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Abstract
In a kumite sparring contest of karate, a number of instances could arise that are
difficult for the referees to call on, which often result in misjudgments. While artificial
intelligence (AI) and other modes of deep learning have been adopted in different sports
In recent years, including various ballgames, track and field, swimming, and gymnastics,
not only for judging purposes but also for formulating effective tactics and designing
training systems, no published study has been conducted on the application of the
technology to kumite sparring matches in karate as yet. The reason for the lack of
research on this particular topic might be due to the fact that there is no basic technique
established for effectively acquiring in-competition motion data or for accurately
identifying the various moves that the contestants make, because no sensors can be worn
during competitive matches, plus there are many blind spots created by the contestants
as they exchange blows at a fast pace. To address the situation, this study aims to propose
a basic method that can be used to acquire contestants’ motion data and identify their
executed moves in karate kumite competition, while elucidating the causes of
misjudgments and also introducing novel knowledge as to the role that Al could play in
karate kumite competition, which would be made possible by the method being proposed
in this study.
First, for the purpose of accurately measuring data on their postures, the subjects were
asked to wear sensors, after which an optical motion capture system was used to conduct
a motion identification experiment involving the subjects engaging in karate kumite
sparring, as their movements were recorded into the system. Such experiment was
conducted in order to investigate what types of moves made by the subjects had effective
features. The experiment revealed that the effective motions detected by the system
concentrated in certain areas of each subject’s body that were impacted by the opponent’s
attacking body areas, and that, reversely, the subjects’ motions that existed immediately
before and after the aforementioned areas of impact had features that would lower the
accuracy of move identification. These findings were then used to contrive the method
being proposed in this study.
The method that this study recommends employing uses video data to identify various
moves that the subjects make, which does not require them to wear any type of sensors.

The experiment was conducted first by extracting image frames from the captured video



data and then applying the proposed method to identify the subjects’ various moves made
in kumite matches, utilizing a CNN (convolutional neural network). When the image
frames were observed, the identification accuracy was the highest in the series of frames
showing the moments where either subject’s attacking body areas were physically
impacting the opponent, while the image frames that immediately preceded or followed
those frames showing the moments of impact conduced to deteriorating the identification
accuracy, which is a result similar to what was obtained from the experiment that used
the optical motion capture system.

The typical method being used in other sports such as soccer and ice hockey that utilizes
deep learning to identify various plays based on video data relies on CNNs to ensure a
certain level of accuracy, while the data output from those CNNs is typically connected
to other systems for more advanced play identification. The systems studied in previous
research could be classified into two main categories, i.e., one for basic motion
1dentification, and the other for ruled-based refereeing and judging.

In this study, karate kumite sparring sessions simulating actual competitive matches
were captured using video cameras, and the data was then fed to a CNN to identify the
moves made by the subjects. After observing what the system inferred from the data on
each move detected to determine whether or not it was an offensive technique thrown by
either subject against the opponent, and whether or not each strike thrown landed
effectively, it was clear that the system’s accuracy was on par with that of the
aforementioned basic motion identification system being used in other sports, at a level
that is necessary for it to be connected to a rule-based refereeing and judging system for
more advanced motion identification and produce meaningful results.

The following is the novel knowledge that this study has yielded as to what causes the
referees’ misjudgments in competitive matches of karate kumite, and the role that Al
can play in the combat sport using the method being proposed. Misjudging by the
referees mainly occurs due to the blind spots that are created by the contestants and the
main referee, obstructing the view of the sub-referees and rendering it impossible for
them to recognize any effective techniques being thrown in those blind spots that
would’ve otherwise scored points. In previous studies conducted on kendo, the rate of
making accurate calls among three referees apparently fluctuated depending on the
angle from which the match was observed, but it averaged around 50%, which might be
considered similar in karate kumite contests. Taking all the above into consideration,
this study aims to achieve the following objectives.

(1) Examine specific instances of misjudgments that sub-referees make in competitive

matches to elucidate the factors that are conducive to those errors.



(2) Demonstrate that application of the method being proposed in this study to
refereeing and judging in karate kumite matches will help minimize the instances
of sub-referees failing to see effective strikes being landed, to improve their overall

scoring accuracy.



BEEOHME
FIE FE
BER, o h— NL— FTE— T=RA, A¥—, Kk, KR EDZL OBHET
NI b L—=0 VT OXAE & T D720 ICT B ORI RF AN AL, %< Of
TIENRENTWDS, 2020 FEH AV ¥y 7 TERHASN-ZEFOMFEF R TIL, &F
DIERICHEH R U CARSET D728, D AR —> Ll U TR THIENEE LV, L., %=
FRFHBIZ OV TORERENRIERE ST, ZoBEE LT, (1) EFMTF
OEVERRTFIEABAFE STV, (2) BERRIT 572D 0t e BifET — » & itkic
WL RWE TSI 2 HFIENRESATWARY, U ED 2 S283H 5, &2 TR T
ZEFMTHHRICHBE L2V ET A A TICEVEET -2 B HIEERET D & L b,
R 7 A T2 22 AT OBIERR DI & 70 D FIEZRET 5, ST 6 | EEY
BEAWTT L —fi#T 5 FIETIE, BAHAH=2—F Ly NT—27 (LT ICNNJ L
P THLHREOREEZ TR T HZ ERHEARLR->TEY, £0 CNN O % S HICHH
=R LTe@E R 7 L —Bik T D VAT At LT D, D78, AW TIEE
JEIREMERB 21T 9 v AT KCHERET D CNN (S BEZRFBIRE L 2155 HA9 T, CNN = H
NI BRI ERR 1T 72 o T,
AMEOENEELHDHETRROEBY THD,
(1) BEPLEFBOIEIC L M CIC WEFHEFRE T OIMET — &% OBE F k%
RET D,
(2) BTOHKICE Y — 2535 L WE CEIERBI O RSO FIEE2RET D, T L
T, BN — VTR LI B2 E Y AT ABElit T 2 T DIGE & 155,
(3) MEIEMERF>DIXED X D GHE T, BETHREMINERT, £L T, £i
ERRRT D101, AT ED K5 BREBICEFHREICEMRT 200 E2RE L, ZFHET
BB 28 R bR 5,

$2E BHEHsR

22 P FFIICET AR E N2 SN TW AR WEHIIEY H D, HED 15L& LT
RETOMET — X Z2BUST 5 ENREERZ ER3H D, BIET — X BUS LD HENL S
TWRWz | BERBITFIEOMIEHE b 72 S8, 2072, BEF RO X, BifE
B EICER LT o 72,

