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Abstract: In this article Overview of deep learning's significance in classification tasks. CNNs Best for image 
classification; excels in feature extraction. RNNs Suitable for sequential data; struggles with long sequences. LSTMs  
Improved RNNs for long-range dependencies; computationally heavy. Transformers Advanced architecture for NLP; 
highly scalable and powerful. Importance of algorithm selection tailored to specific data and tasks. 
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INTRODUCTION

Classification problems in deep learning have a 
number of limitations. Understanding these issues is 
important for building effective models and 
successfully applying them. Data uncertainty The 
presence of noisy or ambiguous data in the data set 
reduces the accuracy of the model. Differences 
between measurements and uncertainty in variables 
negatively affect classification results. 

If one class has too many or too few examples 
compared to other classes, the model will have 
difficulty identifying rare classes. The data will cause 
the model to have a poor balance between accuracy 
and sensitivity. Overfitting. If the model is too well-
fitted to the training data, it will perform poorly on 
new data. If the model is too simple, it will not learn 
its training data well, leading to poor results. 

Choosing the right method to evaluate the 
effectiveness of a model is essential. This is even 
more difficult in areas such as medicine or finance. 
Failure to properly organize the cross-validation 
process leads to problems in evaluating the actual 
performance of the model. Complex models and large 
data sets require a lot of computing resources. The 

process of training the model takes a long time, which 
reduces efficiency. 

Medical diagnoses require the reliability of algorithms 
and the opinion of medical experts. Classification 
problems present many challenges and complexities 
in the deep learning process. The right approach, 
strategies, and techniques are needed to solve these 
problems. 

Deep learning algorithms are designed for various 
purposes and tasks. Choosing the appropriate deep 
learning technique or method is one of the main tasks 
in developing an artificial intelligence or deep 
learning project [1]. Deep learning is a subfield of 
machine learning used to train trained neural 
networks [2]. Deep learning is widely used in 
medicine [3]. Deep learning based on neural network 
architecture in medicine is showing high results [4]. 
Recently, deep learning algorithms have been used in 
medicine [5]. The use of deep learning algorithms in 
the diagnosis of dental diseases is achieving high 
efficiency [6]. Artificial neural networks and deep 
learning are effective in obtaining analysis results in 
medicine [49]. Deep learning is important in 
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computer-aided diagnostics [7]. The use of deep 
learning models for the classification of dental 
diseases [8]. Deep learning algorithms are widely 
used in medicine [9]. Deep learning algorithms are 
effective in early detection of periodontal therapy 
[10]. Deep learning is important for clinical practice in 
dental research [11]. Using deep learning algorithms, 
an accuracy of about 95.89% was achieved in early 
detection of diseases from X-ray images using a 
logistic regression classifier [12]. Deep learning 
algorithms are very important for diagnostics, 
treatment, and quality assessment in dentistry [13]. 
Deep convolutional neural networks (CNN) are a 
rapidly developing new area of medical research, 
which provides effective results in diagnostics and 
prognosis [14]. The application of deep learning 
algorithms has expanded to healthcare, including 

dentistry [15]. Diagnosis of medical images using 
artificial intelligence, accurate and early diagnosis 
provides the effectiveness of accurate diagnosis in 
the treatment of dental diseases of the patient [16]. 
An artificial intelligence (AI) model based on deep 
learning is effective in assessing the diagnostic 
accuracy [17]. Deep learning can help dental 
professionals make decisions about early detection 
and treatment of dental caries [18]. Deep learning 
and CNN are effective in diagnosing the most 
common diseases in dentistry, such as infections, 
granulomas, cysts, and tumors [19]. 

Methodology 
An example of a deep learning model is CNN. 

Convolutional neural networks (CNNs) are neural 

networks designed primarily for image processing. 

 
Figure 1. Convolutional Neural Network (CNN) model architecture.

 

Input image size −𝐻𝑖𝑛 ×𝑊𝑖𝑛, filter size −𝐾 × 𝐾, 

number of filters −𝐹, The output size of a convolutional 

layer is calculated using the following formula. 

𝐻𝑜𝑢𝑡 =
𝐻𝑖𝑛−𝐾+2𝑃

𝑆
+ 1                                     (1) 

𝑊𝑜𝑢𝑡 =
𝑊𝑖𝑛−𝐾+2𝑃

𝑆
+ 1                                 (2) 

P- Padding (0 or 1), S- stride T 

he ReLU (Rectified Linear Unit) activation function is 

simple and effective, and its mathematical expression 

is as follows: 

𝑓(𝑥) = max⁡(0, 𝑥)                                    (3) 

X – incoming value, f(x) – The result of the activation 

function. 

