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Abstract

Archery at the Olympic games is a competition that hits a target 70 m away. The shooting performance of bows has improved,
and athletes are required to have high accuracy shooting at the 10-point zone with a diameter of 122 mm. It is important to
know the flight trajectory and attitude of arrow shot to improve the competitive ability. For this purpose, it is necessary to
analyze an image of each arrow shot by a high-speed video camera with high accuracy. In this study, an automatic image
analysis software for analyzing the velocity and attitude of archery arrows in free flight was developed. In order to confirm the
reliability of the analysis results, we measured the velocity and attitude of arrows launched at various initial velocities by a
shooting machine using compressed air, and also the arrows shot from bows by an athlete and a robot. Consistency between
the results of the conventional visual analysis and those of the automatic image analysis was confirmed. The analysis time was
reduced to 1/10 or less. Based on the information obtained from the automatic image analysis, it became possible to examine
the flight characteristics of arrow shots, such as the variations in the initial arrow velocity, the initial angle of attack and the
velocity decay rate. Knowing these flight characteristics on site will contribute to the optimization of arrow parts composition
and the improvement of the athletes’ competitive ability.
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1.

AV Uy 7 E LTO7—F = U —X 70m SElTH HEE 1220 mm OHZH DB TH D, HA 2020 K
TOAAEFOTERE G UEITH L. FiBM ORASCFHEEOE A X0 S oREMEREm ELTRY, Bt
(ZIXEARE 122mm D 10 S8 2 5 & FelT A 72D O @O HREER RO bivd. EOTOionizRkn, DX
IRIRFILEACE D K 5 I RIE 25 D A RSFEIC AN D Z &0, Bt hamd 5 9 2 CEE TH .

T —F = U —RIT60m/s~T0m/s DS THRATH. REEZIZROV Y7 NERETDHE, ReFUTHBLZ2
X107 5. AR WRORIEIZIA 5 FERE IR DIRIEN R OZE TR E% s 5. Liston (Liston, 1988) & Park
(Park,2011) 1%, REMEEL L CTWDEE X7 &, &P, /v 7 OFNENOBPLOBFNROBEHITH DL & L,

RAH OB BN NI £ 72 IXELIR CTH DN L W BUMREN R % Z L 245 L7z, ¢8R5 (BsKfh, 2010)

1%, EREZE R O TR EEIC L D RFNFEBR &, FHMIZEIT BRI JAXA) @ 60 cm i /) 3R RFFEEE =
JEWE (MSBS EWf) & W2 BWREER ATV, 7 v AR URICKIT S 3 FEEOHTROE N (i, HERL 1
R MU B FUB AU M B 25~ JIE L7 Re BiEIE (Re=5.3X10° ~52X10% 1B\ T, Hifk
TR A 43 U= ROMIESE R AT, MRSk CIRELHE, & L CHERUSR &35 L7 R OBA12IE Re = 9.8
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X1 AL TR GELRICER T2 Z L 2Rr L7z, Bwb (Miyazakietal, 2013) (3 MSBS JRWA S8R & 455
Z W TRFIIEBRZ M L, A/C/E 3+ 7 hZ Spin-Wing-Vane &3 (& 12 EASTON 1Y) 2485 L= K22
FIEE AT L2, ZOFEE. Re=1.3X10%~ 1.8 X 10* |2\ THUMRE D B 7t FUS 2 FH2S 9~ A 01 & BLiRiEs U
(YT AEIC 2 kT D 2 &R Uiz, F£7o, B¥ D (Miyazakietal, 2017) (XS A& AL O ELTTER I 3
FIh DDA IR 5 ATREMEZFEG L, TICk LT +0.6° BLEDMANR L LEEEN R E 5 2 L a27R
L7z. =05 (Miyazakietal, 2013) B OVE® 5 (Miyazaki et al., 2017) TliL, @SHEET 40 AT T Sh
TeFFAP DR OWUG & B THEA Y ROFEFMEE & AL 2T L T D, FEE LR T 2 T2 DI DR
W OFERZ ML L TR Y, TR EZG2 OIS LETH D, O L D RITEHiE O3 <R
THEMT D ZENBEETHY, TR SRR Lz “COBT” BLAIUTEHE~D 7 4 — RNy 7 3N HEIC
5.