AZAR—=Y R B DO NOEERBFIEICEAT 2 7EHEL T RICE o P—22EE 35
B & TR —2 25 Uik EICKRELS DT 5, ZERMTEE CIxHIRIc
U —EEEET L LIXTE RN, FRC THIRICE o — 23555 LW k) OF%
WEIZOWTIY BT 5, TR —2208 LanWhiE) Tk 8740 A7 % v
%771E]. TRGB-D 2% —% M2 J5iE], TLIDER # W2 5k &5, RGB-D



Y —FB L O LIDER Z W% Hikid, NMEERET /MVICK D EMET =2 2 ET 228, 2=F
MFTIIARERET VO, —F (B 2HBICRKS 2P RS RMETH L, TOI
O, AHETIE, TETA VAT EMCLSTGIE 25T 5, TET7 A AT 2M5H51k4)
T, MR DB E 2 W2 HiE LEFER STV ADIREFE Z MWD HER S 5, it
KO T E LD FIEOSLE, @mERT VIV AL LY FE AL L CTx 2R
(SRS L ude 97, BREBRAITHMA S FIE2 A D E TS ZEITERA DR H 5
7 ARFETIE, RESEIC L EERNIT 2 FEe AT 5 Z LT Lz,

$IE  BERIICENREEER L OBECH S0 ERET HER
AREFFED B 897 SEWERS 1L & LT, AMRICE v P — 25T 5 FiEZ VRV, 1E

WECKBT — 2N ond e, FXE—Ta vy 7 F Y — AT A2 HWT, 12

RFPEEZRETT 22O TR B CTEREZIT o 12,

(1) ED XS BRI FIETHEFOEMEICB O TRENERE b oBIfEIX B TH 2 &

WS | BBIEIER & ZI2h DO iRET D,

(2) HHALOBESEIZAT O 722 TED X ) REE] ZFHT & lET 5,

(3) FNLIEEE & FHEEDORRARAET 5.

EFHFZRE LT, 1 2500 AT THEKSIVTWEN, v —I—HEPHEITEZ D |

T A AEEEITRE 2 b D L R VD TE DR A E LTz, 2072, £ < OB

‘O T=8, 225 B0 IZHOWTIE SVM T, BZHRET 5 720 ORI 325 %

T2 LNTELEMEENE LN, SVMIZ K B ENERDIFEREE B D Tt Z & AV

L7z,

(1) HEEICB W CHBIRENL S S 72 54 27 MBI EBERD NG B R G WmR H 5,

Q) THOWBED | $7713 THOKDY | OMEOBRIIEELZK T SEEER1H 5,

B) ANEEHET ML HEMERN O, ~— I —HRITEEZRMETH 5,

(4) BCRIALOBFEEN, M TG 7= DHRE O A /7 N THUNZ 2 5,

FAE 7470 oRBEE AW EFHFOBREERFEER

BT AT =2 i Lo kI K BMERRI T 5, ET A A TR EET—
ZPFHIRG T, BRIy — A — o =225 T 2 0WER 72 < R PRI SR
RN, B3 BEOFEBRERD GBREEALA YT DR O A N T MZEMERRBNZ A 272
WMENH DT, A 37 b a BRI EESEI 21T > 7o, BET 2EERFIEIL, ONWN %
N=2 L LI AN =—7 2 TIETH D, F4EIE, /Ny 7 = FIZ Tensorflow
Z H0 Keras # Wz, FReDOEBREIT 7,
EEB 1 BEETORNIMF

3 HEOEBR R EG T O WM ATRED, IRETFIEOFLNE, Rk AT AOYLRIZEAR T
LRHEZET 2 BT IAREE T ORFMFOLMNIZR LT o 7o, BCEREME



DG E Y FHEF X OHED Y RO B & It RN T 5 & i EMEI’K 20%0m L.
FIETHOLN [WBHEOIHED KD VHEOBIEIIRKELZE LT L) TR, #
IEEBRIC L 2EERA CORIRTH D Z EBbhoTe, £l A /X7 NOWER T L— L%
0.5 7 L—ALIFTORRET, IEMICHEGRTHZ N TEX7, 20 Z & 2R LB HE
FIEIC & B ER A2 RDT-L 25 95.6% Th Y, BEFIEOEINMEEZ R LT,
FEBR 2 RSB L 7K F ] OBERER

A 2 L7222 & | Y ORI AT OB ER 21T o 7o, #RE OB B IR E5.75
m2H A BRDH AT THRE Liz, HENOHRET L2 L1280 AXRKEICT TEFOET
BEOMENR LD LWH T ERBELRY, BEOEROEIZRD Z L0772
Do

FEROFER, AL YT W DA 37 NER 7 L—2h% 1| 7L — AL FORETIE
MEIZHE 2 TN e, T D72, FBR 1 AR Ik CHURI EffR 2 RdT- & 2 A BE M,
A OENERBI TR THLEIA 89. 3%, WEEE N M- ooy, Uiz o TRV OBIEHNIFE
BRClix, FHT76.6% TH T,

F5E EFE
EBRBRICETIER

HFRE—T 3 UF v 7T v — & HW T ERGFBR OB S a7, TR 2h 70 e
B2 HOEEITA %7 MRIZH Y A 27 MERTEOBEIIEE AT SE5 ) 2 L0
FRICHEE T — & TH 2 5, £, BUOBEIEMRNEITHIZE & ol U TRl L. ABFZED
HOTHD TEERBERINEIT O v AT DT D ON SRR EE N5, 1 2
LRI LTVWA Z AT,

ATEANICET 2BE

ZEFAFELDFFR L R DA OHEL, BIFICH Y . THFITITHE, R L R 550%
X, BIEROFEDEDORELE LThHY | TORKIT, AL DHERRRRETCHL Z L%
FHNZ LV RT, £, TRU 7L, B OHET IR > TITh R IT VX IEMERE L T
TLEH Z &0, FHICHT T, Al O&ENL, RISFEOMAIC X 2 HERGIREZ BT 5
ZETHDH LERT,

HOE A

RETED, BHEICHE LW CTEET — ¥ 2B TX, SEREERNAZTTH v A
T LCHEGET D CNN IS EEZRFANSEN GO D Z L& fm e LTk~ 5, iz, MF
B OREF ORAERRIIEIFE DA LD HERFERETH Y . Al O&RENT Z ORIFOH
EARRRIRIEZ T 5 2 &2 fmme LTl D, A IO SCHREE Y R,
SHDOBREEBRD,



