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Abstract: High and low weight of the foetus at birth can be associated with an
increased risk of neonatal complications. So far, various techniques have been
proposed for estimating birth weight. In the proposed method a powerful
fuzzy-neural classifier is used. The method is evaluated on a set of 40
ultrasonographic foetal data, in which foetuses are at 37 and 38 weeks of
gestation. The features used for classification training and testing are superior
features that have been used by experts in the field for many years, including
the length of the femur, the bicuspid diameter, and the circumference of the
foetal head. The results of the implementation of the proposed method on the
dataset indicate the achievement of 98.96% accuracy, which will be evidence
of its good performance on the new data. The new method can be used to
provide accurate estimates of foetal birth weight.
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1 Introduction

To better control the pregnancy and determine how the foetus is growing and make
appropriate decisions to terminate the pregnancy, especially in high-risk cases, it is
necessary to know the estimated weight of the foetus. Due to the known complications of
incorrect estimation, foetal weight estimation is of particular importance. Sonography is
the best way to estimate foetal weight. Due to disagreements about different foetal weight
estimating methods, the present study was conducted to compare various methods of
estimating foetal weight with different methods. The high perinatal mortality rate is
related to birth weight (BW) and associated problems. It is well known that prenatal
morbidity and mortality increase in foetuses with abnormal BW (Milner and Arezina,
2018).

Pregnant women usually have a foetal weight sonography on the advice of a specialist
or midwife. Yet, it is known that sonography weight estimation of the foetus is not
accurate and cannot accurately predict foetal weight. Therefore, it cannot be a reliable
source for deciding the type of delivery.

Foetal BW can be divided into the following three categories:

e Appropriate for gestational age (AGA): includes infants weighing between 10th and
90th percentiles of gestational age.

e Small for gestational age (SGA): includes infants weighing less than 10th percentile
of gestational age.

e Large for gestational age (LGA): includes infants weighing more than 90th
percentile at gestational age.

e Low birth weight (LBW): is used to describe very small babies at birth.

It should be noted that limiting the potential complications associated with LBW and
overweight foetuses requires accurate estimation of prenatal weight (Ratnasiri et al.,
2018).

So far, several studies have been conducted on estimating the BW of the foetus. For
example, in Pretscher et al. (2020) study, 756 pregnant women with diabetes between
2002 and 2016 were studied. In this study, ten conventional formulas for estimating
foetal weight seven days before delivery were calculated, and the error values of each
were determined by measuring foetal weights. The comparison criteria used in this study
include median absolute percentage errors (MAPEs), mean percentage errors (MPEs),
and the ratio of estimates of the actual weight of the infant at birth.

Mohammadi et al. (2020) were conducted to determine the accuracy of using
ultrasound (US) estimation of twin foetuses using an artificial neural network.



Foetal weight estimation with descriptive statistics and correlation analysis 45

Examinations on 186 healthy singleton foetuses within three days of delivery have been
performed. Three input variables were used to construct the ANN model: abdominal
circumference (AC), abdominal diameter (AD), and biparietal diameter (BPD). Then, a
total of 121 twin foetuses was assessed. The comparison criteria used in this study
include absolute error and absolute percent error. The absolute and percent error between
estimated foetal and actual foetal weight was 261.77 g and 7.81%. Results show that twin
estimation of BW by ultrasound correlates reasonably well with the actual weights of
twin foetuses.

In Kang et al.’s (2021) study, the Johnson equation was used, one of the well-known
methods in estimating foetal weight, the BW, and the estimations of this relationship
were investigated, results of which indicated the appropriate accuracy of the method in
estimating BW.

Rashid’s (2015) study was conducted to determine the accuracy of estimated foetal
weight (EFW) by ultrasound, compared with BW, in Bangladesh. A total of 73 foetuses
were evaluated. Determination of ultrasonographic foetal weights of Hadlock’s method
using the head circumference (HC), femur length (FL), and AC was quite accurate in this
study. Therefore, the formula can be reliably used to estimate foetal weight in the
Bangladeshi population.

