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measure = Precision + Recall

44 R—NVEEERNTA 27— DERKR

BGLER—LHNELE A T A 7 = D ZRTIEEBEREZRA L, ToA—ar®
RTHIET, RRMICHEMSREZMIECEDL VAT AEMEE L. X 44@)IHTHAN
DRIER—NVHE & A T A7 — DRk 7%, K 440)RE T 0D Aok 1%, X 4.4(c)
VARFRRX] 2 L Z R T

IDVATAIZEY, FIHRZELICRRDIANTIA 7Y — 2 EMISERL, BIG LR
—WLGEICEE DWW T A T A7 « R—HEEZ Y T AZ A KATH T ENHREE 78D,

=~ %

M 44 (@) GRL7c=RoeZEM (FFRA)

15



0
oS
01

0ST

; 3
ooz

00z 0sZ

0st

|
00T

0s

0seZ

= = N
e o o
) g 3 3 )

N

44 (b) GRk L7z =WkoeZer] ()

Tz00

Tiso

T100

Tso

M 44() A7 =RoeZER (k)

16



45 JHR—NVARBNTA THE

BERD “IRITLTANTA VS = HFHLR—VANT A Z7HELIERE, HEED
AT HHWTHR—=IVANTA ZHE LTRSS, BEFECID =ZRTHA—NVANTA T
HIE LTk R 2 D BEHIfRARIC R 0, FliT 5. ERFIELIRBEFIECLLIA LA NT
A 7 HIE & BRI RS Gl L 72 Ak 2 3% 42 \ORT. £72, BHED AT EHWTR—
WA NTA VHEET HUENRTIE 2 ZREAEL Lol &0, ERTE 1 ERETEOF
PER X 45 ZRT.

F 42 SRR R

e IEfiR=R WER FRELR F &
R AR .
(Accuracy) (Precision) (Recall) (F-measure)

TERFIEL 84.7 68.6 98.8 80.9
TERFIE 2 99.3 98.6 100 99.3
mRFIE 933 87.1 98.8 926
110%

100% 99% 99%

94% 93%
88%
90% 85%
81%
80%
70%

70%

60%

50%

IEfRER (Accuracy) BEE (Precision) BiRE (Recall) 2(E (F-measure)
RfEEFiEL wREFE witkFE2AFEER

45 W=V A T A 7 HEFIEHEER

17



46 ANTFA 7S —DOTHNEE

BlazePose |2 L %5 “WR e &8 EfE R 2 FDOFEEMMHL, X TA 7 V= 2HH LS
Gl F—ARXR—2AOKRZZ&RKIZ, BARAT— MR TA—2E2HHL, ANTA 7V —
Ve BEWRA— eSS E (BEFIE) ORI A7 — PRI & Bl U7
BrFASITRT. EBRICHEH L1z 20 OFERESA K 4.6 (RT.

FA43 A NTA T — UHEEDEET R

ARNTA 7Y — Eig [em] A NTGA YV —2 Rl [em]
BlazePose 15.75 6.43
R TIE 7.35 3.24

1ijpg 2jpg

6Jpg

174pg 18jpg 19jpg 20jpg
46 ANTA T AR A ER A T — 4

18



4.7 ZALEROBIERH

TAER A # U7=B8C, HEE L7z SRR — VBB IC AR — L OBLE LA K X TV b
MEREET 5. WERLEBRKIZATA X —, h—T, ZF Vv b, Ya— b ThHDH. &
BRFREICLVHEE LT-TLEROR— L HEZ X 4.7 127 .

X %
)

o
s . N
. o A o ! T 7
AbL—=F R4~

208
ol
00 T oot
0 ! wt
Ol + + n T
o © wo M 200 5 .
s
Ya—F
16
w0t
ot
= T
© 0 10 200
27Yy b

47  BEEKRERFER O = Rot AR — L#lE

19



48 £

X 4.4(a), [X4.4(0b), K 4ACNRTHFERNS, ARTA 7V =0 BILOR—LHEED =K
TRNCHH TE TS Z L NGB TE 5. LEN- T, BREMFEREZFEHTL LT, 1
BOA A TGN S ZRTZEHEE & BAHLEHTE N FRETHD L 2 D.

