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A. Background

basic

Spirit of Flame
3D RealTime Graphics Prog ing Study

Al



vertex transformations pipeline

INPUT
VERTEX
DATA

LOCAL
TRANSFORM

WORLD
TRANSFORM

VIEWPORT
TRANSFORM
(projection matrix)

CAMERA -1
TRANSFORM
(view matrix)

RESULT
VERTEX
DATA

PROJECTED
VERTEX
DATA
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compounding transformations

.........................................................................................................................................................................................................................

* (Rigidbody Transform)
- / (scale)
= (rotation)
= (translation)
* (Matrix)
* / (scale transformation)
V input = (X, Y, z)
V output = V input X M scale
= Eeyyazea)
M scale = X 0) 0]
|0 y O]
|0 o) Z'|
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2

compounding transformations

(rotate transformation)

X ,Y ,Z

V input = (X, Y, 2)
V output V input X M rotation
(Vinput * V x, Vinput * Vy, Vinput * V z)
M rotation = IVxx Vxy Vxzj
IVy.x Vyy Vy.z|
IVzx Vzy Vzz|

(translate transformation)

V input = (X, Y, 2)
V output V input + V offset
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local coordinate system

* / : Direct3D 4X4
V input = x, v, 2z, 1)
V output = x,vy,z,1)
M rotation+offset = [IVxx Vxy Vxz O]

IVyx Vyy Vy.z 0]
IVzx Vzy Vzz 0]
|V off.x Voffly Voff.z 1]

(Quaternion)

* OpenGL Dlrect3D (Tranpose)
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hierarchical structures

(parent)— (child)

e
void CMeshObiject::Render(const Matrix& parentmat) '
{ :

Matrix mat = m_LocalMat * parentmat; :

RenderMesh(mat); :

for(i=0; i<m_ChildN; i++) :

m_MeshObj[i]->Render(mat); :
1

BoneZ2
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B. Animation techniques

.........................................................................................................................................................................................................................

Basic Game issue
forward kinematics rigid body physics
iInverse kinematics

linear interpolation

spherical linear interpolation

keyframe animation

motion transition

Advanced
inverse kinematics solver
inverse kinematics — constrains

quaternion
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basic technique

* Forward Kinematics

= ( bone)

* Inverse Kinematics

— (End Effector)

— End Effector Chain Root
— End Effector End Effector
- End Effector : (solve)
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keyframe animation
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spline interpolation

linear interpolation
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interpolation
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(interpolation)

Spline Interpolation, Linear interpolation
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(LERP)

linear interpolation

P(0) = p0, P(1) = pl

- 0<=t<=1

12

P(t) = p0 + (p1 - p0) * t

spherical linear interpolation

. (Gimbal Lock

)
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(SLERP)

spherical linear interpolation

- PO = IPD]
-0<=t<=1
— rad = acos(dotproduct(P(0), P(1)))

- P(t) = a(t) P(0) + b(t) P(1)
— a(t) = sin(rad * (1-t)) / sin(rad)
— b(t) = sin(rad * t) / sin (rad)

*
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motion blending
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A B

A (transition)

(blending)
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inverse kinematics
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CPU

Constrain
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inverse kinematics solver

* , IK

* )

— ( Bone) EndEffect
( EndEffect
EndEffect )

— ChainRoot

— ChainRoot EndEffect
- ( )
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inverse kinematics solver
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inverse kinematics — making quaternion

.........................................................................................................................................................................................................................

* 3D

*

- vl v2

-XY,Z,W X VY,Z VvV1Ixv2

~ X,Y, Z ( ), W

-vl V2 rad X,Y, Z sin(rad * 0.5)
—w cos(rad * 0.5)

- ,vl v2 v3 (rad * 0.5 )
-XY,Z vl v3 , W

— P1 = Normalize( EndEffector )

— P2 = Normalize( )

- P3 = Normalize(pl + p2)
- X, Y, z = CrossProduct(pl, p3), w = DotProduct(pl, p3)
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inverse kinematics - constrains

19

IK ™

EndEffector

(Constrain)

sin(rad*0.5)
cos(rad*0.5)

Goal

sin(MAX*0.5) / sin(rad*0.5)
cos(MAX*0.5) ( )
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rigid body physics
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™

™

™
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looking up at face
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(Weight)
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movement based animation
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0 ( )
p  p() - p(n-1)
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compressing quaternion

*X,Y,Z, W
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(w 0]

Fixed Point

2 byte fixed point
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question

24

Spirit of Flame
3D RealTime Graphics Prog i

Study

Al