In Kadji et al.’s (2020) study, magnetic resonance estimation of foetal weight
(MR-EFW) in the third trimester was performed using foetal weight estimation based on
sonography estimation of foetal weight (US-EFW) and actual BW by evaluating the
factors affecting foetal growth over a long period of time. For this study, two methods,
US-EFW and MR-EFW, were employed for 37 foetuses at an average of 33.0 and 37.7
weeks of gestation and plotted on the conventional BW forecast curve at 3 to 39 weeks of
gestation. To compare the two methods in this study, the criteria of relative and absolute
errors have been used to determine the accuracy of the US-EFW and MR-EFW methods.
Finally, regression analysis has been used to investigate the effect of different variables
on foetal growth during pregnancy. In Aviram et al.’s (2017) study aiming to investigate
the proposed methods in estimating foetal age in pregnancies occurring in the elderly, a
comprehensive evaluation of the various relationships proposed in this area was
presented, and their results were compared with each other. In this study, 7,996 women
and infants were selected from pregnant women with singleton pregnancies, of which
1,618 (about 20.2%) were considered elderly pregnancies. In this study, various
comparison criteria such as sensitivity and specificity and known and widely used error
criteria such as systematic and random errors have been used. In this research, the
proposed methods are divided into six groups, and for each method, the proposed
relationship is suggested in a specific group.

Alfirevic et al.’s (2017) study has shown that Doppler sonography is a useful tool
during and at the end of pregnancy that can be used to monitor the growth of the foetus
during pregnancy to detect growth restriction or macrosomia.

In Heidweiller-Schreurs et al.’s (2018) study, researchers introduced a method for
determining the risk of childbirth using the resistance index (RI) component, which was
based on foetal weight and Doppler sonography.

In McCowan et al.’s (2018) study, Doppler analysis has been used to determine the
foetal weight as a new method with good performance.

Aliyeva and Aydin (2021) suggested that estimating BW with sonography is very
important in the decision-making and management of labour complications. Their study
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investigates the effect of the femur, femur, and clavicular soft tissue thickness on BW
using an innovative formula.

Tuten et al. (2021) conducted a study to evaluate the accuracy of foetal weight
estimation by the latest prenatal sonography measurement in low BW infants (less than
2,500 g). In this article, a total of 1,082 women were evaluated. Demographic and clinical
information of mother and infant and sonography measurements were recorded in the last
week before birth. The accuracy of foetal weight estimation and the affecting parameters
were examined.

Ricchi et al. (2021) used the Johnson equation, a well-known method for foetal
weight estimation, and investigated the BW and the estimated value using this
relationship; the results indicated the appropriate accuracy of the method in estimating
BW.

In Lee et al. (2009), a total of 211 pregnant participants (gestational weeks 28 to 42)
were selected between September 2017 and December 2018 at the Obstetrics and
Gynecology Hospital of Beijing Medical University. The three-dimensional limb volume
method measured high foetal arm and thigh volume. The foetal size was also measured
by two-dimensional sonography. Nine cases were excluded due to incomplete
information or the interval between examination and delivery less than seven days. The
202 participants selected by mechanical sampling were divided into a model group (134
cases, 70%) and a test group (68 cases, 30%). The linear relationship between limb
volume and foetal weight was examined using Pearson (chi-square) test. The prediction
model formula was created using multivariate regression with model group data. Finally,
the accuracy of the model formula was confirmed by grouping data and compared with
traditional formulas (Stirnemann et al., 2017; Plonka et al., 2020) by t-test and residual
analysis. Receptor performance characteristic curves were also calculated for macrosomic
prediction.

In the study (Hiwale et al., 2017), the accuracy of foetal weight estimation and the
affecting parameters were examined. Data were collected from 300 pregnant women in a
tertiary care centre in India. In total, 149 cases were found eligible for the study. The
parameters measured in their study included AC, BPD, FL, and HC for foetal weight
estimation models for the Indian population. Several formulas for estimating foetal
weight were calculated, and the error values were determined by measuring foetal weight.
The comparison criteria used in this study include absolute percentage errors and random
error of the ratio of estimated BW to the actual weight of the infant at birth. It was
observed that the models based on just AC and AC-BPD combinations had statistically
significantly lesser MPE than the models based on all other combinations.