A=Y BHEIC I 1T D ARBGUIIEEFNEA AL D 726, FFHFBRSCRA RIS TR 7 A A 7 23E
HENTnsd (BlxIX 1. E. Goff, 2013). ¥4, EOMERIEE LM ELTEY, XY Ed ChEMZRBIGOHRY
DHRBIC /e > TN D, ZDO—F5 T, BEBMNTEEOFIR RO LTINS, £ 2 TR TIE, KORFMIREE
DIFHT DN E R D128, FEE AR LoD BEMET HEGAE Y 7 N A BIRT 5. fRHTHE ORI A fifes?
BTN, JEMEZERE W RSB I L 0 i 2 T B I SR, BE e R Yy ML THMDS
T2 R DI E & LA ZFH L=, 2 B O BAZEE SN T, 22588 L 5 R OHIEROARSH
HH DR O DOIFRZE L2 & OROFRFMRFEIZ OV Tigam 5.

2. FRAIEER

FAEBR LN KR AEREEORBANT —F = U — (50m L >Y) Tirbivlz. a0 Br2dlhrd 57
W, ZEHEHE LT TELETEEIRAEL Lz, X 1 ISTRAIFEROBLE 2/~ T . FEMLED SR E CO/REEL,
T—F = U TR DHEECHSD 55m & Liz. FIHH LEZRORORAGEE « BEEHRE T 572012
T 7 aOEEECT AN AT I EEEAL, BHIEND 15m, 2m, 2.5m OMEICEE L. S 5ICHOT
A I m I 7 —DO@EBEEET AN AT 1 BERE LT, RORFREEZRE Lz, AT OBEMITRN 2 Koy
BDEDITHHE L. REMIENOIEIZS AT % cam 1, cam2, cam3, cam4 & 5. F72RKOHPALE ORI FIL
MHDOTIE I Z L IZEHI LT,

cam 4 cam 3 cam 2 cam 1
Initial
conditions
: u : ! Shooting position
. . . . @ Compressed air
X i : : 4 Robot
i : ' i @ Archer
L 1m | 51.5m 105mj05m| 1.5m |
o - ... T_C_00-]| eed
° Center line

Fig. 1 Flight experiments in August and December, 2020.

R VITRAHFBRCHERA Lot A 7 &2/ 7. FEIMNIORTEERE Z L ICR 2 AT Lo TnD. @mEEE T
A AT OWESRMT, T—2a v 7T —2TEAITIND 5D~ O EZHCT 729, 3000 fps, FEICHRFHEIT
20 ps, B A X (BFEED) 13 1280X720 (V2640 LIAL) B 27 /03 LT 2048 X1952 7 /L (V2640) & L7
2B T OBFEEOZEIIMTRE R L 523, BFEEUL 1280 X720 THoTho7z. KEERIZBITH 17 &
JMTZ 0 DR SITEEAN—Z R T 5 2 & TRE L7z, V2640 LIS D A1 2 CTliE 0.83~1.1 mm/pixel TH ¥, V2640
TIE 0. 69 mm/pixel Th-o7c. FEMLEITON AT (cam 1, cam 2, cam3) (X7 L—A 7 —/UizZ & L, WIAI
DAAZ (cam4:VT10) 1 IHT7—HiE s L. 22T, Hx 2RO ERE T 40 2 7 CROFTHH L 2Ry
L7=Di%, FHOEEE T A0 AT OWREE KT 5720 THh5H. BAFEOH cam3 (MiroLC310) 1%, LV #r
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LU cam 150 cam 2 & [REDEHETE A HEERE 726170, AEEFRICOWTOEEMEIIERNZ & 23570

o7z,

Table I High speed cameras used in the flight tests (All are monochromes except for V710).

Camera number Model (Flight test date)
1 Miro LC310 (2020/8,2021/7), VEO1310 (2020/12,2021/6)
2 VEO710(2020/8), V2640 (2020/12)
3 Miro LC310 (2020/8, 2020/12)
4 V710 (2020/8, 2020/12)

