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Down syndrome (DS) is the most common genetic condition in the world and its early 

detection during the pregnancy has significant role for further assessments. Early 

intervention for infants and children with DS can make a major difference in improving their 

quality of life. This paper proposes an intelligent method for detection of Down syndrome 

in fetuses using ultrasound images and convolutional neural networks (ConvNet). 

Ultrasonography is a non-invasive way to diagnose DS. The important features in 

ultrasonography are Nuchal translucency, nasal bone, fetal heart rate, FMF angle, etc. Unlike 

the traditional methods, the proposed method doesn’t need for any feature extraction. In the 

proposed method, ConvNet extract new effective feature automatically from ultrasound 

images. Also, particle swarm optimization (PSO) algorithm is used for optimal selection of 

ConvNet structure such as number of convolutional layers, number of pooling layers, 

learning rate and so on. The proposed method tested on Wisconsin University midwifery 

clinic and the obtained results showed that the proposed method has excellent performance 

in DS detection. 

 

1. Introduction 

Down syndrome is a condition in which a child is born with 

an extra copy of their 21st chromosome. Hence its other 

name is trisomy 21. Down syndrome is the most common 

Autosomal chromosome abnormality which occurs once in 

every 800-1000 infants [1]. Down syndrome can be analyzed 

at the earliest stage with the Nuchal translucency test. Down 

syndrome causes physical and mental developmental delays 

and disabilities. Many of the disabilities are lifelong, and 

they can also shorten life expectancy. However, people with 

Down syndrome can live healthy and fulfilling lives. Recent 

medical advances, as well as cultural and institutional 

support for people with Down syndrome and their families, 

provides many opportunities to help overcome the 

challenges of this condition [2, 3]. 

Screening test for Down syndrome consists of Blood test 

based methods and Ultrasonography-based methods. The 

blood test is performed in the first trimester to measure the 

proteins produced by Placenta Beta, HCG, and PAPP-A [4] 

and in the second trimester for triple and quadruple measures 

and AFP (alpha-fetoprotein) test. This will help to access the 

risk that the fetus is having any chromosomal abnormality. 

This blood test is no way harmful to the fetus. Unlike X-rays, 

gamma rays which cause radiation to the human body, 
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medical ultrasound, also known as diagnostic sonography is 

the safest imaging technique with no side effects [5]. 

In recent years, extensive research have been done for 

early detection of Down syndrome using different tools. 

Conventionally, amniotic fluid cell culture and karyotype 

analysis have been widely used for prenatal diagnosis of 

Down's syndrome [6]. However, this method is time-

consuming, usually taking over two weeks or longer to get 

results. In addition, amniotic fluid cell culture has a high rate 

of failure that limits its application in clinical diagnosis of 

Down's syndrome. Fluorescence in situ hybridization (FISH) 

is also used for prenatal diagnosis of Down's syndrome 

without the need of a cell culture. The FISH diagnosis results 

can be obtained within 24 h [7, 8]. However, FISH is 

cumbersome and labor-intensive, and requires extensive 

technical expertise. These drawbacks have limited its 

application for a large amount of clinical samples. Therefore, 

novel methods for rapid prenatal diagnosis of Down's 

syndrome with convenience, rapid and low labor intensity 

are needed. 

With the rapid development of molecular biology and 

genome biology, a number of molecular approaches have 

been developed for the rapid identification of aneuploidy. 

Among these novel molecular approaches, quantitative 

fluorescent polymerase chain reaction (QFPCR) and 

https://americanpregnancy.org/birth-defects/
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multiplex ligation-dependent probe amplification (MLPA) 

were widely used in clinic diagnosis of genetic diseases 

caused by aneuploidy. These two approaches are highly 

accurate and robust, and allow processing of 96 samples at 

once in an automated system, with results being available in 

less than 48 h. However, both approaches are required to 

determine the fragment length of PCR products. The high 

cost of instruments and reagents of capillary electrophoresis 

limits the wide application of QF-PCR and MLPA in 

prenatal diagnosis of Down's syndrome [9- 11]. 

Quantitative real-time PCR (qPCR) does not require 

post-PCR steps or electrophoresis in the diagnosis of 

aneuploidy. The experiment is rapid and easy to conduct. It 

can be done automatically and the data are directly extracted 

from the real-time PCR machine, reducing the impact of 

subjective factors. The diagnosis results can be available 

within 3 h. In addition, dozens of specimens can be analyzed 

at the same time, which allows the test to be used in large-

scale prenatal and neonatal screenings. The DSCR3 gene on 

chromosome 21 and the GAPDH gene on chromosome 12 

are used in qPCR assay for relative quantification of gene 

copy number for the detection of Down's syndrome [12]. In 

this qPCR assay, two sets of primers were used to amplify 

two different fragments on the DSCR3 and GAPDH genes. 

