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Abstract

There are roughly four types of baseball pitching, and among them overhand pitching is
predominant due to the effect of Saber Metrics!!!, while submarine pitching is the smallest
and there are currently only four players in Japan Professional Baseball. However, recent
submarine pitchers continue to play an active part not only in Japan but also in international
games. | thought that submarine pitchers should have not only existing advantages and
disadvantages, but also new advantages that have not yet been discovered. If we could find a
new advantage of submarine pitching, we thought that submarine pitchers would be more
active and the number of submarine pitchers would increase. Therefore, I aimed to newly
discover the superiority of the submarine pitching from the batting results when comparing
the submarine pitching and other pitches. To achieve this goal, we conduct a pitching
simulation using VR and examine the difference in the batter's reaction to clarify the effect of
different pitching forms on the appearance and predictability of pitching from the batter's
perspective.

In this research, as a first preliminary experiment, the subjects were presented with a simple
virtual environment on a 2D screen or computer display, and the ease of hitting by a batter
was investigated. As a result, it was suggested that the submarine pitching may be harder to
hit than the overhand pitching, since the submarine pitching seemed to be faster than the
overhand pitching and there was no confidence that the ball could be hit. Next, as the second
preliminary experiment, we asked the subject to wear the VIVE Pro HMD, swing a bat for
each pitch in the VR space, and swing the VIVE controller in the real space. As a result, it was
found that 130 km/h was harder to hit the bat than 110 km/h regardless of overhand pitching
and submarine pitching. In addition, it was confirmed that the VR space was closer to the
contact ratio in the VR space than in the actual 2D bat swing environment. This confirmed
the effectiveness of using VR.

In addition, as the main experiment, the subject swings the bat for each pitch in the VR
space, and the subject swings the wooden bat in the real space. As a result, it was found that
the submarine pitching of 90 km/h was almost the same without lowering the contact rate
compared with the submarine pitching of 70 km/h. It was also found that the 90km/h
submarine pitching hits the core of the bat most often and hits the center of the strike zone
well. At 70km/h submarine pitching, it was found that the batter was hard to hit from the
center to the lower corner and the inner angle from the center.

From the results of the experiment, it was found that the 70km/h submarine pitching and

90km/h submarine pitching have many difficult-to-hit courses, and conversely have some



easy-to-hit courses. Also, from the ball trajectory of each condition/course, the trajectory of
the ball seen by the batter has an illusionary effect due to the height difference, and I thought
that this was related to the batter's ease of hitting. This may create a strategic advantage for
submarine pitching. Submarine pitching is still a deep pitching method, and there are parts

that have not been clarified. Also, it is a throwing method that has many parts to clarify.
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2.2.1 EEESINE
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2.2.2 FERIE & EER DRI
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Y X—=2u — @® ¥ b 5 b 110km/h & 130km/h % 3.
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firiEy TH 0, HlI Sy F oAb R— AT COMEMNIEx TH B, Ny Fotohlk
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2.3.3  ERaEHFHI
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A —/i— 20— (110km/h) 4 —/8—2 A —(130km/h)
F19=119.41 F19-125.89

100 110 120 130 140
100 1 30 140

Mi’*iﬁﬂ L,T:é(%ii[km/h] F8) L 7=5RE [km/h]

7 v & —2Z20a—(110km/h) 7 v & — 21 —(130km/h)
F149-123.48 F9=124.5

100 110 120 130 140 100 110 120 130 140

T8 L 7=BRE[km/h] F38 L 7= BfoE[km/h]

6 BETHI

2.3.4 FIERBAEE

BB, X7 ICHERBEEZRT. Mtz Sy b R—n o PHIEHELECH b, Rl
el Yo~ BTl Tond D5 EEFMTd 5. MHEEREE R & L7, 110km/h
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L2Ll, TARATLALETHE ER—NOFHNIE L EBRIC NNy P ZIRIMVE TR S
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B3E THEE2 : VRERELEICERRL BRI T
XD (ELE :VIVEay be—5—)
3.1 ERHEH®

ARETE, TvX—2a—0FEE2H-ICKRT 2200 FHERD 2 DHE LT,
VR ZHWTEKRY T2 —va vz{iTy, fIHORICOEVEFH~NSE LT, K7+ —
LDENH Ny XA TORIKRDO A Z - FHIVEEMICG X 2B HO T 228 %
Hive 9 5. ShloERTIE, 1% TH 2 FEERSIME D VIVEPro ® HMD %35 L, HR
I VR ZE[ E, BEMTRVIVEDa Y tr—F—% Ny MRV TTR->Tb b o7,

