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PAPERS

Basketball self training shooting posture recognition and
trajectory estimation using computer vision and Kalman filter

Yunus Egi1

Self-shooting training is one of the fundamental criteria for success in basketball. Particularly, young players increase
their performance with regular training. However, the training process becomes painful and time-consuming without a coach
since the incorrect shooting posture causes missing shots, leading to reluctance. In this research, a self-shooting posture
algorithm is developed to track the movement of basketball players and give them feedback about their position, angle, and
basketball projectile trajectory information. The proposed algorithm uses computer vision techniques and Kalman filter to
detect the best projectile trajectory using initial conditions such as acceleration due to gravity the initial velocity at the
angle of launch having certain horizontal distance to the rim and the rim distance from the ground The acceleration of
both gravity and air drag are altered by predefined parameters, including the drag coefficient basketball mass ball radius
and silhouette area The proposed algorithm provides the shooting angle in real-time by placing the projectile angle on to
the cropped image of the player posture and draws the projectile trajectory towards the basketball hoop According to the
results, the players having a specified height can achieve the best shooting at the angle with air drag force. On the other
hand, if there is no air resistance, the best shooting angle is deviated significantly. The other stats that are a total time of
travel, maximum horizontal distance, maximum height and the time until the top are also given along with the results.

K e y w o r d s: posture recognition, image processing, projectile trajectory estimation, basketball, Kalman filter

1 Introduction

Basketball is a competitive sport that has a vast num-
ber of fans globally. This sport consists of various fun-
damental parameters such as assists, dribble, passing, re-
bound, steal, score, and shooting. The winner and loser
are decided based on the scores accomplished by players
through successful shootings [1]. Even though basketball
is a team game that needs combat and coordination be-
tween players, it still needs individual shooting skills for
winning the game since insufficient shooting level exposed
the weakness of the team and reduced the willpower for
success [2]. Thus, successful shooting in basketball has
significant importance in terms of winning the game. Self-
training has an essential role in increasing fundamental
shooting skills in basketball [3, 4]. However, due to the
challenges of self-training such as self-visual inspection,
finding a good trainer with higher budgets, and time-
consuming ineffective practices, players have hard times
achieving their desired performances [5]. These challenges
can be solved with Computer Vision(CV) and digital
image processing techniques. Recently, CV algorithms
and Deep Learning(DL) have been used to develop ef-
fective segmentation techniques to overcome real world
problems, including pose detection, object detection, au-
tonomous driving, robot controls, and surveillance [6].
However, CV and deep learning have benefits and draw-
backs in terms of performance and power efficiency. For
instance, deep learning needs high computing capabil-
ity with a large number of data sets for a simple image

segmentation task while CV algorithms only need a few
lines of codes that are much more efficient. In addition,
deep learning techniques need to be well constructed to
perform well only within the provided training data set.
Otherwise, it is highly possible to be failed in object de-
tection [7]. Image segmentation which is one of the CV
algorithms helps us to extract the characteristic of pixel
regions or clusters on the images for decision-oriented ap-
plications [8]. Thus, its objective is to partition the im-
age into several meaningful segments for analysis. These
segments have high similarities in terms of pixel colors.
Extracting these proprieties may also provide an efficient
solution for self-training shooting posture recognition and
projectile trajectory estimation. The basketball players
usually wear colorful shorts and T-shirts. Using Image
segmentation, one can segment the short, T-shirt, and
basketball to determine the angle of the projectile and
the related trajectories. All it takes is to find the slope of
the basketball projectile by fusing the pixel coordinates
of centroids extracted from segmented images. After find-
ing the optimum angle, it is critical to find the optimum
trajectory as well. Under real-world conditions, the en-
vironment contains many uncertainties affecting the tra-
jectory of the object. Thus, a proper filter is required to
optimize the projectile trajectory and determine the true
path. In many trajectory applications, the Kalman filter
is utilized to predict the moving objects position, veloc-
ity, and acceleration under the noisy environment. The
main objective of the Kalman Filter is to reduce the pre-
diction error recursively [9–11]. The projectile trajectory
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of a basketball can be predicted through Kalman filter
and pixels centroids as well. In the literature, computer