T—F = —RIFK 21780, §E (point), ¥ 7 b (shaft), & (vane), K% (nock) O 4 HHLH>HHE
a5, EDORIL EASTON #8L A/C/E % 7 FZ 4.4 cm @ EASTON 41 Diamond vane & Jiikpizslk & /A&
PR HLOT, FTORITEASTON #8L X10 2+ 7 HZ EASTON #£# Spin-Wing-Vane & HEU8fk, Beiter #1401
VTR I EHBEDEE LD THS. by T LNV OBHREII IO 2 FEDO Y ¥ 7 WD Z ERL.
FREAEERTIE, K 31T 5705 3 FHOFRN HiE (EfE2eR A AW EE, ARy b, Bl CREZMK
ST, BIPLRTIEN D RIFIZOAREENT 2 DT, JEMFZERE AW EE (K3 (a) ZHWT, RiRESR 5
K2 IR T B H LSBT OFSE 2Tl LT-. ZOEORIT A/IC/E % 7 I 4.4 cm @ Diamond vane
LRI E T IR A A S, BEPEE D ) XV E v v 7 MNIZE LA OREZ/ Lz, RICa R
v (X3 (b)) &HEE X3 (o) BENSHOROBEGIENT 21T, ROTCOHIREN D BEL R LT-. 1
Ry MCE2FTHH LTI X10 3+ 7 bIZ Easton #18 Spin-Wing-Vane & HERUSEZ, BiH#FIc L2 THH L TIX
A/C/E ¥ % 7 T Easton 184 Spin-Wing-Vane & HERUE 2 /1A G2, BROYMMEEE 2 1T

Point Shaft Vane
| [} |

Nock

Fig. 2 Arrows shot by the shooting machine (upper: A/C/E shaft, Diamond vanes, and streamlined point) and by the robot
(bottom: X10 shaft, Spin-Wing-Vanes, bulge point, and In-Out nock).

Fig.3  Arrow shooting methods.
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Table 2 Physical properties of the arrows.

Shaft, Point, Vane Diameter [10™*m] | Length [m] Distance from point Mass [1073 kg]
to center of mass [m]

A/C/E, Streamlined, Diamond vane 524 0.644 0.248 14.5
A/C/E, Bulge, Diamond vane 524 0.638 0.244 14.6
X10, Bulge, SWV (X10_1) 4.82 0.658 0.204 19.7
X10, Bulge, SWV (X10 _2) 497 0.756 0.248 212
A/C/E, Bulge, SWV (A/C/E 1) 549 0.729 0.250 17.7
A/C/E, Bulge, SWV (A/C/E_2) 5.46 0.730 0.248 18.0

3. ERMRITTFE
ABFSETIELL T OFNACTHIEAT 2 BEE L, MATLAB [ZH#EL U CEARRZR BT 7 1 7T K& ER LTz,

3.1 FRILEE OB

ROBLOTRFLEE AT 572018, K4 IR T HOWB A T-7-. £7, BBAHEEIT I RIOETE (K
4 (a) XL T, RFENEIC X 0 REORE 21T o 72, S REGZBERY 5 L RER ) 4 ARRAET LT
b, T EEGE - HOMYE N BIER Lz, ROSEE T 280E FICES SIRO ZFE ) A4 XEBRET D701, A
T4 T U7 4 E T (B 21X Marques, 2011, §12.3). W RES%OEBRZX 4 (b) (R T. RS LE
R ORI L OV » 7y MWL (Marques, 2011, §13.7) 12XV K& X0 IS L=, 72RO
ZER O RICHE L (K4 (0), WPRAH L 7oty &SRR A T o7, R IACEMGIT 2 fE AP 25 L
2 AL ZERR L2, ZOr XREERTHEZ BLO—ENKIBT A7, T 740 0—4H (RIEEY
W2kt UG ORZIE S L < IXUGHELLEE  (Marques, 2011, Chap. 13) (2 XV B 7 BAMR) 217-o72. Ziub O/
IZEVELNEBR (14 () IZBWT, ROBBREMK L TWHEZ LML, ~I A0 a—F—miE
[Z & o TROM « Bima it 5. ol - BRIREAE A St ER Y, EOT — X ZFIH U CEOEAE & AP D
BHAEITo7-. 22 THE D EL, & L CELD BT £ CORBEITFRNCHE S N-|E G& 2) 2/
W5,

3-2 RMESBOMHT

SREHEN CORDOIRFALEEZ LT O X DI 5. §3.1 THWza—F—BmHETELNEEIIE 7 2
HALCTH Y, RO AEOHNTREE MRV, — 5T, RIEA~T MLV OBRIRGERZ AU e Elis s OHEE
EITHO ZENTE S (Mgdth, 2013). 2 2°C, MFHEEMTO-DIZHWZ 4 () IXEH L. X4 (o)
TIEE 7 B/UARNC B W TRPNCHIFEN TS LFER I 120, % 7 hAKROKRE L0 KL 250 n AL,
FI2T 4 NE—RFDOZFIZ L - T, 7— U ZEH% O BRI 3T DARSEE B TR A AT AR & 5.
Z T, 7R E 2 (G ESERTOEE (X4 (d) (2R, RPEHIFRLZEE (X4 ) 20
T Z24T - 7.

