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ɄŮɟɑɚɖɣɖ  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ůɨɔɢɟɞɜɖɠ əɞɘɜɤɜɑŬɠ, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ əŬŰŬɜɞɐůɞɡɛŮ Űɖɜ 

ůɖɛŬɜŰɘəɧŰɖŰŬ Űɖɠ ŮɜůɡɜŬɑůɗɖůɖɠ ůŰɖɜ ɕɤɐ ɛŬɠ. ȹɘŬˊɘůŰɩɜŮŰŬɘ Ŭˊɧ ɏɟŮɡɜŮɠ ɧŰɘ ɡˊɎɟɢŮɘ ɖ 

ŬɜɎɔəɖ ŬɜɎˊŰɡɝɖɠ ˊɚŬŰűɞɟɛɩɜ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ˊŬɟɎɔɞɡɜ ůɡɜŬɘůɗɐɛŬŰŬ, ˊɟɞəŮɘɛɏɜɞɡ 

ˊŬɘŭɘɎ əŬɘ ŮɜɐɚɘəŮɠ ɜŬ ɛɎɗɞɡɜ ɜŬ əŬŰŬɜɞɞɨɜ ŰŬ ůɡɜŬɘůɗɐɛŬŰŬ Űɤɜ Ŭɜɗɟɩˊɤɜ ˊɞɡ 

ůɡɜŬɜŬůŰɟɏűɞɜŰŬɘ. 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ɟɞɛˊɞŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, Űɞ 

ɞˊɞɑɞ ɗŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ Űɧůɞ Ŭˊɧ ˊŬɘŭɘɎ ɖɚɘəɑŬɠ ŰŮůůɎɟɤɜ ɛŮ ŮɜɜɏŬ ŮŰɩɜ ɔɘŬ ɜŬ 

ɛɎɗɞɡɜ ˊŬɑɕɞɜŰŬɠ, ɧůɞ əŬɘ Ŭˊɧ ɢɟɐůŰŮɠ ɛŮɔŬɚɨŰŮɟɖɠ ɖɚɘəɑŬɠ. ɇŬ ˊŬɘŭɘɎ ŬɝɘɞˊɞɘɩɜŰŬɠ Űɘɠ 

ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ɟɞɛˊɧŰ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ŬɜŬˊŰɨɝɞɡɜ Űɖɜ ŮɜůɡɜŬɑůɗɖůɖ Űɞɡɠ. ɆŰɞɡɠ Ůɜɐɚɘəɞɡɠ 

ɢɟɐůŰŮɠ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ əŬɘ ŭɖɛɘɞɡɟɔɑŬɠ Űɤɜ ŭɘəɩɜ Űɞɡɠ ˊɟɞɔɟŬɛɛɎŰɤɜ, ɛɘŬɠ 

əŬɘ Űɞ ɟɞɛˊɧŰ ŮɑɜŬɘ ŭɞɛɖɛɏɜɞ ɛŮ ŬɜɞɘɢŰɎ ˊɟɧŰɡˊŬ (open source). 

Ȱɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ůɘŭɘəɩɜ, ůŮɜɎɟɘŬ ɛɏůŬ Ŭˊɧ Űɞ ɞˊɞɑŬ Űɞ ɟɞɛˊɧŰ ŮɑɜŬɘ ůŮ 

ɗɏůɖ ɜŬ ŮəűɟɎɕŮɘ ůɡɜŬɘůɗɐɛŬŰŬ. Ƀɘ ɢɟɐůŰŮɠ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮəŰŮɚɏůɞɡɜ ɓŬůɘəɎ 

ůŮɜɎɟɘŬ, ɜŬ ŬɜŮɓɎůɞɡɜ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ ˊɚɖɟɞűɞɟɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ŰŬ ŭɘəɎ Űɞɡɠ ˊɟɞɔɟɎɛɛŬŰŬ, 

ɜŬ ˊŬɑɝɞɡɜ ŮəˊŬɘŭŮɡŰɘəɎ ˊŬɘɢɜɑŭɘŬ əŬɘ ɜŬ ɢŮɘɟɘůŰɞɨɜ Űɞ ɟɞɛˊɧŰ ŬˊɞɛŬəɟɡůɛɏɜŬ ɛɏůɤ Ůɘŭɘəɐɠ 

ŮűŬɟɛɞɔɐɠ ŰɖɚŮɢŮɘɟɘůɛɞɨ. 

ɇɞ ůɩɛŬ Űɞɡ ɟɞɛˊɧŰ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊɚŬůŰɘəɎ əɞɛɛɎŰɘŬ ŮəŰɡˊɤɛɏɜŬ ůŮ ŰɟɘůŭɘɎůŰŬŰɞ 

ŮəŰɡˊɤŰɐ. ɆŰɖɜ əŬŰŬůəŮɡɐ ɏɢɞɡɜ ŰɞˊɞɗŮŰɖɗŮɑ ŬɘůɗɖŰɐɟɘŬ ɧɟɔŬɜŬ, ɛŮ ŰŬ ɞˊɞɑŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ 

ŬůűɎɚŮɘŬ Űɤɜ ɢɟɖůŰɩɜ əŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɤɜ ůŮɜŬɟɑɤɜ. 

ɇɞ ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ ŬɜŬˊŰɨɢɗɖəŮ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ˊɘɞ ůɨɔɢɟɞɜɤɜ ɛŮɗɧŭɤɜ. ɇŬ 

ɔɟŬűɘəɎ Űɖɠ ɞɗɧɜɖɠ ɡɚɞˊɞɘɐɗɖəŬɜ ɛŮ PyQt ˊɏɛˊŰɖɠ ɏəŭɞůɖɠ əŬɘ ɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɤɜ 

ɚŮɘŰɞɡɟɔɘɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Python ŰɟɑŰɖɠ 

ɏəŭɞůɖɠ. ȼ ŬɜɎˊŰɡɝɖ əɩŭɘəŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ, ɛɏůɤ Űɤɜ ŮɟɔŬɚŮɑɤɜ MobaXterm, Nano, 

Notepad++, Visual Studio Code, Qt Creator, Qt Designer, Ůɜɩ ɞ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ ɛŮɚɏŰɖ, Űɤɜ 

ŰɟɘůŭɘɎůŰŬŰɤɜ ŰɛɖɛɎŰɤɜ Űɖɠ ŮɟɔŬůɑŬɠ, ɏɔɘɜŮ ɛŮ Űɞ ˊɟɧɔɟŬɛɛŬ ůɢŮŭɑŬůɖɠ Fusion 360. 

 

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ɅɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ, ȷɜɎˊŰɡɝɖ ŮɜůɡɜŬɑůɗɖůɖɠ, ɀɖɢŬɜɘəɐ ɧɟŬůɖ, Raspberry Pi, 

PyQt5, ȿɞɔɘůɛɘəɧ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ, ɇɟɘůŭɘɎůŰŬŰɖ ŮəŰɨˊɤůɖ.   



14 

 

 

  



15 

 

Abstract 

In modern society, we must understand the importance of empathy in our lives. Research 

shows that there is a need to develop platforms that can generate emotions so that children and 

adults learn to understand the feelings of the people they associate with. 

The main focus of this paper is to create a robotic system that can be used by children from 

the age of four to nine years old, to learn through playing, as well as by older users. Using the 

functions of the robot, children can develop their empathy. Adult users are allowed to develop and 

create their programs since the robot is structured with open standards (open source). 

With the help of experts, scenarios have been developed in which the robot can express 

emotions. Users can run basic scripts, upgrade their programs with the help of an information 

system, play educational games, operate the robot remotely through a special remote-control 

application. 

The body of the robot consists of plastic pieces printed on a 3D printer. The sensory 

equipment has been installed, ensuring the safety of the users and the requirements of the scenarios. 

The robotic system was developed using the latest methods. The on-screen graphics were 

implemented with PyQt Fifth Edition and the programming of system functions with Python 

programming language Third Edition. The code development was done using MobaXterm, Nano, 

Notepad ++, Visual Studio Code, Qt Creator, Qt Designer, while the design and study of the three-

dimensional parts of the paper were done using the Fusion 360 design software. 

 

 

 

 

 

 

 

Keywords: Robotic system, Empathy development, Computer vision, Raspberry Pi, PyQt5, Open 

source software, 3D printing.  
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ȹɐɚɤůɖ ɄɜŮɡɛŬŰɘəɩɜ ȹɘəŬɘɤɛɎŰɤɜ 

ȹɖɚɩɜɞɡɛŮ ɟɖŰɎ ɧŰɘ, ůɨɛűɤɜŬ ɛŮ Űɞ Ɏɟɗɟɞ 8 Űɞɡ Ɂ. 1599/1986 əŬɘ ŰŬ ɎɟɗɟŬ 2,4,6 ˊŬɟ.3 

Űɞɡ Ɂ. 1256/1982, ɖ ˊŬɟɞɨůŬ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ ɛŮ ŰɑŰɚɞ çɆɢŮŭɑŬůɖ əŬɘ ɡɚɞˊɞɑɖůɖ 

ůɡůŰɐɛŬŰɞɠ ɟɞɛˊɞŰɘəɐɠ əŬŰŬůəŮɡɐɠ ɛŮ ɡˊɞůŰɐɟɘɝɖ ɛɖɢŬɜɘəɐɠ ɧɟŬůɖɠè əŬɗɩɠ əŬɘ ŰŬ 

ɖɚŮəŰɟɞɜɘəɎ ŬɟɢŮɑŬ əŬɘ ˊɖɔŬɑɞɘ əɩŭɘəŮɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ɐ ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ůŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ 

Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ŬɜŬűɏɟɞɜŰŬɘ ɟɖŰɩɠ ɛɏůŬ ůŰɞ əŮɑɛŮɜɞ ˊɞɡ ůɡɜɞŭŮɨɞɡɜ, əŬɘ ɖ ɞˊɞɑŬ ɏɢŮɘ 

ŮəˊɞɜɖɗŮɑ ůŰɞ ɇɛɐɛŬ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ əŬɘ ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ Űɞɡ 

ɄŬɜŮˊɘůŰɖɛɑɞɡ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ, ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɖ Űɞɡ ɛɏɚɞɡɠ Űɞɡ ɇɛɐɛŬŰɞɠ ə. ɀɖɜɎ 

ȹŬůɡɔɏɜɖ, ŬˊɞŰŮɚŮɑ ŬˊɞəɚŮɘůŰɘəɎ ˊɟɞɥɧɜ ˊɟɞůɤˊɘəɐɠ ŮɟɔŬůɑŬɠ əŬɘ ŭŮɜ ˊɟɞůɓɎɚɚŮɘ əɎɗŮ ɛɞɟűɐɠ 

ˊɜŮɡɛŬŰɘəɎ ŭɘəŬɘɩɛŬŰŬ ŰɟɑŰɤɜ əŬɘ ŭŮɜ ŮɑɜŬɘ ˊɟɞɥɧɜ ɛŮɟɘəɐɠ ɐ ɞɚɘəɐɠ ŬɜŰɘɔɟŬűɐɠ, ɞɘ ˊɖɔɏɠ ŭŮ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŰɘɠ ɓɘɓɚɘɞɔɟŬűɘəɏɠ ŬɜŬűɞɟɏɠ əŬɘ ɛɧɜɞɜ. ɇŬ ůɖɛŮɑŬ ɧˊɞɡ 

ɏɢɞɡɛŮ ɢɟɖůɘɛɞˊɞɘɐůŮɘ ɘŭɏŮɠ, əŮɑɛŮɜɞ, ŬɟɢŮɑŬ ɐ / əŬɘ ˊɖɔɏɠ Ɏɚɚɤɜ ůɡɔɔɟŬűɏɤɜ, ŬɜŬűɏɟɞɜŰŬɘ 

ŮɡŭɘɎəɟɘŰŬ ůŰɞ əŮɑɛŮɜɞ ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ˊŬɟŬˊɞɛˊɐ əŬɘ ɖ ůɢŮŰɘəɐ ŬɜŬűɞɟɎ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞ 

ŰɛɐɛŬ Űɤɜ ɓɘɓɚɘɞɔɟŬűɘəɩɜ ŬɜŬűɞɟɩɜ ɛŮ ˊɚɐɟɖ ˊŮɟɘɔɟŬűɐ.  

ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝ 

ɞɚɞəɚɐɟɞɡ ɐ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, ŬˊɞɗɐəŮɡůɖ əŬɘ 

ŭɘŬɜɞɛɐ ɔɘŬ ůəɞˊɧ ɛɖ əŮɟŭɞůəɞˊɘəɧ, ŮəˊŬɘŭŮɡŰɘəɐɠ ɐ ŮɟŮɡɜɖŰɘəɐɠ űɨůɖɠ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ 

ɜŬ ŬɜŬűɏɟŮŰŬɘ ɖ ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ Űɞ ˊŬɟɧɜ ɛɐɜɡɛŬ. ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ 

Űɖ ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞɡɠ ůɡɔɔɟŬűŮɑɠ. 

Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞɡɠ ůɡɔɔɟŬűŮɑɠ 

əŬɘ ɛɧɜɞ. 
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ȺɡɢŬɟɘůŰɑŮɠ 

ȷɟɢɘəɎ, ɗŬ ɗɏɚŬɛŮ ɜŬ ŮɡɢŬɟɘůŰɐůɞɡɛŮ Űɘɠ ɞɘəɞɔɏɜŮɘŮɠ ɛŬɠ ɔɘŬ Űɖɜ ŬɛɏɟɘůŰɖ ɡɚɘəɐ əŬɘ 

ɖɗɘəɐ ůɡɛˊŬɟɎůŰŬůɖ Űɞɡɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛŬɠ, əŬɗɩɠ əŬɘ Űɖɜ ůŰɐɟɘɝɖ Űɞɡɠ ůŮ 

əɎɗŮ ɛŬɠ Ůˊɘɚɞɔɐ. 

ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɗŬ ɗɏɚŬɛŮ ɜŬ ́ɟɞůɗɏůɞɡɛŮ ɧŰɘ ŮɑɛŬůŰŮ ŮɡɔɜɩɛɞɜŮɠ ůŰɞ əɨɟɘɞ ɀɖɜɎ 

ȹŬůɡɔɏɜɖ, Ůˊɘɓɚɏˊɤɜ əŬɗɖɔɖŰɐ Űɖɠ ŮɟɔŬůɑŬɠ ɛŬɠ, ɔɘŬ Űɖɜ ɛŮɗɞŭɘəɐ əŬɗɞŭɐɔɖůɖ, Űɖɜ ůɡɜŮɟɔŬůɑŬ, 

Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘŬ Űɞɡ, əŬɗɩɠ əŬɘ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛŬɠ ɏŭŮɘɝŮ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ȺɡɢŬɟɘůŰɞɨɛŮ ŰŬ ɛɏɚɖ Űɞɡ ŮɟɔŬůŰɐɟɘɞɡ ɅɞɛˊɞŰɘəɐɠ, ȺɜůɤɛŬŰɤɛɏɜɤɜ əŬɘ 

Ƀɚɞəɚɖɟɤɛɏɜɤɜ ɆɡůŰɖɛɎŰɤɜ Űɞɡ ɇɛɐɛŬŰɞɠ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ əŬɘ ɀɖɢŬɜɘəɩɜ 

ɈˊɞɚɞɔɘůŰɩɜ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ ɔɘŬ Űɖɜ ɏɛˊɟŬəŰɖ ůŰɐɟɘɝɖ Űɞɡɠ. 

ȺɡɢŬɟɘůŰɞɨɛŮ, ŰŬ ɛɏɚɖ Űɖɠ ɃɛɎŭŬ ɅɞɛˊɞŰɘəɐɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ, 

Hyperion Robotics, ɛŮ ŰŬ ɞˊɞɑŬ ˊŮɟɎůŬɛŮ ŬɝɏɢŬůŰŮɠ ůŰɘɔɛɏɠ. 

