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In this paper, we discuss table tennis technique evaluation using motion analysis

model by TAM networks and data mining methods. For students of university, we recorded the

continuous forehand stroke of the table tennis in the video frames, and analyzed the trajectory

pattern of nine marking points attached at subject’s body with a coach’s technique evaluation

and the motion analysis model. As a result, we obtained embodied knowledge classified member of

table tennis club, middle level palyer and beginner as fuzzy rules, and also estimated the movement

of the marking points to improve in table tennis technique.
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0 2: Proposed System
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O 3: Mesurement Markings
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O 4: Position of Markings
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O 5: Speed of Markings
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Abstract: The purpose of this study is to make a trial to develop for a quantitative evaluation for motion
analysis with a 3D motion analysis device by comparing the characteristics of three dances. We
measured the trajectory of the pelvis of skilled dancers of Bali-dance, ballet and Uighur-dance. The
result demonstrated the characteristics of the gait motion of each dance. In addition, comparing the
trajectories with the normal gait, the skills of the dances were clearly showed.
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Abstract: Physical tacit knowledge is the way of acquiring the abilities to move our body by
trial and error. Understanding of the relationship between body segments plays a key role in order
to encourage learning the physical tacit knowledge. This study utilized the visualization as the

tool for understanding its relationship.
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Effective exploitation of arm dynamics in keystroke by expert pianists.
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Abstract: The present study investigated the expert-novice difference in the kinetics of upper-limb
movement during the keystroke on the piano. Kinematic recordings were made while experts (N = 7) and
novices (N = 7) of classical-piano players performed a right hand octave keystroke with staccato
articulation to produce four different sound dynamics. Using the inverse dynamics method, interaction
and muscular torques generated at the shoulder, elbow and wrist joints were computed. At all sound
dynamics, the experts produced larger interaction torques at the elbow and wrist joints compared to the
novices, and thereby had smaller muscular torques at these joints. This suggests that through the
long-term piano training the expert pianists acquired motor skill of reducing muscular load during the
keystroke by effectively exploiting the interaction torques.
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AH sy H— NTOA 7 X —758F] (30 [8]) % 4 Xk

T (p=92.4, mp=95.8, mf=99.2, f=102.6 dB) T /i
L7z, #8EE, HRORRmP gL ERL, &

T G4 g A T/NE, A, d KO BB E—
B BB D BB CRE - 7=, WF FHRERE (F),
Febaf, MBI, B I OEBEHE OB L, &
Rl oE#HZ R varyvor—- ATy K
(AR b =27 248 C5949) (2L W& F v %
Jb 150Hz THLY IAATZ(Fig. 1). ZHBIZRBIL T,
SRR OSNE ST EI 2 ORY g v — - T
ATy b QERA h=27 A0 c5949) 2k v,
EOICHARICEIE L 1 o —1T ko THHERE
FEE IO DERIE ST D J) & gk LT2[10]. F7-
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LEDs Sound-level
meter
X
Microphone Upright
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S

Shoulder joint
(flexion)

Elbow Jomt

erst Jomt
(extensmn)

=

Fig. 1. LED placement and definition of joint angles.
The counterclockwise direction is defined as a positive
direction in angular displacement at each joint. Positive
angular displacement describes flexion movement at
the shoulder and elbow joints and extension movement
at the wrist joint.

Force sensor

KR LOENEHR S, B, Fu, K, FEHE
HOMELENL, BTN OMEE, A4 INHE %
B U7z, ABFECrX, BESiAEEMOIES %,
B e TITE M, FEBE IR & ER
L7= (Figl). S50, =a—hy - A F7—FHR
Kz i @ﬁ%#ﬁ i@,:h%%%%@r
%#% FH, M, BO3->0MEICRITD, EH

kB by (ESH BT GRA MW), TEEK
ﬁﬁ@h»ﬁ(ﬁﬂ%%b»ﬁ:mThwﬂ,%ﬁ
Bicks vy (@ hLr c MUS V7)), SR

ek bns (K1 k7 :KEY FL7) BEW
FHIH DM (B F L2 NET hL2) B L=,
B, TNHD MV ORINZIZROBIFRA LY ST,
NET = MUS + INT + GRA + KEY
MUS kL7271, GRA kA7 IZHT HEI7R RSy
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&, EENOAERRIC T 5T DB 2RO 0,
AW CIXEI 7255 (MUS-|IGRA|) %, [MUS+]
ERFEITHILELELE.

