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Where we stand?
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Challenges

e Coupling (fluid) simulations
* Not efficient!
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\66 Drag and Lift coefficients, SIG14

* Direct motion capture sim %

* Not easy! e( ‘%ﬁ
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Heavy markers Motion blur

* Aerodynamic simulations
* Not complex!

* Physics model simula

 Not real!
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Pattem—gu ided Framework —amacrointro

* Principles
* pl. Avoiding the computations of fluid motions
* p2.Accounting for the surrounding flow effects
* p3. Hybrid approach of numerical and data-based methods
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What |S PatternS? Real environments

Experimental Test
rigid body: elliptical paper
major axis: 4.0 cm
minor axis: 2.0 cm
thickness: 0.04 cm
release angle: 30°

release height: 120 cm
camera: SONY SLT-A77V
Environment: Indoor
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What |S PatternS? Real environments
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What is Patterns?

Ideal environments

2D motions

i

I

I
AL

1Y
|

A
N
o~ N\‘a;%g
S
)

i
7

’\'|(' L
il

/ P=0.1 [=10
. T S " |
PR, | i
8.0 4 CR * 1
wop # 4 PF #
v 4 #
40.0 4 ,‘\CF "w 1
g7 = SPF
200 l d w
e k.
°°o4oih 100 20 :0 @0 soo

[Tanabe, Phys. Rev. Lett. 1994]
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3D motions
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Pattern‘gUided FrameWO rk —a micro intro

 Methodology

m1. Ideal motions are simple, but primitive patterns

mZ2. Motion transitions among patterns at turning points

m3. Motion capture of motion patterns, better than trajectories

m4. Parameter subspaces of models corresponding to patterns
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Motion classification Parameter subspaces
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Energy optimization Motion graph
---the force on a body may be divided into alr James LIghnill ai

calculated; and
: (i) a vortex-flow force that varies nonlinearly
F1. Inertial effeCt' and is related in a definite way to vortex

F2. Viscous effect, shedding and to the convection of shed
vorticity.

(i) a potential-flow force that depends linearly  JlEURIINERIGHTR
on the body velocity, and can be accurately
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F1. Inertial effect -

\
Dynamical Model Ap(z) = 0 z€Q
| Equations: Sl = [0
Kinematic R R&
Equations: T - Ru K : potential field )
du

. M,— = (Mau) X (W
EDy::tTolliil ;t Added mass
; | ad—:‘: = (Jow) X w+ (Mu) X u

Added moment of inertia <
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Analytic Added Tensors

* A simple and efficient approach for Laplace Equations

* Bounding ellipsoid

* Approximated solution

Kinetic L
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F2. Viscous Effect

. Fp
F
L1
Forces
Fro

Drag
Rotational Lift
Translation Lift
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Force Coefficients

* Instantaneous coefficients

C = C(a, Re)

(angle of attack, Reynolds number)

Generalized Parameter Model

(Cd, Clla Clg) = (CD Sin2 a, CLl SiIl(QOz), CL2 COS(QOZ))

a = tan™" ([lun||/||u)
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Generalized Kirchhoft Equation

Dynamical Model

M,u2 = (Myu)Xw+ F,
L,w = (Iiw)Xw+ (Mu)Xu+ Ty,
Force decomposition: F.(X) = (FD " 1;31[ iff " FG) gravity
[ Ep +-Fps +Fps (p/ps —1)R"g
= (T (P Ry )

'y =9 % (Fp+ Fr1+ Fra)
|P]| = (1—sin3 a)a/4
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Motion classification Parameter subspaces
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Flow Effects
C =C(a, Re)

(Cgq,Ci1,C2) = (Cp sin? a, Cp1 sin(2a), Cro cos(2a))
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Energy optimization Motion graph

F3. Turbulent effect



