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ABSTRACT Modern sports need a great physical and psychological effort from young athletes to reach
high performance levels. Stature length, leg length, foot length, arm length, hand length, shoulder width, hip
width, chest width and weight are the anthropometric characteristics that affect swimmers’ performances.
This paper introduces new techniques to select promising junior swimmers in Egypt. It develops two
automated algorithms to select junior swimmer depending on their anthropometric measurement. The
first technique uses Canny filter to develop the first algorithm, while the second one uses the Fuzzy
concepts. The proposed algorithmsmake use of the image processing technique to handle the anthropometric
measurements, by detecting the human body feature points automatically from the front and side images.
The 101 feature points extract automatically from 36 human body measurements, while swimming games
needs only 8 body dimensions from these 36 human body measurements. Therefore, the proposed system is
not limited to swimming sports but can also be applied to other sports. Moreover, the experimental results
and the corresponding statistical analysis show the high accuracy and advantages of the proposed algorithms.
The first algorithm improved the results that could have obtained using the well-known fully vision-based
automatic human body method by 22.23%, 15.9%,29.41%, and 27.5%, for stature length, arm length, leg
length, and shoulder width, respectively. Also, it gave the best results for Leg Length, and Shoulder width,
while the second one yielded the best result for Stature Length.

INDEX TERMS Anthropometric measurements, feature extraction, image processing, swimming games,
canny filter, fuzzy algorithms.

I. INTRODUCTION
Biometrics is the measurement and statistical analysis of
physical and physiological characteristics. The main objec-
tive of biometrics is to create registration systems that can
be used in the required application. Biometrics are used in
sports to identify talent, injury risk, optimal performance
characteristic for that individual, estimate readiness, move-
ment analysis, and wearable devices [1]–[3]. On the other
hand, a great conjunction arises in the last two decades
between Artificial Intelligence (AI) algorithms and many
aspects of sport sciences sectors. Fuzzy set theory and its
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principles was used for fuzzy clustering analysis in football
team ranking [4], to build a fuzzy control model of the ping
pong sport [5], to select the athlete candidate that meets the
best performance criteria [6], to help coaches for selecting the
best players to form a proper team, among a group of players,
according to the desired match objectives [7], and evalu-
ation of weight and strength training exercises, and hence
enabling coaches the opportunity to enhance the athletes’
performances [8]. Biometrics and AI are combined as an
identification process to recognize elite players, by measur-
ing physical, physiological, psychological and sociological
attributes as well as technical abilities, either in isolation or in
combination and hence it acts as a filter that chooses people
who have a strong chance for success [9], [10]. The presented
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TABLE 1. The human body dimension.

FIGURE 1. The block diagram of the proposed system.

paper aims to make use of this concept for junior swimming
players.

Swimming sports have been studied from many per-
spectives, such as, anthropometric measurements using
two-dimensional or three-dimensional measurements,

FIGURE 2. The algorithm of the image processing technique.

automatic or manual measurement, and swimmer’s perfor-
mances [26]–[34]. AI techniques have been used for many
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FIGURE 3. Automatic body feature extraction from front and side images.
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FIGURE 4. A part of line segments of head.

FIGURE 5. Body feature points for absolute difference method (marked
with red circle) for front view.

sports, but it needs more attention in swimming sports.
Wherefore, one of the main objectives of the presented article
is the application of some AI techniques for swimming sports
in order to make use of AI advantages. Particularly, canny
filter and a fuzzy algorithm will be used to select promising
junior swimmers. The proposed algorithms are verified using
samples from Egyptian’s children whose ages are around
twelve years old. These algorithms are low-cost, easy used,
and can be implanted in urban and rural areas.

Swimmer’s performance depends on a multifactorial pro-
cess that involves several scientific domains, such as the
anthropometrics [8]–[13], hydrodynamics [14], [15], kine-
matics [16], [17] and energetics [18]–[20]. An important
goal of swimming research is to identify the variables that
predict the performance of young swimmers to enhance their
talent [21]. Several authors [15], [16], [24] have determined
many variables in these domains, that help to predict the
talented swimmers. Anthropometric measurements can man-
ually measure using direct instruments such as calipers and
measuring tapes, but this process can be boring, time con-
suming and some human errors may cause reduced accuracy

FIGURE 6. Body feature points for absolute difference method (marked
with red circle) for side view.

FIGURE 7. Body feature points for dilation method (marked with red
circle) for front view.

of measurement [25]. Image processing-based systems have
the ability of collecting data rapidly without human interven-
tion in a reproducible manner [23] and capable of providing
anthropometric measurements with cost less, more accuracy
and repeatability comparable with the manual anthropomet-
ric measurements [24]. However, camera resolution, camera
calibration, landmark error, and modeling error cause some
errors [25]. Therefore, the presented paper aims to develop
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FIGURE 8. Body feature points for dilation method (marked with red
circle) for side view.