ɇɏɚɞɠ, ŮɡɢŬɟɘůŰɞɨɛŮ Űɞɡɠ űɑɚɞɡɠ ɛŬɠ ˊɞɡ ɛŬɠ ůɡɛˊŬɟŬůŰɎɗɖəŬɜ əŬɘ ɛŬɠ ɓɞɐɗɖůŬɜ, ɞ 

əŬɗɏɜŬɠ ɛŮ Űɞɜ Űɟɧˊɞ Űɞɡ. 
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ȾŮűɎɚŬɘɞ 1ɞ ï ȺɘůŬɔɤɔɐ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŮɟɘɔɟɎűŮŰŬɘ ɚŮˊŰɞɛŮɟɩɠ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ. 

ȷɟɢɘəɎ ŬɜŬűɏɟŮŰŬɘ ɖ ůɖɛŮɟɘɜɐ əŬŰɎůŰŬůɖ Űɞɡ ůɡɜŮɢɩɠ ŮɝŮɚɘůůɧɛŮɜɞɡ ŰŮɢɜɞɚɞɔɘəɞɨ ɢɩɟɞɡ əŬɘ 

ŭɘŬˊɘůŰɩɜŮŰŬɘ ɛɏůŬ Ŭˊɧ ŮɟŮɡɜɎ ɖ ŬɜɎɔəɖ ŬɜɎˊŰɡɝɖɠ Űɖɠ ŮɜůɡɜŬɑůɗɖůɖɠ Űɤɜ ŬŰɧɛɤɜ. 

ɄŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɚɧɔɞɘ ˊɞɡ ɞŭɐɔɖůŬɜ ůŰɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ɟɞɛˊɧŰ. Ⱥˊɑůɖɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ˊŬɟɧɛɞɘŮɠ ɡɚɞˊɞɘɐůŮɘɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ůɡůŰɖɛɎŰɤɜ. 

1.1 ɆɖɛŮɟɘɜɐ ȾŬŰɎůŰŬůɖ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɖ ŰŮɢɜɞɚɞɔɘəɐ Ůɝɏɚɘɝɖ ůŰɞɜ ɢɩɟɞ Űɤɜ ˊɚɖɟɞűɞɟɘŬəɩɜ ůɡůŰɖɛɎŰɤɜ 

ɏɢŮɘ ɔɑɜŮɘ ŬɜŬˊɧůˊŬůŰɞ əɞɛɛɎŰɘ Űɖɠ ŮəˊŬɘŭŮɡŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ůŮ ɧɚŮɠ Űɘɠ ɓŬɗɛɑŭŮɠ ŮəˊŬɑŭŮɡůɖɠ. 

ɀŮ Űɖɜ ɓɞɐɗŮɘŬ ŰŮɢɜɞɚɞɔɘəɩɜ ŮɟɔŬɚŮɑɤɜ əɎɗŮ ŮəˊŬɘŭŮɡŰɘəɐ ɞɜŰɧŰɖŰŬ əɎɜŮɘ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ 

ɛɎɗɖůɖɠ ˊɘɞ ŮɚəɡůŰɘəɐ, ŬˊɞŰŮɚŮůɛŬŰɘəɐ əŬɘ ɎɛŮůɖ. ȯɚɚɤůŰŮ ɞɘ ɣɖűɘŬəɏɠ ŭŮɝɘɧŰɖŰŮɠ ˊɞɡ 

ŬˊɞəŰɞɨɜ ɞɘ ɜɏɞɘ Ŭˊɧ ˊɞɚɨ ɛɘəɟɐ ɖɚɘəɑŬ ɚɧɔɤ Űɖɠ ŮɜŬůɢɧɚɖůɖɠ Űɞɡɠ ɛŮ ŬɜɎɚɞɔŮɠ ůɡůəŮɡɏɠ, 

əŬɗɘůŰɞɨɜ Űɘɠ əɎɗŮ ɚɞɔɐɠ ɜɏŮɠ ŰŮɢɜɞɚɞɔɑŮɠ əɞɛɛɎŰɘ Űɖɠ əŬɗɖɛŮɟɘɜɧŰɖŰŬɠ Űɞɡɠ əŬɘ Ůˊɞɛɏɜɤɠ 

əŬŰɎɚɚɖɚɖ ɞŭɧ ɔɘŬ Űɖɜ ŮəˊŬɑŭŮɡůɖ Űɞɡɠ ůŮ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ əŬɘ ŮˊɘůŰɐɛŮɠ.  

ūŬɜŮɟɐ Ůˊɘˊɚɏɞɜ ɔɑɜŮŰŬɘ, ɖ ŬɜŬɔəŬɘɧŰɖŰŬ Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ŬŰɧɛɞɡ ɜŬ 

əŬŰŬɜɞŮɑ ŰŬ ůɡɜŬɘůɗɐɛŬŰŬ Űɤɜ ŬŰɧɛɤɜ ˊɞɡ ůɡɜŬɜŬůŰɟɏűŮŰŬɘ. ȼ ɘəŬɜɧŰɖŰŬ ŬɡŰɐ ŬˊɞŰŮɚŮɑ 

ůɖɛŬɜŰɘəɧ əɞɛɛɎŰɘ ůŰɖɜ ɞɚɧˊɚŮɡɟɖ ŬɜɎˊŰɡɝɖ Űɤɜ ˊŬɘŭɘɩɜ [1]. ȼ ŮɜůɡɜŬɑůɗɖůɖ ŰɞˊɞɗŮŰŮɑ ůɤůŰɎ 

ŰŬ ɗŮɛɏɚɘŬ Űɖɠ ɡɔŮɘɞɨɠ əɞɘɜɤɜɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ, Ůűɧůɞɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŰŬ ˊŬɘŭɘɎ Űɖɠ 

ˊɟɞůɢɞɚɘəɐɠ ɖɚɘəɑŬɠ ŬɜŬɔɜɤɟɑɕɞɡɜ Űɞɜ ŮŬɡŰɧ Űɞɡɠ ɤɠ ɝŮɢɤɟɘůŰɏɠ ɞɜŰɧŰɖŰŮɠ. ȷˊɞŰŮɚɏůɛŬŰŬ 

ŮɟŮɡɜɩɜ ɞŭɖɔɞɨɜ ůŰɞ ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŮɑɜŬɘ ŬɜŬɔəŬɑɞ ůŰɞ ůɢɞɚŮɑɞ ɜŬ ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ 

ŬɜɎˊŰɡɝɖɠ Űɖɠ ɔɜɤůŰɘəɐɠ əŬɘ ůɡɜŬɘůɗɖɛŬŰɘəɐɠ ŮɜůɡɜŬɑůɗɖůɖɠ əŬɘ Űɖɠ ɏəűɟŬůɖɠ ůɡɜŬɘůɗɖɛɎŰɤɜ 

Űɤɜ ˊŬɘŭɘɩɜ. ȼ ŮɜůɡɜŬɑůɗɖůɖ ́ ŬɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɞɚɧ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ 

ɢŬɟŬəŰɐɟŬ Űɞɡɠ əŬɘ ɤɠ ˊŬɘŭɘɎ, ŬɚɚɎ əŬɘ ɤɠ ɛŮɚɚɞɜŰɘəɞɑ ŮɜɐɚɘəŮɠ. 

Ƀ ɧɟɞɠ çȹɘŬŰŬɟŬɢɐ Űɞɡ ȷɡŰɘůŰɘəɞɨ ūɎůɛŬŰɞɠè (ȹȷū) [2] ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ˊŮɟɘɔɟŬűɐ Űɤɜ ŬŰɧɛɤɜ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ɜŮɡɟɞ-ŬɜŬˊŰɡɝɘŬəɏɠ ŭɘŬŰŬɟŬɢɏɠ ɛŮ əɞɘɜɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ ŰŬ ŮɚɚŮɑɛɛŬŰŬ ůŮ əɞɘɜɤɜɘəɏɠ-ŮˊɘəɞɘɜɤɜɘŬəɏɠ ŭŮɝɘɧŰɖŰŮɠ, ŰŬ ˊŮɟɘɞɟɘůɛɏɜŬ 

ŮɜŭɘŬűɏɟɞɜŰŬ, əŬɗɩɠ əŬɘ ŰŬ ŮˊŬɜŬɚɖˊŰɘəɎ ˊɟɧŰɡˊŬ ůɡɛˊŮɟɘűɞɟɎɠ. 
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ɄɟɞəŮɘɛɏɜɞɡ ɎŰɞɛŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɜŮɡɟɞ-ŬɜŬˊŰɡɝɘŬəɏɠ ŭɘŬŰŬɟŬɢɏɠ ɜŬ 

ŮɜŰŬɢɗɞɨɜ ůŰɖɜ əɞɘɜɤɜɑŬ ɛŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ŮəˊŬɑŭŮɡůɖ əŬɘ ɖ Ůɜɖɛɏɟɤůɖ ɧɚɤɜ 

Űɤɜ ŬŰɧɛɤɜ Ŭˊɧ ɛɘəɟɐ ɖɚɘəɑŬ. ɆɡůŰɐɜŮŰŮ Ŭˊɧ Ůɘŭɘəɞɨɠ ɜŬ ůɡɜŮɢɑůŮɘ ɖ ŬɜɎˊŰɡɝɖ ˊŬɘɢɜɘŭɘɩɜ əŬɘ 

ŮɟɔŬɚŮɑɤɜ ˊɞɡ ɗŬ ɓɞɖɗɞɨɜ Űɞɜ ŮəˊŬɘŭŮɡŰɘəɧ ɜŬ ŮɜɖɛŮɟɩůŮɘ əŬɘ ɜŬ ŮəˊŬɘŭŮɨůŮɘ ŰŬ ˊŬɘŭɘɎ.     

 

1.2 Ɇəɞˊɧɠ Űɞɡ ɏɟɔɞɡ     

ȼ ŬɏɜŬɖ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ɖ Ůɨəɞɚɐ ˊɟɧůɓŬůɖ ůŰɖɜ Ůɜɖɛɏɟɤůɖ űɏɟɜɞɡɜ ůŰɞ 

ˊɟɞůəɐɜɘɞ ŬɜɎɟɛɞůŰŮɠ ůɡɛˊŮɟɘűɞɟɏɠ ˊɟɞɠ ɎŰɞɛŬ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ŭɘŬŰŬɟŬɢɏɠ ůŰɞ űɎůɛŬ Űɞɡ 

ŬɡŰɘůɛɞɨ. ɈůŰɏɟŬ Ŭˊɧ ŬɜŬɕɖŰɐůŮɘɠ ɔɘŬ Űɟɧˊɞɡɠ ŮɝɎɚŮɘɣɖɠ Űɤɜ űŬɘɜɞɛɏɜɤɜ ŬɡŰɩɜ ˊŬɟŬŰɖɟɐɗɖəŮ 

ɧŰɘ əŬɗɞɟɘůŰɘəɧ ɟɞɚɧ ˊŬɑɕŮɘ ɖ əŬŰŬɜɧɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ Ɏɚɚɤɜ ŬŰɧɛɤɜ, əŬɗɩɠ əŬɘ Űɤɜ 

əɘɜɐŰɟɤɜ Űɞɡɠ. ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɎ ɔŮɜɜɐɗɖəŮ ɖ ɘŭɏŬ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ŮɟɔŬɚŮɑɞɡ ˊɞɡ ɗŬ 

ɓɞɖɗɐůŮɘ ůŰɖɜ ŮɟɛɖɜŮɑŬ Űɞɡ Űɟɧˊɞɡ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŬŰɧɛɤɜ ɛŮ ȹȷū.  

ȼ əŬŰŬůəŮɡɐ Ůɜɧɠ ɟɞɛˊɞŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ɗŬ ˊŬɟɎɔŮɘ ůɡɜŬɘůɗɐɛŬŰŬ əŬɘ ɗŬ 

ŬˊŮɡɗɨɜŮŰŬɘ ůŮ ˊŬɘŭɘɎ ɖɚɘəɑŬɠ ŰŮůůɎɟɤɜ ɛŮ ŮɜɜɏŬ ŮŰɩɜ ɗŬ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ɢɟɐůɖ ůŮ 

ŮəˊŬɘŭŮɡŰɘəɏɠ ɛɞɜɎŭŮɠ, ɛŮ ůŰɧɢɞ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮɜůɡɜŬɑůɗɖůɖɠ Űɞɡɠ. ȾɟɑɗɖəŮ ŬɜŬɔəŬɑŬ ɖ 

ɛŮɚɏŰɖ əŬɘ ŬɜɎˊŰɡɝɖ ůŮɜŬɟɑɤɜ ŰŬ ɞˊɞɑŬ ŭɑɜɞɡɜ ůŰɞɜ ŮəˊŬɘŭŮɡŰɘəɧ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊŬɟɞɡůɘɎůŮɘ 

ůɡɛˊŮɟɘűɞɟɏɠ Űɤɜ ŬŰɧɛɤɜ ɛŮ ȹȷū, ɜŬ ůɡɕɖŰɐůŮɘ əŬɘ ɜŬ ˊɟɞŰŮɑɜŮɘ Űɘɠ ŮɜŭŮɘəɜɡɧɛŮɜŮɠ ŬɜŰɘŭɟɎůŮɘɠ 

ŬˊɏɜŬɜŰɘ ůŮ ŬɡŰɏɠ Űɘɠ ůɡɛˊŮɟɘűɞɟɏɠ. Ƀ ŮəˊŬɘŭŮɡŰɘəɧɠ ŮɑɜŬɘ ɢɟɐůɘɛɞ ɜŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŭɖɛɘɞɡɟɔɐůŮɘ ŰŬ ŭɘəɎ Űɞɡ, ůŮɜɎɟɘŬ ˊɟɞůŬɟɛɞůɛɏɜŬ ůŰɘɠ ŬɜɎɔəŮɠ Űɤɜ ɛŬɗɖŰɩɜ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ɔɑɜɞɡɜ ˊɘɞ əŬŰŬɜɞɖŰɏɠ ɞɘ ůɡɛˊŮɟɘűɞɟɏɠ Űɤɜ ŬŰɧɛɤɜ ɛŮ ȹȷū. 

Ɇəɞˊɧɠ Űɞɡ ɟɞɛˊɧŰ ŮɑɜŬɘ ɜŬ ŬˊɞŰŮɚɏůŮɘ ɏɜŬ ɓɞɖɗɖŰɘəɧ ŮɟɔŬɚŮɑɞ, Űɧůɞ ɔɘŬ Űɖɜ 

Ŭ́ ɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ŬɜɎˊŰɡɝɖ Űɖɠ ŮɜůɡɜŬɑůɗɖůɖɠ, ɧůɞ əŬɘ ɔɘŬ ɜŬ ŮɛˊɚɞɡŰɑůŮɘ Űɞɜ ˊŬɟŬŭɞůɘŬəɧ 

Űɟɧˊɞ ŭɘŭŬůəŬɚɑŬɠ ɛŮ ˊŮɟɘůůɧŰŮɟŮɠ ŭɘŬŭɟŬůŰɘəɏɠ ɛŮɗɧŭɞɡɠ. 

1.3 ɄŬɟɧɛɞɘŮɠ ȺɟɔŬůɑŮɠ 

ɀŮŰɎ Ŭˊɧ ɛɘŬ ŮɜŭŮɚŮɢɐ ɏɟŮɡɜŬ ůŮ ŭɘɎűɞɟɞɡɠ ŭɘŬŭɘəŰɡŬəɞɨɠ Űɧˊɞɡɠ ŮəˊŬɘŭŮɡŰɘəɞɨ əŬɘ 

ŰŮɢɜɞɚɞɔɘəɞɨ ŮɜŭɘŬűɏɟɞɜŰɞɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ˊŬɟɧɛɞɘŮɠ ɡɚɞˊɞɘɐůŮɘɠ ůɡůŰɖɛɎŰɤɜ, ˊɞɡ 

ŬˊŮɡɗɨɜɞɜŰŬɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮɜůɡɜŬɑůɗɖůɖɠ. ɄŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 
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ɡɚɞˊɞɘɐůŮɤɜ əŬɘ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ əŬɚɨˊŰɞɡɜ. ɆŰɞ Űɏɚɞɠ, ɔɑɜŮŰŬɘ ůɨɔəɟɘůɖ ɧɚɤɜ Űɤɜ 

ŮűŬɟɛɞɔɩɜ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ ˊɞɡ ɡɚɞˊɞɘɐɗɖəŮ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ˊŮɟɎŰɤůɖɠ Űɖɠ Ůɜ ɚɧɔɤ ɏɟŮɡɜŬɠ, 

əŬɗɩɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ɏɜŬɜŰɘ ŬɡŰɩɜ. 