#4210, R=NRA LT A 7HEITEBNT, BETIET 150 BROEERT — & (123 L TIE
% 93.3% % FERR L7=. 2, BEEE I A T Z AW TE 2 O IEMREE 99.3%IZ 410 Vil
ThHY, im%@%%wf%wﬁﬁ%%ﬁf%fwé*&%fbk 7z, WkFIEL (E
fif 3R 84.7%) & i 5 L) 8NDFEE M LR G, A 87.1%, FEL=E 98.8%, FH
92.6% L WO FERMNG, EFEITRHEZMA OO HK L DD RVHELZFEB TE TEY,
TERBE AR 206 L 72 RO ZEIHEE & BABLEHEE DA ZNICHERE L TV o B2 b
2.

# 4.3 OFEFN D, BlazePose (2 &> THUSG L7 BHIEHROENOEHEA T A7 —
EHEE L2354, b 15.75cm, T 6.43cm OREENAET . L L, m—A_X—A &5k
YEIZFA 7 — UL E4TH 2 & T, TN 7.35em 5 L OV 3.24cm (A A S S Z L1
BRI L7. ZHUC R, BREBEFMEEZFIHT 5 2 LI K o TR — L O REEA [ RE % fif
WL, BERANIA VY = HELZFBTELZ 2R L. £, ANTA 7Y —
¥ OHEBITITE OFEROLEIG U TEIICIE SN 2729, REFIEITR L 2 TF %t
LCHmEmWILATEZ RS Z & AR STz,

B 47 1%, HTREHRADO REER—UEEZ R L TND. A R L— FRATA X —, —7,
A7V v b, va— bl IFIERERMICK L TE ORI R B0E & EREICHBL L T
Wh. KR, ATA X —Rh— 7&&ﬁﬁﬁ®ﬁm%#o%@ IxLTH, ZTOWEL &
FEICHEETE TV Z & 2R L. ZORERIT, TRRBERIE R A TG L 7 AR 7
6@@%ﬁﬁﬁmui@,$*wﬁL%%%EfﬁﬁT%Twéﬁ%ﬁ%%waé.

49 T3V

KRETIE, R—= A T A 7HEMEKR O =IRICZER & B RHUE OHEE R RIZOW TR
Rl R NVANTA ZHERBRE LT, LEDOHATNOLR—IVANTA THEEIT )
RFEDR, 2BOH AT H2MEHATLIERTFEIIVKEEZ R T Z ENAMR T, £z, ¥
WEEAERZIEN T2 2 & T, 1 BOH A TGS = RICZEMMEE & BAHUEHEE 23 r6E
ThdrZ ezl

20



FHOE MmESRORE
5.1 fEim

ARFIETIE, TIRBEE (2RI H U 72 BLARBR AR 7> & D = IR T 22 FIHEE 36 K OVBh (LA HE
EFEEZREL, WEKBERICBT2A N IA 7Y = HEBIOR—NVANT A 7 HEE
WEE L TCEDOREMEERGE LTZ. IRETFIEORBIL, BREEMIIETH D F—L—2R
RN ETEHA LT, HIRMSE O A TIEMZ Z IR ouZEH & BifAiLnE 2 RS 2 Rich 5.
ZHUTERY, EROEEEN AT EHWEFEL LT, Ka X Mol 5 I8 A rlhE
Bl e LCoFEMEZmD TN D.

FHRTIX, BlazePose Z W THE OHEEHREZIIG L, R—LX—2AZHKHEZA T A
IS = T{AT— T H LT, ARNTA Y — U HEOBEE KT D 2 LIk
L7z, £77, 150 BROBEERT — & Z W =R —L A kT A 7 HEIZEBW T, EfiER 93.3%,
AR 87.1%, FHHIZE 08.8%, F1IH 926% & V) EVEEZER LTZ. &5, Z{LERo#L
HEBIZBNTYH, ANL—MRRTA X —, B—T70 L, BHRERFOIE % EMEIC T
Bl o eNTE, HIRMGEZ AW EEB0EREE FEE L THaREMELZFFSZ &2
~aNT.

IO ORERNS, RS TRE Lo REBEF IR 2RI L 7 BURM & 2~ D =R o0ZE
MHEE R L OB AHLEREE Tk, K2 A hCEARRERHEMBIEITE LTHESTH Y,
FRlo 7~ T o 7 B 5 e i BRI CORMICHE L5l Ch 2 Z LavrEniz. 4%,
ARPEEMOBHCRRIBEIOSHT 22T, SLRPAEOEOENRE LTRE
XL LR SND.

