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A successful shot in basketball is critical to winning a game. Especially, the shot from 
the 3-point line both scores more points compared to other shots and draws the fans 
into the game more. The success of the 3-point shooting (3PS) depends on many 
factors, including the release height of the ball, jump height and physical 
characteristic. These parameters must be optimally adjusted for a successful shot. 
The aim of this study is to find the appropriate velocity and angles for a successful 
3PS by combining the ball release parameters. For the optimization, the design 
parameters, and the distance of the ball to the basket were defined as input and 
output variables to the Adams/View Insight module, respectively. While the velocity 
and angle input values were taken in accordance with the literature studies, the 
release height of the ball was calculated depending on the height, jump height and 
joint angles of the player. The optimization results reveal what the appropriate 
angle and velocity values should be for players having different heights for a 
successful 3PS. It should be emphasized that this study has been put forward to 
bring a different interpretation to basketball with an engineering approach. 

  

BASKETBOLDA 3-SAYILIK ŞUTUN BAŞARISI ÜZERİNE BİR OPTİMİZASYON 
ÇALIŞMASI 

 

Anahtar Kelimeler Öz 
Optimizasyon, 
3-Sayılık Atış, 
Adams View, 
Top Bırakma Parametreleri, 
Basketbol. 
 

Basketbolda başarılı şut maçın kazanılmasında kritik öneme sahiptir. Özellikle 3-
sayı çizgisinden atılan şut, hem diğer atışlara kıyasla daha fazla sayı kazandırmakta 
hem de taraftarı oyunun içine daha fazla çekmektedir. 3-sayılık atışın (3PS) başarısı 
topun bırakılma yüksekliği, zıplama yüksekliği ve fiziksel karaktersizlik gibi 
faktörlere bağlıdır. Başarılı bir şut için bu parametrelerin optimum bir şekilde 
ayarlanması gerekir. Bu çalışmanın amacı top bırakma parametreleri kombine 
edilerek başarılı bir 3-sayılık atış için uygun hız ve açıların bulunmasıdır. 
Optimizasyon çalışması için, tasarım parametreleri ve topun çembere olan uzaklığı 
Adams/View Insight modülüne sırasıyla girdi ve çıktı değişkenleri olarak 
tanımlanmıştır. Hız ve açı girdi değer aralığı literatür çalışmalarına uygun olarak 
alınırken, topun bırakılma yüksekliği oyuncunun boyu, zıplama yüksekliği ve eklem 
açılarına bağlı olarak hesaplanmıştır. Tasarım parametrelerinin değerlerine bağlı 
olarak 1859 iterasyon gerçekleştirilerek sonuçlar bulunmuştur. Sonuçlar farklı 
boydaki oyuncuların başarılı bir 3-sayılık atış için uygun açı ve hız değerlerin ne 
olması gerektiğini göstermektedir. Bu sonuçlara göre; 1.82 m, 1.86 m ve 1.92 m boya 
sahip oyuncular sırasıyla 40° ve 8.75 m/s, 45° ve 8.75 m/s ve 50° ve 8.5 m/s açı ve 
hızda topu bıraktıkları zaman, 3-sayılık şut atışı çembere girebilecektir. Şu önemle 
vurgulanmalıdır ki bu çalışma basketbol sporuna mühendislik yaklaşımıyla farklı 
bir yorum getirmek amacıyla ortaya konulmuştur. 
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Highlights 

• The focus of this paper is to find the appropriate velocity and angles for a successful 3PS. 
• For a successful 3PS, the ball release parameters have been optimized by using Adams/View Insight 

module. 
• Optimization work will increase the percentage of success in the 3-point shooting rate in basketball. 

Purpose and Scope 
 

In this study, an optimization study on the performance of a shooting which is from the 3-point line was 
presented by combining the ball release parameters (height, the release velocity, and the release angle of the 
ball) in MSC Adams/View environment. 