FIGURE 9. Body feature points for erosion method (marked with red
circle) for front view.

more efficient, simple, automated, and low-cost approach that
use anthropometric measurements to select the promising
junior swimmers. For these purposes two algorithms will be
proposed. The first one is a Canny algorithm that uses 2D
images, a front and side view, and then absolute difference

FIGURE 10. Body feature points for erosion method (marked with red
circle) for side view.

method, dilation method and erosion method are used to
detect the human contour. Canny edge detector and Free-
man’s 8-connected chain code are applied after the previous
methods then human feature points are extracted automati-
cally. Finally, the body measurements are calculated by the
three different methods to recommend the best one. For body
weight a digital weight scale is used to store it in a computer.
The second algorithm is modified from the first algorithm by
using fuzzy logic instead of Canny edge detector in that stage.

The motivation of the proposed work is to develop new
techniques to select promising junior swimmers using some
AI approaches. These techniques overcome some gaps in
the previous researches, specially the missing of using AI in
swimming sports, which is one of the main objectives of the
presented article. Usually, AI approaches yield more precis
results than traditional ones. Other objectives are developing
easy-used and low-cost approach that suitable for low-income
countries.

II. RELATED WORK
The successful management in swim training process is
focused in measuring all the relevant skills and charac-
teristics of swimmers that aiming to find the most influ-
ence characteristics to achieve top results [26]. The most
anthropometric measurements that have a large effect on the
swimmer’s performance, and accordingly proper selection of
junior swimmer, are the total lengths of stature, arm, hand,
leg, weight, the normal chest parametric, chest parametric
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TABLE 2. Rules applied in feature identification.
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FIGURE 11. The front and side body measurements.

from maximum inhalation, chest width, shoulder width, and
foot length [27], [28].

The manual measurement of those characteristics is
tedious and may have human errors and therefore it is usu-
ally replaced by an automated, two-dimensional (2D) image
processing technique [29], [30]. Based on these techniques FIGURE 12. The system decision flowchart to select the junior swimmer.
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FIGURE 13. The fuzzy algorithm.

many algorithms have been developed to identify the features
points from 25 body feature points (33 from the front
view and 22 from the side view), 60 human feature points
(38 from the front view and 22 from the side view), or
101 feature points from front and side images (71 from the
front view and 30 from the side view), [32]–[34].

III. METHODOLOGY
A proposed system is designed to select a junior swimmer by
determining the anthropometricmeasurements automatically.
Lengths of stature, leg, foot, arm, hand, width of shoulders,
hip, chest and weight are the anthropometric characteristics
for swimming performance [26]–[28], [35]–[39]. Fig. 1. illus-
trates the block diagram of the proposed system.

The system structure is composed of two subsystems. The
first one is designed to measure and store swimmer weight
automatically using a digital weight scale. The second one
is designed to extract and store human feature points, from
front and side images, using two algorithms. The proper
alignment of the associated points with the coordinates of
the same horizontal height and plumb depth was taken into
consideration [32].

The proposed methodology makes automatic anthropo-
metric measurements from the front and side images for
36 human body dimensions by using 101 feature points,
in addition to weight, as shown in Table 1. The swimming
game needs 8 body dimensions only (the length of stature, leg,
hand, arm food, and width of shoulders, chest, and hip) beside
body weight to select the swimmer. The system obtains the
anthropometric measurements for young swimmers, below
14 years, and compare these measurements with a database
to select the promising junior swimmers. Since this system
yields 36 human body dimensions, then it can also be applied

TABLE 3. The frontal body measurements.

for some other games, that needs more features points than
swimming game.

IV. ANTHROPOMETRIC MEASUREMENTS
The anthropometric measurements for junior swimmers are
divided into body features measurements and body weight
measurement. The computerized image-based approach
replaced the traditional methods, that based on manual mea-
surements, to avoid human errors and to reduce costs [31].
The automatic body features measurements require efficient
approaches to extract feature points frommore detailed infor-
mation [32].

A. DIGITAL PROCESSING TECHNIQUE
The digital processing technique determines and stores young
swimmers’ weights in a computer. The system interfaces a
digital weight scale with the computer.

B. IMAGE PROCESSING TECHNIQUE
The First Algorithm (Canny Algorithm):

The first algorithm, Canny algorithm, of image pro-
cessing technique is illustrated in Fig. 2. This algorithm
extracts the human feature points from a minimum num-
ber of images with front and side views automatically
and obtain approximately the same feature point as shown
in Fig. 3 [34].
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TABLE 4. The side body measurements.

1) PHOTOGRAPHING AND PREPROCESSING
To apply the automatic body feature extraction technique
some precaution must be taken; the subjects are lightly
clothed and wear a headgear to reduce the influences of hair
on the test result. In the frontal view, subjects are stood in
front of a white wall with a standing posture, kept limbs
straight, arms apart from the torso, legs apart from each other,
fingers faced and forced open to the camera. The front and
side images are resized into 309 × 211 pixels and 309 × 84
pixels, respectively.

2) AUTOMATIC SILHOUETTE DETECTION
The two stages that display the silhouette curves of body
shape are human contour, and silhouette extraction.

a: HUMAN CONTOUR
In this phase the following three methods are used to obtain
the best one among them, then this method is used to extract
the shape of human contour.
Method (1): This method determines the absolute differ-

ence between the background and subject images to isolate
the subject and then converted the RGB image to binary one,
as described mathematically by the following equations [34].∣∣∣∣∣∣

Cij (R)

Cij (G)

Cij (B)

∣∣∣∣∣∣ =
∣∣∣∣∣∣
Xij [R]− Yij [R]
Xij [G]− Yij [G]
Xij [B]− Yij [B]

∣∣∣∣∣∣ (i, j) ∈ � (1)

TABLE 5. Anthropometric measurements of high performance junior
swimmers.

where � denote the fields of images, Xij and Yij represent
the RGB color value of the current image pixel (i, j), and the
background pixel (i, j) respectively.

