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In order to reveal the characteristics of shooting techniques, this study, on the basis of bio-mechanical
theory, analyzes the theoretical parameters of shot with the help of high-speed camera system. The
parameters involving three different distances standing shot are obtained by testing 12 target objects
who were U16 top male basketball players from China national team. The present work has carried
out the theoretical analysis and the empirical research. The results show that the shooting distance,
shooting height and shooting angle can be acquired by calculating the flight speed and flight trajectory
of basketball. Under the condition of shooting at the same shooting height at a distance, the shooting
angle is the key factor affecting the shooting rate.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Shooting is the only scoring technique in basketball. Standing
shooting is the foundation of all shooting techniques and the least
influential shooting technique (Hamilton and Reinschmidt, 1997).
There are lots of research results on shooting, and the most
researches are focused on jump shots, free throw and field goal
percentage (Okubo and Hubbard, 2006; Okazaki, and Rodacki,
2012; Okubo and Hubbard, 2015). Since the 1950s, the research
on the basketball shooting angle, shooting velocity, and entry angle
and basketball flight trajectory has been deeply concerned (Millers
and Bartlettr, 1996). With the continuous advancement of scien-
tific technological means and the improvement of shooting tech-
niques, the research about the bio-mechanical characteristics and
techniques aspects in basketball shooting has also gradually deep-
ened (Vencúrik et al., 2021). This study takes the standing shooting
as the research object and intends to further analyze the control-
lable factors affecting the shooting rate, by the technical parame-
ters analysis, biomechanics theoretical calculation and
experimental testing of U16 top male basketball players in China.
The study also summarizes the characteristics of the parameters
of the standing shooting of different distances, which provides a
theoretical basis for analyzing standing shooting techniques, and
also offers a reference for shooting technique training means
innovation.

2. Research subjects and methods

2.1. Research subjects

This research mainly studies on the standing shooting tech-
niques of free throw, mid-distance and three-points shooting. Test
subjects are 12 male players of U16 national basketball team of
China.

3. Research methods

3.1. Experimental method

The research uses a high-speed camera (JVC-PX100-BAC) to
shoot 12 male athletes in different distance shooting techniques.
Shooting velocity 100 frames / sec, shooting distance: 23 m; lens
height: 2.46 m; shooting location: National Sports General Admin-
istration Training Bureau basketball hall; test site layout shown in
Fig. S1.

4. Motion technology image analysis method

The research applies Dartfish 10.0 motion technology analysis
system, through video transcription, application analysis module
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of tracking and formation of ball flight trajectory, the study ana-
lyzed the displacement (distance), time and interval velocity and
other indicators analysis, and collected the parameters of standing
shots, which provide the first-hand data for the theoretical and
empirical research shown in Fig. S2.

5. Results and analysis

5.1. In-standing shooting theory model

Standing shooting can be seen as a diagonally throwing activity
that ignores air resistance. The theoretical model is shown in
Fig. S3 and Fig. S4.

In Fig. S4, H0 refers to the height of the player’s shot when
shooting in the field. h1 is the height of the basket, i.e., the vertical
height of the ball to the ring. h2 is the height of the basket, i.e., the
highest height of the basketball flight to the vertical height of the
hoop, so H0 + H1 = 3.05 m; vx is the horizontal velocity when the ball
is shot, vy is the vertical velocity when the ball is shot, v is the
velocity of the shot, and a is the angle of the shot, so there are
vx = v� sina, vy = v� cosa; b is the incidence angle; S is the shooting
distance, i.e., the horizontal distance from the geometric center of
the ball to the center of the hoop.

Therefore, according to the principle of physics oblique throw,
the relationship between displacement, velocity, time and shoot-
ing angle can be obtained:

S ¼ vxt ð1Þ

h1 þ h2 ¼ vyt þ 1
2
gt2 ð2Þ

vx ¼ v � cosa ð3Þ

vy ¼ v � sina ð4Þ
According to (1), (2), (3) and (4) t is eliminated, taking y as the

vertical height variable, and x as the horizontal direction variable,
we can obtain the theoretical trajectory equation:

y ¼ H0 þ x tana� gx2

2 v cosað Þ2
That is; y ¼ H0 þ x tana� gx2

2v2
x

It can be seen that, regardless of the air resistance, the arc tra-
jectory of the fixed-range standing shooting mainly depends on
the shooting height H0, the shooting velocity v and the shooting
angle a. For the top players, the stability of the standing shooting
technique can ensure that the shooting height is basically
unchanged. Therefore, we can conclude that the arc trajectory of
the top players’ fixed-range field goal percentage is mainly deter-
mined by the shooting velocity and the change of the shooting
angle.