The following formula is used to calculate the 

output size of the Max Pooling layer.  

𝐻𝑜𝑢𝑡 =
𝐻𝑖𝑛−𝐾

𝑆
+ 1                                       (4) 

𝑊𝑜𝑢𝑡 =
𝑊𝑖𝑛−𝐾

𝑆
+ 1                                      (5) 

𝐻𝑖𝑛,𝑊𝑖𝑛 − the weight and width of the incoming 

feature map, K – pooling size (e.g. 2x2), S - 

measurement step. 

A Fully Connected Layer is a formula for the 

output of each neuron. 

,𝑌 = 𝑊 ∙ 𝑋 + 𝑏                           (6) 

W – weight matrix, X- input value, b- The bias 

is used to regulate the output of the additional neuron 

and increases the flexibility of the model. 

LeNet was one of the first convolutional neural 

networks, developed by Yann LeCun in 1989. This 

model was primarily designed for recognizing 

handwritten digits and played an important role in the 

development of convolutional neural networks in the 

field of artificial intelligence. 
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Figure 2.  LeNet architecture. 

The architecture was able to effectively classify 

handwritten digits. It automatically extracts features 

from pixels. The model cannot perform image 

classification [20]. 

AlexNet contains 8 layers, 5 of which are convolutional 

and 3 are fully connected. 

 
Figure 3. Alexnet model architecture. 

The model performs image classification efficiently, is 

computationally fast, but has a low accuracy [21].  

The VGG16 model was developed by the Visual 

Geometry Group (VGG) and consists of 13 

convolutional and 3 fully connected layers. 

 
Figure 4. VGG model architecture. 

The model is effective for transfer learning and 

small classification tasks. The model is not useful for 

deep networks because the deeper it is, the more 

prone it is to the problem of gradient loss[22].  

ResNet (Residual Network) is a convolutional 

neural network model architecture designed for deep 

learning. The minimal gradient loss problem can train 

deeper networks. The disadvantage is that it takes a lot 

of time to train[23]. 

Feedforward Neural Networks (FNN) are the 

simplest of neural networks, in which data flows in only 

one direction, from the input through the hidden layers 

to the output. In an FNN, neurons in each layer are 

interconnected. The output of each neuron is related 
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to the values from the previous layer. The output 

formula for each neuron. 

𝑍𝑗
(𝑙)

= ∑ 𝑤𝑖𝑗
(𝑙)𝑛

𝑖=1 𝑎𝑖
(𝑙−1)

+ 𝑏𝑗
(𝑙)

                              (7) 

Here 𝑍𝑗
(𝑙)

- l- in the layer, j- neuron 

output,⁡𝑤𝑖𝑗
(𝑙)
—𝑙 − in the layer, ⁡⁡j −

for⁡a⁡neuron, from⁡the⁡layer, ⁡𝑎𝑖
(𝑙−1)

−⁡(⁡𝑙 − 1⁡) −

⁡output⁡of⁡a⁡neuron⁡in⁡a⁡layer, ⁡𝑏𝑗
(𝑙)

-l – layer, j- neuron 

bias, ⁡𝑏𝑗
(𝑙)
𝑙 − in the layer, 𝑗 − neuron bias (button) n— 

the number of neurons in the anterior layer.⁡𝑧𝑗
(𝑙)

−⁡The 

output is processed using activation. 

𝑎𝑗
(𝑙)

= 𝑓(𝑧𝑗
(𝑙)
)                                      (8) 

Here f— activation or ReLU sigmoid or tanh 

formula is used.  

Sigmoid formula. 

f(z)=
1

1+𝑒−𝑧
                                     (9) 

Tanh formula. 

𝑓(𝑧) =
𝑒𝑧−𝑒−𝑧

𝑒𝑧+𝑒−𝑧
                                (10) 

Activation is applied at the exit. 

𝑧𝑘
(𝐿)

=∑𝑤𝑗𝑘
(𝐿)

𝑚

𝑗=1

𝑎𝑗
(𝐿−1)

+ 𝑏𝐾
(𝐿)

 

𝑎𝑘
(𝐿)

= 𝑓(𝑧𝑘
(𝐿)
)                                                   

(11) 

Here L— number of layers, m— number of 

neurons in the anterior layer, k— neuron at the 

output. 

The loss function measures the specific 

difference between the network output and the true 

value. For example, the squared loss function is 

expressed as 

𝐿 =
1

2
∑ (𝑦𝑘 − 𝑎𝑘

(𝐿)𝐾
𝑘=1 )2⁡⁡                               (12) 

Here 𝑦𝑘 — real value, K— number of output 

neurons, The backpropagation process involves a 

gradient feedforward for weight updates. Gradient 

check at the output of the neuron. 