D (ij) = d1xCij [R]+ d2xCij [G]+ d3xCij [B] (2)

where d1, d2 and d3 are the weighted value of Red, Green
and Blue channels, respectively.
Method (2): It converts the subject image to binary one,

creates a stature element, and then applies dilation mor-
phological filter. The dilation of A by B is defined by the
following equation:

A⊕ B = {z| (B) z ∩ A 6= ∅} (3)

where ∅ is the empty set and B is the structuring element. The
dilation of A by B is the set consisting of all the structuring
element origin locations. The reflected and translated B over-
laps at least one element of A.
Method (3): It converts the subject image to binary one

then creates a structure element, and finally applies erosion
morphological filter. The erosion of A by B is defined by:

A	 B = {z| (B) z ⊆ A} (4)

b: SILHOUETTE EXTRACTION
The Canny edge detector [23] is applied to extract single
pixel and closed contour curve that represent a silhouette of
human body. That is depended on a multi-stage algorithm
for edge detection, in addition to a smoothing filter for noise
reduction [41].

3) AUTOMATIC FEATURE POINTS IDENTIFICATION
The feature points along body counter can be detected by
tracing the shape of contour [42]. Freeman’s 8- connected
chain code algorithm is used to encode the shape of human
silhouette [43], [44]. The chain code boundary curve is a
series of connected line segments, as depicted in Fig. 4, start-
ing from the upper left pixel of the image, and then tracing the
silhouette curve clockwise from left to right and from top to
bottom. The feature points will be detected from the adjacent
segments using the specific rules listed in Table 2. This
identification procedure is applied on the outputs of the three
mentioned human contour methods, and hence it provides a
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FIGURE 14. The fuzzy membership function of inputs and output for front and side images.

series of feature points for each method that identified from
the front and side images.

Applying the absolute difference method, a total
of 101 feature points with 71 feature points from the front
view and 30 feature points from the side view can be extracted
automatically as shown in Fig. 5 and Fig. 6., where F refers
to the feature point from the front view and S refers to
refers to the feature point. Using the dilation method, a total
of 78 feature points with 54 feature points from the front view
and 24 feature points from the side view can be extracted
automatically as shown in Fig. 7 and Fig. 8. In case of
applying the erosion method, a total of 75 feature points with
48 from the front view and 27 from the side view can be
extracted automatically as shown in Fig. 9 and Fig. 10. side
view can be extracted. automatically as shown in Fig. 9 and
Fig. 10.

4) AUTOMATIC BODY MEASUREMENTS
The feature points obtained from the front and side images
is used to obtain body dimensions. There are 36 body
dimensions that can be extracted automatically as shown
in Fig. 11 and Table2: 1 for stature, 13 for width, 12 for depth,
8 for heights and 2 for lengths. The 2D image-based body
dimensions are listed in Table 3 and Table 4., and the code in
tables refers to the number above the arrow in Fig. 11.

C. SYSTEM DATABASE
A system is designed to select Egyptian junior swimmers,
so that the system database contains the anthropometric

measurements of 144 high performance junior swimmers in
Egypt [28], [49]. The database consists of stature length,
leg length, hand length, arm length, foot length, shoul-
der width, chest width, hip width, and weight. Princi-
ple component analysis of data clustering showed that the
proper age for ameliorating junior swimmers’ talent should
below 16 years [50]. Our choice coincides with this argu-
ment, since the ages of the selected 144 junior swim-
mers were under 12 years old. The maximum and the
minimum values of the selected anthropometric measure-
ments for the junior swimmer were extracted as shown
in Table5.

D. SYSTEM DECISION
A system is designed in order to be capable to select promis-
ing junior swimmers by comparing the anthropometric mea-
surements of the candidate with that ones in the data base
system. Fig. 12 illustrates this system, where information
is entered from digital processing and image processing
techniques and the decision is achieved according the given
9 features.

E. THE SECOND ALGORITHM (FUZZY ALGORITHM)
The second algorithm is a modification of the first algorithm,
using fuzzy logic instead of canny filter in the edge detection
phase. Fig. 13 illustrates the proposed fuzzy algorithm, which
concerned mainly with the automatic silhouette detection
stage,

VOLUME 9, 2021 89485



M. Moness et al.: Selecting Promising Junior Swimmers in Egypt Using Automated Biometric Algorithms

FIGURE 15. Fuzzy rules.
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FIGURE 16. Steps of fuzzy processing.

FIGURE 17. Average error comparison between the first algorithm and the fully vision-based system.

