
 

 

 

ɄŬɜŮˊɘůŰɐɛɘɞ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ 

ɇɛɐɛŬ ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ 

 
 

ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ 

 

 

ɆɢŮŭɑŬůɖ əŬɘ ɡɚɞˊɞɑɖůɖ ůɡůŰɐɛŬŰɞɠ 

ɟɞɛˊɞŰɘəɐɠ əŬŰŬůəŮɡɐɠ ɛŮ ɡˊɞůŰɐɟɘɝɖ 

ɛɖɢŬɜɘəɐɠ ɧɟŬůɖɠ 

 

Design and implementation of robotic system 

supported by computer vision 

 

ɉŬůɢŬŰɕɐ ȷəɟɘɓɐ 

ɉŬŰɕɖůɎɓɓŬɠ ȷɜŰɩɜɘɞɠ 

 
Ⱥˊɘɓɚɏˊɤɜ ȾŬɗɖɔɖŰɐɠ: ȹɟ. ɀɖɜɎɠ ȹŬůɡɔɏɜɖɠ 

 

ȺɟɔŬůŰɐɟɘɞ ɅɞɛˊɞŰɘəɐɠ, ȺɜůɤɛŬŰɤɛɏɜɤɜ & Ƀɚɞəɚɖɟɤɛɏɜɤɜ ɆɡůŰɖɛɎŰɤɜ 

 

ȾɞɕɎɜɖ, ɃəŰɩɓɟɘɞɠ 2020   



2 

 

 

  



3 

 

ɄŮɟɘŮɢɧɛŮɜŬ 

 

ɄŮɟɘŮɢɧɛŮɜŬ .................................................................................................................................... 3 

ȾŬŰɎɚɞɔɞɠ Ůɘəɧɜɤɜ ......................................................................................................................... 7 

ȾŬŰɎɚɞɔɞɠ ˊɘɜɎəɤɜ ....................................................................................................................... 11 

ɄŮɟɑɚɖɣɖ ....................................................................................................................................... 13 

Abstract .......................................................................................................................................... 15 

ȹɐɚɤůɖ ɄɜŮɡɛŬŰɘəɩɜ ȹɘəŬɘɤɛɎŰɤɜ ............................................................................................ 17 

ȺɡɢŬɟɘůŰɑŮɠ .................................................................................................................................... 19 

ȾŮűɎɚŬɘɞ 1ɞ ï ȺɘůŬɔɤɔɐ .............................................................................................................. 21 

1.1 ɆɖɛŮɟɘɜɐ ȾŬŰɎůŰŬůɖ .......................................................................................................... 21 

1.2 Ɇəɞˊɧɠ Űɞɡ ɏɟɔɞɡ................................................................................................................. 22 

1.3 ɄŬɟɧɛɞɘŮɠ ȺɟɔŬůɑŮɠ ............................................................................................................ 22 

1.3.1 Moxie ............................................................................................................................ 23 

1.3.2 QTrobot ......................................................................................................................... 24 

1.3.3 Ɇɨɔəɟɘůɖ ....................................................................................................................... 25 

1.4 Ɇɨɜɞɣɖ ................................................................................................................................. 26 

ȾŮűɎɚŬɘɞ 2ɞ ï ŪŮɤɟɖŰɘəɧ ɈˊɧɓŬɗɟɞ .......................................................................................... 27 

2.1 ȿɞɔɘůɛɘəɎ - ȺɟɔŬɚŮɑŬ .......................................................................................................... 27 

2.1.1 Python............................................................................................................................ 27 

2.1.2 OpenCV Python ............................................................................................................ 28 

2.1.3 PyQt v5 .......................................................................................................................... 29 



4 

 

2.1.4 Qt Creator ...................................................................................................................... 31 

2.1.5 GCompris ...................................................................................................................... 32 

2.1.6 MobaXterm ................................................................................................................... 33 

2.1.7 Nano .............................................................................................................................. 34 

2.1.8 Notepad++ ..................................................................................................................... 35 

2.1.9 Visual Studio Code........................................................................................................ 36 

2.1.10 Fusion 360 ................................................................................................................... 37 

2.1.11 Prusa i3 mk3 ................................................................................................................ 38 

2.2 Ɉɚɘəɧɠ Ůɝɞˊɚɘůɛɧɠ ............................................................................................................... 40 

2.2.1 Raspberry Pi .................................................................................................................. 40 

2.2.2 ɈˊɞɓɘɓŬůŰɐɠ ŰɎůɖɠ HW-319-v6.0 ............................................................................... 42 

2.2.3 ȸɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ əŬɘ ɞŭɖɔɧɠ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ .............................................. 42 

2.2.4 Ɇɏɟɓɞ əɘɜɖŰɐɟŮɠ əŬɘ ɞŭɖɔɧɠ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ ............................................................ 44 

2.2.5 ɉɤɟɖŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Ŭűɐɠ (Capacitive Touch Sensor) HW-139 ............................. 45 

2.2.6 ȷɘůɗɖŰɐɟŬɠ ŬˊɧůŰŬůɖɠ ɡˊŮɟɐɢɤɜ HY-SRF05 ............................................................ 46 

2.2.7 ȷɘůɗɖŰɐɟŬɠ Ɉˊɏɟɡɗɟɤɜ HW-006 V1.3........................................................................ 47 

2.2.8 ȹɑɞŭɞɘ Ůəˊɞɛˊɐɠ űɤŰɧɠ (LED) ůŮ ůɢɐɛŬ ůŰŮűɎɜɖɠ 12 ůŰɞɘɢŮɑɤɜ WS2812B ............. 49 

2.3 Ɇɨɜɞɣɖ ................................................................................................................................. 50 

ȾŮűɎɚŬɘɞ 3 ï ȹɞɛɘəɎ ɛɏɟɖ ůɡůŰɐɛŬŰɞɠ ....................................................................................... 51 

3.1 ȷˊŬɘŰɐůŮɘɠ ........................................................................................................................... 51 

3.2 ɄŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ ............................................................................................................ 52 

3.3 Ɉɚɘəɧ ɛɏɟɞɠ ......................................................................................................................... 53 



5 

 

3.4 ɆɡɜŭŮůɛɞɚɞɔɑŬ ..................................................................................................................... 54 

3.5 ȺɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ ....................................................................................................... 57 

3.6 ɆɢŮŭɘŬůɛɧɠ əŬɘ ŮɛűɎɜɘůɖ ɟɞɛˊɧŰ ....................................................................................... 58 

3.7 Ɇɨɜɞɣɖ ................................................................................................................................. 59 

ȾŮűɎɚŬɘɞ 4 ï ȷɜɎɚɡůɖ ȿɞɔɘůɛɘəɞɨ ............................................................................................. 61 

4.1 ȿɞɔɘůɛɘəɧ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ .............................................................................................. 61 

4.2 ɆɡɜŬɟŰɐůŮɘɠ ......................................................................................................................... 62 

4.2.1 Ⱦɞɡɛˊɑ ˊɞɚɚŬˊɚɩɜ ɢɟɐůŮɤɜ ........................................................................................ 62 

4.2.2 ȷɘůɗɖŰɐɟŮɠ ŬˊɧůŰŬůɖɠ ................................................................................................. 62 

4.2.3 ȺˊŬɔɤɔɘəɞɑ ŬɘůɗɖŰɐɟŮɠ Ŭűɐɠ ........................................................................................ 64 

4.2.4 ȹɑɞŭɞɘ Ůəˊɞɛˊɐɠ űɤŰɧɠ................................................................................................. 64 

4.2.5 Ɇɏɟɓɞ əɘɜɖŰɐɟŮɠ ............................................................................................................ 65 

4.2.6 ȸɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ ..................................................................................................... 66 

4.3 ȹɘŬůɨɜŭŮůɖ ɛŮ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ ............................................................................. 67 

4.4 ũɟŬűɘəɎ QtDesigner ............................................................................................................ 69 

4.5 ȸŬůɘəɐ ůɡɜɎɟŰɖůɖ PyQt v5 ................................................................................................ 78 

4.6 Ʉɟɞ ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮɜɎɟɘŬ ............................................................................................... 86 

4.6.1 ɆŮɜɎɟɘɞ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè ................................................................................. 87 

4.6.2 ɆŮɜɎɟɘɞ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè ............................................................. 91 

4.6.3 ɆŮɜɎɟɘɞ çȺəűɞɓɘůɛɧɠè ................................................................................................. 95 

4.6.4 ɆŮɜɎɟɘɞ çȾɞɘɜɤɜɘəɐ ɆɡɛˊŮɟɘűɞɟɎè ............................................................................. 97 

4.6.5 ɆŮɜɎɟɘɞ çȺˊɑŭŮɘɝɖè ..................................................................................................... 100 



6 

 

4.7 Ɇɨɜɞɣɖ ............................................................................................................................... 101 

ȾŮűɎɚŬɘɞ 5 .................................................................................................................................. 103 

5.1 Ɇɨɜɞɣɖ ............................................................................................................................... 103 

5.2 ɀŮŰɟɘəɎ ɆɡůŰɐɛŬŰɞɠ ......................................................................................................... 104 

5.3 ȷɜɎɚɡůɖ SWOT ................................................................................................................ 104 

5.3.1 ȹɡɜŬŰɎ ɆɖɛŮɑŬ ............................................................................................................ 104 

5.3.2 ȷŭɡɜŬɛɑŮɠ .................................................................................................................... 105 

5.3.3 ȺɡəŬɘɟɑŮɠ ..................................................................................................................... 105 

5.3.4 ȷˊŮɘɚɏɠ ........................................................................................................................ 105 

5.4 ȷůűɎɚŮɘŬ ........................................................................................................................... 106 

5.5 ɀŮɚɚɞɜŰɘəɏɠ ȺˊŮəŰɎůŮɘɠ ................................................................................................... 106 

5.6 ɄɟɞɓɚɐɛŬŰŬ ˊɞɡ ŬɜŰɘɛŮŰɤˊɑůŰɖəŬɜ ................................................................................. 107 

5.7 ɆŰɎŭɘŬ ɡɚɞˊɞɑɖůɖɠ ............................................................................................................ 108 

ȸɘɓɚɘɞɔɟŬűɑŬ ............................................................................................................................... 109 

ɄŬɟɎɟŰɖɛŬ ȷ ï ȺɔəŬŰɎůŰŬůɖ OpenCV ..................................................................................... 111 

ȸɐɛŬ 1: ȷɜɎˊŰɡɝɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬɟɢŮɑɤɜ əŬɘ ŬɜɎəŰɖůɖ ɢɩɟɞɡ........................................ 111 

ȸɐɛŬ 2: ȺɔəŬŰɎůŰŬůɖ ŮɝŬɟŰɐůŮɤɜ ......................................................................................... 112 

ȸɐɛŬ 3: ȹɖɛɘɞɡɟɔɑŬ Űɞɡ Ůɘəɞɜɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Python əŬɘ ŮɔəŬŰɎůŰŬůɖ Űɞɡ NumPy .... 113 

ȸɐɛŬ 4: ȺɔəŬŰɎůŰŬůɖ OpenCV 4 ɛŮ Űɖɜ ŮɜŰɞɚɐ pip ............................................................. 114 

ȸɐɛŬ 5: ȹɞəɘɛɐ Űɖɠ ŮɔəŬŰɎůŰŬůɖɠ OpenCV 4 Raspberry Pi BusterOS ................................. 114 

ɄŬɟɎɟŰɖɛŬ ȸ ï ȺɔəŬŰɎůŰŬůɖ ɓɘɓɚɘɞɗɖəɩɜ ɐɢɞɡ, Űɞɡ PyQt əŬɘ Űɞɡ gcompris ........................ 115 

ɄŬɟɎɟŰɖɛŬ ũ ï ȺɔəŬŰɎůŰŬůɖ ɓɘɓɚɘɞɗɖəɩɜ ɔɘŬ LED, əɘɜɖŰɐɟŮɠ əŬɘ WiFi ............................... 117 



7 

 

 

ȾŬŰɎɚɞɔɞɠ Ůɘəɧɜɤɜ 

 

ȺɘəɧɜŬ 1: Moxie ŮəˊŬɘŭŮɡŰɘəɧ ɟɞɛˊɧŰ (Embodied - https://embodied.com/ ) ............................. 24 

ȺɘəɧɜŬ 2: QTrobot ŮəˊŬɘŭŮɡŰɘəɧ ɟɞɛˊɧŰ (luxai - https://luxai.com/) ........................................... 25 

ȺɘəɧɜŬ 3: ɄŬɟɎŭŮɘɔɛŬ əɩŭɘəɎ ůŮ Python ɛŮ Űɞ ɚɞɔɧŰɡˊɞ Űɖɠ ɔɚɩůůŬɠ ...................................... 28 

ȺɘəɧɜŬ 4: OpenCV ŬɜŬɔɜɩɟɘůɖ ŬɜŰɘəŮɑɛŮɜɤɜ ............................................................................. 29 

ȺɘəɧɜŬ 5: ȿɞɔɧŰɡˊɞ PyQt ............................................................................................................. 30 

ȺɘəɧɜŬ 6: ɄŮɟɘɓɎɚɚɞɜ Qt Creator ................................................................................................. 32 

ȺɘəɧɜŬ 7: ɆŰɘɔɛɘɧŰɡˊɞ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ GCompris ....................................................................... 33 

ȺɘəɧɜŬ 8: ɄŬɟɎŭŮɘɔɛŬ ůɨɜŭŮůɖɠ SSH ůŮ MobaXterm ɛŮ Űɞ ɚɞɔɧŰɡˊɞ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ........ 34 

ȺɘəɧɜŬ 9: ɄŬɟɎŭŮɘɔɛŬ Űɞɡ əŮɘɛŮɜɞɔɟɎűɞɡ Nano ......................................................................... 35 

ȺɘəɧɜŬ 10: ɄŬɟɎŭŮɘɔɛŬ Űɞɡ əŮɘɛŮɜɞɔɟɎűɞɡ Notepad++ .............................................................. 36 

ȺɘəɧɜŬ 11: ɄŮɟɘɓɎɚɚɞɜ Visual Studio Code ................................................................................. 37 

ȺɘəɧɜŬ 12: ɄŮɟɘɓɎɚɚɞɜ Fusion 360 .............................................................................................. 38 

ȺɘəɧɜŬ 13: ȺəŰɡˊɤŰɐɠ Prusa i3 mk3............................................................................................. 39 

ȺɘəɧɜŬ 14: Raspberry Pi 4 ............................................................................................................. 41 

ȺɘəɧɜŬ 15:Ƀɗɧɜɖ Ŭűɐɠ 7Ì.............................................................................................................. 41 

ȺɘəɧɜŬ 16: Raspberry Pi Camera .................................................................................................. 42 

ȺɘəɧɜŬ 17: ɅɡɗɛɘůŰɐɠ ɇɎůɖɠ HW-319-v6 .................................................................................... 42 

ȺɘəɧɜŬ 18: ȺůɤŰŮɟɘəɐ əŬŰŬɜɞɛɐ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ ................................................................ 43 

ȺɘəɧɜŬ 19: ȸɖɛŬŰɘəɧɠ əɘɜɖŰɐɟŬɠ 42BYGHW811X1 ................................................................... 43 



8 

 

ȺɘəɧɜŬ 20: Ƀŭɖɔɧɠ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ TB6560 ...................................................................... 44 

ȺɘəɧɜŬ 21: Servo MG995 .............................................................................................................. 45 

ȺɘəɧɜŬ 22: Servo controller PCA9685 .......................................................................................... 45 

ȺɘəɧɜŬ 23: ȷɜŬˊŬɟɎůŰŬůɖ ˊŬɟŮɛɓɞɚɐɠ ŬɜŰɘəŮɑɛŮɜɞɡ ůŮ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ................................. 46 

ȺɘəɧɜŬ 24: Touch sensor HW-139 ................................................................................................ 46 

ȺɘəɧɜŬ 25: ȷˊŮɘəɧɜɘůɖ ˊɟɧůəɟɞɡůɖɠ ɡˊŮɟɖɢɖŰɘəɞɨ əɨɛŬŰɞɠ ůŮ ŬɜŰɘəŮɑɛŮɜɞ ............................ 47 

ȺɘəɧɜŬ 26: Ultrasonic HY-SRF05 ................................................................................................. 47 

ȺɘəɧɜŬ 27: ȷˊŮɘəɧɜɘůɖ ˊɟɧůəɟɞɡůɖɠ ɡˊɏɟɡɗɟɞɡ űɤŰɧɠ ůŮ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɞ əŮɜɧ .................. 48 

ȺɘəɧɜŬ 28: Infrared HW-006 ......................................................................................................... 49 

ȺɘəɧɜŬ 29: LED ring WS2812B .................................................................................................... 49 

ȺɘəɧɜŬ 30: ȹɘɎɔɟŬɛɛŬ ˊŮɟɘˊŰɩůŮɤɜ ɢɟɐůɖɠ ................................................................................ 53 

ȺɘəɧɜŬ 31: ȾɡəɚɤɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ................................................................ 54 

ȺɘəɧɜŬ 32: Ⱥɑůɞŭɞɘ/ ɏɝɞŭɞɘ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ............................................................................. 57 

ȺɘəɧɜŬ 33: ɇɟɘůŭɘɎůŰŬŰɞ ůɢɏŭɘɞ ŮɛűɎɜɘůɖɠ ɟɞɛˊɧŰ .................................................................... 59 

ȺɘəɧɜŬ 34: ɆɡɜŬɟŰɐůŮɘɠ Ůɚɏɔɢɞɡ ɡˊŮɟɖɢɖŰɘəɩɜ ŬɘůɗɖŰɐɟɤɜ ...................................................... 63 

