the local modeling space of object j onto world space is
applied:

(13.58)

(7 1] = [F 1] - Ty = [ 1] - Ty - T

In this way, whenever object  is moved, object ¢ will follow it with a given
relative orientation and position since object j’s local modeling transforma-
tion will affect object ¢ as well. Therefore, object ; is usually called the
parent segment of object ¢ and object ¢ is called the child segment of
object j. A child segment can also be a parent of other segments. In a sim-
ulated human body, for instance, the upper arm 1s the child of the irunk, in
turn is the parent of the lower arm (figure 13.12). The lower arm has a child,
the hand, which is in turn the parent of the fingers. The parent-child rela-
tionships form a fierarchy of segments which is responsible for determining
the ivpes of motion the assembly structure can accomplish. This hierarchyv
usually corresponds to a tree-structure where a child has only one parent,
as in the examples of the human bhody or the car. The motion of an assem-
bly having a tree-like hierarchy can be controlled by defining the modeling
transformation of the complete structure and the relative modeling transfor-
mation for every single parent-child pair (joints in the assembly). Tn order

Priklady (LS: tree-structure, Ru: siet struktar, VRML/X3D scene graph: animation = modification), acyklicky orientovany graf (DAG)

world coordinate

) = system
o

Struktura DOM

head T
leg12 prvok
T
am 1.2 .

¥ ¥ s
struktira OKNO FH ilvukulml)\l'kl.[ —’

¢
.

head .
'TI,-\m am 1 Ilu\\d leg . struktira KIZUCKA 4
R K —
= 4 v J "
s s | | . [ & 5
// \Innm 15 \I foot1 Zikladné prvky prvok  prvok ZAkladné prvky
Obr. 19.2 Viacuroviovd hierarchia
finger 1 finger $ foot 1
Figure Tranaformation ree of the huavan bos [LS] 280 PHIGS

1 2 3
v A A
4 S
- 4 » v A
6 7 8 ,9,
- Yy A4
10 11 12

Obr. 19.3 Priklad siete Struktur
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1. Vybrané priklady (10 minatové, YouTube v programe, napr. robot na s. 2, ¢lanok 6 A Robot for Interactive Glove Puppetry
Performance)

HOT NEWS 13 ~ 15 October 2020 @ CASA the oldest international conference in computer animation and social agents in the world. It was founded in Geneva in 1988
http://casa2020.bournemouth.ac.uk/wp-content/uploads/2020/10/CASA2020-Programme-1.pdf
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Computer Graphics
PRINCIFLES AND PRACTICE COMPUTER GRAPHICS

OLD NEWS, Vydania ”naéej biblie“ FOLEY « UAN DAN * FEINER « RUGHES = PHILLIPS

2. Vybranjf priklad na interpoléciu, obrazok Lasetter. UvaZzujme dve vrchné polohy lopty a medzi nimi jednu spodnt. Line4rna interpol4cia vypod¢ita ,,chybné V.

Y

FIGURE 2. Squash & stretch in bouncing ball.

Ponaucenie z prikladu (original vo Foley et al.): TREBA pohyb po krivke v 2D alebo na interpolaciu orientacii
sférick interpoléaciu a kvaterniony v 3D. Shoemake, Ken. "Animating Rotation with Quaternion Curves" (PDF). SIGGRAPH 1985.



http://casa2020.bournemouth.ac.uk/wp-content/uploads/2020/10/CASA2020-Programme-1.pdf
https://www.cs.cmu.edu/~kiranb/animation/p245-shoemake.pdf
https://en.wikipedia.org/wiki/SIGGRAPH

3. Vybrany priklad na artikulovanu struktaru, skok po krivke z 2. vydania ,,biblie“ a chybny pohyb 2D lopty.
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Fig. 20.25 Luxo Jr. is asked 1o jump from one position on the table to another. An ] ) . i i e
initial path 18 specified in which Luxo moves above the table. Iterations of a variational Fig. 21.1 Linear interpolation of tha motion of a ball generates unrealistic results. {a)
technique lead Luxo to find a crouch—-stratch-followthrough approach to tha motion Three key-frame positions for the ball. (b} The resulting interpolated positions.

Interpolaiing the orientation of the rigid body is more difficult. In fact, even specifying
the orientation is not easy. If we specify orientations by amounts of rotation about the three
principal axes {(cailed FEwler angies), then the order of specification is important. For
example, if a book with its spine facing left is rotated 90° about the x axis and then —90°
about the y axis, its spine will face you, whereas if the rotations are done in the opposite
order, its spine will face down. A subtle consequence of this is that interpolating Euler
angles feads to unnatural interpolations of rotations: A rotation of 90° about the z axis and
then 90° about the y axis has the effect of a 120° rotation about the axis (1, 1, 1). But
rotating 30° about the z axis and 30° about the y axis does not give a rotation of 40° about
the axis (i1, 1, 1)—it gives approximately a 42° rotation about the axis (1, 0.3, L)?