1.3.1 Moxie 

ȼ Embodied ŮɑɜŬɘ ɛɑŬ ɜŮɞűɡɐɠ ŮˊɘɢŮɑɟɖůɖ (startup company) əɞɘɜɤɜɘəɐɠ ɟɞɛˊɞŰɘəɐɠ ˊɞɡ  

ŭɖɛɘɞɨɟɔɖůŮ ɏɜŬ ɜɏɞ ɟɞɛˊɧŰ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ Moxie [3] (ȺɘəɧɜŬ 1), ɏɜŬ əɞɘɜɤɜɘəɧ ůɨɜŰɟɞűɞ ɔɘŬ 

ˊŬɘŭɘɎ ɖɚɘəɑŬɠ 6 ɏɤɠ 9 ŮŰɩɜ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ Embodied, ɖ Moxie ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ůɡɛɓɎɚɚŮɘ 

ůŰɖɜ ˊɟɞɩɗɖůɖ Űɖɠ əɞɘɜɤɜɘəɐɠ, ůɡɜŬɘůɗɖɛŬŰɘəɐɠ əŬɘ ɔɜɤůŰɘəɐɠ ŬɜɎˊŰɡɝɖɠ ɛɏůɤ Űɖɠ 

əŬɗɖɛŮɟɘɜɐɠ ɛɎɗɖůɖɠ ɛŮ ɓɎůɖ Űɞ ˊŬɘɢɜɑŭɘ. ȼ Moxie ˊŬɟɏɢŮɘ Űɟɧˊɞɡɠ ŭɘŭŬůəŬɚɑŬɠ, ˊɞɡ 

ůŰɖɟɑɕɞɜŰŬɘ ůŰɞ ˊŬɘɢɜɑŭɘ, ɛŮ ŮɓŭɞɛŬŭɘŬɑŬ ŮɜŬɚɚŬɔɐ ɗŮɛŬŰɞɚɞɔɑŬɠ əŬɘ ŬˊɞůŰɞɚɏɠ, ˊɞɡ ˊŮɟɘŮɢɧɛŮɜɞ 

Űɞɡɠ ɏɢɞɡɜ Űɖɜ ůɢŮŭɑŬůɖ, ɖ ɞˊɞɑŬ ŬˊɞůəɞˊŮɑ ůŰɖɜ ˊɟɞɩɗɖůɖ Űɖɠ əɞɘɜɤɜɘəɐɠ, ůɡɜŬɘůɗɖɛŬŰɘəɐɠ 

əŬɘ ɔɜɤůŰɘəɐɠ ɛɎɗɖůɖɠ. 

ɄŮɟɘɚŬɛɓɎɜŮɘ: 

¶ ɇŬəŰɘəɏɠ ŮɜɖɛŮɟɩůŮɘɠ ɜɏɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ əŬɘ ɚŮɘŰɞɡɟɔɘɩɜ. 

¶ ȷˊŮɟɘɧɟɘůŰɖ ɢɟɐůɖ ˊɧɟɤɜ ɡˊɞɚɞɔɘůŰɘəɞɨ ɜɏűɞɡɠ. 

¶ ũɞɜɘəɐ ŮűŬɟɛɞɔɐ ɛŮ əŬɗɖɛŮɟɘɜɏɠ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ůɡɛɓɞɡɚɏɠ Ŭˊɧ Ůɘŭɘəɞɨɠ.  

¶ ɇŬ Moxie Mission Packs ŬˊɞůŰɏɚɚɞɜŰŬɘ ɛɏůɤ ŰŬɢɡŭɟɞɛŮɑɞɡ əɎɗŮ ɛɐɜŬ. 

 

Ƀɘ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ Moxie ŮɑɜŬɘ: 

¶ ɆɨɜŭŮůɖ Wi-Fi. 

¶ Smartphone (ŰɞɡɚɎɢɘůŰɞɜ iOS 12 ɐ Android 6.0) ɔɘŬ ɚɐɣɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Moxie 

Parent. 

¶ ȺɜŮɟɔɐ ůɡɜŭɟɞɛɐ.  
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ȺɘəɧɜŬ 1: Moxie ŮəˊŬɘŭŮɡŰɘəɧ ɟɞɛˊɧŰ (Embodied - https://embodied.com/ ) 

1.3.2 QTrobot 

ȼ LuxAI [4] ŮɑɜŬɘ ɛɘŬ əŬɘɜɞŰɧɛɞɠ ŮŰŬɘɟŮɑŬ ˊɞɡ ŮɝŮɘŭɘəŮɨŮŰŬɘ ůŮ ɟɞɛˊɞŰɘəɏɠ ɚɨůŮɘɠ ɔɘŬ Űɖɜ 

ŮəˊŬɑŭŮɡůɖ əŬɘ Űɖɜ ɡɔŮɘɞɜɞɛɘəɐ ˊŮɟɑɗŬɚɣɖ. Ɇəɞˊɧɠ Űɖɠ ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ əɞɘɜɤɜɘəɩɜ 

ɓɞɖɗɖŰɘəɩɜ ɟɞɛˊɧŰ ́ ɟɞůɘŰɎ ůŮ ɧɚɞɡɠ əŬɘ űɘɚɘəɎ ɔɘŬ Űɞɜ ɢɟɐůŰɖ. ɆŰɧɢɞɠ Űɖɠ ŮɑɜŬɘ ɜŬ ŮˊɘŰɟŬˊŮɑ ůŮ 

ɧɚɞɡɠ Űɞɡɠ ŮəˊŬɘŭŮɡŰɘəɞɨɠ, Űɞɡɠ ɗŮɟŬˊŮɡŰɏɠ əŬɘ Űɞɡɠ ˊŬɟɧɢɞɡɠ űɟɞɜŰɑŭŬɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ˊɟɞɖɔɛɏɜŬ ɟɞɛˊɧŰ ɔɘŬ Űɖɜ əŬɗɖɛŮɟɘɜɐ Űɞɡɠ ŮɟɔŬůɑŬ. 

ɇɞ QTrobot [5] (ȺɘəɧɜŬ 2) ŮɑɜŬɘ ɏɜŬ ŮəűɟŬůŰɘəɧ ɛɘəɟɧ ŬɜɗɟɤˊɞŮɘŭɏɠ ɟɞɛˊɧŰ, 

ůɢŮŭɘŬůɛɏɜɞ əŬɘ əŬŰŬůəŮɡŬůɛɏɜɞ ɛŮ ŬűŮŰɖɟɑŬ Űɘɠ ŮˊɘůŰɖɛɞɜɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ, ɔɘŬ ɜŬ ɓɞɖɗɐůŮɘ 

ůŰɖ ŭɘŭŬůəŬɚɑŬ ɜɏɤɜ ŭŮɝɘɞŰɐŰɤɜ ůŮ ˊŬɘŭɘɎ ɛŮ ŬɡŰɘůɛɧ əŬɘ Ůɘŭɘəɏɠ ŮəˊŬɘŭŮɡŰɘəɏɠ ŬɜɎɔəŮɠ. ɇɞ 

QTrobot ɡˊɞůŰɖɟɑɕŮɘ ŰŬ ˊŬɘŭɘɎ ůŰɖɜ ˊɟɞůˊɎɗŮɘŬ Űɞɡɠ ɜŬ ŭɘŭŬɢɗɞɨɜ Űɘɠ ɎɔɜɤůŰŮɠ ɏɜɜɞɘŮɠ ˊɎɜɤ 

ůŰɘɠ ɔɜɤůŰɘəɏɠ, əɞɘɜɤɜɘəɏɠ, ŮˊɘəɞɘɜɤɜɘŬəɏɠ əŬɘ ůɡɜŬɘůɗɖɛŬŰɘəɏɠ ŭŮɝɘɧŰɖŰŮɠ, əŬɗɩɠ ŮɑɜŬɘ əŬɘ 

Ŭɟɤɔɧɠ ůŰɞ ŮɔɢŮɑɟɖɛɎ Űɞɡɠ ɜŬ ŮˊɤűŮɚɖɗɞɨɜ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ Űɘɠ ŮəˊŬɘŭŮɡŰɘəɏɠ 

ůɡɜŮŭɟɑŮɠ. ɇɞ QTrobot ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŮɟɔŬɚŮɑɞ ɔɘŬ ŮˊŬɔɔŮɚɛŬŰɑŮɠ Űɞɡ ŬɡŰɘůɛɞɨ əŬɘ 

ŮəˊŬɘŭŮɡŰɘəɞɨɠ ɔɘŬ ˊŬɘŭɘɎ ɛŮ Ůɘŭɘəɏɠ ŮəˊŬɘŭŮɡŰɘəɏɠ ŬɜɎɔəŮɠ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ ŮɟɔŬůɑŬ Űɞɡɠ əŬɘ 

ŬɡɝɎɜɞɜŰŬɠ Űɖɜ ůɡɜŮɟɔŬůɑŬ Űɞɡ ˊŬɘŭɘɞɨ ɛŮ Űɞɜ Ůɘŭɘəɧ. 

ɇɞ QTrobot ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ŭɘɎűɞɟŬ ŮəˊŬɘŭŮɡŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ ˊɞɡ ůŰɞɢŮɨɞɡɜ ůŮ 

ŭɘɎűɞɟŮɠ ɖɚɘəɘŬəɏɠ ɞɛɎŭŮɠ ́ ɟɞəŮɘɛɏɜɞɡ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ɞɘ ŭŮɝɘɧŰɖŰŮɠ Űɤɜ ɛŬɗɖŰɩɜ əŬɘ ɜŬ ɔɑɜɞɡɜ 
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ˊɘɞ ŭɘŮɡɟɡɛɏɜɞɘ ŭɘŬɜɞɖŰɘəɎ əŬɘ ˊɘɞ ŭɘŬŭɟŬůŰɘəɞɑ əɞɘɜɤɜɘəɎ, ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ Ůɜ əŬŰŬəɚŮɑŭɘ ɤɠ 

ɘůɧŰɘɛŬ əŬɘ ɘəŬɜɎ ɛɏɚɖ Űɤɜ ŮəɎůŰɞŰŮ əɞɘɜɤɜɘɩɜ. 

ɇŬ ˊɟɞɔɟɎɛɛŬŰŬ ɛŬɗɖɛɎŰɤɜ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ Ŭˊɧ Ůɘŭɘəɞɨɠ Űɞɡ ŬɡŰɘůɛɞɨ əŬɘ ŭɘŬɗɏŰɞɡɜ 

ˊɟɞŭɘŬɔɟŬűɏɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŰŮəɛɖɟɘɤɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ŮəˊŬɑŭŮɡůɖɠ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ 

QTrobot ůŰɖɜ ɏəŭɞůɖ ˊɞɡ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ˊŬɘŭɘɎ ɛŮ ŬɡŰɘůɛɧ ŮɑɜŬɘ ˊɚɐɟɤɠ ˊɟɞůŬɟɛɧůɘɛɞ ɛŮ ɓɎůɖ 

Űɘɠ ŬɜɎɔəŮɠ Űɞɡ ɛŬɗɖŰɐ. Ƀɘ ŮˊŬɔɔŮɚɛŬŰɑŮɠ Űɞɡ ŬɡŰɘůɛɞɨ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɜ Űɘɠ 

ŭɘəɏɠ Űɞɡɠ ŭɘŭŬəŰɘəɏɠ ůɡɜŮŭɟɑŮɠ ɢɤɟɑɠ əŬɛɑŬ ɔɜɩůɖ ˊɚɖɟɞűɞɟɘəɐɠ.  

ɄŮɟɘɚŬɛɓɎɜŮɘ: 

¶ ɇɞ ŬɜɗɟɤˊɞŮɘŭɏɠ ŮəűɟŬůŰɘəɧ ɟɞɛˊɧŰ QTrobot. 

¶ ȹɨɞ ŰɎɛˊɚŮŰ ɛŮ ˊɟɞŮɔəŬŰŮůŰɖɛɏɜɖ ŮűŬɟɛɞɔɐ ɔɘŬ ŮəˊŬɘŭŮɡŰɐ əŬɘ ɔɘŬ ŮűŬɟɛɞɔɐ 

ɛŬɗɖŰɐ. 

¶ Ʉɟɞ-ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜŬ ˊɟɞůŬɟɛɧůɘɛŬ ɛŬɗɐɛŬŰŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ɔɘŬ ɛŬɗɖŰɏɠ ɛŮ 

ŬɡŰɘůɛɧ. 

 

ȺɘəɧɜŬ 2: QTrobot ŮəˊŬɘŭŮɡŰɘəɧ ɟɞɛˊɧŰ (luxai - https://luxai.com/) 

 

1.3.3 Ɇɨɔəɟɘůɖ 

 ȷɜŬɚɨɞɜŰŬɠ ŰŬ ɡűɘůŰɎɛŮɜŬ ɏɤɠ ŰɩɟŬ, ůɡůŰɐɛŬŰŬ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ əŬɘ ůŰɘɠ ŭɨɞ 

ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ɟɞɛˊɧŰ ŭɘŬɗɏŰɞɡɜ ŬɜɗɟɤˊɧɛɞɟűŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ ŭɡɜŬŰɧŰɖŰŬ ɏəűɟŬůɖɠ 
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ˊɟɞůɩˊɞɡ əŬɘ ŮˊɘəɞɘɜɤɜɑŬɠ ɛɏůɤ ɞɛɘɚɑŬɠ. Ⱥˊɑůɖɠ ůŰɞ ɏɜŬ ůɨůŰɖɛŬ ɖ ŬɜɎɗŮůɖ ɚŮɘŰɞɡɟɔɘɩɜ əŬɘ 

ɢŮɘɟɘůɛɞɨ Űɞɡ ɟɞɛˊɧŰ ɔɑɜŮŰŬɘ ɛɏůɤ ɛɘŬɠ ŮűŬɟɛɞɔɐɠ əɘɜɖŰɞɨ Ůɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ ŭɘŬŰɑɗŮɜŰŬɘ ŭɨɞ 

tablet ɛŮ ŰŬ ɞˊɞɑŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ Űɞ ˊŬɘŭɑ əŬɘ ɞ ŮəˊŬɘŭŮɡŰɘəɧɠ.  

ɇɞ Moxie ŮɝŮɘŭɘəŮɨŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ ůɡɜŰɟɞűɘəɧŰɖŰŬ əŬɘ ůŰɖɜ ɓŮɚŰɑɤůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ 

Űɞɡ ˊŬɘŭɘɞɨ ɜŬ ůɡɜŬɜŬůŰɟɏűŮŰŬɘ əŬɘ ŮˊɘəɞɘɜɤɜŮɑ ɛŮ ɎɚɚŬ ɎŰɞɛŬ, Ůɜɩ Űɞ  QTrobot ŮůŰɘɎɕŮɘ ůŰɖɜ 

ɓŮɚŰɑɤůɖ ŭŮɝɘɞŰɐŰɤɜ Űɤɜ ˊŬɘŭɘɩɜ ɛŮ ȹȷū ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ůɡɔəɏɜŰɟɤůɖ, Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ 

əŬɘ Űɖɜ əŬŰɎɚɚɖɚɖ ůɡɛˊŮɟɘűɞɟɎ ŬɜɎ ˊŮɟɑůŰŬůɖ.  