Slight changes of annealing temperature or quality of 

template DNA can cause false negative or false positive 

results [13]. Therefore, selection of appropriate primers for 

consistent amplification efficiency is critically important for 

the sensitivity and specificity of aneuploidy identification. 

According to the previous researches for automatic 

recognition of DS, there are two main aspects that should be 

considered during the design of recognizer. One of these 

issues is the feature extraction and feature selection. Based 

on the investigated papers, it is witnessed that using new 

features as the input of classifier have led to better 

performance. Another issue is related to the type of classifier. 

In most studies, ANN, SVM, and ANFIS are used as the 

classifier. The most common and useful training algorithm 

for ANNs is the BP algorithm, that uses gradient information 

for finding the unknown weights and biases. Gradient-based 

algorithms easily get trapped in local minima notably for 

nonlinear and complicated pattern recognition problems. In 

addition, the convergence speed of gradient-based 

algorithms is very low even for simple pattern recognition 

problems. Also, there is not any standardized approach to 

choose the neural network’s architecture. Generally, it is 

required to obtain this architecture empirically, which is a 

time-consuming process [14- 17]. About the SVM, its 

accuracy is dependent on the selection of the kernel function 

and other parameters such as slack variables, cost parameter, 

and the margin of the hyperplane. There is a direct 

relationship between the failure in finding the optimal 

settings for an SVM model and its recognition accuracy. The 

computational cost of the SVM is another barrier [18- 22]. 

About the fuzzy systems, the error rate of fuzzy systems is 

high as they suffer from the necessity of large training data 

set and problems of random initial cluster center selection 

[23].  

All the presented methods for DS recognition so far, 

demand the signal preprocessing, handcrafted features 

extraction and feature selection. The conventional 

techniques have acceptable performance, but they are very 

complicated and have several modules. In these systems, 

features are usually chosen using the trial-and-error or even 

by the experience. Therefore, we applied a convolutional 

neural network (ConvNet) in this paper to overwhelm the 

possible problems while using the traditional methods and 

also to acquire better detection accuracy without using any 

handcrafted feature extraction, feature selection features. In 

the proposed method, the particle swarm optimization (PSO) 

algorithm is used for optimal tuning of ConvNet parameters. 

The rest of this paper is established as follows: Section 2 

represents ConvNet. Part 3 is about the optimization 

algorithm. In part 4, we presented the proposed method. 

Section 5, is the simulation results, and finally, part 6 is the 

conclusion.  

2. ConvNet  

The ConvNets are one of the newly introduced and useful 

machine learning tools which have excellent performance in 

different applications like pattern recognition and fault 

detection. A ConvNet consists of three sorts of main layers, 

containing pooling layer (Pool), convolutional layer 

(CONV), and fully-connected layer. The main structure of 

the ConvNet is shown in Figure 2. The ConvNet in Figure 2 

has one CONV layer, one Pool layer, and one fully connected 

layer. The number of CONV and Pool layers or hidden layers 

can be more than one. The user should select the optimal 

number of hidden layers.  

In CONV layer, some convolution kernels have been 

utilized to calculate new feature maps [24]. The value of each 

feature at the location (𝑖, 𝑗) in the k-th feature map of the l-

th  layer, 𝑧𝑖,𝑗,𝑘
𝑙  is given as Eq. (1) 

𝑧𝑖,𝑗,𝑘
𝑙 = 𝑊𝑘 

𝑙𝑇
𝑋𝑖,𝑗

𝑙 + 𝑏𝑘
𝑙  (1) 

In Eq. (1), 𝑊𝑘 
𝑙  represent the weight vector and 𝑏𝑘

𝑙  denotes 

the bias term of the k-th filter of the l-th layer, and 𝑋𝑖,𝑗
𝑙  shows 

the input patch centered at the position (𝑡ℎ𝑒 𝑖, 𝑗) of the l-th 

layer. The activation value  𝑎𝑖,𝑗,𝑘
𝑙  of convolutional feature 

𝑧𝑖,𝑗,𝑘
𝑙   is given by Eq. (2) 

𝑎𝑖,𝑗,𝑘
𝑙 = 𝑎(𝑧𝑖,𝑗,𝑘

𝑙 ) (2) 

where 𝑎(. ) is the activation function with the nonlinearity 

characteristic. Among several activation function types, the 

Rectified Linear Unit (ReLU) is one of the most effective 

and well-known activation function which can be defined as 

Eq. (3) 

𝑎𝑖,𝑗,𝑘
𝑙 = max(𝑧𝑖 ,𝑗,𝑘

𝑙  , 0) (3) 

 
Figure 1. The main structure of the ConvNet  

https://www.thesaurus.com/browse/standardized
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A possible drawback of the ReLU activation function is 

that, whenever the unit is not active, it has zero gradients . 

