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Abstract    
 
Purpose 
The primary objective of this study was to develop and validate Deep learning models for 
the accurate processing of tuberculosis (TB) X-ray images to increase diagnosis accuracy 
and efficiency in clinical settings. The study aimed to enhance early tuberculosis detection 
rates by utilizing deep learning techniques to mitigate the subjectivity and unpredictability 
associated with traditional chest radiograph (CXR) interpretation. 
 
Materials & Methods 
A dataset of postero-anterior chest radiographs from the Indian Council of Medical 
Research (ICMR) TB portal was made publicly available for use in the study. There were 
3782 TB cases and 3960 healthy cases in the dataset. To improve the dataset, the images 
were preprocessed and enhanced. Three convolutional neural network (CNN) models were 
created and assessed: VGG16, ResNet50, and a CNN that was trained from scratch. 
Accuracy, precision, recall, F1 score, and area under the curve (AUC) were the metrics 
used to evaluate these models. 
 
Results 
In comparison to the pre-trained models, the CNN model that was trained from scratch 
performed better, attaining an accuracy of 80%, precision and recall of 0.80, and an F1 
score of 0.80 for TB cases. By contrast, VGG16 was able to obtain 52% accuracy for TB 
cases, with precision of 0.44, recall of 0.28, and F1 score of 0.35. ResNet50 yielded an F1 
score of 0.72 for TB cases, accuracy of 69%, precision of 0.65, recall of 0.81, and 
performance greater than VGG16 but still below the custom CNN. 
 
Conclusion 
The study showed how personalized CNN models could enhance the precision of 
tuberculosis diagnosis using chest radiographs. The CNN that was trained from scratch 
outperformed pre-trained models, demonstrating the value of customizing model training 
for medical imaging applications. To encourage the use of AI-driven diagnostic tools in 
healthcare, future research should concentrate on growing the dataset, including clinical 
data, and improving model interpretability. The results highlight how AI and Deep learning 
have the potential to revolutionize medical diagnostics and open the door to more accurate, 
effective, and affordable healthcare options. 
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PROJECT REPORT 
 

Tuberculosis (TB) X-Ray Image Analysis Using Deep 
Learning: Enhancing Diagnostic Accuracy 
 

Introduction  
 
Lung disease known as tuberculosis (TB) is brought on by bacterial infection. The bacillus 
Mycobacterium tuberculosis is the type of bacteria that causes tuberculosis. This infectious 
disease that spreads through the air is ranked among the top 10 global causes of death. Several 
diagnostic procedures will be necessary to discover tuberculosis (TB), as it is rather difficult 
to diagnose in its early stages compared to other infectious diseases. To provide early TB 
diagnosis, the World Health Organisation (WHO) advises widespread use of a systematic 
screening approach. Because of its relatively high sensitivity, despite the low specificity and 
significant intra- and inter-observer variability of chest X-rays (CXR), the World Health 
Organization (WHO) endorses CXR as one of the primary modalities for TB detection and 
screening. 
 
Hoover, as previously mentioned, there are notable differences in the interpretation of CXR 
across and among observers, leading to incorrect TB diagnoses. CXR interpretation is also a 
laborious and subjective procedure. Furthermore, TB's radiologic patterns resemble those of 
other lung conditions, which may cause a false positive. For this reason, computer-aided 
diagnostic (CAD) systems have been developed recently that can identify tuberculosis (TB) 
automatically from chest radiography. Using chest radiography, CAD solutions use picture 
segmentation, texture and form feature extraction, and classification techniques to diagnose 
pulmonary tuberculosis. 
 
Throughout the past ten years, artificial intelligence (AI)-based systems have been employed 
for physiological monitoring, brain tumor and breast cancer diagnosis, among other 
applications. Computers can learn on their own without explicit programming thanks to a 
branch of artificial intelligence called machine learning, or self-learning. Stated differently, 
machine learning recognizes patterns in data (images, for example). Deep learning is a kind 
of machine learning that takes raw data and employs numerous layers to extract higher-level 
features. Deep learning algorithms have become the most sophisticated methods for 
classifying images in recent years. Deep convolutional neural networks, or CNNs, are one of 
the more intriguing deep learning methods for photo classification. 
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Figure 1Relationship between the most common AI methods in medicine 

 
CNNs have recently been employed in several studies to automatically diagnose lung 
conditions like pneumonia from CXR. Using pre-trained models and their ensembles, 
concept transfer learning is used in deep learning frameworks to identify tuberculosis. Our 
goal was to automatically identify tuberculosis (TB) from CXR pictures using a CNN model 
that I trained from scratch. I then compared the CNN model's performance to three different 
pre-trained CNNs using a transfer learning technique. 
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Figure 2 Image enhancement for tuberculosis detecting using deep learning 

The glossary of terminology provided here may aid in comprehending the operation of deep 
learning. 
 
Classification is the process of applying a class or label to a group of pixels, such as those 
labelled as tumours, using a segmentation method. After segmenting and labelling a section 
of an image as "abnormal brain," for instance, the classifier might try to determine if the 
highlighted area represents malignant or benign tissue. 
 
Algorithm: An algorithm is a collection of steps used to construct a model that will be used 
to most accurately predict classes based on the properties of the training samples. 
 
Labelled data is a set of examples (images, for example) that have been assigned a specific 
"answer." The specific location of a tumor may be the solution for some occupations; for 
other duties, it may depend on the type of cancer the lesion represents or whether cancer is 
present at all. 
 
Training: The phase in which the deep learning algorithm system receives labeled example 
data that contains the responses, or labels.  
 
Validation: The validation set is the collection of examples that were utilized in the training 
process. This is also known as the training set. 
 