Design/methodology/approach 
 

In the present study, an optimization study has been carried out for a successful 3PS by combining the ball release 
parameters. Within the study, previously the exact dimensions of FIBA basketball court were visualized in the 
Adams/View. After modelling the basketball court, design variables are needed for optimization study. Design 
variables are the release height, release the velocity and the release angle of the ball. While the velocity and angle 
input values were taken in accordance with the literature studies, the release height of the ball was calculated 
depending on the height, jump height and joint angles of the player. For the optimization, the design parameters, 
and the distance of the ball to the basket were defined as input and output variables to the Adams/View Insight 
module, respectively. 

Findings 
 

With the study, it is revealed that a guard player with an average height of 1.92 m can shoot successfully at what 
speed and angle when he releases the ball. In other words, it can be said that a successful basketball throw can 
be achieved when a player with a height of 1.92 m shoots with a 45° release angle and 8.75 m/s release velocity. 
It is seen that the success of the 3-point shot in basketball will increase when the ball is thrown with the 
appropriate ball releasing parameters. The optimization study can reveal that a player whose throw height can 
be determined can make a successful shot if he releases the ball at what speed and angle. Optimization work will 
help to achieve a high success rate in 3-point shots in basketball. 

Originality 
 

In this study, an optimization study was carried out in MSC Adams/View environment by using the ball release 
parameters as the input ball distance to the basket as output. The results obtained are capable of answering the 
following questions. At what angle can a released ball reach the ring for a 3-pointer? Which angle can a dropped 
ball reach to the basket for 3PS? Which velocity and angle are necessary to be a successful 3PS in case of a player 
who has certain height throwing the ball? The study presented here is carried out to bring an interpretation to 
basketball from an engineering point of view. 
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1. Introduction 
 
The goal of every player in basketball is to score points. A good shot gets the points, and the points brings the game. 
In this sport, players can make jump shots, set shots, lay-ups and free throws to score points. Jump shot is the most 
effective shooting technique disorders (Knudson, 1993; Zwierko et al., 2017). This shooting technique constitutes 
67% of the shooting styles used in the NBA in the 2014 season (Boddington et al., 2019). The technique is a 
complex and technically difficult type of movement in which the player throws the ball into the basket while he is 
in the air. Many factors must be optimized together to achieve an effective shot in this technique (Okubo and 
Hubbard, 2015; Rojas et al., 2000; Satti, 2004). These factors are the release height of the ball, the release velocity 
of the ball, and the release angle of the ball to the ground counterclockwise (Okazaki and Rodacki, 2012). The 
factors affecting shooting success in basketball and the relationship among these factors are shown in Figure 1. 
 

 
Figure 1. Factors affecting shooting success in basketball (Okazaki et al., 2015) 

 
The first of the parameters affecting the success of the jumping shot technique is the release height of the ball. It 
depends on kinematic variables such as the player's jump height, height, and joint angles. The determination of 
the height and the body kinematics parameter is usually done by using camera capture and different measurement 
methods. The Casio Exilim camera was used to determine the angles of shoulders and hip joints’ rotation during a 
jump shot (Štirn et al., 2019). The MVN Biomech motion capture system was used to determine the joint angular 
velocity of young basketball players during the jump shot (Podmenik et al., 2017). In a study carried out to examine 
the effect of fatigue on shooting kinematics during consecutive shots, Li et al., 2021 found the release height of the 
ball for female players as 2.015 m by using the Xsens (Xsens technologies B. V., Netherlands) MVN inertia suit 
system. In a study carried out by Slawinski et al., (2018) to examine the effect of repeated sprints on the kinematics 
of 3PS, the kinematic variables of the players during the shooting were determined by being used the Xsens MVN 
inertia suit system. In this study, the release height of the player who is not tired was measured as 2.35 m 
(Slawinski et al., 2018). Çelik et al., (2013) used a camera system to analyze the kinematics of the player during 
3PS. In the study, the subjects’ height of shot was determined as 2.83 m. Miller and Bartlett , (1996) used camera 
systems to measure the ball release height of the players having different heights during the shooting from 6.4 m. 
In this study, the release height of the ball was measured as 2.30 m, 2.52 m and 2.23 m for guard, forward and 
centers players, respectively (Miller and Bartlett, 1996). As can be seen in studies in the literature, high-tech 
measurement technologies are needed to obtain different parameters of the player. 
 