5.2. Calculation of biomechanics theoretical parameters of standing
shooting at different distances

5.2.1. The range of the incidence angle in swish shot
Basketball shooting belongs to the oblique throwing movement

in physics. Excluding the human factors, we use mechanical rea-
soning. The larger the shooting angle, the higher the arc, the larger
the incidence angle, the higher the field goal percentage. The field
goal percentage is the highest when the incidence angle is vertical,
and the allowable error range is the largest. With the arc of the
shot decreasing, the incidence angle decreases, the incident
cross-sectional area also decreases, and the allowable error range
decreases, too.

As shown in Fig. S5, in theory, when the basketball with mini-
mum angle enters the basket, the distance between the ends of
2

the basket diameter and the tangent of the basketball sphere
should be the diameter of the basketball. According to the mathe-
matical theorem, we can see that the diameter of the tangent point
of the circle is perpendicular to the tangent, and the foot is the tan-
gent point. Therefore, the triangle ABC in Fig. S5 is a right triangle,
and b is the angle of the basket at this time. According to the
knowledge of solving the right triangle, we can get sinb = AB/BC,
where AB is the diameter of the basketball and BC is the diameter
of the hoop. Then, the incidence angle b of swish shot is equal to
the value of arc-sine function of the ratio of the basketball diame-
ter (d) to the basket diameter (D), namely, b = arcsin(d/D). Because
the inverse sine function ranges from �90� to 90�, the maximum
shot angle of the shot is 90�.

According to the competition rules of FIBA, the standard hoop
diameter is 45 cm, and the parameters for the ball model for bas-
ketball competitions in different groups shown in Table 1.

It can be seen that the male’s minimum incidence angle b is
32.54�. The short axis of the cross-sectional area of the basket is
equal to the diameter of the basketball. At this time, the allowable
error has dropped to zero. If the incidence angle is reduced, the
basketball will hit the hoop and cannot be shot directly.

In summary, the range of the incidence angle of the swish shot
in the standard male game is [32.54�, 90�].

5.2.2. Theoretical parameters analysis of basketball flight trajectory
when shooting from different distances

U16 male players shooting testing distance and shot height
analysis.

According to the experimental test of 12 U16 male players, and
high-speed image analysis of different distance shootings, we can
obtain the shooting distance and the shooting height parameters.
The results are shown in Table 2.

The data in Table 2 derives from the experimental test. The
experimental design requires the player to follow the free throw
line (4.225 m) shot, top of free-throw lane shot (5.8 m) and the
three-point shot (6.75 m). The data in the above table is the actual
shooting distance. Among them, the shooting distance is the hori-
zontal distance from the geometric center of the basketball to the
center of the hoop. The shooting height refers to the vertical dis-
tance from the geometric center of the ball to the ground.

2. Analysis of the relationship between minimum incidence
angle, minimum shooting angle, shooting velocity and field goal
percentage.

The shooting angle refers to the angle between the tangent of
the flight path of the basketball center and the horizontal plane
of the shot point when the ball is off the hand (Chinese
Basketball Association, Basketball Rules. Beijing Sport University
Press, Beijing, China, 2018). The shooting angle is positively corre-
lated with the incidence angle. The shooting angle enlarges when
the incidence angle increases (Darling and Cooke, 1987a; Darling
and Cooke, 1987b; Guo et al., 2015). Theoretically the maximum
incidence angle can be 90�, which is because the theoretical range
of shots is the largest. However, due to the increase in the inci-
dence angle, the shooting angle and the shooting velocity also
increase. As a result, the control effect of basketball is greatly
reduced, which makes the goal percentage uncontrollable (Darling
and Cooke, 1987; Guo et al., 2015). According to the results of Yang
et al. (2016), the minimum velocity shooting angle is the 45�
together with the half of the slant angle of the shot, as shown in
Fig. S7.

a ¼ 45� /
2

As shown in the figure, u = arctan(h1/S), then there is,
Among them, h1 refers to the vertical distance from the geomet-

ric center of the basketball to the horizontal level of the basket



Table 1
Results of diameter size and minimum incidence angle of standard basketball models.

Type Group Height
(G)

Circumference
(cm)

Basketball Maximum Diameter(d/cm) Standard Hoop Diameter(D/Cm) Minimum Incidence Angle Arcsin (d/D)

6# female 510–550 70–71 22.6 45 30.16
7# male 600–650 75–76 24.2 45 32.54

Note: Based on the competition rules of FIBA(FIBA.2019).