Suzuki et al. (2009) found that ultrasonographic foetal weight estimation accuracy is
lower for twin gestations than singleton gestations, especially for second twins. They
estimated the foetal weight of 103 Japanese twins. Moreover, they compared the clinical
usefulness of two Japanese formulas for foetal weight estimation of Japanese twins with
and without BPD measurements. To compare the two formulas in this study, the criteria
of the absolute error have been used to calculate the accuracy of ultrasonographic foetal
weight estimation between first and second twins. Therefore, the formula without BPD
may be superior in foetal weight estimation in twin pregnancies, especially for non-vertex
second twins.

Sekiguchi et al. (2019) aimed to establish an EFW reference for twin pregnancies in
Japan and compare twins’ growth with singletons. Three hundred sixty-four pregnant
women (190 dichorionic and 174 monochorionic) between 2010 and 2016 were studied.
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In this method, the main exclusion criteria were monoamniotic twins, foetal reduction,
maternal complications, twin-twin transfusion syndrome, congenital foetal anomalies,
and patients with their first visit after 16 weeks gestation. The EFW was measured
longitudinally from 16 to 37 weeks gestation. The posterior predictive distribution using
hierarchical Bayesian models and determined the EFW corresponding to each Z-score
has been calculated. They concluded that the EFW of twins is similar to that of singletons
until the mid-second trimester, gradually becoming lower than that of singletons and
reaching about 90% of that of singletons in the third trimester.

Finally, Talpur et al. (2017) evaluated and compared the foetal BW estimations of
eleven significant relationships, considered one of the most influential studies in this
field.

In this study, automatic recognition of the foetal weight is proposed using statistics
and correlation analysis of descriptive features of the foetus, which can be extracted from
ultrasonic images of the foetus, and a trained fuzzy artmap classifier.

This article starts with an introduction, then explains the basics of the proposed
method, details of the proposed method, and implementation of the proposed method in
the material and methods part. The third part of this paper contains results and discussion
of the proposed method. Finally, in the conclusion section, generalities of the research
will be presented.

2 Material and methods

The presence of foetal incompatibility with the mother’s pelvis is more associated with
an increase in foetal size and is associated with an increase in the rate of instrumental
vaginal delivery and caesarean section for macrosomic foetuses compared to normal
weight foetuses.

Mean BW can be described as a function of gestational age, defined as standard foetal
growth curves for specific populations and races. In general, standard growth curves can
be used for a large population of pregnant women who know the exact date of their
pregnancy, but their predictive limitations have made them less than an ideal tool for
estimating foetal weight in certain patients. In addition, foetal growth curves at both ends
of the foetal weight spectrum have the highest error. Also, in foetuses with growth
restriction or macrosomia, accurate estimation of foetal weight is essential.

Unfortunately, standard foetal growth charts have little value in assessing obvious
abnormalities in foetal weight at birth. Foetal weight increases rapidly after the second
trimester of pregnancy. The normal delivery time is 38 to 42 weeks. During this
four-week interval, 12.7 grams of foetal weight is added daily.

In this research, a new method based on the use of adaptive network-based fuzzy
inference system (ANFIS) is proposed, which this efficient classification method will be
examined in the following.

2.1 Sonography

Sonography is usually used during pregnancy to check the condition inside the mother.
Sound waves pass through the tissues, so that an image can be seen on the screen of the
sonography machine.
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2.2 Adaptive network-based fuzzy inference system

One of the most well-known types of fuzzy artmap networks is the ANFIS. This network
is adaptable and teachable and is quite similar in function to the fuzzy inference system.
For simplicity, we assume that our fuzzy system has two inputs x and y and its output is z.
Now if the rules are as follows:
Rule1:if xis 4 and yis By then fi = pix+q1y+n o
Rule 2 :if xis 4, and y is B, then f, = pox+q,y+n
And if we use the average centres for the non-fuzzy generator, the output will be as
follows:

+ _ _ _ _
ZMZWIﬁ"'WZfZ&t-WI: bl , Wy = w2 (2)
W+ W, W +w, W +w,
Figure 1 ANFIS structure
layer1
The equivalent structure of ANFIS will be as follows:
e Layer 1: In this layer, inputs pass through membership functions.
Ol,l' = /,lAl' (.x), fori= 1, 2
3

01,,' = ,LCBL (x), fori= 3, 4

The membership functions of any function can be a suitable parameter that in most
cases Gaussian functions are selected. Like the general bell-form function:

I — @

X—C;
| R

a;

Which are a set of parameters. The parameters of this layer are known as the initial
parameters.

e Layer 2: The output of this layer is the multiplication of the input signals, which is
actually equivalent to the part of the ‘if” of the rules.