H TR oottt ettt ettt ettt 9
B LT TR cvovereerereereeeseseeseseeseseeseseesesess e e et ese e s et e b ese s e st b se s ese b e st b e st s ene b eseeseseesens 11
1.1 A= O ICT NI T DZEFHELDBIR oo 11
1.2 FN Al = SRR 12
1.3 AWPIED BRI L T D ZEFRFHEIL =/ e, 14
B2 BIEIFTE oottt 16
2.1 FHET D TTEE oot et et 16
2.2 IR =25 Lk (RGBD B Z2H) e, 16
2.3 FRICE o —%2235 Uik (LIDAR 26 ) e 17
2.4 R —2E LRWHE (ET7 A AT 2MM) 18
2.5 BEEE AT D R A & BRI v 19
3T EMERBNC R R R SR O A THE T 2 TR e 21
3.1 BT EHEE oot 21
3.2 THITE T ettt ettt eaens 22
3.3 FEHNLDTIVEIIH oo 24
3.4 FFEE DRI GIRIIH .o 27
3.5 BFIHR DDREIL veeveeee ettt sttt e s ae et b e e 28
3.6 FITERR B TZERAE L oottt 29
FEA4TE  ETAT O EBETEE RO FET OB R ERRA KR ... 34
4.1 FERITUE L BERRTVE DIRZE oot 34
411 BIEI T e 34

4.1.2  TFRY T EEEBRIRETE o 34
4.1.3  FEBRT AT DHEL cooveeeeieieeee e 36
4.1.4  JTETEE oottt 38
4.1.5  FOMIEBRIREE oo 38
4.1.6  FEBR 12X ORIHGHFEERBIERBRITTE 39

9



4.2 gﬂégﬁ/{?n% ............................................................................................................ 43
421 TR 1 22X ORI HHL FEIERR DSBS o 43
422 FEhR 2 0 A B U 7K d O BN ERR B FEBRAE R 50

B D T B et e 54

5.1 i T LT B T 0 B B et 54

5.1.1 NMKEREET M X DENMERR RS R & CNN (2 K 2 EERBI R R & o

| N SRR IAN 2 -6 ot e L 1L =1 R L e GRS 54
5.1.2ZE /T~ CNN Z#EH T 2 A OR_EFIEOEABERD > AT AL LTO

AT ettt et et e et e et eeae et e e et e et e teeae et e ereeeaeeeeareeeeaas 55
5.1.3%E FHTHHICBIT DB EMARDFAIIZ OUN T e 55
5.1 ARIDT —FITHET D CNN D FEE oo 57
5. 1B & AR & DD T TR IDTE oo e ee e e e e 58
5.1 BIREITHNT I D R B D ETAM oo e e e e eae e e e e eeneane 59

5.2 AT ZE A LT DU N T et e e et e e e e e e e e et e e e e e e et eeeaeeeaeeaaeas 64
5.2.1  HIEICEERM ZFF o5 & R AN KOVAT I ORE e 64
529  BEIMENBICH LT TR T IMBZE LTV oo, 68
5.2.8  ERIHEE & T XU L TR oo 73
B. 2.4 VR DT oo et e e e e e et et e e e et e e 79
5.2.5  REIRBEICEIT AFBIZR DO T /N RE e 81

B B T T v eeee e eee e e e e e e e e e e e e e e e e e e ——e e e e ——eeeae——eeeaaa—aeeaar—aeeana——aaaaaa 84
T et e e e e e———eeaee———eeeaea——eeeaar———aeeaaa——eeaar————.aa 86
R TR oo e e e ————eeeee————eeaa————eeeaaa——aeeaaa———eaaaar—aaaas 87
T A e et e e e e e e e e e e —————a———— 91
B T e et e e e e e e e e e ae—aeean e e aaa——aaara———_ 91
B B TR et e e ————eeaae—————eeaer———eeaaaa———aeeaaa———eaaaar——aaas 93
AT Bl et 93

10



E1E

1.1 ABR—YDICTFHABICE T A2LEFEROTRK

BER, o h—, NL— T = T=RA AFx—, Kk, KB E DL OFHTA
TREHR N == S OXEET S 72 HIC ICT (Information and Communication
Technology) DIEFRFIHR - HiL, £ < OFFEREN RSN TND, LinL, ZEFHEO
ICT RN B3 22 13720,

ERAARZEFEEWE (JKF) o7 v AmFYA ~ [ i, A% FER (KF) (2
9 5 [E & M L, R OZEFEAFE R 1R 3000 FALLEE SR TED, mmﬁﬁ
WAV Uy 7 OFHEMEB ICEH SR ARKOENAR—Y RIETHDH, LL,
ZEFOMFRE TIEERITEF AT DHEORME B SRE OB B m B 7R A A3
k&, ToHEICEMER S r—2ARNLIZLIEEZ 5,

EEHFEHTIE, HRARSRECEERRSORBEETET AL Ea— [2] (Video
Review LAF [VR) EBET) LMEENDZAL—ANEASIN TS, ZHUIa—FoHECL
DHHETDENIHEDTHY, LI TE2Ca— RO ATE 20FTETIT 4 D
FIRRE L. ZON AT DOIRE SINTMBOHENRERTIETH D,

B 1 VR®DHRATLBAEETER

11



it X — T gy v a vy N AN xS T E RN &
1%, https://www.dartfish.co.jp/cases/gifu_karate/,7 7 = A L7=4H H 2020 4 10 A 24 H

VRIZ & 0 FHI O ) L7228, 2D VR Z AW THIEIC DN T, B < 4 )
ERESGAEN LI LIESH L Z EBRMETH D, ZhE, FEERICE B ARARTFHERS TORPH
752 ETCHIBICRE D o TV D Z E BRI SN D, RETHIELY LRI L. BARZN
KT DLRGEFHTHY . TOHEICREBZDDOTHDLINE, £ 2ITIE, TDO L H 72IRHUC
olcBl, RERDZHHITTTHY, TOREMHRTLHZENEETH D,