Table 2
Results of test distance and shooting height for standing shooting (n = 12).

Free Throw Middle Distance Shooting Three-Points Shooting

shooting distance(m) shooting height(m) shooting distance(m) shooting height(m) shooting distance(m) shooting height(m)

4.06 ± 0.10 2.48 ± 0.11 5.72 ± 0.16 2.58 ± 0.16 6.46 ± 0.06 2.58 ± 0.10
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when shooting, that is, h1 = 3.05-H0, in which H0 is the shot height,
and S is the shooting distance. According to the data in Table 3, the
minimum velocity shot angle parameters for different distances
and shot heights can be obtained, as shown in Table 3.

The data in Table 3 shows that the shooting height H0increases
slightly, h1 decreases, and the tilt angle u and the shot angle a
decrease as the shooting distance increases.

3. Analysis of minimum shot velocity.
According to the above trajectory theory equation, it can be

known that

y ¼ H0 þ x tana� gx2

2v2
x

From the trajectory equation, it is not difficult to see that the
shot angle and the shot velocity present nonlinear correlations
when other factors are constant. For an excellent sport, the shot
height of the fixed distance tends to be stable, so the equation is
a function of v and a. When a is the minimum value, we bring
the data in Table 2 and Table 3 into different athletes and obtain
the minimum shot velocity, as shown in Table 4.

The data in Table 4 displays the theoretical shot velocity corre-
sponding to the minimum shooting angle of the certain distance.
i.e., the minimum velocity at which the distance can be swish shot.
Theoretically, the shooting velocity in minimum shooting angle
enlarges as the shooting distance increases. Since air resistance is
neglected in the theoretical analysis, we can see the velocity
should be slightly larger than the actual velocity value, but the
trend is unchanged. Lower velocity shots are easier to control
and can reduce motion variation, thus improving the stability of
the shots (Knudson, 1993; Liu, 2004). The better the shots are,
the smaller the shot velocity is, and the higher the shot hit rate
is. Accordingly, top players tend to shoot with a shooting angle
close to the minimum shooting velocity (Liu, 2010; Ma, 2009;
Millers and Bartlettr, 1996). Therefore, the minimum entry angle
and the corresponding minimum shot velocity can provide the
groundwork for the athletes to weigh the three controllable fac-
tors, to determine the hand stability and the maximum controlla-
bility in order to maintain a high hit rate.

4. Calculation of the shooting velocity in different distances in
theory.
Table 3
Results of minimum velocity shooting angle from different standing shots (n = 12).

Shooting Distance (m) h1(m) h1/s

4.06 ± 0.10 0.58 ± 0.09 0.14 ±
5.72 ± 0.16 0.47 ± 0.11 0.08 ±
6.46 ± 0.06 0.47 ± 0.08 0.07 ±

3

According to the experimentally measured shooting distance,
shot height, shot angle and other parameters into the shooting
arc trajectory equation, we can calculate the theoretical velocity
parameters and obtain the following results, shown in Table 5.

The data in Table 5 shows that with the increase in the distance
from the penalty basket, the mid-range shot and the long-range
shot, the shooting velocity increases, while the shooting angle
gradually decrease.

In summary, based upon the theoretical parameters, when the
same athlete shoots with a stable shot height, the same distance
increases with the shot angle, and the shot velocity increases.
When the same athlete shoots at three different distances, the shot
angle is reduced, and the shot velocity is increased, as the shooting
distance and the shot height increase.

5.3. U16 top male basketball players test and empirical analysis of in-
standing shooting parameters in different distances

5.3.1. Results analysis of the actual shooting angle and the angle of the
basket in different distances

In the study, U16 outstanding male basketball players were
subjected to on-site experimental shooting and post-analysis of
the penalty shots, CIC and long-range shooting. The relevant tech-
nical analysis parameters were obtained. The results are shown in
Table 6.

The data in Table 6 shows that when the athletes shoot in the
field, the shot height increases slightly, and the shot angle
decreases, as the shooting distance increases. This is because the
farther the distance is, the higher the accuracy of the shooting
technique is. The increase of the shot height plus the smaller angle
of the shot can form the ability to control the ball (Ma, 2009). Com-
bining the parameters of same distance and the height of the shot,
the actual tested shooting angle of the shot is slightly larger than
the minimum shot angle, and the entry angle is also greater than
the minimum entry angle.