Foetal weight estimation with descriptive statistics and correlation analysis 49

O =w; = udi(x)ubB;i(y),i=1,2 ®)

e Layer 3: The output of this normalised layer is the previous layer:

Os =W =—2—,i=1,2 (6)
w; +wy
e Layer 4:
Osi =W fi =W (pix+qiy+1) ™

e Layer 5: The output of this layer is the total output of the system:

Wi fi

Os; =) Wifi=5— (®)
i i
In this paper, to improve the results, we use an adaptive fuzzy neural network, the various
parts of which are described, known as the Takagi Sugno ANFIS. In this structure, the
neural part is modelled on the human brain system. It provides us with the best possible
modelling of data, and its fuzzy part, with its good flexibility, gives us the ability to
generalise, in other words, brought good performance on new data in the best way.

Several methods have been proposed for fuzzy neural network training, among which
the one-way method and the complete method can be mentioned. In the iterative method,
all training patterns are presented to the network as a sequence and only once, but in the
complete training method, a sequence consisting of all the learning patterns in the
dictionary matrix will be presented to the network and so on. It is repeated so that the
network can classify all the training data correctly, or the network weights and the
number of nodes are no longer changed. In the training process, along with the evaluation
set, the accuracy of the classification is evaluated using a separate dataset after each
training repetition, and this process is repeated until no improvement in the percentage of
classification accuracy is observed. This method of teaching in scientific circles of
machine learning is a well-known method and in related scientific articles, this method
has been used more by researchers than the single-repetition method. This method has
also been used in this article.

2.3 Mutual evaluation of K parts

Different methods are used to evaluate machine learning methods. In this paper, the
method of cross-sectional evaluation of k& for &£ = 10 is used. In this method, the whole
data are divided into k parts and k — 1 part is used for training and the other part is used to
test the trained system.

After presenting the basics of the research, the next section is dedicated to describing
the proposed method.
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2.4 The proposed method

The method proposed in this article consists of several major parts. The first step is the
dataset used in this study. The second part is the feature extraction process and finally the
third part is the classification process.

2.4.1 Collection of data

The dataset used included 40 foetuses, of which 20 were at 37 weeks and 20 at 38 weeks
of gestation. A total of 40 data has been used for this purpose.

Figure 2 Double parietal diameter (see online version for colours)

Figure 3 Round foetal head (see online version for colours)

This collection of data has been collected under the supervision of a gynecologist in the
hospital and maternity hospital located on the Mashhad hospital in Iran during October
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2020 to July 2021. The information in the database is entered under the supervision of a
specialist doctor and by the doctor himself according to the questions of mothers whose
babies have been born.

Figure 4 The length of the femur of the foetus (see online version for colours)

Foetal weight is usually estimated by calculating three components. First, the diameter of
the two parietals or the distance between the two sides of the foetal head is calculated. Of
course, because homogeneous babies may be of different sizes, this data alone cannot be
relied on and is usually calculated around the foetal head. Figure 2 shows the amount of
double parietal diameter for the foetus.

The calculation of the other component, which represents the foetal HC, is shown in
Figure 3.

The length of the femur is the tallest bone in the body and can be different in different
foetuses with different weights, so this component alone cannot be cited. This component
can also be seen in Figure 4.

In the earlier classical methods, the estimate is usually 15% more accurate, meaning
that the foetal weight may be 15% or 15% more than the sonography weight. In this
article, we try to reduce this amount as much as possible.

According to the research background presented in this article, the recorded
components of these embryos include foetal head BPD, foetal HC and foetal femoral
bone length (FL), respectively.

The problem is that this estimate of foetal size is much more accurate in the first half
of pregnancy, but as the foetus grows, which occurs at varying rates in different foetuses,
the accuracy of the sonography depends on the small or medium size of the foetus.
Therefore, it can be concluded that the findings of this article will be of great importance
due to the fact that foetal weight at birth directly affects the type of delivery (normal or
caesarean section).
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2.4.2 Feature extraction

Next, the feature extraction process based on the use of regression is designed. One of the
powerful descriptive statistical components that can be used to well analyse the
correlation between data is the regression model. In statistical models, regression analysis
leads to the determination of the relationship between variables. Regression involves
many techniques for modelling and analysing specific and unique variables, focusing on
the relationship between the dependent variable and one or more independent variables.
Regression analysis, especially helps to understand how the value of the dependent
variable changes with the change of each of the independent variables and with the
stability of the other independent variables.

