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A study on Animated Robot
- Development of Modeling Tool for Rigid Objects and its Application -

Kenji INADATE, Keisuke YONEDA, Ikuo SUZUKI, Masahito YAMAMOTO and Masashi FURUKAWA

In this decade, physics animation which realizes a realistic motion of the object has attracted the attention of researchers.
However, the physics animation with animate beings which have autonomous intelligence is still in the research phase. This
study aims at developing a new physics modeling software to generate behaviors for virtual creatures which have complex
shapes. Developed software has functions to create physics models which have complex shapes on GUI, simulate them in
real time, and generaie an autonomous behavior with Artificial Neural Network. This paper describes architecture of the

software and several examples of motion generations.
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Fig.1 Software architecture
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(a) Sphere (b) Box (c) Mesh
Fig2 Primitives

_//- [

(a) Translation of primitive

(d) Transformation of mesh
primitive

A: Position

B: Size

C: Rotation angle

D: Physical data

E: Sensor attribute

(e) Dialog box
Fig3 Software interface to edit primitives

Table 1 Primitive data

Size Dy, Dy, Dz
Position Py, Py, Pz
Rotation angle a By
Density P

Restitution coeflicient e

Static friction coefficient Hs

Dynamic friction coefficient Ha

Senser enable {True, False}

Angular range of the view R
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Animated Robot DS

Table2 Joint data

Jointing target Primitivel, Primitive2
Anchor point Iyt Iy, Sz, Jxz, Jva, Sz
Degrees-of-freedom Fry, Fry, Frz Fr, Fry, Fiz
Ranges of motion Rrx, Ry, Ry, Ri, Ry, Rz
Spring constant . k

Damper constant c

Actuator enable {True, False}

Spring enable {True, False}

(D

/= 0,<R 0, <R
"~ |otherwise : otherwise
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A Anchor point

B: Degrees of freedom
C: Ranges of motion
D: Spring attribute

E: Actuator atiribute

(b) Dialog box
Fig.4 Software interface to edit joints
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Fig.5 Structure of controller
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(a) Modeling (b) Simulation
Fig.6 Modeling and simulation

(a) ()
Fig.7 Physics model simulation with sensors
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Table3 Setting value of optimization

Number of individuals 40
Mutation rate 0.05
Crossover probability 04
Position of destination (light source) (0,0, -20)
Simulation time 300
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(a) Salamander model

(b) Gold beetle model
Fig.8 Physics models
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Table4 Data of physics models

Salamander model Gold beetle model
Geometric data
Number of primitives 20 26
Number of sensors 2 2
Number of actuators 13 12
Physical data
Density 1000 kg/m® 1000 kg/m’
Restitution coefficient 0.1 0.1
Static friction coefficient body: 0.3 body: 0.3
limb: 0.9 limb: 0.9
Dynamic friction coefficient body: 0.2 body: 0.2
limb: 0.8 limb: 0.8
ANN data
Number of neurons 420 588
Type of ANN Feed Forward Feed Forward
Number of hidden layer 2 2

O Light source O

(a) Snap shot (b) Track of motion

Fig.9 Motion of salamander model

O Light source

(a) Snap shot (b) Track of motion

Fig.10 Motion of gold beetle model
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(a) Recorded position

output

step

(b) Actuator output
Fig.11 Actuator outputs of salamander model
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Fig.12  Actuator outputs of gold beetle model

Fig.13  Pursuit behavior of gold beetle model
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