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Determining Skinfold Thickness through Artificial Neural Networks

Hidir Selguk NOGAY'!

ABSTRACT: Skinfold thickness values, which are used in many studies to evaluate the nutritional
status of disabled people, are measured by a caliper. The usage of this measurement device in disabled
people, and especially children with autism, is very difficult. The aim of this study is to find a solution to
this problem by using a model that produces high accuracy predictions without needing a caliper. In this
study, an artificial neural network application was realized for the determination of skinfold thickness
in individuals. In order to train the artificial neural network (ANN) model, the body weights, body mass
indexes, waist circumferences, abdomen circumferences, and hip circumferences of 400 children and
adolescents between the ages of 6 and 18 were measured. 138 sets of the data collected from the 400
children and adolescents were selected to be used with the ANN, and a data set was formed. 70% of
this data set (96 in number) was used for the training of the model, 15% (21 in number) was used for
testing the model, and the remaining 15% was used for approving the model. As a result of the study, a
prediction with 97.7% accuracy was obtained, and a highly close relationship between the output of the
artificial neural network and the target was found.
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OZET: Engellilerin beslenme durumlarmi degerlendirmek amaci ile yapilabilecek bir ok arastirmada
kullanilabilen deri kiviim kalinliklar kaliper denilen 6lgii aleti ile olgiilerek elde edilebilmektedir.
Engellilerde, 6zellikle de otizmli ¢ocuklarda bu 6l¢ii aletinin kullanimi oldukga zor olmaktadir. Bu
calismanin amaci; kalipere gerek kalmadan yiiksek dogrulukta tahmin iireten bir model ile bu soruna
¢Ozlim Onerisi bulabilmektir. Bu ¢alismada bireylerde deri kivrim kalinliginin saptanmasi i¢in bir yapay
sinir ag1 uygulamasi gerceklestirilmistir. Olusturulan yapay sinir ag1 modelinin egitilebilmesi i¢in
yaslar1 6-18 y1l arasinda 400 ¢cocuk ve adolesanin viicut agirliklari, beden kitle endeksi, bel ¢evresi, karin
gevresi ve kalga gevresi Olgtimleri alinmigtir. 400 ¢ocuk ve adolesandan alinan verilerin 138 i yapay sinir
aglarinda kullanilmak iizere secilmistir ve veri seti olusturulmustur. Olusturulan bu veri setinin %70 i
(96 adet) modelin egitilmesi i¢in kullanilmig, %15 i1 (21 adet) modelin test edilmesi i¢in kullanilmis
ve geriye kalan %15 1 ise modelin onaylanmas i¢in kullanilmigtir. Arastirmanin sonucunda % 97.7
oraninda bir dogruluga sahip bir tahmin elde edilmis olup yapay sinir agimin ¢ikisi ile hedef arasinda
oldukca yakin bir iligski bulunmaktadir.
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INTRODUCTION

Mental retardation is a condition that is diagnosed
before the age of 18 and is characterized by insufficiency
in successfully implementing daily life skills and mental
function below average (Maity and Gupta, 2010). The
incidence of malnutrition, being overweight, and obesity
are higher in mentally disabled people compared to
healthy individuals (Shabayek, 2004). Regardless, the
number of studies on the subject is low. Anthropometric
measurements are used in the evaluation of nutritional
status. Body mass index, waist to hip ratio, waist
circumference, abdomen circumference, and skinfold
thickness are among the anthropometric methods used
in the evaluation of obesity (Sanjay and Nadgir, 2013).
The negative effects of obesity are related more to
the increase in body fat ratio than body weight. Thus,
the measurement of body fat ratio is a better tool in
identifying risks related to obesity (Seth, 2013). Body fat
ratio can be obtained by bioelectrical impedance analysis
(BIA), dual-energy x-ray absorptiometry (DXA), and
skinfold thickness measurements. Skinfold thickness
and BIA measurements are the most widely used since
measurement with those is faster (Duarte et al., 2014).
Skinfold thickness measurement, which is an important
method in determining body fat ratio, is performed using
a caliper, and the accuracy and reliability of the results
are negatively affected because of compliance issues inn
mentally disabled individuals (Casey, 2013).