T RE L2 INT FL 2 & MUSH R L7 Df
BERNLED, 205D VY %, FO FHREME
ORRtE (T1) ogHENEICEBRMET (T2) ©
X TR LTz,

fll %2 > MAZ xR DT N—T (BRI EIA
BT =R N, L), B (BERE NEIA : p, mp, mf,
f) OFRIB IOCHEERRIL, #OVRLDOH S
2 TTRLE Dy bTiE (2 X 4 IRAERE) 12X
STHIEL(a =.05).

3. MR

3. 1 A7 oORRIIEL

Fig2 137 A NVT OFETHH#LZED, H, i,
FHBEICEBT % NET, INT, MUS+ L7, Bk
OVF & G OB 7 MRV AN ORERSNT — X & 3%
9. BT, BT =R M, R0 L SRS
L% 100ms Fij 2> O FliE A3 i 2235 F TOR,
JEHE T D MUS+ R L7 AR L, ZOkER, JEh
Jim@ NET Fa 27 p3ED s Tz (Fig2
“shoulder” 7). —J5C, #LLEIX, FTHEMEZT
I M, EIHE T\ O MUS+ b L7 Z 383 L Cuh -,
LosL, B G mo INT M2 AL TV o,
MUS+ R L7 & INT bV 7 B3FEE L3 - 7ohkE 5, 4
DEOEFBESO NET FL7 ICHHERERITRD D
nigd-7- (Fig.2 “shoulder” #5).
T, 7= NLHLEONITT, FEBETFS
BT TWBRIIMRERTHO NET L7 23MED HER
THEY, HEENSEEEZ S 2TV MmO
NET kL7 MEDHHER TV, E7 =2 h T,
RN S 2 T 5, MEFEO INT kv
I RETTWen, [HEHRO MUS+H L7 i TiE e
N ERD BT (Fig2 “elbow” /). — 5 T,
WILE TIXZ DR, MEFIMO INT ~L 7 OARIT
FEALEREDLNT, MEFRICEEZE 7 MUS+H kL
7 DERPFED LT (Fig2 “elbow” £).
FEHTIE, BEENPBEEZHIZTVWDHE, E7 =X
hEFLEONG T, WMo INT hrs &
MUS+ b L7 OFRIENRFED BTz (Fig2  “wrist”).
oL, E7 =X MOFBPLEICHERTEY kX
72 INT hv7 Z2E0 L TEY, —FTMUS+ kL
I DORBEIIET =2 NOFRD o T7.
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Expert Novice =——=uwr
- MUS+

Shoulder (N.m)

Elbow (N.m)

Wrist (N.m)

-0.3-0.2-0.1 00 0.1 -03-02-0.1 00 0.1
Time (s) Time (s)

Fig. 2. The time-history curves of the computed NET
(solid line), INT (dashed line), and MUS+ (gray line)
at the shoulder, elbow, and wrist joints, and key and
hand vertical position at forte loudness level, and in
one representative expert (left panel) and novice (right
panel) pianist. The curves represent the average of 30
keystrokes. The dotted vertical lines indicate the
moments of the highest hand position (a) and the
lowest key position (b).