ȺɘəɧɜŬ 35: ɆɡɜŬɟŰɐůŮɘɠ Ůɚɏɔɢɞɡ ɡˊɏɟɡɗɟɤɜ ŬɘůɗɖŰɐɟɤɜ ........................................................... 63 

ȺɘəɧɜŬ 36: ɆɡɜɎɟŰɖůɖ Ůɚɏɔɢɞɡ ŮˊŬɔɤɔɘəɩɜ ŬɘůɗɖŰɐɟɤɜ Ŭűɐɠ ................................................... 64 

ȺɘəɧɜŬ 37: ɆɡɜɎɟŰɖůɖ ŭɘɧŭɤɜ Ůəˊɞɛˊɐɠ űɤŰɧɠ .......................................................................... 64 

ȺɘəɧɜŬ 38: ɆɡɜɎɟŰɖůɖ Ůɚɏɔɢɞɡ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ ........................................................................ 65 

ȺɘəɧɜŬ 39: ȷɜŰɘůŰɞɘɢɑŬ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ .................................................................................... 65 

ȺɘəɧɜŬ 40: ɆɡɜŬɟŰɐůŮɘɠ əɑɜɖůɖɠ Űɞɡ ɟɞɛˊɧŰ ɛˊɟɞůŰɎ/ˊɑůɤ ....................................................... 66 

ȺɘəɧɜŬ 41: ɆɡɜŬɟŰɐůŮɘɠ əɑɜɖůɖɠ Űɞɡ ɟɞɛˊɧŰ ŭŮɝɘɎ/ŬɟɘůŰŮɟɎ ...................................................... 67 



9 

 

ȺɘəɧɜŬ 42: ɆɡɜɎɟŰɖůɖ RobotCheckConnection ........................................................................... 68 

ȺɘəɧɜŬ 43: ȿŮɘŰɞɡɟɔɑŬ ˊɟɤŰɞəɧɚɚɞɡ HTTP ................................................................................ 68 

ȺɘəɧɜŬ 44: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬɜŰɘəŮɘɛɏɜɤɜ QAction ..................................................................... 70 

ȺɘəɧɜŬ 45: ɆŰɞɘɢŮɑŬ ɔɟŬɛɛɐɠ ŮɟɔŬɚŮɑɤɜ ...................................................................................... 70 

ȺɘəɧɜŬ 46: ȹɞɛɐ ŭɘŮˊŬűɩɜ əŬɘ ɔɟŬɛɛɐɠ ŮɟɔŬɚŮɑɤɜ ..................................................................... 70 

ȺɘəɧɜŬ 47: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ ....................................................................... 71 

ȺɘəɧɜŬ 48: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ Ůˊɘɚɞɔɐɠ əŬŰɖɔɞɟɑŬɠ ůŮɜŬɟɑɤɜ............................................... 72 

ȺɘəɧɜŬ 49: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ ˊŬɟɞɡůɑŬůɖɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ ........................ 73 

ȺɘəɧɜŬ 50: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ ɟɡɗɛɑůŮɤɜ ŭɘəŰɨɞɡ ................................................................. 76 

ȺɘəɧɜŬ 51: ɆŰɘɔɛɘɧŰɡˊŬ ŭɘŮˊŬűɩɜ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ ............................................. 77 

ȺɘəɧɜŬ 52: ȹɐɚɤůɖ ɔɟŬűɘəɩɜ ůŰɖɜ ɓŬůɘəɐ ůɡɜɎɟŰɖůɖ .............................................................. 79 

ȺɘəɧɜŬ 53: ɆɡɜŬɟŰɐůŮɘɠ Ůɜɖɛɏɟɤůɖɠ əŬŰɎůŰŬůɖɠ ůɨɜŭŮůɖɠ ...................................................... 80 

ȺɘəɧɜŬ 54: ɆɡɜŬɟŰɐůŮɘɠ ɔɟŬɛɛɐɠ ŮɟɔŬɚŮɑɤɜ ................................................................................ 81 

ȺɘəɧɜŬ 55: ɆɡɜŬɟŰɐůŮɘɠ ŮɛűɎɜɘůɖɠ əŬɘ ŮəŰɏɚŮůɖɠ Űɤɜ ŬɜŰɘəŮɑɛŮɜɤɜ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ ............... 81 

ȺɘəɧɜŬ 56: ɆɡɜŬɟŰɐůŮɘɠ ŮɨɟŮůɖɠ ŭɘŮɡɗɨɜůŮɤɜ ŭɘəŰɨɞɡ ............................................................... 82 

ȺɘəɧɜŬ 57: ȾɚɎůɖ ɟɡɗɛɑůŮɤɜ ŭɘəŰɨɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ .............................................................. 83 

ȺɘəɧɜŬ 58: ɃŭɖɔɑŮɠ ůɨɜŭŮůɖɠ ůŰɞ ŭɘŬŭɑəŰɡɞ ................................................................................ 83 

ȺɘəɧɜŬ 59: ɆɡɜŬɟŰɐůŮɘɠ ŮəŰɏɚŮůɖɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ əŬɘ ůŮɜŬɟɑɤɜ ɢɟɐůŰɖ ......................... 84 

ȺɘəɧɜŬ 60: ɆɡɜŬɟŰɐůŮɘɠ ŮˊɘůŰɟɞűɐɠ əŬɘ ŰŮɟɛŬŰɘůɛɞɨ ................................................................. 85 

ȺɘəɧɜŬ 61: ɆɡɜŬɟŰɐůŮɘɠ ŮəŰŮɚɏůŮɘɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ ........................................... 86 

ȺɘəɧɜŬ 62: ȼ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ˊɏɜŰŮ ůɡɜŬɘůɗɖɛŬŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ ..................................... 87 

ȺɘəɧɜŬ 63: ȾɞɡɛˊɘɎ ŬɚɚŬɔɐɠ ŭɘɎɗŮůɖɠ Űɞɡ ɟɞɛˊɧŰ ..................................................................... 87 



10 

 

ȺɘəɧɜŬ 64: ɄŬɟɎŭŮɘɔɛŬ ŮɜŰɞˊɘůɛɞɨ ˊɟɞůɩˊɞɡ ............................................................................ 89 

ȺɘəɧɜŬ 65: ɆɡɜɎɟŰɖůɖ ŮɜŰɞˊɘůɛɞɨ ˊɟɞůɩˊɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè ..................... 89 

ȺɘəɧɜŬ 66: ȾɚɎůɖ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè ................................................................. 90 

ȺɘəɧɜŬ 67: ɆɡɜɎɟŰɖůɖ əɘɜɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè ..................... 90 

ȺɘəɧɜŬ 68: ɆɡɜŬɟŰɐůŮɘɠ ŬɚɚŬɔɐɠ ŭɘɎɗŮůɖɠ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè .......................... 91 

ȺɘəɧɜŬ 69: ȺɜŭŮɘəŰɘəɏɠ əɎɟŰŮɠ ɕɩɤɜ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè ............... 92 

ȺɘəɧɜŬ 70: ȷɡŰɞəɧɚɚɖŰŬ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè .................................. 93 

ȺɘəɧɜŬ 71: ȾɩŭɘəŬɠ ŬɜŬɔɜɩɟɘůɖɠ ɕɩɤɜ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè .......... 93 

ȺɘəɧɜŬ 72: ȾɚɎůɖ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè ............................................. 94 

ȺɘəɧɜŬ 73: ɆɡɜɎɟŰɖůɖ ŬɚɚŬɔɐɠ əŬŰɎůŰŬůɖɠ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè ... 95 

ȺɘəɧɜŬ 74: ȾɚɎůɖ ůŮɜŬɟɑɞɡ çȺəűɞɓɘůɛɧɠè ................................................................................. 96 

ȺɘəɧɜŬ 75: ɆɡɜŬɟŰɐůŮɘɠ ŬɚɚŬɔɐɠ əŬŰɎůŰŬůɖɠ əŬɘ əɑɜɖůɖ ůŮɜŬɟɑɞɡ çȺəűɞɓɘůɛɧɠè .................. 97 

ȺɘəɧɜŬ 76: ȾɚɎůɖ ůŮɜŬɟɑɞɡ çȾɞɘɜɤɜɘəɐ ɆɡɛˊŮɟɘűɞɟɎè ............................................................. 98 

ȺɘəɧɜŬ 77: ɆɡɜŬɟŰɐůŮɘɠ ůŮɜŬɟɑɞɡ çȾɞɘɜɤɜɘəɐ ɆɡɛˊŮɟɘűɞɟɎè ................................................... 99 

ȺɘəɧɜŬ 78: ɆɡɜŬɟŰɐůŮɘɠ ŬɚɚŬɔɐɠ ŭɘɎɗŮůɖɠ əŬɘ əɑɜɖůɖ ůŮɜŬɟɑɞɡ çȾɞɘɜɤɜɘəɐ ɆɡɛˊŮɟɘűɞɟɎè ... 99 

ȺɘəɧɜŬ 79: ȾɘɜɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ ůŮɜŬɟɑɞɡ çȺˊɑŭŮɘɝɖè ............................................................... 100 

ȺɘəɧɜŬ 80: ȾɚɎůɖ ůŮɜŬɟɑɞɡ çȺˊɑŭŮɘɝɖè ..................................................................................... 101 

ȺɘəɧɜŬ 81: ɆɡɜɎɟŰɖůɖ ɚɐɣɖɠ űɤŰɞɔɟŬűɘɩɜ ůŮɜŬɟɑɞɡ çȺˊɑŭŮɘɝɖè ........................................... 101 

ȺɘəɧɜŬ 82: Ƀɗɧɜɖ ŭɘŬɛɧɟűɤůɖɠ Űɞɡ Rasbian Buster (raspi-config) .......................................... 111 

 

  



11 

 

ȾŬŰɎɚɞɔɞɠ ˊɘɜɎəɤɜ 

 

ɄɑɜŬəŬɠ 1: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ əŬɘ Űɤɜ ˊŮɟɘűŮɟŮɘŬəɩɜ Űɞɡ .............................. 42 

ɄɑɜŬəŬɠ 2: ɉŬɟŬəŰɖɟɘůŰɘəɎ HW-319-v6 ..................................................................................... 42 

ɄɑɜŬəŬɠ 3: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ əŬɘ ɞŭɖɔɞɨ əɘɜɖŰɐɟɤɜ ................................... 44 

ɄɑɜŬəŬɠ 4: ɉŬɟŬəŰɖɟɘůŰɘəɎ ůŮɟɓɞɛɖɢŬɜɘůɛɞɨ əŬɘ Űɞɡ ɞŭɖɔɞɨ PCA9685 ................................. 45 

ɄɑɜŬəŬɠ 5: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɢɤɟɖŰɘəɞɨ ŬɘůɗɖŰɐɟŬɠ Ŭűɐɠ HW-139 ............................................ 46 

ɄɑɜŬəŬɠ 6: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊŮɟɖɢɖŰɘəɞɨ ŬɘůɗɖŰɐɟŬ HY-SRF05 ............................................. 47 

ɄɑɜŬəŬɠ 7: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɏɟɡɗɟɞɡ ŬɘůɗɖŰɐɟŬ HW-006 ...................................................... 49 

ɄɑɜŬəŬɠ 8: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɑɞŭɩɜ Ůəˊɞɛˊɐɠ űɤŰɧɠ ůŮ ůŰŮűɎɜɖ WS2812B ............................ 49 

ɄɑɜŬəŬɠ 9: ɄɑɜŬəŬɠ Ůɘůɧŭɤɜ/ Ůɝɧŭɤɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ............................................................ 57 

ɄɑɜŬəŬɠ 10: ȹɘŮˊŬűɐ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ ........................................................................................... 71 

ɄɑɜŬəŬɠ 11: ȹɘŮˊŬűɐ Ůˊɘɚɞɔɐɠ əŬŰɖɔɞɟɑŬɠ ůŮɜŬɟɑɤɜ .................................................................. 72 

ɄɑɜŬəŬɠ 12: ȹɘŮˊŬűɐ ˊŬɟɞɡůɑŬůɖɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ ........................................... 73 

ɄɑɜŬəŬɠ 13: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè .......................... 74 

ɄɑɜŬəŬɠ 14: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè ...... 74 

ɄɑɜŬəŬɠ 15: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺəűɞɓɘůɛɧɠè .......................................... 74 

ɄɑɜŬəŬɠ 16: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȾɞɘɜɤɜɘəɐ ɆɡɛˊŮɟɘűɞɟɎè...................... 75 

ɄɑɜŬəŬɠ 17: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺˊɑŭŮɘɝɖɠè .............................................. 75 

ɄɑɜŬəŬɠ 18: ȹɘŮˊŬűɐ ɟɡɗɛɑůŮɤɜ ŭɘəŰɨɞɡ ..................................................................................... 76 

ɄɑɜŬəŬɠ 19: ȺůɤŰŮɟɘəɐ ŭɘŮˊŬűɐ ŬˊŮɘəɧɜɘůɖɠ ŮəűɟɎůŮɤɜ ˊɟɞůɩˊɞɡ ......................................... 78 

ɄɑɜŬəŬɠ 20: ȺůɤŰŮɟɘəɐ ŭɘŮˊŬűɐ ŬˊŮɘəɧɜɘůɖɠ ɕɩɤɜ .................................................................... 78 



12 

 

 



13 

 

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.   
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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 
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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.                
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Ƀ əɘɜɖŰɐɟŬɠ [24] ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əɘɜɖɗŮɑ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ ɖ űɎůɖ əŬɘ ɏŰůɘ ɜŬ 

ˊŮɟɘůŰɟɏűŮɘ, ɏɜŬ ɓɐɛŬ Űɖɜ űɞɟɎ (ȺɘəɧɜŬ 18). ȺɚɏɔɢɞɜŰŬɘ Ŭˊɧ ɞŭɖɔɞɨɠ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ 

ɜŬ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ űɎůŮɤɜ. 

 

ȺɘəɧɜŬ 18: ȺůɤŰŮɟɘəɐ əŬŰŬɜɞɛɐ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ 

Ƀ ɞŭɖɔɧɠ TB6560 [25] ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞɠ ɔɨɟɤ Ŭˊɧ Űɞ Űůɘˊ Toshiba TB6560AHQ 

əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ɞŭɐɔɖůɖ ŭɘűŬůɘəɩɜ ŭɘˊɞɚɘəɩɜ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ. ɀŮ 

ɛɏɔɘůŰɞ ɟŮɨɛŬ 3A, ɞ ɞŭɖɔɧɠ TB6560 ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŬɟəŮŰɎ ɛŮɔɎɚɤɜ 

ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ. ɆŬɜ Ůɑůɞŭɞ ŭɏɢŮŰŬɘ Űɘɠ űɎůŮɘɠ Űɤɜ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ əŬɘ Űɖɜ 

ŰɟɞűɞŭɞůɑŬ Űɞɡɠ. ȹɏɢŮŰŬɘ ˊŬɚɛɞɨɠ, Ŭˊɧ Űɞɜ əŮɜŰɟɘəɧ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ˊɟɞəŮɑɛŮɜɞɡ ɜŬ 

ŮɜŮɟɔɞˊɞɘɐůŮɘ Űɘɠ űɎůŮɘɠ Űɤɜ əɘɜɖŰɐɟɤɜ əŬɘ ŬɡŰɞɑ ɜŬ əɘɜɖɗɞɨɜ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŬ ɓɐɛŬŰŬ ɐ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜɞ ɢɟɧɜɞ. ȷɜɎɚɞɔŬ Űɖɜ ˊŬɚÕɞůŮɘɟɎ ˊɞɡ ŬˊɞůŰɏɚɚŮŰŬɘ, ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɑůŮɘ əŬɘ Űɖɜ 

ŰŬɢɨŰŬŰŬ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ. 

 

ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

 

ȺɘəɧɜŬ 19: ȸɖɛŬŰɘəɧɠ əɘɜɖŰɐɟŬɠ 

42BYGHW811X1 
 

¶ ɀɏɔŮɗɞɠ ůəŮɚŮŰɧɠ Űɨˊɞɡ: NEMA17 

¶ ȸɐɛŬ ŬɜɎ ɔɤɜɑŬ: 1,8 ɛɞɑɟŬɠ 

¶ ɇɟɞűɞŭɞůɑŬ: 12V 

¶ ɅŮɨɛŬ: 2,5 A / phase 

¶ ȷɜŰɑůŰŬůɖ: 1,25 Ohm / phase 

¶ ȺˊŬɔɤɔɐ: 1,8 mH / űɎůɖ 

¶ Ʌɞˊɐ: 4800g-cm 

¶ ȷɟɘɗɛɧɠ əŬɚɤŭɑɤɜ: 4 
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ɄɑɜŬəŬɠ 3: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ əŬɘ ɞŭɖɔɞɨ əɘɜɖŰɐɟɤɜ 

2.2.4 Ɇɏɟɓɞ əɘɜɖŰɐɟŮɠ əŬɘ ɞŭɖɔɧɠ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ 

Ƀɘ əɘɜɖŰɐɟŮɠ servo [26] ŮɑɜŬɘ ůɡůəŮɡɏɠ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ɛŮɔɎɚɖ ŬəɟɑɓŮɘŬ əŬŰɎ Űɖɜ 

ˊŮɟɘůŰɟɞűɐ Űɞɡɠ. Ƀ ɎɝɞɜŬɠ ˊɞɡ ŭɘŬɗɏŰɞɡɜ, ɛˊɞɟŮɑ ɜŬ ɛŮŰŬəɘɜɖɗŮɑ ůŮ ŭɘɎűɞɟŮɠ ɗɏůŮɘɠ ŬɜɎɚɞɔŬ ɛŮ 

Űɞ əɤŭɘəɞˊɞɘɖɛɏɜɞ ůɐɛŬ ˊɞɡ ɚŬɛɓɎɜɞɡɜ. ȳůɞ ɚŬɛɓɎɜɞɡɜ Űɞ ůɐɛŬ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

əɚŮɘŭɩɜɞɡɜ əŬɘ ɜŬ ŭɘŬŰɖɟɞɨɜ Űɞɜ ɎɝɞɜŬ Űɞɡɠ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ. Ƀɘ əɘɜɖŰɐɟŮɠ ŬɡŰɞɑ ɏɢɞɡɜ 

ɛɘəɟɧ ɛɏɔŮɗɞɠ ŬɚɚɎ ŮɑɜŬɘ ŬɟəŮŰɎ ɘůɢɡɟɞɑ. ȼ ŮɜɏɟɔŮɘŬ ˊɞɡ əŬŰŬɜŬɚɩɜɞɡɜ ŮɑɜŬɘ ŬɜɎɚɞɔɖ ɛŮ Űɞ 

ɛɖɢŬɜɘəɧ űɞɟŰɑɞ ˊɞɡ ŭɏɢɞɜŰŬɘ. ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡɠ ŬˊŬɘŰŮɑŰŬɘ ɏɜŬɠ ɞŭɖɔɧɠ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ əɤŭɘəɞˊɞɘɖɛɏɜɞɡ ůɐɛŬŰɞɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ. 