ɇɞ ůɨůŰɖɛŬ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɛɏůɤ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ ůŰɞɢŮɨŮɘ ůŰɖɜ 

ŬɜŬɔɜɩɟɘůɖ əŬɘ əŬŰŬɜɧɖůɖ Űɖɜ ůɡɜŬɘůɗɖɛɎŰɤɜ, ˊɞɡ ŮəűɟɎɕɞɜŰŬɘ Ŭˊɧ Űɞ ɟɞɛˊɧŰ, ɛŮ ůəɞˊɧ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɖɠ ŮɜůɡɜŬɑůɗɖůɖɠ.  

ɇɞ ůɨůŰɖɛŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ŭɘŬɗɏŰŮɘ ɛɘŬ ɞɗɧɜɖ Ŭűɐɠ ɛŮ Űɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ 

ŭɘŬɢŮɑɟɘůɖ Űɞɡ. ɇŬ ˊɚŬůŰɘəɎ Űɞɡ ɛɏɟɖ ŮɑɜŬɘ ŮəŰɡˊɤɛɏɜŬ ůŮ ŰɟɘůŭɘɎůŰŬŰɞ ŮəŰɡˊɤŰɐ, ůɡɜŮˊɩɠ 

ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɡɠ ɢɟɐůŰŮɠ ɜŬ ŮəŰɡˊɩůɞɡɜ əɞɛɛɎŰɘŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ ɡˊɞůŰŮɑ 

űɗɞɟɏɠ ɐ ɜŬ ˊɟɞůɗɏůɞɡɜ ŭɘɎűɞɟŬ ŮɝŬɟŰɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ɗŬ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ Űɞ ŬɜŰɑůŰɞɘɢɞ 

ůŮɜɎɟɘɞ. ɄɏɟŬ Ŭˊɧ ŰŬ ɓŬůɘəɎ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮɜɎɟɘŬ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ɟɞɛˊɧŰ, ŭɑɜŮŰŬɘ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ əŬɘ ˊɟɞůɗɐəɖɠ ůŮɜŬɟɑɤɜ Ŭˊɧ Űɞɡɠ ɘŭɑɞɡɠ Űɞɡɠ ɢɟɐůŰŮɠ ɛɏůɤ Űɖɠ 

ŭɘŬůɨɜŭŮůɖɠ ɛŮ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ. 

ɀŮŰɎ Űɖɜ ŬɜɎɚɡůɖ Űɤɜ ɡɚɞˊɞɘɐůŮɤɜ, ŬŭɘŬɛűɘůɓɐŰɖŰŬ, ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ Űɞ ůɨůŰɖɛŬ, ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ, ŭɏɢŮŰŬɘ ˊŮɟŬɘŰɏɟɤ ŬɜɎˊŰɡɝɖ ˊɟɞəŮɑɛŮɜɞɡ ɜŬ ŮɑɜŬɘ 

ŬɜŰŬɔɤɜɘůŰɘəɧ. 

1.4 Ɇɨɜɞɣɖ 

ɆŰɞ ůɡɔəŮəɟɘɛɏɜɞ əŮűɎɚŬɘɞ ůɡɜɞɣɑůŰɖəŬɜ ɞɘ ˊɟɞɓɚɖɛŬŰɘůɛɞɑ ˊɞɡ ɞŭɐɔɖůŬɜ ůŰɖɜ 

Ůəˊɧɜɖůɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ. ȷəɞɚɞɨɗɤɠ, ˊŬɟŬŰɏɗɖəŬɜ ɞɘ ́ ɟɞɦˊɞɗɏůŮɘɠ ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ 

ŬɜŬɔəŬɑɞ ɜŬ əŬɚɨˊŰɞɜŰŬɘ. ȰɔɘɜŮ ˊŬɟɞɡůɑŬůɖ əŬɘ ůɨɔəɟɘůɖ Ŭ́ɟɧɛɞɘɤɜ ɡɚɞˊɞɘɖɛɏɜɤɜ 

ůɡůŰɖɛɎŰɤɜ. ɆŰɞ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ, ŮɝŮŰɎɕŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡɧ́ɓŬɗɟɞɡ Űɤɜ ɚɞɔɘůɛɘəɩɜ əŬɘ 

Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ, ůŰɘɠ ɞˊɞɑŮɠ ůŰɖɟɑɕŮŰŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɏŰɖɠ. 
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ȾŮűɎɚŬɘɞ 2ɞ ï ŪŮɤɟɖŰɘəɧ ɈˊɧɓŬɗɟɞ 

ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ ŬɜŬűɏɟŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ, ɧˊɞɡ ɓŬůɑůŰɖəŮ ɖ ŬɜɎˊŰɡɝɖ Űɞɡ 

ɟɞɛˊɧŰ, əŬɗɩɠ əŬɘ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɘůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ ůŰɘɠ 

ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŬɜŬűɏɟɞɜŰŬɘ ŰŬ ŮɟɔŬɚŮɑŬ əŬɘ ɡɚɘəɎ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

2.1 ȿɞɔɘůɛɘəɎ - ȺɟɔŬɚŮɑŬ 

ɆŰɖ ŮɜɧŰɖŰŬ ŬɡŰɐ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ ɚɞɔɘůɛɘəɎ ˊɞɡ ŬɝɘɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬɠ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɚɞɔɘůɛɘəɎ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ŭɤɟŮɎɜ ɎŭŮɘŮɠ ɢɟɐůɖɠ əŬɗɩɠ əŬɘ 

ɚɞɔɘůɛɘəɧ, Űɞ ɞˊɞɑɞ ŭɘŬɗɏŰŮɘ ŭɤɟŮɎɜ ŬəŬŭɖɛŬɥəɐ ɎŭŮɘŬ ɢɟɐůɖɠ.   

2.1.1 Python  

ȼ Python [6] ŮɑɜŬɘ ŭɘŮɟɛɖɜŮɡɧɛŮɜɖ, ɔŮɜɘəɞɨ ůəɞˊɞɨ əŬɘ ɡɣɖɚɞɨ Ůˊɘˊɏŭɞɡ ɔɚɩůůŬ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ. ȷɜɐəŮɘ ůŰɘɠ ɔɚɩůůŮɠ ˊɟɞůŰŬəŰɘəɞɨ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ əŬɘ ɡˊɞůŰɖɟɑɕŮɘ Űɧůɞ 

Űɞɜ ŭɘŬŭɘəŬůŰɘəɧ ɧůɞ əŬɘ Űɞɜ ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɐ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ. ȺɑɜŬɘ ŭɡɜŬɛɘəɐ ɔɚɩůůŬ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ (dynamically typed) əŬɘ ɡˊɞůŰɖɟɑɕŮɘ ɛŮɔɎɚɖ ůɡɚɚɞɔɐ 

ˊŬəɏŰɤɜ.  ȹɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɞɜ ɃɚɚŬɜŭɧ ũəɑɜŰɞ ɓŬɜ Ʌɧůůɞɡɛ ůŰɞ ŮɟŮɡɜɖŰɘəɧ əɏɜŰɟɞ Centrum 

Wiskunde & Informatica Űɞ 1989 əŬɘ əɡəɚɞűɧɟɖůŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1991. 

Ƀ əɨɟɘɞɠ ůŰɧɢɞɠ Űɖɠ ŮɑɜŬɘ ɖ ŬɜŬɔɜɤůɘɛɧŰɖŰŬ Űɞɡ əɩŭɘəɎ Űɖɠ əŬɘ ɖ ŮɡəɞɚɑŬ ɢɟɐůɖɠ Űɖɠ. 

ɇɞ ůɡɜŰŬəŰɘəɧ Űɖɠ ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ ɜŬ ŮəűɟɎůɞɡɜ ɏɜɜɞɘŮɠ ůŮ ɚɘɔɧŰŮɟŮɠ ɔɟŬɛɛɏɠ 

əɩŭɘəŬ Ŭˊô ɧŰɘ ɗŬ ɐŰŬɜ ŭɡɜŬŰɧɜ ůŮ ɔɚɩůůŮɠ ɧˊɤɠ C++ ɐ Java. ȹɘŬəɟɑɜŮŰŬɘ ɚɧɔɤ Űɞɡ ɧŰɘ ɏɢŮɘ 

ˊɞɚɚɏɠ ɓɘɓɚɘɞɗɐəŮɠ ˊɞɡ ŭɘŮɡəɞɚɨɜɞɡɜ ɘŭɘŬɑŰŮɟŬ ŬɟəŮŰɏɠ ůɡɜɖɗɘůɛɏɜŮɠ ŮɟɔŬůɑŮɠ əŬɘ ɔɘŬ Űɖɜ 

ŰŬɢɨŰɖŰŬ ŮəɛɎɗɖůɖɠ Űɖɠ. ɀŮɘɞɜŮəŰŮɑ ůŰɞ ɧŰɘ ŮˊŮɘŭɐ ŮɑɜŬɘ ŭɘŮɟɛɖɜŮɡɧɛŮɜɖ ŮɑɜŬɘ ˊɘɞ Ŭɟɔɐ Ŭˊɧ Űɘɠ 

ɛŮŰŬɔɚɤŰŰɘɕɧɛŮɜŮɠ (compiled) ɔɚɩůůŮɠ ɧˊɤɠ ɖ C əŬɘ ɖ C++. 

Ƀɘ ŭɘŮɟɛɖɜŮɡŰɏɠ Űɖɠ Python [7] (ȺɘəɧɜŬ 3) ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞɘ ɔɘŬ ŮɔəŬŰɎůŰŬůɖ ůŮ ˊɞɚɚɎ 

ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ, ŮˊɘŰɟɏˊɞɜŰŬɠ ůŰɖɜ Python Űɖɜ ŮəŰɏɚŮůɖ əɩŭɘəŬ ůŮ ŮɡɟŮɑŬ ɔəɎɛŬ 
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ůɡůŰɖɛɎŰɤɜ. ȼ Python ŬɜŬˊŰɨůůŮŰŬɘ ɤɠ ŬɜɞɘɢŰɧ ɚɞɔɘůɛɘəɧ əŬɘ ɖ ŭɘŬɢŮɑɟɘůɐ Űɖɠ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞɜ 

ɛɖ əŮɟŭɞůəɞˊɘəɧ ɞɟɔŬɜɘůɛɧ Python Software Foundation. 

 

ȺɘəɧɜŬ 3: ɄŬɟɎŭŮɘɔɛŬ əɩŭɘəɎ ůŮ Python ɛŮ Űɞ ɚɞɔɧŰɡˊɞ Űɖɠ ɔɚɩůůŬɠ 

2.1.2 OpenCV Python 

ɇɞ OpenCV [8] ɝŮəɑɜɖůŮ ůŰɖɜ Intel Űɞ 1999 Ŭˊɧ Űɞɜ ũəɎɟɘ ɀˊɟɎɜŰůəɘ əŬɘ əɡəɚɞűɧɟɖůŮ 

Űɞ 2000. Ƀ ȸŬɜŰɑɛ ɄɘůŬɟɏɓůəɘ ŮɜŰɎɢɗɖəŮ ůŰɖ ŭɘŬɢŮɑɟɘůɖ Űɖɠ ɟɤůɘəɐɠ ɞɛɎŭŬɠ ɚɞɔɘůɛɘəɞɨ 

OpenCV Űɖɠ Intel. ȷɟɔɧŰŮɟŬ, ɖ ŬɜɎˊŰɡɝɖ ůɡɜɏɢɘůŮ ɡˊɧ Űɖɜ ɡˊɞůŰɐɟɘɝɖ Űɞɡ ũɞɡɑɚɞɞɡ ũəŬɟŬɕ ɛŮ 

Űɞɡɠ ũəɎɟɘ ɀˊɟɎɜŰůəɘ əŬɘ ȸŬɜŰɑɛ ɄɘůŬɟɏɓůəɘ ɜŬ ɖɔɞɨɜŰŬɘ Űɞɡ ɏɟɔɞɡ. ɇɞ OpenCV ɡˊɞůŰɖɟɑɕŮɘ 

ˊɚɏɞɜ ɏɜŬ ˊɚɐɗɞɠ Ŭɚɔɞɟɑɗɛɤɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞɜ ŰɞɛɏŬ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɧɟŬůɖɠ əŬɘ Űɞɜ 

əɚɎŭɞ Űɖɠ ɛɖɢŬɜɘəɐɠ ŮəɛɎɗɖůɖɠ. 

ɇɞ OpenCV ɡˊɞůŰɖɟɑɕŮɘ ɛɘŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ɔɚɤůůɩɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɧˊɤɠ C ++, 

Python, Java ə.ɚˊ. əŬɘ ŭɘŬŰɑɗŮŰŬɘ ůŮ ŭɘɎűɞɟŮɠ ˊɚŬŰűɧɟɛŮɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ Windows, 

Linux, OS X, Android əŬɘ iOS. Ƀɘ ŭɘŮˊŬűɏɠ ɔɘŬ ɚŮɘŰɞɡɟɔɑŮɠ ɡɣɖɚɐɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ ɔɟŬűɘəɐɠ 

ɛɞɜɎŭŬ ŮˊŮɝŮɟɔŬůɑŬɠ (Graphical Process Unit - GPU) ɞɘ ɞˊɞɑŮɠ ɓŬůɑɕɞɜŰŬɘ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ 

Ůɜɞˊɞɘɖɛɏɜɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ ůɡůəŮɡɩɜ (Compute Unified Device Architecture - CUDA) əŬɘ Űɖɠ 

ŬɜɞɘɢŰɐɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ɔɚɩůůŬɠ (Open Computing Language - OpenCL) ɓɟɑůəɞɜŰŬɘ ŬəɧɛŬ ůŮ 

Ůɝɏɚɘɝɖ. 

ɇɞ OpenCV-Python (ȺɘəɧɜŬ 4) ŮɑɜŬɘ ɛɘŬ ɓɘɓɚɘɞɗɐəɖ ŭɘŮˊŬűɩɜ Python ˊɞɡ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ 

ɔɘŬ Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ɧɟŬůɖɠ ɡˊɞɚɞɔɘůŰɐ. ɇɞ OpenCV-Python ŮɑɜŬɘ Űɞ API Python ɔɘŬ 
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OpenCV, ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ əŬɚɨŰŮɟŮɠ ˊɞɘɧŰɖŰŮɠ Űɞɡ OpenCV C++ API əŬɘ Űɖɠ ɔɚɩůůŬɠ Python. 

ɇɞ OpenCV-Python ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ Numpy, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ ɓŮɚŰɘůŰɞˊɞɘɖɛɏɜɖ 

ɓɘɓɚɘɞɗɐəɖ ɔɘŬ ŬɟɘɗɛɖŰɘəɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ɛŮ ůɨɜŰŬɝɖ Űɨˊɞɡ MATLAB. ȳɚŮɠ ɞɘ ŭɞɛɏɠ ˊɑɜŬəŬ 

OpenCV ɛŮŰŬŰɟɏˊɞɜŰŬɘ Ŭˊɧ əŬɘ ůŮ ůɡůŰɞɘɢɑŮɠ Numpy. ȷɡŰɧ ŭɘŮɡəɞɚɨɜŮɘ Ůˊɑůɖɠ Űɖɜ ŮɜůɤɛɎŰɤůɖ 

ɛŮ ɎɚɚŮɠ ɓɘɓɚɘɞɗɐəŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞ Numpy, ɧˊɤɠ Űɞ SciPy əŬɘ Űɞ Matplotlib. 

To Ůɘəɞɜɘəɧ ˊŮɟɘɓɎɚɚɞɜ (virtual environment) [9] Űɞɡ OpenCV ŮɑɜŬɘ ɏɜŬ ůɡɜŮɟɔŬŰɘəɧ 

Ŭˊɞɛɞɜɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ ŮəŰɏɚŮůɖɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ əŬɘ Űɘɠ ŮűŬɟɛɞɔɏɠ Űɖɠ Python 

ɜŬ ŮɔəŬŰŬůŰɐůɞɡɜ əŬɘ ɜŬ ŬɜŬɓŬɗɛɑůɞɡɜ ˊŬəɏŰŬ ŭɘŬɜɞɛɐɠ Python ɢɤɟɑɠ ɜŬ ˊŬɟŮɛɓŬɑɜɞɡɜ ůŰɖ 

ůɡɛˊŮɟɘűɞɟɎ Ɏɚɚɤɜ ŮűŬɟɛɞɔɩɜ Python ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ůŰɞ ɑŭɘɞ ůɨůŰɖɛŬ. 