1) AUTOMATIC SILHOUETTE DETECTION
Principal morphological operations consist two phases that
display the silhouette curves of body shape, namely, human
counter and Silhouette extraction.

a: HUMAN CONTOUR
In this phase the shape of human counter is extracted by
determining the absolute difference between the background
and subject images to isolate the subject and then convert the
RGB image to a gray scale one.

b: SILHOUETTE EXTRACTION
This phase applies the fuzzy image processing edge detector
to extract single pixel and the closed counter curve that rep-
resents a silhouette of human body. Fuzzy image processing
has three main stages: image fuzzification, modification of
membership values and image defuzzification. The image
are transformed from gray-level plane to the membership

plane (fuzzification) and appropriate fuzzy techniques are
used tomodify themembership values. These techniquesmay
be a fuzzy clustering, a fuzzy rule-based approach, or a fuzzy
integration approach and so on [53]–[57].

The gray level presents each pixel in 8-bit that ranged
between 0 and 255. The created fuzzy sets represent each
variable’s intensities. These sets are associated with the lin-
guistic variables (Black, White and Edge). The trapezoidal
membership functions represent inputs and triangular ones
represent outputs, as shown in Fig. 14. The fuzzy rules depend
on the eight neighbours gray level pixel’s weight taht depend
on degrees of blacks or whites. The floating 3 × 3 mask are
used to represent the eight neighbours of each pixel [53].
The 24 rules, that shown in Fig. 15, are used to extract the
silhouette curve.

The first four rules represent the vertical and horizontal
lines around the themask center pixel, if the grays represented
in one line is white and the remains grays are black then
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FIGURE 18. The comparison among average error of the absolute difference method, dilation method and erosion method.

FIGURE 19. Comparison between average error of the canny algorithm and fuzzy algorithm.

the checked pixel represent an edge. The second eight rules
show that if the weights of the six sequential pixels are degree
of blacks and the weights of the remain neighbors are the
degree of whites, then the center pixel represented an edge.
The third four rules depict that if the weights of three corner
pixels are degree of white and the weights of remain pixels
are degree of black, then the center pixel represented an edge.
The remainder eight rules are related to the weight of one half
of neighbour pixels, if it is degree of white and the other is a
degree of black, then the center pixel represented an edge.

From the side of the fuzzy construction, the input grays
range from 0 to 255 gray intensity, and according to the
desired rules the gray level is converted to the values of the

membership functions as shown in Fig.16. The output of the
fuzzy inference systems (FIS) according to the defuzzifica-
tion is presented again to the values from 0- 255 then the
black, white and edge are detected. From the experience of
the tested images, the best result achieved when membership
functions for black variable declared as [0 0 80 100] for front
images and [0 0 75 100] for the side images and for white
variable declared as [95 195 256 256] for front images and
[95180 256 256] for side images.

V. EXPERIMENTAL RESULTS
The implemented experiments in this article used the SONY
Cyber-shot DSC-W710 color digital camera. The camera was
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TABLE 6. Result of the body measurement system from front view using three methods.

TABLE 7. Statistical analysis of body measurements from front view for manual and three mentioned methods.

located at 4.5m distance and 1.1m height from the object,
with white background. The camera was calibrated by the

camera calibration technique [51]. The captured images have
a resolution of 2304 x 1728 pixels, but it was reduced to
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TABLE 8. Result of the body measurement system from side view using three methods.

TABLE 9. Statistical analysis of body measurements from side view for manual and three mentioned methods.

211× 309 pixels and 84× 309 pixels respectively, to reduce
the data processing time.

A. THE CANNY ALGORITHM
Fifteen children aged between 9-10 years were tested, accord-
ing to the eight anthropometric measurements and the mea-
sured weight [26]–[28], [35]–[38]. Tables 6 and 8 show the
differences between manual measurements and the automatic
system measurements, from the front and side images, using

the previously three mentioned methods. Tables 7 and 9 illus-
trate the mean, standard deviation, correlation coefficients,
maximum, and average error between manual measurements
and the image processing methods.

Body measures’, from front view for stature, leg, and foot
lengths, showed that erosion method yielded the best results
for mean value, while absolute difference yielded the best
correlation coefficient, minimum absolute errors and average
errors (Table 7). Results were the same using side view
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FIGURE 20. Average error comparison between the fuzzy algorithm and the fully vision-based automatic human body measurement method.

FIGURE 21. The comparison among canny algorithm, fuzzy algorithm and fully vision-based system.

TABLE 10. The average error comparison between the absolute
difference method and method illustrated in [31].

data (Table 9). A comparison between the average errors of
the image processing methods for all measurements is illus-
trated in Fig. 17., which shows that the absolute difference
method has least average error for the length of stature, arm,
hand, leg and foot and width of shoulders, chest and hip.
Therefore, this method is recommended to be used in the
presented study.

Comparing the average errors of the common anthropo-
metric measurements (stature length, arm length, leg length,

TABLE 11. Anthropometric measurements of high performance junior
swimmers included average error.

foot length and shoulder width), that obtained by using
the first algorithm in the recommended method with the
fully vision-based automatic human body measurement sys-
tem [52], shows that all common anthropometric measure-
ments, except the foot length, have fewer average errors than
the fully vision-based automatic human body measurement
system as illustrated in Fig. 18.

