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SUMMARY 
In this study, we investigated the cause of individual 
difference in the vertical displacement of a fastball in baseball 
pitching based on ball flight trajectory, its spin rate, and the 
direction of spin axis. Seven right-handed collegiate pitchers 
threw three four-seam fastballs from an official pitching 
mound to a catcher. The flight of the ball and the spin of the 
ball were recorded using four high-speed video cameras. The 
three-dimensional coordinates of the trajectory of the ball 
were obtained with DLT procedures, and the orientation of 
ball spin axis was obtained using a custom-made apparatus. 
The difference between the arrival height of an actual 
trajectory and its predicted trajectory (∆Z) was closely 
correlated with the vertical component of spin parameter 
(Spver). In order to add more “hop” to the fastball, either 
increasing spin rate or adjusting spin angle is effective. 
However, which factor should be focused depends on the 
physical characteristics of pitched ball of individual pitchers. 
 
INTRODUCTION 
Baseball pitchers manipulate ball velocity and trajectory in 
order to take hitters out. Not only breaking balls but also two-
seam and four-seam fastballs, the most frequently thrown 
pitch, need to hop (from the predicted trajectory), sink, or 
move horizontally to be effective. In particular, the magnitude 
of the hop and lateral movement characterize individual 
difference in the four-seam fastball. The trajectory and 
movement of pitched ball are influenced not only by its 
velocity but also by its spin rate and direction of spin axis [1], 
but it is unclear that how much each parameter affects the ball 
movement.  
There is a positive correlation between lift force and the spin 
parameter of a baseball, the ratio of the spin rate to ball speed, 
with pure backspin in a wind tunnel [2]. However, the spin 
axes of fastballs thrown by actual pitchers are tilted both 
vertically and horizontally. Jinji and Sakurai showed that the 
lift force of a ball was closely correlated with the product of 
the spin rate and the sine of the angle between the spin axis 
and the pitching direction [3]. Since it is still unknown that 
which parameters determine the individual characteristics of 
the fastball, such as hop and lateral movement, any effective 
approach in coaching and training to improve the fastball’s 
hop is not established. Therefore, we investigated (a) the 
individual differences in the trajectory of fastballs and (b) the 
ball parameters accounting for the differences.  
 
 

METHODS 
Seven right-handed collegiate pitchers threw three four-seam 
fastballs from an official pitching mound to a catcher.  
The flight of the ball from the pitcher to the catcher was 
recorded using three synchronized high-speed video cameras 
(125Hz). The three-dimensional coordinates of the trajectory 
of the ball were obtained with Direct Linear Transformation 
(DLT) procedures using the coordinates of the 340 markers as 
the control points. The initial ball velocity (m/s) and the ball 
projection angle on X-Y and Y-Z plane were calculated from 
the displacement of the ball for the first three frames from the 
ball release.  
The spin of the ball immediately after ball release was 
recorded using a high-speed video camera (1000Hz). The ball 
spin rate just after the ball release was calculated from the 
number of video frames necessary for one rotation of a ball 
(rotations per second, rps). The orientation of spin axis was 
obtained using a custom-
made apparatus, and was 
expressed with two 
parameters, the azimuth θ 
(the angle between the X 
axis and the projection of 
spin axis on the X-Y plane), 
and the elevation φ (the 
angle between the spin axis 
and X-Y plane) (Fig.1).  
The differences of arrival 
location (ΔZ (m) in the 
vertical direction (Fig.2) 
and ΔX (m) in the 
horizontal direction) between the prediction from initial ball 
velocity, angle of projection, and gravitational force and the 
actual pitch were calculated.  

 

Fig. 1 Ball coordinate system 

Fig. 2 Illustration of ΔZ 



Spin parameter is expressed as πdN/U, where d is diameter of 
the ball (0.072 m), N is the spin rate (rps), and U is the initial 
ball velocity (m/s), and was decomposed into X-axis (Spver; 
spin parameter × cosθ × cosφ) and Z-axis (Sphor; spin 
parameter × sinφ) components of the ball coordinate system. 
We examined the relation of ΔZ and ΔX to the initial ball 
velocity, the ball spin rate, the spin parameter, the Spver, and 
the Sphor. 
 