vision is used in many sports applications to detect play-
ers in the game rather than tracking players motion to
fine their projectile trajectory. Okuma et al [12] utilized

boosted particle filters which is one of the first successful
implementations of CV algorithms followed the hockey
game players. They utilize histogram of oriented gradi-

ents(HOG) along with a probabilistic approach. Accord-
ing to their proposed model, the mixture of local sub-
spaces and online filtering is used to train the data for

off-line learning and improve the robustness of the motion
tracking. Evan et al [13] developed a movement tracking
algorithm that locates players on basketball courts. Their

main purpose is to gather as much information as possi-
ble to create a better evaluation mechanism for coaches.
R. K. Meghana et al [14] implements the Gaussian mix-

ture model (GMM) and achieved 87.6% player detection
accuracy. According to their model, background subtrac-
tion helps them differentiate players based on teams. The

algorithm is also supported by the Kalman filter and its
extended version to maximize the estimating trajectory
accuracy on the field. Jiang YC et al [15] introduces a

novel shadow removal method along with computer vi-
sion algorithms to isolate the tennis player and the court
using an adaptive search window. The proposed court

model adaptively seeks for the minimum region contain-
ing the players. Next, the region of interest is classified
with color selection and edge detection. After implement-

ing the shadow removing method, the players are iden-
tified. Rong Ji et al [16] also works on basketball play-
ers action recognition based on features extracted from

prior data. They get benefits from time and frequency
domains that contain multi-dimensional motion features.
Next, they apply feature selection and Gaussian hidden

variables to classify shooting posture. According to their
result, they have achieved 94% classification accuracy
without providing trajectory estimation. Finally, Hao et

al [17] develops an auxiliary basketball system using the
combination of big data and sports events. According to
his method, the player slum dunk score rate improved

significantly. They follow the coach and players motion
using kinect 3D-sensor, the sequence color image, image
depth map information. By using these parameters back-

ground model is introduced to extract the features from
the images.

As it is understood, CV and DL algorithms are em-
ployed for many sports for different purposes. Using these

algorithms mostly depends on the cost and the perfor-
mance of the model. In this research, a series of CV al-
gorithms will be introduced to achieve maximum perfor-

mance with the highest amount of knowledge obtained
from players, including posture information, projectile
trajectory, and the time parameter such as velocity and

the highest point of the ball during the travel. This article
will also evaluate the trajectory estimation with air drag
force and without air drag force conditions.

2 Material and methods

Learning how to get the perfect form in shooting is in-
credibly important for success. That is why every player
focuses on shooting posture and grasping the perfect
shooting mechanics in self-training. In this section, the
proposed shooting posture algorithm will be evaluated in
detail.

2.1 Understanding best shooting posture mechanics

The power generated right from the legs and holding
the basketball is highly related to accurate shooting. It is
calculated that if the players distance to basket a height
is known, then there is an optimum release angle (θ) and
velocity (v0) that will lead to the greatest possibility
to have a successful shot [18, 19]. Besides, keeping the
arm less than 90◦ may cause miss shooting. Thus, the
arm should be close to the 90◦ as seen in Fig. 1. In
addition, Emad et al [20] stated that optimal arc (θopt)
for shooting should be 45◦ .

n0

q

q0

h

Fig. 1. The intended posture angle for a right shot

The perfect shooting depends on the components of ve-
locity in the x and y directions. The mathematical expres-
sion of the release angle, the standard projectile motion
equation, can help us find the amount of error a player
can make. The derivation of projectile displacement is
indicated in (1) to (5), [21, 22].

v0x = v0 cos(θ0) , (1)

v0y = v0 sin(θ0) . (2)