Ƀ ŮɚŮɔəŰɐɠ PCA9685 PWM 16 əŬɜŬɚɘɩɜ [27] ŭɘŬɗɏŰŮɘ 16 ˊɚɐɟɤɠ ˊɟɞɔɟŬɛɛŬŰɘɕɧɛŮɜŮɠ 

Ůɝɧŭɞɡɠ ˊŬɚɛɞəɤŭɘəɐɠ ŭɘŬɛɧɟűɤůɖɠ ˊɚɎŰɞɡɠ (PWM) ɛŮ ŬɜɎɚɡůɖ 12bit ˊɞɡ ŭɑɜŮɘ ůɡɜɞɚɘəɎ 4096 

ˊɟɞɔɟŬɛɛŬŰɘɕɧɛŮɜŬ ɓɐɛŬŰŬ. Ⱥˊɘˊɚɏɞɜ, ɖ ůɡɢɜɧŰɖŰŬ Ůɝɧŭɞɡ əŬɘ Űɤɜ 16 əŬɜŬɚɘɩɜ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞɔɟŬɛɛŬŰɘůŰŮɑ Ŭˊɧ 24Hz ɏɤɠ 1526Hz. ȹɑɜŮɘ Ůˊɑůɖɠ, Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ 

űɤŰŮɘɜɧŰɖŰŬɠ ˊɞɚɚŬˊɚɩɜ LED. ɇɞ Űůɘˊ TLC5940 ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ 3,3-5v əŬɘ ɖ ˊɚŬəɏŰŬ ŭɏɢŮŰŬɘ 

ŰɟɞűɞŭɞůɑŬ 5-10v ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɤɜ 16 əŬɜŬɚɘɩɜ ˊɞɡ ŭɘŬɗɏŰŮɘ. ȼ ɛɞɜɎŭŬ ŮˊɘəɞɘɜɤɜŮɑ ɛŮ 

Űɞɜ əŮɜŰɟɘəɧ ɡˊɞɚɞɔɘůŰɐ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ  I2C (SDA & SCL) ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ůɨɜŭŮůɖ 

ˊɞɚɚŬˊɚɩɜ ɛɞɜɎŭɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɞ ˊɟɤŰɧəɞɚɚɞ ŬɡŰɧ. 

 

ȺɘəɧɜŬ 20: Ƀŭɖɔɧɠ ɓɖɛŬŰɘəɩɜ 

əɘɜɖŰɐɟɤɜ TB6560 
 

¶ ɀɏɔɘůŰɞ ɟŮɨɛŬ ŬɜɎ əŬɜɎɚɘ: 3.5A 

¶ ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: DC 10V-35V 

¶ ɃɜɞɛŬůŰɘəɐ ɏɝɞŭɞɠ: Ñ 3,5ȷ. 

¶ ȸɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ 3A ɛŮ 2 ɐ 4 űɎůŮɘɠ / 4 əŬɚɩŭɘŬ ɐ 

6 əŬɚɩŭɘŬ 

¶ ȿŮɘŰɞɡɟɔɑŬ ŭɘɏɔŮɟůɖɠ: ɛɘůɧ ɓɐɛŬ, 1/8 ɓɐɛŬ, 1/16 ɓɐɛŬ 
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ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

ȺɘəɧɜŬ 21: Servo MG995 
 

¶ Ʌɞˊɐ: 8,5 kgf Ŀ cm (4,8 V), 10 kgf Ŀ cm (6 V) 

¶ ɇŬɢɨŰɖŰŬ ɚŮɘŰɞɡɟɔɑŬɠ: 0,2 s / 60Ü (4,8 V), 0,16 s / 

60Ü (6 V) 

¶ ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 4,8 V ɐ 7,2 V 

¶ ȸɖɛŬŰɘůɛɧɠ: 5 ɛs 

¶ ȾŬŰŬůəŮɡɐ ɛŮ ŭɘˊɚɧ ɟɞɡɚŮɛɎɜ 

¶ ɀŮŰŬɚɚɘəɎ ɔɟŬɜɎɕɘŬ 

¶ Ⱥɨɟɞɠ ɗŮɟɛɞəɟŬůɑŬɠ: 0 ÜC - 55 ÜC 

 

ȺɘəɧɜŬ 22: Servo controller PCA9685 

¶ ɀɏɔɘůŰɞ ɟŮɨɛŬ ŬɜɎ əŬɜɎɚɘ: 0.25A 

¶ ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: DC 3,3V-5V 

¶ ɆɡɢɜɧŰɖŰŬ: 40-1000Hz 

¶ ȷɟɘɗɛɧɠ əŬɜŬɚɘɩɜ: 16 channel 

¶ ȷɜɎɚɡůɖ: 12 bit 

¶ ɄɟɤŰɧəɞɚɚɞ ŮˊɘəɞɘɜɤɜɑŬɠ: I2C - PWM 

¶ ɇɎůɖ Ůɘůɧŭɞɡ: DC 5V-10V 

 

ɄɑɜŬəŬɠ 4: ɉŬɟŬəŰɖɟɘůŰɘəɎ ůŮɟɓɞɛɖɢŬɜɘůɛɞɨ əŬɘ Űɞɡ ɞŭɖɔɞɨ PCA9685 

2.2.5 ɉɤɟɖŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Ŭűɐɠ (Capacitive Touch Sensor) HW-139 

ɉɤɟɖŰɘəɧŰɖŰŬ [28] ɞɜɞɛɎɕŮŰŬɘ ɖ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ Ŭɔɤɔɞɨ ɜŬ ŬˊɞɗɖəŮɨŮɘ 

ɖɚŮəŰɟɘəɧ űɞɟŰɑɞ. ȼ Űɘɛɐ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ Űɤɜ Ŭɔɤɔɩɜ əŬɘ 

Űɤɜ ŭɘɖɚŮəŰɟɘəɩɜ ɡɚɘəɩɜ ɔɨɟɤ Űɞɡɠ. ȼ ɞˊɞɘŬŭɐˊɞŰŮ ŬɚɚŬɔɐ ŬɡŰɩɜ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɚɚɎɕŮɘ əŬɘ 

Űɖɜ Űɘɛɐ Űɖɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɢɤɟɖŰɘəɞɨ ŬɘůɗɖŰɐɟŬ Ŭűɐɠ ɧŰŬɜ ɏɜŬɠ ŭŮɑəŰɖɠ, 

ŭɎɢŰɡɚɞ ɐ ɔɟŬűɑŭŬ, ˊɚɖůɘɎůŮɘ Űɘɠ ɛŮŰŬɚɚɘəɏɠ ˊɚɎəŮɠ, ɖ ŬɛɞɘɓŬɑŬ ɢɤɟɖŰɘəɧŰɖŰŬ ɛŮŰŬɝɨ Űɤɜ 

ˊɚŬəɩɜ ɛŮɘɩɜŮŰŬɘ, əŬɗɩɠ ɞ ŭŮɑəŰɖɠ ŬˊɞɟɟɞűɎ ɞɟɘůɛɏɜŮɠ ɔɟŬɛɛɏɠ ɖɚŮəŰɟɘəɞɨ ˊŮŭɑɞɡ [29] 

(ȺɘəɧɜŬ 23). ɄŬɟɎɚɚɖɚŬ, ɖ ŬɡŰɞɢɤɟɖŰɘəɧŰɖŰŬ əŬɘ Űɤɜ ŭɨɞ Ŭɔɤɔɩɜ ŬɡɝɎɜŮŰŬɘ, əŬɗɩɠ ɞ ŭŮɑəŰɖɠ 

ŮɜŮɟɔŮɑ ɤɠ ɏɜŬɠ ˊɟɧůɗŮŰɞɠ Ŭɔɤɔɧɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 
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ȺɘəɧɜŬ 23: ȷɜŬˊŬɟɎůŰŬůɖ ˊŬɟŮɛɓɞɚɐɠ ŬɜŰɘəŮɑɛŮɜɞɡ ůŮ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ 

 

ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

ȺɘəɧɜŬ 24: Touch sensor HW-139 

¶ ɇɨˊɞɠ ŬɘůɗɖŰɐɟŬ: ɉɤɟɖŰɘəɧ 

¶ ɇɡˊɘəɐ ŰɎůɖ Ůɘůɧŭɞɡ: 3.3VDC ɐ 5VDC 

¶ ȹɘŮˊŬűɐ: ȷɜŬɚɞɔɘəɐ 

¶ ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 2.5 - 5.5VDC 

¶ ɉɟɧɜɞɠ Ŭˊɧəɟɘůɖɠ: 220mS 

ɄɑɜŬəŬɠ 5: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɢɤɟɖŰɘəɞɨ ŬɘůɗɖŰɐɟŬɠ Ŭűɐɠ HW-139 

2.2.6 ȷɘůɗɖŰɐɟŬɠ ŬˊɧůŰŬůɖɠ ɡˊŮɟɐɢɤɜ HY-SRF05 

ȰɜŬɠ ŬɘůɗɖŰɐɟŬɠ ɡˊŮɟɐɢɤɜ ŮɑɜŬɘ ɏɜŬ ɧɟɔŬɜɞ ˊɞɡ ɛŮŰɟɎŮɘ Űɖɜ ŬˊɧůŰŬůɖ Űɞɡ Ŭˊɧ ɏɜŬ 

ŬɜŰɘəŮɑɛŮɜɞ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɡˊŮɟɖɢɖŰɘəɎ əɨɛŬŰŬ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞ ŬɘůɗɖŰɐɟŬɠ ɡˊŮɟɐɢɤɜ 

[30] ůŰɏɚɜŮɘ ɏɜŬ ɖɢɖŰɘəɧ əɨɛŬ ůŰɖɜ ůɡɢɜɧŰɖŰŬ Űɤɜ ɡˊŮɟɐɢɤɜ, ˊŮɟɑˊɞɡ ůŰŬ 40 ɢɘɚɘɎŭŮɠ Hz. ȷɡŰɐ 

ɖ ůɡɢɜɧŰɖŰŬ ɓɟɑůəŮŰŬɘ ɡɣɖɚɧŰŮɟŬ ůŰɞ ɖɢɖŰɘəɧ űɎůɛŬ Ŭˊɧ Űɞ Ůɨɟɞɠ Űɖɠ Ŭɜɗɟɩˊɘɜɖɠ Ŭəɞɐɠ. Ƀ 

ɛŮŰŬŰɟɞˊɏŬɠ Űɞɡ ŬɘůɗɖŰɐɟŬ ɚŮɘŰɞɡɟɔŮɑ ɤɠ ŭɏəŰɖɠ ɔɘŬ Űɖɜ ɚɐɣɖ Űɞɡ ɡˊŮɟɖɢɖŰɘəɞɨ ɐɢɞɡ. Ƀ 

ŬɘůɗɖŰɐɟŬɠ ɢɟɖůɘɛɞˊɞɑŮɘ ɛɧɜɞ ɏɜŬ ɛŮŰŬŰɟɞˊɏŬ ɔɘŬ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ ˊŬɚɛɞɨ əŬɘ Űɖɜ ɚɐɣɖ Űɖɠ 
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ɖɢɩ Űɞɡ [31] (ȺɘəɧɜŬ 25). ȼ ŬˊɧůŰŬůɖ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ɢɟɞɜɘəɐ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɞɡ 

ŭɘŬůŰɐɛŬŰɞɠ ŬˊɞůŰɞɚɐɠ əŬɘ ɚɐɣɖɠ Űɞɡ ˊŬɚɛɞɨ Űɞɡ. 

 

ȺɘəɧɜŬ 25: ȷˊŮɘəɧɜɘůɖ ˊɟɧůəɟɞɡůɖɠ ɡˊŮɟɖɢɖŰɘəɞɨ əɨɛŬŰɞɠ ůŮ ŬɜŰɘəŮɑɛŮɜɞ  

 

ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

ȺɘəɧɜŬ 26: Ultrasonic HY-SRF05 

¶ Ⱥɨɟɞɠ ŬɜɑɢɜŮɡůɖɠ: 3cm-4m 

¶ ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V (DC) 

¶ ɆŰŬŰɘəɧ ɟŮɨɛŬ: ȿɘɔɧŰŮɟɞ Ŭˊɧ 2mA. 

¶ ɆɐɛŬ Ůɝɧŭɞɡ: ȼɚŮəŰɟɘəɧ ůɐɛŬ ůɡɢɜɧŰɖŰŬɠ, ɡɣɖɚɧ 
ŮˊɑˊŮŭɞ 5V, ɢŬɛɖɚɧ ŮˊɑˊŮŭɞ 0V. 

¶ ũɤɜɑŬ ŬɘůɗɖŰɐɟŬ: ȳɢɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 15 ɛɞɑɟŮɠ. 

¶ Ɉɣɖɚɐ ŬəɟɑɓŮɘŬ: Ȱɤɠ 0,3 ŮəŬŰɞůŰɎ 

¶ ȺˊɘŰɟŮˊŰɏɠ ɗŮɟɛɞəɟŬůɑŮɠ: -20C - + 60C 

ɄɑɜŬəŬɠ 6: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊŮɟɖɢɖŰɘəɞɨ ŬɘůɗɖŰɐɟŬ HY-SRF05 

2.2.7 ȷɘůɗɖŰɐɟŬɠ Ɉˊɏɟɡɗɟɤɜ HW-006 V1.3 

ɈˊɎɟɢɞɡɜ ŭɨɞ Ůɑŭɖ ɡˊɏɟɡɗɟɤɜ ŬɘůɗɖŰɐɟɤɜ [30], ɞɘ ŮɜŮɟɔɖŰɘəɞɑ (ˊɞɛˊɞɑ) əŬɘ ɞɘ ˊŬɗɖŰɘəɞɑ 

(ŭɏəŰŮɠ). Ƀ ɡˊɏɟɡɗɟɞɠ ˊɞɛˊɧɠ ŮɑɜŬɘ ɛɘŬ ŭɑɞŭɞɠ Ůəˊɞɛˊɐɠ űɤŰɧɠ (LED), ɞ ɞˊɞɑɞɠ ŮəˊɏɛˊŮɘ ůŰɞ 

űɎůɛŬ Űɖɠ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ȼ ɕɩɜɖ űɎůɛŬŰɞɠ Űɖɠ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɓɟɑůəŮŰŬɘ 
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ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ  300 GHz ɛŮ 400 THz, ɖ ɞɟŬŰɐ ŬəŰɘɜɞɓɞɚɑŬ ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ɧɚŬ ŰŬ 

ɢɟɩɛŬŰŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŭɘŬəɟɑɜŮɘ Űɞ Ŭɜɗɟɩˊɘɜɞ ɛɎŰɘ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɘɠ ůɡɢɜɧŰɖŰŮɠ 400 - 800 THz, 

ŭɖɚŬŭɐ ɡɣɖɚɧŰŮɟŬ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɛɖɜ ŮɑɜŬɘ ɞɟŬŰɧ 

ůŰɞ Ŭɜɗɟɩˊɘɜɞ ɛɎŰɘ. ȼ ŭɘŬɛɧɟűɤůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɢɜɧŰŮɟŬ, ŮɑɜŬɘ ɖ ŭɘŬɛɧɟűɤůɖ OOK 

(ON - OFF - KEYING). Ƀ ɡˊɏɟɡɗɟɞɠ  ŭɏəŰɖɠ ɞɜɞɛɎɕŮŰŬɘ əŬɘ ɡˊɏɟɡɗɟɞɠ ŬɘůɗɖŰɐɟŬɠ əŬɗɩɠ 

ŬɜɘɢɜŮɨŮɘ Űɖɜ ŬəŰɘɜɞɓɞɚɑŬ Ŭˊɧ ɏɜŬɜ ɡˊɏɟɡɗɟɞ ˊɞɛˊɧ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɢɟɐůɖɠ ůɡɜŭɡŬůɛɞɨ 

ˊɞɛˊɞɨ ŭɏəŰɖ ɡˊŮɟɨɗɟɤɜ, Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɞɡ ŭɏəŰɖ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰŬɘɟɘɎɕŮɘ ɛŮ ŬɡŰɧ Űɞɡ ˊɞɛˊɞɨ. 

