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Study of Tracking system for 3-D position of golf ball flight with HDV camera
(Zooming operation effect)
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We are developing a system to confirm 3-D coordinate (X(t),Y(t),Z(t)) of golf ball flight trajectory by using video camera
image. Information of tilt 0 (t) and pan ¢ (t) angles of the camera are detected by two rotary encoder. The absolute distance

r(t) from the camera to a golf ball will be detected in relation to the number of pixel area of a golf ball on the screen. Zooming

mechanism is included in this system and some trials were conducted to include zooming mechanism.

Keyword: golf ball, 3D trajectory,

1. [XFL®HIZ

LT O TV FHEEAT 5 BEEER TIL I 7 R — /L O iE
Z, Bz CC 2 TR L, BHANBZ LR IEH=2
R EZEE LIV EWIBZNDD. DD, ZNET
NEKIZ TRTvr~r (Frv—20)] OEAZRL-. 20
EEFIL—F— Ry 77— REFHALTCINLTHR—1LD
WG 2 JNET HEAWNREETH S, Lo LikiE A
VIR BN (BoRZERITK LT OMERIE: &) 2NIEHF I E M
THDHIENBEL o TWD., T, IV THRIE R ETE
ELTHWEENHIEER (I X BTy I %) A Y)
g, ST 7 —CEFIGEVLE I EEE A ELS 28, H
EDET T v 2B Rk 7 L—0ifif s, =
D=8 TV HHEICHE L2 L 7 R — L d 3 WICTRFELE T —
A ERMT 2EEEHETHIEEND S,

AMREETIIINETIE, —BOETAAATNOEHE
BEMRIT L, uEEFHR T2 FIEEFERA—L VS b —
A= NONWTHLD EETWD Fig. 1(a), (b). FDIiE
%, A= F TOERE XmIZOWTIZET A B AT h 5K
—/VE TOEMBREHE, BEICMm R—LOEZE (HDVIX
ME%ED) B/ e E 252 L TRDSL., A—
DOIRATT N DN T, ] LB 2 A b o RE#k LT,
EDTJEEFENLEXDR—LELETOE S LK
Z,VN&EHD L NTBHZ L TEBORRET — 2 BT 5 L
WO BDTHD. LML, HEROFIEIZERED/NDNS WD H O
WV T R—=/)IZH L TIRETH Y, RELTHS.

Z ZCARIZE T, YATFEEMToCEET A AT
R U BB TR R EICRBSE, VT VE A AT
V7 R— )V OEERIE Z1T ) RO 2R, ThETI
o OREr - BUER T o CTE Y.

AT, ST R—ILDOKRE S OB E NFNFHE
L, 3SWIEAEEHRZE HRRNOBRFEL, Tha Iz A—
RUTEEEIT TG AE OB OWTRE Lz, £, £
BRICENTOREZIT, BAME & OFREIZ OV TELR LT,

/mage analysis, pixel area, HDV camera

Origin(z, y)=(0,0)

¥
L
]
]
°
L]
®
L]

Yv

(a) Camera image with Tilt * Pan
(Knuckle ball)

(b) Fixed camera image
(Less spinning erratic ball)
Fig.1 Examples of trajectory analysis by video camera
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Table.1 Specs of Camera and 2-way Head

Camera type Canon XLH1
Camera size 226%220%496 [mm]
Camera weight 3.75 [kg]

Image sensor 1/3 CCDx3

Lens type HD 20X zoom lens LIS
Wide Angle 51°36°x30°29°

Telephoto 2°46°x1°34°
Total pixels 1.67 [Mpixel]
Valid pixels 1.56 [Mpixel]

Head size 364x512x363 [mm]
Head weight 12.5 [kg]

Table.2 Spec of the encoder (Built-in multiplication circuit)

Type name MEH-20-2500PST16
Supply voltage DC5V +10%
Detection system Incremental
Output pulse number 2,500%16 (40,000)
Output phase A, B, Z phase
Mass 70 [g]
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Photo.1 HDV camera and 2-way Head system
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Table. 3 Expected error (X20 zoom)

X(t) Y(t) Z(t)
average[m] 0.0443 | 0.0016 | 0.0014
max.[m] 0.7410 | 0.0039 | 0.0042

Table. 4 Expected error (X1 zoom)

X(t) Y(t) Z(t)
average[m] 0.3315 | 0.0050 | 0.0065
max.[m] 1.5252 | 0.0119 | 0.0142
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