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Recently, in the field of sports science, movies are being used
to analyze a player’s performance and improve his/her skills. For
example, the rotational velocity and rotational axis vector of the
baseball can be determined on the basis of movies recorded by us-
ing high-speed cameras; this information is useful in determining
the ball’s trajectory because this trajectory is dependent on the ro-
tational velocity. In a previous study on the estimation of the rota-
tional velocity of a baseball, some lines and markers were drawn on
the surface of a baseball, and the rotational matrix was determined
by pattern matching. However, such markers cannot be drawn on a
ball being used in a real baseball game.

In our proposed method, we consider the seam patterns on the
surface of the baseball as markers for pattern matching; a database
including CG images of the ball recorded at different angles was
used for pattern matching. To improve the processing time required
for pattern matching, we determine the ball’s posture in each frame
by employing the parametric eigenspace method. Finally, we use
the time continuity to perform linear approximation of the rotational
pattern of the ball.

Fig. 1 shows the flowchart of our method. The ball area in the
input movie is tracked by linear interpolation. Then the ball area is
compared with the images in the database to obtain the rotational
parameters. However, the shadings of the input image are different
from those of the database CG images. Therefore, we then create
the shading image by averaging the ball area in the input images and
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add the shading image to the database. This method has a serious
drawback; the ball images recorded from different positions appear
similar because the ball is symmetric, and a result, the estimation
of the rotational parameters on the basis of the image information
alone is difficult. Therefore, in this method, we consider the ball’s
rotation to be linear and resolve the problems of noise and symme-
try.

We demonstrate the effectiveness of our method by performing
two types of experiments. In the first experiment, we use the pro-
posed method to estimate the rotational velocity of a baseball by
using real movies shot in a baseball stadium. The results are shown
in Fig. 2. The similar image corresponding to the input ball image
which could be any frame of the movie, can be selected from the
database. In the second experiment, we use a movie consisting of
CG images of the baseball as the input movie. As shown in Table 1,
our method can be used to estimate the ball’s rotational velocity ac-
curately.

In this paper, we present a new method for estimating the rota-
tional velocity of a baseball by using only the ball’s seam pattern.
No additional markers have to be drawn on the ball’s surface, and
the processing speed of pattern matching is enhanced threefold by
adopting the eigenspace method. Therefore, our method is well-
suited for practical applications.

Fig.2. Experimental result (upper image:
area, lower: estimation result)

input ball

Table 1. Experimental result by CG sequence

Rotational vector
(0.577, 0.577, 0.577)
(0.578, 0.578, 0.578)

Rotational velocity
20.83rps
21.371ps

Actual values
Estimated values
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Estimation of Rotational Velocity of Baseball Using High-Speed Camera Movies

Takuya Inoue*, Non-member, Yuko Uematsu*, Non-member, Hideo Saito*, Member

Movies can be used to analyze a player’s performance and improve his/her skills. In the case of baseball, the pitch-
ing is recorded by using a high-speed camera, and the recorded images are used to improve the pitching skills of the
players. In this paper, we present a method for estimating of the rotational velocity of a baseball on the basis of movies
recorded by high-speed cameras. Unlike in the previous methods, we consider the original seam pattern of the ball
seen in the input movie and identify the corresponding image from a database of images by adopting the parametric
eigenspace method. These database images are CG Images. The ball’s posture can be determined on the basis of the
rotational parameters. In the proposed method, the symmetric property of the ball is also taken into consideration, and
the time continuity is used to determine the ball’s posture. In the experiments, we use the proposed method to estimate
the rotational velocity of a baseball on the basis of real movies and movies consisting of CG images of the baseball.
The results of both the experiments prove that our method can be used to estimate the ball’s rotation accurately.
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Fig.2. Coordinate system into CG space.
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(a) Created by CG hall (b) Gaussian filter is applied

(c) Shading is added (d) Ball area in input movie

Fig.3. Processing of creating database.
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Fig.7. Estimation of rotational path.