3.2 EERA®E

AREOFEBTIX, A—"—Ru—LT v X -0 —0 LY KT 5. BRI,
unity ICYBEEEELE L CHREI N TS Drag #FIH L, £lEid Drag OfEZIKIT 2 1
WE L, WEROWEIIBIIFRIHED & Lz, $72, UV FDbFR—L_X—XF TORHEIZ
HARZ a BERfAR D 18.44m & L7z, K&K T 2E—v a v VR ZEROREE% &0 7242
L, 9T Unity(version.2019.1.0f2) TfERK L 7=.

3.2.1 EEsmE

SENZ, FHOFE 6 # (b 20 RBIE, AR, BFEREERE 4 £, (Uh#ET 2 £
TESRDS 1 4, theeC S4ERMIRERRD 3 ) , WILE 24, ) TRERZ{T- 7.

3.2.2 FERIH & R DRI

O K8ITRT LI, RMIFA 2V —vE 3X3 HEL, (Ko, HEAth, &EH} x {N
fq, AT, 4 O 9 = xDfic, A FTA4 2V —VvOAERICl =2 BEKRT, F—
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@ FBr# 2 Unity ECRESEL 722 L — 2L 3. BREIZ, A—~—20—, 7 vV
X — 20 — D Ebbd 110km/h & 130km/h %3,

16



@ F—AOPHEIZ, ¥y Fry—<=7 Y FOHFL%E0E LT, UTFIREEL .
F—oN—2u— G E 1.50m, EF2OHFHM 1.1m, & 54FTH 1 0.45m
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3.3 HEHER

AEOFEBH T, THDIT LTI EWRL701C, Ny bR L OEME, Syt
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333 Hfikl 7zt 2R -1 DfE

KI, TTEI4DEIICANIA 7 ) —vOhLoOEES(0,0) L AL, ZOME I
HEL LUED LD, NALAAICADEIL-., cotZoFR—1DfiE®F3, K15
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3.3.4 FH - PRE

AETIE, VRZEBETOR -V ORRZEEHRFITHBIL T bW, TYy X —2m—LbF
—N—=20—=TIEHEDIH LT I E2H7, 2R, 33.1FETIIX 11 oBilE% 12
&, 110km/h ® /728 130km/h X U Ny Fic R =A% Y TR T hotz. ZHICED, HWT
BB VDIFE 2D L0 d VR D AEBRORIICIE N VR TITH 135 282D X L
TWwdelwz b, £77, 332FTIEFELL, 130y FOELALDEAEI Y Ny bk
R =BT E AL EY s ThrozZ LICELTIE, EBOANy F 2T otz
O CHEECHEO DR 530> D I 2o AR FE Z b5, iRIC, 3.3.3ETIEHK 12
L 15 £ H 110km/h DA+ —3—21m—¢ 110km/h D7 v X —2 v —Tl% 110km/h © 7
VE—=2Z2u =D BANALVIMEICY TR T oz LB L T, EEORIE &, S A
LIOVHNADHT BT HEL T LY TeTVIETTHLDT, VIVEDay be—F—%HL 7
BAfR T, VRZERONNY P ZETICH X FICHR> Tz FA[REESE 2 b 5.

Sl ofERA2mE LT, BEARICBILTiE 2D X9 d VR BUEDO SHAEBRD Ny + 2R3
BREIICGEWZ EPMERTE 2, LaLl, R2, MITIKHE X1, FEAERY PO
PoONNTERELWo T, EEICNY FEIRZEREL IR >R B GO Th
X, Zlld VIVE Oavitae—7—% "y AR LTR->72DT, EEOY +&IFE
Y RIRPELEDHL VI Do zARRENEZLNS. AETIE, VRZHWSEZ LDH
e A —N—2n =L T v X -2 —CHBEEL L TEWBE L TL 3200 %D
b7, ULokRE2HEZC, 48 TlENy M VIVE Tracker ZHUY {13 TEED
Ny b RO TIR->TH 6 ) EEZITH.
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FHA4E AEE VR ZFE EICRR L 2RROITH
T X DRRET(EZER : KRBy +)