It should be noted that the acceleration is neglected in the
horizontal direction (direction of x) since gravity does not
affect the horizontal direction. The new form of horizontal
projectile motion can be represented as the function of the
time using time difference (∆t):

x(t) = l = v0 cos(θ0)∆t . (3)

y(t) = h = v0 sin(θ0)dt+
1

2gdt2
, (4)

y(t) is the vertical distance to the rim. For a successful
shot, the initial velocity v0 can be determined for a given
initial angle θ0

v0 =
l

cos θ0

√

−g

2(ltan(θ0)− h)
, (5)
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where: θ0 is the initial release angle, g = −9.8m/s2 and,
h is the vertical distance to the center of the basket. It
should be noted that this equation is only valid for a
limited interval of θ0 since the body motion is towards
forward. In other words, the angle should be in 0◦ <

θ0 < 90◦ . The equation also provides real values for
ltan(θ0)− h > 0.

(1) Projectile trajectory computation
with air drag force

Air drag force is one of the important parameters in
the projectile trajectory equation. However, it does not
mean that solving the equation of velocity and position as
a function of time will get quite easy. Including air drag
force into Newtons second law will affect the basketball
velocity significantly. The projectile velocity slows down
during the flight due to the constant air drag, which
leads to deviation from the actual measurements. The
magnitude of air force (f) is proportional to velocity of
the basketball (v), [23]

f = Dv20 . (6)

Since it is assumed that v20 = v20x + v20y, the projectile

force can also be separated into fx and fy using θ0

fx0 = −Dv20 cos(θ0) , (7)

fy0 = −Dv20 sin(θ0) . (8)

After implementing this to Newton’s second law, the ac-
celeration components (ax0, ay0) being affected by grav-
ity and air drag force can be obtained as follow.

∑

F0x = −Dv20 cos θ0 = ma0x , (9)

∑

F0y = −Dv20 sin θ0 = ma0y , (10)

a0x = −
Dv20 cos θ0

m
, (11)

a0y = −g −
Dv20 sin θ0

m
. (12)

The variable D is proportional with air density (ρ), the
area of the front face of the basketball (A) and drag
coefficient (C). D is [24]

D =
ρCA

2
. (13)

By determining the drag coefficient acceleration com-
ponents, the changes in velocity can be determined using
time differences (δt) between two locations. During the
time interval (δt), the a0x = δv0xδt and the a0y = δv0yδt

which lead the velocity parameters to be v0x = a0xδt

and v0y = a0yδt , respectively. While observing changes
in projectile’s velocity and acceleration, the coordinates
of estimated values (x0, y0) are also changing with air
drag force by the average of first (v0x, v0y) and the last

(v0x + δv0x, v0y + δv0y) parameters. The differences and
final location of the basketball is [25]

δx0 =
v0x + δv0x

2
δt = v0xδt+

1

2
a0x(δt

2) , (14)

δy0 =
v0y + δv0y

2
δt = v0yδt+

1

2
a0y(δt

2) . (15)

Next, if the equation of motion is reorganized for x0 and
y0 coordinates,

x0 + δx0 = x0 + v0xδt+
1

2
a0x(δt

2) , (16)

y0 + δy0 = y0 + v0yδt+
1

2
a0y(δt

2) . (17)

Lastly, the equation’s final form is represented as a
function of the time

x(t) = l = x0 + v0xδt+
1

2
a0x(δt

2) , (18)

y(t) = h = y0 + v0yδt+
1

2
a0y(δt

2) . (19)

(2) The Kalman filter — is an advanced recursive filter
that predicts the state and measurement equations from
erroneous states containing white Gaussian noise (WGN).
It has a wide variety of applications, including flight nav-
igation, signal processing estimations, and computer vi-
sion [26].

x(t)=Ax(t−1)+Bu(t−1)+ǫ(t), ǫ(t) ≈ N
(

0, Q(t)
)

, (20)

y(t) = Cx(t) + ω(t), ω(t) ≈ N
(

0, R(t)
)