One of the parameters that affect the success of shooting is the release angle of the ball. Throwing the ball at an 
appropriate angle increases the success of the ball’s pass into the basket. In literature, the release angle of the ball 
during the jump shot has been revealed as ~53° (Elliott and White, 1989) and 48°-50° (Elliott, 1992) for female 
players and 44°-47° (Elliott, 1992), 47°-52° (Miller and Bartlett, 1993), 48°-55° (Miller and Bartlett, 1996), 44°-
47° (Rojas et. a., 2000) and ~65° (Okazaki and Rodacki, 2012) for male players. As you can see, the release angle 
of the ball varies according to the player and the distance where the shot is made. This change has also been 
demonstrated in the study that belongs to Miller and Bartlett. They carried out a study to reveal how there is a 
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relationship between shooting distance and shooting parameters for players in different positions (guard, forward 
and center). In this study, it was revealed that the release angle of the ball decreases with the increase of the shot 
distance (Miller and Bartlett, 1994). Literature studies have shown that the release angle of the ball changes in 
shots made from different distances. In our article, since an optimization study will be performed for 3PS, it will 
be more useful to examine the literature on how the release angle of the ball changes in the 3-point line. Slegers et 
al., (2021) recorded 75 3PS and measured the average release angle of the ball 49.7° during 3PS. In a study 
performed to examine the effect of dehydration on technique of 3PS and performance, the release angle of the ball 
was taken as 51° (Louis et al., 2018). Slawinski et al., (2018) measured the release angle of the ball as 51.1° during 
3PS for U18 basketball players having am average height of 1.90 m. Çelik et al., (2013) examined the kinematic 
analysis of the shots thrown from the 3-point line (6.75 m) by players playing in different leagues and they 
measured the release angle of the ball as 50.72° for players with a height of 1.91 m. 
 
Another parameter to consider for a successful shot is the release velocity of the ball. Throwing the ball at an 
appropriate velocity is extremely important. Throwing the ball fast or slow will decrease the success of the shot 
as well as affecting the movement of the body parts. The shooting distance of the player also affects the release 
velocity of the ball. The release velocity (5.68 m/s, 6.27 m/s and 8.36 m/s for guards) of the ball for players in 
different positions varies according to the distance of the shot (2.74 m, 4.57 m and 6.40 m) (Miller and Bartlett, 
1996). Chakraborty and Meher, (2013) revealed that the release velocity of the ball during the shot varies in the 
range of 4.24-7.06 m/s in their measurements taken by being used a camera system. The release velocity of the 
ball is higher for shots from the 3-point line compared to other shots. In a study carried out to observe the effect 
of sprint on the kinematics of 3PS in basketball, the release velocity of the ball was measured as 7.77 m/s 
(Podmenik et al., 2017). In another study, the release velocity of the ball that is from behind the 3-point line (6.75 
m) was determined as 5.85 m/s on average (Slawinski et. a., 2018). In a study about the relationship between 
individual oscillation variability in basketball with distance and shooting performance, Slegers et al., (2021) 
determined the average release velocity of the ball as 3 m/s during 3PS. Louis et al., (2018) conducted a study in 
which the release velocity of the ball was 7.84 m/s. 
 
In our study, an optimization study on the performance of a shooting which is from the 3-point line was presented 
by combining the ball release parameters (height, the release velocity, and the release angle of the ball) in the MSC 
Adams/View environment. In the study, firstly, the exact dimensions of FIBA basketball court were visualized in 
the Adams/View (Adams MSC., 2020). The height calculated by considering the player's height (H), jump height 
(𝐻𝐽𝐴) and joint angles is the release height value of the ball. Height is defined as the first design variable. Then, the 

angle and velocity information in accordance with the values of the release velocity and angle of the ball during 
3PS in the literature were defined to the Adams/View environment as the other design variables. A measurement 
was taken for the distance between the position of the ball at the time of release and the basket. An objective 
defined by the measurement as the optimization output was created by using the Design Create Objective tool. 
Finally, an optimization study was carried out in the Adams/Insight module to give an answer for the three design 
variables (the release height, the release angle, and the release velocity of the ball). We hypothesized that the 
obtained results would give us answers to the following questions: At what angle can a released ball reach the ring 
for a 3-pointer? Which angle can a dropped ball reach to the basket for 3PS? Which velocity and angle are necessary 
to be a successful 3PS in case of a player who has certain height throwing the ball? The study presented here is 
carried out to bring an interpretation to basketball from an engineering point of view. 
 