UL LTI RO b,

L AIEE O T % Fig. TIOR3, 7 L—2412
BWTY v Fr7I2E)RdSNEHEOHH»S 12 (D)
RERT L, 22T, ANBEEFOR-NVOR I
R FEICRINT 5, 2L C, ZORERRINEMH (D)
UG E LT L OOMEETHELL T 5 & A 5 5
%, R7L— AL THRL T, Fig.7 Ti&, D, Ey,
Fi ONEICEES 5 /8A 25, 1 DO dnsE ) gz e LT
ROELETHLELGEEINSLZ LIRS,

DL ZORLBVEOFMIL, Fig.8 TREMND L9 %22
FTOBEMEUTIT) o TOEMIE, 7L —2%, Rz
X7 MUV, BHERAPSER) > TEY), [z V o 3l
N2 THAHID, A RTUEMER L, 2O X, Flkd X
I, K=V ORERA DRI LTHAIL, 22—
WE SN EEE N2 B VI > TRIFEL TWh 720, V
HiE Y oEEE RIE, Fig.8 OZMTIXEM LICiEREE 2
ENb, EBICIE, R—VORZOxMED-D1Z, Fig.5
TRL72& 912, Blonins 3L Fig. 8 D22
278y PENSEZEIIRE, LL, EN5DMEFED
MERdhE, 450 Cdh 5 D %l 2 mfnil & (X873 57-0, I
HTHDHD wlb e —HICRET LI ENTE D,

FIT, ZBEPICTO Y PENEBEICTLT, B D
%l A iR HTEMEHEE L, EROZ(LOEIEZFI T
% EChEEE R HEET 5. 4, Fig.8 HIZBIT 5 HE
MAEDHMPAH R 720, BT 14 v T4 >~ 71213 LMedS
EOWEE W, 22T, K= VoK 7zo12, [
CRAFTZ2THER=NVDOLEENE L 4B FEET D, D
728, Fig.7 DT TD, Ey, Fy OIEICEEES 5782 ZR$

Fig.8. 4 dimentional space expressing rotation.



HEEP ORI, BEREERD 25% F TOHIZEEUE L
TWbEE26N5, Lo TAHREILLMedS #:0dhT, H
FRADOPIRMETIEI R, F LAV EOME»RANE %25
E#ETA YT 47T b,

B, KTl HEETIE, WM OEE DR
IR L, 7L —al~y F ¥ 7SRO AL 30 o fE
Mz RRICH N5,

3. ¥ B

RFFEOFMEEERT 720, 2HEOFENYE Y — 7
YA X BEE, RO CG I X AHIEEEHHEERE T - 72,
FEWLARIZ X BERTIE, MESNEHES 2T EHWT,
2500fps THuw 2470720 EBRTHWZ2 DDy =7 Vv X
DO—#B % Fig. 9(a) & ¥ Fig. 9(b) 127”7,

ATTEIE O A X3 512 %384 THY, /8T A ) v
4 22 [ & B B B 27 5-3813 90% 23 L 720 72
BAENIWN R E LB — DT L —L8H40 7L — o HE
ETHY, Tuv b EOBRKITH 1200 TH o7 T
LaaETHWTY, EM74 v 74 ¥ 7O % 10 L
PIZ5E T TE A0, 4L TOLEPYE/O 7T v N H
% LMedS FE0 fHfEm & LCTHW 2,

PLFRICHES BRERIE, 7 — & N— 2R B BRSO
IR, < v T v rh s RS F TO% 10 R
TdH o7z WIIZKE L TiE, Intel Core2 Duo 2.80 GHz »
CPU, 3.2GB ® x &), Windows XP Professional ®~ >
VR,

(3-1) EBARER

(3:1+1) Fig.9(a) ICH T 2FERER  Fig. 9@ 0¥ —
ISR LTARFEZEA L7z, 87 L — 251340, oF )
0.016 B DY — 7 ¥ A & MEIZH 72, K — LHO Y
A 13y 18x 18 B FTH - 7=, Fig.8 LIS, 71— 24
¥, mdndhx s by, BERMICEET A7 T 7 2ERL,
BT 40 T4 v TERAToIAERT Fig. 10 1R T, KAy
720, EHEEICET 5 7T 7 Eosig, (f4) X285
V, @l & x5 e L TR L,

