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A Data Driven Motion Generation for Driving Simulators Using Motion Texture
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Abstract

To improve the reality of motion simulator, the method of data-driven motion generation has been
introduced to simply record and replay the motion of real vehicles. We can achieve high quality of reality
from real samples, but it has no interactions between users and simulations. However, in character animation,

user controllable motions are generated by the database made up of motion capture signals and appropriate
control algorithms. In this study, as a tool for the interactive data-driven driving simulator, we proposed a new
motion generation method. We sample the motion data from a real vehicle, transform the data into the
appropriate data structure(motion block), and store a series of them into a database. While simulation, our
system searches and synthesizes optimal motion blocks from database and generates motion stream reflecting

current simulation conditions and parameterized user demands. We demonstrate the value of the proposed
method through experiments with the integrated motion platform system.
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Fig. 3 Data Driven Motion Generation
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Table 2 Data structure for vehicle driving
Category Field Description
Ax (Surge) | B A M5 E(x)
Ay (Sway) | ¥ THEE(y)

. Rl
Driving Az (Heave) | 3 14 5(2)
Motion Wx (Roll) | 33 Z}4E(x)

= AS
2 7A%) Wy (Pitch) | 3] A ZHE(y)
Wz (Yaw) | A ZEE(g)
Speed | AF9] &9
. Accelerator | 714 g2 Zoj
Driving
()C(;ntrcl){)1 Brake | #& #HE9 o
= A . N
= ) Steering | 2% Zt%

Driving Eventl |X2 ZH9 ZF
Environment -
(LA 87%) Even2 | EF(BAh, ¥ %

Raw Data Block Characteristies

Index

0 0.2310.1421.5360.181 ... i Average Speed

I 02310.14215360.181... - Duration Time

2 02310.1421.5360.181 ... Motion Driviag Commands

3 02310.1421.5360.181 ... Parameter Steer Angle

4 0.2310.14215360.181 .. Motion Accel Depth

5 02310.1421.5360.181 .. Data Brake Depth

6 02310.1421.5360.181 .. =" Driving Envir

7 02310.1421.5360.181 ... Surface T:

8 0.2310.1421.5360.181 ...

9 02310.1421.5360.181 ..

Fig. 4 Motion block & data structure
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Table 3 Algorithms for selecting the best motion block

Algorithms for Selecting the Best Motion Block

1. Obtaining Driving Commands
- AN & 27 e 85
2. Searching for Similar Candidates
R NE R SIS T E
3. Evaluating Selection Cost
- g ug g4r 3
4. Choosing the Best Motion Block
- H& dgulg 25 274 49

Fsc(i, j) = ad(Pi, P)) + pd(Di, Dj) +yCG, j-1) + 606 (1)

Fsc : Selection cost function

i: Simulation parameter id  j: Database parameter id
P : Motion block parameter D : Parameter derivative
C : Connectivity (connected: 0, not connected: 1)
Q : Quality (nonlinear count)
d(a, b): Difference between a and b

a, B, p,6: Coefficient for priority

s(t) = %—Q(cosi +1)

N-1 t= 0,1,2,...,N—1 (2)
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Table 4 Specification of driving simulator

5 A M(gl::eialt;n:ge Motion Controller
Motion Blending
=g Image Generation Washout Filter
7% Scenario Control | Inverse Kinematics
°© User Input Hardware Control
Database
A TORCS, MySQL,
SIW SMCP Client, SMCP Server
Motion Generator
CPU P42.4 GHz P3 800 MHz
RAM 512M DDR 128M SDRAM
HDD | 120G IDE (7.2K) 20G IDE (5.4K)
OS Windows 2000 Windows 98

Hlo]~2 = Fig. 9 9} T @A B9 DSMCP608™
71%S HEslgon, AloE syw 2= SMCP®
Server/Client & A}-238tgcl. z28lx dlolg 7jwt

753

57 WA EEMotion Generator)S A3 7L s}
] TORCS o} 4ttt

AA N2RE 57 A7z H" BAE7VA
Uegle AojziydoleHojAg EFsE 57
AR Avel, 24 o2& sl Y% &%
2 Aol MY, & 2 A MR FAFeH, F
T AlEHOlA 45& A A Aa"oR &
2 Ba7t ot Table 4 = & A79 A A&
olg] Al2®o] HLH Z} HW, SW 9 FQ J%F
2 Abg molZo,

42 diolH 2|8t 2FZ MM AlA” e HE

HA TORCS A AFse Fdst »d 7jgt
74 AA e 2 A Ag dHolg
gk WAl g ALg-ste] Al Al EHOHE ZHz ¢
3ta, 1 AEdold AFge 1H=Z2 Y3}
th uFy 57 A$ 1 834 2% Iy
o] thA B3I 37 wEo vluwax Fgod (dH
ol§ 7§t Ao} AF i), A A FHCIS
71, 2%74)0) g AFs &57 AAFx y ¥
A 7HEEYE A2 vlustglth 43 A, Fig 10
9 Fig. 11 3 Zo] T A|2”lo] X2 Hjxg JA
Folg Yehen, 7tEe A9 A4 )
#e 59 AQEY 2 H&5EE nHdgH,
7447 48 A9 F94% T4 F3E Yehlle
F9¢ 29 wlnc, dHolg 76k dhao] £ o
AAe A Bad ¢ Aot sAN z2e§gn
4HE 2579 A%, AEY Holgey £ ¢
3 AL FAHo 24 wHog A 1Y F
714891 glol A& A d3E el

32 ot N o

43 stoj2zl= 252
2 aFaA AdEte PAL Fog¢ EAL 53
AFsrel 1 53 E5TE REdgenz 4
E4g A% 71& A" ggjo] Kolzity 1
dz24, &3 =7 9 A ed 9§ HFu &F
2ol giEide 71E SR Al2"Ee #3431y,
2 14 AF B =W A8 g WP JE F
o i dHolg vk Aj2HS HEdY F o
AHH L AFE & e slolEE AlFE
glole] Al2"E FAH% 5 9t Fig. 12 & Fholrg
T A 2HE o]&5 WXtz £ BHS ehlig,
Fig. 13 oA & 7€ £57d =1 53 2579
d4d Ad9E BoFa ok

° o ox

|

4% 24 A £57 44 249 f9 A
22 2389 DB WY 257 22 AL



-1 . - - - - 0 + + >
00 88 178 204 352 440 528 817 705 703 B85 000 1057 11435 1203 1321 1409 1497 T

(a) Model driven

60 98 178 264 382 440 635 ©17 708 7RI @91 OO 1067 1945 1233 1321 1400 1487 T

(b) Data driven

Fig. 10 Simulator motion graph
(m: Accelerator Depth, A: Linear Acceleration(x))
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Fig. 11 Simulator motion graph
(m: Steering Angle, A: Linear Acceleration(y))
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Fig. 13 Simulator motion graph (Belgian road)
(A:Steering Angle, m:Linear Acceleration(z))
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