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Experimental Validation of a 3D Baseball Trajectory Model from
Pitcher to Batter Considering Shock Modeling Interactions

«Kousei Ajioka, Tam W. Nguyen, Kenji Hirata (Toyama University)

Abstract: This paper aims to verify experimentally the validity of a baseball model using energy conser-
vation principles by comparing the experimental trajectory of the baseball with its simulated trajectory.
First, the model used in this paper for the simulations is briefly summarized. Next, the coefficients and
initial values required to parameterize the equations of motion are introduced, where the known parameters
and unknown initial values are clearly separated. Regarding the experimental setup, we describe in detail
the experimental environment and the procedures to measure the initial conditions and the trajectories of
the bat and the baseball. In particular, the measured values are used to determine the initial conditions
of the baseball and the bat, and the initial values are adjusted in a trial-and-error fashion. The baseball
trajectories and the simulations results are compared to validate the proposed model.
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Fig. 1: State of ball trajectory
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Fig. 2: State of swing trajectory
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Table 1: Parameters of the simulation of the pitcher-
batter system.
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R—ILDOER Mpall <kg,) 145 x 1073
R—ILDERE d (m) 7.3 x 1072
Ny FOHER mpar (kg) 860 x 1073
RN L [OF 56 7y, (m) 3.3 x 1072
ANy b REoBEE rp, (m) 84 x 1072
A=ty b OEAIEE At (s) 1.0 x 1073
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Table 2: Initial values and parameters that determine
the pitch and swing trajectory
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Fig. 3: Experiment Environment

Table 3: Position and function of cameras
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Table 4: Measurement data of 12 pitches thrown

Table 5: Initial values for model pitching

B B EILTR 4 TR B EHR
vo (km/h) Ny (rpm) I bz (°) I bz (°)

12kH 112.5 1625 -25 -27
2 EkH 106.5 1537 -19 -27
3EkH 106.9 1467 -30 -4
48kH 108.9 1521 -33 -23
5 EkH 100.9 1428 -28 -17
6 ERH 107.6 1487 -24 -17
7ERH 102.1 1436 -26 -23
8 ERH 105.9 1366 -14 -8
9 ERH 99.1 1351 -35 -16
10 BRE 101.8 1369 -16 -11
11 ERH 101.2 1355 -25 -28
12 BkH 100.0 1339 -27 -18
FIHE 104.5 1440.1 -25.2 -18.3
R 4.0 86.2 6.1 7.4
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Fig. 6: Definition of MA-Q axis of rotation
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VU—ZRA b | BFHLAE | BGE EER¢ AR— L O ElHZH
Phallg (m) Ouo(°)  ¢uo(°) | volkm/h) | No (rpm) | 6z (%)
1~7TEE | [17.04,0.3,1.7] 30 16 104.5 14401 | -183

Table 6: Swing data for each batted ball

Ny FRE—F | 7y —ME

Sp(m/s) )
1[EH 20.3 13
2 [\ H 20.8 18
3 [EH 22.0 10
4[H 20.2 8
5EH 24.5 12
6 [T H 24.4 16
7HH 24.6 13
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Table 7: Initial values and parameters for model batting

Tiaty (0/5) [ [@arallad/5) [ Oate () 0ate () [ rota(®) Srota®) [ 1:6) [ Bram(m) [ IFI(N)
1[EE (8,0,3] 16.8 120 30 -90 =70 0.455 | [0,-0.581.077] 2000
2[EH [8 0, 3] 17.6 120 30 -90 -70 0.465 [(], -0.58 1.[)88] 2000
3EH [8.5,0,3] 18.6 120 30 -90 =70 0.509 | [0,-0.581.0415] 2000
4[HH [8.0,3] 16.7 120 30 -90 -60 0.495 | [0,-0.581.232] 2000
5[IH | [10,0,1.5] 20.6 120 30 -90 -65 0.486 | [0,-0.581.1665] 2500
6 [H [1(], 0, 1.5] 20.4 120 30 -90 -70 0.478 [[), -0.58 1.()655] 2500
7lH | [10,0,1.5] 20.9 120 30 -90 -70 0.485 | [0,-0.581.085] 2500
—_— . —_— S
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Fig. 7: Relationship between bat speed S, translational
velocity ||veat, ||, angular velocity ||weat, ||, and 7.
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Table 8: Comparison of experimental data and simula-
tion results

FBR YIalb—vav R
FRBFARE TR A FREBFARE e EER | AR
xfill oy MEoRREAE (m) il oy MocTREAE (m) (%)
1EH | 440 -286 527 10 436 -27.3 515 10.7 1.9
20HH | 40.8 -204  45.6 4.5 36,5 -20.1 417 5.2 8.6
3[EHE | 348 2.6 34.9 20 350 2.8 35.1 19.9 0.6
4[HH | 429 110 44.3 8 49.3 135 51.1 8.0 15.3
5EE | 619 -264  67.3 10 55.5 -23.9  60.4 9.9 10.2
6EE | 449 -372 583 15 469 -37.1 598 15.6 25
7EE | 4.3 -268 518 5 472 -26 47.2 5.1 8.8
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Fig. 8: Comparison of simulation results and experimen-
tal fallout points
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