 

ȺɘəɧɜŬ 4: OpenCV ŬɜŬɔɜɩɟɘůɖ ŬɜŰɘəŮɑɛŮɜɤɜ 

2.1.3 PyQt v5 

ɇɞ PyQt ́ ɏɛˊŰɖɠ ɏəŭɞůɖɠ [10] ŮɑɜŬɘ ɏɜŬ ůɨɜɞɚɞ ŭɘŮˊŬűɩɜ Űɖɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

Python Űɤɜ ŮəŭɧůŮɤɜ 2 əŬɘ 3, ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŮűŬɟɛɞɔɐɠ Qt. ȺəŰŮɚŮɑŰŬɘ ůŰɘɠ ˊɚŬŰűɧɟɛŮɠ 

Windows, macOS, Linux, iOS əŬɘ Android ˊɞɡ ɡˊɞůŰɖɟɑɕŮŰŮ əŬɘ ɖ Qt. ɇɞ PyQt (ȺɘəɧɜŬ 5) 

ˊɏɛˊŰɖɠ ɏəŭɞůɖɠ ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ ˊɏɛˊŰɖ ɏəŭɞůɖ Űɖɠ ŮűŬɟɛɞɔɐɠ Qt. ȼ ŰɏŰŬɟŰɖ ɏəŭɞůɖ Űɖɠ PyQt 

ŭŮɜ ɡˊɞůŰɖɟɑɕŮŰŬɘ ˊɚɏɞɜ, ŬɜŰɑɗŮŰŬ ůɡɜɑůŰŬŰŬɘ ɖ ˊɏɛˊŰɖ ɏəŭɞůɖ ɔɘŬ əɎɗŮ ɜɏŬ ŬɜɎˊŰɡɝɖ. ɈˊɎɟɢɞɡɜ 
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ŭɨɞ Űɨˊɤɜ ɎŭŮɘŮɠ ɔɘŬ Űɘɠ ɡˊɞůŰɖɟɘɕɧɛŮɜŮɠ ˊɚŬŰűɧɟɛŮɠ, ɖ ˊɟɩŰɖ ŮɑɜŬɘ ɖ GNU GPL v3, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɛɘŬ ɔŮɜɘəɐ ɎŭŮɘŬ ŭɖɛɧůɘŬɠ ɢɟɐůɖɠ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ, əŬɘ ɖ ŭŮɨŰŮɟɖ ŮɑɜŬɘ ɖ Ůɛˊɞɟɘəɐ 

ɎŭŮɘŬ Riverbank. ȷɜŰɑɗŮŰŬ ɛŮ Űɞ Qt, Űɞ PyQt ŭŮɜ ŮɑɜŬɘ ŭɘŬɗɏůɘɛɞ ůŰɖ Lesser General Public 

License (LGP), ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ ɛɘəɟɧŰŮɟɖ ɔŮɜɘəɐ ɎŭŮɘŬ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ŮəŭɑŭŮŰŬɘ Ŭˊɧ 

Űɞ ɑŭɟɡɛŬ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ. ɇɞ PyQt ŭŮɜ ůɡɛˊŮɟɘɚŬɛɓɎɜŮŰŬɘ ůŰɞ ŬɜŰɑɔɟŬűɞ Űɞɡ Qt. 

ɉŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ PyQt ŮɑɜŬɘ ɧŰɘ ůɡɜŭɡɎɕŮɘ ˊɞɚɚŬˊɚɏɠ ŮűŬɟɛɞɔɏɠ ˊɚŬŰűɞɟɛɩɜ Űɞɡ Qt, 

C++ əŬɘ Űɖɜ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Python. ɇɞ Qt ŮəŰɧɠ Ŭˊɧ ŰŬ ŮɟɔŬɚŮɑŬ əŬŰŬůəŮɡɐɠ 

ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɟɐůŰɖ (Graphical User Interface) ŭɘŬɗɏŰŮɘ əŬɘ ɎɚɚŮɠ ɚŮɘŰɞɡɟɔɑŮɠ. 

ɀŮɟɘəɏɠ Ŭˊɧ ŬɡŰɏɠ ŮɑɜŬɘ ɖ ɡˊɞůŰɐɟɘɝɖ ɡˊɞŭɞɢɩɜ ŭɘəŰɨɞɡ (network sockets), ɜɖɛɎŰɤɜ (threads), 

Űɞɡ ˊɟɞŰɨˊɞɡ Unicode, əŬɜɧɜɤɜ ɏəűɟŬůɖɠ, ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ SQL,  ŬɟɢŮɑɤɜ Ůɘəɧɜɤɜ SVG, Űɖɠ 

ŭɘŮˊŬűɐɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ŮűŬɟɛɞɔɩɜ ɔɘŬ Űɖɜ Ŭˊɧŭɞůɖ ŭɘůŭɘɎůŰŬŰɤɜ əŬɘ ŰɟɘůŭɘɎůŰŬŰɤɜ 

ɔɟŬűɘəɩɜ OpenGL, Űɖɠ ɔɚɩůůŬɠ XML ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ ɏɜŬ ůɨɜɞɚɞ əŬɜɧɜɤɜ ɔɘŬ ɖɚŮəŰɟɞɜɘəɐ 

əɤŭɘəɞˊɞɑɖůɖ əŮɘɛɏɜɤɜ, Ůɜɧɠ ˊɚɐɟɞɡɠ ɚŮɘŰɞɡɟɔɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊŮɟɘɐɔɖůɖɠ ɘůŰɞɨ, Ůɜɧɠ 

ůɡůŰɐɛŬŰɞɠ ɓɞɐɗŮɘŬɠ əŬɘ Ůɜɧɠ ˊɚŬɘůɑɞɡ ˊɞɚɡɛɏůɤɜ. ɇɏɚɞɠ ɡˊɎɟɢŮɘ ůŰɖɜ ŭɘɎɗŮůɖ Űɞɡ ɢɟɐůŰɖ ɛɘŬ 

ˊɚɞɨůɘŬ ůɡɚɚɞɔɐ ɔɟŬűɘəɩɜ ůŰɞɘɢŮɑɤɜ GUI. 

Ⱥˊɑůɖɠ, ɓŬůɘəɧ ˊɚŮɞɜɏəŰɖɛŬ Űɤɜ əɚɎůŮɤɜ Qt ŬˊɞŰŮɚŮɑ ɞ ɛɖɢŬɜɘůɛɧɠ ůɐɛŬŰɞɠ/ɡˊɞŭɞɢɐɠ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɔɘŬ Űɖɜ ŬůűŬɚɐ ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ ŬɜŰɘəŮɘɛɏɜɤɜ, ŬɚɚɎ ɛŮ ɢŬɚŬɟɐ 

ŭɘŬůɨɜŭŮůɖ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŮɨəɞɚŬ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɘɐůɘɛŬ ůŰɞɘɢŮɑŬ ɚɞɔɘůɛɘəɞɨ.  

ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ əŬɘ ŰŬɢɨŰŮɟɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ůɡɜŰɐɟɖůɖ ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, ɖ Qt 

ŭɘŬɗɏŰŮɘ Ůˊɑůɖɠ Űɞ Qt Designer, ɏɜŬ ˊɟɧɔɟŬɛɛŬ ůɢŮŭɘŬůɛɞɨ ŭɘŮˊŬűɐɠ ɢɟɐůŰɖ. ɀɏůŬ Ŭˊɧ Űɞ 

ůɡɔəŮəɟɘɛɏɜɞ ˊɟɧɔɟŬɛɛŬ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ əɩŭɘəŬ ůŰɖɜ ɔɚɩůůŬ Python ɛɏůŬ 

Ŭˊɧ ɏɜŬ ɔɟŬűɘəɧ ˊŮɟɘɓɎɚɚɞɜ, ůŰɞ ɞˊɞɑɞ ɞɘ ɢɟɐůŰŮɠ ɏɢɞɡɜ ˊɞɚɡɎɟɘɗɛŮɠ Ůˊɘɚɞɔɏɠ ůŰɞɘɢŮɑɤɜ 

ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. 

 

ȺɘəɧɜŬ 5: ȿɞɔɧŰɡˊɞ PyQt 
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2.1.4 Qt Creator  

ɇɞ Qt Creator [11] ŮɑɜŬɘ ɏɜŬ ɚɞɔɘůɛɘəɧ ˊɞɚɚŬˊɚɩɜ ˊɚŬŰűɧɟɛɤɜ, ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ C++, 

JacaScript əŬɘ QML. ɇɞ ɞɚɞəɚɖɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ ˊɞɡ ŭɘŬɗɏŰŮɘ, ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ 

ŬɜɎˊŰɡɝɖ ŮűŬɟɛɞɔɩɜ ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɟɐůŰɖ (Graphical User Interface - GUI). 

ȺɛˊŮɟɘɏɢŮɘ ɏɜŬ ɞˊŰɘəɧ ˊɟɧɔɟŬɛɛŬ ŮɜŰɞˊɘůɛɞɨ ůűŬɚɛɎŰɤɜ əŬɘ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ ŭɘɎŰŬɝɖ 

ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɟɐůŰɖ (GUI) ñȷɡŰɧ ˊɞɡ ɓɚɏˊŮŰŮ, ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ ˊŬɑɟɜŮŰŮò (What You 

See Is What You Get ï WYSIWYG) . ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘɎŰŬɝɖ ŬɜŬűɏɟŮŰŬɘ ůŮ ɏɜŬ ůɨůŰɖɛŬ, ůŰɞ 

ɞˊɞɑɞ Űɞ ɚɞɔɘůɛɘəɧ ŮˊŮɝŮɟɔŬůɑŬɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ ˊŮɟɘŮɢɞɛɏɜɞɡ ůŮ ɛɞɟűɐ ˊɞɡ ɛɞɘɎɕŮɘ 

ɛŮ Űɖɜ ŮɛűɎɜɘůɖ Űɖɠ ɧŰŬɜ ŮəŰɡˊɩɜŮŰŬɘ ɐ ŮɛűŬɜɑɕŮŰŬɘ ůŬɜ ŰŮɚɘəɧ ˊɟɞɥɧɜ.  

ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɚɞɔɘůɛɘəɞɨ (ȺɘəɧɜŬ 6) ŮɑɜŬɘ ɖ ŮˊɘůɐɛŬɜůɖ ůɨɜŰŬɝɖɠ əŬɘ ɖ ŬɡŰɧɛŬŰɖ 

ůɡɛˊɚɐɟɤůɖ. ɇɞ Qt ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ ɛŮŰŬɔɚɤŰŰɘůŰɐ C++ Ŭˊɧ Űɖɜ ůɡɚɚɞɔɐ ɛŮŰŬɔɚɤŰŰɘůŰɩɜ Űɞɡ 

GNU (GCC) ůŮ Linux əŬɘ FreeBSD. ɆŰŬ Windows, ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ MinGW ɐ Űɞ MSVC, Űɞ 

ˊɟɩŰɞ ŮɑɜŬɘ ɏɜŬ ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ ŭɤɟŮɎɜ ɚɞɔɘůɛɘəɞɨ əŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ɔɘŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ŮűŬɟɛɞɔɩɜ Microsoft Windows, Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ŮɑɜŬɘ ɏɜŬ ˊɟɞɥɧɜ ɞɚɞəɚɖɟɤɛɏɜɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ŬɜɎˊŰɡɝɖɠ Ŭˊɧ Űɖ Microsoft ɔɘŬ Űɘɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C, C++ əŬɘ 

C++/CLI. ɄɏɟŬɜ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ɛŮŰŬɔɚɤŰŰɘůŰɩɜ, ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɘ, 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ Űɞ Microsoft Console Debugger, ɧŰŬɜ ɛŮŰŬɔɚɤŰŰɑɕŮŰŬɘ Ŭˊɧ ˊɖɔŬɑɞ 

əɩŭɘəŬ ůŮ ŮəŰŮɚɏůɘɛɞ əɩŭɘəŬ. Ⱥˊɑůɖɠ ɡˊɞůŰɖɟɑɕŮŰŬɘ Űɞ Clang, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɏɜŬɠ 

ɛŮŰŬɔɚɤŰŰɘůŰɐɠ ɔɘŬ Űɘɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C, C++ əŬɘ ˊɞɚɚɏɠ ɎɚɚŮɠ. 

Ƀ creator ɝŮəɑɜɖůŮ ůŬɜ project Workbench əŬɘ GreenHouse, Űɞ 2007 ˊɐɟŮ Űɞ ɧɜɞɛŬ Qt 

Creator. ɄɟŬɔɛŬŰɞˊɞɑɖůŮ Űɖɜ ˊɟɩŰɖ Űɞɡ ŮɛűɎɜɘůɖ ůŰɞ Űɏɚɞɠ Űɖɠ ŰɏŰŬɟŰɖɠ ɏəŭɞůɖɠ Qt, ŬɟɢɑɕɞɜŰŬɠ 

ɛŮ Űɖɜ əɡəɚɞűɞɟɑŬ Űɞɡ Qt Creator ˊɟɩŰɖɠ ɏəŭɞůɖɠ Űɞɜ ɀɎɟŰɘɞ Űɞɡ 2009, ůŰɖɜ ůɡɜɏɢŮɘŬ 

ɞɛŬŭɞˊɞɘɐɗɖəŮ ɛŮ Űɞ Qt 4.5 ůŰɞ  əɘŰ ŬɜɎˊŰɡɝɖɠ ɚɞɔɘůɛɘəɞɨ (SDK) 2009.3. ɀɏɢɟɘ ŰɧŰŮ ɖ 

ŬɡŰɧɜɞɛɖ ŮűŬɟɛɞɔɐ Qt Designer ɐŰŬɜ Űɞ ŮɟɔŬɚŮɑɞ ŭɘɎŰŬɝɖɠ widget Űɞɡ ˊɟɞɔɟŬɛɛŬŰɘůŰɐ. ɇŬ ɏɟɔŬ 

ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ Űɞ Qt Creator ŮɑɜŬɘ ˊɞɘəɑɚŬ, ŮɜŭŮɘəŰɘəɎ ɛˊɞɟŮɑ ɜŬ ŭɘŬɢŮɘɟɘůŰŮɑ ŬɟɢŮɑŬ 

Űɨˊɞɡ .pro, CMake, Autotools əŬɘ ɎɚɚŬ. ȰɜŬ ŬɟɢŮɑɞ ɏɟɔɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬɗɏŰŮɘ ˊɚɖɟɞűɞɟɑŮɠ, ɧˊɤɠ 

ŰŬ ŬɟɢŮɑŬ ŰŬ ɞˊɞɑŬ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůŰɞ ɏɟɔɞ, ˊɟɞůŬɟɛɞůɛɏɜŬ ɓɐɛŬŰŬ əŬŰŬůəŮɡɐɠ əŬɘ 

ɟɡɗɛɑůŮɘɠ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ŮűŬɟɛɞɔɩɜ. 
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ɇɞ Qt Creator ˊŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬɜ ůɡɜŰɎəŰɖ əɩŭɘəŬ əŬɘ ŮɜůɤɛŬŰɩɜŮɘ Űɞ Qt Designer ɔɘŬ 

Űɞɜ ůɢŮŭɘŬůɛɧ əŬɘ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɔɟŬűɘəɩɜ ŭɘŮˊŬűɩɜ ɢɟɐůŰɖ (GUI). ɇɞ ɚɞɔɘůɛɘəɧ ɏɢŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ŮˊɘůɐɛŬɜůɖɠ ůɨɜŰŬɝɖɠ ɔɘŬ ŭɘɎűɞɟŮɠ ɔɚɩůůŮɠ, Ůɜɩ ŬɜŬɚɨŮɘ əɩŭɘəŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŮɝɎɔŮŰŬɘ ůŮ ɔɚɩůůŮɠ C++ əŬɘ ůŮ ɛɘŬ ɔɚɩůůŬ ŭɘŮˊŬűɐɠ ɢɟɐůŰɖ Űɖɜ QML. Ⱥˊɘˊɚɏɞɜ, ˊŬɟɏɢŮɘ 

ɓɞɐɗŮɘŬ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ ůɖɛŮɑɞ (context-sensitive)  əŬɘ ůɖɛŬůɘɞɚɞɔɘəɐ ˊɚɞɐɔɖůɖ. 

