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ABSTRACT

Advances in technology are making health research increasingly

complex. Artificial intelligence is widely used in this research.

Convolutional neural networks are one of the most common and

optimal algorithms for working with images. Image recognition

results are used to analyze the results of medical examinations of

patients. The subject of the research – analysis of the human brain

computed tomography results using a convolutional neural network

based on the Keras library.
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INTRODUCTION

Modern hospitals create a large number of medical images every

day. These images are transferred to a special cloud center, which

allows organizing their storage and processing. The main task in pro�

cessing medical images is to extract various medical signs from them,

which in the future are also accumulated and processed. Due to the

significant progress made in the application of deep learning meth�

ods, some of them are successfully applied in the field of medical

image analysis. One such method is a convolutional neural network

(CNN).
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I.  

Neural networks are found used in various fields of 
science and technology [1,2]. If we talk about medicine, 
then the scope includes the analysis of images and video 
streams, data series, classification of signs and much more 
[3,4,5]. 

Keras 

Keras is an extended open source neural network li-
brary written in Python that supports GPU and CPU as 
well as a highly modular library of neural networks them-
selves. Keras is currently used in the Theano and 
TensorFlow libraries. Keras provides APIs that allow 
users to focus on developing models and experiment with 
models faster.  

The APIs integrate many small components from 
Tensorflow and Theano as modules, so a network built 
using those two can also be built with Keras, with no per-

formance penalty. The main advantage of using the Keras 
infrastructure is that it can seriously save the developer's 
time when setting up the created network structure [6]. 

Convolutional neural network (CNN) 

Convolutional Neural Network, CNN or ConvNet is a 
feedforward neural network [7,8]. It is usually formed 
from a convolutional layer, a convergence layer 
(activation and pooling) and a fully connected layer. 
Training is carried out on the basis of a backpropagation 
algorithm. When using a feed-forward neural network, a 
problem arises at the training stage related to the fact that 
there are too many parameters and it is difficult to extract 
local invariant functions. Convolutional neural networks 
have three structural features: local connections [9], 
weight distribution, and equal variation. These features 
make the convolutional neural network somewhat 
invariant to movement, scaling and rotation [10]. 

Figure 1. Convolutional neural network architecture 

II.

For work, we will use the prepared set of images cre-
ated by Felipe Kitamura. These images are publicly avail-
able CT images of the brain from Google Images [11]: 

https://www.kaggle.com/felipekitamura/head-ct-
hemorrhage. 

This dataset contains 100 images of normal sections 
and 100 images of signs of cerebral stroke. However, there 
is no difference between different types of strokes [12].  

Tags are in the CSV file. Each image belongs to a 
unique person. The main idea behind using such a small 
dataset is to develop a method that can predict the pres-
ence of signs of stroke even with a small amount of base-
line data. 

Figure 2 shows 20 CT images of the brain in the da-
taset. 
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Figure 2. Images of the brain computed tomography results 

III. DATA PREPARATION

Before performing any operations with the data, we 
need to pre-process images in order to improve the esti-
mation of forecast accuracy [13]. 

In order to obtain higher image fidelity in subsequent 
training, we examine images length and width to obtain 
statistics over the set. 

Figure 3 shows images distribution in a set by length 
and width. 

Figure 3. Images distribution by length and width 

The description () function is used to display statistics. 
Results include object counts, means, standard deviations, 
minimums, maximums, bottom 50 percentile, bottom  
25 percentile. 75.50 is both the percentile and median. 

Figure 4 shows the results of statistical analysis for 
length and width. 

Figure 4. Results of set analysis in terms of length and width 

Before training the model, you should make all imag-
es the same size 128 * 128. A simple principle is applied 
here: the smaller the image size, the faster the training 
will take place, more objects will be processed, the less 
likely it is to retrain, but all this is associated with an ob-
vious loss of information.  

If the error is large, then you should use larger images 
and either stretch the small images (and lose significantly 
in quality), or discard them completely and expose net-
work to the risk of overfitting. 

Figure 5 shows images with a size of 128 * 128 after 
processing. 

Figure 5. Images 128 * 128 

We can also improve the model by adding the ability 
to work with inverted images. It does not matter how 
 computed tomography is viewed, cerebral hemorrhage 
can and should be diagnosed in any case. Combined with 
small capacity of dataset, by adding inverted images to it, 
we can significantly improve the model accuracy. 