ZEF OB A& T D7 HE B IE, NEMEZREERE . DEbl 2 1 I 7 ) TRWRE |
(el N0, T LT RN, [RR—=Y=2 b LWEEE] &) F—Z LN 1E H
LD (2], ZOXIREDORMENS, T=AD [T 4 HIE] REERD [T F—~Zy
FTLH7mATL—] R F A —FHESC—RHFEIECTIEMICHET 2 2 LN TE 08, ZEF
B CIEREETH D, EHLONEICH v F Lizd, T4 OIMUDNMID, &) Btz
DTER, EFREFHFEEOLGE. EHONEICY v F LTI, A — RN
HRENDTD, An—FAETFICHEZREICT 2560302, 2070, A —FAlR
BEIZT DL, BT AOWEHHEDA A—VIZ LV EKOICHET 5, 7o, KR RS
DRA 4L EL VR ZEASNTOHRW, HIKFETH VR Z2EATI308EOH D
BWRAROND720, BATLHZENREE LY, L, RAEITHENRS 2 EOREN D
HANKE LR TH D, RA 2V SBPEIPENPZHEL TV LRI ZEREXETS VA
TLAPKETH D,

W, AV By VB R & LTEL OAR—YHE OB OHEICHGENR, 7
P —HAfi, Al(Artificial Intelligence) 3 i S4u, ZAUZ K 0 H O ENEZ FD 57215 T
B aA—F U IRBRFO ML —= JICHEEE 52 TS [3] [4, Ll ZEFEHET
R T AR ERTFETHY, ITC BHRITIER SN TOHRVORBUIRTH 5,

1.2 AHAREDEK

% < DAR—VFEHOFE ORI, o —Hifils KA BSH S Tns
D, EFOMFHEEOGE . WEIEHIRRELN RSN TRV, ZOBHEE LT,
(1) BERRBIT 2 72D O e B ET — & Z i B LA W CHUS T 2 L0 B %S &
T uy,
(2 BEZFRIT 572D DIARN e FIEBFE STV,
LLbEoD 2 SsEFonsd, BFREOHEKICE L —23EET 5 2 LIZBAEDOL— L TIER
ARETH Y . OFETHEDHEE OEM = L OB H NS RIS L CHANELIT S
REMNG Al OISHEREER D E LTNDHEEZILND,

12



TR I R THRICEE LT A ATV EET — 2 TG ik
METDHEEHIC, EEFE LA EFHFOMERN OIERE 25 FIEELRET 5, )k
ITIRZEN S EFE 2 AW T L—@ikT 5 F1ETiE [6] [6] [7]. CNN(Convolutional
Neural Network) T HFEEDIEFEZEB T HZ ENERER->TEBY, ZO N D)%
E BICHBL—/VIZFHE LT ER 7 L —fk T D Y AT LR L T D, X 2 13, A
VT —=DT LB OBITH D,

Frame CNN
‘ Player CNN

Pooling

LSTM

y

LST™M

—{ LSTM

}

Which event?

X 2 EEHFEI LY V3R
H#t M. Tra, J. Chen , J. Little, “Classification of Puck Possession Events in
Ice Hockey,” 2017 IEEE Conference on CVPRW, pp. 147-154(online), 2017.

Z DT AL TIEEERBERN 21T 5 2 A7 MMTHHET D O (24 B R L
21535 HIYT, ONN Z W7o BRI JeBR 21T 72 o T2,

HEE  AFIETHW OWJE 2 AR L LIZIREFE Y AT L%, OWEOMIZATIE, 7'—
UV 7E, Rtk Fey 77y ME BB THERESNTH D, AT, Zhbz
GLURETE AT 2% O] LK 5,

KO RNZELODLETRDOEBY TH D,

(1) BELEFOHIRIC L DA E I WEFMFF T OENET — % 0BG HiE%
’RET D,

(2) BFEOHIKIZE I —2 205 LW CEMERN O IAT Sy OFEZRE L, B

13



— VL L@ e S AT DBt 5 72 D ONN DR E 2155,

(3) HIEICEMZFFHDITED & 5 2288 T, BAET L2 RRBZMAEZRT, LT, Thz
FRRT D702, AL BNED LD B CREFFLICEMRT 2002 RE L, EFEF
RSN AT IV DR U

/]
4
7
7 \
4
7
1

J . WB AT L
V| EEARENMERR L iz o 7
' e e S
| vz a | mEy 2T A

X 3 RAESOBIEEZEAIT D FEATHIRD VAT DAL

R e ERE COEELTNT 504798 [6] [6] [7] (8l AT LffpkE K&
SHETDHER 3 DX oiT, TERABERT AT L) & D— Ut T HIES AT A
D2ODYAT LTRINEN TN D, EFEAFEO BEY (1) 226 (3) 1% THRAEM RN AT
LT HZETHY, KRB Z—F Y R LTWDHVRT A THD, [HEARBEMERR]
VAT LR, RROGE. ROBBEEMTOITZ, FOBREE N Thiv /e 8 EAREE
kBT 5, — 5. D=t T2 HE S AT o) 1E, AT EERE 7 BB R
BETHHOT, Kl DX —7 hTEHRL, SHROBHEE L TNWDLV AT ATHD,

VAT ADEEAT v T THAHE 3 O — it T2 HEY AT A ORRICETT
DX, EFREREOHIBLIETHY | FREFD T2 ERRAMFEO BRYD (3) 3 EHE
ThHhO, ELDTDOT AT LAOBRT HMErm L T05D, 2OV AT LD BHET HnE
ThDHM, Al ZHWTZV AT MIAMFHOIZETH Y . AMFH & R%ELgie2 HiET
H O TRV, BUEOEFHTFFICB O CAMB N HEREE 2 X" T DV AT
LEHBEL TS, Lo T, ARSEHIORENES Th OB OFRLR EIET AT A
IZBRE I TV,

1.3 AHERFRIZCLTWIEFHFERBIL—IL

(1) HRELTWALEFHEFFREE L —VHE
ZEFMFHE L — /T, WIRIC K VERA 22 b ODBFET Do RBFZED MR E LTV
BHZEFHA TV — 1T 2020 FEHURA Y VB v 7 b— L a6 E LT D, 22T
FHHEA— MR, BEEITRICED v/ T hV—ARBbE2RATL 7rarv sy
FL—b] EFILDTRA b agd [ a2y Mr— ) IZRBlEn b, EF
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MR D 2020 FFH LAY v By 2 —E, [ var B 7 hL—) Thb,
(2) AL OEEARIZ OV CEMEBRBID A S TRVBE A —V
2020 FHIA Y B /703 R, R ZETFEA (KF) 9] 3E#EL TR |
AARTIE, 2RARZEFEEE (JKF) [10] &2 ENEHEFEE L TEKRLTWD, #o
T, 2HEARZE ﬁikﬁﬁﬁﬁ/himﬁz%ﬁm [2]1%, AV U By 7 BEL— /WL TV D,
4 HARZEFEH PR FHEHE Tl IO RA b el D AR L. BB
(AX B vF) F120F bem BINOFIED & SRUTWD, B 7 mHua h
Do ZDTH, AWET [M7coTnD ], THZIBER) LR LIZGE, TR T
FERITITHE R L CO R WENEZ IR L TV D 5E 02 < H D,
HRIZaBeh, JEREACIZAA N ZDAZ AT ICED X Y I2FE &8, ER VLD
VERBSEE 2152 D DOEEL S8 H 5,
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F2E BEMR