5.3.2. Analysis of actual shooting velocity parameters of different
distances in standing shooting

The experiment filmed high-speed images of different distances
in-standing shooting on U16 male athletes. The motion analysis
Slant Angle
(�)

Shooting Angle a(�)

0.02 8.05 ± 1.23 49.03 + 0.61
0.02 4.73 ± 1.12 47.36 ± 0.56
0.01 4.20 ± 0.76 47.10 ± 0.38



Table 4
Results of minimum shooting velocity from standing shots in different distances (n = 12).

Shooting Distance(m) Shooting Height
(m)

Shooting Angle Α(�) V(m/s) vx(m/s) vy(m/s)

4.06 ± 0.10 2.48 ± 0.11 49.03 ± 0.61 6.84 ± 0.12 4.48 ± 0.06 5.17 ± 0.14
5.72 ± 0.16 2.58 ± 0.16 47.36 ± 0.56 7.58 ± 0.11 5.13 ± 0.09 5.57 ± 0.12
6.46 ± 0.06 2.58 ± 0.10 47.10 ± 0.38 8.04 ± 0.12 5.48 ± 0.12 5.89 ± 0.07

Table 5
Results of theoretical parameters of shooting velocity in standing shots in different distances (n = 12).

Shooting Distance(m) Shooting Height
(m)

Shooting Angle Α(�) Shooting Velocity(m/s) Horizontal Shooting Velocity (m/s) Vertical Shooting Velocity (m/s)

4.06 ± 0.10 2.48 ± 0.11 49.16 ± 2.98 7.07 ± 0.15 4.18 ± 0.34 5.68 ± 0.35
5.72 ± 0.16 2.58 ± 0.16 47.67 ± 5.41 7.60 ± 0.18 4.58 ± 0.25 6.05 ± 0.38
6.46 ± 0.06 2.58 ± 0.10 46.65 ± 2.63 8.28 ± 0.26 5.10 ± 0.32 6.50 ± 0.54

Table 6
Analytical results of shooting angle and incidence angle in standing shots in different
distances (n = 12).

Shooting
Distance
(m)

Shooting Height
(m)

Shooting Angle Α
(�)

Incidence Angle
(�)

4.13 ± 0.09 2.33 ± 0.14 53.60 ± 3.71 45.16 ± 4.25
6.04 ± 0.07 2.40 ± 0.15 52.83 ± 3.12 48.37 ± 4.28
6.84 ± 0.06 2.42 ± 0.14 51.78 ± 3.92 48.34 ± 4.50

Table 8
Comparison results between the theoretical and measured parameters of shooting
velocity in standing shots in different distances (n = 12).

Shooting
Distance (m)

Shooting
Angle a(�)

Shooting Velocity in
Theory (m/s)

Shooting
Velocity
in Testing
(m/s)

4.13 ± 0.09 53.60 ± 3.71 7.07 ± 0.15 6.99 ± 0.12
6.04 ± 0.07 52.83 ± 3.12 7.60 ± 0.18 7.58 ± 0.15
6.84 ± 0.06 51.78 ± 3.92 8.28 ± 0.26 8.18 ± 0.39
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software is used to analyze the parameters such as time, displace-
ment and angle. The horizontal average velocity is obtained
through calculation, and the vertical velocity and velocity parame-
ters are obtained through calculation, too. The results are shown in
Table 7.
5.3.3. Comparative analysis of in-standing shooting theory and tested
parameters at different distances

1. Results of shot velocity parameters.
According to the actual shooting distance, shot angle and shot

height of 12 athletes, we can calculate the theoretical velocity of
the shot by the above formula. At the same time, we can also get
the measured parameters of the shot velocity at different distances
in the experiment. The results are shown in Table 8.

From the mean of data, we can intuitively find that the theoret-
ical value is slightly larger than the measured value. In order to
prove the accuracy of the theoretical trajectory equation (exclud-
ing the actual air resistance) and the accuracy of the test parameter
analysis, we intend to do a two-sample t-test on the two sets of
data.

2. Differences between the theoretical value of the original
shooting and the measured value of variance (F test).

According to the statistical principle, there are two cases of
Equal variance and Heteroscedastic for the two groups of data
mean consistency test, so the theoretical and measured values of
the shooting velocity of shots are subjected to F test to verify the
differences between the two sides. The results are shown in
Table 9:
Table 7
Analytical results of shooting velocity in standing shots in different distances (n = 12).