Displacement (mm)

3. 2 BABHEEL bV OFESEOBR

Fig3® A, C, ElX, ZhEiJE, I, FuB&ic
BT D INT b2 OFE5E (INTIm) ZHERE 25
THEE L%z, EREFEIORL TS, SHmsira
IToTofER, MOMEGM(FL, 12) = 7.04, p = .021)
& FE o FIE(FQ, 12) = 33.75, p < .001)® INTI
mit, ETOFETET =X NDOHFRET JHILE
IV LHEBICRER2MEEZ R L. JA—T L ERED
RHAEMY, FoffiImFE@S, 36) = 4.20, p = .012)
EFEOJE#h (RS, 36) = 7.28, p < .001)® INTIm
TROOLNT-. £, ETOMEGTHERTEDOE
SHERNFRD BT,
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Fig. 3. Left panel: The group means of the INTIm for
shoulder flexion (A), elbow extension (C), and wrist
flexion (E) during the keystroke. Right panel: The
group means of the MUSIm for shoulder flexion (B),
elbow extension (D), and wrist flexion (F) during the
keystroke. Error bars represent £ 1 SD.

Fig3 ® B, D, Fi%, =nEig, I, FEEEIC
BT D MUS+ ML OFESME (MUSIm) % B8R4
BCOPEY LM%, TEEIORLTND. 58O
EATo TR, Mo mEQ, 12) = 2467, p
<.001) & T g i 7 (F(1, 12) = 27.73, p <.001)D
MUSImIE, B TCOHERTET =X NDERET /)
DHEIVBARINSREZRL, — 5T, FOHE
Hi 5 Mo MUSImIE, 2 TOERETE T =A FDJk
DET JPLHE LD bABEICKE REE R LT (F(Q,
12) =12.97, p=.004). 7L —7F & EEDOZHAEMIZ,
JB O i #7181 (F(3, 36) = 4.56, p = .008) & fif O fifi &7
f1(F(3, 36) = 4.77, p = .007)® MUSIm TR & 4L7-
Fo, R COMEETHEREEOFEDRNBEO LN
7.

4. EE
4. 1 ET7=APLET7HLEOCTTHEECEK

5 LB OB ) PR O E
AWFIEIZBNT, FxlL, 7= EET /)
D OFTEENVEIC IS 1T D _EIRBEHI 0B ) 2Rk 0
WVIZOWTHRE., FORE, £ TCoFEicksny
T, E7 =X MIWYIOLEFITHART, L0 E OMA
TER M7 &b FEICED HL Tne. Fx D5t
TR DOFER, BT =2 MIPILEITHART, fT#
IRF 0D T e S i B e ) D PR FE 8 A RIS R & 2R 2
L7z[5]. E£7, BEOMBEEEOREIZEITLT, H
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DJEfH (ZAMHRET) OFIEEIOMRR, ©7 =X
MZBWTOHBD HTZ[6]. KFETIEE BIZ,
BOJEITE O/ MV 71X, BT =A MO RHIL
FLOBRERMEEZRTZENHLNE o7 L
Teho>T, 7= MIEMOFEEN () OiF
& = AR OUHEIC X > TERMICER S E 5
Z&T, U OFEWA (K, FE) ICHAEEH K
NI EEVHLTEY, —FTHLEE, WORKET
HIZE B O REREBR 2 R S T o ¥, 20k
b, EALOHREAICB W THEER vy 2iF L
AEFIHLTOWARWZ ERALMMNE o7 &6
BEOEKIZHEST, BT =& MIFETFEOHA
EF L7 BABIREETW=DIZx L, #ILED
FHEAEH MV EICIFBEE R LD O i n o
7. 2R b ORERE, RHZ2 e T /3 L - T,
7 =2 MI L REACHEEER v s 2R
% Z LN ERET RIHGEENHIE A A S L L &