RESULTS AND DISCUSSION 
The mean initial ball velocity was 35.5 ± 3.0 m/s. The mean 
projection angles on X-Y and Y-Z plane were 4.0 ± 0.5°, -0.2 
± 2.1°. The mean ball spin rate was 32.7 ± 4.6 rps. The 
direction of spin axis, θ and φ, were 24 ± 25° and -31 ± 8°, 
respectively. The mean spin parameter, Spver, and Sphor were 
0.209 ± 0.016, 0.149 ± 0.041, -0.106 ± 0.024. The mean ∆Z 
and ∆X were 0.365 ± 0.121 m, -0.274 ± 0.084 m.  
The ΔZ did not correlate with the initial ball velocity, the ball 
spin rate, the spin parameter, and the Sphor, but closely 
correlated with the Spver (r = 0.935, p < 0.01). The ΔX 
correlated with only the Sphor (r = 0.843, p < 0.05).   
 
A pitcher can get a swinging strike if the pitcher could throw a 
fastball which arrives higher or lower than the batter’s 
prediction that is made on the basis of the information 
obtained in the first third of the trajectory. 
The drop of fastball was strongly influenced by the vertical 
component of spin parameter. Based on this finding, pitchers 
can add greater “hop” by bringing cosθ and cosφ close to 1, in 
another word bringing θ and φ close to 0°. Since the value of 
cosine changes most prominent around 45°, a pitcher with 
angle of θ and φ close to 45° can improve their hop of the 
fastball efficiently by making θ and/or φ smaller, even slightly.  
For example, in the fastballs of Sub. D, the mean initial ball 
velocity was 38.5 m/s, spin rate was 37.1 rps, θ was 9.4°, φ 
was -45.0°, and Spver was 0.152 (Fig. 3). Based on these data, 
the calculated ∆Z of his fastball from the linear regression 
equation of ∆Z and Spver is 0.373 m. If he could shift the angle 
of φ to -35°, the calculated ∆Z becomes 0.440 m (Fig. 4).  In 
another word, the change in φ by only 10° can increase ∆Z by 
0.067 m which is nearly equivalent for the diameter of the ball 
or bat, thereby such a minor change in the angle of spin axis 
can bring a major impact on the effectiveness of the fastball. 
Using more trunk lateral flexion towards a non-throwing side 
or shoulder abduction of the throwing arm could bring the φ 
closer to 0°. 
On the contrary, a pitcher already with nearly 0° of θ and φ 
angles can improve the hop of the fastball by increasing the 
backspin rate.  For example, in the fastballs of Sub. G, the 

initial ball velocity was 35.4 m/s, spin rate was 33.8 rps, θ was 
9.7°, φ was -25.2°, and Spver was 0.190. Thus, the calculated 
∆Z of Sub. G from the linear regression equation of ∆Z and 
Spver is 0.486 m. Even if Sub. G could change φ to -15°, ∆Z 
would increase by only 0.036 m.  He would be better off 
increasing the spin rate 4 rps in order to obtain the ∆Z 
equivalent to the ball diameter. However, since there is a 
correlation between the spin rate and initial ball velocity [3], it 
might be difficult to increase only the spin rate independent of 
the initial ball velocity.  
 
CONCLUSIONS 
Our study on the ball flight and ball spin found a strong 
correlation between the drop of fastball and vertical 
components of spin parameter. In order to add more “hop” to 
the fastball, either increasing spin rate or adjusting spin angle 
is effective. However, which factor should be focused depends 
on the physical characteristics of pitched ball of individual 
pitchers. 
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Fig. 4 Illustration of the difference of angle of φ 

Fig. 3 The ball spin of the fastball thrown by Sub. D (from second base side in every 2 ms) 