Consequently, the training process will be slow because of 

the constant zero gradients. In [25] a new model of activation 

function called Exponential Linear Unit (ELU) is proposed 

to allow the faster learning procedure of ConvNet which 

results in better performance. Similar to ReLU, in ELU the 

vanishing gradient problem can be prevented properly by 

tuning the positive part of identity. Unlike the ReLU, there 

is a negative part in ELU to make the learning process fast. 

To lessen the units’ variation while deactivated and make a 

robust ELU against noise, it is required to apply a saturation 

function as the negative part besides the unsaturated negative 

parts. The ELU is given by Eq. (4) 

𝑎𝑖,𝑗,𝑘
𝑙 = max(𝑧𝑖 ,𝑗,𝑘

𝑙  , 0) + min(λ(𝑒𝑧𝑖,𝑗,𝑘 − 1), 0) (4) 

 

In this equation, λ is a free parameter that controls the 

saturation of ELU for negative inputs. Considering the 

advantages of the ELU activation function, the ELU has used 

in the proposed method for CCPs recognition.  

Shift-invariance in the pooling layer can be acquired 

using diminishing the feature maps resolution. The Pooling 

layer lies between two CONV layers. The pooling function 

can be symbolized as 𝑝𝑜𝑜𝑙 (. ), for each feature map 𝑎𝑖,𝑗,𝑘
𝑙  

which is given as Eq. (5) 

y𝑖,𝑗,𝑘
𝑙 = pool (𝑎𝑚 ,𝑛,𝑘

𝑙  ), ∀(𝑚, 𝑛) ∈ 𝑅𝑖𝑗 (5) 

In Eq. (5), 𝑅𝑖𝑗 is a local neighborhood around the location 

(𝑖, 𝑗). The common pooling operations are L2-norm pooling, 

average pooling and, max pooling. After one or more hidden 

layer including CONV/Pool layers, there are fully connected 

and an output layer. The fully connected layer takes the 

extracted features by hidden layers and make a linear 

relationship between these new inputs and targets. Softmax 

is a popular used operator, especially for pattern recognition 

problems. Minimizing a suitable loss function which is 

defined on a particular task, makes it possible to get its 

optimum parameters(𝜃). If there exists N input-output 

relations {(𝑥(𝑛), 𝑦(𝑛)); 𝑛 ∈ [1,2, … , 𝑁]}, where 𝑥(𝑛) is the 

𝑛 − th input data, 𝑦(𝑛) is its target label correspondingly and 

𝑜(𝑛)is the output of ConvNet. The loss of ConvNet can be 

stated as Eq. (6) 

ℓ = 1/𝑁 ∑ ℓ (𝜃: 𝑦(𝑛) , 𝑜(𝑛))

𝑁

𝑛−1

 (6) 

The training of ConvNet is a nonlinear and complicated 

optimization problem. To get the best fitting set of the 

parameters including the weights and biases, we should 

minimize the loss function. The common solution for 

optimizing the ConvNet network is Stochastic gradient 

descent [25]. 

3. PSO 

In the few past decades, nature-based optimization 

algorithms have been applied for different engineering 

problems [26- 32]. One of the most effective algorithms is 

PSO. The basic operational principle of the particle swarm is 

reminiscent of the behavior of a group, for example, a flock 

of birds or school of fish, or the social behavior of a group of 

people. Each individual flies in the search space with a 

velocity which is dynamically adjusted according to its own 

flying experience and its companions' flying experience, 

instead of using evolutionary operators to manipulate the 

individuals like in other evolutionary computational 

algorithms. Each individual is considered as a volume-less 

particle (a point) in the N-dimensional search space. At time 

step t, the ith particle is represented as: 𝑋𝑖  (𝑡) =

 (𝑥𝑖1 (𝑡) , 𝑥𝑖2 (𝑡), … , 𝑥𝑖𝑁(𝑡)).The set of positions of m 

particles in a multidimensional space is identified as 𝑋 =

 {𝑋𝑙 , … , 𝑋𝑗 , … , 𝑋𝑖 , … , 𝑋𝑚}.The best previous position (the 

position giving the best fitness value) of the ith particle is 

recorded and represented as 𝑃𝑖  (𝑡) =  (𝑃𝑖1  , 𝑃𝑖2 , … , 𝑃𝑖𝑁). 