The sei of all possible rotations fits naturally into a coherent algebraic structure, the
gquarerntons fHAMIS3]. The rotations are exactly the wnir guaternions, which are symbolis
of the form a + bi + cj + dk, where a, b, ¢, and 4 are real numbers satisfying a® + » + 2
+ d% = ]: gquarernions are multiplied using the distributive law and the rules i* = F = k% =
—1, ¥ =k = —ji,.jk = i = ~kj, and ki = j = —ik. Rotation by angle ¢ about the unit
vector [ ¢ dJ corresponds to the quaternion cos ¢2 + bsin /20 + csin v2 § + 4 sin
@2 k. Under this correspondence. performing successive rotations corresponds to
multiplying quaternions. The inverse correspondence is described in Exercise 21.7.

Since unit guaternions satisfy the condition g® + »* + & 4+ d? == 1, they can be thought
of as points on the unit sphere in 4D . To interpolate between two guaternions, we simply
foliow the shortest path between them on this sphere (a grear arc). This spherical linear
interpolation (called slerp) is a natural generalization of linear interpolation. Shoemake
[SHOESS] proposed the use of guaternions for interpolation in graphics, and developed
generalizations of spline interpolants for guaternions.



4. Vybrany priklad krivky, KB s parametramit, b, ¢
Kochanek—Bartels spline

From Wikipedia, the free encyclopedia

In mathematics, a Kochanek-Bartels spline or Kochanek=Bartels curve is a cubic Hermite spline with tension, bias, and continuity parameters defined to change the behavior of the tangents.
Given n + 1 knots,
Po. ---. Pa-

to be interpolated with rr cubic Hermite curve segments, for each curve we have a starting point p; and an ending point p;.q with starting tangent d; and ending tangent d;.¢ defined by
(1-H1+b(1+¢) (1-91 -8 -9
d; = 5 (i —Pia) + 5 (Piy1 — P:)

di; = Sl —;b}(l ) (Pic1 —P;) + (1= t)“;b](l *o) (Pr:+2 —Pis1)

where._

{ tension Changes the length of the tangent vector
b bias Primarily changes the direction of the fangent vector

¢ continuity Changes the sharpness in change between tangents

Setting each parameter to zero would give a Catmull-Rom spline.
The source code found hered of Steve Noskowicz in 1996 actually describes the impact that each of these values has on the drawn curve:

Tension T =+1— Tight T=-1— Round
Bias B = +1— Post Shoot B = -1— Pre shoot

Continuity C = +1— Inverted corners C = -1— Box corners



5.Vybrany priklad motivacie, preco kvaterniony [Szirmay-Kalos] a schema MoCap

motion. In order to demonstrate this problem, suppose that an object lo-
cated in [1,0,0] has to be rotated around vector [1,1,1] by 240 degrees and
the motion 1s defined by three knot points representing rotation by 0, 120
and 240 degrees respectively (figure 13.6). Rotation by 120 degrees moves
the  axis to the z axis and rotation by 240 degrees transforms the = axis to
y axis. These transformations, however, are realized by 90 degree rotations
around the y axis then around the x axis if the roll-pitch-vaw representation
15 used. Thus the interpolation in roll-piteh-vaw angles forces the object to
rotate first around the y axis by 90 deegrces then around the » axis instead
ol rotating continuously around [1.,1.1]. This obviously results in uneven
and unrealistic motion even if this effect is decreased by a ('# interpolation.

desired trajectory

axis of rotation
[1.1.1]

trajectory generated by roll-pitch-yvaw interpolation

Figure 13.6: Problems fi’f interpolation in roll-pitch-yaw angles Figure 13.8: Linear versus spherical interpolation of orientations



Konkrétny priklad je na s. 47n v knihe Vince: Geometric Algebra.
54 3 Computer Animation

as unit-size four-vectors which correspond to a 4D unit-radius sphere. An

Calibration motion Centres of rotation and scaled skeleton

appropriate interpolation method must generate the great arc hetween ¢

and ¢o, and as can easily be shown, this great are has the following form:

sin(1 — )0 sin 10

Marker model

qg(t) = - (. (13.47)
AN sin f sin f) 12 ' :

where cos 0 = (g1, ¢2) (figure 13.9).
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Figure 13.9: Inierpolation of unit quaternions on a 41 unil sphere _ o ) )
Fig. 3.2: Principles of optical motion capture

SLERP [Szirmay-Kalos], MoCap Gutiérrez - Vexo - Thalmann Stepping into Virtual Reality. Springer 2008.