Testing: Using a third set of examples, "real-world" testing is sometimes carried out. Since 
the algorithm system can iterate to improve performance using the validation set, it is possible 
that it will learn characteristics from the training set. A high level of performance on a 
"unseen" test set can increase the probability that the algorithm will yield reliable answers in 
real-world scenarios.  
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Literature Review 
 
Study Objective Data Sets Methods/Techniqu

es Used 
Key 
Findings 

Accuracy 
(%) 

Liu et al. Diagnosis 
of 
tuberculosis 
using chest 
radiographs 

Three 
distinct 
data sets 

Neural Network 
(NN) 

High 
accuracy in 
TB 
diagnosis 

89.0 - 96.1 

Khan et 
al. 

Classificatio
n of patient 
records for 
TB 
diagnosis 

12,600 
patient 
records 

Neural Network 
(NN) 

Effective 
distinction 
betIen 
positive and 
negative TB 

>94 

Ghanshal
a et al. 

Identifying 
tuberculosis 
using 
various ML 
techniques 

Not 
specified 

SVM, kNN, RF, 
NN 

NN 
outperforme
d other 
classifiers 
in TB 
detection 

80.45 

Chandra 
et al. 

Automated 
identificatio
n of 
abnormal 
CXR 
images 

Two 
public data 
sets 

SVM with 
hierarchical feature 
extraction 

High 
accuracy in 
detecting 
TB-related 
diseases 

95.6 - 99.4 

Lakhani 
and 
Sundara
m 

TB 
identificatio
n on chest 
radiographs 
using deep 
CNNs 

Not 
specified 

Ensemble of 
GoogLeNet and 
AlexNet 

Highly 
effective in 
TB 
detection 

98.7 

Hooda et 
al. 

Ensemble 
DL-based 
TB 
detection 
system 

Four 
distinct 
data sets 

AlexNet, 
GoogLeNet, 
ResNet 

Ensemble 
approach 
demonstrate
d good 
performanc
e 

88.24 

Heo et al. TB 
identificatio
n on chest 

Yearly 
worker 
health 

VGG-19, 
InceptionV3, 
ResNet-50, 

Various 
CNN 
architecture

Not 
specified 
but various 
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Rationale 
 

To use a transfer learning-based approach to automatically diagnose tuberculosis (TB) 
from chest X-ray (CXR) pictures by training an entirely new convolutional neural 
network (CNN) model and comparing its performance with two other pre-trained 
CNNs, namely VGG16 & ResNet50. 

 
 
 
 
 
Study Objective: 
 
General Objective:  
To develop and validate Deep learning models for the accurate analysis of Tuberculosis 
(TB) X-ray images, enhancing diagnostic precision and efficiency in clinical settings. 
 
Specific Objectives: 
1.To collect and preprocess a comprehensive dataset of Tuberculosis (TB) X-ray images. 
2. To design and train multiple Deep Learning models trained for Tuberculosis (TB) X-ray 
image analysis. 
3.To apply common metrics to assess these models' success. 
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Methodology 
 
Dataset 
 
The datasets of postero-anterior chest radiographs from the Indian Council of Medical 
Research (ICMR) TB portal, which are publicly available, were used in this study (Table 
1). Sample instances from both datasets—normal and TB—are displayed in Figure 3. 
Public access to both datasets can be found here: https://nirt.res.in/html/xray.html  
 
 
Dataset No. of healthy 

cases 
No. of TB 
cases 

File type Radiology 
system 

ICMR TB 
portal 

3960 3782 DICOM DR 

Table 1: An overview of the datasets for tuberculosis (TB) chest X-rays 
 

 
Figure 3 Samples of chest X-ray images 

 
Data preprocessing and augmentation 
 
Because the input images varied in size, the CXR images in this investigation were scaled 
to 256 × 256 pixels for my trained model and 224 × 224 pixels for VGG16 and ResNet50. 
Input images were converted from DICOM to JPEF format. Next, methods for augmenting 
data were used. According to reports, deep learning systems' classification accuracy can be 
increased by employing data augmentation. Moreover, data augmentation can greatly 
expand the sample sizes in datasets used to train models. Here,  the picture can be improved 
by filliping on the horizontal and vertical axes, a rotation range of 10, a width shift range of 
0.1, a height shift range of 0.1, and a zoom range of 0.1.Following data augmentation, 6465 
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photos were classified into 48.64% TB and 51.35% normal categories during the training 
phase. There are 1275 photographs for the testing phase 49.8% TB and 50.19% normal. 
 
Proposed model 
 
The convolution layer is denoted by the name "Conv" in the convolutional neural network 
(CNN or ConvNet) that I trained from scratch in this work. 
 

 
Figure 4 ConvNet Architecture 

Convolutional layers are thought to be the fundamental CNN building component. 
Convolution is used by CNNs in place of standard matrix multiplication. A group of filters 
referred to as convolutional kernels make up convolutional layers. Using kernels, the 
convolutional layer's primary function is to extract certain features from an input image. 
Rectified Linear Units, or ReLUs, are typically utilized as deep learning activation layers. 
 
Layer of pooling to reduce the spatial dimension of the input data and hence the number of 
network parameters, an optional pooling or down sampling layer is added in CNN after the 
convolutional layer. Maxi The most popular method of pooling is known as pooling. In 
addition, two further pooling strategies are L2-norm pooling and average pooling. 
 
Fully connected layer: Every neurone in one layer is connected to every other neurone in 
the layer below through fully connected layers. The fully connected layer receives its input 
as the flattened output of the last pooling or convolutional layer.  
 
Pre-trained transfer models 
 
In this case, the datasets with TB CXR images were utilized. After partitioning and pre-
processing the dataset, picture augmentation techniques were applied for the training phase. 
Over-fitting is avoided because of the data augmentation. 
 