The index of the best particle among all the particles in the 

population (global model) is represented by the symbol g. 

The index of the best particle among all the particles in a 

defined topological neighborhood (local model) is 

represented by the index subscript 𝑙. The rate of movement 

of the position (velocity) for particle 𝑖 at the time step 𝑡 is 

represented as 𝑉𝑖  (𝑡) =  (𝑉𝑖1 (𝑡) , 𝑉𝑖2 (𝑡), … , 𝑉𝑖𝑁(𝑡)).The 

particle variables are manipulated according to the Eq. (7) 

(global model [33]): 

𝑉𝑖𝑛 (𝑡) =  𝑊𝑖 ∗  𝑉𝑖𝑛 (𝑡 − 1) + 𝐶1 ∗ 𝑟𝑎𝑛𝑑1 (. )

∗ (𝑃𝑖𝑛 − 𝑋𝑖𝑛 (𝑡 − 1)) + 𝐶2  

∗ 𝑟𝑎𝑛𝑑2 (. ) ∗ (𝑃𝑔𝑛 −  𝑋𝑖𝑛(𝑡 − 1)) 

𝑋𝑖𝑛(𝑡) =  𝑋𝑖𝑛 (𝑡 − 1) +  𝑉𝑖𝑛 (𝑡) 

(7) 

where n is the dimension . (1 ≤ 𝑛 ≤ 𝑁), 𝐶1and 𝐶2 are 

positive constants, 𝑟𝑎𝑛𝑑1 (. ) and 𝑟𝑎𝑛𝑑2 (. ) are two random 

functions in the range [0,1], and  𝑊 is the inertia weight. For 

the neighborhood (𝑙𝑏𝑒𝑠𝑡) model, the only change is to 

substitute 𝑃𝑙𝑛 for  𝑃𝑔𝑛 in the equation for velocity. This 

equation in the global model is used to calculate a particle's 

new velocity according to its previous velocity and the 

distance of its current position from its own best experience  
(𝑝𝑏𝑒𝑠𝑡)and the group's best experience(𝑔𝑏𝑒𝑠𝑡). The local 

model calculation is identical, except that the neighborhood's 

best experience is used instead of the group's best 

experience. Particle swarm optimization has been used for 

approaches that can be used across a wide range of 

applications, as well as for specific applications focused on 

a specific requirement. Its attractiveness over many other 

optimization algorithms relies in its relative simplicity 

because only a few parameters need to be adjusted. 

4. Proposed Method 

The current procedure assumes that the ultrasound image 

is recorded that it is interpreted by a human expert. 

Obviously, this suffers from the human error and error with 

visual inspection, which may further be enhanced by poor 

quality of the images. This paper proposes an intelligent 

system based on combination of ConvNet and PSO for Down 

Syndrome diagnosis. The ConvNet has performed relatively 

well on image processing and pattern recognition. The 

proposed method includes two main modules: classifier 

module and optimization module. In the classifier module, 

ConvNet is used as the main classifier. 

In the proposed method, the raw data is fed to ConvNet 

layer to extract new features. The features extracted from the 
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convolution and pooling process were broken down into 

sequential components and fed to the fully connected layer 

for caries recognition. There are many parameters and hyper-

parameters that affect the network's performance 

significantly. The amount of unknown parameters will 

increase dramatically with the increase of hidden layer 

numbers and there are no systematic way to find the optimal 

value of these unknown parameters and hyper-parameters. 

To overcome this problem, we have proposed an intelligent 

method based on PSO to find the optimal architecture of the 

CNN. The main structure of the proposed method is shown 

in Figure 2. 

 

 
Figure 2. The main structure of the proposed system  

One of the key issues in evaluating the performance of a 

classification approach is the capability of correct 

classification of new examples. The classification 

performance of two class problems can be interpreted in a 

confusion matrix as shown in Table 1.  

Table 1. Confusion matrix 
Data class Classified as 

positive 

Classified as 

negative 

Positive 

Negative 

TP 

FP 

FN 

TN 

 

The entries in the confusion matrix have the following 

meaning in the context of our study: 

TP is the number of correct predictions that an instance 

is positive.  

FN is the number of incorrect predictions that an instance 

is negative. 

FP is the number of incorrect predictions that an instance 

positive. 

TN is the number of correct predictions that an instance 

is negative. 

The most commonly used measure to evaluate the 

performance of a classifier is recognition accuracy (RA) rate. 