 

ȺɘəɧɜŬ 6: ɄŮɟɘɓɎɚɚɞɜ Qt Creator 

2.1.5 GCompris 

ɇɞ GCompris [12] ŮɑɜŬɘ ɚɞɔɘůɛɘəɧ ɡɣɖɚɐɠ ŮəˊŬɘŭŮɡŰɘəɐɠ ˊɞɘɧŰɖŰŬɠ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɔɘŬ ˊŬɘŭɘɎ ɖɚɘəɑŬɠ 2 ɏɤɠ 10 ŮŰɩɜ. Ƀɘ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ˊɞɡ ŭɘŬɗɏŰŮɘ ŬˊɞŰŮɚɞɨɜŰŬɘ 

əɡɟɑɤɠ Ŭˊɧ ˊŬɘɢɜɑŭɘŬ, ˊŬɟɧɚŬ ŬɡŰɎ ŭɘŬŰɖɟɞɨɜ Űɞɜ ŮəˊŬɘŭŮɡŰɘəɧ Űɞɡɠ ɢŬɟŬəŰɐɟŬ. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮŰŬɘ ɛɘŬ ɚɑůŰŬ Űɤɜ əŬŰɖɔɞɟɘɩɜ ɛŮ ɛŮɟɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ: 

¶ ŬɜŬəɎɚɡɣɖ Űɞɡ ɡˊɞɚɞɔɘůŰɐ: ˊɚɖəŰɟɞɚɧɔɘɞ, ˊɞɜŰɑəɘ, ɞɗɧɜɖ Ŭűɐɠ 

¶ ŬɜɎɔɜɤůɖ: ɔɟɎɛɛŬŰŬ, ɚɏɝŮɘɠ, ŮɝɎůəɖůɖ ŬɜɎɔɜɤůɖɠ, ˊɚɖəŰɟɞɚɧɔɖůɖ əŮɘɛɏɜɞɡ 

¶ ŬɟɘɗɛɖŰɘəɐ: Ŭɟɘɗɛɞɑ, ˊɟɎɝŮɘɠ, ˊɑɜŬəŬɠ ɛɜɐɛɖɠ, Ŭɟɑɗɛɖůɖ, ˊɑɜŬəŬɠ ŭɘˊɚɐɠ əŬŰŬɢɩɟɖůɖɠ 

¶ ŮˊɘůŰɐɛɖ: ɚŮɘŰɞɡɟɔɑŬ ŭɘɩɟɡɔŬɠ, ɞ əɨəɚɞɠ Űɞɡ ɜŮɟɞɨ, ɡˊɞɓɟɨɢɘɞ, ɖɚŮəŰɟɘəɎ əɡəɚɩɛŬŰŬ  

¶ ɔŮɤɔɟŬűɑŬ: ɢɩɟŮɠ, ˊŮɟɘɞɢɏɠ, ˊɞɚɘŰɘůɛɧɠ 
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¶ ˊŬɘɢɜɑŭɘŬ: ůəɎəɘ, ɛɜɖɛɞɜɘəɏɠ ŰŮɢɜɘəɏɠ, ůɨɜŭŮůŮ 4, oware, sudoku 

¶ ɎɚɚŬ: ɢɟɩɛŬŰŬ, ůɢɐɛŬŰŬ, ɀˊɟɎɘɔ, ɛɎɗŮ Űɖɜ ɩɟŬ 

ȷɡŰɐ Űɖ ůŰɘɔɛɐ Űɞ GCompris (ȺɘəɧɜŬ 7) ˊɟɞůűɏɟŮɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 100 ŭɟŬůŰɖɟɘɧŰɖŰŮɠ, 

Ůɜɩ ŬɟəŮŰɏɠ ɓɟɑůəɞɜŰŬɘ ůŰɞ ůŰɎŭɘɞ Űɖɠ ŬɜɎˊŰɡɝɖɠ. ɇɞ GCompris ŮɑɜŬɘ ŮɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ, ˊɞɡ 

ůɖɛŬɑɜŮɘ ɧŰɘ ɛˊɞɟŮɑ ɞ ɞˊɞɘɞůŭɐˊɞŰŮ ɜŬ Űɞ ˊɟɞůŬɟɛɧůŮɘ ůŰɘɠ ŭɘəɏɠ Űɞɡ ŬɜɎɔəŮɠ əŬɘ ɜŬ Űɞ 

ɓŮɚŰɘɩůŮɘ. 

 

ȺɘəɧɜŬ 7: ɆŰɘɔɛɘɧŰɡˊɞ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ GCompris 

2.1.6 MobaXterm  

ɇɞ MobaXterm [13] ŮɑɜŬɘ ɛɘŬ ŮűŬɟɛɞɔɐ ɔɘŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Windows, ɖ ɞˊɞɑŬ 

ˊɟɞůűɏɟŮɘ ˊɞɚɚŬˊɚɏɠ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ əŬɘ ŭɘŬɢŮɘɟɘůŰɏɠ ˊɚɖɟɞűɞɟɘŬəɩɜ 

ůɡůŰɖɛɎŰɤɜ ɔɘŬ Űɞɜ ɢŮɘɟɘůɛɧ ŬˊɞɛŬəɟɡůɛɏɜɞɡ Ůɚɏɔɢɞɡ. ɈˊɞůŰɖɟɑɕŮɘ ŭɘɎűɞɟŬ ˊɟɤŰɧəɞɚɚŬ, ɧˊɤɠ 

SSH, VNC, FTP. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɡˊɎɟɢŮɘ ɖ Ůˊɘɚɞɔɐ ɢɟɐůɖɠ Űɞɡ ŬůűŬɚɞɨɠ ˊɟɤŰɞəɧɚɚɞɡ SSH 

(ȺɘəɧɜŬ 8) ɛŮ ˊŬɟɎɚɚɖɚɖ ŬˊŮɘəɧɜɘůɖ ɔɟŬűɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ˊŮɟɘɐɔɖůɖɠ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ 

SFTP. Ⱥˊɑůɖɠ, Űɞ ŰŮɟɛŬŰɘəɧ ˊɞɡ ŭɘŬɗɏŰŮɘ ɖ ŮűŬɟɛɞɔɐ ŮˊɘůɖɛŬɑɜŮɘ Űɖ ůɨɜŰŬɝɖ əŬɘ ɢɟɤɛŬŰɑɕŮɘ Űɘɠ 

ɚɏɝŮɘɠ əɚŮɘŭɘɎ, ŬəɧɛŬ əŬɘ Ŭɜ ŭŮɜ ɡˊɞůŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ŭɘŬəɞɛɘůŰɐ.  
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ȺɘəɧɜŬ 8: ɄŬɟɎŭŮɘɔɛŬ ůɨɜŭŮůɖɠ SSH ůŮ MobaXterm ɛŮ Űɞ ɚɞɔɧŰɡˊɞ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ  

2.1.7 Nano 

ɇɞ nano [14] ŮɑɜŬɘ ɏɜŬɠ əŮɘɛŮɜɞɔɟɎűɞɠ, ɞ ɞˊɞɑɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɓɘɓɚɘɞɗɐəɖ curses əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡůŰɐɛŬŰŬ Unix. ȺɑɜŬɘ ɓŬůɘůɛɏɜɞ ůŮ ɏɜŬ ˊŬɚŬɘɧŰŮɟɞ ŮɟɔŬɚŮɑɞ ŬɜɎˊŰɡɝɖɠ 

əŮɑɛŮɜɞɡ ɞɜɧɛŬŰɘ Pico. ɇɞ nano ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ 1999 ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ TIP Ŭˊɧ Űɞɜ Ⱦɟɑɠ 

ȷɚɚɏɔəɟŮŰŬ. ɆŰɧɢɞɠ Űɞɡ ɐŰŬɜ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɛɘŬ ŮɚŮɨɗŮɟɖ ɏəŭɞůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Pico, əŬɗɩɠ 

ŭŮɜ ɡˊɐɟɢŮ əɎŰɘ ŬɜŰɑůŰɞɘɢɞ ůŮ ŮɚŮɨɗŮɟɖ ɛɞɟűɐ. ɇɞ ɧɜɞɛŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ Nano ŮˊɘůɖɛɞˊɞɘɐɗɖəŮ 

ůŰɘɠ 10 ȽŬɜɞɡŬɟɑɞɡ 2000 ɔɘŬ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ ˊŬɟŮɝɖɔɐůŮɘɠ ɛŮ Űɞ ŮɟɔŬɚŮɑɞ Tip. ȼ Ůˊɘɚɞɔɐ Űɞɡ 

ɞɜɧɛŬŰɧɠ Űɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞ ŭɘŮɗɜɏɠ ůɨůŰɖɛŬ ɛɞɜɎŭɤɜ (SI), ůŰɞ ɞˊɞɑɞ Űɞ nano ŮɑɜŬɘ ɛɘŬ ɛɞɜɎŭŬ 

ɛɏŰɟɖůɖɠ ɢɑɚɘŮɠ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɖɜ pico. ɇɞ ūŮɓɟɞɡɎɟɘɞ Űɞɡ 2001, Űɞ nano ɏɔɘɜŮ ɛɏɚɞɠ 

Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ GNU.  

Ƀ əŮɘɛŮɜɞɔɟɎűɞɠ nano (ȺɘəɧɜŬ 9) ŮɛˊɚɞɨŰɘůŮ Űɘɠ ŭɡɜŬŰɧŰɖŰɏɠ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Pico, 

əŬɗɩɠ ˊɟɞůɏɗŮůŮ ɢɟɤɛŬŰɘůɛɧ əŮɘɛɏɜɞɡ, ŬɜŬɕɐŰɖůɖ əŬɘ ŬɜŰɘəŬŰɎůŰŬůɖ əŬɜɞɜɘəɩɜ ŮəűɟɎůŮɤɜ, 

ɞɛŬɚɐ əɨɚɘůɖ əŬɘ ˊɞɚɚŬˊɚɏɠ ˊŮɟɘɞɢɏɠ əŮɘɛɏɜɤɜ. Ƀ Ⱦɟɑɠ ȷɚɚɏɔəɟŮŰŬ ˊŬɟɏŭɤůŮ Űɖɜ ůɡɜŰɐɟɖůɖ 

Űɞɡ nano ůŰɘɠ 11 ȷɡɔɞɨůŰɞɡ Űɞɡ 2003 ůŰɞɜ ɁŰɏɘɓɘɜŰ ȿɧɟŮɜɠ ɅɎɛůŮɥ, ɞ ɞˊɞɑɞɠ ŬɜŬəɞɑɜɤůŮ ɧŰɘ 

ˊŬɟŬɘŰŮɑŰŬɘ Ŭˊɧ Űɖɜ ůɡɜŰɐɟɖůɐ Űɞɡ ůŰɘɠ 20 ȹŮəŮɛɓɟɑɞɡ Űɞɡ 2007. ɇŬ ůŰɞɘɢŮɑŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ 
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ɡˊɧ ŬɜɎˊŰɡɝɖ ɔɘŬ Űɖ ůŮɘɟɎ ɏəŭɞůɖɠ 2.1 ŮɑɜŬɘ ɖ ɡˊɞůŰɐɟɘɝɖ ɟɡɗɛɘɕɧɛŮɜɤɜ ůɡɜŰɞɛŮɨůŮɤɜ 

ˊɚɐəŰɟɤɜ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ undo. 

 

ȺɘəɧɜŬ 9: ɄŬɟɎŭŮɘɔɛŬ Űɞɡ əŮɘɛŮɜɞɔɟɎűɞɡ Nano 

2.1.8 Notepad++ 

ɇɞ Notepad++ [15] ŮɑɜŬɘ ɏɜŬ ˊɟɧɔɟŬɛɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ əŮɘɛɏɜɞɡ əŬɘ ˊɖɔŬɑɞɡ əɩŭɘəŬ ɔɘŬ 

ŰŬ ɚŮɘŰɞɡɟɔɘəɎ ůɡůŰɐɛŬŰŬ Windows. ɇɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 2003, ɞ ɁŰɞɜ ɉɞ Űɞ ŭɖɛɘɞɨɟɔɖůŮ əŬɘ 

əɡəɚɞűɧɟɖůŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ. ɀŮɟɘəɎ Ŭˊɧ ŰŬ ɓŬůɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ Űɞɜ əɎɜɞɡɜ ɜŬ 

ɝŮɢɤɟɑɕŮɘ ŮɑɜŬɘ ɖ ŮˊɘůɐɛŬɜůɖ ůɨɜŰŬɝɖɠ, ɖ ŬɜŬŭɑˊɚɤůɖ əɩŭɘəŬ, ɖ ˊŮɟɘɞɟɘůɛɏɜɖ ŬɡŰɧɛŬŰɖ 

ůɡɛˊɚɐɟɤůɖ əŬɘ ɖ ŭɏůɛɖ ŮɜŮɟɔŮɘɩɜ əŬɘ ůɐɛŬɜůɖɠ. ɆŰɖɜ ɓŬůɘəɐ ɏəŭɞůɖ ŭŮɜ ŭɘŬɗɏŰŮɘ ɏɝɡˊɜɖ 

ɞɚɞəɚɐɟɤůɖ əɩŭɘəŬ ɐ ɏɚŮɔɢɞ ůɨɜŰŬɝɖɠ. 

Ƀ ɢɟɐůŰɖɠ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊŮɝŮɟɔɎɕŮŰŬɘ ɝŮɢɤɟɘůŰɎ ŰŬ ŬɟɢŮɑŬ ůŮ ́ɞɚɚŬˊɚɏɠ 

əŬɟŰɏɚŮɠ. Ⱥˊɑůɖɠ, ɡˊɞůŰɖɟɑɕŮɘ Űɖɜ Ůˊɘɚɞɔɐ ŮɟɔŬůɑŬɠ ůŮ ˊɞɚɚɎ ŬɟɢŮɑŬ ůŮ ɏɜŬ ˊŬɟɎɗɡɟɞ. ɇɞ ɧɜɞɛŬ 

Űɞɡ ŮɑɜŬɘ ŮɛˊɜŮɡůɛɏɜɞ Ŭˊɧ Űɞɜ ŰŮɚŮůŰɐ Ŭɨɝɖůɖɠ ůŰɖɜ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C. ɇɞ 

Notepad++ (ȺɘəɧɜŬ 10) ŬˊɞŰŮɚŮɑ ɏɜŬ ŭɤɟŮɎɜ ɚɞɔɘůɛɘəɧ Űɞ ɞˊɞɑɞ ɝŮəɑɜɖůŮ Űɖɜ ŭɘŬɜɞɛɐ Űɞɡ Ŭˊɧ 

Űɞ SourceForge.net. ȷˊɧ ŮəŮɑ ɏɔɘɜŮ ɚɐɣɖ ˊɎɜɤ Ŭˊɧ Ůɑəɞůɘ ɞəŰɩ ŮəŬŰɞɛɛɨɟɘŬ űɞɟɏɠ ůŮ ɏɜŬ ɢɟɧɜɞ, 

ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ əŮɟŭɑůŮɘ ŭɨɞ űɞɟɏɠ Űɞ ɓɟŬɓŮɑɞ Ⱥˊɘɚɞɔɐɠ ȾɞɘɜɧŰɖŰŬɠ SourceForge ɔɘŬ Űɞ 
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əŬɚɨŰŮɟɞ ŮɟɔŬɚŮɑɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɩɜ. ȰˊŮɘŰŬ, Űɞ ɚɞɔɘůɛɘəɧ űɘɚɞɝŮɜɐɗɖəŮ ůŰɞ TuxFamily, ȷˊɧ 

Űɞ 2010 űɘɚɞɝŮɜŮɑŰŬɘ ůŰɞ GitHub. ɇɞ Notepad++ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ŮˊŮɝŮɟɔŬůŰɘəɧ ůŰɞɘɢŮɑɞ 

Scintilla, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɛɘŬ ŭɤɟŮɎɜ ɓɘɓɚɘɞɗɐəɖ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ. 