1 2 3
v A K
4 S
>~ 4 p v A
6 7 8 9
- A 4 “ua
10 11 1

Obr. 19.3 Priklad siete Struktur



6.Vybrany priklad na skladanie transformacii a prechod sietou struktar (scene graph traversal) [Ruzicky]

19.2.1 Modelujuce transformdcie a orezdvanie

Obrazok mozno skladat' z oddelenych &asti, z ktorych kazdi mozeme definovat’ v
ramci jej vlastného modelujiceho siradnicového systému (modelling coordinate sys-
tem, MC). Vzajomnu polohu oddelenych &asti ziskame pomocou jedinych svetovych
siradnic (world coordinates, WC), na ktoré vietky MC zobrazime zloZenou modeluji-
cou transformaciou (composite modelling transformation). Priestor svetovych surad-
nic sa chape ako na stanici nezavisly abstrakiny priestor. Zlozena modelujica transfor-
macia C sa sklada z lokdlnej modelujicej transformacie L (definovanej v aktualnej
struktare) a globalnej modelujiicej transformacie G (o je zlozena modelujica transfor-
macia na zaciatku prechodu $truktirou zdedena z rodicovskej Struktary). V nasleduju-
com vyklade pouzijeme dve funkcie, ktoré podrobne vysvetlime neskér: POST odosle
Struktiru na zobrazenie na stanici a EXECUTE "vlozi" struktiru do otvorenej Struktiry.
Struktara na najvysSej Grovni odoslanej siete $truktir ma na zaliatku (kazdého

282 PHIGS

Priklad 19.1 Nastavenie transformacii pre Struktiry

I* Predpokladajme siet' $truktar podla obr. 19.3 a naviac, ze $truktury 4, 6, 7 obsahuju oi.

nasledujuce prvky pre nastavovanie transformacii a vazby na Struktary v uvedenom
poradi: */

/* pre Struktaru 4 */

SET LOCAL TRANSFORMATION 3 (L41, REPLACE)

SET GLOBAL TRANSFORMATION 3 (G41)

EXECUTE STRUCTURE (6)

SET LOCAL TRANSFORMATION 3 (L42, POSTCONCATENATE)
EXECUTE STRUCTURE (7)

[* pre Struktaru 6 */

SET LOCAL TRANSFORMATION 3 (L61, REPLACE)

SET GLOBAL TRANSFORMATION 3 (G61)

[* pre Struktaru 7 */

SET LOCAL TRANSFORMATION 3 (L71, REPLACE)

SET LOCAL TRANSFORMATION 3 (L72, PRECONCATENATE)
EXECUTE STRUCTURE (10) /* prechod dal$ou podstruktirou */

Ake budu hodnoty matic zlozenej, globalnej a lokalnej transforméacie pre jednotlivé ope-

racie pri prechode podsietou $truktury 4? Odpovede su uvedené v nasledujlicej tabulke,

kde | znamena maticu identickej transformacie a operacie uvadzame len v skratkach

prechodu sietou $truktur) G nastavenu na identicka transformdciu. L sa pre $truktiru ta-
kisto na zaGiatku (prechodu truktirou) nastavi na identickd transformaciu a modifikuje
sa, ked’ sa pri prechode Struktirou narazi na prvok SET LOCAL MODELING
TRANSFORMATION 3 alebo SET LOCAL MODELING TRANSFORMATION. Zlo-
zena modelujuca transformacia sa vypocita ako: C=G*L. Ked’ sa pocas prechodu §truk-
tarou vyvola podstruktira, tak sa G aj L uschovaji a po navrate z prechodu podstrukti-
rou sa obe transformécie obnovia.

Prvky pre lokdlne modelujice transformacie vlozime do Struktiry funkciami: SET
LOCAL TRANSFORMATION 3 (matrix, type) a SET LOCAL TRANSFORMATION
(matrix, type), kde matrix je matica homogénnej transformacie (v prvom pripade 4*4, v
druhom 3*3) a fype uruje typ operacie s doteraz platnou lokalnou transformaciou. O-
zna¢me LNEW ako vysledni lokalnu transformaciu, L povodni lokalnu transformaciu a
T transforméciu dand v matrix. Potom

LNEW =T pre type s hodnotou REPLACE

LNEW =L * T pre fype s hodnotou PRECONCATENATE

LNEW =T * L pre type s hodnotou POSTCONCATENATE.