A CNN-based algorithm was applied to identify tuberculosis using CXR images. In the 
current work, two different pre-trained models were used in a CNN-based transfer learning 
technique to classify CXR photos into normal and TB (binary classification).  
 

• ResNet50: ResNet-50 is a CNN design that belongs to the ResNet (Residual 
Networks) family of models, which was developed to address the challenges 
associated with training deep neural networks. One well-known deep learning 
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model for picture categorization tasks is called ResNet-50, which was created by 
researchers at Microsoft Research Asia. There are several depths of ResNet 
architectures available, such as ResNet-18, ResNet-32, and so on. A mid-sized 
variant of the architecture is called ResNet-50. In the history of picture 
categorization, ResNet-50 is still recognized as a noteworthy model, even 
though it was introduced in 2015. 

 

 
Figure 5 ResNet-50 Architecture 

 
 

 VGG16: The University of Oxford's Visual Geometry Group (VGG) presented the 
VGG-16 model, a convolutional neural network (CNN) architecture. With a total of 
16 layers—13 convolutional layers and 3 fully connected layers—it stands out for 
its depth. VGG-16 is well known for its high performance on a variety of computer 
vision tasks, such as object identification and picture categorization, in addition to 
its efficacy and convenience of use. The model is built with a stack of progressively 
deeper max-pooling layers stacked on top of a series of convolutional layers. One 
aspect of the model that helps it provide reliable and accurate predictions is its 
capacity to learn complex hierarchical representations of visual data.  
Despite being simpler than more modern architectures, VGG-16 is still a popular 
choice for many deep learning applications because of its exceptional speed and 
versatility. 

 
Figure 6 VGG16 Architecture 

 
Put another way, a convolution layer, a pooling layer, a flattening layer, and a fully 
linked layer make up the common architecture of all pre-trained transfer models. The 
fully linked layer in this instance is made up of the following layers in order to forecast 
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the normal and TB cases (binary classification):  
• Slatched  
• dense, consisting of 256 units  
• dropout with a 0.2 threshold.  
• a final dense with the SoftMax activation of two elements.  

 
 
Training phase 
 
To decrease the dimension of the retrieved features, I trained the suggested models using 
the Adam optimizer and the categorical cross-entropy loss function. The following solver 
parameters were used for training: 50 batch sizes, 0.00001 learning rate, and 200 epoch 
values. As was previously indicated, techniques for data augmentation have been applied to 
reduce overfitting and boost training effectiveness. Using the Python library, this effort 
trained, verified, and tested a large number of algorithms. The Holdout technique was used 
to assess the suggested models' performance in binary classification.  
 
Environment Anaconda 
IDE Jupyter Notebook 
Language Python 
Libraries NumPy, OpenCV-python, TensorFlow, 

Matplotlib, Seaborn, Skit-learn, Pydicom, 
Pillow, Glob, OS, CV2 

Table 2: Tools used in the study 
 
 
Evaluation criteria 
 
Five performance measures Ire used to assess and compare the effectiveness of the various 
suggested models for the testing dataset. Equations for the parameters are given below. The 
parameters are: 
 

 Accuracy (1) 
 Sensitivity/Recall (2) 
 Precision (3) 
 Area under curve (AUC) (4) 
 F1 score (5) 
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Figure 7 Evaluation criteria 
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Results 
 

Tuberculosis 

Model Precision Recall F1 score Accuracy 

VGG 16 0.44 0.28 0.35 0.52 

RESNET50 0.65 0.81 0.72 0.69 

CNN 0.80 0.80 0.80 0.80 

 
 

Normal 

Model Precision Recall F1 score Accuracy 

VGG 16 0.55 0.71 0.62 0.52 

RESNET50 0.75 0.57 0.65 0.69 

CNN 0.80 0.80 0.80 0.80 

 
  Table 3: Model performance on the test set 
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VGG16 
 
 

 
Figure 8 VGG16 Confusion matrix 

 
 

Figure 9 VGG16 Classification report 
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Figure 10 VGG16 ROC curve 

 
 
 

ResNet50 
 

 
Figure 11 ResNet50 Confusion matrix 
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Figure 12 ResNet50 Classification report 

 
Figure 13 ResNet50 ROC curve 
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CNN 

 

 
Figure 14 CNN Confusion matrix 

 

 
Figure 15 CNN Classification report 
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Figure 16 CNN ROC Curve 
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Discussion 
 
The performance of different convolutional neural network (CNN) models in diagnosing 
tuberculosis (TB) using chest X-ray (CXR) pictures was carefully assessed. These models 
included VGG16, ResNet50, and a CNN trained from scratch. The comparative research 
highlights the significance of model selection and training approaches in clinical AI 
applications by revealing significant differences in the models' diagnostic accuracy, 
precision, recall, and F1 scores. 
 
CNN Trained from Scratch 
Developing a CNN model from scratch yielded the best overall performance, with an 80% 
accuracy rate. Because the TB CXR dataset was used exclusively to train the algorithm, it 
was able to identify and understand patterns specific to TB symptoms in radiographs. With 
an F1 score of 0.80, the model's recall and precision were both 0.80. These measures show 
a strong capacity to minimise the frequency of false positives while accurately identifying 
TB cases (true positives). 

 Accuracy: 80% 

 Precision: 0.80 

 Recall: 0.80 

 F1 Score: 0.80 
Excellent recall and precision ratings are very important when diagnosing tuberculosis. To 
guarantee that a significant percentage of cases of tuberculosis are in fact tuberculosis, 
precision measures the percentage of true positive diagnoses among all positive diagnoses 
produced by the model. Recall shows the percentage of real TB cases that the model 
accurately recognized, indicating its sensitivity and dependability in TB case detection. 
 