The RA is the proportion of the total number of predictions 

that were correct to all samples as defined by the Eq. (8) 

 

RA =  
TP + TN

TP + FN + FP + TN
× 100                                       (8) 

5. Simulation Result 

In this section the performance of the proposed method 

is investigated. The computational experiments for this 

section were done on Intel core i7 with 32 GB RAM using 

ASUS computer. The proposed method tested on Wisconsin 

University midwifery clinic. This dataset contains 300 

images which 171 of them are related to DS and the 129 

samples are related to normal fetuses. In this study, 40% of 

data were used in order for training the classifiers and the rest 

for testing. All the mentioned results in this paper is the 

average of 50 independent runs.  

5.1. Performance of the Conventional ConvNet 

In this experiment, the effect of parameters and hyper-

parameters on ConvNet performance is investigated. For this 

purpose, several ConvNet with different architecture have 

been built and the obtained results are listed in Table 2. It can 

be seen that the ConvNet with three hidden layer and Max 

Pooling functions in POOL layer has the best recognition 

accuracy. Based on Table 2 we can conclude that the 

architecture of ConvNet has high effect on its accuracy and 

its robustness. The value of standard deviation (SD) for 

different architectures are listed in the table. In order to 

indicate the details of the recognition for each pattern, the 

confusion matrix of recognizer is shown by Table 3. 

 

Table 3. Confusion matrix of conventional ConvNet for 

the best obtained result 

 Normal DS 

Normal 82 2 

DS 2 92 

 

 

 

Table 2. Evaluation of CNN with different architecures 

 

NHL 𝑎 TPL Hyper-parameters RA (%) SD 

1 0.01 Max 𝐾1𝐶 = 10, 𝐹1𝐶 = 4, 𝑆1𝐶 = 1, 𝑃1𝐶 = 1, 𝐹1𝑃 = 5, 𝑆1𝐶 = 1 88.75 ±1.19 

1 0.005 Max 𝐾1𝐶 = 10, 𝐹1𝐶 = 4, 𝑆1𝐶 = 1, 𝑃1𝐶 = 1, 𝐹1𝑃 = 5, 𝑆1𝐶 = 1 91.25 ±1.14 

2 0.005 Max 𝐾1𝐶 = 10, 𝐹1𝐶 = 4, 𝑆1𝐶 = 1, 𝑃1𝐶 = 1, 𝐹1𝑃 = 5, 𝑆1𝐶 = 1 

𝐾2𝐶 = 12, 𝐹2𝐶 = 3, 𝑆2𝐶 = 1, 𝑃2𝐶 = 1, 𝐹2𝑃 = 3, 𝑆2𝐶 = 1 

96.31 ±0.81 

2 0.005 average 𝐾1𝐶 = 10, 𝐹1𝐶 = 4, 𝑆1𝐶 = 1, 𝑃1𝐶 = 1, 𝐹1𝑃 = 5, 𝑆1𝐶 = 1 

𝐾2𝐶 = 14, 𝐹2𝐶 = 3, 𝑆2𝐶 = 1, 𝑃2𝐶 = 2, 𝐹2𝑃 = 2, 𝑆2𝐶 = 1 

96.18 ±0.87 

3 0.005 Max 𝐾1𝐶 = 10, 𝐹1𝐶 = 4, 𝑆1𝐶 = 1, 𝑃1𝐶 = 1, 𝐹1𝑃 = 5, 𝑆1𝐶 = 1 

𝐾2𝐶 = 12, 𝐹2𝐶 = 3, 𝑆2𝐶 = 1, 𝑃2𝐶 = 1, 𝐹2𝑃 = 3, 𝑆2𝐶 = 1 

𝐾3𝐶 = 18, 𝐹3𝐶 = 3, 𝑆3𝐶 = 1, 𝑃3𝐶 = 1, 𝐹3𝑃 = 3, 𝑆3𝐶 = 1 

97.18 ±0.49 

3 0.005 L2-norm 𝐾1𝐶 = 10, 𝐹1𝐶 = 4, 𝑆1𝐶 = 1, 𝑃1𝐶 = 1, 𝐹1𝑃 = 5, 𝑆1𝐶 = 1 

𝐾2𝐶 = 14, 𝐹2𝐶 = 3, 𝑆2𝐶 = 2, 𝑃2𝐶 = 2, 𝐹2𝑃 = 2, 𝑆2𝐶 = 1 

𝐾3𝐶 = 24, 𝐹3𝐶 = 3, 𝑆3𝐶 = 1, 𝑃3𝐶 = 1, 𝐹3𝑃 = 3, 𝑆3𝐶 = 1 

96.87 ±0.53 
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5.2. Performance of the Proposed Method 

In this experiment, the performance of the proposed 

method has been investigated. Deep learning architecture is 

represented by parameterized functions and hence the 

optimal parameters have direct impact on its accuracy. In 

order to find out the optimal values of these parameters and 

hyper-parameters, we used PSO as the optimization 

algorithm. The PSO should find the best parameters and 

hyper-parameters of the ConvNet to enhance the RA rate. 