2.1 REDOHEH

ARFFETIE, ZEFMFHBEA~BEAT LV AT L2 HIEL WS, BIEO/L—LTIL, EF
DHRIZE o —ZHEET D 2 LITFSN TR, 3 B CIXEMERBINC i 22 R B 05y
MEMET D720, HIRICE I —2 385 U TEERBIER 21T > 7228, 2 OFEBROWAE
IR LD TH o7, FEHOEMIT 3 BTHRRLN, BEOE—Y a7 —Z2HET
LoD —ix, AP IEERXTHE/ME N~ AELEE LIS DT, #EOARN
REEL, SO0 EIEMEEZE LI > TNt N 2 Thod, 20X )7,
T I OBR D bR, BRI~ RS SN D AR RN EE XD
N5,

U EDZ &t FIRICE =255 L2WE T SR ERBNCRE 3 2 ATt 9e % &
WA L7z, DIBEOEICHIET S A (RGB-D &> —, LIDAR, B 547 *7) Blicik
~5,

22 BtV —ZEELLEWAE (RGBD VY%
/)

RGB-D & #—& 13 RGB i %2 T D=Depth. FEEEI&G GHEIETHHDTH 5D,
4 27T L9 RGB-D oY —nfFEMFIE LT~ 2727 M Kinect % 5
[11],

\
XBOX 360

X 4 Kinect & ¥—
e 7V —F\RFEi Y 5 7 (Wikipedia) , “Kinect,” 202045 A 21 H. [4
> 7 A ]. Available: https://ja.wikipedia.org/wiki/Kinect. [ 7 7 & A H: 2020 4 10 A
8 HI.
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RGB-D ¥ —%& HW\W=#F5E1%, Kinect & ¥ —% H\W =i 032 < . Support Vector
Machine <> Dynamic Time Warping (Z X W ADOEMERBI 21T > T\ 5 &= [12] [13]
[14] | Gesture Description Language (LLF TGDLJ SBEINIC LY ¥ AF v — %35
T2b00H 5 (16, ZNoLOWSTEEET —21E, Fx OBIFETHR > THD H D & Ein
. IFz2LF5], [Fv 795 REOHEMBRIETHY, ZOFEZLOFEHMT
B EIXTERY, %%iﬁha I, EFOBMET =X Z2@EEN L T\ D, BB,
B BB Y | RTIEY . BIENLD . BIENL D OFEAT A Kinect £ —THIE L,
GDL (2 X v #i{E5#EI L. Hidden Markov Model (2 L #i{EF#HI L T\ 5, Zhid, ZEF
DO ZEVIEECTE#AT 5 1 2O FEEZ R L TSN EIXREREBHRTH- 72, L)
L. ZOZEFOMEDT, —AOBETHY | HBREDOERENOIRE LD T, £ O
Zeam ST o To i 22 B E & BEARRITIZR U Th D, F£72. Kinect B Hh—id, 2 ADOHE
B 73 A28 LT Kinect o —DBEMAIC/ D L. ADBEHETF VOB #ELELTLE
Do PEREDMEZ A L7272 T, BHET VORI Z RE>TLE I RENRH D,

2.3 Bt —%#EFLLELAZE (LIDAR %{#
)

Light Detection and Ranging (ULF [ LIDAR) &W&9) 1%, e HWTHKEIMEEZ
VT THDIMELN TS, bEb EITHBEIRA TS AEEISEA I TV [17]
LIDAR # W= WFZEi%, BSOS AT A~OISAn#gsE s Tcnsg [18][19], =
FULE HEER) DS EEAEER & AARBRGEOIANC I VB L TRBY . KEFEEA 3D
L —H—+t P —L& LT LIDAR fiffi 2 b S8 T, AOBEZ EREICHIE L TARRA T
A ATRELC L7 R WO > AT A Th D, TDO VAT AT, REEER ) O3
i@ﬂ%%Tw% ik U, BRET VAIEA LB AaBAlc L BB R SN D, 2078
ZEFMFEBEA~DICHEEB 21256, BERET VORHE L ORAQET VT Y X L%k %E
FHHAICT R COAY ~ A AT DMERHDH, £, REFEEE I, TR DAMIEE:

BTmNEE L TERY, FEARECRVLEIZ3D L——k o h— %aﬁﬁf% DM, W?%ﬂ
THEOLE, 2 NAOBRENEHBICBEI L, SEICRZET 5720, SEANRAELTLEV,
ET VOB E RRDRODDPREFT 2 0END D, M 5 ITIRE &%LmMi%rﬁ
[20],
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& 5 kgt LIDAR
i : A7 hr=r 2, ®Ehie FIG, REBEEASHEV AT L2 ERb~F T A
2018 4£ 11 A 21 H http://www.optronics-media.com/news/20181121/54177/,[& &7 7 &
Z 2020 4F 10 H 25 H

2.4 B Y—FEBLLEWER (ETAHHAS

ZER)
EFAN A T VIR, TR A I b O RS EHE SR TR Y, AW S
NTWBSRBIF — € v b AR—Y EF4% ONN (L& 0 38T 5 b0 [21], &

T AT =N HERIEEE 7 L— 2 & Optical flow i 2t L C CNN (%8 S8 TT7 —
F = V—O8EEZHNT 2 b0 [22], FFikEE 7 L — 2 & Optical flow #if% CNN (25275
X, ZDOH 1% Long short-term memory(LL N TLSTM] & HE9)~FE & TET 457
Bzt bo (23], FERFOFESLT —LEEROFREEZ CNN [ZEESE, 2oz
LSTM ~#ETHZEICLY, Yo =Ry T — DAY 2a— "N EOF— LT L —
RREITH O [B] [6]Xy 7N R T4 TN RBREDT = ADT L —Bilk & 17 5
LONRH D [24], ZNHOTFIETIE, *y NI =7 DORiiE L 725 T% CNN Th HFEE
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DEENMFOND Z ENEETH D,