Pre-trained Models: VGG16 and ResNet50 
On the other hand, the pre-trained models ResNet50 and VGG16 showed worse 
performance metrics. Even though VGG16 is a well-known architecture for picture 
classification, its accuracy was just 52%. With recall values of 0.71 and 0.28, its precision 
decreased to 0.44 for tuberculosis cases from 0.55 for normal cases. These numbers led to 
F1 scores for TB cases of 0.35 and normal cases of 0.62. 

 Accuracy: 52% 

 Precision (Normal): 0.55 

 Recall (Normal): 0.71 

 F1 Score (Normal): 0.62 

 Precision (TB): 0.44 

 Recall (TB): 0.28 

 F1 Score (TB): 0.35 
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While ResNet50, another well-known model, outperformed VGG16, it was still not as good 
as the CNN that was trained from scratch. With 69% accuracy overall, ResNet50 performed 
well. Its F1 score was 0.65 based on precision and recall of 0.75 and 0.57 for typical 
situations, respectively. The precision and recall for TB cases were 0.65 and 0.81, 
respectively, yielding an F1 score of 0.72. 

 Accuracy: 69% 

 Precision (Normal): 0.75 

 Recall (Normal): 0.57 

 F1 Score (Normal): 0.65 

 Precision (TB): 0.65 

 Recall (TB): 0.81 

 F1 Score (TB): 0.72 
 

Comparative Analysis and Implications 
The CNN model that was created from scratch performed better than the others because it 
was specifically trained on the TB dataset. The customized CNN model was tailored for the 
subtleties and unique characteristics of TB radiographs, in contrast to pre-trained models, 
which are trained on a variety of pictures for broad image classification tasks. Better feature 
extraction and pattern recognition relevant to tuberculosis diagnosis were made possible by 
this customized method. 
 
Several important points are highlighted by the performance metrics: 

 

 Balanced Precision and Recall: In medical diagnostics, where false positives and 
false negatives can have serious repercussions, the CNN trained from scratch was 
able to retain a balanced precision and recall. If a case has a high recall, then most 
TB cases will be found, and if it has a high precision, then most cases found will be 
TB cases. 

 Restrictions on Pre-trained Models: Even though VGG16 and ResNet50 have 
strong architectures, their poorer performance in this job highlights the drawbacks 
of using pre-trained, general models for specialized medical imaging tasks without 
further modification and fine-tuning. 

 Training: Diagnostic accuracy is greatly improved by customizing the training 
procedure to the medical imaging task and dataset. This result validates the 
expenditure on creating and refining unique models for certain medical use cases. 
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Limitations of study 

 

 Lack of Diversity: Limited representation of different demographics and TB 
manifestations affects generalizability. 

 Model Complexity: Deep CNNs are complex and hard to interpret, posing 
challenges in medical contexts. 

 Overfitting Risk: Training from scratch on a small dataset can cause the model to 
overfit. 

 Hyperparameter Tuning: Improper tuning can lead to suboptimal results and 
requires significant resources. 

 Lack of External Validation: Absence of validation with an independent dataset 
reduces confidence in model robustness. 

 Absence of Clinical Validation: No comparison against clinical diagnoses or 
outcomes to ensure practical applicability. 

 Domain Adaptation: Pre-trained models may not capture disease-specific features 
relevant to TB. 

 Computational Resources: High resource requirement for training deep models 
from scratch. 
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Conclusion 
 
Our research uses deep CNNs in combination with transfer learning to automatically 
identify TB cases from normal cases based on chest radiographs. For TB CXR image 
detection, the efficacy of three distinct CNN models was assessed. For the datasets using 
image augmentation techniques, With an accuracy of 80%, the CNN model that was trained 
from scratch outperformed the VGG16 and ResNet50 models that were pre-trained, which 
had accuracies of 52% and 69%, respectively. Additionally, the customized CNN model 
kept a balanced recall and precision of 0.80, demonstrating strong diagnostic skills with 
low false negatives and positives. The accuracy and robustness of our suggested models can 
be increased by using more datasets; future research must address this issue. 
 
Even with the encouraging outcomes, a number of difficulties still exist. These include the 
possibility of overfitting, the requirement for more extensive and varied datasets, and the 
significance of creating AI models that are comprehensible in order to win over doctors. 
For AI-driven diagnostic technologies to be successfully integrated into healthcare, several 
issues must be resolved. 

 
Subsequent investigations ought to concentrate on broadening the dataset, merging imaging 
and clinical data, and improving model interpretability. Additionally, to verify the models' 
effectiveness in practical contexts, outside validation using separate datasets and clinical 
trials will be required. 
 
The study's findings highlight the revolutionary possibilities of AI and Deep learning in the 
field of medical diagnostics. A noteworthy development in the use of technology to 
enhance the provision and results of healthcare is the creation and implementation of 
customized CNN models for tuberculosis diagnosis. We can get closer to achieving AI's 
full potential in medicine by further improving and validating these models, which will 
ultimately result in more precise, effective, and easily accessible healthcare solutions. 
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Supplementary 
 
Instrumentation 

 Computer programming code 
 
Code for Convert Dicom image format to jpg image format 
 
For Single Image 
 

 

 
For multiple Images 
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X-ray Image classification using VGG16 architecture. 
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Programming for RESNET50 architecture 
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━━━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━┳━━━━━━━━━━━━┳━━━━━━━━━━━━━━━━━━━┓ 
┃ Layer (type)        ┃ Output Shape      ┃    Param # ┃ Connected to      ┃ 
┡━━━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━╇━━━━━━━━━━━━╇━━━━━━━━━━━━━━━━━━━┩ 

│ input_layer_1       │ (None, 224, 224,  │          0 │ -                 │ 

│ (InputLayer)        │ 3)                │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 

│ conv1_pad           │ (None, 230, 230,  │          0 │ input_layer_1[0]… │ 

│ (ZeroPadding2D)     │ 3)                │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv1_conv (Conv2D) │ (None, 112, 112,  │      9,472 │ conv1_pad[0][0]   │ 