Table 4 shows the PSO control parameters.  
 

Table 4. PSO control parameters 

Number of particles (n) 30 

C1 1.8 

C2 2 

Initial weight 4 

Number of iterations 100 

 

The obtained results using the proposed method is listed 

in Table 5. Based on PSO, the ConvNet with four hidden 

layer, learning rate 0.0037 and Max Pooling function in 

POOL layer has the best recognition accuracy, 99.38%. The 

confusion matrix of the proposed method is shown by Table 

6. It can be seen that the correct RA rate has increased 

significantly. The SD of the proposed method is zero (SD =
±0.0).  

 

Table 5. Performance of the proposed method and the 

proposed architecture 

Layer K F S P 

0 - - - - 

1st CONV 16 24 × 24 1 1 

1st POOL 16 16 × 16 2 - 

2nd CONV 28 20 × 20 1 1 

2nd POOL 28 11 × 11 2 - 

3rd CONV 60 16 × 16 1 2 

3rd POOL 60 8 × 8 2 - 

4th CONV 112 6 × 6 1 1 

4th POOL 112 3 × 3 1 - 

5th CONV 158 4 × 4 1 1 

5th POOL 158 2 × 2 1 - 

 

Table 6. Confusion matrix of the proposed method 

 Normal DS 

Normal 84 0 

DS 1 93 

5.3. Comparison with Different Classifiers 

In this experiment, the performance of the proposed 

method has been compared with other classifiers. In this 

respect, probabilistic neural networks (PNN), Multi layered 

Perceptron (MLP) neural network with different training 

algorithm such as Back propagation (BP) learning algorithm, 

Resilient propagation (RP) learning algorithm and 

Levenberg Marquardt (LM), Radial Basis Function Neural 

Network (RBFNN), Adaptive Neuro-Fuzzy Inference 

System (ANFIS) are considered. In this experiment, we used 

raw data as the input of the classifiers. It can be seen from 

Table 7 that the proposed method (PSO-ConvNet) has much 

better performance in comparison with other methods. Also 

the proposed method has robust performance.  

 

Table 7. Comparison the performance of proposed classifier 

with other classifiers using raw data 

Classifier RA (%) SD 

PNN 93.26 ±2.16 

MLP (BP) 91.43 ±3.70 

MLP (RP) 95.24 ±1.43 

MLP (LM) 96.17 ±1.28 

RBFNN 96.62 ±1.21 

ANFIS 96.81 ±0.78 

Proposed method 99.38 ±0.0 

6. Conclusion 

Down syndrome or Trisomy 21 is a chromosomal 

disorder which causes birth defects and mental retardation. 

Chromosomal disorders are detected using invasive and 

noninvasive testing. Ultrasound scan which is a noninvasive 

test and an improved methodology to identify pregnancies at 

increased risk of chromosomal abnormalities and Down 

Syndrome. In this study a new method based on intelligent 

combination of ConvNet and PSO proposed for automatic 

diagnosis of DS. Several experiments were performed to 

evaluate the performance of the proposed method and the 

obtained results showed that the proposed method has better 

performance in comparison with other methods. The 

proposed hybrid system of ConvNet and PSO model has 

delivered promising results as compared to the other 

conventional studies. In the proposed method, feature 

extraction and selection techniques are not required. 

References 

[1] S. P. Arjunan, M. C. Thomas, A Review of Ultrasound 

Imaging Techniques for the Detection of Down syndrome, 

IRBM 32 (2019) 162–171. 

[2] L. Dumortier, V.A. Bricout, Obstructive sleep apnea 

syndrome in adults with Down syndrome: causes and 

consequences. Is it a "chicken and egg" question? 

Neuroscience & Biobehavioral Reviews 3 (2019) 731–738. 

[3] S. Jain, C. A. Watts, W. C. J. Chung, K. Welshhans, 

Neurodevelopmental wiring deficits in the Ts65Dn mouse 

model of Down syndrome, Neuroscience Letters 17 (2019) 

64- 81. 

[4] V. Faundez, I. De Toma, B. Bardoni, R. Bartesaghi, 

Translating molecular advances in Down syndrome and 

Fragile X syndrome into therapies, European Neuro 

psychopharmacology 28 (2018) 675–690. 