AR RO DT D OFAEE G & LT, ROBEOLEDSIAG 2 i85E Lz & Zomifg (X5 (@) 280,
2WRTEER 7 — ) =5 (FFT) 2479 (K5 (¢). TN &R, &7 L—LDHi{g % H 5o CdlEls S+ (1
5 (b)), FERICFFT 2479 (K5 (d). 25 2 BlEORIEZAED "R HZEM AR TR LEbE b O % iHi
Bt L 45, ZOFHMEBS OB MEE b2 53 RlinfE, 2WEGEOMAEEE T, FHBEIKITAEICH LTI
iMETRDDT, ZIREMTT 4 v T 4 T EATY, TOTESERINEE L2 (M 6). FHERZROFEMIZ OV T
FHERICEERT 5. Z OBER SLHEBER OFTE D 10 7 L— A2 OV TV, FOfE X ORI L 2 iR U C A s
ERDD. ZOHEEDEEBE L LT, Joifh - BIREIEZFARD Z & THRLNCROBE X AORRHIZE A 1
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WEETT 4 v T 4 7L, ROEOAEPEEPRICH DRI 2 ROME AZHETS. £ LT, A
THEE DFFHTH DT DAV & RO E A OZENGEARFE T SND.

Fig. 4 Algorithm of image processing: (a) original image, (b) image after background subtraction, (c) outline extraction of the
image (b), (d) image obtained by multiplying (b) and (c), (¢) mensurative image after image denoising and pixel
interpolation, (f) mensurative image 2 (after image denoising and cutting vanes).

Binarized image Wave number space
| |
(b) (d) |
\
\

Fig.5 Algorithm in the angular velocity analysis: (a) binarized image as the reference, (b) rotated and binarized image of another
frame, (c) Fourier transformed image of (a), (d) Fourier transformed image of (b).
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(a) (b) (c)
10 10 10
o 8 o 8 = 8
.2 2 .2
= 6 2 6 3 6
g = =
2 2 .8
E 4 ':_g 4 .5 4
< < <
> > >
) ) )
0 0 0
-0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1 -0.1 -0.05 0 0.05 0.1
Angle of rotation [deg.] Angle of rotation [deg.] Angle of rotation [deg.]

Fig. 6 Evaluation function near the reference frame: (a) 1/750 sec before the reference frame, (b) 1/3000 sec before the reference
frame, (c) 1/750 sec after the reference frame.

4.  EBROBHICK ST E BEIfFNT & DLEE

H BB ARATIZ K 2 TS R 2 ek 0 BRI K DRRATHE SR & Lhik3 5. JEfEZE R E W 238 & E ) D li-
7HASER T 5845t L L, 2020 4F 8 HB LN 12 H OFEENFERD S 15 5 - 55 CRT IS A WEr 4 5. &
DOFRRIL 40~60 m/s, EREZERDIENL 3.0~7.5 MPa TOERFERTH 5.

4-1 RORPEE

TR E DFEATRER A 7 (@) (b) \ZoRd. M BRI X A1, Rk B BT L 5 EZRd . X
45° DEBEHEDT-DITFINTWS. BIROMT T, EEA 4~54) OFTHEREZEE L TWDHT20, 1
WRAZ T 7 —/N\—L LTOFTN5. X7 (a) OAREFMASG TIE, B E ORTFERED 0.9 %ANIZINE D,
X7 (b) OB IR TIIFFEE 2.0 %LANIZINE » 72, I SN2 G OB 2N & BRI X DT
ROERRANKE 2, ABEBGBIITERE OZENKEL 2D, 7T—F = U —HHICi1T 20 72 558 60
/s fFUT T OEAGE DOMEHTRE BTl SRR OMREFET 02 %RE L /5. —J7, TICh )2, BEO%RE
TIE 17— 20 5FLE (4 NABED Th-o7273, HENEGHT TlT 2 HRE ThH -7,