│                     │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 

│ conv1_bn            │ (None, 112, 112,  │        256 │ conv1_conv[0][0]  │ 
│ (BatchNormalizatio… │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 

│ conv1_relu          │ (None, 112, 112,  │          0 │ conv1_bn[0][0]    │ 

│ (Activation)        │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 

│ pool1_pad           │ (None, 114, 114,  │          0 │ conv1_relu[0][0]  │ 
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│ (ZeroPadding2D)     │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ pool1_pool          │ (None, 56, 56,    │          0 │ pool1_pad[0][0]   │ 
│ (MaxPooling2D)      │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_1_conv │ (None, 56, 56,    │      4,160 │ pool1_pool[0][0]  │ 

│ (Conv2D)            │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_1_bn   │ (None, 56, 56,    │        256 │ conv2_block1_1_c… │ 

│ (BatchNormalizatio… │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_1_relu │ (None, 56, 56,    │          0 │ conv2_block1_1_b… │ 

│ (Activation)        │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_2_conv │ (None, 56, 56,    │     36,928 │ conv2_block1_1_r… │ 
│ (Conv2D)            │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_2_bn   │ (None, 56, 56,    │        256 │ conv2_block1_2_c… │ 

│ (BatchNormalizatio… │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_2_relu │ (None, 56, 56,    │          0 │ conv2_block1_2_b… │ 

│ (Activation)        │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_0_conv │ (None, 56, 56,    │     16,640 │ pool1_pool[0][0]  │ 

│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_3_conv │ (None, 56, 56,    │     16,640 │ conv2_block1_2_r… │ 
│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_0_bn   │ (None, 56, 56,    │      1,024 │ conv2_block1_0_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_3_bn   │ (None, 56, 56,    │      1,024 │ conv2_block1_3_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_add    │ (None, 56, 56,    │          0 │ conv2_block1_0_b… │ 
│ (Add)               │ 256)              │            │ conv2_block1_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block1_out    │ (None, 56, 56,    │          0 │ conv2_block1_add… │ 

│ (Activation)        │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_1_conv │ (None, 56, 56,    │     16,448 │ conv2_block1_out… │ 

│ (Conv2D)            │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_1_bn   │ (None, 56, 56,    │        256 │ conv2_block2_1_c… │ 
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│ (BatchNormalizatio… │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_1_relu │ (None, 56, 56,    │          0 │ conv2_block2_1_b… │ 
│ (Activation)        │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_2_conv │ (None, 56, 56,    │     36,928 │ conv2_block2_1_r… │ 

│ (Conv2D)            │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_2_bn   │ (None, 56, 56,    │        256 │ conv2_block2_2_c… │ 

│ (BatchNormalizatio… │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_2_relu │ (None, 56, 56,    │          0 │ conv2_block2_2_b… │ 

│ (Activation)        │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_3_conv │ (None, 56, 56,    │     16,640 │ conv2_block2_2_r… │ 
│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_3_bn   │ (None, 56, 56,    │      1,024 │ conv2_block2_3_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_add    │ (None, 56, 56,    │          0 │ conv2_block1_out… │ 

│ (Add)               │ 256)              │            │ conv2_block2_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block2_out    │ (None, 56, 56,    │          0 │ conv2_block2_add… │ 

│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_1_conv │ (None, 56, 56,    │     16,448 │ conv2_block2_out… │ 
│ (Conv2D)            │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_1_bn   │ (None, 56, 56,    │        256 │ conv2_block3_1_c… │ 

│ (BatchNormalizatio… │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_1_relu │ (None, 56, 56,    │          0 │ conv2_block3_1_b… │ 

│ (Activation)        │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_2_conv │ (None, 56, 56,    │     36,928 │ conv2_block3_1_r… │ 
│ (Conv2D)            │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_2_bn   │ (None, 56, 56,    │        256 │ conv2_block3_2_c… │ 

│ (BatchNormalizatio… │ 64)               │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_2_relu │ (None, 56, 56,    │          0 │ conv2_block3_2_b… │ 

│ (Activation)        │ 64)               │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_3_conv │ (None, 56, 56,    │     16,640 │ conv2_block3_2_r… │ 
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│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_3_bn   │ (None, 56, 56,    │      1,024 │ conv2_block3_3_c… │ 
│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_add    │ (None, 56, 56,    │          0 │ conv2_block2_out… │ 

│ (Add)               │ 256)              │            │ conv2_block3_3_b… │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv2_block3_out    │ (None, 56, 56,    │          0 │ conv2_block3_add… │ 

│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_1_conv │ (None, 28, 28,    │     32,896 │ conv2_block3_out… │ 

│ (Conv2D)            │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_1_bn   │ (None, 28, 28,    │        512 │ conv3_block1_1_c… │ 
│ (BatchNormalizatio… │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_1_relu │ (None, 28, 28,    │          0 │ conv3_block1_1_b… │ 

│ (Activation)        │ 128)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_2_conv │ (None, 28, 28,    │    147,584 │ conv3_block1_1_r… │ 

│ (Conv2D)            │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_2_bn   │ (None, 28, 28,    │        512 │ conv3_block1_2_c… │ 

│ (BatchNormalizatio… │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_2_relu │ (None, 28, 28,    │          0 │ conv3_block1_2_b… │ 
│ (Activation)        │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_0_conv │ (None, 28, 28,    │    131,584 │ conv2_block3_out… │ 

│ (Conv2D)            │ 512)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_3_conv │ (None, 28, 28,    │     66,048 │ conv3_block1_2_r… │ 