FOMDET AN AT EHNT-HWETIE, BT 47 — X ZFrIEEigIc B L, £ O kE
G LEEBHETET 475 Y OpenPose VT, ADBHKETFVEAERT D, EOEKE
TNOREEE =2 — TRy MU — 758 S CTEER 21T o TRl S 2 ST
W5, ZOWETIE IFE2EL] ZEOAEAEGFEOBEZXRE L TNDHOR [25], N
27y FAR—=AD7 Y = a— FOTH [26], > H—Dv 2— NOBBREIZEET 2058
Wi 27035 5, 2N S DOHFEHRE 1L, OpenPose OHS T % BHIfIET — X 2% 3 IRt T
172K, 2IRITTHDLZ L, OF I N—2 a CORBENG, FROFEMREMEZ T - 7-4F
ZelE. —ANOT L —Y—OENEE R > MR- TN D, DT, BENH > T- AR —
Y ORFFEHRY [2811%, FROFEMZEETIZRL, L —F— L R— O EERICET
b DOBRERNEFILR>TND,

2.5 B EMR DB R & RE

Al 2.2~2.4 T Al ZEFHFHE~EAT L7010, FEICE =255 LR2WE
T, FEEEFHNC RIS 2 AT R OIS RIC OV TIl 7z,

Yo =7 EOF =L T =T —~ ADARITER LT, T2 EAROEHALOE)
VEZTRRT DR8I, B RO EEBEHEI» O S D ANEEKET VEIER L, ZDEHE
FOEBEENLET — X 28ET—2 L LTHA LTV, AMRBKET LV E W
X, BET = BUSFIEIC X D IRD 3o B - 12,

(1) RGB-D Eo ¥ —Ic X0 BEifET7 —# ZMIE L ATt [12] [13] [14] [15] [16],

(2) LIDAR IZ X W EET —# Z & L AT omfgt [8] [18] [19].

B ETAHIATICIVEET X EZREL TITONTEMIED S B, BT AT =% 5
OpenPose (2 X W NEBEET V2 AR L CTfThbiu =i [25] [26] [27],

6 (Z OpenPose D'FHET L DOF & ~7,

L EO@ @O THilmT 5 2 L1k, TOMEMIRE 1T 4 7 7 U ORI
FEND, EFHFOLIICETFRIENZEHE L THHANELTLEI &V Z &N, —
NDOENEZERG L LT RREIZR>TLEI EWVWI L ThD, 2FEV | EFHFDOLD
(AN ZZEET D EERDNIC DOV TR R BT e,
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X 6 OpenPose DEET /L
H # Nakai,M.,Tsunoda,Y.,Hayashi,H.,and =~ Murakoshi,H.(2018). Prediction of
Basketball Free Throw Shooting by OpenPose. JSAI International Symposium on
Artificial Intelligence,435-446.

Z O, FEREERBNCET 2 TG LT, T =&, TA ARy r—, buh—7irt
DIERFAR—=Y DT HT =267 L—ifik 3 25 ic >\ Tik~7= [5] [6] [24]
INHIX, BROMIREE L B0 HIREM A7 v —XT v 7 L CERY BB T
372, F—2 2K LTOTL—F#EaT 20 THY , F—LLEE, a— M X bl)
ERRBIDORFME L L TEEIND, SDICERRLME LT, 2RO O TIE, AMREHE
FILOEELET — % TEE#RS 2T 5D Tk, EFA T =2 o Lz T —
A2 X EERERR 25, T OEERSITHW b D Al OFFITIEEEE TH D, EET
B, TA—T T =T BTN, BED Al 7 — LD THEE o T TH D,
Bx 72508 T AL ICHWS N TETIEROBEIN D EBFH ICEES M 5N TWD, Zhb
DOMFETIE, ZFMEFOL D 2 EHFRZEDOH O OEHAERINC OV TR R STV 720
72, ETFMTACHENTE, ERTOIMLERD D,

MNEEEET V2 AV D FIEL, RGO BB A C 27 2 [18] [19]10 & 5 12 &8
% IEFEICFRR T D DICAD e HETH D, L L, MEEKRET L OBESNEMAIC L0 kL
LTLEOMER® D, FROBEEZBMNWER LISE, HOBERBNEEIZ /25720,
AWFFE T, BREEA R —Y 07 L —gBikoifsemds (5] [6] 24l X512, ©F AT —&H
SEGT — X 2 L, TOEET — X 0 HLIREREIC X 0 EfER 21T T\ D,
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E3E HERINCHRELCEBREEONTEAET 2R
3.1 B #I=

ZEFAFHE T, R —2EET D2 LB TEROD, TRt HNO T DIZ LS
A2 EMICHET 2 2N TEIRERE—v a vy 7 F vy — AT AICL VEET
— X B L CEMERRIER 1T o7 [29] [80], 7o, ABFFEO&PHATIEH D03, AR
FHET VOBTIAET — Z 12 X 2EE#RIFEOEBERIL. K 3 o h— o7
HIES AT L) OBFEIZENLDEBZ BiLD,

HERE—Ta X FF ¥ — VAT AEAVEEROBER

(1) ED XS R FETHZEFOREIEICEO TR RE b oBEIbETH D &
WO RER S FFEIENER & ZI2H D O RET D,

(2) BHALOBMESEIZAT O 722 TED X 5 2E8E] Z2FAT 5 & i 5,

(3) EBALERE & HMBE OB ERET D,

HG (1) i2oWTHHAT 2 &, KIS ET 457 — 2 Ot Lz m#gic L BhfEgbl
EITON, PR E—V a3 vF v FFr— 2 AT LT XY | EREICEMERRRS 2 O H RN
Rz b OEEZ il L T, FEESANMEEEE T VOB ET — % Th - T
L, HBET — 2 ThHhoTHLZEOEMEILETH D &V DB 206, BERBNC AR 72 EED
537 TOFUR, BT — 22 X 5EERN OREFIEORBIFIATE L L EX BN,

Hi (2) IZoWCTHAT 2 &, AL ICEMEZFENI S 2120, BiESEIL. 205 EH
NMOEBELZFE L, #inT 5, TDD, ZOSENITEERICIT ) OTIERL, BHROH D
BETRITIULZR B 720, KFROGEIL, ZFOEOMETRIT IR b, ZZEFOH
BN THEIT 272D ORI T2 A L g hidie 57220,

HEY (3) IZ2WTRHBT 5 & ARBFETIE, ZFRMEFHEOBEIHEL BT — 212 &
ENVEREN T D, Fio, HIT RS ETHEAWEEZR 30 7 L — LB EOZh72 71 A 5
EHEALIEV AT AZBIEL TS, XY 703, BT AW E 725720 08 A3
KOFHIEMEEZ MR T HZ ENTERNTEDTRY TR TER, SRR & RO
BRZRA L, 7Y U/ EENARENHAE L, ERAIT 2 2 E N TE HIETIEEMRET
Do