, (21)

where A,B, and C are called the state transition, in-
put, and output matrices, respectively. Since real-world
problems generally have noises, the ǫ(t) and ω(t) which
are called the observation, and white Gaussian noise are
added to (20) and (21), respectively. Here Q(t) and R(t)
are the related covariance matrices. Kalman filter goes
through state estimation and measurement updates to
make predictions. State estimation is

x̂(t | t− 1) = Ax(t − 1) +Bu(t− 1) , (22)

P (t | t− 1) = AP (t− 1)A⊤ +Q(t) . (23)

In this equation x̂(t | t− 1) is estimated using prior state
estimation vector (x(t− 1)) at time t− 1. Similarly, the
P (t | t − 1) is estimated prior information and process
noise of Q(t). The next the measurement update takes
place as

K(t) = P (t | t− 1)C⊤
(

CP (t | t− 1)C⊤ +R(t)
)−1

, (24)

x̂(t) = x(t | t− 1) +K(t)
(

y(t)− Cx(t | t− 1)
)

, (25)

P (t) = (I −K(t)CP (t | t− 1) , (26)

where: y(t)−Cx(t | t− 1) is the residual of the measure-
ments. In these recursive updating systems, the estimated
covariance matrix is determined in the final step. The flow
of the Kalman filter recursive updating system is shown
in Fig. 2.
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x P0 0 Stop when basketball
projectile hits on the ground

Kalman filter recursive updating system

$

1.State vector

( 1) ( 1) ( 1)
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t t t A t

- = - + -

- - +

Ax Bu
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1.Kalman gain
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P t I K t C P t t

-

= - - +

= - + - -

= - -

K y Cx

Estimation Update

Fig. 2. The Kalman filter recursive updating system

2.2 Image color segmentation (ICS)

Within the last decade, the application of image seg-

mentation has been incredibly skyrocketing due to the
advancement in computer technology. ICS is also another

CV technique that is vastly used since it is cost-efficient
in terms of time and speed [28]. Numerous image seg-

mentation techniques utilize a combination of different
algorithms such as histograms, thresholds, and clusters.

These algorithms make it possible to separate the objects
and backgrounds by segmenting outdoor colors. As it is

known, all images have three color channels(red, green,

blue) digitally leveling from 0–255 levels. These channels
can be digitally manipulated using statistical tools such

as standard deviation, confidence interval, and Euclidean
distance. However, using RGB channeling, and statistics

are not sufficient to properly segment the image [29].
Therefore, some other CV algorithms, including median

filter, binarization, area opening, bounding boxes, should
be overlapped with the RGB channeling and statistics.

(1) Median filter – is one of the essential noise remov-

ing and smoothing filters for digital image processing.

This filter replaces a particular pixel value with the me-
dian value of surrounding pixels after the sorting process.
The median values are [30]

M =

{

x(n+1)/2, if n is odd,

xn/2 + xn/2+1 if n is even.
(27)

The sorting and replacing of the median filter start with a
window with a predefined size such as 3×3. This window
moves from top to the bottom and replaces all pixels with
the median ones, as seen in Fig. 3.

9 5 3

4 2 7

6 8 1

9 5 3

4 2 7

6 8 1

9 5 3

4 5 7

6 8 1

1 2 3 4 6 7 8 95
Image

3 3 Median filterx

Sorting

Replace median

Fig. 3. Median filter representation

( )a

( )b ( )c. ( )d

( )e ( )f ( )g

Fig. 4. RGB channels and corresponding filters: (a) – original image, (b) – red, (c) – green, (d) – blue, (e) – red-median, (f) – green-median,
and (g) – blue-median,
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Fig. 5. Binarization of the red channel

4 Connected pixels 8 Connected pixels

Fig. 6. Two-dimensional open area connectivity

The actual implementation of the filter also is repre-
sented in Fig. 4. It is seen that the original image is sep-
arated into three channels as RGB, and a 3 × 3 median
filter is applied to the image to differentiate the red color
from the original image, which will be meaningful in the
next section of this paper

(2) Binarization – is a process based on a threshold (th)
leveling to extract desired information from a digital im-
age. The key point is that the threshold mainly depends
on the pixel values and the characteristic of the image,
such as document type, color, and lighting. Thus, having
strict requirements can be considered a drawback for this
approach. Regardless of its drawback, binarization is so
crucial for ICS. Equation (28) is used for the binarization

process. Figure 5 indicates a binarization representation
of red channel [31].