│ (Conv2D)            │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_0_bn   │ (None, 28, 28,    │      2,048 │ conv3_block1_0_c… │ 
│ (BatchNormalizatio… │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_3_bn   │ (None, 28, 28,    │      2,048 │ conv3_block1_3_c… │ 

│ (BatchNormalizatio… │ 512)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_add    │ (None, 28, 28,    │          0 │ conv3_block1_0_b… │ 

│ (Add)               │ 512)              │            │ conv3_block1_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block1_out    │ (None, 28, 28,    │          0 │ conv3_block1_add… │ 
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│ (Activation)        │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_1_conv │ (None, 28, 28,    │     65,664 │ conv3_block1_out… │ 
│ (Conv2D)            │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_1_bn   │ (None, 28, 28,    │        512 │ conv3_block2_1_c… │ 

│ (BatchNormalizatio… │ 128)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_1_relu │ (None, 28, 28,    │          0 │ conv3_block2_1_b… │ 

│ (Activation)        │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_2_conv │ (None, 28, 28,    │    147,584 │ conv3_block2_1_r… │ 

│ (Conv2D)            │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_2_bn   │ (None, 28, 28,    │        512 │ conv3_block2_2_c… │ 
│ (BatchNormalizatio… │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_2_relu │ (None, 28, 28,    │          0 │ conv3_block2_2_b… │ 

│ (Activation)        │ 128)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_3_conv │ (None, 28, 28,    │     66,048 │ conv3_block2_2_r… │ 

│ (Conv2D)            │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_3_bn   │ (None, 28, 28,    │      2,048 │ conv3_block2_3_c… │ 

│ (BatchNormalizatio… │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_add    │ (None, 28, 28,    │          0 │ conv3_block1_out… │ 
│ (Add)               │ 512)              │            │ conv3_block2_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block2_out    │ (None, 28, 28,    │          0 │ conv3_block2_add… │ 

│ (Activation)        │ 512)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_1_conv │ (None, 28, 28,    │     65,664 │ conv3_block2_out… │ 

│ (Conv2D)            │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_1_bn   │ (None, 28, 28,    │        512 │ conv3_block3_1_c… │ 
│ (BatchNormalizatio… │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_1_relu │ (None, 28, 28,    │          0 │ conv3_block3_1_b… │ 

│ (Activation)        │ 128)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_2_conv │ (None, 28, 28,    │    147,584 │ conv3_block3_1_r… │ 

│ (Conv2D)            │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_2_bn   │ (None, 28, 28,    │        512 │ conv3_block3_2_c… │ 
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│ (BatchNormalizatio… │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_2_relu │ (None, 28, 28,    │          0 │ conv3_block3_2_b… │ 
│ (Activation)        │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_3_conv │ (None, 28, 28,    │     66,048 │ conv3_block3_2_r… │ 

│ (Conv2D)            │ 512)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_3_bn   │ (None, 28, 28,    │      2,048 │ conv3_block3_3_c… │ 

│ (BatchNormalizatio… │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_add    │ (None, 28, 28,    │          0 │ conv3_block2_out… │ 

│ (Add)               │ 512)              │            │ conv3_block3_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block3_out    │ (None, 28, 28,    │          0 │ conv3_block3_add… │ 
│ (Activation)        │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_1_conv │ (None, 28, 28,    │     65,664 │ conv3_block3_out… │ 

│ (Conv2D)            │ 128)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_1_bn   │ (None, 28, 28,    │        512 │ conv3_block4_1_c… │ 

│ (BatchNormalizatio… │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_1_relu │ (None, 28, 28,    │          0 │ conv3_block4_1_b… │ 

│ (Activation)        │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_2_conv │ (None, 28, 28,    │    147,584 │ conv3_block4_1_r… │ 
│ (Conv2D)            │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_2_bn   │ (None, 28, 28,    │        512 │ conv3_block4_2_c… │ 

│ (BatchNormalizatio… │ 128)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_2_relu │ (None, 28, 28,    │          0 │ conv3_block4_2_b… │ 

│ (Activation)        │ 128)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_3_conv │ (None, 28, 28,    │     66,048 │ conv3_block4_2_r… │ 
│ (Conv2D)            │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_3_bn   │ (None, 28, 28,    │      2,048 │ conv3_block4_3_c… │ 

│ (BatchNormalizatio… │ 512)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_add    │ (None, 28, 28,    │          0 │ conv3_block3_out… │ 

│ (Add)               │ 512)              │            │ conv3_block4_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv3_block4_out    │ (None, 28, 28,    │          0 │ conv3_block4_add… │ 
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│ (Activation)        │ 512)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_1_conv │ (None, 14, 14,    │    131,328 │ conv3_block4_out… │ 
│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_1_bn   │ (None, 14, 14,    │      1,024 │ conv4_block1_1_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_1_relu │ (None, 14, 14,    │          0 │ conv4_block1_1_b… │ 

│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_2_conv │ (None, 14, 14,    │    590,080 │ conv4_block1_1_r… │ 

│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_2_bn   │ (None, 14, 14,    │      1,024 │ conv4_block1_2_c… │ 
│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_2_relu │ (None, 14, 14,    │          0 │ conv4_block1_2_b… │ 

│ (Activation)        │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_0_conv │ (None, 14, 14,    │    525,312 │ conv3_block4_out… │ 

│ (Conv2D)            │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_3_conv │ (None, 14, 14,    │    263,168 │ conv4_block1_2_r… │ 

│ (Conv2D)            │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_0_bn   │ (None, 14, 14,    │      4,096 │ conv4_block1_0_c… │ 
│ (BatchNormalizatio… │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_3_bn   │ (None, 14, 14,    │      4,096 │ conv4_block1_3_c… │ 

│ (BatchNormalizatio… │ 1024)             │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_add    │ (None, 14, 14,    │          0 │ conv4_block1_0_b… │ 