52 A%ORZE

AIFFR OB TIRITHIRBAG 2 I L TV D720, BEERORRE SR 03 - TR0 BB
THiH ATERRILAERR S TH D . S%IE, toAR—> (fFl: NI F oL —R
—) REFBBLE /2 H AT ~OHA D, ISREHE AT 5 2 EBNIfESnS.
F7o, FHOFHZZ HWZRER R & OHRIZ X2 E®AFHER, U 7/ H A Lo
FEL, BRRIBEO S S5 IO THLRF2HED 5.

21



HIEE

ARG A HED DI T2 1, BT S HEEN T2 720 T TR 1 < S L T
70, BEARARELTLEEY, EECERE LBIC S 2 < 72 & 5 RS0
BRI AL L 1 R

S500, BHEIChEV LTS, g LORFNELE LT 52 TR
Bz, k0 O LE T

22



B ICHR

[1]

[2]

(3]

[4]

[5]

[6]

[7]

8]

9]

B, AM— Y BHEOWRHT & OB 07, Bg A 7 ¢ 72 vol 69, no.4, pp.
309-312, Nov. 2015.

Matthew Whitrock, “Developing MLB’ s Automated Ball/Strike System (ABS),” Published
in MLB Technology Blog, 2021. (A& H : 2024 4£1 H 7 H)
https://technology.mlblogs.com/developing-mlbs-automated-ball-strike-system-abs-d4f499deff
31

ANFEMFEN AARY » 71—, “VAR,” GBI R - 2024421 A8 H)
https://www.jfa.jp/rule/var.html

V. Bazarevsky, |. Grishchenko, K. Raveendran, T. Zhu, F. Zhang and M. Grundmann,
“BlazePose: On-device Real-time Body Pose tracking,” CVPR Workshop on Computer Vision
for Augmented and Virtual Reality, Seattle, Jun. 2020.

J. Redmon, S. Divvala, R. Girshick and A. Farhadi, “You Only Look Once: Unified, Real-Time
Object Detection,” Computer Vision and Pattern Recognition (CVPR), pp.779-788, Jun. 2015.

Glenn Jocher, “ ultralytics/yolov8, ” (I fEM%E B 2024 4 10 H 10 H)
https://github.com/ultralytics/ultralytics

Zhengyou Zhang, “A flexible New Technique for Camera Calibration,” IEEE Transactions on
Pattern Analysis and Machine Intelligence (PAMI), vol. 22, no.11, pp.1330-1334, Nov. 2000.

Y. Shimano, Y. Kuwano, M. Takahashi, and H. Kaneko, “Pitch Location Estimation from
Broadcast Baseball Video”, NHK Science & Technology Research Laboratories, ITE Winter
Annual Convention, 21B-4, Dec. 2023.

M. Takahashi, M. Fujii and N. Yagi, “Automatic Pitch Type Recognition from Baseball
Broadcast Videos,” Tenth IEEE International Symposium on Multimedia, pp. 15-22, Dec. 2008.

[10] W. Chul, C. Wangl and J. Wu, “Extraction of Baseball Trajectory and Physics-Based

Validation for Single-View Baseball Video Sequences,” IEEE International Conference on
Multimedia and Expo (ICME), pp. 1813-1816, Jul. 2006.

23


https://technology.mlblogs.com/developing-mlbs-automated-ball-strike-system-abs-d4f499deff31
https://technology.mlblogs.com/developing-mlbs-automated-ball-strike-system-abs-d4f499deff31
https://www.jfa.jp/rule/var.html
https://github.com/ultralytics/ultralytics

[11] S. Miyata, H. Saito, K. Takahashi, D. Mikami, M. Isogawa and H. Kimata, “Ball 3D Trajectory
Reconstruction without Preliminary Temporal and Geometrical Camera Calibration,” IEEE
Conference on Computer Vision and Pattern Recognition Workshops, vol.205, no.40, pp.
164-169, Jul. 2017.

pallh

[12] Rk, 0, “BPEKICBIT DA T4 7 « R— VO BEMIE Y AT L7, B EEEE T

2V YA T 4 K=, pp.158, Mar. 2007.

