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Abstract 

Currently, computer vision is an actively developing part of computer technology and image recognition is one of the most important parts 
of artificial intelligence. We can find a wide range of areas that apply these technologies. For example, in medicine they can be used for 
diagnosing a Magnetic Resonance Imaging or X-ray image; in security systems - for detecting intruders, etc. However, often object 
recognition cannot work without object detection by the reason of finding the necessary information only in the small particular part of 
images. In order to find the required object quickly and with good quality, we have to apply search and detection algorithms. There are 
various methods and technologies for object detection. This work presents the description of the best option with a high probability of 
object detection accuracy that can be realized by using the convolutional neural networks. 
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1 Introduction 

To date, computer vision is actively developing. The field 
of application is growing every day. The recognition of 
objects has become an integral part of artificial intelligence. 
Today, recognition is applied almost everywhere: from 
medicine to engineering. To quickly recognize an object, 
you must first find it in the picture. There are several such 
objects on one frame of the image. To work with each of 
them you need to find their boundaries in the pictures. To do 
this, you must use the object detection method. In this article, 
we will consider the implementation of a method based on 
a neural network and compare it with classical methods 
using the ready-made Haar cascades. 

2 Object detection methods 

There are several options for object detection. The most 
popular of them without the use of neural networks are the 
Haar Cascades and HOG cascades. The very first of these was 
the method of Viola and Jones of Cascade Haar. This method 
was proposed by Paul Viola and Michael Jones in 2001, as a 
fast method of searching for objects. Previous methods of 
searching for objects that were based on working with the 
intensity of the image had a large computational complexity, 
especially for RGB images. The Viola and Jones method 
works with rectangular tags that calculate the sum of the 
pixels of several adjacent rectangular areas. This method was 
originally intended for search and detection of persons, but 
allows you to find other objects. Development has become 
very popular for a short time, because the speed of work was 
very high. FIGURE 1 shows how method of Viola and Jones 
works, using Haar features for face detection. 

 
FIGURE 1 Haar features in face detection algorithm 

In 2005, a new idea was proposed for searching and 
detecting objects. The idea was based on the use of the 
Histogram directed gradients. The idea was realized by 
INRIA researchers Dalal and Triggs. In their work, they used 
an algorithm to find pedestrians. The main idea of the 
algorithm is the assumption that the appearance and shape of 
the object in the image area can be described by the 
distribution of intensity gradients or the direction of the edges. 
The implementation of these descriptors can be done by 
dividing the image into small connected areas, called cells, 
and calculating for each cell histogram of the gradient 
directions or edge directions for the pixels inside the cell. The 
combination of these histograms is a descriptor. To increase 
the accuracy, local histograms undergo normalization in 
contrast. For this purpose, the intensity measure is calculated 
on a larger image fragment, called a block, and the value 
obtained is used for normalization. Normalized descriptors 
have better invariance in relation to illumination. The HOG 
descriptor has several advantages over other descriptors. 
Since HOG works locally, the method supports the invariance 
of geometric and photometric transformations, except for the 
orientation of the object. 
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FIGURE 2 Features of Histogram oriented gradients 

Similar changes will appear only in large fragments of 
the image. Moreover, as Dalal and Triggs have discovered, 
rough division of space, accurate calculation of directions 
and strong local photometric normalization make it possible 
to ignore pedestrian movements if they support the vertical 
position of the body. The HOG descriptor is a good way of 
finding people in images. 

Today, with the development of artificial intelligence 
including machine learning, detection and recognition of 
objects comes to a new level. The accuracy of such methods 
is extremely high, false positives are not practical. One of 
the best methods is the use of convolutional neural networks. 

3 Convolutional neural networks 

The concept of artificial neural networks appeared more than 
half a century ago. However, a great interest in artificial 
neural networks began in the late 80's. The active use of 
neural networks for image recognition began at the beginning 
of the 21st century. At this point in time, neural networks 
occupy a large share in the field of image recognition. 

Convolutional neural networks are a special kind of 
artificial neural networks, the author of which is Yann 
Lecun. This type of neural network is part of deep learning. 
The main task of convolutional neural networks is effective 
image recognition. 

