AV
1006
e-mail: Mochizuki.y@jp.panasonic.com
T
2—1

e-mail: himeno@riken.jp
#




DLT Direct Linear Transformation
[2]
[3-8]

[9]
150km/s

130km/h 1.1 1.2

DLT

[10]



94

World Coordinates

Y 0y 3 System

Humerus
Mo, Jo

Hip Joint of Opposite Side
of Upper Limb for Pitching

| e...Z ....... 9 ....... - y
<« .
0
1
60 61 62 63
5



11

O6 o7

Sk
09 ©10
D-H [11]
3 spline
Lagrange
Sample of Pitching Motion
' .
S Coordi [J State Progress of Motion
| creen Coordinates | \jotjon Captured DLT Method)
3-dimensional Physical Parameter Ball Data
Coordinates
{ i
Joint Angle(Initial Motion) Calculation of Inertia Tensor
Optimizing Calculation for Upper Limb(quasi-Newton Method)
[ BFGS Formula
[J Secant Method
[J Wolfe's Conditions
O Inverse Dynamics Calculation
* Improvement Process for Pitching Motion
Optimizing Pitching Motion
1
Combining Motion | Graph |

Visualizing Motion




9 BFGS (Broyden — Fletcher - Goldfalb
- Shanno) Wolfe
Newton

Spline

[1]



[12]

[13] [14, 15] [16]
[17] [18]
43 m/s A 35m/s
20m/s c 3
A

T5 T6 TY 65 66 O7



o7 o7

State0
Statel
Stated o7

State0 Stated

Statel Stated



[19]

[10]
2
[20]

OO ooo OO0 Ooo o e o o o o R
OO 0.650741 (SeC) 0.613475 (SeC)

O 42.044094 (m/s) -2.545132 (rad)

O O 0.650741 (sec) 0.579076 (sec)

O 34.761332 (m/s) -2.394837 (rad)

[ 0.653607 (sec) 0.579076 (sec)

____ O | 25756440 (mrs) -2.361247 (rad)




43 m/s

35m/s

20 m/s

A

—&— Pivot

Shoulder

—#— Elbow

—F— Wrist

—— Top of hand

]

m/sec

L)
i

°©

69

610
611

JJad

1900980

G268€882°0
6Y50vLL°0
550226520

SB0LEOESD
99809750
S220T050
619€/87'0

Sv120/88°0
TE69ZLE 0
G/8GE85E°0

SEVEEPTO O
0

190098
99924578
£26€1€8
96.50L18

SEVEEYTO




200
—im— BEall .l l '
1 | —=— Tepofnana :.‘;.'-8“3[‘} |
. _.: =5 T~ }( \ '[5@5_
oo = =7 s ﬁ\" ;
=a (w1 o [ ! - s
1 s | 1 | =t a—'-ﬁ::|ﬂ— e e —El——m—-—’z_——m——m—_m__m__m__m
I T N D s B g N s o J:.\mj/ - J\[ B e O D P T2 - N B o X O
R e aasn o B S = i e R P et S T 2
] S gt \ ks e o bE A
o ‘ J l |l = ot .
| [ /|
100 .SmEo-\ — | - .I - -5 . - P
[State2]
150 - = * - '[E‘} /
| Statel | ||State3|| | }
200 l I I

169 x 92 x 101 157

MAC

[21, 22]

Poisson

Euler

STM
5
it
i3
[Tt
05EIET
0455580
05TNI4E
(EeER
RS
(]
ikl
ik
ik
075
075
0B
OBINENS
vl e
(BETe0S
56006

150km
Navier-Stokes
Poisson Navier-Stokes
Navier-Stokes



[25]




Lagrange

[1] N.Berstein[26]

[10, 23-25]



CG

CG




[1] “
i Vol.46, No.1l, pp.2-41 (2002).
[2] Shapiro, R.: ““The direct [linear transformation method for