 

ȺɘəɧɜŬ 10: ɄŬɟɎŭŮɘɔɛŬ Űɞɡ əŮɘɛŮɜɞɔɟɎűɞɡ Notepad++ 

2.1.9 Visual Studio Code 

ɇɞ Visual Studio Code [16] ŮɑɜŬɘ ɏɜŬɠ ŭɤɟŮɎɜ ůɡɜŰɎəŰɖɠ ˊɖɔŬɑɞɡ əɩŭɘəŬ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɖɜ Microsoft ɔɘŬ ɚŮɘŰɞɡɟɔɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ Windows, Linux, macOS. 

ȹɘŬɗɏŰŮɘ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ ŮɜŰɞˊɘůɛɧ ůűŬɚɛɎŰɤɜ, ŮˊɘůɐɛŬɜůɖ ůɨɜŰŬɝɖɠ, ɏɝɡˊɜɖ ɞɚɞəɚɐɟɤůɖ 

əɩŭɘəŬ, ŬˊɞůˊɎůɛŬŰŬ, ŬɜŬŭɘŬɛɧɟűɤůɖ əɩŭɘəŬ əŬɘ ˊŮɟɘɏɢŮɘ ŮɜůɤɛŬŰɤɛɏɜɞ Git. ɄɟɞůŬɟɛɧɕŮŰŬɘ 

ůŰɘɠ ˊɟɞŰɘɛɐůŮɘɠ Űɞɡ əɎɗŮ ɢɟɐůŰɖ ɏɢɞɜŰŬɠ Űɖɜ Ůˊɘɚɞɔɐ ŬɚɚŬɔɐɠ ɗɏɛŬŰɞɠ əŬɘ ŬɚɚŬɔɐɠ Űɤɜ 

ůɡɜŰɞɛŮɨůŮɤɜ Űɞɡ ˊɚɖəŰɟɞɚɞɔɑɞɡ. ɈˊɎɟɢŮɘ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŮɔəŬŰɎůŰŬůɖɠ ŮˊŮəŰɎůŮɤɜ ˊɞɡ Űɞɡ 

ˊɟɞůɗɏŰɞɡɜ Ůˊɘˊɚɏɞɜ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ.  

Ƀ ˊɖɔŬɑɞɠ əɩŭɘəŬɠ Űɞɡ Visual Studio Code (ȺɘəɧɜŬ 11) ɏɢŮɘ ɓɎůɖ Űɞ ŭɤɟŮɎɜ ɚɞɔɘůɛɘəɧ 

ŬɜɞɘɢŰɞɨ əɩŭɘəŬ Űɖɠ Microsoft. ɇɞ ˊɟɧɔɟŬɛɛŬ əɡəɚɞűɞɟŮɑ ɛŮ Űɖɜ ŬɜŮəŰɘəɐ ɎŭŮɘŬ ŮɚŮɨɗŮɟɞɡ 

ɚɞɔɘůɛɘəɞɨ Expat ˊɞɡ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ɘɜůŰɘŰɞɨŰɞ ŰŮɢɜɞɚɞɔɑŬɠ Űɖɠ ɀŬůŬɢɞɡůɏŰɖɠ (MIT). 
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Ⱥˊɑůɖɠ, ŰŬ ɛŮŰŬɔɚɤŰŰɘůɛɏɜŬ ŭɡŬŭɘəɎ ŬɟɢŮɑŬ ŭɘŬŰɑɗŮɜŰŬɘ ŭɤɟŮɎɜ ɔɘŬ ɞˊɞɘɞɜŭɐˊɞŰŮ ɢɟɐůŰɖ. 

Ⱥˊɑůɖɛɖ ŬɜŬəɞɑɜɤůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ ɏɔɘɜŮ ůŰɘɠ 29 ȷˊɟɘɚɑɞɡ 2015 ůŰɞ ůɡɜɏŭɟɘɞ Build Ŭˊɧ Űɖɜ 

Microsoft. ȰˊŮɘŰŬ əɡəɚɞűɧɟɖůŮ əŬɘ ɛɘŬ ɏəŭɞůɖ ɔɘŬ ˊɟɞŮˊɘůəɧˊɖůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ. ɆŰɘɠ 18 

ɁɞŮɛɓɟɑɞɡ Űɞɡ 2015 əɡəɚɞűɧɟɖůŮ  ɛŮ ŬɜŮəŰɘəɐ ɎŭŮɘŬ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ Expat əŬɘ ɞ ˊɖɔŬɑɞɠ 

Űɞɡ əɩŭɘəŬɠ ŭɖɛɞůɘŮɨŰɖəŮ ůŰɞ GitHub, Ůɜɩ ŬɜŬəɞɘɜɩɗɖəŮ əŬɘ ɖ ɡˊɞůŰɐɟɘɝɖ ŮˊŮəŰɎůŮɤɜ Ŭˊɧ Űɞ 

ɚɞɔɘůɛɘəɧ. 

ɇɞ Visual Studio Code ɡˊɞůŰɖɟɑɕŮɘ ŬɟəŮŰɏɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ɧˊɤɠ ŮɑɜŬɘ ɖ Java, 

ɖ JavaScript, ɖ Go, ɖ Node.js əŬɘ ɖ C++. ȸŬůɑɕŮŰŬɘ ůŮ ɏɜŬ ŬɜɞɘɢŰɞɨ ɚɞɔɘůɛɘəɞɨ ˊɚŬɑůɘɞ ˊɞɡ 

ŬɜŬˊŰɨɢɗɖəŮ Ŭˊɧ Űɞ GitHub əŬɘ ɞɜɞɛɎɕŮŰŬɘ Electron. ɇɞ Electron ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ ŮűŬɟɛɞɔɩɜ ɘůŰɞɨ ůŰɖɜ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Node.js ˊɞɡ ŮəŰŮɚŮɑŰŬɘ ůŰɖɜ ɛɖɢŬɜɐ 

ŬɜŬɕɐŰɖůɖɠ Blink. 

 

ȺɘəɧɜŬ 11: ɄŮɟɘɓɎɚɚɞɜ Visual Studio Code 

2.1.10 Fusion 360 

To Fusion 360 [17] ŮɑɜŬɘ ɏɜŬ ŮɟɔŬɚŮɑɞ ůɢŮŭɑŬůɖɠ ŰɟɘůŭɘɎůŰŬŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ Űɞɡ ɡˊɞɚɞɔɘůŰɐ (3D CAD) əŬɘ ŬɜɐəŮɘ ůŰɖɜ Autodesk. ȺɑɜŬɘ ŭɘŬɗɏůɘɛɞ ůŮ ŬɟəŮŰɏɠ 

ˊɚŬŰűɧɟɛŮɠ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ Windows, Mac əŬɘ ůŮ ˊɟɧɔɟŬɛɛŬ ˊŮɟɘɐɔɖůɖɠ. ȯɚɚŬ 
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ˊŬɟɧɛɞɘŬ ˊɟɞɔɟɎɛɛŬŰŬ ŰɟɘůŭɘɎůŰŬŰɖɠ ůɢŮŭɑŬůɖɠ ŮɑɜŬɘ Űɞ Solidworks əŬɘ Siemens NX. ɇɞ Fusion 

360 ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɢɟɐůŰɖ ɜŬ ŬˊɞəŰɐůŮɘ ůűŬɘɟɘəɐ ŮɘəɧɜŬ ɔɘŬ ɛɘŬ ɞɚɞəɚɖɟɤɛɏɜɖ ůŮɘɟɎ ŮɟɔŬɚŮɑɤɜ 

ɛɞɜŰŮɚɞˊɞɑɖůɖɠ. ɄɟɞůűɏɟŮɘ Űɖɜ Ůˊɘɚɞɔɐ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ŮˊŮɝŮɟɔŬůɑŬɠ ůəɑŰůɤɜ. 

ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ Fusion 360 (ȺɘəɧɜŬ 12) ŮɑɜŬɘ ɖ ɎɛŮůɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ, ŮˊŮɝŮɟɔŬůɑŬ əŬɘ 

Ůˊɘŭɘɧɟɗɤůɖ ůɢŮŭɑɤɜ. ɇɞ ˊɟɧɔɟŬɛɛŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊŬɟŬɛŮŰɟɘəɐ ɛɞɜŰŮɚɞˊɞɑɖůɖ, ŭɖɚŬŭɐ 

ˊɟɞůűɏɟŮɘ ɚŮɘŰɞɡɟɔɑŮɠ ɓɎůɖ ɘůŰɞɟɘəɞɨ, ɧˊɤɠ extrude, revolve, loft, sweep əŬɘ ɎɚɚŬ, ŰŬ ɞˊɞɑŬ 

ŮɜɖɛŮɟɩɜɞɜŰŬɘ ɛŮ ŬɚɚŬɔɏɠ ůŰɞ ůɢŮŭɘŬůɛɧ. ɀŮ Űɞ Fusion 360, ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊŮɝŮɟɔŬůɑŬɠ 

əŬɘ Ůˊɘŭɘɧɟɗɤůɖɠ ŮɘůŬɔɧɛŮɜɤɜ ůŬɟɩůŮɤɜ ɐ ɛɞɜŰɏɚɤɜ ˊɚɏɔɛŬŰɞɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ 

ŬɟɢŮɑɤɜ STL əŬɘ OBJ. 

 

ȺɘəɧɜŬ 12: ɄŮɟɘɓɎɚɚɞɜ Fusion 360 

2.1.11 Prusa i3 mk3 

Ƀ Prusa i3 mk3 [18] ŮɑɜŬɘ ɏɜŬɠ ŰɟɘůŭɘɎůŰŬŰɞɠ ŮəŰɡˊɤŰɐɠ ɛɞɜŰŮɚɞˊɞɑɖůɖɠ ŮɜŬˊɧɗŮůɖɠ 

(FDM) ŬɜɞɘɢŰɞɨ əɩŭɘəŬ (open source) əŬɘ əŬŰŬůəŮɡɎůŰɖəŮ Ŭˊɧ Űɖɜ ɇůɏɢɘəɖ ŮŰŬɘɟŮɑŬ Prusa 

Research. ȷˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɞɡ ɏɟɔɞɡ RepRap, Űɞ ɞˊɞɑɞ ɝŮəɑɜɖůŮ ůŰɖɜ ȷɔɔɚɑŬ Űɞ 2005 ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Ůɜɧɠ ŰɟɘůŭɘɎůŰŬŰɞɡ ŮəŰɡˊɤŰɐ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮəŰɡˊɩůŮɘ ŰŬ 
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ˊŮɟɘůůɧŰŮɟŬ ŭɞɛɘəɎ Űɞɡ ɛɏɟɖ. ɇɞ Prusa i3 mk3 (ȺɘəɧɜŬ 13) əɡəɚɞűɧɟɖůŮ Űɞɜ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 

2017 ɛŮ ůɖɛŬɜŰɘəɏɠ ɓŮɚŰɘɩůŮɘɠ ůɡɔəɟɘŰɘəɎ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɛɞɜŰɏɚŬ. ȿɧɔɤ Űɞɡ ɧŰɘ ɞ 

ŮəŰɡˊɤŰɐɠ ŮɑɜŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ, ɡˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ ˊŬɟŬɚɚŬɔɏɠ ˊɞɡ ŭɖɛɞůɘŮɨɞɜŰŬɘ Ŭˊɧ 

ŮŰŬɘɟŮɑŮɠ əŬɘ ɘŭɘɩŰŮɠ ˊŬɔəɞůɛɑɤɠ. Ƀ ŰɟɘůŭɘɎůŰŬŰɞɠ ŮəŰɡˊɤŰɐɠ Prusa i3 ŮɑɜŬɘ Űɞ ŰɟɑŰɞ ɛɞɜŰɏɚɞ Űɞɡ 

ɇɕɧůŮű ɄɟɞɨůŬ, ɏɜŬɠ Ŭˊɧ Űɞɡɠ ɓŬůɘəɞɨɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ Űɞɡ ɏɟɔɞɡ RepRap. 

Ƀ Prusa i3 mk3 ŭɘŬɗɏŰŮɘ Űɖɜ ɜɏŬ mk52 ɛŬɔɜɖŰɘəɐ ˊɚɎəŬ ŮəŰɨˊɤůɖɠ ɖ ɞˊɞɑŬ ŭɘŬŰɖɟŮɑ ɏɜŬ 

ŬɜŰɘəŬŰŬůŰɎůɘɛɞ űɨɚɚɞ ɢɎɚɡɓŬ ŮɚŬŰɖɟɑɞɡ Ŭˊɧ əɟɎɛŬ ɛŮ ŮˊɘűɎɜŮɘŬ ˊɞɚɡŬɘɗɡɚŮɜɘɛɑɜɖɠ (PEI). 

ɈˊɎɟɢɞɡɜ ŭɨɞ Ůˊɘɚɞɔɏɠ ɛŬɔɜɖŰɘəɐɠ ˊɚɎəŬɠ ŮəŰɨˊɤůɖɠ, ɖ ˊɟɩŰɖ ŮɑɜŬɘ Űɞ ɚŮɑɞ űɨɚɚɞ 

ˊɞɚɡŬɘɗɡɚŮɜɘɛɑɜɖɠ (PEI) əŬɘ Űɞ ŭŮɨŰŮɟɞ ɏɢŮɘ ɡűɐ Ŭŭɟɐ ɛŮ ŮˊɑůŰɟɤůɖ ůəɧɜɖɠ ˊɞɚɡŬɘɗɡɚŮɜɘɛɑɜɖɠ 

(PEI). ɈˊɞůŰɖɟɑɕŮɘ ɔɟɐɔɞɟɖ əŬɘ Ŭɗɧɟɡɓɖ ŮəŰɨˊɤůɖ, ɛŮ ŰŬɢɨŰɖŰŬ ŮəŰɨˊɤůɖɠ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 

ŭɘŬəɧůɘŬ ɢɘɚɘɞůŰɎ Űɞ ŭŮɡŰŮɟɧɚŮˊŰɞ (200 mm/s). Ⱥˊɑůɖɠ, ɏɢŮɘ Űɖɜ ˊɟɞůɗɐəɖ ŬɜɑɢɜŮɡůɖɠ ŬˊɩɚŮɘŬɠ 

ɟŮɨɛŬŰɞɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŭɘŬəɧɣŮɘ Űɖɜ ɗɏɟɛŬɜůɖ Űɖɠ ˊɚɎəŬɠ ŮəŰɨˊɤůɖɠ (heatbed) əŬɘ Űɞɡ ŮɝɤɗɖŰɐ 

(extruder) əŬɘ ɛŮ Űɖɜ ŮˊŬɜŬűɞɟɎ Űɞɡ ɟŮɨɛŬŰɞɠ ɜŬ ůɡɜŮɢɑůŮɘ Űɖɜ ŮəŰɨˊɤůɖ. Ⱥˊɘˊɚɏɞɜ, ŭɘŬɗɏŰŮɘ 

ŬɘůɗɖŰɐɟŬ ɜɐɛŬŰɞɠ, ɞ ɞˊɞɑɞɠ ŮɚɏɔɢŮɘ Űɖɜ ɨˊŬɟɝɖ Űɞɡ ɡɚɘəɞɨ ŮəŰɨˊɤůɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɖɜ 

ůɡɜŮɢɑůŮɘ Űɖɜ ŮəŰɨˊɤůɖ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ˊɚɏɞɜ ɡɚɘəɧ. ȷəɧɛŬ, ɞ Prusa i3 mk3 

ɏɢŮɘ ŮɜůɤɛŬŰɩůŮɘ ŭɨɞ ɗŮɟɛɑůŰɞɟɠ, ŰŬ ɞˊɞɑŬ ɛŮŰɟɎɜŮ Űɖɜ ɗŮɟɛɞəɟŬůɑŬ ůŰŬ ɖɚŮəŰɟɞɜɘəɎ, 

ŬˊɞŰɟɏˊɞɜŰŬɠ ůűɎɚɛŬŰŬ ŮɚɎɢɘůŰɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɔɘŬ Űɘɛɏɠ əɎŰɤ Űɤɜ ŭŮəŬˊɏɜŰŮ ɓŬɗɛɩɜ əŮɚůɑɞɡ. 