[5] A. Kelly, S. N. Magge, R. Walega, C. Cochrane, R. 

Townsend,  Cross-Sectional Study of Arterial Stiffness in 

Adolescents with Down Syndrome, The Journal of Pediatrics 

212 (2019) 79–86. 

[6] T. Caspersson, Identification of human chromosomes by 

DNA-binding fluorescent agents, Chromosoma 30 (1970) 

215–227. 

[7] A. Caine, Prenatal detection of Down's syndrome by rapid 

aneuploidy testing for chromosomes 13, 18, and 21 by FISH 

or PCRwithout a full karyotype: a cytogenetic risk 

assessment, Lancet 366 (2005) 123–128. 

[8] S.S. Ho, Same-day prenatal diagnosis of common 

chromosomal aneuploidies using microfluidics-fluorescence 

in situ hybridization, Prenat Diagn 32 (2012) 321–328. 

[9] H.R. Slater, Rapid, high throughput prenatal detection of 

aneuploidy using a novel quantitative method (MLPA), J. 

Med. Genet 40 (2033) 907–912. 

[10] S.H. Atef, Prenatal diagnosis of fetal aneuploidies using QF-

PCR: the Egyptian study, J. Prenat. Med 5 (2011) 83–89. 

https://www.sciencedirect.com/science/article/pii/S195903181930096X
https://www.sciencedirect.com/science/article/pii/S195903181930096X
https://www.sciencedirect.com/science/journal/19590318
https://www.sciencedirect.com/science/article/pii/S0149763419306906
https://www.sciencedirect.com/science/article/pii/S0149763419306906
https://www.sciencedirect.com/science/article/pii/S0149763419306906
https://www.sciencedirect.com/science/journal/01497634
https://www.sciencedirect.com/science/article/pii/S030439401930672X
https://www.sciencedirect.com/science/article/pii/S030439401930672X
https://www.sciencedirect.com/science/journal/03043940
https://www.sciencedirect.com/science/article/pii/S0924977X18300695
https://www.sciencedirect.com/science/article/pii/S0924977X18300695
https://www.sciencedirect.com/science/journal/0924977X
https://www.sciencedirect.com/science/journal/0924977X
https://www.sciencedirect.com/science/article/pii/S0022347619305426
https://www.sciencedirect.com/science/article/pii/S0022347619305426
https://www.sciencedirect.com/science/journal/00223476


Razieh Yekdast - Comput. Res. Prog. Appl. Sci. Eng. Vol. 05(03), 92-97, September 2019 

97 

[11] A.S. Willis, V. Ignatia, M.E. Christine, Multiplex ligation-

dependent probe amplification (MLPA) and prenatal 

diagnosis, Prenat. Diagn 32 (2012) 315–320. 

[12] B. Zimmermann, Novel real-time quantitative PCR test for 

trisomy 21, Clin. Chem 48 (2002) 362–363. 

[13] S.M Helmy, Sensitivity of DCSR3/GAPDH ratio using 

quantitative real-time PCR in the rapid prenatal diagnosis for 

down syndrome, Fetal Diagn. Ther 25 (2009) 220–223. 

[14] A. Addeh, B. M. Maghsoudi,  Control Chart Patterns  

Detection Using COA Based Trained MLP Neural Network 

and Shape Features, Computational Research Progress in 

Applied Science & Engineering 2 (2016) 5–8. 

[15] N. Sarikhani, A. Ghanbari Mazidi, Online Distribution 

System's Voltage Stability Margin Monitoring Using Neural 

Networks and Optimization Algorithm, Computational 

Research Progress in Applied Science & Engineering 2 

(2016) 23–27. 

[16] P. Zarbakhsh, A. Addeh, Breast cancer tumor type 

recognition using graph feature selection technique and radial 

basis function neural network with optimal structure, Journal 

of Cancer Research and Therapeutics 14 (2018) 625–633. 

[17] J. Addeh, A. Ebrahimzadeh, Breast Cancer Recognition 

Using a Novel Hybrid Intelligent Method, Journal of Medical 

Signals and Sensors 2 (2012) 22–30. 

[18] A. Addeh, P. Zarbakhsh, S. Kharazi, M. Harastani, A 

Hierarchical System for Recognition of Control Chart 

Patterns. International Conference on Advances in 

Computing and Communication Engineering (ICACCE), 

Paris, France, 2018. 

[19] A. Khosravi, J. Addeh, J. Ganjipour, Breast Cancer Detection 

Using BA-BP Based Neural Networks and Efficient Features. 