Shooting Distance (m) Shooting Angle Α(�) Shooting Velocit

4.13 ± 0.09 53.60 ± 3.71 6.99 ± 0.12
6.04 ± 0.07 52.83 ± 3.12 7.58 ± 0.15
6.84 ± 0.06 51.78 ± 3.92 8.18 ± 0.39
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The data in Table 9 are the theoretical and measured F-test
results of three different distances in the penalty basket, from
U16 male National Team players. The results show that the p-
values of free throw is smaller than 0.05. But the other two pairs
of data are all greater than 0.05.Thereby there is no significant dif-
ference between the theoretical values of two pairs of different dis-
tance data and the measured values, and the T-test of the equal-
variance mean samples can be performed. And there is significant
difference between the theoretical values of the free throw of dif-
ferent distance data and the measured values, and the T-test of the
Heteroscedasticity t test mean samples can be performed.

3. Variance t-test of the theoretical and measured values of the
shooting velocity of different distance shots.

According to the data results of Table 9, we can make a two-
sample and variance hypothesis T test for the theoretical and mea-
sured values of the three sets of data at different distances. The
results are shown in Table S1.

The data of Table 10 shows that P values of the three pairs of
data are all greater than 0.05, indicating that there is no difference
between the theoretical calculation parameters and the measured
parameters of three different distances. The theoretical value is
consistent with the mean value of the measured values. Therefore,
we can calculate the velocity of the shot and the trajectory of the
basketball flight based on the shooting angle of the shot, the dis-
tance of the shot and the height of the shot.

In summary, for the same elite athlete, the shot height of the
same distance shot is basically stable, and the shot stability is
mainly determined by the angle of the shot. The shot angle is the
y (m/s) Horizontal Shooting
Velocity (m/s)

Vertical Shooting Velocity
(m/s)

4.14 ± 0.38 5.61 ± 0.27
4.57 ± 0.28 6.03 ± 0.34
5.03 ± 0.27 6.43 ± 0.63



Table 9
Test results for equal variance (F Test) between tested and theoretical values of shooting Velocity.

Free Throw Middle Distance Shooting Three-points Shooting

Tested Values Theoretical Values Tested Values Theoretical Values Tested Values Theoretical Values

Average 6.97 6.86 7.58 7.60 8.10 8.11
Variance 0.05 0.01 0.02 0.03 0.05 0.03
Observations 12 12 12 12 12 12
Df 11 11 11 11 11 11
F 4.29 0.67 1.60
P(F<=f) one-tailed 0.01* 0.26 0.22
F single tail critical 2.82 0.35 2.82

*means P-value is smaller than 0.05, the pairs data is significant difference.

Table 10
Results of T-test between measured and theoretical velocity.

Free Throw Middle Distance Shooting Three-points Shooting

Tested Values Theoretical Values Tested Values Theoretical Values Tested Values Theoretical Values

Average 6.97 6.86 7.58 7.59 8.10 8.11
Variance 0.05 0.01 0.32 0.02 0.05 0.03
Observations 12 12 12 12 12 12
Merger variance 0 0 0
Df 16 12 22
t Stat 1.44 �0.10 �0.19
P(T<=t) one-tailed 0.08 0.46 0.42
t single tail critical 1.75 1.78 1.72
P(T<=t) two-tailed 0.17 0.92 0.85
t double tail critical 2.12 2.18 2.07
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decisive factor for the stable shooting percentage of the same
distance.
6. Findings

We have drawn the following findings from the empirical
study:

a. The range of the basket in the standard ball for the male game
ball is [30.16�, 90�];

b. The theoretical shooting velocity corresponding to the mini-
mum shooting angle of the fixed distance, is the minimum velocity
at which the distance can hit the hollow sphere. The minimum
shooting angle (degree) of the excellent U16 male basketball play-
ers at different distances is, the free throw (distance 4.06 ± 0.10)
m): 49.03 ± 0.61, CIC (5.72 ± 0.16 m): 47.36 ± 0.56, long shot (6.4
6 ± 0.20 m): 47.10 ± 0.38, and the corresponding minimum exit
velocity (m/s) is 6.84 ± 0.12, 7.58 ± 0.11 and 8.04 ± 0.12.

c. Through the theoretical trajectory equation, the shooting dis-
tance, the shot height and the shot angle parameters can be col-
lected, and the shot velocity and the basketball flight trajectory
can be obtained through calculation.

d. For the same athlete, the shot angle is the only factor affect-
ing the hit rate in the case of a high shot at the same distance.
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