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Development and Investment of a Block Machine for Volleyball Attack Training
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Abstract — This paper presents a system that consists of three robots to imitate the
motion of top volleyball blockers. In a volleyball match, in order to score by spiking,
it is essential to improve the hitting percentage of each spiker. To increase the hitting
percentage, iterative spiking training with actual blockers is required. Therefore, in this
study, a block machine system was developed that can be continuously used in an actual
practice field to improve attack practice. This robot performs high speed movement on 9
m rails that are arranged in parallel with the volleyball net. In addition, an application
with a graphical user interface to enable a coach to manipulate these robots was developed.
It enables the coach to control block motions and change the parameters such as the
robots ' positions and operation timing. Through practical use in the practice field, the
effectiveness of this system was confirmed. In this paper, we describe the effectiveness to
players through utilization of the system in actual practice. In addition, we clarify the
improvement points exposed at that time, propose and construct a sensor system and
describe its evaluation and future possibilities.
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Fig.2 The overall appearance of the whole system
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Table 1 Motors and reduction ratio in each mechanism
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Table 2 System usage date and attack count
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Fig.9 Change in attack failure rate

100 . I . - -
0 |I II |I || ||
1 2 3 4 5 6

fERB
B BOSAYFAS ROSAYFFON IOV BRFPI N

BROEE
» (=)} =]
o o o

N
o

B10 7&v o RNEOHK
Fig.10 Change in attack failure rate

BREDT Xy ZRIDEEGED, FEEDL )L LG
LTWaW=bIZEL-eEZ NS, ERE 4 AN
oYL~V (RO Tay o LFAE, 5
WiEE DG E R BTy 2B & GULT
Vr—2ay ECRETHILT, 70y 7MERk
BEADITT Ry 79 2EHEREENVZS.

X SRV AT LADERIZE T BRRICE L TEE
T5. EUET Ry 7REREIv Y IzkE Ty
JIIRT BEHIITH D, EEOARIZ LS 7my 71
T BT Ry I EENE(LL TVWENIERHMTH S.
FD7O5H, KRYAT LFHOFIRIZE T 2RED
T — RIEFTIZ K D FRRDIBIETH 5T X v 7 KSR D
ZALRBSNIT B T, KV AT LOERM %2
fliTdZLicERBEEILNE. —HT, AVAT
LOEBOFEHGH TIX, HPEF—L0T7 A NIVF—
L DRI - e T oy Z R BT 572012,

NL—R=icBiF3 70y o< vORKEER

11 <o
Fig.11 Shrotened toss

5,6 DEEREZ ML T 70y ZBEERZER L T\ .
DEOITVOENEERKR, EBEOANEOBEEIZE
DFBE I LEMERO Ty JRETH B 720, K
VAT LR BRI EBEORSITBWTHR%ED
SEREREELEEZOND.
SEDFEBRIZENT—EDREPREINZD, A1
NIRRT IXFEM AR T oy J IR IRETE 5 — 1,
NAD ED o=z T7ay ZhEERFICEETSZ
ENRTERN., ZD7d, M11IZRTLDIL, Y
R=PoD M AWEL o T2 T & v 1 — D H DH]
270y 2R ERT S I ENTERN. FEAETI
BWTH, TOEIRYF 2T — a waMapEp il
Iz, WE, VA FREEM 11 EoXSicxy b
WDT VT F V0ol W AR LTS5 E A, b AR
DLy —TNEN/KPry X —DIARIZLD,
N 2L 225 L X 11 FD & 512 1~2m BNz
HHZrrkhd, FITREYX—m15LENENADE
XEvyIUIL, HEITT Oy A EEMIET B
REEMMTEZ 2L, KOIREBR N —=2 T
iRt cE s EZONG.

ZFITHETHE, ¥vEZ—D05LE05 N ADEX%
DT IWVEALTEHIT BV AT LERET 5.

5 HEEttYY—ZzRWEEHE—R

51 YRTLER

AETIE) TIVEA LMIR—IVERBT BFHEICD
WTHRRE, AR—=Y Y —UIZBIF 3RV EDME
HeEIZBd AIRIL Z N E T4 FETITbhT v
% [6][15]-[17]. EIZ 3 — MMRSTH O OIEALAEZ T
W, iEHIz & 3R — L ON BT FENREI N
TWBED, KV AT LIHEBG BT 5 #E A EE
INTVWAEZD, UTFD 2B VWTINETOFIE
EEATLIZI LW WS, 1 DHIZEREDEK

—473—



HAN=F v LY T7Y) T4 22HMXEE Vol.22, No.4,2017

ichd. EEROMELEGTIXHE, 25 WIZRRHZ

ZHEAHBRBE AN B2 0, B a— MAIZIZE
BOR—=VHBHWENE 720, SR Z vz
TEHIZ & BRIV O EHEE IR TH D Z & 23T
EBRPSEHONE o7, 2DV AT LD—{K
ETHB. #HEY AT LE U TEDITHEMD T RE Tl
FIEHATEARBERD L0, 7OV IV VTR
TFLER VYRV AT AN B THEI ENEFL
W, FITAMIEE, ey IRV UV ATFAL—IL
HIANCBRE S 5 B DOEE G Y &2 WA -
DA EHEEFIEEIRET 5.