Regression analysis has been widely used for prediction. Regression analysis has also
been used to identify the relationship between independent and dependent variables and
the shape of these relationships. In special circumstances, this analysis can be used to
infer excellent relationships between independent and dependent variables.

Numerous studies have suggested many techniques for regression analysis. Familiar
methods such as linear regression and least squares, which are parametric, in which the
regression function are estimated under a limited number of unknown parameters from
the data. Non-parametric regression refers to methods that allow regression functions to
fit into a specific set of functions with the possibility of unlimited parameters.

In this paper, multiple linear regression using least squares is used. The number of
extracted properties at this stage is equal to ten properties.

2.4.3 Feature selection

Finally, the fast correlation-based feature reduction (FCBFR) method was used to select
the feature. Eight features have been selected from the mentioned features. In this method
of feature selection, the features that provided the most in-class similarity and the least
inter-class similarity are selected from among the features for the classification process.

2.4.4 Categorisation

The classification process and the relationships governing the classification used in the
research basics section of this article were examined in detail. In this section, we will
suffice to provide the classification specifications. It should be noted that to compare the
proposed method and further study it, the three classifications of neural network, KNN
and finally SVM have also been studied.

3 Results and discussion

To implement the proposed method, MATLAB software version 2020a has been used
and a computer with CPU specifications: 17, RAM: 16 GB, GPU: 4 GB and Windows 10
operating system have been used.

For classification, a neural network classifier with a hidden layer with nine neurons
and the number of replications of the algorithm was used three times. The number of
classes is 9. The neural network is of the forward type. The KNN classifier is used for K
equal to 5 and the SVM classifier with RBF kernel.
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The graph of the accuracy percentage for ten repetitions of the classification process
is as follows. It should be noted that one of the implemented iterations is briefly
presented in Figure 5.

Figure 5 Results for the implementation of the first part (see online version for colours)
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Finally, the final form of summarising all these performances can be seen in Figure 6.

Figure 6 The final results of all performances (see online version for colours)
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By evaluating the diagrams shown in Figures 5 and 6, it is possible to obtain the ANFIS
classifier in terms of the mean and variance, which has shown the best performance
among all classifications. It should be noted that the classification has the best
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performance with the lowest variance and the highest average value in ten executions.
The variance indicates the degree of trust in the proposed method, and the lower it is, the
stronger the guarantee as to how much the classification result can be trusted. The
average rate also provides the user with the average performance of the proposed method.
In Figures 5 and 6, the average is shown with a positive sign.

In Table 1, a comparison of the average accuracy obtained in the proposed method
with the other method can be seen.

Table 1 Comparison of the percentage accuracy of the proposed method with other methods
Suggested method Backup machine vector KNN  Neural network Data
98.96% 96.83% 87.85% 95.76% Test data
99.41% 98.1% 91.22% 98.3% Educational data

4 Conclusions

Diagnosis of foetal weight at birth is one of the most important issues that should be
considered in the process of pregnancy to delivery. This determines whether the delivery
is natural or by caesarean section. For example, if the baby is over 4 kg, the need for
caesarean delivery is examined by a specialist, but less than that does not prevent a
normal delivery. On the other hand, the exact weight of the baby indicates its growth and
the need to use special health care for it after delivery. So far, researchers have proposed
several methods for estimating foetal weight at birth. Each method has its advantages and
disadvantages. The main problem in these studies is that the proposed methods have
gross errors in the third trimester of pregnancy, so in this article you will find an efficient
way to estimate foetal BW using regression and neural fuzzy classification. Let us present
the method proposed in this paper was that 40 data, including 20 data at 37 weeks of
gestation and 20 data related to 38 weeks of gestation of foetal weight at birth were
received and implemented with the help of feature extraction process regression and a
total of ten features for each record was provided. In the next step, with the help of a
neural fuzzy classifier, the classification process was implemented to estimate the foetal
weight, and achieving 98.96% accuracy is a testament to its good performance.
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