[13] B AFERMAEZE S, “BFERMAIE", 2019, (KKEEHR 2024 4 10 4 10 A) ,
http://ru.ishibb.com/wp/wp-content/uploads/2019/03/3149527570a5¢c8c6b99ba438bb04c30f.pd
f

[14] R. T. Hsu et al., “Autodistill: A framework for automated data distillation,” Autodistill
Documentation, online, 2024. (F /&% B : 2024 47 12 A 20 H),
https://autodistill.github.io/

24


http://ru.ishibb.com/wp/wp-content/uploads/2019/03/3149527570a5c8c6b99ba438bb04c30f.pdf
http://ru.ishibb.com/wp/wp-content/uploads/2019/03/3149527570a5c8c6b99ba438bb04c30f.pdf

w
F 3L EET o H B BOPRR oo 10
F 41 FEBRITFIH UT2BERT — Z IEMHIIE oo 12
FE A2 SIBERTAMIAE T oot 17
Fh43 ARNTAT = HEEDFEZETTA oo 18

25



X —5

2.1 BIAzZeP0SE HI FTTHIR M ..o 3
31 FRETIEMETI oot 6
B2 JEEE AR TE coovveeeeesee e s s e st 7
X33 HR—L_XR—=ZADKE SEREHNTZARTLT T T A L oo, 8
X 3.4 HR—L_R—ZADOKRE SIERE AT RIEREFH e 9
35 FARAT—IALIRT A= DFEFB oo 9
3.6 FRHIBRERRODBEEL oo 10
A1 FEBRIFEDBEIRICIE oot s st 13
42  IEMRHETRTE BB oo 13
43 TAESIFEDIRIITTEN oot 14
44 @) BARLTZ ZIRICZEM (HTE) e 15
L (o) e 5 A O i/ G wecacd 3 R € ) H OO 16
L () TN 1 A O el /w11 G =) OO 16
45 R—= VA LT A ZHTETIEBIEIEZR oo, 17
46 ANTA T = HEEREE LR T — & e 18
A7  FFERERFEDI D ZIRITEIR = JVBIIE oot 19

26



iR S

[1]

[2]

(3]

[4]

[5]

[6]

[7]

(8]

9]

EHEKH, RS, IR, BT R Z BE L SROTRSMHEE FiEOME, 2023
OB TTIEHREBEFSRA KRS, D-12-67, pp.103, Mar. 2023.

RS EE R KH, U, ERE O LA REE BB LTz 3 IR BB HEEIEO KA, 1h
AL 120 B4 —F 4 A ¥ 2 7 AVE ST SRAFEIFZ2 2, Vol.2023-AVM-120,
No.4, pp.1-2, Mar. 2023.

H. Fukuta, K. Nakayama, and H. Watanabe, “Three-Dimensional Baseball Strike Judgement by

Monocular Video from Umpire’s Viewpoint,” IEEE Global Conference on Consumer
Electronics, OS-AIP, pp.160-163, Oct. 2023.

K. Nakayama, H. Fukuta, and H. Watanabe, “Point Cloud Denoising and Outlier Detection with
Local Geometric Structure by Dynamic Graph CNN,” IEEE Global Conference on Consumer
Electronics, OS-AIP, pp.156-159, Oct. 2023.

BHEKH, ILFR, L8, “KTT T 7 BRIHES AR =L R_R—A DK E S FHR
A LA ST A7 = BSREEOR B, [F#RAE S22 E KL, TU-02, Mar.
2024,

HILFIE, B KH, R, “TET T v AX— Z2OHEBHEEICI 1T 5 EB A FeE %
ZIE LT R B, RS 2 E K, 5S-04, Mar. 2024,

KA, BSIHPE, R, “BERICB T 2R — VA T4 7 BEHIE FIEORE,
ARV [EHALERAFZE 2, vol .48, no.14, pp.20-23, Mar. 2024.

JESLHRYE, tRE KA, PO, “EPERER G MG D O @ 2 SRR B I TR ORE
AR —V [EHRALFRAF 72422, vol.48, no.14, pp.16-19, Mar. 2024.

fEERA, ot ZILFEE, IR, “BEIR— VR b T4 ZHEICBIT 57 e — |k
T v X7 VT EHIEIE", BUREHR A 7 ¢ 7 P SFERRE, 11A-5, Aug. 2024,

[10] H1LUFHih, @EEH, Lok, JE0H, “Class Activation Mapping % i\ 7= 18k HEE T

LR L OVERIEDOHERE?, BURIEWA T 1 7 RFERRE, 11A-4, Aug. 2024

27



[11] Hrilesh, RILFER, RERH, IR, “El & AWz y CoBEmHIC X 2
SEREB L OUETE, MBIEHRA T« 7 2R KRS, 13B-5, Aug. 2024

28