FREL TS,
4. 2 EMEICHE S FTsEEiEO AR EE) =R O

) k-

BT = A NMIPILEIZEA, § Fv s OFEET
HEFETIEEV /NS fEZ, BTIEEY REHE
EaRLTZ. Zhix, 7 =2 MIBDOEMREHANT
FTREEIC T L —F 20T 52 L T EFHEICHA
TER "V 7 2ED 2L, ZRUCE ST, FETFEHD
i bV BB SE TS Z EETRIBLTNS. A
MOE ARSI, K0 DIRLOF I D IZo20
T, ROXRE (BWFrmEfE) A/hS<den ot
BER. £, AOEFO LT ST, HAD
FEWT IR O R & SIS EEHIT 5 Z &b Tnd
[8]. L7~ TC, BOM b7 2HLdZ & T, i
ETFEHOM MY ZHLT LWV BT =X O
%, HET LT WIROEFREEZ B S, 20/~
oIz, EF LIS WIHROMEFRELAERKIETH
B ERTHZLENTED. HEPIZHIESC L
DOFAWDNETT 5 L, FTREEIIREMRIZRD, £
RN BETELNBIRTT 5. TORKE, IX
oy FIXBNL, HETURITELS 2570 Y, B
LR T =< ZDOHITE T L TN S HIZ
BRI R SHE O, FOBICAE O 5 FT8
EafeiT 5L, BEMASRIUA =72 noTl
BT =& MT & o THREER & Wb 2 B FEAE T
LY A7 BNHERTB[7]. 20D OREE RS S 7=
WIZ, BT =2 MIEMAFIAZ® LT, MHALE
A bv7 RS2 2 & T RO OR S % 84
ZFTEEB M T A S Lo b D LR IS,
4. 3 [HZE, HEIG~ORS

VA RRT 7~w= ) 7Oy a3 0 O dh
EWolz, BERBEBRELRROONLET /A
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IR - R T 288, BORMONNES 35 2
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ZETIE, BT =A MOFOMHAIXET /FILEICH
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L, FxDET =2 LT /HILEORENE
FOEAR DA % el LI5S, WE ORICA R
IRFETERD BRI o 12[1]. THZERE O 57 % (Bl
T5HH 9 —oDFEE LT, fTHFEOHAOHLEE
FRBBIELZENEZOLND. ENEERTHIE
o —oL LT, A#FZETIE, 7 =2 MIMH
HAER bV RN RIA3 5 2 & ¢, ks
L ORIBEH DN Ot FEZYLHE DR 3550 2 12
FEICE TS ETWA Z ERHLNERoT. I
ETFEIWCAELDIMEEH MV, EICHERY T
AHLTWAHEICEOJRES (ZAMATE) 2@y 72
AAIVTTPHET D Z EIL>TEY HEh T
LI, WIFENOHRREZZEOENGTEZEEGET D
Z & T, EENEORBWTRENENAIREE 70D 2 &
DHIREEND. LU, #7187 VR KT DRI,

BT =X MR Z O X D Z2EEh I TS 2R H L Twn
LINIAHTHY, SHOWEBLETHS.

HEE
ARIFFEDBATIZH 20 . BN & kB 72 &
FREH W2 720 TN ) — N BER s B P2
ZeHTATE @ Eckart Altenmiller 252 . ATR 1% HAr2e
O RABE A FEMER ., TEEMEE, KRR
ZTER-ERATO el 7' 1 ¥ = 7 b ORI BHHES I
WU R BE S50 « ISPS “HIRFERINFIE B O - B HEth
e, [FEH R KT B o v B B PR
KRR R IR ORGRE e B . IR a5
FZ, DLV OEGHOEEARLET, RUFFEO—
W, LR RER PR SO B R TRk 19 42 B AfF2E R
Bk (B)) OXEAEZT, FENZLE LT,

ZE 2K
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Invariant variables in coaching of pitching: extracting experiential knowledge from
expert coaches

Rz !
Tomouyuki Matsuo'

PRBRR S R R R

'Graduate school of Medicine, Osaka University

Abstract: This study was conducted to obtain some invariant variables in coaching of pitching from

seven expert coaches and four former professional baseball pitchers. They were requested to expound

their views on movement of pitching of some pitchers who was videotaped, and answered questionnaire

on movement of pitching and psychometric tests by means of a paired comparison method using

computer graphics. The followings were representative of invariant variables: 1) whole body coordination
including rhythm and timing, 2) pressing and twisting of standing leg, 3) weight shift, 4) pelvis and trunk
rotation during transfer phase from linear movement to rotational movement 5) movement and trajectory

of throwing arm. Expert high school coaches more paid attention to the throwing arm. On the other hand,

the former professional baseball players more paid attention to the trunk and the lower extremities. On

shoulder horizontal abduction/adduction during take-back phase, both groups had different opinion.
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