𝑑𝑗
(𝑙)

=
𝐿

𝑧
𝑗
(𝑙) = 𝑎𝐽

(𝑙)
(1 − 𝑎𝑗

(𝑙)
∙ ∑ 𝑑𝑘

(𝑙+1)
𝑤𝑗𝑘
(𝑙+1)

𝑘     

   (13) 

Weight update formula: 

𝑤𝑖𝑗
(𝑙)

← 𝑤𝑖𝑗
(𝑙)

− 𝑒− ∙ 𝑑𝑗
(𝑙)
𝑎𝑖
(𝑙−1)

                  

(14) 

Here η— teaching.  

Feedforward neural networks offer a simple and 

efficient neural process. Their mathematical formulas 

support each neuron from input to output. FNNs are 

widely used in solving many methods, classification, 

and regression tasks. 

Recurrent Neural Networks (RNN) are designed 

for time series or sequential data. They allow you to 

store data from previous time steps and analyze them 

together with new data. The basic mathematical 

calculation of an RNN is given below. 

The main components of an RNN are the input, 

hidden, and output layers. 

The hidden state is computed at each time step, 

and the RNN hidden state isℎ𝑡 − is calculated by the 

following formulas. 

  

⁡ℎ𝑡 = tanh⁡(𝑊ℎℎ𝑡−1 +𝑊𝑥𝑥𝑡 + 𝑏ℎ                           

(15) 

ℎ𝑡- The hidden state (at time 

t),⁡ℎ𝑡−1⁡previous⁡hidden⁡state,⁡𝑥𝑡−⁡  login information, 

𝑊ℎ − weight matrix for hidden layer,⁡𝑊𝑥- weight 

matrix for the input layer, 𝑏ℎ- bias for the hidden 

layer,⁡𝑡𝑎𝑛ℎ- activity function (different activity 

functions can be used) Exit status 𝑦𝑡  - is calculated by 

the following formula. 

𝑦𝑡 = 𝑊𝑦ℎ𝑡 + 𝑏𝑦                   (16) 

𝑦𝑡 − output state (at time t),⁡𝑊𝑦 − weight 

matrix for the output layer, 𝑏𝑦 −⁡ skew for the output 

layer. 

The strength of RNNs is that they have the 

ability to learn from past time steps. 

YOLO (You Only Look Once) uses Deep Learning 

technology to perform object detection. The YOLO 

model is trained using convolutional neural networks 

(CNN). This model can detect objects in an image and 

determine their locations after looking at it once. 

YOLO performs image recognition tasks quickly 

and efficiently using a deep learning approach. It is 

known for its high accuracy and speed. 

YOLO allows for object detection, localization, 

and classification in images and videos [24]. YOLO is 

also widely used in vehicle detection [25]. It has been 

shown to be effective in pedestrian detection [26]. It is 

also widely used in medical image disease detection 

[27]. It is also used in industrial detection [28]. YOLO is 

effective in medical disease detection [29]. It is used in 

intelligent video surveillance [30]. It has been widely 

used in remote sensing image analysis [31]. 

In recent years, deep learning methods have 



American Journal of Applied Science and Technology 243 https://theusajournals.com/index.php/ajast 

American Journal of Applied Science and Technology (ISSN: 2771-2745) 
 

 

been applied to object recognition [32]. Deep learning 

uses low-level features to form more abstract high-

level features and hierarchically represent data to 

improve object recognition [33]. Compared with 

traditional recognition algorithms, deep learning-based 

object recognition methods have better performance 

in terms of robustness, accuracy, and speed for many 

classification tasks. 

YOLO (You Only Look Once) allows for fast real-

time detection. New versions of YOLO (YOLOv3, 

YOLOv4, YOLOv5) are widely used in the field of 

computer vision and object recognition. 

The above model algorithms are among the 

most widely used algorithms in the field of computer 

vision and object recognition. They are used for various 

tasks, such as object detection, localization, 

segmentation, and classification. 

Among the analyzed algorithms, the algorithm 

that gives the most effective results in object 

recognition is the Yolo model [34]. 

YOLOv2 is faster than two-stage deep learning 

object detectors such as regions with convolutional 

neural networks (Faster R-CNNs). The YOLOv2 model 

learns a CNN deep on the input image to produce 

network predictions. The object detector decodes the 

predictions and generates bounding boxes [74]. High 

detection efficiency YOLOv2 can run on less powerful 

edge devices, but it also has the disadvantage of not 

being able to detect small objects [35]. 