Table 10 illustrated the percentage of enhancement of these
measurements using the proposed method for all features,

VOLUME 9, 2021 89491



M. Moness et al.: Selecting Promising Junior Swimmers in Egypt Using Automated Biometric Algorithms

TABLE 12. Result of the body measurement system from front view using three methods.
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TABLE 13. Result of the body measurement system from side view using three methods and weight.

except foot length. This big difference between the average
errors of the foot length reasoned to the use of special devices
in the fully vision-based automatic human bodymeasurement
system.

Based on tables 7, 9 and 3, Table 11 is obtained
which indicates that applying the first algorithm, 4 junior
swimmers among 15 ones will be promising
ones.
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TABLE 14. The comparison between the fuzzy algorithm and fully vision-based automatic human body measurement method.

B. THE FUZZY ALGORITHM
Tables 12 and 13 show the manual measurements and the
automatic system measurements from the front and side
images of the two algorithms, for the 15 tested junior swim-
mers. They also include statistical analysis in terms of mean,
stander deviation correlation coefficients, average error, and
maximum error. Body measures’ analysis, from front view,
using fuzzy concepts (FIS), yielded little enhancement, based
on mean errors, for shoulder width only; but canny method is
better for widths of chest and hip, and also for lengths of arm
and hand. Canny method is better, based on standard devi-
ation, correlation coefficients, average errors, and minimum
errors, for all these anthropometric characteristics (Table 12).
Body measures’ analysis, from front side view, using FIS
yielded the same results, based on mean errors, as canny
method for all anthropometric characteristics. FIS method
gave little enhanced results, based on average and minimum
errors, correlation coefficients, and standard deviation, more
than canny method (Table 13).

Fig. 19 show a comparison, based on average error,
between the two algorithms. This figure indicates that the
Fuzzy algorithm enhances the average error in the structure
length and foot length.

Table 14 and Fig. 20 show a comparison between the
proposed Fuzzy method and the fully vision based one [52].
It’s evident that the proposed Fuzzy method yielded less
average error for stature length, arm length and leg
length.

Table 15 and Fig. 21 show a comparison between the
Canny algorithm, Fuzzy algorithm and the fully vision-based
automatic human body measurement system.

In light of the results of listed in Table 15, it’s obvious that:
• The Canny algorithm has the best results for leg length,
and shoulder width, and also it has the same result as the
Fuzzy algorithm for arm length.

• The Fuzzy algorithm has the best result only for Stature
Length.

The previous results were obtained using two dimensional
techniques rather than three dimensional one. Moreover,
inexpensive color digital camera was used and the resolu-
tion was reduced to 211 × 309 pixels and 84 × 309 pixels
respectively, instead of 2304× 1728 pixels, to reduce the data
processing time. These factors imposed some limitations on
selection accuracy, but these factors are necessary to achieve
a high-speed and a low-cost approach that is suitable as a

TABLE 15. The comparison among the canny algorithm, the fuzzy
algorithm and the fully vision-based system.

preliminary selection step, and also appropriate for use in
low-income countries.

VI. CONCLUSION
The two proposed algorithms, Canny and Fuzzy algorithms,
built a system that extracts 101 feature points automatically
from front and side images of a human body. These fea-
ture points are capable of measuring 36 body measurements.
Swimming game, that addressed in this paper, needs 8 body
dimensions only from those 36 ones. Thus, the system is not
limited to the swimming sports, but may be applied in many
other sports according to their anthropometric measurements.
The 8 body measurements and weight are used to select the
junior swimmers that meets the best performance criteria
System validation was applied to 15 children whose ages
were around 12 years old.

The Canny algorithm addressed three different methods;
absolute difference, dilation and erosion. The absolute differ-
ence method achieved the best results; therefore, it’s recom-
mended to use it for the two algorithms. The system selected
4 promising junior swimmers from the15 ones. Moreover,
and based on the average errors criteria, the first algorithm
has the ability to enhance the results that has been obtained
using fully vision-based automatic human bodymeasurement
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system by the following percentages: stature length 22.23%,
arm length 15.9%, leg length with 29.41% and shoulder
width 27.5%.

The fuzzy algorithm yielded the best result for Stature
Length, whereas the Canny algorithm gave the best results
for Leg Length, and Shoulder width.

The proposed system, that developed in this paper, opens a
new era in Egypt sports. The presented automated system has
the ability to select juniors’ players who have strong chance to
success. Moreover, it reduces the workload, energy, required
time and cost to reach high player performance.

REFERENCES
[1] M. Kos and I. Kramberger, ‘‘A wearable device and system for movement

and biometric data acquisition for sports applications,’’ IEEE Access,
vol. 5, pp. 6411–6420, 2017.

[2] H.-C. Chang, Y.-L. Hsu, S.-C. Yang, J.-C. Lin, and Z.-H. Wu, ‘‘A wearable
inertial measurement system with complementary filter for gait analysis
of patients with stroke or Parkinson’s disease,’’ IEEE Access, vol. 4,
pp. 8442–8453, 2016.

[3] L.-B. Chen, H.-Y. Li, W.-J. Chang, J.-J. Tang, and K. S.-M. Li, ‘‘WristEye:
Wrist-wearable devices and a system for supporting elderly computer
learners,’’ IEEE Access, vol. 4, pp. 1454–1463, 2016.

[4] W. Zeng and J. Li, ‘‘Fuzzy logic and its application in football team
ranking,’’ Sci. World J., vol. 2014, pp. 1–6, Jun. 2014.