FRICE =2 EETHEA TDE—V a XY T TF v — L AT LAORENR LD L
LT, AL EEE o — RN H D2, M EFHFOL S 2EEAN AR
FhxEY, RZEEL, 0T 2EMEZE LTG>T, 2070, BERIE
K & HER DT — 2 M7EFEIE, D TREEZR DO Th -7, MIERHIL, ~— B — Bk 348
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BIOEZY, TELIE T VY REATO ZENTERD o, £ WEZDOIEEIZONTH,
45 I OZEFMFOT — & % ATIZHEHAEEIC 72 D E Tlo, < OFEERHPAMLETH Y |
TR LN TZZEFMFOT U Rbbholz, ZOORELT-EMET — 282502 L
WCERNo Tz, MPEBEICL > TUIRBFTCERPoTHEOT—4 8 H-o7-, L, &
. Bk OBEEEICSWT SVM (Support Vector Machine) (2 X 0 Bh{EFRBI 2170,
HE DR EED M EMET 5 2 LN TET,

ZeE . B OXBEBER X OZTEEICOWT, FHETEEDX A I T DOR
BAEZTNTH L CEMERIEEZRE L, EDX o RE8, #ifEo & i,
EIVVKEEE L 7 DR S 2 O E A LT,

3.2 BIE R &

12 BOFRIERES A T #45#H LTz VICN o FRE—ra vy FFrv—EEL A
W, ERE (ZB) EAIRE DIERREFOMFEEL 16 7V K (2L, 47 V2 ROpT
ZIRFEIK 40 ) AR 120 7 L— A ORFIFHMGE CHIE L7z [29] [30], &ZEFHHF
TR 2K TIRT LI 40 FHOFH~ —F — & H ROV R — & —ICEEMAT [31],
Z DFERERLE (x, y, 2) 226 BIEICA 2 3 D00 E 2 HEE L7z 21 O S (PR — R LRSS
ZHEE L. X 8RR e B Ak A S 2 AT B,

MFREICBWTHEILY— I — %2 BRI FENFHAE L2720, WERICEHIIT —4 %
TFEHCHBUET B0 A R~—h—L LTHWDEDO, /— ROMBEFFICHEAEL
W — I — b HTFEERE OF R 7=, 72, B (elbow_left, elbow_right) & I
(knee_left, knee_right) %, AN 2 ODHE~—T—5 /) — FLEEZHEE L7205k
Thd, LrL, SEOMFITHAEITEVENEEZ S5 72 OIS ERIEWERXTHRIE L2729,
it & B OFHH~ — 1 — ORI EGE N EBICRAE LD T, & BEOSMINZ BT 72~ —h
—DJHENEEZTDEE /) — FOMEE LT,
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neck_back

shoulder_left_out  shoulder_right_out

® [
shoulder_right_out shoulder_left_out

shoulder_right_in.  shoulder_left_in

chest_back
chest_front e
ist_back_left  waist_back_righ

(]

waist_center

L BRI RS R TE LR B L=, VAL 7 =28t —2 a vy 7'
¥ 7 — X ~— A https://galaxy.val.cs.tut.ac.jp/project/tennis/,[Jx &7 7 = A H 2020 4F 10
H 26 H]
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shoulder_right head

neck
hand_right collar gshoulder_left
hand_left
wrist_right chest wrist_left
elbow_right root elbow_left
hip_righ hip_left
knee_right knee_left

ankle_right nkle_left

foot_right foot_left

X 8 fERSh D EHKIEE

3.3 BB OE/E T

FEAF RO EOEZFIA LT, Rl L7c8ET — & 0 b E RN OBIET — % %
9%, SRloFEBR X, 45 F(hand_right). /2 F(hand_left). 75 ¢ ({oot_right), 7&¢
(foot,left) DFHAI~— A —IZxt9 2% 3 ITTIEREDRERFIT — Z Dr D5 & ORPES T F L E G
BT D, LnLaedd b, BIET — 2 TS S0 REN DN BB G Eh 50T,
EOT =2 2 MOTHAIITD TSR ETRINLTLE S, 22 TUTFORUC
EVETL—LTOHERY MEEEIT 5,

Vfrm - (Xfrmr Yfrm» Zfrm)

frm+rg_ a-17~5 -5
_ Zizfrm—rg_a GPiy1 — GR

(3.1)

2Xrga
Viem: 7 L — MEOBEES T L

frm: 7L —2AFK5(rg_a<frm <K& 7 L — L% 5 rg_a-1)
rg_a: REOVEERD HEPH(T L— 2%
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GP: 7 00— LA T D

BT, HEEZRDD 7 L —LFS frm ZHUEIC L T rg a 7 L— L EH1% O#iH T2
~Awf$1 BT HDALEOBENEE 2RO TND, 7272 L, A RIOFEBR T rg_a=10 &

HELT, GDRTRDIET L —LHEOHERT MK LT TFORIC L D HERS

ND v b (Ltk, BICHEE EFES) 2RO, ZOMNLHEE ST 7 2E LT,

Vfrm:\/xfrm2 + Yfrm2 + Zfrm2 (3'2)

WIZ, rg b< frm < &K 7L —2F5 -rg_ b1 ®D frm OMKEZLLTFO@MNLE) DT
ECRH D, Z 2Tk, NS, JE LIZBIET — % 2 TOMKEZ R D, RITEI D O
KIEF O IMEZ KD 5,

@WBKEEHET D7 L— 2% frm M rg b 7 L — LRI ORI Tl 280 &
DOiRFNZEB.3XTRD L, ARIOER TITrg b=20 & L7,

frm+rg_ b-1

Vim= ) M=Vl (3
i=frm-rg_b

frm B RAEZHETH 7 L —2F 5, Vii7 L —L2FK 51 OFNLEE
rg_bH BE 28 b B R pr

(b)
SVirm <thresh_a x 2 (3.4)

B2 5 frm 3B AE T/,

(©B.X A7 5 B.5) XYW &3 5,
SVt > thresh_b x 2 (3.5

(DEBHXDHWNEL B rg b = rg b/2
B7e Ty L7,

()7 L—2AFE frmrg b<frm <frm+rg b-1 OFiHH CTHEMD K/ NBUREZ TS, rg b D
EEERLESGEIEL EITRT,