three-dimensional cinematography®”, Res. Quart., 49, pp.197-205 (1978).
[3] M.Feltner and J. Dapena: ““Dynamics of the shoulder and elbow joints of the
throwing arm during a baseball pitch””, International Journal of Sports
Biomechanics, pp.235-259 (1986).
[4] M_Feltner and J.Dapena: ““Three-dimensional interactions in a two-segment
kinetic chain. Part 1 : General model””, International Journal of Sports
Biomechanics, pp.403-419 (1989).
[5] M.Feltner: ““Three-dimensional interactions in a two-segment kinetic chain.
Part 2 : Application to the throwing arm in a baseball pitching””, International
Journal of Sports Biomechanics, pp.420-450 (1989).
[6] S. Sakurai, Y. Ilkegami, A. Okamoto, K. Yabe, and S. Toyoshima: ““A
Three-Dimensional Cinematographic Analysis of Upper Limb Movement During
Fastball and Curveball Baseball Pitches””, Journal of Applied Biomechanics, 9,
pp.47-65 (1993).
[7] R.Escamilla, G.Fleisig, S.Barrentine, N.Zheng, and J.Andrews, ““Kinematic
Comparison of Throwing Different Types of Baseball Pitches””, Journal of Applied
Biomechanics, 14, pp.1-23 (1998).
[8] S.Barrentine, T.Matsuo, R.Escamilla, G.Fleisig, and James R. Andrews,
““Kinematic Analysis of the Wrist and Forearm During Baseball Pitching””,
Journal of Applied Biomechanics, 14, pp.24-39 (1998).
[9] A.Uesaki, Y.Mochizuki, T.Matsuo, K.Hashizume, K.Omura, and S.Inokuchi,
"Computer Simulation for Dynamics Analysis of Pedaling Motion on Lower Limbs
in a Racing Cycle", Theoretical and Applied Mechanics, Vol.48, pp.197-205
(1999).
[10] “ VS. 7z

1555 (2001).
[11] ] Denavit, J. and Hartenberg, R.: ““A kinematic notation for lower-pair
mechanism based on matrices””, ASME Journal of Applied Mechanics, 22, pp.215-221
(1955).
[12] Y_-Mochizuki, S.Inokuchi, and K.Omura, "Generating Artificial Proficient
Skill Motion for Upper Limb in Baseball Pitch from Several Objective Functions",
IEEE Transactions on Systems, Man, and Cybernetics-Part B: Cybernetics, Vol .30,
No.3, pp-373-382 (2000).
[13] Y_Mochizuki, H.Amano, K.Tezuka, T.Matsumoto, S.Yamashita, and K.Omura,
"Computer Simulation for Upper Limb during High Speed Baseball Pitching”,
Theoretical and Applied Mechanics, Vol.46, pp.271-277 (1997).



[14] Y_-Mochizuki, T.Matsumoto, S.Inokuchi, and K.Omura, "Computer Simulation
of the Effect of Ball Mass and Shape to Upper Limb in Baseball Pitching"”,
Theoretical and Applied Mechanics, Vol.47, pp.283-292 (998).
[15] Y.Mochizuki, S.Inokuchi, and K.Omura, "Simulation Analysis of the
Influenced Motion from Ball Mass nad Shape for Upper Limb during Baseball
Pitching", Proceedings of WorldMulticonference on Systemics, Cybernetics and
informatics and 4th International Conference on Information Systems Analysis
and Synthesis, Vol.3, pp.709-716 (1998).
[16] Y-Mochizuki, S.Inokuchi, and K.Omura, "Computer Simulation for Dynamics
Analysis of Making a Long Throw in Baseball", Theoretical and Applied Mechanics,
Vol .48, pp.207-216 (1999).
[17] Y.-Mochizuki, S.Inokuchi, and K.Omura, "Optimizing Simulation for Long
Distance Throw in Baseball from a 3-dimensional Captured Motion"™, Proceedings
of Worldvulticonference on Systemics, Cybernetics and informatics and 5th
International Conference on Information Systems Analysis and Synthesis, Vol..5,
pp493-500 (1999).
[18] “ 7

(2001).
[19] Y.Mochizuki, T.Matsuo, S.Inokuchi, and K.Omura, "DYNAMIC ANALYSIS FOR THE
EFFECT OF CENTRIFUGAL AND CORIOLIS FORCES IN SWINGING A BAT", Scientific
Proceedings of the XVII International Symposium on Biomechanics in Sports,
pp-393-396 (1999).

[20] 7
i D-11 Vol.J85-D-11No.1, pp.121-129 (2002).
[21] “ - i 75
(1999).
[22] 7
”” Computer Visualization Symposium 2000
pp-45-48 (2000). 2000 10 (2000)
[23] (1998).
[24] (1999).
[25] (2001).

[26]N.Bernstein: The co-ordination and regukation of moments, Pergamon Press
(1967).



