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Introduction. One of the hallmarks of the advent of the new industrial revolution, 

Industry 5.0, is the synergy between autonomous robots and humans. All this is possible with the 

introduction of collaborative robots into all spheres of human activity [1]. The robot is designed to 

work together with a human, taking into account the safe work with him in his workspace. As a 

result, a difficult scientific and technical task arises to provide a reliable computer vision system 

with elements of artificial intelligence, which will allow real-time recognition and identification of 

objects. 

The purpose of the work is to conduct an experiment on the recognition of objects of 

different geometric shapes in the working area of a mobile robot, depending on the tilt angle of the 

camera. 

Program development and experiment. The YOLO method uses a linear activation function 

for the final layer and all other layers use the following linear activation. The architecture of the 

neural network, the principle of training and object definition are shown in Figure 1 [2]. 

 

 

Figure 1 – Architecture of the neural network, the principle of training  

and the definition of the object of the YOLO method 

 

YOLO provides several bounding rectangles per grid cell. During training, we only need one 

bounding rectangle, which will be responsible for each object. We assign one rectangle 

"responsible" for determining the object, based on which the forecast has the highest streaming 

Input output unit (IOU). It leads to specialization between the bounding box of the rectangle. Each 

rectangle becomes the best at the specified size, aspect ratio, or object class, improving overall 

consistency. Each rectangle allows you to define the boundaries of an object of a certain size, its 

aspect ratio or classes of objects, improving overall consistency. 
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Using the integrated development environment PyCharm for Python, NexiGo N960E 1080P 

60FPS camera, it was developed a program based on the YOLO method and the experiment was 

carried out to identify objects in real time at early camera tilt angles. The result of the experiment is 

shown in Figure 2. 

 

  
а) b) 

 
c) 

Figure 2 – The result of the experiment on the identification of test objects: 

a) an angle of 90 degrees; b) an angle of 45 degrees; c) an angle <15 degrees 

 
 

Conclusions. At the first experiment (Fig. 2, a) we can observe that there is an error either in 

the speed of initialization and the search for elements in the image, or the slowness of the matching 

action with the object we need; the second experiment (Fig. 2, b) has an excellent result, as it was 

ablew to find even what has not been indicated yet (the table where all the objects are located); the 

third experiment (Fig. 2, c) the program still makes the maximum comparison with all the elements 

that are in the image and shows the correct identification of all objects. As a result of the research, it 

was revealed that, despite the speed and architecture of the neural network, there will still be an 

error in the angle at which the camera tries to initialize the objects and then correctly compare them 

so that the result is true. 
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