│ (Add)               │ 1024)             │            │ conv4_block1_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block1_out    │ (None, 14, 14,    │          0 │ conv4_block1_add… │ 
│ (Activation)        │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_1_conv │ (None, 14, 14,    │    262,400 │ conv4_block1_out… │ 

│ (Conv2D)            │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_1_bn   │ (None, 14, 14,    │      1,024 │ conv4_block2_1_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_1_relu │ (None, 14, 14,    │          0 │ conv4_block2_1_b… │ 
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│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_2_conv │ (None, 14, 14,    │    590,080 │ conv4_block2_1_r… │ 
│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_2_bn   │ (None, 14, 14,    │      1,024 │ conv4_block2_2_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_2_relu │ (None, 14, 14,    │          0 │ conv4_block2_2_b… │ 

│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_3_conv │ (None, 14, 14,    │    263,168 │ conv4_block2_2_r… │ 

│ (Conv2D)            │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_3_bn   │ (None, 14, 14,    │      4,096 │ conv4_block2_3_c… │ 
│ (BatchNormalizatio… │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_add    │ (None, 14, 14,    │          0 │ conv4_block1_out… │ 

│ (Add)               │ 1024)             │            │ conv4_block2_3_b… │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block2_out    │ (None, 14, 14,    │          0 │ conv4_block2_add… │ 

│ (Activation)        │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_1_conv │ (None, 14, 14,    │    262,400 │ conv4_block2_out… │ 

│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_1_bn   │ (None, 14, 14,    │      1,024 │ conv4_block3_1_c… │ 
│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_1_relu │ (None, 14, 14,    │          0 │ conv4_block3_1_b… │ 

│ (Activation)        │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_2_conv │ (None, 14, 14,    │    590,080 │ conv4_block3_1_r… │ 

│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_2_bn   │ (None, 14, 14,    │      1,024 │ conv4_block3_2_c… │ 
│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_2_relu │ (None, 14, 14,    │          0 │ conv4_block3_2_b… │ 

│ (Activation)        │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_3_conv │ (None, 14, 14,    │    263,168 │ conv4_block3_2_r… │ 

│ (Conv2D)            │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_3_bn   │ (None, 14, 14,    │      4,096 │ conv4_block3_3_c… │ 
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│ (BatchNormalizatio… │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_add    │ (None, 14, 14,    │          0 │ conv4_block2_out… │ 
│ (Add)               │ 1024)             │            │ conv4_block3_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block3_out    │ (None, 14, 14,    │          0 │ conv4_block3_add… │ 

│ (Activation)        │ 1024)             │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_1_conv │ (None, 14, 14,    │    262,400 │ conv4_block3_out… │ 

│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_1_bn   │ (None, 14, 14,    │      1,024 │ conv4_block4_1_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_1_relu │ (None, 14, 14,    │          0 │ conv4_block4_1_b… │ 
│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_2_conv │ (None, 14, 14,    │    590,080 │ conv4_block4_1_r… │ 

│ (Conv2D)            │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_2_bn   │ (None, 14, 14,    │      1,024 │ conv4_block4_2_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_2_relu │ (None, 14, 14,    │          0 │ conv4_block4_2_b… │ 

│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_3_conv │ (None, 14, 14,    │    263,168 │ conv4_block4_2_r… │ 
│ (Conv2D)            │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_3_bn   │ (None, 14, 14,    │      4,096 │ conv4_block4_3_c… │ 

│ (BatchNormalizatio… │ 1024)             │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_add    │ (None, 14, 14,    │          0 │ conv4_block3_out… │ 

│ (Add)               │ 1024)             │            │ conv4_block4_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block4_out    │ (None, 14, 14,    │          0 │ conv4_block4_add… │ 
│ (Activation)        │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_1_conv │ (None, 14, 14,    │    262,400 │ conv4_block4_out… │ 

│ (Conv2D)            │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_1_bn   │ (None, 14, 14,    │      1,024 │ conv4_block5_1_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_1_relu │ (None, 14, 14,    │          0 │ conv4_block5_1_b… │ 
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│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_2_conv │ (None, 14, 14,    │    590,080 │ conv4_block5_1_r… │ 
│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_2_bn   │ (None, 14, 14,    │      1,024 │ conv4_block5_2_c… │ 

│ (BatchNormalizatio… │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_2_relu │ (None, 14, 14,    │          0 │ conv4_block5_2_b… │ 

│ (Activation)        │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_3_conv │ (None, 14, 14,    │    263,168 │ conv4_block5_2_r… │ 

│ (Conv2D)            │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_3_bn   │ (None, 14, 14,    │      4,096 │ conv4_block5_3_c… │ 
│ (BatchNormalizatio… │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_add    │ (None, 14, 14,    │          0 │ conv4_block4_out… │ 

│ (Add)               │ 1024)             │            │ conv4_block5_3_b… │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block5_out    │ (None, 14, 14,    │          0 │ conv4_block5_add… │ 

│ (Activation)        │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_1_conv │ (None, 14, 14,    │    262,400 │ conv4_block5_out… │ 

│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_1_bn   │ (None, 14, 14,    │      1,024 │ conv4_block6_1_c… │ 
│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_1_relu │ (None, 14, 14,    │          0 │ conv4_block6_1_b… │ 

│ (Activation)        │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_2_conv │ (None, 14, 14,    │    590,080 │ conv4_block6_1_r… │ 

│ (Conv2D)            │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_2_bn   │ (None, 14, 14,    │      1,024 │ conv4_block6_2_c… │ 
│ (BatchNormalizatio… │ 256)              │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_2_relu │ (None, 14, 14,    │          0 │ conv4_block6_2_b… │ 

│ (Activation)        │ 256)              │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_3_conv │ (None, 14, 14,    │    263,168 │ conv4_block6_2_r… │ 