25



|_'l|
I

R
12
Elﬂ f’\\L /E\Jgg\
i
8
5o/ \V/ \
w4
Mo, ./ o
0o @ .
1470 1490 1510 1530 1550 1570
T —ALEHES
M 9 LEERFHESTT (a)
25 3

20 A
- N
. \.//“\V/ \ oA

B cm/Frame

5 B A D
A \_‘
0
3980 4030 4080 4130
L —ALES

X 10 EREBEEFEES T 7 (b)

R &N E Rk D ERRFIICOWTHIZ T2 & O)OHWIL, HEZZ 70 vl
] ZMRIT 57200 LD THY, FEBRTlI thresh.a = 01 & L7, £72. (0. DAL
PL, ST 7 CRERUOEMICHET 2 THgA/ NSl 2855572008 0T
HY ., ZHEFRELSEELIEHEHOERETAELLI OO TH D, —FH, T OMBEIXFRIFET,
JEZ Al L7z & & OBIED X 9 AR B RENSEEEZ LA NS WL TR O/h &S R BEITR
HT&2, 20&5120), (D THRE SN 2TIEETZEFHRFICE O CTERD 2 BESENFF
LR TH D, 7277 L. FEBRTIERERAYIZ thresh_b=1.0 IZF% T L 7=,
ERELEFORE ST 7 OMEZ R LEREREXK 9 & 10 1IT-d, /77 ETv—7
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ETWEEMRHEENTBETH D, K 9D A-BHEICIFERICKEEOE—r N 25985
2, ZHUL TERE] O8ECTH D, EFOHITZL OHE., 2O L) ITHEOLE TIIKR
X XDIREF L 20D — 72 DHENERIC XL VRS-,

X 10 132 7T 7 Lo T2BITHY A BRICKE SORL-TZ200O =7 NR 5
D, ZHIUTMFFEMED TEEILEEY | 217> TH Y | BOBEEOW T MIC E¥-5 % Ui
D KED LD ICEFERFICRELSDPSEEEZ L TWLZ LITERLTEY . BREIC
2L RbNAEMETH S, WIZBDHIC2 oD —2 8B4, it MELEY | oK
EXREMEE LIZERICHTERAXEBLE Y L Lz, FELIIHOMEZ & LZEEZ R L
TW5, ZOXHITHEMERENEL o 7-7-H10, C-D B TR E N2 > 7= THH/N & 72
iy & TuhZzil) 2508 —7 PFEET D, REREEL o7 C AEZD [Hg
B/NE 721 1, RERETIECE), @ICk v shgerotz, —J5., D SEETO 1%
ANl XL FIEOIC X B E e o7, WU, BRO S 5 HIA TOEESEI% B
e LTEARAT LT ZANRELIEREL TS EEZBRD,

34 RHEOmHmHXREEH

COFERTIIFEE LT I28&, %, £fl, M), 2 LT Ty, =2,
BH#h O27T O OEEELHEN L, ZFORAETHD MHY, 22, WKL %17 ©
HAEIEIL 2 DOKE RBEZ OO T, 250 — 7 OXENTHEEZHRET D,

B4 111C, FRPIFIOMEE 77 706 FIKEMEO R & 2l U722 =7, X 111, 2
A TR R CHitE) L7z (K 11A XD &, THEY ) 247 (K 11C XD . i 24 T
DIETHIEE] L7 (M 11D X[ filaR L TW\5b,

T, BEOEMEL, MECULELEAOND TBEY 75 X 21 UChidE), [Eani
W20 Y UCRI Y 32 X o IcaiitE ), THEFT T & I3RS AR > T Bt 7e &
T2 =7 R8N 50 HEY RICK DA 1L, 120 —27 LBy, ZFEF
BT ABEEEDIZE AL Y BICLDRE] THHZD, 11 2R T X 54
X 2RO [BHE) CR#EELZFHET S,

HNEIWEEZ T RCT1 OO =20 T 57 EOELBE x50, v, 158X ©
HAEEIZ2 oD —27 L 2O E— 7 HOB/MEDOHMENKRESEETLIEEZLND
e, T1EpOE— 220D T, 2508 —7 T LI ELZFHET L) (K 11A XM
25 BIXH) Z#VIETRIEIC L, BL, TV F2F 20 SHEShSGEE2
DO —7 D TRO 2 OO —7 OFE&ELZFHET 5 (¥ 11C X225 D Xf#), =
NIZED 1 oo —7 Ladingy (B L2oov—r38ing B < o ).
[0 OB L, B FIEZ Fiio@~@IZrT,

(a) 25D —7 %t L CEMERDIT D (A X)),

() (a) OFHFERD [BE) 706 WOBEREZ 1EGOE— 7 ETH#D TRO 2 2O E—
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71k U CREE AR T 5 B XM,

() FEBIAERDS THEY | £7213 T=F) O%a CXH) . ROBERZ 2 >DOE— 27 DT
250 —=7\Z% L TRIE ZFHR T2 (0 XH),

(@ (@75 (c) By ikd,

E6IT, BERICBT DEIED 98, T3, T#&H) & X 12OV THRERICH
HEEzHENT 5,
L ED X ST, HFOTXTOEETNLHE ST 7 D250 —27 THROVH I,

A ﬁf{U C
i2gh |38 (e p| 1380 | 138h

Bl A D

L A Ry
B
) g
X 11 TROKEERH
3.5 BEHEOEK

WHEDO24IZL 0 EBEIHTEZEKBL THL OV, FHI LT — & 2 T2 8E & xhikAe
FATHBI LI BICEMER T LTz, 22T, 2 08— Ot 2R MEIE, MTTERE
OEERBNCBEIRT D ) — ROEE, BLOERE LAHRHTO2 ) — FOofEs, K 12
R TREICHE D 7 L — A L BT 5 7 L— A OB P RE A2k H L7z 3. 5. B
W9 7L —L5DRY MT —H THERT D,

(BB OFALERE T F L (Vx, Vy, Vz)
+ERE D 21 7 — R{LE (Px, Py, Pz)
+xHFE T 21 7 — RALE (OPx, OPy, OPz) }
XM 7 L— 23(3,5,9 D L) (3.6)

ZIZT, ook, (3+(21X3)+(21X3)} X (3, 5, 9) LD LITWEINL,

(3.6) D HEERFEDOTALEE~Y Fv) 1, K 18 TRT KT v —VLEIER TH
W42, THEEED 21 7 — FE] (X, ZEEOE (root /—F) ZHRET L0 —IL
JEREZ DR T D, E7-. [HFED 21 7 — FE] b EEREDO o —H LV EERIC X
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