This paper is organized in way of presenting how the ball release parameters are determined, the optimization 
study, results, and discussions after the introduction. 
 
3. Methods 
 
2.1. Basketball Court and Ball Release Parameters 
 
In this study, an optimization study was carried out based on the ball release parameters (the release height, the 
release velocity and the release angle of the ball) for 3PS. In the study, firstly, basketball court dimensions in FIBA 
(International Basketball Federation, 2020) standards were visualized in the simulation environment. As it can be 
seen in Figure 2, the court dimensions in FIBA standards are 28 x 15 meters. The height of the basket from the 
ground is 3.05 meters, and the diameter of the basket is 0.45 m (at the top of Figure 2). In FIBA standards, the 3-
point line is drawn 6.6 meters from the center of the basket to the corners and 6.75 meters across. Also, ball 
number 7 having a circumference of 0.75 m, a diameter of 0.24 m and a weight of 0.575 kg was used for 3PS. paper 
is organized in way of presenting how the ball release parameters are determined, the optimization study, results, 
and discussions after the introduction. 
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Figure 2. Basketball court dimensions in FIBA standards (International Basketball Federation, 2020) 

 
In basketball, to consider a shot as a 3PS, it is necessary that this shot should be thrown behind the 3-point line. If 
the player's foot touches the 3-point line, his shot is not accepted as 3 points. In the optimization study, the shot 
that is thrown is shown in way of considering it as 3 points shot. 
 
2.2. Release Height of the Ball 
 
One of the most important factors determining the success of shooting in basketball is the release height of the ball 
(Hamilton and Reinschmidt, 1997). The release height of the ball depends mainly on many factors: The player's 
height, his jumping ability and the player's shooting characteristics. 
 
Height is an important element in the basketball game. No matter how talented the short players are, it is difficult 
to maintain continuity in this game. Because tall players are more effective in catching the ball, rebounding and 
blocking thanks to their height and arm length. The increase in the length of the body limbs of the tall players in 
proportion to their height gives these players an advantage. Dirillis et al., (1964) generalized the relationship 
between the lengths of human body parts and human height (H) as it is shown in Figure 3. In other words, as 
human height increases, the other limb lengths increase according to the coefficients shown in the figure. They 
have the advantage of releasing the ball higher since taller players have long arms. The limb lengths, which vary 
depending on the human height, will be used to calculate the release height of the ball. 
 

 
Figure 3. Length of other body parts relative to human height (Dirillis et al., 1964) 
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Jumping is one of the most basic movements performed by basketball players. The jump is used for different 
purposes such as blocking, rebounding, stealing and shooting. In basketball, the jumping ability of players directly 
affects the release height of the ball (Okazaki and Rodacki, 2015). Different studies have been carried out in the 
literature to reveal the relationship between the height of the players and their jump height. In these studies, the 
counter movement jump (CMJ) movement is seen as a useful tool that can be used to predict the jumping ability in 
basketball (Struzik and Zawadzki, 2013). Altavilla et al., (2018) measured the jump height as 0.432 m for 40 
basketball players with an average height of 1.954 m. Struzik and Zawadzki, (2013) revealed that basketball 
players with an average height of 1.931 m can jump to a height of 0.368 m. Ziv et al., (2010) wrote a review article 
to compare the vertical jump performance of male and female basketball players. In this study, it is summarized 
that the jump height is 0.22-0.48 m for female athletes and 0.40-0.75 m for male athletes. 
 