ɆŰɖɜ ŮűŬɟɛɞɔɐ ŮɜŰɞˊɘůɛɞɨ Ůɛˊɞŭɑɞɡ ɛŮ Űɖɜ ɢɟɐůɖ Űɤɜ ɡˊɏɟɡɗɟɤɜ ŬɘůɗɖŰɐɟɤɜ, ɗɏŰɞɡɛŮ 

ůŮ ɚŮɘŰɞɡɟɔɑŬ ůɡɜŮɢɐɠ Ůəˊɞɛˊɐɠ ɡˊɏɟɡɗɟɞɡ űɤŰɧɠ Űɞɜ ˊɞɛˊɧ əŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ ɚɐɣɖɠ ɡˊɏɟɡɗɟɞɡ 

űɤŰɧɠ Űɞɜ ŭɏəŰɖ, ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Ůɜɧɠ ŰŮɚŮůŰɘəɞɨ ŮɜɘůɢɡŰɐ (IC Operational Amplifier), ɞ ɞˊɞɑɞɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ůɡɔəɟɘŰɐɠ ŰɎůɖɠ. ȳŰŬɜ Űɞ űɤɠ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ Űɞɜ ɡˊɏɟɡɗɟɞ ˊɞɛˊɧ 

ˊɟɞůˊɑˊŰŮɘ ůŮ Ůɛˊɧŭɘɞ əŬɘ Ŭˊɧ ŮəŮɑ ŬɜŬəɚɎŰŬɘ ůŰɖɜ űɤŰɞŭɑɞŭɞ Űɞɡ ŭɏəŰɖ, ŬɜɎɚɞɔŬ Űɖɜ ŬˊɧůŰŬůɖ 

Űɖɜ ɡűɐ Űɞɡ ɡɚɘəɞɨ ŬəɧɛŬ əŬɘ Űɞ ɢɟɩɛŬ Űɞɡ ɖ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ ŬˊɞɟɟɞűɎŰŬɘ əŬɘ ŬɜŬəɚɎŰŬɘ 

ŭɘŬűɞɟŮŰɘəɎ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɡˊɎɟɢŮɘ ŭɘŬűɞɟŮŰɘəɐ Űɘɛɐ ůŰɖɜ ɏɝɞŭɞ Űɞɡ ŭɏəŰɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ əŬɜɏɜŬ Ůɛˊɧŭɘɞ ɛˊɟɞůŰɎ Ŭˊɧ Űɞɜ ŬɘůɗɖŰɐɟŬ, ɔɑɜŮŰŬɘ ŮɨəɞɚŬ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ŭŮɜ 

ɗŬ ɡˊɎɟɢŮɘ Űɘɛɐ ůŰɖɜ ɏɝɞŭɞ Űɞɡ ŭɏəŰɖ [32] (ȺɘəɧɜŬ 27). 

 

ȺɘəɧɜŬ 27: ȷˊŮɘəɧɜɘůɖ ˊɟɧůəɟɞɡůɖɠ ɡˊɏɟɡɗɟɞɡ űɤŰɧɠ ůŮ ŮˊɘűɎɜŮɘŬ əŬɘ ůŰɞ əŮɜɧ  
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ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

ȺɘəɧɜŬ 28: Infrared HW-006 

¶ ȷɘůɗɖŰɐɟŬɠ ŬɜŰŬɜɎəɚŬůɖɠ ɡˊŮɟɨɗɟɤɜ TCRT5000. 

¶ ȷɜɑɢɜŮɡůɖ Űɖɠ ŬˊɧůŰŬůɖɠ ŬɜɎəɚŬůɖɠ: 1 mm - 25 

mm 

¶ ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V 

¶ ɀɞɟűɐ Ůɝɧŭɞɡ: ɣɖűɘŬəɧ ůɐɛŬ (0 əŬɘ 1) 

ɄɑɜŬəŬɠ 7: ɉŬɟŬəŰɖɟɘůŰɘəɎ ɡˊɏɟɡɗɟɞɡ ŬɘůɗɖŰɐɟŬ HW-006 

2.2.8 ȹɑɞŭɞɘ Ůəˊɞɛˊɐɠ űɤŰɧɠ (LED) ůŮ ůɢɐɛŬ ůŰŮűɎɜɖɠ 12 ůŰɞɘɢŮɑɤɜ WS2812B 

ɇɞ WS2812 [33] ŮɑɜŬɘ ɛɘŬ ɏɝɡˊɜɖ ˊɖɔɐ űɤŰɘůɛɞɨ ůŰɖɜ ɞˊɞɑŬ ŮɜůɤɛŬŰɩɜŮŰŬɘ Űɞ əɨəɚɤɛŬ 

Ůɚɏɔɢɞɡ. ɄŮɟɘɚŬɛɓɎɜŮɘ ůɨɜŭŮůɖ ŭŮŭɞɛɏɜɤɜ ɣɖűɘŬəɐɠ ɗɨɟŬɠ. ɇɞ ˊɟɤŰɧəɞɚɚɞ ɛŮŰŬűɞɟɎɠ 

ŭŮŭɞɛɏɜɤɜ ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬɜ Űɟɧˊɞ ŮˊɘəɞɘɜɤɜɑŬɠ NRZ (Not Return Zero). ɀŮŰɎ Űɖɜ 

ŮɜŮɟɔɞˊɞɑɖůɖ əɎˊɞɘɞɡ pixel, ɖ ɗɨɟŬ ɚŬɛɓɎɜŮɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɞɜ ŮɚŮɔəŰɐ. ɇɞ ˊɟɩŰɞ 

ŮɘəɞɜɞůŰɞɘɢŮɑɞ, ůɡɚɚɏɔŮɘ ŬɟɢɘəɎ ŭŮŭɞɛɏɜŬ 24bit əŬɘ ɛŮŰɎ ŰŬ ŬˊɞůŰɏɚɚŮɘ ůŰɞ ŮˊɧɛŮɜɞ 

ŮɘəɞɜɞůŰɞɘɢŮɑɞ. ɇɞ Űůɘˊ Ůɚɏɔɢɞɡ ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏɜɞ ůŮ əɎɗŮ LED, ɏŰůɘ ɔɑɜŮŰŬɘ ˊɘɞ Ŭˊɚɧ Űɞ 

ŬˊŬɘŰɞɨɛŮɜɞ əɨəɚɤɛŬ Ůɚɏɔɢɞɡ əŬɘ Űɞɡ ˊɟɞŭɑŭŮɘ ɛɘəɟɧ ɧɔəɞ. 

ȼ ůŰŮűɎɜɖ ůŰɞɘɢŮɑɤɜ (LED ring) ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 12 ŮɝŬɘɟŮŰɘəɎ űɤŰŮɘɜɎ LED ɛŮ 

ŮɜůɤɛŬŰɤɛɏɜɞ Űɞ Űůɘˊ WS2812. ȺɑɜŬɘ ŭɘŬŰŮŰŬɔɛɏɜŬ ůŮ əɨəɚɞ ɛŮ ŮɝɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞ 37mm. ȼ 

əŬŰŬɜɎɚɤůɖ ŮɜɏɟɔŮɘŬɠ Űɞɡ əɎɗŮ LED ŬɜɏɟɢŮŰŬɘ ůŰŬ 18mA əŬɘ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ 5V ůɡɜŮɢɞɨɠ 

ɟŮɨɛŬŰɞɠ. 

ɆɡůəŮɡɐ ɇŮɢɜɘəɎ ɉŬɟŬəŰɖɟɘůŰɘəɎ 

 

ȺɘəɧɜŬ 29: LED ring WS2812B 

¶ Ʉɖɔɐ űɤŰɧɠ: 5050 RGB 

¶ ɀɞɜŰɏɚɞ IC: WS2812B 

¶ ɇɎůɖ Ůɘůɧŭɞɡ 5V 

¶ Din: ȺɘůŬɔɤɔɐ ůɐɛŬŰɞɠ ŭŮŭɞɛɏɜɤɜ  

¶ Dout: Ȱɝɞŭɞɠ ůɐɛŬŰɞɠ ŭŮŭɞɛɏɜɤɜ   

ɄɑɜŬəŬɠ 8: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŭɑɞŭɩɜ Ůəˊɞɛˊɐɠ űɤŰɧɠ ůŮ ůŰŮűɎɜɖ WS2812B 
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2.3 Ɇɨɜɞɣɖ 

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ŬɜŬűɏɟɗɖəŮ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɤɜ ŮɟɔŬɚŮɑɤɜ ˊɞɡ ɓɞɐɗɖůŬɜ 

ůŰɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ əŬɗɩɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɟɞɛˊɞŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ. ɆŰɞ əŮűɎɚŬɘɞ ˊɞɡ 

ŬəɞɚɞɡɗŮɑ ɗŬ ŬɜŬɚɡɗɞɨɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ, ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ əŬɘ ɞɘ ŮɜŮɟɔŮɘŬəɏɠ ŬɜɎɔəŮɠ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ɇɏɚɞɠ, ɔɑɜŮŰŬɘ ˊŬɟɞɡůɑŬůɖ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɞɡ ůɩɛŬŰɞɠ Űɞɡ ɟɞɛˊɧŰ. 
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ȾŮűɎɚŬɘɞ 3 ï ȹɞɛɘəɎ ɛɏɟɖ ůɡůŰɐɛŬŰɞɠ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ, ɗŬ ˊŬɟŬŰŮɗɞɨɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɗŬ ŬɜŬɚɡɗɞɨɜ ɞɘ 

ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ, ŰŬ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ɖ ůɡɜŭŮůɛɞɚɞɔɑŬ əŬɘ ɞɘ ŮɜŮɟɔŮɘŬəɏɠ 

ˊɟɞɦˊɞɗɏůŮɘɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɇɏɚɞɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛŮɚɏŰɖ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ůɩɛŬŰɞɠ 

Űɞɡ ɟɞɛˊɧŰ.  

3.1 ȷˊŬɘŰɐůŮɘɠ  

ȰɜŬ Ŭˊɧ Űɞ ˊɘɞ ůɖɛŬɜŰɘəɎ əɞɛɛɎŰɘŬ ɔɘŬ Űɖɜ ŮˊɘŰɡɢɖɛɏɜɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ, 

ŮɑɜŬɘ ɞ əŬɗɞɟɘůɛɧɠ Űɤɜ ŬˊŬɘŰɐůŮɤɜ Űɞɡ. ɇɞ ɚɞɔɘůɛɘəɧ ˊɟɞɞɟɑɕŮŰŬɘ ɔɘŬ ɢɟɐůɖ əɡɟɑɤɠ Ŭˊɧ ˊŬɘŭɘɎ 

əŬɘ ˊɟɏˊŮɘ ɜŬ ŭɘŬɗɏŰŮɘ űɘɚɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ɄɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ Ŭˊɚɧ əŬɘ ɜŬ ŭɘŬɗɏŰŮɘ  ɢɟɩɛŬŰŬ 

ˊɞɡ ŮɑɜŬɘ ŮɚəɡůŰɘəɎ ůŰŬ ˊŬɘŭɘɎ. ȼ ŮɜůɤɛɎŰɤůɖ Űɖɠ ɛɖŰɟɘəɐɠ ɔɚɩůůŬɠ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɤɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ ˊŬɘŭɘɎ. 

Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ ɟɞɛˊɧŰ ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ŬůűŬɚɐɠ əŬɘ ɗŮɚəŰɘəɧɠ 

ˊɟɞɠ ůŰŬ ˊŬɘŭɘɎ. ȺɘŭɘəɧŰŮɟŬ, Űɞ ɟɞɛˊɧŰ ɏɢŮɘ ɚŮɑŮɠ ɧɚŮɠ Űɘɠ Ŭəɛɏɠ Űɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɖɜ ŮɑɜŬɘ 

əɞűŰŮɟɏɠ əŬɘ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ əɑɜŭɡɜɞɠ ŰɟŬɡɛŬŰɘůɛɞɨ. ɇɞ ˊŬɘŭɑ ɗŬ ˊɟɏˊŮɘ ɜŬ ɜɘɩɗŮɘ ɞɘəŮɑŬ ɛŮ Űɞ 

ɟɞɛˊɧŰ, ɜŬ ɛɖɜ ŰɟɞɛɎɕŮɘ ɛŮ Űɖɜ ŮɛűɎɜɘůɖ ɐ Űɘɠ əɘɜɐůŮɘɠ Űɞɡ. Ƀ ůɢŮŭɘŬůɛɧɠ Űɞɡ ˊŬɟŬˊɏɛˊŮɘ ůŮ 

ŮɘəɧɜŮɠ ˊɞɡ ɏɢŮɘ Űɞ əɎɗŮ ˊŬɘŭɑ ɔɘŬ Űɖɜ ɛɞɟűɐ Ůɜɧɠ ɟɞɛˊɞŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ (ŬɜɗɟɤˊɞŮɘŭɏɠ).    

ȼ ɡˊɞŭɞɛɐ ɔɘŬ Űɖɜ ŭɘŬůɨɜŭŮůɖ Űɞɡ ɟɞɛˊɧŰ ɛŮ Űɞ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ ɔɑɜŮŰŬɘ ɛŮ ɧɚŬ 

ŰŬ ˊɟɧŰɡˊŬ ŬůűɎɚŮɘŬɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűŮɡɢɗɞɨɜ əŬəɧɓɞɡɚŮɠ ŮɜɏɟɔŮɘŮɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, 

ɖ ŭɘŬůɨɜŭŮůɖ ɡɚɞˊɞɘŮɑŰŬɘ ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ ɛŮŰŬűɞɟɎɠ ɡˊŮɟəŮɘɛɏɜɞɡ (Hypertext Transfer 

Protocol - HTTP). ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ɖ ŭɘŬůɨɜŭŮůɖ ɛŮ Űɞ ˊɚɖɟɞűɞɟɘŬəɧ 

ůɨůŰɖɛŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ůɨɜŭŮůɖ Űɞɡ ɟɞɛˊɧŰ ůŰɞ ŭɘŬŭɑəŰɡɞ əŬɘ ɜŬ ŬəɞɚɞɡɗɞɨɜŰŬɘ Ŭˊɧ 

ˊɚŮɡɟɎɠ Űɞɡ ˊɚɖɟɞűɞɟɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ɧɚŬ ŰŬ ˊɟɧŰɡˊŬ ŬůűŬɚŮɑŬɠ.  

ũɘŬ Űɖɜ ˊɚɐɟɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ ɟɞɛˊɧŰ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ, ůŮ ɢɟɐůŰŮɠ ɛŮɔŬɚɨŰŮɟɖɠ 

ɖɚɘəɑŬɠ ɛŮ Ŭˊɚɏɠ ɔɜɩůŮɘɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ, ɜŬ ŬɜŬˊŰɨɝɞɡɜ əŬɘ ɜŬ ŮəŰŮɚɏůɞɡɜ ŰŬ ŭɘəɎ Űɞɡɠ 

ůŮɜɎɟɘŬ. ɇɞ ůɨůŰɖɛŬ ŭɘŬɗɏŰŮɘ Ůɚɏɔɢɞɡɠ ŬůűŬɚŮɑŬɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɛɖɜ ŮˊɘŰɟɏˊŮŰŬɘ ůŰɞɜ ɢɟɐůŰɖ 

ɜŬ ɓɚɎɣŮɘ Űɞ ɟɞɛˊɧŰ.    
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ɇɞ ůɨůŰɖɛŬ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ŮɑɜŬɘ ŮˊŮəŰɎůɘɛɞ əŬɘ ůɡɜŰɖɟɐůɘɛɞ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ 

ŰŬ ˊŬɟŬˊɎɜɤ ɗŬ ˊɟɏˊŮɘ Űɞ ɟɞɛˊɧŰ Űɧůɞ ůŮ ŮˊɑˊŮŭɞ ɡɚɘəɞɨ ɧůɞ əŬɘ ůŮ ŮˊɑˊŮŭɞ ɚɞɔɘůɛɘəɞɨ ɜŬ ŮɑɜŬɘ 

ɘəŬɜɧ ɜŬ ŭŮɢŰŮɑ əŬɘ ɜŬ ɡˊɞůŰɖɟɑɝŮɘ ˊɚɖɗɩɟŬ ůŮɜŬɟɑɤɜ. 

3.2 ɄŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŮɟɘˊŰɩůŮɘɠ ɢɟɐůɖɠ (ȺɘəɧɜŬ 30) Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ɇɞ ůɨůŰɖɛŬ ɡˊɞůŰɖɟɑɕŮɘ ŭɨɞ Ůɘŭɩɜ ɢɟɐůŰŮɠ, ˊŬɘŭɘɎ ɖɚɘəɑŬɠ ŰŮůůɎɟɤɜ ɛŮ ŮɜɜɏŬ ŮŰɩɜ 

əŬɘ ɎŰɞɛŬ ɛŮɔŬɚɨŰŮɟɖɠ ɖɚɘəɑŬɠ, ˊɞɡ ɏɢɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎˊŰɡɝɖɠ Űɤɜ ŭɘəɩɜ Űɞɡɠ ůŮɜŬɟɑɤɜ. 

¶ ȼ ŮəŰɏɚŮůɖ Űɤɜ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ ŭɑɜŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ŬɚɚɖɚŮˊɘŭɟɎůɞɡɜ ŰŬ ˊŬɘŭɘɎ ɛŮ Űɞ ɟɞɛˊɧŰ. 

¶ ɆŰɞɡɠ ɢɟɐůŰŮɠ ɛŮɔŬɚɨŰŮɟɖɠ ɖɚɘəɑŬɠ, ŭɑɜŮŰŬɘ ɖ Ůˊɘɚɞɔɐ ůɡɔɔɟŬűɐɠ əŬɘ ŮəŰɏɚŮůɖɠ  

ůŮɜŬɟɑɤɜ ůŰɞ ɟɞɛˊɧŰ. ɀŮ Űɖɜ ɢɟɐůɖ ˊɚɖɟɞűɞɟɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖɜ 

ŭɡɜŬŰɧŰɖŰŬ ŭɘŬůɨɜŭŮůɖɠ ɔɑɜŮŰŬɘ ɖ űɧɟŰɤůɖ Űɤɜ ůŮɜŬɟɑɤɜ ŬɡŰɩɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ɏɜŬɠ ɛŮɔŬɚɨŰŮɟɖɠ ɖɚɘəɑŬɠ ɢɟɐůŰɖɠ ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɎ ŮɝɞɘəŮɘɤɛɏɜɞɠ əŬɘ ɏɛˊŮɘɟɞɠ ɛŮ Űɞɜ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ŬɜŰɑůŰɞɘɢɤɜ ůɡůŰɖɛɎŰɤɜ, ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɛŮ 

Ŭˊɚɏɠ ůɡɜŬɟŰɐůŮɘɠ, ɧˊɞɡ ɛŮ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡɠ ŮɑɜŬɘ ŮűɘəŰɐ ɖ ɡɚɞˊɞɑɖůɖ Űɤɜ ŭɘəɩɜ Űɞɡɠ 

ůŮɜŬɟɑɤɜ. 