[5] M. Gou, ‘‘Modeling for athletic sports strategies based on fuzzy system,’’
in Fuzzy Information and Engineering (Advances in Intelligent and Soft
Computing), vol. 2 and 62, J. Kacprzyk, Ed. Springer, 2009, pp. 447–455.

[6] S. Karo-Karo, ‘‘A study of fuzzy logic as a decision support system for
determining the best athletes,’’ Int. J. Eng. Technol., vol. 7, nos. 2–13,
pp. 348–351, 2018.

[7] M. Tavana, F. Azizi, F. Azizi, and M. Behzadian, ‘‘A fuzzy inference
system with application to player selection and team formation in multi-
player sports,’’ Sport Manage. Rev., vol. 16, no. 1, pp. 97–110, Feb. 2013.

[8] H. Novatchkov and A. Baca, ‘‘Fuzzy logic in sports: A review and an
illustrative case study in the field of strength training,’’ Int. J. Comput.
Appl., vol. 71, no. 6, pp. 8–14, Jun. 2013.

[9] A. M. Williams and T. Reilly, ‘‘Talent identification and development in
soccer,’’ J. Sports Sci., vol. 18, no. 9, pp. 657–667, Jan. 2000.

[10] A. K. Nigam, ‘‘Talent identification in soccer: A critical analysis of con-
temporary psychological research,’’ Int. Referred Res. J., vol. 2, no. 19,
2010.

[11] E. Lätt, J. Jürimäe, K. Haljaste, A. Cicchella, P. Purge, and T. Jürimäe,
‘‘Longitudinal development of physical and performance parameters dur-
ing biological maturation of young male swimmers,’’ Perceptual Motor
Skills, vol. 108, no. 1, pp. 297–307, Feb. 2009.

[12] N. D. Geladas, G. P. Nassis, and S. Pavlicevic, ‘‘Somatic and physical traits
affecting sprint swimming performance in young swimmers,’’ Int. J. Sports
Med., vol. 26, no. 2, pp. 139–144, Mar. 2005.

[13] P. Duché, G. Falgairette, M. Bedu, G. Lac, A. Robert, and J. Coud-
ert, ‘‘Analysis of performance of prepubertal swimmers assessed from
anthropometric and bio-energetic characteristics,’’ Eur. J. Appl. Physiol.
Occupational Physiol., vol. 66, no. 5, pp. 467–471, 1993.

[14] D. A. Marinho, T. M. Barbosa, M. J. Costa, C. Figueiredo, V. M. Reis,
A. J. Silva, andM. C.Marques, ‘‘Can 8 weeks of training affect active drag
in young swimmers,’’ J. Sports Sci. Med. vol. 9, pp. 71–78, Mar. 2010.

[15] P.-L. Kjendlie and R. K. Stallman, ‘‘Drag characteristics of competi-
tive swimming children and adults,’’ J. Appl. Biomech., vol. 24, no. 1,
pp. 35–42, Feb. 2008.

[16] T. M. Barbosa, M. Costa, D. A. Marinho, J. Coelho, M. Moreira, and
A. J. Silva, ‘‘Modeling the links between young Swimmers’ performance:
Energetic and biomechanic profiles,’’ Pediatric Exerc. Sci., vol. 22, no. 3,
pp. 379–391, Aug. 2010.

[17] J. Jürimäe, K. Haljaste, A. Cicchella, E. Lätt, P. Purge, A. Leppik, and
T. Jürimäe, ‘‘Analysis of swimming performance from physical, physi-
ological, and biomechanical parameters in young swimmers,’’ Pediatric
Exercise Sci., vol. 19, no. 1, pp. 70–81, Feb. 2007.

[18] C. Greco, J. G. Pelarigo, T. R. Figueira, and B. S. Denadai, ‘‘Effects of
gender on stroke rates, critical speed and velocity of a 30-min swim in
young swimmers,’’ J. Sports Sci. Med., vol. 6, pp. 441–447, Dec. 2007.

[19] B. Poujade, C. A. Hautier, and A. Rouard, ‘‘Determinants of the energy
cost of front-crawl swimming in children,’’ Eur. J. Appl. Physiol., vol. 87,
no. 1, pp. 1–6, May 2002.

[20] B. S. Denadai, C. C. Greco, and M. Teixeira, ‘‘Blood lactate response
and critical speed in swimmers aged 10–12 years of different standards,’’
J. Sports Sci., vol. 18, no. 10, pp. 779–784, Jan. 2000.

[21] A. Hohmann and I. Seidel, ‘‘Talent prognosis in young swimmers,’’ in
Biomechanics & Medicine in Swimming XI, P. Kjendlie, R. K. Stallman,
and J. Cabri, Eds. Oslo, Norway: Norwegian School of Sport Science,
2010, pp. 262–264.

[22] E. Latt, J. Jurimae, J. Maestu, P. Purge, R. Ramson, K. Haljaste,
K. Keskinen, F. A. Rodriguez, and T. Jurimae, ‘‘Physiological, biomechan-
ical and anthropometrical predictors of sprint swimming performance in
adolescent swimmers,’’ J. Sports Sci. Med., vol. 9, pp. 398–404, Sep. 2010.