I(x, y)Bin =

{

1 if I(x, y) > th ,

0 if I(x, y) < th .
(28)

(3) Area opening – is a technique based on finding the
connected components or clusters in a binary image and
removing the pixels with lesser pixels than the specified

P number. The obtained binary image from binarization
contains many areas which can be filtered out concerning
the size of the area. Equation (29) shows the open area
process on binary images. Figure 6 demonstrates the filter
which fulfills area > 300 × 400 pixels. By obtaining the
area, we can identify the basketball [32, 33]

I(x, y)BW =

{

keep if I(x, y)Bin > P ,

remove if I(x, y)Bin < P .
(29)

(a) (b) (c ).

Fig. 7. Labelling detected objects using bounding boxes: (a) –
basketball, (b) – T-shirt, (c) – original image

(4) Finding bounding boxes and labelling – are usu-

ally used for object detection in computer vision. They
can be considered as imaginary boxes which enclose the
detected object. Bounding boxes also provide the coor-
dinate of the detected object. They are determined us-
ing centroid and minimum pixel location [34]. Thus, they
help us to label the object. Figure 7 represents detected
bounding boxes and corresponding labels for basketball

and T-shirt.

Centroid1
(Basketball)

Centroid2
(T-shirt)S

tr
ai

g
h
t 

li
n
e

Nice shooting
90 Standing°

Fig. 8. A nice shoot criteria presentation
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Algorithm 1. Motion tracking and Best Posture Recommendation Algorithm

Require: Video Reader()

1: while isdone(Video Reader) do
2: Video Frame←Video Reader()
3: RedChannel ← Video Frame()

4: Redg ← Color to Gray (RedChannel )
5: RedPure ← imsubtractpred(RedChannel , Redg )

6: RedFiltered ← Median Filter(RedPure , Filter = 3× 3)
7: RedBW ← Image to Binary(Red)Filtered, ThBW = 0.215)
8: RedOpenArea ← BW Open Area (RedBW , Area = 300× 400)

9: RedLabel ← BW Label(RedOpenArea,8)
10: Image Show(Video Frame)

11: Hold on
12: RedBoundingbox ← Find Bounding Box (RedLabel )
13: RedCentroid ← Find Centroid (RedBoundingbox )

14: Plot(RedBoundingbox)
15: Repeat process for Blue Channel

16: θs ← Find Angle (RedCentroid , BlueCentroid )

17: if 30 < θs < 60 then
18: θBest ← Pick Best Posture Angle (θs )
19: Draw(θBest )
20: TrajectoryBest ← Find Projectile Trajectory (θBest )

21: TrajectoryKalman ← Kalman Filter (TrajectoryBest )
22: Draw(TrajectoryKalman )

23: end
24: end while

q0

C2( , )x y2 2

C1( , )x y1 1

Fig. 9. Proposed angle calculation based on detected centroids

2.3 Motion tracking and best posture recommendation
algorithm

Motion tracking, which provides releasing angle and
player posture, is essential for a successful shot in basket-
ball [35]. Therefore, in this research, these two parameters
will be detected using digital image processing. The pro-
posed algorithms start with loading the video frame, an
image, from a video. Later the video frame is separated
into three RGB channels. These channels information can
be used to segment the desired color from the video frame,
such as basketball, player T-shirt, or some bracelets which

have colors close to red, green, and blue. Extraction of
these clusters can be combined with the player’s body in-
formation to track the player’s posture. From Fig. 8, it
is seen that an excellent shooting mainly depends on get-
ting close to the 90◦ standing position from a side view.
In addition, the player should keep the basketball over
her head but parallel to his body center.