Multiple factors must be technically brought together for a successful 3PS in basketball. During 3PS, the joint angle 
of the player's lower and upper limbs changes depending on the player's shooting technique. Since 3PS is a long-
distance shot, the joint angles differ according to the player's height. Miller and Bartlett, (1996) found the angles 
of the shoulder and elbow joints as 124° and 135° for guards, 131° and 143° for forwards, and 115° and 143° for 
centers, respectively during the shooting from 6.40 m. Loise et al., (2018) calculated the angles of the player's 
ankle, knee, hip shoulder, elbow and wrist joints as 111°, 164°, 189°, 105°, 185° and 141°, respectively at the 
moment the ball is thrown during 3PS. Elliot and White, (1989) measured the ankle, knee and hip shoulder, elbow, 
and wrist joint angles as 143.6°, 166.5°, 178.9°, 107.3°, 129.9°, and 208.1°, respectively, in the ball-release position 
during 10 3-point shooting. As can be seen in the literature, the joint angles of the players vary during 3PS. 
 
In the optimization study that will be done the release height of the ball will be defined as a variable input. As it 
can be seen in the literature studies, the height varies with three parameters: The jump height, the joint angles and 
the height of the player. In this study, the release height of the ball (𝐻𝑅𝐻) was determined as follows. The players 
who use 3PS at most in basketball are shooting guards. These players’ average height is 1.92 m (Zarić et al., 2020). 
In this study, it is assumed that the shooting guards have a minimum height of 1.86 m and a maximum height of 
1.98 m. Then, body limb lengths were calculated according to the coefficients generalized by Dirillis et al., (1964). 
A height value was calculated by considering the joint angles in the literature during 3PS. The release height of the 
ball (𝐻𝑅𝐻) was found by adding an average of 40 cm jump height (ℎ𝑗ℎ) to calculated height value. The joint angles 

at the time of ball release and the calculated release height of the ball for a 1.86 m player are shown in Figure 4a 
and 4b. It should be emphasized here that the joint angles and jumping ability of the player vary according to the 
shooting situation and physical characteristics of the player. In this study, since an optimization study will be 
carried out according to the ball release parameters, the release height of the ball was determined by taking into 
account the average values. 
 

 
Figure 4. (a) The joint angles at the time of ball release and (b) the calculated release height of the ball for a 1.86 m player 
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2.3. Release Velocity of the Ball 
 
The release velocity of the ball during the shooting in basketball is one of the important parameters that directly 
affect the success of the shot. Therefore, it is important that the ball is thrown at a suitable velocity. It has been 
revealed in literature studies that the release velocity of the ball during 3PS changes at velocities of 5.85–8.71 m/s. 
The optimization study will be carried out for two different 3 points shots, from the corner and opposite of the 
basket. Therefore, the release velocity of the ball during 3PS was taken at velocities varying between 5.75 m/s and 
8.75 m/s. The velocity value was determined as 0.5 m/s in way of being 5.75 m/s to 8.75 m/s increase. 
 
2.4. Release Angle of the Ball 
 
In literature studies, one of the parameters that affect the successful releasing of the ball to the basket is the release 
angle of the ball. Figure 5 shows the release angle of the ball and this angle value for 3PS was determined at values 
ranging from 49.7° to 51.1° in literature studies. Hence, the release angle of the ball in the optimization study will 
be taken as between 45°and 53° in way of being 0.1° increase to be compatible with the literature studies. 
 

 
Figure 5. The conceptualization of the release angle and velocity of the ball (Przednowek et al., 2018) 

 
Considering the releasing situation as in Figure 5, the trajectory of the ball is parabola. Here, the distance between 
the center of the basket and the point of the ball is l and the height of the basket from the ground is h. The velocity 
value required for a given 𝜃0 angle value can be found with the help of the equations given in (Halliday et al., 2013). 
 
3. Optimization Study 
 
In this study, an optimization study will be carried out depending on the ball release parameters for 3PS. For 
optimization study, the semi-basketball court in FIBA standards was visualized primarily in the Adams/View 
environment (Adams MSC., 2020). Figure 6 shows the top and isometric view of the semi-basketball court. The 3-
point line is determined according to FIBA standards, and it is modelled as 6.6 m from the basket to the corners 
and 6.75 m from the front. The height of the basket from the ground was taken as 3.05 m and the diameter of the 
basket was taken as 0.45 m. 
 