[23] J. Canny, ‘‘A computational approach to edge detection,’’ IEEE Trans.
Pattern Anal. Mach. Intell., vol. PAMI-8, no. 6, pp. 679–698, Nov. 1986.

[24] Y. L. Lin and M. J. Wang, ‘‘Constructing 3D human model from 2D
images,’’ in Proc. IEEE Int. Conf. Ind. Eng. Eng. Manage., Oct. 2010,
pp. 1902–1906.

[25] Y.-L. Lin and M.-J.-J. Wang, ‘‘Constructing 3D human model from front
and side images,’’ Expert Syst. Appl., vol. 39, no. 5, pp. 5012–5018,
Apr. 2012.

[26] A. Popo, ‘‘Model of anthropological characteristics responsible for success
in swimming in young swimmers,’’ J. Acta Kinesioligica, vol. 4, no. 1,
pp. 54–57, 2010.

[27] A. F. Hussain, ‘‘The most important determinants for the selection of basic
specialist beginner in swimming from the viewpoint of specialists,’’ J. Stud.
Res. Spor. Educ., vol. 30, nos. 1818–1503, pp. 65–75, 2011.

[28] A. M. Aly, ‘‘Measurement battery (bodily and physically) for junior swim-
ming stage at region of Middle Upper Egypt under 11 years,’’ M.S. thesis,
Dept. Water Sports, Minia Univ., Minia, Egypt, 2006.

[29] G. Neuez, ‘‘Range camera imaging: From human body measurements to
very large 3D points senses visualization,’’ Ph.D. dissertation, Dept. Sign.
Syst., Chalmers Univ. Tech., Gothenburg, Sweden, 2002.

[30] H. Seo, Y. Yeo, and K. Wohn, ‘‘3D body reconstruction from photos based
on range scan,’’ in Proc. Int. Conf. Technol. E-Learn. Digit. Entertainment.
Berlin, Germany: Springer, 2006, pp. 849–860.

[31] P. Meunier and S. Yin, ‘‘Performance of a 2D image-based anthropometric
measurement and clothing sizing system,’’ Appl. Ergonom., vol. 31, no. 5,
pp. 445–451, Oct. 2000.

[32] Y.-L. Lin and M.-J.-J. Wang, ‘‘Automatic feature extraction from front and
side images,’’ in Proc. IEEE Int. Conf. Ind. Eng. Eng. Manage., Dec. 2008,
pp. 1949–1953.

[33] Y.-L. Lin and M.-J.-J. Wang, ‘‘Automated body feature extraction from 2D
images,’’ Expert Syst. Appl., vol. 38, no. 3, pp. 2585–2591, Mar. 2011.

[34] L. Jiang, J. Yao, B. Li, F. Fang, Q. Zhang, andM. Q.-H. Meng, ‘‘Automatic
body feature extraction from front and side images,’’ J. Softw. Eng. Appl.,
vol. 5, no. 12, pp. 94–100, 2012.

[35] M. N. Aqel and A. H. Al-Moghraby, ‘‘The meaning of contributing
some of anthropometrical and physiological measurements to performance
for young swimmer in Jordan,’’ J. Dirsat, Educ. Sci., vol. 35, no. 2,
pp. 273–290, 2008.

[36] D. Bond, L. Goodson, S. Oxford, A. Nevill, andM. Duncan, ‘‘The associa-
tion between anthropometric variables, functional movement screen scores
and 100 m freestyle swimming performance in youth swimmers,’’ Sports,
vol. 3, no. 1, pp. 1–11, Jan. 2015.

[37] R. Taiar, A. Lodini, A. Rouard, and Y. Toshev, ‘‘Estimation of swimmers
anthropometric parameters and surface area in real swimming conditions,’’
J. Acta Bioeng. Biomech., vol. 7, no. 1, pp. 85–95, 2005.

[38] M. K. Taker andM. Lol, ‘‘Relationship of anthropometric measurement on
the performance of swimmers,’’ Times Int. J. Res., vol. 2, no. 2, pp. 30–38,
2015.

[39] G. K. Stylios, F. Han, and T. R. Wan, ‘‘A remote, on-line 3-D human
measurement and reconstruction approach for virtual wearer trials in
global retailing,’’ Int. J. Clothing Sci. Technol., vol. 13, no. 1, pp. 65–75,
Feb. 2001.

[40] R. C. Gonzalez, R. E. Woods, and S. L. Eddins, Digital Image Processing
Using MATLAB, 2nd ed. Knoxville, TN, USA: Gatesmark Publishing,
2009.

[41] J. Cai and S.Miklavcic, ‘‘Automated extraction of three-dimensional cereal
plant structures from two-dimensional orthographic images,’’ IET Image
Process., vol. 6, no. 6, pp. 687–696, Aug. 2012.

VOLUME 9, 2021 89495



M. Moness et al.: Selecting Promising Junior Swimmers in Egypt Using Automated Biometric Algorithms

[42] J. Arlow, K. Lawrence, and P. Treleaven, Body XML Draft Specification,
document e-T Cluster IST-2000-26084, Bodymetrics and UCL, U.K.,
2001.