¶ ɇŬ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜŬ ŮəˊŬɘŭŮɡŰɘəɎ ˊŬɘɢɜɑŭɘŬ ́ ɞɡ ŭɘŬɗɏŰŮɘ ŭɑɜɞɡɜ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ůŰɞ 

ˊŬɘŭɑ ɜŬ ŬůɢɞɚɖɗŮɑ əŬɘ ɜŬ əŬŰŬɜɞɐůŮɘ əŬɚɨŰŮɟŬ ŰŬ ɛŬɗɐɛŬŰŬ, ɧˊɤɠ ŮɑɜŬɘ ɖ ɔɚɩůůŬ, ɖ 

űɡůɘəɐ əŬɘ ŰŬ ɛŬɗɖɛŬŰɘəɎ. ɇŬ ˊŬɘɢɜɑŭɘŬ ŭɘŬɗɏŰɞɡɜ ŭɘɎűɞɟŬ ŮˊɑˊŮŭŬ ŭɡůəɞɚɑŬɠ əŬɘ 

ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ ɖɚɘəɘŬəɏɠ əŬŰɖɔɞɟɑŮɠ. 

¶ ȹɡɜŬŰɧŰɖŰŬ ŰɖɚŮɢŮɘɟɘůɛɞɨ Űɞɡ ɟɞɛˊɧŰ. ɀɏůɤ Űɖɠ ɡˊɞůŰɐɟɘɝɖɠ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ůɨůŰɖɛŬ 

ɔɘŬ ŭɘŬůɨɜŭŮůɖ ɛŮ Ůɘŭɘəɐ ŮűŬɟɛɞɔɐ, ɞ ɢɟɐůŰɖɠ ɗŬ ɏɢŮɘ ˊɟɧůɓŬůɖ ůŰɖɜ əɎɛŮɟŬ, əŬɗɩɠ əŬɘ 

ůŰɞɡɠ ŭɘɎűɞɟɞɡɠ əɘɜɖŰɐɟŮɠ Űɞɡ ɟɞɛˊɧŰ. 
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ȺɘəɧɜŬ 30: ȹɘɎɔɟŬɛɛŬ ˊŮɟɘˊŰɩůŮɤɜ ɢɟɐůɖɠ 

3.3 Ɉɚɘəɧ ɛɏɟɞɠ 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ, ŬɜŬɚɨɞɜŰŬɘ ŰŬ ɡɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ 

Űɞɡ ɟɞɛˊɧŰ. ȸŬůɘəɧ əɞɛɛɎŰɘ Űɞɡ ɟɞɛˊɧŰ ŮɑɜŬɘ ɞ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ əŬɘ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ ɏɜŬ SBC (Single Board Computer) [34] Űɞ Raspberry Pi 4. ɆŰɖɜ ˊɚŬəɏŰŬ, ůɡɜŭɏɞɜŰŬɘ ɖ ɞɗɧɜɖ 

Ŭűɐɠ 7 ɘɜŰůɩɜ, ɧɚŬ ŰŬ ŬɘůɗɖŰɐɟɘŬ ɧɟɔŬɜŬ Űɞɡ ɟɞɛˊɧŰ əŬɗɩɠ əŬɘ ɞɘ əɘɜɖŰɐɟŮɠ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ 

ɔɘŬ Űɖɜ əɑɜɖůɖ Űɤɜ ɢŮɟɘɩɜ, Űɞɡ əŮűŬɚɘɞɨ əŬɘ Űɤɜ ɟɞŭɩɜ.   

ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ɟɞɛˊɧŰ ŬˊɞŰŮɚŮɑŰŬɘ: 

¶ 1x Raspberry Pi 4 4GB ram & 32GB SD 

card 

¶ 1x Raspberry Pi 3 touchscreen 7 inch 

¶ Raspberry Pi camera 

¶ 6x Metal gear servo 

¶ 1x 16 Channel PWM servo controller 

¶ 2x Nema 17 stepper motor 

¶ 2x ɇȸ6560 Stepper motor controller 

¶ 3x Capacitive Touch sensor 

¶ 2x Ultrasonic distance sensor 

¶ 2x Infrared sensor 

¶ 2x Speakers 2.8W 

¶ 1x Led ring ws2812b 12 led 

¶ 1x Button with 12V led  

¶ 1x Microphone 

¶ 2x Voltage regulators  



54 

 

¶ 1x Power on/off switch  

¶ 1x Lipo battery 145CA 

¶ ȸɑŭŮɠ 3mm ɛŮ ˊŬɝɘɛɎŭɘŬ 

¶ ɁŰɑɕŮɠ 4mm ɛŮ ˊŬɝɘɛɎŭɘ

  

3.4 ɆɡɜŭŮůɛɞɚɞɔɑŬ 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɧůɞ ɖ ůɡɜŭŮůɛɞɚɞɔɑŬ (ȺɘəɧɜŬ 31) ɧůɞ əŬɘ ɖ 

ŰɟɞűɞŭɞůɑŬ Űɤɜ əɘɜɖŰɐɟɤɜ əŬɘ Űɤɜ ŬɘůɗɖŰɐɟɘɤɜ ɞɟɔɎɜɤɜ Űɞɡ ɟɞɛˊɧŰ.  

  

 

 

ȺɘəɧɜŬ 31: ȾɡəɚɤɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

 

ɇɞ ɟɞɛˊɧŰ ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ɛɘŬ ˊɖɔɐ ŰɎůɖɠ 14V ŰŬ ɞˊɞɑŬ ɞŭɖɔɞɨɜŰŬɘ ůŮ ŭɨɞ ɡˊɞɓɘɓŬůŰɏɠ 

ŰɎůɖɠ (Step Down Voltage Regulator). ȷˊɧ Űɞɜ ˊɟɩŰɞ ŮɝɎɔŮŰŬɘ ɛɘŬ ŰɎůɖ ůŰŬ 5V, ɖ ɞˊɞɑŬ 

ŰɟɞűɞŭɞŰŮɑ ɧɚŬ ŰŬ ɖɚŮəŰɟɞɜɘəɎ ůŰɞɘɢŮɑŬ, ŰŬ ůɏɟɓɞ əŬɘ Űɞɜ ɛɘəɟɞŮɚŮɔəŰɐ. Ƀ ŭŮɨŰŮɟɞɠ 

ɡˊɞɓɘɓŬůŰɐɠ ŰɎůɖɠ ŮɝɎɔŮɘ ŰɎůɖ 12V, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŰɟɞűɞŭɞŰɖɗɞɨɜ ɞɘ ɓɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ. Ƀɘ 

ŭɨɞ ɓɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ɟɞɛˊɧŰ ɔɘŬ Űɖɜ ˊŮɟɘɐɔɖůɖ Űɞɡ ůŰɞɜ ɢɩɟɞ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ 
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ɏɜŬɜ ŮɚŮɔəŰɐ TB6560 ɞ əŬɗɏɜŬɠ. ɆŰɖɜ ŬɟɘůŰŮɟɐ ˊɚŮɡɟɎ Űɞɡ ɞŭɖɔɞɨ TB6560 ůɡɜŭɏɞɜŰŬɘ ɖ 

ŮɝɤŰŮɟɘəɐ ŰɎůɖ 12V (V+) ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ, əŬɗɩɠ əŬɘ ɖ ɔŮɑɤůɖ Űɞɡ 

(GND). ɆŰɖɜ ůɡɜɏɢŮɘŬ ůɡɜŭɏɞɜŰŬɘ ɖ ɗŮŰɘəɐ ˊɟɩŰɖ űɎůɖ (ȷ+), ɖ ŬɟɜɖŰɘəɐ ˊɟɩŰɖ űɎůɖ (ȷ-), ɖ 

ɗŮŰɘəɐ ŭŮɨŰŮɟɖ űɎůɖ (ȸ+) Űɞɡ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ əŬɘ Űɏɚɞɠ ɖ ŬɟɜɖŰɘəɐ ŭŮɨŰŮɟɖ űɎůɖ (ȸ-) Űɞɡ. 

ɆŰɖɜ ŬˊɏɜŬɜŰɘ ˊɚŮɡɟɎ Űɖɠ ˊɚŬəɏŰŬɠ Űɞɡ ɓɖɛŬŰɘəɞɨ ɞŭɖɔɞɨ ɡˊɎɟɢɞɡɜ ɕŮɨɔɖ ɗŮŰɘəɩɜ əŬɘ 

ŬɟɜɖŰɘəɩɜ ůɖɛɎŰɤɜ ɔɘŬ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ Űɤɜ əɘɜɖŰɐɟɤɜ əŬɘ Űɞɡ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ. ȳɚŬ ŰŬ 

ŬɟɜɖŰɘəɎ ɛɏɟɖ Űɖɜ ɕŮɡɔŬɟɘɩɜ (CLK-, CH-, EN-) ɞŭɖɔɞɨɜŰŬɘ ůŰɖɜ ɔŮɑɤůɖ, Ůˊɑůɖɠ Űɞɜ ˊɏɛˊŰɞ 

ŬəɟɞŭɏəŰɖ (EN+) ŬˊɞŰŮɚŮɑ Űɞ ůɐɛŬ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɤɜ əɘɜɖŰɐɟɤɜ. Ƀ ˊɟɩŰɞɠ ŬəɟɞŭɏəŰɖɠ 

(CLK+) ŬˊɞŰŮɚŮɑ Űɖɜ ŮɜŰɞɚɐ ŮˊɘɗɡɛɖŰɩɜ ɓɖɛɎŰɤɜ Űɞɡ əɘɜɖŰɐɟŬ əŬɘ ɞ ŰɟɑŰɞɠ ŬəɟɞŭɏəŰɖɠ (CH+) 

ŭɖɚɩɜŮɘ Űɖɜ ŭɘŮɨɗɡɜůɖ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ. ȳůɞɜ ŬűɞɟɎ Űɞɡɠ ŭɘŬəɧˊŰŮɠ 

(Switch) ˊɞɡ ŭɘŬɗɏŰŮɘ ɖ ˊɚŬəɏŰŬ Űɞɡ ɞŭɖɔɞɨ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ, ɟɡɗɛɑɕɞɡɜ Űɞ ɛɏɔɘůŰɞ ɟŮɨɛŬ 

ůŰɖɜ Ůɑůɞŭɞ Űɤɜ əɘɜɖŰɐɟɤɜ əŬɗɩɠ əŬɘ Űɘɠ ɟɡɗɛɑůŮɘɠ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŮɡəɟɑɜŮɘŬ ɓɐɛŬŰɞɠ. 

ɇɞ ɟɞɛˊɧŰ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ŬůűŬɚɞɨɠ əŬɘ ůɤůŰɐɠ ˊŮɟɘɐɔɖůɖɠ Űɞɡ ůŰɞɜ ɢɩɟɞ ŭɘŬɗɏŰŮɘ 

ŰɏůůŮɟɘɠ ŬɘůɗɖŰɐɟŮɠ. ȹɨɞ Ůɝô ŬɡŰɩɜ ŮɡɗɨɜɞɜŰŬɘ ɔɘŬ Űɘɠ ɛˊɟɞůŰɘɜɏɠ əɘɜɐůŮɘɠ əŬɘ Ɏɚɚɞɘ ŭɨɞ ɔɘŬ Űɘɠ 

əɘɜɐůŮɘɠ ˊɞɡ ŮəŰŮɚŮɑ Űɞ ɟɞɛˊɧŰ ˊɟɞɠ ŰŬ ˊɑůɤ. ɆŰɖɜ əɎŰɤ ɛŮɟɘɎ Űɞɡ ɟɞɛˊɧŰ ůŰɟŬɛɛɏɜɞɘ ˊɟɞɠ Űɞ 

ɏŭŬűɞɠ, ɓɟɑůəɞɜŰŬɘ ɞɘ ŭɨɞ ŬɘůɗɖŰɐɟŮɠ ɡˊŮɟɨɗɟɤɜ (InfraRed), ɏɜŬɠ ůŰɖɜ ɛˊɟɞůŰɘɜɐ ˊɚŮɡɟɎ əŬɘ 

ɏɜŬɠ ůŰɖɜ ˊɑůɤ. ɀŮ ŬɡŰɞɨɠ, Űɞ ɟɞɛˊɧŰ ŭɘŬəɟɑɜŮɘ ˊɧŰŮ ɡˊɎɟɢŮɘ ɏŭŬűɞɠ ɔɘŬ ɜŬ əɘɜɖɗŮɑ əŬɘ ˊɧŰŮ ɧɢɘ. 

ȼ ůɨɜŭŮůɖ Űɞɡɠ ɛŮ Űɞɜ ɛɘəɟɞŮɚŮɔəŰɐ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɏɜŬɜ ŬəɟɞŭɏəŰɖ ɏəŬůŰɞɠ əŬɘ 

ŰɟɞűɞŭɞŰɞɨɜŰŬɘ Ŭˊɧ Űɖɜ  ɏɝɞŭɞ 5V Űɞɡ ɡˊɞɓɘɓŬůŰɐ ŰɎůɖɠ (Step Down Voltage Regulator). 

Ⱥˊɑůɖɠ, Űɞ ɟɞɛˊɧŰ ŭɘŬɗɏŰŮɘ Ŭəɧɛɖ ŭɨɞ ɡˊŮɟɖɢɖŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ (UltraSonic), ɞɘ ɞˊɞɑɞɘ 

ɓɟɑůəɞɜŰŬɘ ɏɜŬɠ ůŰɖɜ ɛˊɟɞůŰɘɜɐ ˊɚŮɡɟɎ əŬɘ ɏɜŬɠ ůŰɖɜ ˊɑůɤ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ Ůɛˊɞŭɑɤɜ. Ƀɘ 

ůɡɔəŮəɟɘɛɏɜɞɘ ŬɘůɗɖŰɐɟŮɠ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ɛŮ 5V Ŭˊɧ Űɞɜ ɡˊɞɓɘɓŬůŰɐ ŰɎůɖɠ (Step Down Voltage 

Regulator) əŬɘ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɞɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ɛŮ Űɖɜ ɢɟɐůɖ ŭɡɞ ŬəɟɞŭŮəŰɩɜ.  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɞɡ ɟɞɛˊɧŰ ɛŮ Űɞɡɠ ɢɟɐůŰŮɠ ˊɟɞůŰɏɗɖəŬɜ ŰɟŮɘɠ 

ŬɘůɗɖŰɐɟŮɠ ŮˊŬɔɤɔɘəɐɠ ŮˊŬűɐɠ (Capacitive Touch Sensor), ɏɜŬ əɞɡɛˊɑ əŬɘ ɞɟɘůɛɏɜɞɘ ŭɑɞŭɞɘ 

Ůəˊɞɛˊɐɠ űɤŰɧɠ (LED) ůŮ ůɢɐɛŬ ůŰŮűɎɜɖɠ 12 ůŰɞɘɢŮɑɤɜ. Ƀɘ ŰɟŮɘɠ ŬɘůɗɖŰɐɟŮɠ ɢɤɟɖŰɘəɐɠ 

ŮˊŬɔɤɔɐɠ  (Capacitive Touch Sensor) ŬˊŬɘŰɞɨɜ 5V ŰɟɞűɞŭɞůɑŬɠ əŬɘ ɏɜŬ ŬəɟɞŭɏəŰɖ ɔɘŬ Űɖɜ 

ůɨɜŭŮůɖ Űɞɡɠ ɛŮ Űɞɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ. ɇɞ əɞɡɛˊɑ ŮɑɜŬɘ ɏɜŬɠ ŭɘŬəɧˊŰɖɠ ɛŮ ŭɨɞ ŬəɟɞŭɏəŰŮɠ, ɞ 

ˊɟɩŰɞɠ ůɡɜŭɏŮŰŬɘ ůŰɖɜ ŰɟɞűɞŭɞůɑŬ 5V əŬɘ ɞ ŭŮɨŰŮɟɞɠ ůŮ ɏɜŬɜ ŬəɟɞŭɏəŰɖ ɔŮɜɘəɞɨ ůəɞˊɞɨ Űɞɡ 
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Raspberry Pi 4. ɇɏɚɞɠ, ɖ ůŰŮűɎɜɖ ŭɘɧŭɤɜ Ůəˊɞɛˊɐɠ űɤŰɧɠ (LED) ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ ŰɎůɖ Ůɘůɧŭɞɡ 

5V əŬɘ ŭɏɢŮŰŬɘ ŮɜŰɞɚɏɠ ɛɏůɤ Ůɜɧɠ ŬəɟɞŭɏəŰɖ Ŭˊɧ Űɞɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ.  