4.1 EERHEHYY

H2E, BIEDOTMERTIE, 7V X —2Rn—t At — =20 —TFibeTIi0E:
BEL BT, £7- VRZEMCERZITS 2L OLEEEZAL I Lz, 53 =D PiiEER
T, ##E I VRO HMD #3351 7225, VRavituo—7—% "y MR TTIR-
7o, KEOARERTIIEERE ZEBICERDO Ny P 2485, BRIIC, KEEBRTIR, Ako
HNCThH 27 vEx—2Aun—bthoIRE KL/ ED Ny 74 VIIEL D, 7TV X —
20 —DEMNERF-ICHERT 272010, SE0OERTIE, VR %M EicR—1rofkike i
AL, #ERF I VR ZEfM Eooyy b eEsi L CEEM ECD Ny FERoTdHH T L
T, fIEDI b T X2 WL 7.

4.2 EBHE

AEOEB T, F—N—RAu— T v X—2n—0 FELHEKT 5. E5EHE,
unity ICYPBEEE L L CHEEI N TS Drag #F|IH L, Sl Drag OfEZEILS 2 1
REL, K= VOWHEIIBIIRICHES & LTz 72, =7 Vv F2of[fEE cohifiis A
o PRk 1844m & L7, BRAEHIFL2E—v 3 v VR ZEH 0B,
Unity(version.2019.4.1f1) TER L 7.

4.2.1 EBSmE

KERSINE 5 4 (Wb 20 REME, A E, REEE 3 AU coRER6 F23 14, I
T 3AEMIREERA 1 4, hep T 3AEMIREERA 1 4), WI0E 2 4) 2 W RICERE(T - 72.
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4.2.2 FERIGE & FERD IR

4.2.2.1 FDEA

REOERE T, F—NVORIRFGEEZLEEL, 3BH»LDHT v XY v THR—ADBRT
NEZDOTERL, A—RN—20 =T v EF—20—D&KT2EAL, HFoZichbe T
K== s k5L, BAKEEZ, VR EHLEoEEXkET 5 & THEAL 7.
EEEECHTICaYy b —F—%2Z2NEFN1IART DD 24, WEic VIVE b7 v h—
ZENZEN1LET OO 2 {HELY 1), VR Z2[E]1% VirtualCast!'1% Fvs 72, VR ZERN D *
¥ 77X —LEfE LEEM OB Z 2RI, X 16 O X 5 IEBRENE 2 Sl L 72, Bk
%1%, UnityWCTrZmr~=F—ILL, TRZ2EEIEEILTHRFZEAL .

16 VirtualCast N T T DIERK

4222 KELSy v ~D T v A—DHY 1T

REBCHEHT 25 FEARE Y b (FULLSWING KW-359B) 2 L 7z, ~X» FiC b
Ty Hh—%DF570ic, BEIFVAEZMHL, K17 DX 5 KRBy Mgk EHT, *
VCHEHET L ETREANYy VTP T v h—FWOFTE I L AV, REAY
(L7ay F=2XD M6x16) L ZEH#:i A4 (REC-MOUNT 1/4 &+ Z2-M6 + % ZAfa7 X7
Z=)EHER L. Ny MICh 7y h—FRO 2%, Py =2 0fiET 30 %<
7=, 18D XHACHLT—TTr Iy hH—DROZE-T-.
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18} 5y Ah— %Y Ay

4.2.3 EExTNE

LUF @ FIE CHEERBRE A R L 72
@ EBrF 2 Unity ECREELZZZ L — b 2& L 5. Bkilliz, #BRESTbRT Lo
F—nN—2B—, T v X — 28 — O EH5%H 70km/h & 90km/h ZH 3.
@ WIMMIEIX, vy Fr—=o v Fodubk 0t LT, DUTFICHELZ.
A—oN—2u— G/ 1.50m, HFE2OHFATM L1m, L&D 5G4 77m 0.45m
Ty —2u—GHX045m, HFHOLEHFHM 1L.1m, EE» oH6FTE T 0.45m
@ HI3HEDOM6 LFEMkIC, A T4 27— 3x3 HEIL, (Ko, BHAF, @o} X
{WA, ZEAt, sh © 9 =zxoftiic, 2+ F74 2 —vosERic 1 =2 %2&T,
R—BRE LCHITHIN Lo {HicEn) x {Eit}, {Hicgn) x {HicH
Ay, ABAPY x {Hicml, {(HEAd x {NEicsm), {(Hicko) x {#Hichh
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