K AT L% 3 B OHHE G Y (Kinect v2) %
FAWT, 7uv oy Y AT ALV —IVRHIZ® 12 T
AT EIICHELZ., ZOMEEHREMIZEY X—D
WEOEMEEZZEL, A27Va—Yarzii<ck>
2, £727 29754 HNORE Im, HEE 3m o #HiFH
ZAN—F 5 LD ITRBIGATIC L > TIRE L 72 (K
13). Kinect i3 H&H 30 EOMAEDIF, 2y b
RAED LM L 72D 728, Fid Kinect DA
MEE & CTHRE L 72, 2B #H L 7~ Kinect v2 DfGRE
12512 x 424, 7L — AL — b& 30fps, KEMAED
70deg, TEEMEH 60deg THEMEME %2 NS TE 5.

52 Y77 hITTHER

5.2.1 KR—JLERE

PREEE{S I LT/ 1 XL e U CEITY SRR
% W72 15 SE R L R ILEE 217 5. Z D1,

i UCTRZINWEE 7 XY V7 MIiz X 0 4y
BU, K&, Miekilt, BE (M3EK) ofFEz HWT
BRHR—ILSLWIIARERET S.

5.2.2 [EZEL#

Kinect 1% Time of Flight 52 TYKk & DRE#E% H
HLUTWB728, 5.2.1 TKE S Kinect S5 HR—IL F
TOR#EEIE, Kinect [ZHH WA —)LOKREE TORH
HMTHD., UL UEEDOR—ILOAEIZR—ILOF
THDH7-®, Kinect SR =N A~ADXRY b))% K—
NWERSOEIRERELUZMNEL RS, AErSKRD
72T =R LT, HOPUOHRDEAEE - NER S
A — 25t AT 5, [EHER{FH 2 VT, A T R
RS 3 — b DERERANEHILIE 2T\, I—h kD
R fEEHEET 5.

5.2.3 TL—v—VERH

NV—?—»@T&yﬁﬁ%KBwf,bxﬁW%
BT H7=DIZIF, TO1DHOLY—T (HBWIF
SSR) wmbmawébgb%é AW ClET v
R UMoRy BHRADRY MV ZRiDAR—
NWENAINZHR—INVEERL, TOR—IVDHEEN
7 MVHSBRE R E HED S ERE G hEb b
RA IV % D AFMEL BT 5.

Kinectl Kinect2 Kinect3

| 25m Block Machine, . )
e

Center Line 4
RN 2
| 55 60° ,

N

30°| 3m

Attack Line

9m

X 12 Kinect DR ENLE - £ & G5 AT AL

Fig.12 Installation position, angle and rec-
ognizable range of Kinect

L B W
l.‘.

Xl 13 Kinect @ 3D &% AT He i P
(ZEfTE I, IEEI E{EJEI)
Fig.13 3D recognizable range of Kinect

5.2.4 {IRMEHTE

7 Ry 71— D] gfLE X b ABEZRD R —ILDE T
MfUZIRAZ T 5. & o T b ABIEMHE O D 22 ]
N5, R—)LOBEZYEIEND S FHIL TH NS
ERHETAEZETT Ry H—Df SfiEEZHEET 5 2
EWTES, FHETIE N ABOR—IVALED 2 fE
52 THYKEPERTE DM, L0 IEMIZH f
EEHETET D703 M (N AEEHD 3 7L —24) 2
W7z, Kinect ® 7 L — AL — b 30fps TH S 7-8,
N %% 100ms AR FT s 2 HEE T 5 Z L ASATRETH
5. BBETHAO TN, ELETEERL -/
Byt o A2 HWTHEE L2, A7)Lva) X4
EEALZEROHE X 14 2R

5.3 FR7ILTY X LD

5.2 TRARZHE TR T IV I XL DKSE % WG S
% 1= DFMHFEERIZ DOWTIRAR S, N L —R— LR
F12ERNGE LT, XALSD M RAEERIZETS
EEZITIR o7z, 2y PRRMAEIZE Y X —OERE
ALY, £ 1 NOFERGIFER Y R—IZ A%
HU (K 15), TOX FEHORNTLELADY 1 K

—474—



fcBk - B - B0 - KE - 58 - KF - AH

® ERXO#E (—#)

— FROHE /"\

14 K- OHHO T
Fig.14 Prediction of ball trajectory

Toss
TN
,
s
7
/
! /
Setter

Passer

15 HEROBT

Fig.15 Experimental situation

# 3 T RALETFRIORR
Table 3 Result of attack position prediction
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