Artificial Neural Networking (ANN) is an
information processing technology inspired by the way
the human brain processes information. With ANN, the
working processes of'a simple biological nervous system
are simulated. The simulated neurons tie to each other
in various ways to form the network. These networks
have the capacity to learn, memorize, and display the
relationships between data. Artificial neural networks
are widely used in diagnosis, imaging, identifying
pathologic samples, and clinical pharmacology (Hsich
et al., 2013). The aim of this study is to realize an
artificial neural network application to determine
skinfold thickness in mentally disabled children without
using a caliper.

MATERIAL AND METHOD

The following steps were performed in the
realization of this study:
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1. Measurements

2. Forming the data set

3. Forming, training, and testing the artificial
neural network model

4. Result

Measurements

400 children and adolescents between the ages
of 6 and 18 who applied to the children’s polyclinic
of the Women and Children’s Hospital and agreed to
participate in the study were included in the study.
The body weights, heights, waist circumferences, hip
circumferences, abdomen circumferences, triceps
skinfold thicknesses, and subscapular skinfold
thicknesses of the children were measured. Body weight
was measured with thin clothes and without shoes with
a scale sensitive to = 0.1 kg and height was measured
with feet together and head on a Frankfort plane. Body
mass index was calculated through the formula: weight
(kg)/ height2 (m2). For waist circumference the median
point between the lowest rib and the crista iliac was
found and the circumference passing through this point
was measured. Hip circumference was measured by
taking the highest point. Abdomen circumference was
measured with a tape passing from the belly. Triceps
skinfold thickness was measured with the measurer
standing, the left arm being turned 90°, the median
point between the shoulder and elbow being marked,
the arm being released, going above the elbow through
the epicondyles, holding the fold with the left hand and
using a holtain caliper on the right hand. Subscapular
skinfold thickness was measured by marking the
inferior corner of the left scapula, holding with the left
hand at a 45° angle and using a holtain caliper with the
right hand. The skinfold thickness measurements were
repeated three times and the arithmetic mean was taken.

Forming the data set

A data set in matrix form was formed from the
measurements in order to be used as input and output
data in the ANN model. 138 of the 400 measurements
obtained were selected to be used with the ANN model.
The selection was made according to the learning rate
of the model. The input data matrix to be used in the
ANN model was formed as 5 x 138 and the output data
matrix was formed as 2 x 138. The input data used in
the model were body weight, abdomen circumference,
waist circumference, hip circumference, and body mass
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index. The output data used in the model were triceps
skinfold thickness and subscapular skinfold thickness.
15% of the data set was randomly selected to test the
ANN model. 15% was selected randomly for validation.
The remaining 96 data were put aside for training the
ANN.

The abbreviations used in the model are given
below:

BW : Body Weight

BMI : Body Mass Index

WC : Waist Circumference

AC: Abdominal Circumference

HC: Hip Circumference

TST: Triceps Skinfold Thickness (Output 1)

SST: Subscapularis Skinfold Thickness (Output 2)

Forming, training, and testing the artificial
neural network model

In the study, the architecture of the ANN model
was selected to be the feed forward ANN model,
which is the most widely used in prediction problems.
Three layers were used in this model. These layers are
the input layer, the hidden layer, and the output layer.
The architecture of the ANN model used in the study
is shown in Figure 1. The number of neurons used in
the hidden layer is 10. There is no definitive rule in the

literature on the selection of the number of neurons in
the hidden layer (DeLurgio, 1998). In the study, the
number of neurons in the hidden layer when the ANN
model gave predictions with high enough accuracy
was taken into consideration. No change in the results
was seen with higher numbers of neurons in the hidden
layer, so no need was seen to increase the number
(Hagan et al., 1996). The ANN model was formed
using the MATLAB and NFTOOL package programs.
The activation function used in the ANN model was
a hyperbolic tangent sigmoid activation function. The
data set was normalized between the [+1. -1] interval.
70% of the data set was used for training the program
(96 in number). A Back propagation learning algorithm
was used in training the ANN model. After the model
was trained, 15% (21 in number) of the data set was
used for testing and the remaining 15% was used for
validation

The ANN model was trained for 11 iterations. The
training continued until the error was stable, and was
ended when the error didn’t change. For testing, 21 data
randomly selected from the 138 data were given to the
ANN model and outputs were calculated. The linear
approach curve between the output of the model and
the target was formed. The test data selected for testing,
indices, and outputs are given in Table 2.
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Fig.1. Architecture of ANN model
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RESULTS 1. The approach coefficients (R) of the ANN model

The results obtained from the ANN model used in ~ found after the training, test, and validation steps were
the study are given below: given in Table 1.