 
FIGURE 3 Architecture of convolutional neural networks 

Figure 3 shows the standard architecture of convolutional 
neural networks. In conventional neural networks, each neuron 
is connected to all the neurons of the previous layer, with each 
link having its own personal weighting factor. In a 
convolutional neural network, only a limited matrix of small 
scales is used in the convolution operation, which is "moved" 
along the entire processed layer (right at the beginning - directly 
on the input image), forming after each shift an activation signal 
for the neuron of the next layer with the same position. That is, 
for the different output layer neurons, the same matrix of 
weights is used, which is also called the core of the convolution. 
It is interpreted as the graphic coding of a feature, for example, 
the presence of an inclined line at a certain angle. Then the next 
layer, obtained as a result of the convolution operation by such 
a matrix of weights, shows the presence of this feature in the 
processed layer and its coordinates, forming the so-called 
feature map. Naturally, in a convolutional neural network a set 
of weights is not one, but a whole gamut that encodes image 
elements (for example, lines and arcs from different angles). At 
the same time, such convolution kernels are not laid by the 

researcher in advance, but are formed independently by training 
the network using the classical method of back propagation of 
the error. Passage by each set of weights forms its own instance 
of the feature card, making the neural network multichannel 
(many independent feature cards on one layer). It should also 
be noted that when the layer is sorted by a matrix of weights, it 
is usually not moved to the full step (the size of this matrix), but 
to a short distance. So, for example, with the dimension of a 5 
× 5 matrix of weights, it is shifted by one or two neurons (pixel) 
instead of five, so as not to "step over" the sought-for feature. 

In practice, this means the ability to recognize complex 
feature hierarchies. Usually, after passing through several 
layers, the map of features degenerates into a vector or even a 
scalar, but such cards of signs become hundreds. At the output 
of the convolutional layers of the network, several layers of a 
fully connected neural network (perceptron) are additionally 
installed, on the input of which terminal tags cards are supplied. 

 
FIGURE 4 A convolutional neural network model for image recognition 

In our experiment, we used real-time images from the IP 
Camera using the RTSP stream. The frame resolution is 
1280x720. This means that our model of a convolutional 
neural network is much deeper than the above model. 

For learning the neural network model, we used the 
"Pascal Visual Object Classes" dataset. Using this data, we 
trained a model of a convolutional neural network for 
finding a person. Dataset of 2012 contains 17 125 images 
totally. Of these, 4087 marked images with 8566 objects 
were used for training. The dataset was divided into 50% - 
train data, 25% - cross validation data, 25% - test data. 

The training was conducted on two NVIDIA Quadro 
2000 video cards using NVIDIA CUDA Deep Neural 
Network librady(cuDNN). Using the GPU significantly 
speeds up the computational process. However, to get the 
best model, we still had to wait more than 4 days. As a result, 
we were able to get a good model of a neural network. 
Running the recognition process in the GPU also speeds up 
the computational process. However, we still did not 
manage to simultaneously use two video cards for real-time 
recognition. But even on one video card we managed to 
achieve a speed of 12 frames per second in 720p resolution. 

 
FIGURE 5 Person detection based on convolutional neural networks 

(Main educational building of Satbayev University) 

Using this model, we were able to get a system for 
detecting people with an accuracy of 99.4%. Comparing 
with classical methods using cascades, it has very high 
accuracy. Also, for this model full size or special side of an 
object is not required. The model is less demanding of the 
conditions for the provision of information for recognition. 
However, even in such conditions, the system has a very 
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high level of accuracy. All thanks to the correct selection 
and preparing of training data and the good learning process 
of the convolutional neural networks model. 

4 Conclusion 

As a result, we got a system for searching and detecting 
people in a frame using convolutional neural networks. This 
model takes a lot of time in the moment of data preparation 

and in the process of training the neural networks. Also, the 
system is not as fast as the Viola-Jones method and HOG 
descriptors. However, the convolutional neural network 
allows us to achieve incredible accuracy. Even with the full 
size of the input data and with poor image quality, this 
model continues to recognize objects with high accuracy.  

Nowadays, computational insufficiency decreases every 
year, and soon. We believe that soon anyone can use this 
method with high recognition speed for large scale images. 
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