There are significant differences between 

YOLOv3 and older versions in terms of speed, accuracy, 

and class specificity. YOLOv2 and YOLOv3 differ in 

terms of accuracy, speed, and network architecture 

[36]. The YOLOv4 model is a powerful and efficient 

object detection model that balances speed and 

accuracy. The fact that the YOLOv4 model can be 

trained and used by anyone with a simple GPU 

computer makes it suitable for a wide range of 

applications [37]. The YOLOv5 model can process 

images several times faster than the EfficientDet 

YOLOv4 model [78]. It has the ability to automatically 

select and train the model. The YOLOv6 model is 

improved by adding improvements to the previous 

YOLOv5 model, achieving a 51% improvement in speed 

compared to detectors [38]. YOLOv7 vs YOLOv6 

Comparison Compared to the previous best-

performing YOLOv6 model (56.8% AP), the YOLOv7 

real-time model achieves 13.7% higher AP (43.1% AP) 

on the COCO dataset. Comparing the lighter Edge 

model versions on the COCO dataset under the same 

conditions (V100 GPU, batch=32), YOLOv7-tiny is more 

than 25% faster and achieves a slightly higher AP 

(+0.2% AP) than YOLOv6-n [39]. 

The model is able to work effectively with high-

dimensional images, which increases accuracy. Yolov8 

comes with many new features and capabilities, 

including enhanced support for new image and video 

analysis. This model can be easily integrated into 

existing systems or applications. The YOLOv9 model 

uses the YOLOv7 model as the base model and 

improves on this model. The YOLOv9 model discusses 

four important concepts, which are programmable 

gradient input (PGI), generalized efficient layer 

aggregation network (GELAN), the information 

blocking principle, and reversible functions. YOLOv9 

now has the ability to detect, segment, and classify 

objects. 

 
Figure5. Yolo model architecture. 

 In general, among the available methods, YOLO MS-S for lightweight models, YOLO MS for 
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medium models, YOLOv7 AF for general models, and 

YOLOv8-X for large models are the most efficient 

methods. Compared to YOLO MS for lightweight and 

medium models, YOLOv9 has about 10% fewer 

parameters and requires 5-15% fewer computations, 

but it still shows a 0.4-0.6% improvement in average 

accuracy (AP). Compared to YOLOv7 AF, YOLOv9-C has 

42% fewer parameters and 22% fewer computations, 

while maintaining the same AP (53%). Finally, 

compared to YOLOv8-X, YOLOv9-E has 16% fewer 

parameters, 27% fewer computations, and a significant 

improvement in AP of 1.7%. In addition, an ImageNet 

pre-trained model is also included for comparison, 

which is based on the parameters and the amount of 

computation the model takes. RT-DETR showed the 

best result considering the number of parameters. 

The combination of PGI and GELAN in the YOLOv9 

design shows strong competitiveness. With this 

combination, YOLOv9 manages to reduce the number 

of parameters by 49% and the number of calculations 

by 43% compared to YOLOv8. Despite these reductions, 

the model still achieved an average accuracy 

improvement of 0.6% on the MS COCO dataset [40]. 

Deep learning methods in the diagnosis of 

dental X-ray images provide innovative solutions in 

medicine. They help to make fast and accurate 

diagnoses, which is of great importance for patients. 

The development and implementation of these 

methods will improve the quality of medical care and 

enable early detection of diseases. 

Conclusion 

Deep learning has significantly advanced the field of 
classification, employing various algorithms tailored 
for different tasks. Among the most prominent are 
Convolutional Neural Networks (CNNs), Recurrent 
Neural Networks (RNNs), Long Short-Term Memory 
(LSTM) networks, and Transformers. CNNs are 
primarily used in image classification due to their 
ability to capture spatial hierarchies through 
convolutional layers. They are efficient in recognizing 
patterns but require extensive labeled datasets and 
substantial computational power. RNNs are designed 
for sequential data, making them suitable for 
applications like text classification. Their ability to 
maintain an internal memory of previous inputs is 
advantageous; however, they face challenges such as 
vanishing gradients, particularly with long sequences. 

LSTMs, an improvement over RNNs, effectively 
address the vanishing gradient problem, allowing 

them to learn from longer sequences. Despite their 
capabilities, LSTMs can be computationally 
demanding.Transformers have emerged as a 
powerful architecture in natural language processing 
tasks, utilizing self-attention mechanisms to process 
data in parallel. This scalability enhances their 
performance but also necessitates significant 
computational resources. Evaluating these 
algorithms involves examining metrics like accuracy, 
precision, and recall. Challenges such as overfitting 
and data imbalance persist, necessitating techniques 
like regularization and synthetic data generation. 

In summary, the selection of a suitable algorithm 
depends on the nature of the data and the specific 
classification task. Ongoing research aims to enhance 
model performance and interpretability, solidifying 
deep learning's role in classification. 
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