Table 1. ANN results

Samples MSE (Mean Squar Error) R (Regression)
Training 96 1.28522 0.97139
Validation 21 1.53126 0.97681
Testing 21 1.42011 0.97743

2. The performance curve of the ANN model is  of the process, and the best performance is understood
shown in Figure 2. This curve only includes 11 iterations  from the validation curve to be obtained in iteration 5.

Best Validation Performance is 1.5313 atepoch 5
10 '

Train
Validation
Test

Mean Squared Error (mse)

0 1 2 3 4 5 6 7 8 9 10 11
11 Epochs

Fig. 2 Performance of the ANN model

3. According to the training, test and validation = According to this error histogram, areas where error is
results of the ANN model, the errors obtained by  close to zero include almost all of the data
subtracting targets and outputs are given in Figure 3.
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Fig. 3 Error histogram of the ANN model

4. The approach curve between the target and the  in Figure 4. The test data used in forming this curve
output obtained after testing the ANN model are shown  number 21. The obtained approach coefficient is 0.977.

Test: R=0.97743

O Data

Output ~=0.92*Target + 1

Fig. 4 Regression curve of testing
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5. The numeric results of the test and the Figure 6. The graphical relationship between the
placement of test data used in the model are given in  first output of the two output model and its first target
Table 2. can be seen in Figure 5. The graphical relationship

The graphs obtained from the numeric results of  between the second output of the two output model and
the test are shown in Figure 5 and its second target can be seen in Figure 6.
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Fig. 5. Comparison of the outputl and targetl
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Fig.6. Comparison of the output 2 and target 2
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CONCLUSIONS

When the numerical and graphical results obtained
from the ANN model used in the study are evaluated,
the following statements can be made:

1. The approach coefficient found after testing the
ANN model in Table 1 being close to 1 as 0.974 shows
that the model produced a very successful prediction.
Measuring skinfold thickness in disable individuals
can sometimes be hard because of compliance issues.
It is understood that skinfold thickness, which is a very
valuable measurement in determining nutritional status
in disabled individuals and especially autistic children,
can be measured with high accuracy using an ANN
model.

2. When the performance curve of the ANN model
in Figure 2 is examined, the error can be seen to not
change and be very low after iteration 11. It is seen from
the performance curve that the ANN model was trained

Table 2. Testing data results

Determining Skinfold Thickness through Artificial Neural Networks

with high accuracy and that gene test and validation
rates are very close to one. When it is considered that
the squared median error from the performance curve is
also very low, it can be seen that the ANN model made
a very successful prediction.

3. When the error histogram in Figure 3 is
examined, it can be seen that for most of the data, error
is very close to zero, which is very important regarding
the success of the ANN model.

4. When the approach curve in Figure 4 obtained
from testing the ANN model is examined, the curve can
be seen to be very compliant. This is important with
regard to the success of the ANN model

5. When the test data outputs in Table 2 are
compared to the targets, they can be seen to be very
close. This is important in numerically solidifying the
success of the ANN model.

Data Number Indices Output 1 Target 1 Output 2 Target 2
1 3 15.47 14.00 10.79 12.00
2 10 18.90 19.00 13.90 16.00
3 13 14.37 14.50 9.83 11.00
4 23 16.96 18.00 11.27 12.00
5 42 13.46 15.00 9.47 11.00
6 44 15.88 17.00 10.51 12.00
7 46 8.55 8.00 4.97 4.50
8 50 11.34 9.50 6.32 6.50
9 54 13.04 11.00 6.61 6.10
10 60 7.96 9.00 4.97 5.20
11 65 12.27 10.50 6.35 5.50
12 69 6.90 6.00 4.99 5.00
13 81 15.49 16.00 10.13 8.00
14 82 18.07 17.00 12.68 12.00
15 86 17.91 16.50 12.75 13.00
16 95 16.78 18.00 11.49 11.00
17 96 25.95 29.00 26.20 27.00
18 101 22.38 21.00 18.02 17.00
19 119 17.50 19.00 12.31 12.00
20 134 17.39 16.50 11.78 12.00
21 135 20.73 21.00 15.08 15.00
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6. When the comparison graphs in Figure 5 and
Figure 6 are examined, the great amount in which
those overlap can be seen. The ANN model can thus
be understood to have made successful and appropriate
predictions according to those graphs.
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