Vedl'ajsi uc¢inok tejto funkcie je samozrejme aj nastavenie zlozenej modelujiicej
transformacie na novi hodnotu CNEW = G * LNEW. Analogicky SET GLOBAL
TRANSFORMATION 3 (matrix) a SET GLOBAL TRANSFORMATION (matrix) nas-

tavia v stavovom zozname prechodu maticu globalnej transformécie na hodnoty podl'a
parametra matrix.

Operacia Lokalna Globalna Zlozena Poznamka
transformécia transformacia transformacia

post(4) | | | (1)

local(L41 REP) L41 | L41

global(G41) L41 G41 G41*L41

execute(6) | G41*L41 G41*La1 (2

local(L61,REP) L61 G41*L41 G41"L41°L61

global(G61) L61 G61 G61*L61

navrat zo 6 do 4 L41 G41 G41*L41 3)

local(L42,POST) L42*L41 G41 G41*L42*L41

execute(7) | G41*L42"L41 G41*L42*L41 (2

local(L71,REP) L71 G41*L42*L41 G41*L42*L41*L71

local(L72 PRE) L71*L72 G41*L42*L41 G41*L42*L41*L71*L72

execute(10) | G41*L42*L41*L71"L72 G41*L42*L41°L71*LT2 (2)

navratz 10do 7 L71*L72 G41*L42*L41 G41*L42*L41*L71*L72 (3)

navrat zo 7 do 4 L42*L41 G41 G41*L42*L41 (3)

Poznamky:

(1) Na zaciatku prechadu sietou Struktur sa v8etky modelujice transformacie nastavia
na identickl transformaciu. Treba si uvedomit, Ze ak by sa aj v $trukture 1 vyskytovali
prvky na nastavenie modelujucej transformacie, tieto by v tomto pripade nemali ziaden
vplyv na globdinu a zlozenu modelujucu transformaciu, pretoze prechod sietfou sa zac¢ina
od Struktary 4.

(2) Hodnoty matic transformacie z predchadzajuceho riadku sa uloZia, matica lokalne;
transformacie sa nastavi na identicku, matica globainej transformacie sa nastavi na
hodnoty matice zlozenej transformacie

(3) Pri navrate zo 3truktury sa obnovia ulozené hodnoty.
e ————————



7. Priklad postupu v deklarativhom formate. X3D is a royalty-free open standards file format and run-time architecture to
represent and communicate 3D scenes and objects using XML. It is an ISO-ratified standard that provides a system for the storage,
retrieval and playback of real time graphics content embedded in applications, all within an open architecture to support a wide array of
domains and user scenarios. -- X3D: Extensible 3D Graphics for Web Authors by Don Brutzman, 2008. ... Chapter Summary: Event
Animation

ROUTE connections and animation

Animation as scene-graph modification

Event-animation design pattern: 10-step process

Interpolation nodes

e TimeSensor and event timing

e ScalarInterpolator and ColorInterpolator

e OrientationInterpolator, PositionInterpolator, PositionInterpolator2D and NormalInterpolator

e CoordinateInterpolator, CoordinateInterpolator2D ...

https://www.web3d.org/example http://x3dgraphics.com/examples/X3dForWebAuthors/ https://www.web3d.org/x3d/what-x3d

Hello X3D Authors 10-step process

1. Pick target. The target node is a Transform, and the target field is set_rotation.
2. Name target. The Transform is named DEF='EarthCoordinateSystem’.

3. Check accessType and data type. As shown by the Transform node field-definition table in
Chapter 3 and the X3D-Edit tooltip, the set_rotation field has type SFRotation.

4. Determine whether Sequencer or Script. These special node types are not applicable to this
example, because the data type for set_rofation is SFRotation which is a floating-point type.

5. Determine which Interpolator. The animating Orientationinterpolator is named
DEF="SpinThoseThings" and placed just before the Transform.

6. Triggering sensor. A triggering TouchSensor is added next to the geometry to be clicked, and
then named DEF='ClickTriggerTouchSensor’.

7. TimeSensor clock. The TimeSensor is added at the beginning of the chain, named
DEF="OrbitalTimelnterval' and has both the cyclelnterval and loop fields set.

8. Connect trigger. Add ROUTE to connect the triggering TouchSensor node’s touchTime output
field to the clock node’s startTime input field.

9. Connect clock. Add ROUTE to connect the clock node's fraction_changed output field to the
interpolator node’s set_fraction input field.

10. Connect animation output. Add ROUTE to connect the interpolator node’s value_changed
output field to the original target input field, set_rotation.

3D 3D

CONSORTIUM
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