[43] Freeman and Davis, ‘‘A corner-finding algorithm for chain-coded
curves,’’ IEEE Trans. Comput., vol. C-26, no. 3, pp. 297–303,
Mar. 1977.

[44] H. Freeman, ‘‘On the encoding of arbitrary geometric con-
figuration,’’ IRE Trans. Electr. Comp., vol. EC-10, no. 2, pp. 264–268,
1961.

[45] Location and Method of Anthropometric Surveys for Garment, docu-
ment GB/T16160-2008 2008.

[46] Garment Construction and Anthropometric Surveys Body Dimensions,
document ISO8559-1989, 1989.

[47] I. Leong, ‘‘A study of automatic anthropometry and construction of com-
puter manikins,’’ M.S. thesis, Dept. Eng. Sci., National Cheng Kung Univ.,
Tainan City, Taiwan, 1992.

[48] Ergonomics-Basic Human Body Measurements for Technological Design,
document JIS Z 8500-2002, 2002.

[49] A. S. A. El-Wahab, ‘‘Norms of swimming junior’s selection in Dakahlia
governorate,’’ M.S. thesis, Dept. Athletic Training, Mansoara Univ., Man-
soura, Egypt, 2008.

[50] A. Leroy, A. Marc, O. Dupas, J. Lionel Rey, and S. Gey, ‘‘Functional
data analysis in sport science: Example of swimmers’ progression curves
clustering,’’ Appl. Sci., vol. 8., no. 10, pp. 1–20, Sep. 2018.

[51] P. S. Herianto and A. Darmawan, ‘‘Development of digital anthropometric
circumferential measurement system based on two dimensional images,’’
in Proc. 11th Asia Pacific Indus. Eng. Manag. Sys. Conf., vol. 74, 2010,
pp. 7–10.

[52] T. Uhm, H. Park, and J.-I. Park, ‘‘Fully vision-based automatic human
body measurement system for apparel application,’’Measurement, vol. 61,
pp. 169–179, Feb. 2015.

[53] A. A. Alshnnaway and A. A. Aly, ‘‘Fuzzy logic technique applied
to extract edge detection in digital images for two dimensional
objects,’’ World Academy Sci. Eng. Technol., vol. 51, pp. 178–186,
Dec. 2009.

[54] A. A. Aly and A. A. Alshnnaway, ‘‘An edge detection and filtering
mechanism of two dimensional digital objects based on fuzzy infer-
ence,’’ in Proc. Int. Conf. Mech. Eng., (ICME), Tokyo, Japan, May 2009,
pp. 247–251.

[55] B.-G. Hu, R. G. Gosine, L. X. Cao, and C. W. de Silva, ‘‘Appli-
cation of a fuzzy classification technique in computer grading of
fish products,’’ IEEE Trans. Fuzzy Syst., vol. 6, no. 1, pp. 144–152,
Feb. 1998.

[56] S. Singh and A. Amin, ‘‘Fuzzy recognition of Chinese characters,’’
in Proc. Irish Mach. Vis. Image Process. Conf. (IMVIP), Sep. 1999,
pp. 1–8.

[57] A. A. Aly, H. Ohuchi, andA. Abo-Ismail, ‘‘Fuzzymodel reference learning
control of 6-axis motion base manipulator,’’ in Proc. 7th IEEE Int. Conf.
Intell. Eng. Syst., Mar. 2003.

MOHAMMED MONESS (Senior Member,
IEEE) received the B.Sc. (Hons.) and M.Sc.
degrees in electronics and communication engi-
neering from Assiut University, Egypt, and the
Ph.D. degree in control engineering from BME,
Budapest, Hungary.

From 1975 to 1985, he worked as a Lecturer
and an Assistant Professor with the Department of
Electrical Engineering, Assiut University. In 1985,
he joined the University of Minia, Egypt, where

he worked as an Associate Professor and a Professor of systems and
control engineering. From 1995 to 2018, he served as the Chairman for the
Department of Computers and Systems Engineering, and the Vice Dean and
the Dean for the Faculty of Engineering, Minia University. On the following
topics, he published over 80 articles. His current research interests include
multivariable systems, evolutionary algorithms, computational intelligence,
and embedded systems.

Dr. Moness is a member of the Engineering Advisor Committee, Supreme
Council of Universities, Egypt.

SHAIMAA KAMAL LOUTFY was graduated from
the Faculty of Engineering Computers and Sys-
tems, Minia University, in 2010. She received the
master’s degree in 2018. She is currently pursuing
the Ph.D. degree with Minia University. She also
works as an Assistant Lecturer with the El Minya
High Institute for Engineering and Technology.

MOHAMMED A. MASSOUD was born in
Alexandria, Egypt, in September 1964. He was
graduated from the Faculty of Engineering Elec-
trical and Electronics, Alexandria University,
in 1987. He received the B.Sc. degree in 1987,
the master’s degree in 1999, and the Ph.D. degree
in 2004, all in electronic engineering. From
1987 to 2004, he worked as a Control Engineer in
Alexandria. Since 2004, he has been working as
a Lecturer and an Associate Professor with Minia

University. He serves as the Head of the Department of Biomedical Engi-
neering, Faculty of Engineering, Minia, Egypt. He published many articles
in biomedical application.

89496 VOLUME 9, 2021