According to the proposed model, the video frame first
is converted to grayscale to extract desired color. The de-
sired colors are red and blue since the basketball and
T-shirt colors are close to red and blue. The median fil-
ter having a window size of 3 × 3 is used to reduce the
noises from the video frame. The following process is to
convert the filtered frame into a binary frame with the
red channel having 0.215 threshold ratio and the blue
channel having 0.2 threshold ratio. By means of the ob-
tained binary frame, the connected pixels having an area
higher than the size of 300×400 pixels are extracted. This
process will remove all the not related small objects and
the noise from the environment. Finally, through bound-
ing boxes and labeling, the object(basketball) and cor-
responding coordinates and centroids will be detected.
These procedures will let the algorithm to automatically
detect the player’s T-shirt or shorts from the player’s side
view. Using this information, the player angle can be de-
tected with given centroids located on the coordinates of
C1(x1, y1) and C2(x2, y2) as seen in Fig. 9. The player’s
posture angle θ is continuously computed for the best tra-
jectory using predefined parameters such as v0 and hori-
zontal distance to the rim, and distance between ground
and rim.

Once the best projectile angle is determined, the cor-
responding trajectory can be also calculated. In this re-



Journal of ELECTRICAL ENGINEERING 73(2022), NO1 25

( )a

( )b ( )c. ( )d

( )e ( )f ( )g

Fig. 10. Median filter applied RGB video frames
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Fig. 11. Obtained desired objects: basketball and short
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Fig. 12. Possible projectile trajectory

search, the air drag force will not be neglected. However,

the trajectory calculation without air drag force will be

also provided since both conditions will let us compare

real-world application with simulation environments. It

should be noted that the environment with air will be a

noisy medium. Thus, Kalman filter will also use to cor-

rect prediction error. The projectile trajectory angle (θ0)

found by C1(x1, y1) and C2(x2, y2) and related path is

θ0 = tan−1 y2 − y1

x2 − x1
, (30)

y(t)=KFx(t)=x0 + v0x(θ0)δt+
1

2
a0x(θ0)(δt

2) +N(0, σ),

(31)

y(t)=KF
(

y0+v0y(θ0)δt+
1

2
a0y(θ0)(δt

2)+N(0, σ)
)

, (32)

where N(0, σ) is white Gaussian noise with zero mean.
The proposed algorithm is explained by the pseudo-code
in Algorithm 1.

3 Analysis and results

In this section, computer vision techniques and pro-
jectile trajectory model helped us to detect related self-
training posture and provide corresponding best an-
gle stats. The hardware and software used to imple-
ment the proposed algorithm are HP OMEN Laptop
with the specification comprising Intel Core I7-7700HQ
CPU@ 2.8 GHz and 2.81 GHz, 12 GB RAM, NVIDIA
GE-FORCE GTX 1050 Ti, and MATLAB 2021a stu-
dent version. The video that used for this experiment is
obtained from Coach Howard and called “The Perfect
Shooting Form” [36]. The predefined parameter which
are used for the proposed method when there is no air
resistance, are g = −9.81m/s2, V0 = 8m/s, h = 3.05m,

and l = 4.6m. In this study, the video is read by a while
loop to extract every frame and apply the intended im-
age segmentation technique. The RGB video frames are
separated using color channelization, and a 3×3 Median
filter is also applied, as seen in Fig. 10.

Next, the binarization and BW area opening is applied
to the median filtered video frames. Since the basketball
and the player’s shorts are the regions of interest, only red
and blue are identified in Fig. 11. The corresponding cen-
troids are also detected in the location of C1(x1, y1) and
C2(x2, y2). The vertical and horizontal lines are drawn on
the video frame for centroids.