 

 

Figure 6. Top and isometric view of the semi-basketball court visualized in Adams/View 
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After modelling the basketball court, design variables are needed for optimization study. There are 3 design 
variables; the release height, release the velocity and the release angle of the ball. These variables can be defined 
by using the Create a Design Variable tool in the Adams/View Design Exploration menu. There are different options 
for entering different value ranges for design variables in the Design Variable tool. In this study, the maximum and 
minimum values of the design variables were entered by using the option of “absolute min and max values” 
definition. The release velocity and the release angle of the ball are defined based on studies in literature. The 
release height of the ball was calculated as it was explained in Chapter 2. The max., min. and standard values of the 
design variables were entered in the Design Variable tool as it is shown in Table 1. The standard value in the Design 
Variable tool is the value assigned for the initial simulation. The standard values of the design variables were 
accepted as the average of the minimum and maximum values. The Design Variable tool allows assigning any 
number of values between the minimum and maximum values of the design variables. Here, to reduce the number 
of analyzes, values are assigned in way of having the increase of the velocity as 0.25 m/s, the increase of angle as 
1° and the increase of height as 0.01 m. The wind effect was ignored in the optimization study (Zhiwen et al., 2017). 
 

Table 1. Standard, max. and min. values of design variables 

Design Variable Standard Value Min. Value Max. Value 
Height (m) 1.92 1.86 1.98 

Velocity (m/s) 7.25 5.75 8.75 
Angle (degree) 45 40 50 

 
The potential response of the optimization study must be determined in advance. Therefore, before the 
optimization study was carried out, an objective creation was done. The objective was created by using the Create 
Design Objective tool found in Adams/View Design Exploration. It should be specified how the objective was 
created in the tool will be defined. Here, the objective is defined by a measurement. This measurement is the 
distance between the center of mass of the ball and the center of the basket. The measurement was taken by being 
used the point-to-point measurement tool in Adams/View Design Exploration. The created objective will appear 
as a potential response value or in other words, output value in the Adams/View Insight module. 
 
Adams/View Insight is a module that allows multiple simulations while modeling (mscsoftware.com, 2010). The 
operating logic of the Insight module is shown in Figure 7. The optimization study will be carried out in the Insight 
module. Before switching to the Insight module, a simulation was conducted to test whether the model worked 
correctly or not for 3PS. The transition to the Insight module was made by using the Adams Insight Export tool in 
the Design Evaluation. The Insight module automatically brings up the predefined inputs and output. Insight 
environment offers you the opportunity to perform the optimization study by grouping the design variables 
(height, angle and velocity) as Factors and the output variable (objective) as Responses. The Design part in the 
Insight module shows the solution sets for the optimization study. In the optimization study, the DOE Response 
Surface research strategy in the Design Specification section was used. In the Model part, the relationship between 
the inputs and the output of the optimization study is determined. The Insight module allows to set the level of 
relationship between inputs and outputs as Linear, Interactions, Quadratic and Cubic. In this study, Linear 
Modeling was chosen. When an increment of 1° is taken for the angle, 0.25 m/s for the velocity, and 0.01 m for the 
height, 1859 different combinations emerge. The Work Space section shows the combinations created for the three 
design variables. The answer of output variable is obtained by trying each combination one by one. After all these 
steps, the simulation process was started by using the Run command and the results were saved as .req. 
 

 
Figure 7. The operating logic of the Insight module 

 
4. Results 
 
In this study, an optimization study is carried out for 3PS by combining the ball release parameters. 3PS is made 
from across the basket. While the design variables of the release velocity and the release angle of the ball were 
taken from the literature, the ball release height is calculated depending on the joint angles, jump height and the 
height of the player. 
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The Adams/Insight module combines design variables to give a response (objective). In this study, the height, 
velocity and angle design variables are entered to the Insight module as inputs, while the distance of the ball to the 
basket is obtained as the response output. Figure 8 shows the response output (objective) for the first 22 
combinations of 1859 combinations which depending on the design variables. The Work Space environment gives 
the output value for each combination of design variables. The table here can be interpreted as follows: When the 
release angle of the ball is 40°, the release height of the ball is 1.86 m and the release velocity of the ball is 8.75 
m/s, the distance of the ball from the basket is 0.12073 m. That is, when a player having a height of 1.86 m releases 
the ball into the basket at the specified angle and velocity, this 3PS can be counted as a goal. 
 