7th Iranian IEEE Conferences on Machine Vision and Image 

Processing (MVIP), Tehran, Iran, 2011.  

[20] P. Zarbakhsh, A. Addeh, Breast cancer tumor type 

recognition using graph feature selection technique and radial 

basis function neural network with optimal structure, Journal 

of Cancer Research and Therapeutics 14 (2018) 625–633. 

[21] P. Zarbakhsh, A. Addeh, H. Demirel, Early detection of 

breast cancer using optimized ANFIS and features selection, 

9th International Conference on Computational Intelligence 

and Communication Networks (CICN), Cyprus, Turkey, June 

23–25 (2017).    

[22]   D. Tshibangu Kadiata, G. Nday,  A Look at the 

Communication Protocol for Wireless Sensor Networks, 

Computational Research Progress in Applied Science & 

Engineering 5 (2019) 26–33. 

[23] S. Nasehi, S. Karimi, H. Jafari, Application of Fuzzy GIS and 

ANP for Wind Power Plant Site Selection in East Azerbaijan 

Province of Iran, Computational Research Progress in 

Applied Science & Engineering 3 (2017) 116–124. 

[24] A. Anaei, A. A. Kalteh, A New Method for Dental Caries 

Diagnosis Using Convolutional Neural Networks and Bees 

Algorithm, Computational Research Progress in Applied 

Science & Engineering 5 (2019) 52–57. 

[25] D. A. Clevert, T. Unterthiner, S. Hochreiter, Fast and accurate 

deep network learning by exponential linear units (elus), 

Proceedings of the International Conference on Learning 

Representations (ICLR), 2016. 

[26] A. Addeh, A. Ebrahimi, Optimal Design of Robust Controller 

for Active Car Suspension System Using Bee’s Algorithm, 

Computational Research Progress in Applied Science & 

Engineering 5 (2019) 16–25. 

[27] N. Amiri Golilarz, A. Addeh, H. Gao, L. Ali, A.Moradkhani 

Roshandeh, H. Mudassir Munir, R. U. Khan, A New 

Automatic Method for Control Chart Patterns Recognition 

Based on ConvNet and Harris Hawks Meta Heuristic 

Optimization Algorithm, IEEE Access 7 (2019) 149398– 

149405. 

[28] A. Addeh, A. Khormali, N. Amiri Golilarz, Control chart 

pattern recognition using RBF neural network with new 

training algorithm and practical features, ISA Transactions 79 

(2018) 202–216. 

[29] A. Khosravi, A. Lari, J. Addeh, A New Hybrid of 

Evolutionary and Conventional Optimization Algorithms, 

Applied Mathematical Sciences 6 (2012) 815–825. 

[30] Iraj Bargegol, Mohammad Nikookar, Reza Vatani Nezafat, 

Esmat Jafarpour Lashkami, Arash M. Roshandeh, Timing 

Optimization of Signalized Intersections Using Shockwave 

Theory by Genetic Algorithm, Computational Research 

Progress in Applied Science & Engineering 1 (2015) 160–

167. 

[31] J. Addeh, A. Ebrahimzadeh, V. Ranaee. Control Chart Pattern 

Recognition Using Adaptive Back-propagation Artificial 

Neural Networks and Efficient Features. 2nd International 

Conference on Control, Instrumentation and Automation 

(ICCIA), December 27–29, Shiraz, Iran (2011). 

[32] J. Addeh, A. Ebrahimzadeh, V. Ranaee. Application of the 

PSO-RBFNN Model for Recognition of Control Chart 

Patterns. 2nd International Conference on Control, 

Instrumentation and Automation (ICCIA), December 27–29, 

Shiraz, Iran (2011). 

[33] J. Kennedy, R. Eberhart, Particle swarm optimization, in: 

Proceedings of IEEE International Conference on Neural 

Networks,  The University of Western Australia, Perth, 

Western Australia, November 27–30 (1995). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://ieeexplore.ieee.org/abstract/document/8441711/
https://ieeexplore.ieee.org/abstract/document/8441711/
https://ieeexplore.ieee.org/abstract/document/8441711/
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Payam%20Zarbakhsh.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Abdoljalil%20Addeh.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Abdoljalil%20Addeh.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hasan%20Demirel.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hasan%20Demirel.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8315083
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8315083
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=8315083
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Hasan%20Demirel.QT.&newsearch=true
https://ieeexplore.ieee.org/document/8859191/
https://ieeexplore.ieee.org/document/8859191/
https://ieeexplore.ieee.org/document/8859191/
https://ieeexplore.ieee.org/document/8859191/