Ƀ ɢŮɘɟɘůɛɧɠ Űɤɜ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ Ŭˊɧ Űɞɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ŭɘŮəˊŮɟŬɘɩɜŮŰŬɘ ůɨɛűɤɜŬ 

ɛŮ Űɞ ˊɟɤŰɧəɞɚɚɞ ŮˊɘəɞɘɜɤɜɑŬɠ Inter-Integrated Circuit (I2C). ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ˊɟɤŰɧəɞɚɚɞ 

ɢɟɖůɘɛɞˊɞɘŮɑ ŭɨɞ ŬəɟɞŭɏəŰŮɠ, ɏɜŬ ɔɘŬ ŰŬ ŭŮŭɞɛɏɜŬ (SDA) əŬɘ ɏɜŬ ɔɘŬ Űɞɜ ůɡɔɢɟɞɜɘůɛɧ Űɞɡ 

ɟɞɚɞɔɘɞɨ (SDL). Ƀ ŮɚŮɔəŰɐ PCA9685 PWM, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɞɜ ɢŮɘɟɘůɛɧ Űɤɜ ůɏɟɓɞ 

əɘɜɖŰɐɟɤɜ, ŰɟɞűɞŭɞŰŮɑŰŬɘ Ŭˊɧ Űɞɜ ɡˊɞɓɘɓŬůŰɐ ŰɎůɖɠ (Step Down Voltage Regulator) ɛŮ 5V. 

ɇɏɚɞɠ, ɞɘ ůɏɟɓɞ əɘɜɖŰɐɟŮɠ ůɡɜŭɏɞɜŰŬɘ ůŰɖɜ əɎŰɤ ɛŮɟɘɎ Űɖɠ ˊɚŬəɏŰŬɠ ůŮ əɎɗŮŰɖ ŭɘɎŰŬɝɖ ɛɏůɤ 

Űɟɘɩɜ ŬəɟɞŭŮəŰɩɜ PWM, V++ əŬɘ GND. ɆŰɞ ɟɞɛˊɧŰ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɏɝɘ ůɏɟɓɞ əɘɜɖŰɐɟŮɠ 

MG995 ɔɤɜɑŬɠ 0-180 ɛɞɘɟɩɜ. 

ũɘŬ Űɖɜ űɤɜɖŰɘəɐ əŬɘ ŬəɞɡůŰɘəɐ ŮˊɘəɞɘɜɤɜɑŬ Űɞɡ ɢɟɐůŰɖ ɛŮ Űɞ ɟɞɛˊɧŰ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɏɜŬ ɛɘəɟɧűɤɜɞ ɓɨůɛŬŰɞɠ (jack) 3.5 mm, əŬɘ ɏɜŬ ůŮŰ ɖɢŮɑɤɜ ɛŮ Ůɑůɞŭɞ ɓɨůɛŬ (jack) 3.5 mm. 

ɄɟɞəŮɘɛɏɜɞɡ ŰŬ ŭɨɞ ŬɡŰɎ ŮɝŬɟŰɐɛŬŰŬ ɜŬ ůɡɜŭŮɗɞɨɜ ůŰɖɜ ɗɨɟŬ Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ ɐɢɞɡ (audio jack) 

Űɖɠ ˊɚŬəɏŰŬɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬɠ ůɨɜŭŮůɛɞɠ (audio splitter). 

ȼ ɞɗɧɜɖ Ŭűɐɠ 7 ɘɜŰůɩɜ ůɡɜŭɏɗɖəŮ ůŰɞɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ɛɏůɤ Űɖɠ ɗɨɟŬɠ DSI (Display 

Serial Interface) ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ Raspberry Pi 4. H əɎɛŮɟŬ Pi Camera ůɡɜŭɏɗɖəŮ ůŰɞɜ 

ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ůŰɖɜ ɗɨɟŬ CSI (Camera Serial Interface), ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ əŬɘ ŬɡŰɐ ˊɎɜɤ ůŰɞ 

Raspberry Pi 4.  

ȳɚɞɘ ɞɘ ŬəɟɞŭɏəŰŮɠ (ȺɘəɧɜŬ 32) ˊɞɡ ůɡɜŭɏɞɡɜ ŰŬ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑŬ ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 9). 

 

ȷ/ȷ ȺɝɎɟŰɖɛŬ ɇɟɞűɞŭɞůɑŬ (V) 
Pin Űɞɡ 

Raspberry Pi 4  

1 Ƀŭɖɔɧɠ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ TB6560 Ɂɞ1 12 29, 31 

2 Ƀŭɖɔɧɠ ɓɖɛŬŰɘəɞɨ əɘɜɖŰɐɟŬ TB6560 Ɂɞ2 12 38, 40 

3 Ɉˊɏɟɡɗɟɞɠ ŬɘůɗɖŰɐɟŬɠ hw-006 V1.3 Ɂɞ1 5 21 

4 Ɉˊɏɟɡɗɟɞɠ ŬɘůɗɖŰɐɟŬɠ hw-006 V1.3 Ɂɞ2 5 23 

5 Ɉˊɏɟɖɢɞɠ ŬɘůɗɖŰɐɟŬɠ hy-srf05 Ɂɞ1 5 11, 13 
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6 Ɉˊɏɟɖɢɞɠ ŬɘůɗɖŰɐɟŬɠ hy-srf05 Ɂɞ2 5 11, 15 

7 ɉɤɟɖŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Ŭűɐɠ hw-139 Ɂɞ1 5 16 

8 ɉɤɟɖŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Ŭűɐɠ hw-139 Ɂɞ2 5 18 

9 ɉɤɟɖŰɘəɧɠ ŬɘůɗɖŰɐɟŬɠ Ŭűɐɠ hw-139 Ɂɞ3 5 22 

10 Ⱦɞɡɛˊɑ 5 36 

11 ɆŰŮűɎɜɘ 12 ŭɘɧŭɤɜ Ůəˊɞɛˊɐɠ űɤŰɧɠ ws2812b 5 12 

12 Ƀŭɖɔɧɠ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ PCA9685 5 3, 5 

ɄɑɜŬəŬɠ 9: ɄɑɜŬəŬɠ Ůɘůɧŭɤɜ/ Ůɝɧŭɤɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ 

 

 

ȺɘəɧɜŬ 32: Ⱥɑůɞŭɞɘ/ ɏɝɞŭɞɘ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ 

3.5 ȺɜŮɟɔŮɘŬəɏɠ Ŭ́ ŬɘŰɐůŮɘɠ 

ũɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɟɞɛˊɧŰ ɏɔɘɜŮ ɛŮɚɏŰɖ ɔɘŬ Űɖɜ ŬˊŬɟŬɑŰɖŰɖ ŮɜɏɟɔŮɘŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ˊɟɞəŮɘɛɏɜɞɡ Űɧůɞ ɞ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐɠ Raspberry Pi 4 ɧůɞ ɞɘ əɘɜɖŰɐɟŮɠ əŬɘ 

ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ŭɘŬɗɏŰŮɘ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɚŮɘŰɞɡɟɔɞɨɜ ŬˊɟɞɓɚɖɛɎŰɘůŰŬ. ũɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ 
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Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮˊɘɚɏɢɗɖəŮ ɛɘŬ ɛˊŬŰŬɟɘɎ ɚɘɗɑɞɡ 14V əŬɘ 8Ah. ȷˊŬɑŰɖůɖ Űɞɡ ɟɞɛˊɞŰɘəɞɨ 

ůɡůŰɐɛŬŰɞɠ ɐŰŬɜ Űɞ ɛɘəɟɧ ɓɎɟɞɠ, ɖ ɛŮɔɎɚɖ ŬɡŰɞɜɞɛɑŬ ŬɚɚɎ əŬɘ ɞ ɛɘəɟɧɠ ɢɟɧɜɞɠ ŮˊŬɜŬűɧɟŰɘůɖɠ. 

Ƀɘ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɜɏɟɢɞɜŰŬɘ ůŰŬ 

3ȷ. Ƀɘ ɓɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ Űɖɜ əɑɜɖůɖ Űɞɡ ɟɞɛˊɧŰ ůŰɞɜ ɢɩɟɞ 

ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ɛŮ 12V əŬɘ əŬŰŬɜŬɚɩɜɞɡɜ 2,5ȷ ɏəŬůŰɞɠ ůŮ ɛɏɔɘůŰɞ űɞɟŰɑɞ. Ƀɘ ůɏɟɓɞ əɘɜɖŰɐɟŮɠ 

ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ Űɖɜ əɑɜɖůɖ Űɤɜ ɢŮɟɘɩɜ ŬɚɚɎ əŬɘ Űɞɡ əŮűŬɚɘɞɨ ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ɛŮ 5V əŬɘ 

əŬŰŬɜŬɚɩɜɞɡɜ ůŮ ɛɏɔɘůŰɞ űɞɟŰɑɞ 1,2ȷ. Ƀɘ ŬɘůɗɖŰɐɟŮɠ əŬɘ ɞɘ ŮɜŭŮɘəŰɘəɏɠ ɚɡɢɜɑŮɠ Űɞɡ ɟɞɛˊɧŰ 

əŬŰŬɜŬɚɩɜɞɡɜ əŬŰɎ ɛɏůɞ ɧɟɞ 400mA.   

3.6 ɆɢŮŭɘŬůɛɧɠ əŬɘ ŮɛűɎɜɘůɖ ɟɞɛˊɧŰ   

ũɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɖɠ ŮɛűɎɜɘůɖɠ Űɞɡ ɟɞɛˊɧŰ (ȺɘəɧɜŬ 33) ɛŮɚŮŰɖɗɐəŬɜ ɞɘ ɚŮɘŰɞɡɟɔɘəɏɠ 

ŬɜɎɔəŮɠ, ɖ ŬůűɎɚŮɘŬ, ŬɚɚɎ əŬɘ ɖ ɛŮɚɚɞɜŰɘəɐ ŬɜɎˊŰɡɝɖ Űɞɡ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ůɢŮŭɘɎůŰɖəŬɜ ɛŮ Űɖɜ 

ɓɞɐɗŮɘŬ ůɡɜŮɟɔɎŰɖ Űɞɡ ŮɟɔŬůŰɐɟɘɞɡ ɅɞɛˊɞŰɘəɐɠ, ȺɜůɤɛŬŰɤɛɏɜɤɜ əŬɘ Ƀɚɞəɚɖɟɤɛɏɜɤɜ 

ɆɡůŰɖɛɎŰɤɜ, ˊɟɞəŮɑɛŮɜɞɡ ɜŬ ůɢŮŭɘŬůŰɞɨɜ ŰŬ ˊɚŬůŰɘəɎ Űɞɡ ɟɞɛˊɧŰ. 

¶ ɇɞ ůŬůɑ Űɞɡ ɟɞɛˊɧŰ ůɢŮŭɘɎůŰɖəŮ ɛŮ Űɟɧˊɞ ɩůŰŮ ɜŬ ŮɝŬůűŬɚɑůŮɘ Űɖɜ ůŰŬɗŮɟɧŰɖŰŬ, Űɖɜ 

ŬɜɗŮəŰɘəɧŰɖŰŬ ŬɚɚɎ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ əɑɜɖůɖ, əɏɜŰɟɞ ɓɎɟɞɡɠ. 

¶ ɇɞ ŮůɤŰŮɟɘəɧ Űɖɠ əŬŰŬůəŮɡɐ ́ ɟɞůŰŬŰŮɨŮŰŬɘ Ŭˊɧ ˊɚŬůŰɘəɎ əŬɚɨɛɛŬŰŬ ɔɘŬ ɜŬ ŬˊɞŰɟŬˊŮɑ ɖ 

ˊɟɧůɓŬůɖ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ, ůŰɞ ɞˊɞɑɞ űɘɚɞɝŮɜɞɨɜŰŬɘ ŰŬ ɖɚŮəŰɟɞɜɘəɎ Űɞɡ ɛɏɟɖ.  

¶ ɇɞ ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ ŭɘŬɗɏŰŮɘ ŭɨɞ ɓɟŬɢɑɞɜŮɠ ɛŮ ŭɘˊɚɏɠ ŬɟɗɟɩůŮɘɠ. Ȱɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ɛŮ 

ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ůŰɞ ɟɞɛˊɧŰ ɜŬ ŭɑɜŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊɟɞůɗɐəɖɠ ŭɘŬűɧɟɤɜ ŮɝŬɟŰɖɛɎŰɤɜ 

ůŰŬ ɢɏɟɘŬ Űɞɡ, ɛŮ ŰŬ ɞˊɞɑŬ ŭɘŮɡɟɨɜɞɜŰŬɘ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ əŬɘ ŰŬ ůŮɜɎɟɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ɛˊɞɟŮɑ 

ɜŬ ŮəŰŮɚɏůŮɘ. 

¶ ɇɞ əŮűɎɚɘ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əɘɜɖɗŮɑ ůŮ ŭɨɞ ɎɝɞɜŮɠ, Űɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ (ŭŮɝɘɎ - 

ŬɟɘůŰŮɟɎ) əŬɘ Űɞɜ əɎɗŮŰɞ ɎɝɞɜŬ (ˊɎɜɤ - əɎŰɤ). ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɛˊɞɟŮɑ ɜŬ ŮəűɟɎɕŮɘ 

əŬɚɨŰŮɟŬ ŰŬ ůɡɜŬɘůɗɐɛŬŰŬ (ůɡɛűɤɜɑŬ, Ɏɟɜɖůɖ, ŮəɜŮɡɟɘůɛɧɠ əɚˊ.) ˊɞɡ ˊɖɔɎɕɞɡɜ Ŭˊɧ ŰŬ 

ŭɘɎűɞɟŬ ůŮɜɎɟɘŬ ˊɞɡ ŮəŰŮɚŮɑ.  

¶ ȼ ˊɟɞůɗɐəɖ ɢŮɘɟɞɚŬɓɐɠ əɟɑɗɖəŮ ŬɜŬɔəŬɑŬ ɔɘŬ Űɖɜ Ŭˊɚɞˊɞɑɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ɛŮŰŬűɞɟɎɠ 

Űɞɡ. 
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ȳɚŬ ŰŬ əɞɛɛɎŰɘŬ Űɞɡ ɟɞɛˊɧŰ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰŬɢŮɑŬɠ 

ˊɟɤŰɞŰɡˊɞˊɞɑɖůɖɠ. ɇɞ ˊɞɚɡɔŬɚŬəŰɘəɧ ɞɝɨ ɐ əɞɘɜɧɠ PLA ŬˊɞŰŮɚŮɑ Űɞ ɡɚɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ˊɟɤŰɧŰɡˊɞɡ ɛɞɜŰɏɚɞɡ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɓɘɞŭɘŬůˊɩɛŮɜɞ əŬɘ ɓɘɞŭɟŬůŰɘəɧ 

ɗŮɟɛɞˊɚŬůŰɘəɧ. 

 

ȺɘəɧɜŬ 33: ɇɟɘůŭɘɎůŰŬŰɞ ůɢɏŭɘɞ ŮɛűɎɜɘůɖɠ ɟɞɛˊɧŰ 

3.7 Ɇɨɜɞɣɖ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎůŰɖəŬɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɏɢŮɘ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ 

ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ. ȰɔɘɜŮ ŬɜŬűɞɟɎ ůŰɘɠ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ɢɟɖůŰɩɜ əŬɘ ůŰɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ˊɞɡ Űɞɡɠ 

ˊŬɟɏɢɞɜŰŬɘ. ɄŮɟɘɔɟɎűɖəŮ ɖ ɛɏɗɞŭɞɠ ůɡɜŭŮůɛɞɚɞɔɑŬɠ Űɤɜ ˊŮɟɘűŮɟŮɘŬəɩɜ ɛŮ Űɞɜ 

ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ, ɞɘ ŮɜŮɟɔŮɘŬəɏɠ ŬˊŬɘŰɐůŮɘɠ əŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ ˊɞɡ ŰɏɗɖəŬɜ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ 

Űɞɡ ůɩɛŬŰɞɠ Űɞɡ ɟɞɛˊɧŰ. 
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ȾŮűɎɚŬɘɞ 4 ï ȷɜɎɚɡůɖ ȿɞɔɘůɛɘəɞɨ 

ȷűɞɨ ˊŮɟɘŮɔɟŬűɐəŬɜ ɞɘ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ŬˊŬɟŬɑŰɖŰɞɡ ɡɚɘəɞɨ ɛɏɟɞɡɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ůŰɞ 

ˊŬɟɧɜ əŮűɎɚŬɘɞ ŮˊŮɝɖɔŮɑŰŬɘ ɖ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ. ȷɜŬɚɨŮŰŬɘ Űɞ ɚɞɔɘůɛɘəɧ ˊɞɡ 

ɡɚɞˊɞɘɐɗɖəŮ əŬɘ ŮɔəŬŰŬůŰɎɗɖəŮ ůŰɞɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ɛŬɠ. ɇŬ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮɜɎɟɘŬ əŬɘ 

ɘŭɘɧŰɖŰŮɠ ˊɞɡ ˊɟɞůŭɑŭɞɡɜ ůŰɞ ɟɞɛˊɧŰ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ŭɘŬůɨɜŭŮůɖɠ Űɞɡ ɟɞɛˊɧŰ ɛŮ Űɞ ́ɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ əŬɘ ˊɤɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɛŮŰŬɝɨ 

Űɞɡɠ ŮˊɘəɞɘɜɤɜɑŬ.  

4.1 ȿɞɔɘůɛɘəɧ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ 

ɇɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɞɜ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ɛŬɠ ŮɑɜŬɘ Űɞ Raspberry 

Pi OS. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ ɛŮ ɓɎůɖ Űɞ ɚŮɘŰɞɡɟɔɘəɧ Debian ɔɘŬ Űɞ Raspberry 

Pi. ȼ ŮɔəŬŰɎůŰŬůɖ Űɖɠ ŭɘŬɜɞɛɐɠ Raspbian Buster ɏɔɘɜŮ ůŮ ɛɘŬ MicroSD 3 GB.   

ũɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ, ɢɟŮɘɎůŰɖəŮ ɖ 

ˊŬɟŬɛŮŰɟɞˊɞɑɖůɖ Űɞɡ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ Űɧůɞ 

Ůɑůɞŭɞɘ ɧůɞ əŬɘ ɞɘ ɏɝɞŭɞɘ ˊɞɡ ŭɘŬɗɏŰŮɘ ɖ ˊɚŬəɏŰŬ. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɏɔɘɜŮ ɖ ŮɔəŬŰɎůŰŬůɖ Űɤɜ 

ŬˊŬɟŬɑŰɖŰɤɜ ɓɘɓɚɘɞɗɖəɩɜ əŬɘ ŮɟɔŬɚŮɑɤɜ. Ƀɘ ɓɘɓɚɘɞɗɐəŮɠ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ ɔɘŬ Űɞɜ ŮɜŰɞˊɘůɛɧ 

ˊɟɞůɩˊɤɜ əŬɘ ŬɜŰɘəŮɘɛɏɜɤɜ ŮɑɜŬɘ Űɞ OpenCV python library əŬɘ ɖ Caffe model deep learning 

framework. ȼ ŮɔəŬŰɎůŰŬůɖ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ PyQt v5 əŬɘ Űɞɡ ůɢŮŭɘŬůŰɐ QtDesigner əɟɑɗɖəŬɜ 

ŬɜŬɔəŬɑŬ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ. ɈˊŮɨɗɡɜŮɠ ɔɘŬ Űɖɜ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ɐɢɤɜ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɞɘ ɓɘɓɚɘɞɗɐəŮɠ Pulse audio əŬɘ Simple audio. Ƀ ɢŮɘɟɘůɛɧ Űɤɜ ůɏɟɓɞ 

əɘɜɖŰɐɟɤɜ əŬɘ Űɖɠ ůŰŮűɎɜɖɠ LED ɏɔɘɜŮ ɛŮ Űɖɜ ɓɞɐɗŮɘŬ Űɤɜ Adafruit-circuitPython-servokit əŬɘ 

Adafruit-circuitPython-neopixel ŬɜŰɑůŰɞɘɢŬ. ȼ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ŬəɟɞŭŮəŰɩɜ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ 

(GPIO) ɏɔɘɜŮ ɛŮ Űɖɜ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɖ ɓɘɓɚɘɞɗɐəɖ gpiozero. ȼ ůɨɜŭŮůɖ Űɞɡ ɟɞɛˊɧŰ ɛŮ Űɞ 

ŭɘŬŭɑəŰɡɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ ComitUp ́ ɞɡ ˊɟɞůűɏɟŮɘ ŭɡɜŬŰɧŰɖŰŬ ůɨɜŭŮůɖɠ ůŰɞ 

ŭɘŬŭɑəŰɡɞ ɛɏůɤ Ɏɚɚɖɠ ůɡůəŮɡɐɠ. ɇɏɚɞɠ, Űɞ ɚɞɔɘůɛɘəɧ GCompris ŮɔəŬŰŬůŰɎɗɖəŮ ɛŮ ůəɞˊɧ  Űɖɜ 

ˊɟɞůɗɐəɖ ˊɚɖɗɩɟŬɠ ŮəˊŬɘŭŮɡŰɘəɩɜ ˊŬɘɢɜɘŭɘɩɜ ůŰɞ ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ.  
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4.2 ɆɡɜŬɟŰɐůŮɘɠ   

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɜɧŰɖŰŬ ɗŬ ˊŬɟɞɡůɘŬůŰɞɨɜ əŬɘ ɗŬ ŬɜŬɚɡɗɞɨɜ ɞɘ əɩŭɘəŮɠ ˊɞɡ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜɞɘ ɔɘŬ Űɞ əŮɜŰɟɘəɧ əɞɡɛˊɑ Űɞɡ ɟɞɛˊɧŰ, Űɖɜ əɑɜɖůɖ Űɤɜ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ, ůɏɟɓɞ 

əɘɜɖŰɐɟɤɜ, Űɖɜ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ŬɘůɗɖŰɐɟɘɤɜ ɞɟɔɎɜɤɜ əŬɘ Űɖɠ ůŰŮűɎɜɖɠ led. 

4.2.1 Ⱦɞɡɛˊɑ ˊɞɚɚŬˊɚɩɜ ɢɟɐůŮɤɜ   

ɇɞ ɟɞɛˊɧŰ ŭɘŬɗɏŰŮɘ ůŰɞ ůŰɐɗɞɠ Űɞɡ ɏɜŬ ůŰɟɞɔɔɡɚɧ, ɛŮɔɎɚɞ ůŮ ɛɏɔŮɗɞɠ, əɞɡɛˊɑ ˊɞɚɚŬˊɚɩɜ 

ɢɟɐůŮɤɜ. ȸŬůɘəɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ŮɑɜŬɘ ɜŬ ɓɞɖɗɎŮɘ ůŰɖɜ ˊɚɞɐɔɖůɖ Űɞɡ ɛŮɜɞɨ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɀŮ 

ˊŬɟŬŰŮŰŬɛɏɜɞ ˊɎŰɖɛŬ ŭɨɞ ŭŮɡŰŮɟɞɚɏˊŰɤɜ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ Ŭɟɢɘəɐ ɞɗɧɜɖ əŬɘ ˊŬɟɎɚɚɖɚŬ 

ůŰŬɛŬŰɎŮɘ ɧɚŮɠ Űɘɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ɟɞɛˊɧŰ ɗɏŰɞɜŰŬɠ ůŮ Ŭɟɢɘəɐ əŬŰɎůŰŬůɖ Űɞɡɠ əɘɜɖŰɐɟŮɠ, Űɞ 

əŮűɎɚɘ əŬɘ ŰŬ ɢɏɟɘŬ. ɇɏɚɞɠ, ɛŮ ˊŬɟŬŰŮŰŬɛɏɜɞ ˊɎŰɖɛŬ ɞəŰɩ ŭŮɡŰŮɟɞɚɏ́ Űɤɜ əɚŮɑɜŮɘ Űɞ ɟɞɛˊɧŰ.   

4.2.2 ȷɘůɗɖŰɐɟŮɠ ŬˊɧůŰŬůɖɠ 

ɇɞ ɟɞɛˊɧŰ ůŰɞ ůɩɛŬ Űɞɡ, ŭɘŬɗɏŰŮɘ ŭɨɞ ɡˊŮɟɖɢɖŰɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɘ ɔɘŬ 

Űɞɜ ŮɜŰɞˊɘůɛɧ ŬɜŰɘəŮɘɛɏɜɤɜ, əŬɗɩɠ əŬɘ ŭɨɞ ɡˊɏɟɡɗɟɞɡɠ ŬɘůɗɖŰɐɟŮɠ ́ ɞɡ ŮɜŰɞˊɑɕɞɡɜ Ŭɜ Űɞ ɟɞɛˊɧŰ 

ɓɟɑůəŮŰŬɘ ˊɎɜɤ ůŮ əɎˊɞɘŬ ŮˊɘűɎɜŮɘŬ. Ƀɘ ŬɘůɗɖŰɐɟŮɠ ŬɡŰɞɑ ɚŮɘŰɞɡɟɔɞɨɜ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɞɡɠ 

əɘɜɖŰɐɟŮɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűŮɡɢɗŮɑ ůɨɔəɟɞɡůɖ Űɞɡ ɟɞɛˊɧŰ ɛŮ əɎˊɞɘɞ Ůɛˊɧŭɘɞ ɐ əɎˊɞɘŬ ˊɘɗŬɜɐ 

ˊŰɩůɖ Űɞɡ ɟɞɛˊɧŰ.  

ȼ ůɡɜɎɟŰɖůɖ ultra _sonic _front ()  əŬɘ ultra_sonic_back () (ȺɘəɧɜŬ 34) 

ŭɏɢɞɜŰŬɘ ůŬɜ ɧɟɘůɛŬ Űɖɜ ŬˊɧůŰŬůɖ, ɔɘŬ ɜŬ ůŰŬɛŬŰɐůŮɘ Űɞ ɟɞɛˊɧŰ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɜŰɞˊɑůŮɘ 

əɎˊɞɘɞ Ůɛˊɧŭɘɞ. ũɘŬ ɚɧɔɞɡɠ ŬůűɎɚŮɘŬɠ ɖ Űɘɛɐ Űɖɠ ŬˊɧůŰŬůɖɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ 

ˊɏɜŰŮ ŮəŬŰɞůŰɎ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ɟɞɛˊɧŰ ŮɜŰɞˊɑůŮɘ əɎˊɞɘɞ Ůɛˊɧŭɘɞ ŮˊɘůŰɟɏűŮɘ ɛɘŬ ɣŮɡŭɐɠ 

boolean Űɘɛɐ ˊɟɞəŮɑɛŮɜɞɡ ɜŬ ŬəɘɜɖŰɞˊɞɘɖɗɞɨɜ ɞɘ əɘɜɖŰɐɟŮɠ. ȳŰŬɜ ɖ Űɘɛɐ ŬɚɚɎɝŮɘ ɞɘ əɘɜɖŰɐɟŮɠ ɗŬ 

ůɡɜŮɢɑůɞɡɜ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɞɚɞəɚɖɟɩůɞɡɜ Űɖɜ əɑɜɖůɖ Űɞɡɠ.             
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ȺɘəɧɜŬ 34: ɆɡɜŬɟŰɐůŮɘɠ Ůɚɏɔɢɞɡ ɡˊŮɟɖɢɖŰɘəɩɜ ŬɘůɗɖŰɐɟɤɜ 

ȼ ůɡɜɎɟŰɖůɖ ir _front ()  əŬɘ ir _back ( ) (ȺɘəɧɜŬ 35) Ůɚɏɔɢɞɡɜ Űɞɡɠ ɡˊɏɟɡɗɟɞɡɠ 

ŬɘůɗɖŰɐɟŮɠ Űɞɡ ɟɞɛˊɧŰ ˊɞɡ ɏɢɞɡɜ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞ əɎŰɤ ɛɏɟɞɠ ɛŮ ůəɞˊɧ ɜŬ ŮɜŰɞˊɑɕɞɡɜ Űɖɜ 

ŬɚɚŬɔɐ ŮˊɘűɎɜŮɘŬɠ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ Űɞ əŮɜɧ. Ƀɘ ůɡɜŬɟŰɐůŮɘɠ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɚɚŬɔɐɠ ŮˊɘűɎɜŮɘŬɠ, 

ŮˊɘůŰɟɏűɞɡɜ ɛɘŬ ɣŮɡŭɐɠ boolean Űɘɛɐ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬəɘɜɖŰɞˊɞɘɖɗɞɨɜ ɞɘ əɘɜɖŰɐɟŮɠ. 

 

ȺɘəɧɜŬ 35: ɆɡɜŬɟŰɐůŮɘɠ Ůɚɏɔɢɞɡ ɡˊɏɟɡɗɟɤɜ ŬɘůɗɖŰɐɟɤɜ 
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4.2.3 ȺˊŬɔɤɔɘəɞɑ ŬɘůɗɖŰɐɟŮɠ Ŭűɐɠ 

ɇɞ ɟɞɛˊɧŰ ŭɘŬɗɏŰŮɘ ŰɟŮɘɠ ŮˊŬɔɤɔɘəɞɨɠ ŬɘůɗɖŰɐɟŮɠ Ŭűɐɠ. ȰɜŬɠ ɏɢŮɘ ŰɞˊɞɗŮŰɖɗŮɑ ůŰɞ əŮűɎɚɘ 

əŬɘ Ŭɚɚɞɘ ŭɨɞ ůŰɞɡɠ ɩɛɞɡɠ. ȼ ůɡɜɎɟŰɖůɖ touch ( ) (ȺɘəɧɜŬ 36) ŭɏɢŮŰŬɘ ůŬɜ ɧɟɘůɛŬ Űɞ id (1-

3) Űɞɡ ŬɘůɗɖŰɐɟŬ əŬɘ ŮˊɘůŰɟɏűŮɘ ɛɘŬ Ŭɚɖɗɐɠ Űɘɛɐ boolean ɧŰŬɜ ŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɞ ŬɘůɗɖŰɐɟŬɠ. 

 

ȺɘəɧɜŬ 36: ɆɡɜɎɟŰɖůɖ Ůɚɏɔɢɞɡ ŮˊŬɔɤɔɘəɩɜ ŬɘůɗɖŰɐɟɤɜ Ŭűɐɠ 

4.2.4 ȹɑɞŭɞɘ Ůəˊɞɛˊɐɠ űɤŰɧɠ 

ũɘŬ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ůŰŮűɎɜɖɠ led ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɓɘɓɚɘɞɗɐəɖ board əŬɘ neopixel 

(ȺɘəɧɜŬ 37). ȼ ůɡɜɎɟŰɖůɖ rainbow_cycle ( ) ŭɏɢŮŰŬɘ ůŬɜ ɧɟɘůɛŬ Űɖɜ ŰŬɢɨŰɖŰŬ Űɖɠ əɡəɚɘəɐ 

ŮɜŬɚɚŬɔɐɠ Űɤɜ ɢɟɤɛɎŰɤɜ Űɤɜ led. ȼ ůɡɜɎɟŰɖůɖ set_led ()  ŬɝɘɞˊɞɘŮɑ Űɖɜ əɚɎůɖ Űɖɠ 

ɓɘɓɚɘɞɗɐəɖɠ neopixel pixels.fill  əŬɘ ŭɏɢŮŰŬɘ ůŬɜ ɞɟɑůɛŬŰŬ Űɞɜ əɤŭɘəɧ Űɞɡ ɢɟɩɛŬŰɞɠ ůŮ RGB (Red, 

Green, Blue).  

 

ȺɘəɧɜŬ 37: ɆɡɜɎɟŰɖůɖ ŭɘɧŭɤɜ Ůəˊɞɛˊɐɠ űɤŰɧɠ 
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4.2.5 Ɇɏɟɓɞ əɘɜɖŰɐɟŮɠ  

ũɘŬ Űɖɜ ůɤůŰɐ ŭɘŬŰɐɟɖůɖ Űɤɜ əɘɜɖŰɐɟɤɜ ɡɚɞˊɞɘɐɗɖəŬɜ ŭɨɞ ůɡɜŬɟŰɐůŮɘɠ ɖ 

servo_move ()  əŬɘ ɖ ůɡɜɎɟŰɖůɖ servo_speed ()  (ȺɘəɧɜŬ 38). ȼ ˊɟɩŰɖ ůɡɜɎɟŰɖůɖ ŭɏɢŮŰŬɘ 

ůŬɜ ɞɟɑůɛŬŰŬ Űɞɜ Ŭɟɘɗɛɧ (id) Űɞɡ ůɏɟɓɞ əɘɜɖŰɐɟŬ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ ŮɜŮɟɔɞˊɞɘɐůɞɡɛŮ əŬɘ Űɖɜ ɗɏůɖ 

Űɞɡ ůŮ ɛɞɑɟŮɠ (ang). ȼ ŭŮɨŰŮɟɖ ůɡɜɎɟŰɖůɖ ŭɏɢŮŰŬɘ ˊŬɟŬɛɏŰɟɞɡɠ Űɞ ůɏɟɓɞ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ 

əɘɜɐůɞɡɛŮ (id), Űɖɜ ɗɏůɖ Űɞɡ ůŮ ɛɞɑɟŮɠ (ang), Űɞ ɓɐɛŬ Ŭɨɝɖůɖɠ Űɤɜ ɛɞɘɟɩɜ (step) əŬɘ Űɞɜ ɢɟɧɜɞ 

Ŭɨɝɖůɖɠ Űɤɜ ɛɞɘɟɩɜ (slp) ůŮ ŭŮɡŰŮɟɧɚŮˊŰŬ. Ƀɘ ŬˊɞŭŮəŰɏɠ ɔɤɜɑŮɠ Űɤɜ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ ŮɑɜŬɘ Ŭˊɧ 

ɛɖŭɏɜ ɛɏɢɟɘ ŮəŬŰɧɜ ɞɔŭɧɜŰŬ. 

 

ȺɘəɧɜŬ 38: ɆɡɜɎɟŰɖůɖ Ůɚɏɔɢɞɡ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ 

 

ȺɘəɧɜŬ 39: ȷɜŰɘůŰɞɘɢɑŬ ůɏɟɓɞ əɘɜɖŰɐɟɤɜ 
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4.2.6 ȸɖɛŬŰɘəɞɑ əɘɜɖŰɐɟŮɠ  

ũɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɓɖɛŬŰɘəɩɜ əɘɜɖŰɐɟɤɜ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ əɑɜɖůɖ Űɞɡ ɟɞɛˊɧŰ ɔɘŬ ůɡɔəŮəɟɘɛɏɜɞ ɢɟɧɜɞ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ŰŬɢɨŰɖŰŬ əŬɘ 

ɓɐɛŬŰŬ. 

Ƀɘ ɓɘɓɚɘɞɗɐəŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŮɑɜŬɘ ɖ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɖ ɓɘɓɚɘɞɗɐəɖ time əŬɘ ɖ 

RPi.GPIO. ɆŰɖɜ ůɡɜɏɢŮɘŬ, ɏɔɘɜŮ ɞ ɞɟɘůɛɧɠ əŬɘ ɖ ŬɜɎɗŮůɖ Űɤɜ Ůɝɧŭɤɜ Űɞɡ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ůɡɜŭŮůɛɞɚɞɔɑŬ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 9).  