The angle θ0 is calculated as the video frames are
processed using the proposed method. If the best angle
is recognized by the algorithm, it shows a straight line
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Table 1. Trajectory of different angles for: hprojectile = 1.73m, v0 = 8m/s, l = 4.6m and h = 3.05m

θ tF xF Range xT yT tT vT vF

10 0.75 5.91 0.75 1.1 1.83 0.14 7.87 9.88

20 0.94 7.07 0.94 2.1 2.11 0.28 7.51 9.92

30 1.13 7.83 1.13 2.84 2.55 0.41 6.92 9.9

40 1.32 8.09 1.32 3.19 3.08 0.52 6.12 9.92

50 1.49 7.66 1.49 3.19 3.64 0.62 5.14 9.92

60 1.63 6.52 1.63 2.84 4.18 0.71 4.00 9.9

70 1.74 4.76 1.74 2.11 4.61 0.77 2.73 9.93

80 1.8 2.5 1.8 1.11 4.89 0.8 1.38 9.87

90 1.82 0.00 1.82 0.00 4.99 0.82 0.00 9.85

F– final, T – top
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Fig. 13. Best possible projectile trajectories

and informs the player whether the player have a nice

shooting posture or not. The possible best angles and

corresponding trajectories are represented in Fig. 12. A

real size of backboard which has 3.05 m rim height is

place to the plotting in order to visualize actual success

of the projectile trajectories.

According to Fig. 12, a player with a height of 1.73 m

with an initial velocity of 9.5 m/s has a higher chance for

a successful score in the interval of 38◦ < θ < 60◦. The

trajectory parameters are provided with possible trajec-

tory angles as indicated in Tab. 1.

The algorithm also picks possible best four angle and
concerning projectile trajectories including air drag force
and Kalman filter are plotted in Fig. 13. The detected
best angles are 40◦ , 45◦ , 48◦ , and 51◦ . It is observed
that the air drag force significantly affect the trajectory
of the basketball leading to the successfully score at 51◦ .
If best shooting posture (θbest = 51◦) is evaluated, it can
be seen that the total time of travel is approximately 1.8 s
and the maximum distance towards x-direction (xmax)
from the launch is 5.47 m.

In contrast, when the air force drag is neglected, xmax

becomes 10.76 m. Likewise, the maximum distance to-
wards y -direction (ymax) is 4.5 m with 0.74 s arrival
time. However, when adding the air drag force, the re-
sult turns out to be ymax = 4.17m and arrival time=
0.6353 s. In addition, the velocity without air force drags
at the top and endpoint are 5.97 m/s and 11.16 m/s, re-
spectively whereas adding air force drag changes the ve-
locity at the top and endpoint to 5.29 m/s and 13.31 m/s,
respectively. In other words, the speed to toward y direc-
tion is increasing while the x direction is decreasing. It
should be noted that these results only obtained with
predefined parameter for a human height of 1.73 m with
initial velocity (v0 = 9.5m/s). If the conditions change,
the parameter configuration is required.

4 Conclusion

In basketball, shooting success has particular impor-
tance for youths since it is the most significant factor
for winning the game. Therefore, in this research, an au-
tomatic self-shooting posture recognition and projectile
estimation is developed to increase the score and over-
come the player reluctance related to missing shots. The
proposed method contributes to self-training with differ-
ent ICS-aided approaches such as RGB color channel-
ization, median filtering, and area opening. It also pro-
vides information about the best projectile angle (θ0),
which has a higher chance for a successful score using
constant environmental variables such as player height,
horizontal launch distance to the rim, and acceleration
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due to the gravity g. According to the results, the pro-
posed image segmentation method successfully classifies
the objects(Basketball and Short) and computed the cen-
troids to determine the best player’s posture with angles
40◦ , 45◦ , 48◦ , and 51◦ . After the visualization of projec-
tile trajectories, the best angle is determined as 51◦ and
time-related stats. In future work, this algorithm can be
implemented to a mobile base application to increase the
worldwide players shooting performance.
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