COMRTI, EMOMEXI1Z298 LAY, ZIIEEEA
HE (degree/frame) #F L Twb, 2% 0, R 20.7
MEE L TWB I &l b, T2, I OFEBRERZTHALT
5E, FiglloXH2hy, FENSANMmEGLY, TEIHE
EMEPS G L EEERLTWA,

(a) Input movie 1

Fig. 9.

(b) Input movie 2

Input movies.

612

40 + Rotational angle

300
250
200
150
100

a0

Frame No.

Fig.10. Result of Fig. 9(a) experiment.

% BARERTIE, BEF5HEL 0% EHET ST LT,
RICE % 29 RITCICEMTE 2y ZORER, XFT A MY v
7 EEZEREER VWIS, D DERICBITAETO
HHEIZBWTSSDIZL AT FL— v F U7 %24To
7B OMLER X 9.16 fps TH - 72D L, RFFETIE
3BAfps &4, F—FN—RbD<vF UMY, £ 3
EIERIb T & 72,

(3-1-2) Fig.9(b) (T B2 KERMER  Fig. 9(b) 127K
L7z = LTARFEZEH L7z, 7 L — 25013 40,
A= VHEBOF A 3K 18 x 18 WFETH b, <3-1-1) Hi
CERIBED 7T 7 RVER L, BT 4 v T4 ¥ TR To 7k
% Fig. 12 1277 ¥,

CORERLY, K=V 202 [lfE L T 5 L e
T&7, F7o, ERFEREZTHILL2d D% Fig. 13 1278,

B, RICBIEL T, 3LRTICEMTE e T4
N—ALO<yF U 7MBEHEEICHALTE, 77—}
<Y TV T e T o 2B 9.20fps TH o 7zDIIxT L, 8T
ANy s EAZERECEATAHZET327fps L7420,
AR DFEER & AR, £ 3 o LI L7z,

(3:1+3) EMES —4F > R & B EEBROOIEFHE

(3-1-1>Hi, RO <3-1-2> B DFEERHE R DI B DG
D7D, F—FEFHEIT L D Hew SNIAERD S AR L 72 i
EANEEDORENE DT 7 AF ¥ FEBL TW5AB Z & %5
AT 5, BAEOWERE O BHIC X 2 LIRS %47 - 72,

T, 200 6 R HERE L L, Fig. 14(a) 4
2D XD R ANBEGZ FNENOWERZ ICRE, Z L
T, 7= R=ZAHOLMHE (23328 ) 75 AT WK
LTV D &I L 2% % IR S 728 2 5, Fig. 14(c)
FID &) WmigEs@mIRE Nz, — T, KAPFEICL s
L 724& 20 & A L 721§ % Fig. 14(b) 11278 T

C DFERE KWEE T 2 09017\, G 12 OB %15
7otk, BB SR L 2Wi(% (Fig. 14(c) 51l) &, o

Fig.11. Visualized result for Fig. 9(a) (upper image: in-
put ball area, lower: estimation result).

IEEJ Trans. IA, Vol.131, No.4, 2011



A AT R W R — Vo g

Rotational angle

" e

350

] 5 10 15 20 25 30 e !

Frame No.

Fig.12. Result of Fig. 9(b) experiment.
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Fig.13. Visualized result for Fig. 9(b) (upper image: in-
put ball area, lower: estimation result).
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Table 1. Accuracy evaluation experiment using CG

movie.
Rotational vector | Rotational velocity
Actual values | (0.577,0.577, 0.577) 20.83rps
Estimated values | (0.578, 0.578, 0.578) 21.37rps
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Fig.14. Resulting images in user evaluation. (a) Input
images. (b) Selected by our method. (c) Selected by
users.
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