 
Figure 8. Design variables, response and the first 22 combinations in the Insight module 

 
1859 combinations created with ball release parameters are tried one by one in Adams/Insight module. The 
response output of the 1859 iteration namely, the distance of the released ball to the basket, is shown in Figure 9. 
The goal here is to get the ball into the basket. In other words, the output response is close to zero. It is seen that 
the response output takes values close to zero for different values of the ball release parameters. 
 

 
Figure 9. The response obtained for 1859 Iteration. 

 



KIZILHAN 10.21923/jesd.1181476 

 

1279 
 

The Adams/Insight module establishes a relationship between the design variables and the output variable. If a 
correct mathematical expression can be obtained between the inputs and the output, there is no need to optimize 
for different intermediate values. As it is stated before, the order of the relationship between inputs and output is 
determined as Linear in this study. The mathematical expression for Linear modeling is given in Equation 7. The 
unknown coefficients in this equation are given in the Term Coefficients section as a result of the optimization. The 
values obtained are: 𝑎1 = 10.539, 𝑎2 = −0.091032, 𝑎3 = −0.085506, 𝑎4 = −0.75166 ve 𝑒 =-0.05833. 
 

𝑅 = 𝑎1 + 𝑎2 ∗ 𝐹1 + 𝑎3 ∗ 𝐹2 + 𝑎4 ∗ 𝐹3 + 𝑒 (1) 

Here: 
𝐹1 : The value of the first factor, 
𝐹2 : The value of the second factor, 
𝐹3 : The value of the third factor, 
𝑎1−4 : Coefficient values calculated by the optimization, 
𝑒 : Error value minimized by the optimization, 
𝑅 : response value. 
 
According to the output response obtained as a result of the optimization performed, the release velocity and angle 
of the ball were determined for the players having different heights (1.86-1.98 m). Figure 10 shows the release 
angle and velocity values of the ball and the response value versus the length. Accordingly, when a player having 
height of 1.86 m shoots a 3-point field goal at an angle of 40° and a velocity of 5.75 m/s, the ball remains at a 
distance of 2.43477 m from the basket. 
 

 
Figure 10. The release angle and the release velocity of the ball versus the height of the player graph and the response 

(objective) versus the height of the player graph 

 
5. Discussion and Conclusion 
 
The study presented here is an optimization study in the Adams/Insight module by combining ball release 
parameters. The angle and velocity design parameters are taken in accordance with the literature (Miller and 
Bartlett, 1996; Chakraborty and Meher, 2013; Çelik et al., 2013; Slegers et al., 2021; Louis et al., 2018). The height 
parameter is calculated according to the player's height, joint angles and jump height. Essentially, as in the studies 
presented in the literature (Štirn et al., 2019; Podmenik et al., 2017; Li et al., 2021; Slawinski et al., 2018; Miller 
and Bartlett, 1996), the height of the player at the moment of releasing the ball should be measured with different 
measurement techniques. Because the height of the basketball player’s ball release depends on many factors such 
as releasing style, joint angles and jumping ability, as it is emphasized in the literature. However, the study 
presented here is an optimization study for the initial phase. For this reason, while the height of the player is being 
calculated, approaches in the literature were used. 
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They are the guard players who use the 3-point shot the most in basketball. These players have an average height 
of 1.92 m (H). With the study, it is revealed that a guard player with an average height of 1.92 m can shoot 
successfully at what speed and angle when he releases the ball. In other words, it can be said that a successful 
basketball throw can be achieved when a player with a height of 1.92 m shoots with a 45° release angle and 8.75 
m/s release velocity. It is seen that the success of the 3-point shot in basketball will increase when the ball is 
thrown with the appropriate ball releasing parameters. 
 
The optimization study can reveal that a player whose throw height can be determined can make a successful shot 
if he releases the ball at what speed and angle. Optimization work will help to achieve a high success rate in 3-
point shots in basketball. 
 
In future studies, during 3PS, the release height of the basketball player will be found with different measurement 
systems, so a more realistic optimization study will be carried out in the future. Also, there will be a focus on the 
study of the 2-point shooting in basketball or the different hitting styles in the game of tennis. 
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