42 RORFPLES

LB OMNTHER 2K 8 () (b) (TR d. Ml T BRI L D08, Rahid B Bmi e c L o armd. ik
DIZDITMHE 457 DFREGINTND. RFPRE DG LRI, BEADOFIETH 2 B HORRITITREER
Fle T T ==L LTHOFTND. X8 (a) DA IIEH LIFORREZIEL LT, 1° K& oo/, —J7, X8 (b)
ORI FITOREBAZIES LT, 0.5 rad/s A & 72 o7, HWELHAI AN THEED T — 2 80307200
13, BHIC K2 ARE DT ANEEZ > 7272 Th 5. AEIC K216 - AEEOHFFERITIES SERRE N
0, BT R S XTEET D, 1 DO —ADMITIZ DR 1E, AR TIT 4 RRE 4 NG5 Tho
7R3, EENERART CIE 4 R AR S Tz
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@ (b)

7
700 0
£ £6.5¢ ;
5| 5 |
550 g 6
> >
5 s 5|
o o
40 5
40 50 60 5 6 7
Image processing [m/s] Image processing [m/s]

Fig.7 Comparison of image processing results and observation results for (a) horizontal and (b) vertical velocity components.

@ (b)

O

~
=
~

o
o

Observation [deg.]
o S -
Observation [rad/s]

: ' ' 0
0 0.2 0.4 0 0.2 0.4
Image processing [deg.] Image processing [rad/s]

Fig. 8 Comparison of image processing results and observation results for (a) angle of attack and (b) angular velocity.

5. BHRROER

ATEIC IV T, ARIC K DIEATHE IR & B ENEHGARAT 2 - TR R OB SRR Sz, DU TIE, BE)
BHEARAT > HAG DN T BRI SO TROMBARE L ELR L, ZOAMMEZRT.

5.1 Eﬁﬂﬂitsﬁéiwﬁéwﬁﬁim

TG AVEE CIIRE & 22U A L TN D28, RS 2 E(LOBFE TlE, BIEOTECIZIE « IHELELC I > Tl
(2 A RFAEL, %@Eéﬁﬁ%@ﬁéﬁ%?héﬁ EMNRHD. K9, EMEKTHHBHLEROES %
T L— AR L, ZORE L R TD. Eumﬁﬁ$%%Lﬁ¢é7v~A&%®m%57v— , 7h 11
T L—LEHH LT, fTHMH L 10 R OVE LA (=T —/N—) Z/RLTWAD. RO ARVITHER
i, FOY ORI OMRERZ £ T, SRIITNETNOROEDORE S & UTHIEREE TFHAIL 7218, 0.638
m & 0.644m Z7~9. F72, Oldcam1, O cam2 OBEN S OFFTFER CTH D, WA Tl A 7 OFEEHIC
b5, EMRERK CHHOHENEZEOESIZT I —"—0FHHANTEDE S & —815 2 LR S, Hilg
D 2 EAVALERIC S AT B X HD. —F, HAEEOLEII3D LB OFTFE R & 72> TOD A3,
A Z A OISR ORI O RRENZORR E B2 b,
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—J, B10I12uRy S DRTIENTZRORE S OMITRE R A2 ~"3. MRS Shiz X10 R ThY, Z0HE
DEXZ0.756m Thb. KOMENELSTNA 7 L— A CEONHEHE IR 2 ERT 5 7 L— AR 10 S5
LTEY, fFIGHLEAES B5AK) 2L, Bl FEAEEZ =T — N —TR LTS, TRERITEOME L
TR 2em BEEL 2D, ZEA LR LR HEAMIZKHRZIL L TWA. Ry MIX>TEMNOZNTZ
RIZTZOAMEET 5 & &b, KEHNTHANR O FREMNH D720, TORERBN- LD LB LND.
FDF S ORI B T2 O AREB OIRBIZ 7T 25 &, B3X2 20 7 L— A0 EEMICR YT 5D T 75 Hz 2
JELHEESND. ROBMRNE 3 RITTANTHEZ D721, AEH NN Z TENELT 7 & ki 5 7 A A
T TCAT VARE T HHLENRDY, S%OMEE RS,