Figure 6 shows the results of set images rotating by 
90 degrees. 

images = np.array([cv2.resize(image, (128, 128)) for 
image in images]) 
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Figure 6. Images are rotated 90° 

Using three functions from the library, figure, enu-
merate and subplot, all preprocessed images are processed 
and the results are added to the set. 

plt.figure(figsize=(12, 12)) 
for i, flip in enumerate([None, -1, 0, 1]): 
plt.subplot(221 + i) 
if flip is None: 
plt.imshow(images[0]) 
else: 
plt.imshow(cv2.flip(images[0], flip) 

 

Image enhancement [14,15] is implemented using the 
ImageDataGenerator function, which supports real-time 
data enhancement. During training, the function will gen-
erate data indefinitely until it reaches the specified num-
ber of epochs. We improved the image by increasing hor-
izontal vertical deflection by 90° and 180°, horizontal and 
vertical offset by 0.05 logical values when lifting data, 
increasing rejection ratio and fixing the image channel 
size position (128, 128, 3). 

train_image_data = ImageDataGenerator( 
  rescale=1./255, 
  shear_range=0., 
  zoom_range=0.05, 
  rotation_range=180, 
  width_shift_range=0.05, 
  height_shift_range=0.05, 
  horizontal_flip=True, 
  vertical_flip=True, 
  fill_mode='constant', 
  cval=0) 

validation_image_data = ImageDataGenerator( 
 rescale=1./255, 
 shear_range=0., 
 zoom_range=0.05, 
 rotation_range=90, 
 width_shift_range=0.05, 
 height_shift_range=0.05, 
 horizontal_flip=True, 
 vertical_flip=True, 
 fill_mode='constant', 

 cval=0) 

Figure 7 shows the results of enhancing the images of 
a set using built-in functions. 

Figure 7. Improved set images 

MODEL BUILDING

The SNN model uses a small fixed-size convolution 
kernel (3 * 3). Convolution pool structure of three convo-
lution layers with two pooling layers. The Sigmoid activa-
tion function is used on the output of the convolution lay-
er. Simplified calculation and added Drop layer to prevent 
model overlap. 

Using the summary () function, you can see the com-
plete structure of the network convolutional layer model. 
The results are shown in Figure 8. 

Figure 8. Structure of network convolutional layer 
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The first segment of a convolutional network consists 
of a convolutional layer and a maximum pooling layer. 
The size of the convolution kernels of these two convolu-
tional layers is 3 * 3, and the number of convolution ker-
nels is 32. The size of the image at the input of the first 
layer is 128 * 128 * 3, and the size of the output is 64 * 
64 * 32. After passing the maximum pooling layer 2 * 2, 
the output size becomes 32 * 32 * 32, because the step 
size is 2. Then the result is fed to the second, similar seg-
ment of the convolutional network. The sizes of the con-
volutional kernel of the two convolutional layers are also 
3 * 3, but the number of links after the convolutional layer 
changes, and the final output size becomes 4 * 4 * 64. 
After processing by the GAP layer to change the data 
from multidimensional to one-dimensional, and Dropout 
regularization to prevent overfitting, the generalization of 
the model is improved, and then the Sigmoid activation 
function is applied. 

The experiment was carried out on a personal comput-
er with Windows 10 operating system; Python program-
ming language was used as an environment for neural 
network training. Keras library was used for feature ex-
traction, model creation and training. 

The set size is 128. After 16 steps, trained model was 
tested on a set of computed tomograms of brain. The 
highest accuracy that was achieved is 91.89% at step 16. 
The results of model  testing are shown in Figure 9. 

def simple_conv_model(input_shape): 
 model = Sequential() 
     model.add(Conv2D(32, kernel_size=3, strides=2, pad-

ding='same', activation='relu', input_shape=input_shape)) 
 model.add(MaxPooling2D(pool_size=2)) 

 model.add(Conv2D(32, kernel_size=3, strides=2, pad-
ding='same', activation='relu')) 

 model.add(MaxPooling2D(pool_size=2)) 
     model.add(Conv2D(64, kernel_size=3, strides=2, pad-

ding='same', activation='relu'))     
 model.add(GlobalAveragePooling2D()) 
 model.add(Dropout(0.4)) 
 model.add(Dense(32, activation='relu')) 

 model.add(Dropout(0.4)) 
     model.add(Dense(1, activation='sigmoid')) 
return model 

The accuracy and likelihood of retraining the model in 
the process of working with CT images of the brain 
change depending on the number of training steps and are 
presented using Tensorboard visualization in the form of 
curves of changes in accuracy and loss factor in Figure 10. 

Figure 9. Model test results 
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Figure 10. Graphs of changes in the values of accuracy and loss factor 

Figure 11. Model results 

The model showed 89% accuracy on the test set. The 
results obtained indicate full applicability of created mod-
el for predicting presence of stroke signs in the brain from 
computed tomography images. Figure 11 shows the re-
sults of created model applying to the test set of images. 

CONCLUSION 

A predictive model for the presence of signs of cere-
bral stroke on computed tomography images using a con-
volutional neural network is proposed and designed. Da-
taset contained images of normal brains and brains of 
stroke patients. Prediction accuracy using the model 
reaches 90%. It is shown that software image enhance-
ment leads to certain effects. 
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