ɇɏɚɞɠ, ɞ ŰɟɘůŭɘɎůŰŬŰɞɠ ŮəŰɡˊɤŰɐɠ Prusa i3 mk3 ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ Ŭəɟɞűɨůɘɞ E3D V6, Űɞ ɞˊɞɑɞ 

ɗŮɤɟŮɑŰŬɘ əɞɟɡűŬɑɞ ůŰɖɜ ŬɔɞɟɎ ɔɘŬ Űɘɠ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ Űɞɡ. 

 

ȺɘəɧɜŬ 13: ȺəŰɡˊɤŰɐɠ Prusa i3 mk3 
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2.2 Ɉɚɘəɧɠ Ůɝɞˊɚɘůɛɧɠ 

ɆŰɖ ŮɜɧŰɖŰŬ ŬɡŰɐ ˊŮɟɘɔɟɎűɞɜŰŬɘ ŰŬ ɡɚɘəɎ əŬɘ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ 

Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɟɞɛˊɧŰ.  

2.2.1 Raspberry Pi 

ɇɞ Raspberry Pi [19] ŮɑɜŬɘ ɛɘŬ ůŮɘɟɎ ɛɘəɟɩɜ ɡˊɞɚɞɔɘůŰɩɜ ɛɞɜɐɠ ˊɚŬəɏŰŬɠ ˊɞɡ 

ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ ȼɜɤɛɏɜɞ ȸŬůɑɚŮɘɞ Ŭˊɧ Űɞ ȲŭɟɡɛŬ Raspberry Pi. Ɂɤɟɑɠ Űɞ ɏɟɔɞ Raspberry Pi 

ɏůŰɟŮɣŮ Űɖɜ ˊɟɞɩɗɖůɖ Űɖɠ ŭɘŭŬůəŬɚɑŬɠ ɓŬůɘəɐɠ ŮˊɘůŰɐɛɖɠ ɡˊɞɚɞɔɘůŰɩɜ ůŮ ůɢɞɚŮɑŬ əŬɘ ůŮ 

ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ. ȷɟɔɧŰŮɟŬ, Űɞ Ŭɟɢɘəɧ ɛɞɜŰɏɚɞ ɏɔɘɜŮ ˊŮɟɘůůɧŰŮɟɞ ŭɖɛɞűɘɚɏɠ Ŭˊɧ Űɞ 

ŬɜŬɛŮɜɧɛŮɜɞ, ˊɞɡɚɩɜŰŬɠ ɏɝɤ Ŭˊɧ Űɖɜ ŬɔɞɟɎ-ůŰɧɢɞ Űɞɡ ɔɘŬ ɢɟɐůŮɘɠ ɧˊɤɠ ɖ ɟɞɛˊɞŰɘəɐ. 

ɀŮŰɎ Űɖɜ əɡəɚɞűɞɟɑŬ Űɞɡ ŭŮɨŰŮɟɞɡ Űɨˊɞɡ, Űɞ ȲŭɟɡɛŬ Raspberry Pi ɑŭɟɡůŮ ɛɘŬ ɜɏŬ 

ɞɜŰɧŰɖŰŬ, ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ Raspberry Pi Trading. ɇɞ ȲŭɟɡɛŬ ŮˊŬɜŬˊɟɞůŭɘɞɟɑůŰɖəŮ ɤɠ 

ŮəˊŬɘŭŮɡŰɘəɧ űɘɚŬɜɗɟɤˊɘəɧ ɑŭɟɡɛŬ ɔɘŬ Űɖɜ ˊɟɞɩɗɖůɖ Űɖɠ ŭɘŭŬůəŬɚɑŬɠ Űɖɠ ɓŬůɘəɐɠ ŮˊɘůŰɐɛɖɠ 

Űɤɜ ɡˊɞɚɞɔɘůŰɩɜ ůŮ ůɢɞɚŮɑŬ əŬɘ ŬɜŬˊŰɡůůɧɛŮɜŮɠ ɢɩɟŮɠ. 

ɇŬ ɛɞɜŰɏɚŬ Raspberry Pi ŮɑɜŬɘ ɞɘ ȸɟŮŰŬɜɘəɞɑ ɡˊɞɚɞɔɘůŰɏɠ ɛŮ Űɘɠ əŬɚɨŰŮɟŮɠ ˊɤɚɐůŮɘɠ . ȷˊɧ 

Űɞɜ ȹŮəɏɛɓɟɘɞ Űɞɡ 2019, ɏɢɞɡɜ ˊɤɚɖɗŮɑ ˊŮɟɘůůɧŰŮɟŬ Ŭˊɧ ŰɟɘɎɜŰŬ ŮəŬŰɞɛɛɨɟɘŬ ˊɚŬəɏŰŮɠ. ɇŬ 

ˊŮɟɘůůɧŰŮɟŬ Pis əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŮ ŮɟɔɞůŰɎůɘɞ Űɖɠ Sony ůŰɞ Pencoed Űɖɠ ɃɡŬɚɑŬɠ, Ůɜɩ ɎɚɚŬ 

əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůŰɖɜ ȾɑɜŬ əŬɘ Űɖɜ ȽŬˊɤɜɑŬ.  

ȼ ɞɗɧɜɖ Ŭűɐɠ ŮˊŰɎ ɘɜŰůɩɜ Űɖɠ Raspberry Pi [20] ŭɑɜŮɘ ůŰɞɡɠ ɢɟɐůŰŮɠ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŭɖɛɘɞɡɟɔɐůɞɡɜ ɞɚɞəɚɖɟɤɛɏɜŬ ɏɟɔŬ Űɨˊɞɡ ñɧɚŬ ůŮ ɏɜŬò (all-in-one), ɧˊɤɠ ŰɎɛˊɚŮŰ (tablet), 

ůɡůŰɐɛŬŰŬ ɣɡɢŬɔɤɔɑŬɠ əŬɘ ŮɜůɤɛŬŰɤɛɏɜŬ ɏɟɔŬ. ȰɜŬ ˊɟɞŰŮɘɜɧɛŮɜɞ ɏɟɔɞ, Ŭˊɧ Űɖɜ ɑŭɘŬ Űɖɜ ŮŰŬɘɟɑŬ 

ŮɑɜŬɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ Internet of Things (IoT), ůŰɞ ɞˊɞɑɞ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɖɠ 

ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Python, ɞ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬˊŰɨɝŮɘ ɏɜŬ ůŮɜɎɟɘɞ ɧˊɞɡ ɗŬ ɡˊɎɟɢŮɘ 

ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛɏůɤ Űɖɠ ɞɗɧɜɖɠ. ɇɏɚɞɠ, ɡˊɎɟɢŮɘ ɛɘŬ ůŮɘɟɎ ŮəˊŬɘŭŮɡŰɘəɩɜ ɚɞɔɘůɛɘəɩɜ əŬɘ 

ˊɟɞɔɟŬɛɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ůŰɞ Raspberry Pi əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŭɘŮɡəɞɚɨɜɞɡɜ Űɖ 

ɛɎɗɖůɖ, ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ɎɔɔɘɔɛŬ. 

ȼ Raspberry Pi [21] əɎɛŮɟŬ ˊɟɞůűɏɟŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɚɐɣɖɠ ɓɑɜŰŮɞ ɡɣɖɚɐɠ ŮɡəɟɑɜŮɘŬɠ, 

əŬɗɩɠ əŬɘ ɚɐɣɖ űɤŰɞɔɟŬűɘɩɜ Ůɝɑůɞɡ ɡɣɖɚɐɠ ŮɡəɟɑɜŮɘŬɠ. ȺɑɜŬɘ Ůɨəɞɚɖ ůŰɖɜ ɢɟɐůɖ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

ŬɟəŮŰɎ ɓɞɖɗɖŰɘəɧ ɔɘŬ ŬɟɢɎɟɘɞɡɠ ɢɟɐůŰŮɠ, ŬɚɚɎ ɛˊɞɟŮɑ ɜŬ ˊɟɞůűɏɟŮɘ ˊɞɚɚɎ əŬɘ ůŮ 



41 

 

ˊɟɞɢɤɟɖɛɏɜɞɡɠ ɢɟɐůŰŮɠ. ɀŮɟɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɖɠ əɎɛŮɟŬɠ ŮɑɜŬɘ ɖ ɢɟɞɜɘəɐ 

əŬɗɡůŰɏɟɖůɖ, ɖ Ŭɟɔɐ əɑɜɖůɖ ŬɚɚɎ əŬɘ ŰŬ ɏɝɡˊɜŬ ɓɑɜŰŮɞ, ůŰŬ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ɛɘŬ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ 

ɚɐɣɖɠ əŬɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɡˊɎɟɢŮɘ ɏɜŬ ŮɛˊɚɞɡŰɘůɛɏɜɞ ɓɑɜŰŮɞ. 

 

ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

 

ȺɘəɧɜŬ 14: Raspberry Pi 4 

¶ Broadcom BCM2711, Quad core Cortex-

A72 (ARM v8) 64-bit SoC @ 1.5GHz 

¶ SDRAM 4 GB LPDDR4-3200 

¶ 2,4 GHz əŬɘ 5,0 GHz IEEE 802.11ac 

ŬůɨɟɛŬŰɞ, Bluetooth 5.0, BLE 

¶ Gigabit Ethernet 

¶ 2 ɗɨɟŮɠ USB 3.0. 2 ɗɨɟŮɠ USB 2.0. 

¶ 2 Ĭ ɗɨɟŮɠ micro-HDMI (ɡˊɞůŰɖɟɑɕɞɜŰŬɘ 

ɏɤɠ əŬɘ 4kp60) 

¶ 5V DC ɛɏůɤ ɡˊɞŭɞɢɐɠ USB-C  

¶ ŪŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ: 0 - 50 ɓŬɗɛɞɑ 

C ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

 

ȺɘəɧɜŬ 15:Ƀɗɧɜɖ Ŭűɐɠ 7Ì 

¶ Ƀɗɧɜɖ Ŭűɐɠ 7 ɘɜŰůɩɜ 

¶ ȷɜɎɚɡůɖ ɞɗɧɜɖɠ 800 x 480 pixels 

¶ ɆɨɜŭŮůɖ ɛɏůɤ ɛɘŬɠ ˊɚŬəɏŰŬɠ 

ˊɟɞůŬɟɛɞɔɏŬ ˊɞɡ ɢŮɘɟɑɕŮŰŬɘ Űɖ 

ɛŮŰŬŰɟɞˊɐ ɘůɢɨɞɠ əŬɘ ůɐɛŬŰɞɠ. 

¶ ɈˊɞůŰɐɟɘɝɖ ɏɤɠ əŬɘ 10-ŭɎɢŰɡɚŬ 

¶ ɇɟɞűɞŭɞůɑŬ Ŭˊɧ Űɖ ɗɨɟŬ GPIO 

¶ ȾŬɚɩŭɘɞ ŰŬɘɜɑŬɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖ 

ɗɨɟŬ DSI 
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ȺɘəɧɜŬ 16: Raspberry Pi Camera 

¶ ȷɘůɗɖŰɐɟŬɠ Sony IMX219 8 megapixel 

¶ ɈˊɞůŰɖɟɑɕŮɘ ɓɑɜŰŮɞ əŬɘ ɚɐɣɖ 1080p30, 
720p60 əŬɘ VGA90 

¶ ɆɨɜŭŮůɖ ɛŮ əŬɚɩŭɘɞ ůŰɖ ɗɨɟŬ CSI ůŰɞ 
Raspberry Pi 

¶ ɆɡɛɓŬŰɎ ɛɞɜŰɏɚŬ Raspberry 1, 2, 3, 4 

ɄɑɜŬəŬɠ 1: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ əŬɘ Űɤɜ ˊŮɟɘűŮɟŮɘŬəɩɜ Űɞɡ 

2.2.2 ɈˊɞɓɘɓŬůŰɐɠ ŰɎůɖɠ HW-319-v6.0 

O HW-319 [22] ŮɑɜŬɘ ɛɘŬ ˊɚŬəɏŰŬ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɞɜ ɡˊɞɓɘɓŬůɛɧ əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ 

ŰɎůɖɠ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ˊɚŬəɏŰŬ ɡˊɞɓɘɓŬůɛɞɨ ŰɎůɖɠ ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ ɟɡɗɛɘůŰɐ LM2596, ɞ 

ɞˊɞɑɞɠ ŮɑɜŬɘ ɏɜŬ ɛɞɜɞɚɘɗɘəɧ ɞɚɞəɚɖɟɤɛɏɜɞ əɨəɚɤɛŬ. ȰɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛŮŰŬűɏɟŮɘ ɛɏɢɟɘ 

əŬɘ űɞɟŰɑɞ 3A. ȼ ůŮɘɟɎ LM2596 ɚŮɘŰɞɡɟɔŮɑ ůŮ ůɡɢɜɧŰɖŰŬ ɛŮŰŬɔɤɔɐɠ 150 kHz, ŮˊɘŰɟɏˊɞɜŰŬɠ ɏŰůɘ 

ɛɘəɟɧŰŮɟɞ ɛɏɔŮɗɞɠ űɑɚŰɟɞɡ. 

 

ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

ȺɘəɧɜŬ 17: ɅɡɗɛɘůŰɐɠ ɇɎůɖɠ HW-319-v6 

¶ ɇɎůɖ Ůɘůɧŭɞɡ: 4.0V - 40V 

¶ ɇɎůɖ Ůɝɧŭɞɡ: 1.25V - 37V 

¶ Ƚůɢɨɠ Ůɝɧŭɞɡ: 20W 

¶ ɅŮɨɛŬ Ůɝɧŭɞɡ: 3A 

¶ ŪŮɟɛɞəɟŬůɑŬ ɚŮɘŰɞɡɟɔɑŬɠ -45  - +85   

ɄɑɜŬəŬɠ 2: ɉŬɟŬəŰɖɟɘůŰɘəɎ HW-319-v6 

2.2.3 ȸɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ əŬɘ ɞŭɖɔɧɠ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ   

Ƀɘ ɓɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ (stepper motor) [23] əɘɜɞɨɜŰŬɘ ůŮ ŭɘŬəɟɘŰɎ ɓɐɛŬŰŬ əŬɘ Ŭɜɐəɞɡɜ 

ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ DC əɘɜɖŰɐɟɤɜ. ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞɡɠ əɘɜɖŰɐɟŮɠ DC, ɖ əŬŰŬɜɎɚɤůɖ ɟŮɨɛŬŰɞɠ 

Űɞɡ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ Ŭˊɧ Űɞ űɞɟŰɑɞ əŬɘ ɏŰůɘ ɏɢɞɡɜ Űɖɜ ŰɎůɖ ɜŬ ɕŮůŰŬɑɜɞɜŰŬɘ. 

ȷˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ űɎůŮɘɠ, ŭɖɚŬŭɐ Ŭˊɧ ˊɞɚɚɎ ˊɖɜɑŬ ˊɞɡ ɞɟɔŬɜɩɜɞɜŰŬɘ ůŮ ɞɛɎŭŮɠ.                
























































































































