5.2 mEFELORY Mk DR E

2020 4F 12 AIATONIIRAIFEER T, BHE s uRy Mo BHENZROMS 2K 111 T. B2
ARD AICIE K% 18 §H9 oG5 36 §Hit~7=. HAT/RLIZK (A/CE 1:17.73g) EFRILTR LK (A/C/E_2:17.99
g) TIXOTNNTEENRAR D, FHOFT A/IC/E 1 OBAE1E 59.67 m/s, A/C/E 2 D¥FA1E 5921 mis &720),
HENKEIRROVYFRE NS o 7o, FEHEFRZET A/C/E 1 OFE1E 034 mis, A/C/E 2 DAL 040 m/s &
720, BDTMITACE 1 DIEI NS otz £z, BWPMEOSRESFEOIXS2X CEEFLLT) 2%
YR TRl L7= & & A/C/E_1 73107 mm, A/C/E 2723108 mm L7325, ZDIESHSXIE 55 m EOHITOHDOT
HY, 70 mEDELL 122 mm O 10 HEZHEZ T TUHRN

—J, BXTRTLIZ, mARy MrbITHH S RO 58.55 m/s TIEMERZEIL 0.13m/is TH Y, F
PHEICHT T D AR 2L 023 % Ch o 7o, B I TR ZEN /N S <, BFNLEOESHE T MO 52X (E
YR b 34mm S/ NI EPMERRTE L, 72720, BHEBIENHEZ D & LB, FEBNFEFICED LT
T ENHEREN, BRy MIHMBOSMATED - 2020 4F 12 H). SB#ICITh =R (2021 4F6 H)
D7 —Z ZKNCEOTRT. 2D XI10 K (X10 2) Zl-7-72018, FEDFEEE (51.96 m/s) (X TFA > TV
B, HEHEREZAE (1.9 x 1072 m/s) (/NEL 220, Kl E —CHEAMERE LD, EZBE, wR%oaRy ho
FIPALEDERE SR OIEHO XL 9mm TH Y, FREDOLRWENT —F = U —5ThHiUL 70 m L DERE 61 mm
DOEN (X V=) [T T DamHREEZRFOZ L0 5.

5-3 XOMEERERD ELMREAMDKTH

FEHTRFIZ T D ROGRELGEER 7 (cam | OBMEFEITHER) OIXH2X1E, BITIIT D ERE S R ORI PALE D
XS OXICERT 5. X 121X E OB Z R T25, HEAHHALE OSKE T M O34 %, Sl SERE 5 [ AL
DEFRLTND. MFPOOIFFHEEOME (20204 12 H) %, OiFkB%oaRy b 202146 A) OfER%s
T FRIIET — X OFERIEUC L2 ERIEMR TH D, SHE T HOTIUS, ROSELGEE RSy O 2=
W RFMEEE AR RSy %2 U TRl TE 20T, MRARMAEE & U CEE Lzir PR 2 S
TRT. BAR Y MEDT = CIEmEN L < —E L, SAES mEE R O BGMEITHE RNMEH CE 5 L 2 E
5. —F, B LR CTIEIMEICENRONDN, ZOEIFHE OFIDOROME DA H MmO
EEOXNRKRENWZDEEZOND. MEBLTIDL I RT =2 oWE1T21E, B4 O orhRo I L
D= DS ZRERTE HIXTTh 5.

54 ZEFERIZK S RDBHE

B 1312, JEfEZERIC LD AICE ROFT B LEBRIZIS T 5, FENLED D OFRFHLEEE (Bl & s ok
(fitih) ORfRZ Y. FUNREN—ETH D LIEETE 556, ROAKFHER T IR FEREO TR PE% TR
T HDOT, Fxtr 77 ECIEMRIC/2 D (Miyazakietal.,2013) Z &5, HEDORKE SBHIMREORE X
.