│ (Conv2D)            │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_3_bn   │ (None, 14, 14,    │      4,096 │ conv4_block6_3_c… │ 
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│ (BatchNormalizatio… │ 1024)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_add    │ (None, 14, 14,    │          0 │ conv4_block5_out… │ 
│ (Add)               │ 1024)             │            │ conv4_block6_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv4_block6_out    │ (None, 14, 14,    │          0 │ conv4_block6_add… │ 

│ (Activation)        │ 1024)             │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_1_conv │ (None, 7, 7, 512) │    524,800 │ conv4_block6_out… │ 

│ (Conv2D)            │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_1_bn   │ (None, 7, 7, 512) │      2,048 │ conv5_block1_1_c… │ 

│ (BatchNormalizatio… │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_1_relu │ (None, 7, 7, 512) │          0 │ conv5_block1_1_b… │ 
│ (Activation)        │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_2_conv │ (None, 7, 7, 512) │  2,359,808 │ conv5_block1_1_r… │ 

│ (Conv2D)            │                   │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_2_bn   │ (None, 7, 7, 512) │      2,048 │ conv5_block1_2_c… │ 

│ (BatchNormalizatio… │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_2_relu │ (None, 7, 7, 512) │          0 │ conv5_block1_2_b… │ 

│ (Activation)        │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_0_conv │ (None, 7, 7,      │  2,099,200 │ conv4_block6_out… │ 
│ (Conv2D)            │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_3_conv │ (None, 7, 7,      │  1,050,624 │ conv5_block1_2_r… │ 

│ (Conv2D)            │ 2048)             │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_0_bn   │ (None, 7, 7,      │      8,192 │ conv5_block1_0_c… │ 

│ (BatchNormalizatio… │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_3_bn   │ (None, 7, 7,      │      8,192 │ conv5_block1_3_c… │ 
│ (BatchNormalizatio… │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_add    │ (None, 7, 7,      │          0 │ conv5_block1_0_b… │ 

│ (Add)               │ 2048)             │            │ conv5_block1_3_b… │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block1_out    │ (None, 7, 7,      │          0 │ conv5_block1_add… │ 

│ (Activation)        │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_1_conv │ (None, 7, 7, 512) │  1,049,088 │ conv5_block1_out… │ 
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│ (Conv2D)            │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_1_bn   │ (None, 7, 7, 512) │      2,048 │ conv5_block2_1_c… │ 
│ (BatchNormalizatio… │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_1_relu │ (None, 7, 7, 512) │          0 │ conv5_block2_1_b… │ 

│ (Activation)        │                   │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_2_conv │ (None, 7, 7, 512) │  2,359,808 │ conv5_block2_1_r… │ 

│ (Conv2D)            │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_2_bn   │ (None, 7, 7, 512) │      2,048 │ conv5_block2_2_c… │ 

│ (BatchNormalizatio… │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_2_relu │ (None, 7, 7, 512) │          0 │ conv5_block2_2_b… │ 
│ (Activation)        │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_3_conv │ (None, 7, 7,      │  1,050,624 │ conv5_block2_2_r… │ 

│ (Conv2D)            │ 2048)             │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_3_bn   │ (None, 7, 7,      │      8,192 │ conv5_block2_3_c… │ 

│ (BatchNormalizatio… │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_add    │ (None, 7, 7,      │          0 │ conv5_block1_out… │ 

│ (Add)               │ 2048)             │            │ conv5_block2_3_b… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block2_out    │ (None, 7, 7,      │          0 │ conv5_block2_add… │ 
│ (Activation)        │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_1_conv │ (None, 7, 7, 512) │  1,049,088 │ conv5_block2_out… │ 

│ (Conv2D)            │                   │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_1_bn   │ (None, 7, 7, 512) │      2,048 │ conv5_block3_1_c… │ 

│ (BatchNormalizatio… │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_1_relu │ (None, 7, 7, 512) │          0 │ conv5_block3_1_b… │ 
│ (Activation)        │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_2_conv │ (None, 7, 7, 512) │  2,359,808 │ conv5_block3_1_r… │ 

│ (Conv2D)            │                   │            │                   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_2_bn   │ (None, 7, 7, 512) │      2,048 │ conv5_block3_2_c… │ 

│ (BatchNormalizatio… │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_2_relu │ (None, 7, 7, 512) │          0 │ conv5_block3_2_b… │ 
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│ (Activation)        │                   │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_3_conv │ (None, 7, 7,      │  1,050,624 │ conv5_block3_2_r… │ 

│ (Conv2D)            │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_3_bn   │ (None, 7, 7,      │      8,192 │ conv5_block3_3_c… │ 
│ (BatchNormalizatio… │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_add    │ (None, 7, 7,      │          0 │ conv5_block2_out… │ 

│ (Add)               │ 2048)             │            │ conv5_block3_3_b… │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ conv5_block3_out    │ (None, 7, 7,      │          0 │ conv5_block3_add… │ 

│ (Activation)        │ 2048)             │            │                   │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ flatten_1 (Flatten) │ (None, 100352)    │          0 │ conv5_block3_out… │ 

├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 

│ dense_2 (Dense)     │ (None, 1024)      │ 102,761,4… │ flatten_1[0][0]   │ 
├─────────────────────┼───────────────────┼────────────┼───────────────────┤ 
│ dense_3 (Dense)     │ (None, 1)         │      1,025 │ dense_2[0][0]     │ 

└─────────────────────┴───────────────────┴────────────┴───────────────────┘ 
 Total params: 331,875,205 (1.24 GB) 

 Trainable params: 102,762,497 (392.01 MB) 
 Non-trainable params: 23,587,712 (89.98 MB) 

 Optimizer params: 205,524,996 (784.02 MB) 
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Programming for the CNN architecture 
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