2 PSR O A5 LTe RO ZF U 57T m/s THTH I L7E, S IIHREOIE S BRE < eofe. 2
HERLE 2 DT 7o ROBUWRBD IR DT T2 RO B DO LD b RENWT L AR LTS, Kl o5 g it
(IHERSE 2 DT 7 BT TELIIRREIZ 72 | Wik 2 DU T B IS TIRRBIC A o 72 £ B 2 B LD ($hAth,
2010) (E, 2020). WAEEE ST 7258, ROYIED 60m/s THEMROEE IIFA—TH Y, HUMEEDE(L
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TPENERN OISR SN D, —J7, MREE ST 7256, ROPED 50 m/s THEMROEE 1L 57
m/s OeGLZEDLLT, FERBRIUIEICRETH D Z L3000, ZO L ITREWET 545/ 3= DR
ROZEIFHEZ RTS8 “Z2 05T 7 TRHETEAUR, HKiize —Y OMEEOBRIIFLIN D THA

-

.

5-5 MMERBOBHZEIL

EMEZE R A WA EE N SFTHH &7z AICE K% cam 1, cam 2 THRE L, ZENENOEIREHT L T,
HEEER EAEERESZ. 2TOT =X 2PMEE LT, MIKES)Z 92 RORAHEZ THIT 2 5EHE 7 1
7T WTHEA ORI (b Z2FH L2 (Miyazaki et al., 2017). A/C/E RDZE1H (BUdRE, HS1tek, v v F
VT A MEED) 12OV TIE, MSBS JEVAZERRTS L OIRAIER S5 5 N7k E (Julioetal., 2020) % 5xfitzt
B7a 77 MIAD LTS, ZO8REZXK 14 (@) b) \RT. (a) IXIEE#EE, (b) IIHEREZ 25 L 7c
BOHFMRETHSH. cam 1 & cam 2 OEGFATHE RIS HHHEMEREZ T T ER, BEATRT. 1A T
FRIFONZ 50 cm DR TEIMU TN 5720, ROFSEMIET S & 2 2OFERIT—HT 5133 ThHY, The
NOTRFREE « LA OMNTHERIT T2 EMEMEOEIE L 225, K14 () T, 2 2OFE/BENM LTINS D1,
KD LB 3 | UK T, Z ORI ICSGEO RN H S Z L 2R L5, X 14 (a) Ofckdfix
046" H L <1 051° , K14 (b) OIEKHAIT 044 Thov-. HEREEE S L2 ROEEDIT D BTSN
2, RO U TRAVI TR CIIBIRIREE S > 7= DI L, MR CITELIRIREE CTH o 7=, @ kT
MY T, SERPERERNOIREEZRET D ER L 7> TWD Z ERDN5.
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Fig. 9 Time variation of the arrow length by the shooting Fig. 10 Time variation of the arrow length by the archery robot
machine: circle, cam 1; square, cam 2; red, Bulge point; (cam 1).
blue, streamlined point.
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Fig. 11 Initial speed of the arrows at cam 1 shot by the archer Fig. 12 Vertical displacement at the target (Az) vs vertical
on Dec. 2020 and by the robot on Dec. 2020 and on velocity component (V;, at cam 1): circle, shot by the
Jun. 2021. archer; square, shot by the robot.
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Fig. 13 Arrow speed as a function of flight distance: red, bulge point; blue, streamlined point.
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Fig. 14 Time evolution of the angle of attack of the arrow with (2) the streamlined point and (b) the bulge point: Blue and black
lines show the results obtained using the initial conditions from cam 1 and cam 2, respectively.

6. #&

AMFFETIE, ROMFGERE - BEAOINT AT 5 72> O BENEHGARNT Y 7 N &2 BIF Uiz, 1k BHIZ L DT
FESE L A BN RS RO A VED MR S, MRNTRER]Z 110 LR ICERME C& 7. BEIREGMITFEZHWH 2
LT, VIR ERITIORR, SRR KT TR L O T ITTEH LI, Ko
— VRO BB LSO OBEREN M FICE T2 Z E R SND. BB D R T2 b HIREC R il
D\ [RIEE D O T, KOSHE N TORFIRRE N 2 TR RN TORFRREZ T+ 2 LN H 5. 514,
BEOEEECT AN AFIZE > TAT VAREAIT, B SNz Eilg 2 BT 2 FE~ SRR SE T
SZENRLEEND.
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# 2

ARFZEIE (R P EEHEERUERT & O ILRBFZE 15 B ORGSR ETMEEOMN) ob L THEEShELEZ. »
Ry b (K3 () ICLDROBHEED, TOXENRTIEANIEEZITTHZ LT TEEEATLE.
CICEHLTHELZELET. £/, MAFERICH T L T NIZBEBE KT & AT BRSO A R #N T
LET.
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