Ƀɘ ůɡɜŬɟŰɐůŮɘɠ forward ()  əŬɘ backward ( )  (ȺɘəɧɜŬ 40) ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ ɔɘŬ əɑɜɖůɖ 

Űɞɡ ɟɞɛˊɧŰ ɛˊɟɞůŰɎ əŬɘ ˊɑůɤ əŬɘ ŭɏɢɞɜŰŬɘ ůŬɜ ɞɟɑůɛŬŰŬ Űɖɜ ŰŬɢɨŰɖŰŬ, Űɖɜ ŬˊɧůŰŬůɖ ˊɞɡ ɗŬ 

ŭɘŬɜɨůŮɘ əŬɘ Űɖɜ ŬˊɧůŰŬůɖ ˊɞɡ ɗŬ ůŰŬɛŬŰɐůŮɘ Űɞ ɟɞɛˊɧŰ Ŭɜ ŮɜŰɞˊɑůŮɘ əɎˊɞɘɞ Ůɛˊɧŭɘɞ. ũɘŬ ɚɧɔɞɡɠ 

ŬůűŬɚŮɑŬɠ ɖ ŰŬɢɨŰɖŰŬ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 10 ɛɞɜɎŭŮɠ əŬɘ ɖ Űɘɛɐ Űɖɠ ŬˊɧůŰŬůɖɠ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ ˊɏɜŰŮ ŮəŬŰɞůŰɎ.  

Ƀɘ ůɡɜŬɟŰɐůŮɘɠ right ()  əŬɘ left ( ) (ȺɘəɧɜŬ 41) Ůɚɏɔɢɞɡɜ Űɖɜ ůŰɟɞűɐ Űɞɡ ɟɞɛˊɧŰ 

ŭŮɝɘɎ əŬɘ ŬɟɘůŰŮɟɎ. ȹɏɢɞɜŰŬɘ ůŬɜ ɞɟɑůɛŬŰŬ Űɖɜ ŰŬɢɨŰɖŰŬ, Űɖɜ ŬˊɧůŰŬůɖ, Űɖɜ əŬŰŮɨɗɡɜůɖ əɑɜɖůɖ 

əŬɘ Űɖɜ ŬˊɧůŰŬůɖ ˊɞɡ ɗŬ ůŰŬɛŬŰɐůŮɘ Űɞ ɟɞɛˊɧŰ Ŭɜ ɓɟŮɗŮɑ əɎˊɞɘɞ Ůɛˊɧŭɘɞ.  

 

ȺɘəɧɜŬ 40: ɆɡɜŬɟŰɐůŮɘɠ əɑɜɖůɖɠ Űɞɡ ɟɞɛˊɧŰ ɛˊɟɞůŰɎ/ˊɑůɤ 
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ȺɘəɧɜŬ 41: ɆɡɜŬɟŰɐůŮɘɠ əɑɜɖůɖɠ Űɞɡ ɟɞɛˊɧŰ ŭŮɝɘɎ/ŬɟɘůŰŮɟɎ 

 

4.3 ȹɘŬůɨɜŭŮůɖ ɛŮ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ  

ɇɞ ɟɞɛˊɧŰ ŭɘŬɗɏŰŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬůɨɜŭŮůɖɠ ɛŮ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ, Ŭˊɧ Űɞ ɞˊɞɑɞ 

ɞ ɢɟɐůŰɖɠ ɗŬ ɏɢŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŰɟɏɢŮɘ ŰŬ ŭɘəɎ Űɞɡ ůŮɜɎɟɘŬ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ŬůűŬɚɐɠ 

ŭɘŬůɨɜŭŮůɖ əŬɘ ɞɘ ŭɨɞ ˊɚŮɡɟɏɠ ŮɑɜŬɘ ɡˊɞɢɟŮɤɛɏɜŮɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ ɏɜŬ ŮɘůɘŰɐɟɘɞ (token). 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ əɞɛɛɎŰɘ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŭŮɜ ɏɢŮɘ əɎˊɞɘŬ ɢɟɐůɖ ɛɧɜɞ Űɞɡ, ŬɚɚɎ ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ Űɞ ůɤůŰɧ ůɨůŰɖɛŬ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖɠ, ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ əɞɛɛɎŰɘ ŬůűɎɚŮɘŬɠ. ɇɞ ɟɞɛˊɧŰ 

ɛŮ Űɖɜ Ůəəɑɜɖůɖ Űɞɡ, ŮɚɏɔɢŮɘ ŮɎɜ ɡˊɎɟɢŮɘ ůɨɜŭŮůɖ ůŰɞ ŭɘŬŭɑəŰɡɞ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ŮɎɜ ɡˊɎɟɢŮɘ 

ůɨɜŭŮůɖ ůŮ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ. ɀŮŰɎ Űɞɜ ŮˊɘŰɡɢɐ ɏɚŮɔɢɞ, Űɞ ɟɞɛˊɧŰ ɕɖŰɎŮɘ ɏɜŬ ŮɘůɘŰɐɟɘɞ 

(token), Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑ ɔɘŬ Űɖɜ ɛŮŰɏˊŮɘŰŬ ŮˊɘəɞɘɜɤɜɑŬ ɛŮ Űɞ ůɨůŰɖɛŬ. ɇŬ ŮɘůɘŰɐɟɘŬ ɔɘŬ 

ɛŮɔŬɚɨŰŮɟɖ ŬůűɎɚŮɘŬ ɏɢɞɡɜ ŭɘɎɟəŮɘŬ ŰɟɘɎɜŰŬ ɚŮˊŰɎ. ɀŮ Űɖɜ ɚɐɝɖ Űɞɡ ŮɘůɘŰɖɟɑɞɡ Űɞ ɟɞɛˊɧŰ ɕɖŰɎŮɘ 

Ůə ɜɏɞɡ ŮɘůɘŰɐɟɘɞ Ŭˊɧ Űɞ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ.   
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ȺɘəɧɜŬ 42: ɆɡɜɎɟŰɖůɖ RobotCheckConnection 

ũɘŬ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ Űɞɡ ɟɞɛˊɞŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɞ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ əŬɘ Űɖɜ 

ˊŬɟŬɚŬɓɐ ŮɘůɘŰɖɟɑɞɡ (token) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůɡɜɎɟŰɖůɖ Űɖɠ ɓɘɓɚɘɞɗɐəɖ requests. ɆɡɔəɟɘɛɏɜŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ requests.post ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŮ ůŰɞ ˊɟɤŰɧəɞɚɚɞ HTTP (Hypertext Transfer 

Protocol). ɇɞ HTTP (ȺɘəɧɜŬ 43) ŮɑɜŬɘ ɏɜŬ ˊɟɤŰɧəɞɚɚɞ ˊɞɡ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ 

ŮˊɘəɞɘɜɤɜɑŬ ɛŮŰŬɝɨ ˊŮɚŬŰɩɜ əŬɘ ŭɘŬəɞɛɘůŰɩɜ. ȿŮɘŰɞɡɟɔŮɑ ɤɠ ˊɟɤŰɧəɞɚɚɞ Ŭˊɧəɟɘůɖɠ ŬɘŰɐɛŬŰɞɠ 

ɛŮŰŬɝɨ ˊŮɚɎŰɖ əŬɘ ŭɘŬəɞɛɘůŰɐ. 

 

ȺɘəɧɜŬ 43: ȿŮɘŰɞɡɟɔɑŬ ˊɟɤŰɞəɧɚɚɞɡ HTTP 
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ȼ ůɡɜɎɟŰɖůɖ RobotCheckConnection ( ) (ȺɘəɧɜŬ 42) ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ 

ůɨɜŭŮůɖɠ Űɞɡ ɟɞɛˊɧŰ ůŰɞ ŭɘŬŭɑəŰɡɞ ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ŭɘŬůɨɜŭŮůɖ Űɞɡ ɛŮ Űɞ ˊɚɖɟɞűɞɟɘŬəɧ 

ůɨůŰɖɛŬ. ɆŬɜ ˊɟɩŰɞ ɧɟɘůɛŬ ŭɏɢŮŰŬɘ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ ˊɚɖɟɞűɞɟɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. ɆŬɜ ŭŮɨŰŮɟɞ 

ɧɟɘůɛŬ Űɞ ɧɜɞɛŬ əŬɘ Űɞɜ ůŮɘɟɘŬəɧ Ŭɟɘɗɛɧ Űɞɡ ɟɞɛˊɧŰ ůŮ ŬɜŰɘəŮɑɛŮɜɞ Űɨˊɞɡ json. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɨ́Ŭɟɝɖɠ ůɨɜŭŮůɖɠ ůŰɞ ŭɘŬŭɑəŰɡɞ, ɖ ůɡɜɎɟŰɖůɖ ůŰɏɚɜŮɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɨˊɞɡ json ́ ɞɡ ˊŮɟɘɏɢŮɘ Űɞ 

ɧɜɞɛŬ əŬɘ Űɞɜ ůŮɘɟɘŬəɧ Ŭɟɘɗɛɧ Űɞɡ ɟɞɛˊɧŰ. ȷɜ ɖ ŮˊɘůŰɟŮűɧɛŮɜɖ əŬŰɎůŰŬůɖ (status) ŮɑɜŬɘ 

ŭɘŬəɧůɘŬ, ŭɖɚŬŭɐ ŮˊɘŰɡɢɐɠ ůɨɜŭŮůɖ, ˊŬɑɟɜŮɘ ɤɠ ŬˊɎɜŰɖůɖ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ 

ŮɘůɘŰɐɟɘɞ (token), Űɞ ɞˊɞɑɞ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɘŬ Űɖɜ ŮˊɘəɞɘɜɤɜɑŬ ɛŮ Űɞ 

ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ əŬŰɎůŰŬůɖ ɘůɞŭɡɜŬɛŮɑ ɛŮ ŰŮŰɟŬəɧůɘŬ ɏɜŬ, Űɞ ɧɜɞɛŬ 

əŬɘ ɞ ůŮɘɟɘŬəɧɠ Ŭɟɘɗɛɧɠ ŭŮɜ ŮɑɜŬɘ əŬŰŬɢɤɟɖɛɏɜŬ ůŰɞ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ, ˊŬɑɟɜŮɘ ɤɠ 

ŬˊɎɜŰɖůɖ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ˊɞɡ ˊŮɟɘɏɢŮɘ ɛɐɜɡɛŬ ɚɎɗɞɡɠ. ɇɏɚɞɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ, ˊɞɡ ŭŮɜ ɡˊɎɟɢŮɘ 

ůɨɜŭŮůɖ ɛŮ Űɞ ˊɚɖɟɞűɞɟɘŬəɧ ɐ ůɨɜŭŮůɖ ůŰɞ ŭɘŬŭɑəŰɡɞ ŮˊɘůŰɟɏűŮɘ Űɖɜ Űɘɛɐ False.          

4.4 ũɟŬűɘəɎ QtDesigner 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŮɜɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ŬɜŬɚɨŮŰŬɘ ɖ ŭɞɛɐ Űɞɡ ɔɟŬűɘəɞɨ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɟɐůŰɖ (GUI) Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɀŮ Űɖɜ ɓɞɐɗŮɘŬ Űɞɡ ŮɟɔŬɚŮɑɞɡ QtDesigner 

ůɢŮŭɘɎůŰɖəŬɜ  əŬɘ ůɡɜŭɏɗɖəŬɜ ŰŬ Ůˊɘɛɏɟɞɡɠ ŬɜŰɘəŮɑɛŮɜŬ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ Űɞ ɔɟŬűɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ ɞɗɧɜɖ Ŭűɐɠ ůŰɖɜ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɜŰŬɘ ŰŬ ɔɟŬűɘəɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɡˊɞůŰɖɟɑɕŮɘ ŬɜɎɚɡůɖ 800 pixels ɞɟɘɕɧɜŰɘŬ əŬɘ 480 pixels əɎɗŮŰŬ. ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ Űɞ ˊŬɟɎɗɡɟɞ 

Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ QMainWindow ɏɢŮɘ ŭɘŬůŰɎůŮɘɠ 800x480 pixels. 

ũɘŬ Űɖɜ əŬɚɨŰŮɟɖ ˊɚɞɐɔɖůɖ Űɞɡ ɢɟɐůŰɖ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɘŬ ɔɟŬɛɛɐ ŮɟɔŬɚŮɑɤɜ ɖ ɞˊɞɑŬ 

ŮɛűŬɜɑɕŮŰŬɘ ɛɧɜɘɛŬ ůŰɖɜ ˊɎɜɤ ɛŮɟɘɎ Űɖɠ ɞɗɧɜɖɠ (ȺɘəɧɜŬ 44). ɆŰɞɘɢɘůɛɏɜŬ ůŰɖɜ ŭŮɝɘɎ ˊɚŮɡɟɎ 

ɓɟɑůəɞɜŰŬɘ ŰɟɑŬ ŬɜŰɘəŮɑɛŮɜŬ (ȺɘəɧɜŬ 45) Űɨˊɞɡ QAction. ɇɞ ɄɟɩŰɞ ŮɑɜŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ 

actionExit, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖɜ ɏɝɞŭɞ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ əŬɘ Űɞɜ ŰŮɟɛŬŰɘůɛɧ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. ɀˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɛŮ Űɖɜ ůɡɜŰɧɛŮɡůɖ Ctrl+Q. ȹŮɨŰŮɟɞ ůŰɞɘɢŮɑɞ ŮɑɜŬɘ Űɞ 

ŬɜŰɘəŮɑɛŮɜɞ actionHome, Űɞ ɞˊɞɑɞ ɞŭɖɔŮɑ Űɞɜ ɢɟɐůŰɖ ůŰɖɜ Ŭɟɢɘəɐ ŭɘŮˊŬűɐ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ 

ɛŮ Űɖɜ ůɡɜŰɧɛŮɡůɖ Ctrl+H. ɇɏɚɞɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ Űɞ ŬɜŰɘəŮɑɛŮɜɞ actionconnected Űɞ ɞˊɞɑɞ 

ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ əŬŰɎůŰŬůɖ ůɨɜŭŮůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛŮ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ. ɇɞ 

ůɡɔəŮəɟɘɛɏɜɞ ŬɜŰɘəŮɑɛŮɜɞ QAction ŮɜŬɚɚɎůůŮɘ ŰŬ ɢɟɩɛŬŰŬ Űɖɠ ŮɛűɎɜɘůɖɠ Űɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ 

əŬŰɎůŰŬůɖ ůɨɜŭŮůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŮˊɘŰɡɢɐɠ ůɨɜŭŮůɖɠ ɛŮ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ ŬˊɞəŰɎ 
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Űɞ ɢɟɩɛŬ ˊɟɎůɘɜɞ ůŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɔɑɜŮŰŬɘ əɧəəɘɜɞ. ɇŬ ŰɟɑŬ ŬɡŰɎ ŬɜŰɘəŮɑɛŮɜŬ ɢɤɟɑɕɞɜŰŬɘ 

ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ŬɜŰɘəŮɑɛŮɜŬ ŭɘŬɢɤɟɘůŰɏɠ (separators). 

 

ȺɘəɧɜŬ 44: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŬɜŰɘəŮɘɛɏɜɤɜ QAction 

 

ȺɘəɧɜŬ 45: ɆŰɞɘɢŮɑŬ ɔɟŬɛɛɐɠ ŮɟɔŬɚŮɑɤɜ 

ɀŮ ŭɘŬůŰɎůŮɘɠ 800x430 pixels əŬɘ ɛŮŰŬŰɞˊɘůɛɏɜɞ ůŰɞɜ əŬŰŬəɧɟɡűɞ ɎɝɞɜŬ əŬŰɎ 50 

pixels  ɢŬɛɖɚɧŰŮɟŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ Űɨˊɞɡ QWidget, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɖ əŮɜŰɟɘəɐ 

ŭɘŮˊŬűɐ Űɖɠ ŮűŬɟɛɞɔɐɠ. ɀɏůŬ ůŰɖɜ ŭɘŮˊŬűɐ  ɛŮ ɑŭɘŮɠ ŭɘŬůŰɎůŮɘɠ ŰɞˊɞɗŮŰɐɗɖəŮ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ 

ůŰɞɘɓŬɔɛɏɜɤɜ ŭɘŮˊŬűɩɜ QStackedWidget (ȺɘəɧɜŬ 46). 

 

ȺɘəɧɜŬ 46: ȹɞɛɐ ŭɘŮˊŬűɩɜ əŬɘ ɔɟŬɛɛɐɠ ŮɟɔŬɚŮɑɤɜ  
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ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɞɘ ŭɘŮˊŬűɏɠ əŬɘ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ 

ŮɜŰɧɠ Űɖɠ ŭɘŮˊŬűɐɠ stackedWidget. ȷɟɢɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɞɛɐ (ɄɑɜŬəŬɠ 10) əŬɘ ɖ ŮɛűɎɜɘůɖ 

Űɖɠ ŭɘŮˊŬűɐɠ start (ȺɘəɧɜŬ 47) 

ȳɜɞɛŬ ŭɘŮˊŬűɐɠ start 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

label_start QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

senar_home QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ əŬŰɖɔɞɟɘɩɜ ůŮɜŬɟɑɤɜ 

games_home QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɤɜ ˊŬɘɢɜɘŭɘɩɜ 

remote_home QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ Ůɚɏɔɢɞɡ ŰɖɚŮɢŮɘɟɘůɛɞɨ 

settings_home QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ ɟɡɗɛɑůŮɤɜ ŭɘəŰɨɞɡ 

ɄɑɜŬəŬɠ 10: ȹɘŮˊŬűɐ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ 

 

ȺɘəɧɜŬ 47: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ 

ȰˊŮɘŰŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɞɛɐ (ɄɑɜŬəŬɠ 11) əŬɘ ɖ ŮɛűɎɜɘůɖ Űɖɠ ŭɘŮˊŬűɐɠ senaria ɔɘŬ Űɖɜ 

ŮɛűɎɜɘůɖ Űɤɜ əŬŰɖɔɞɟɘɩɜ Űɤɜ ůŮɜŬɟɑɤɜ (ȺɘəɧɜŬ 48).  
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ȳɜɞɛŬ ŭɘŮˊŬűɐɠ senaria 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

label_senaria QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

local_sen QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ Űɞˊɘəɩɜ ůŮɜŬɟɑɤɜ 

my_sen QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ ůŮɜŬɟɑɤɜ Űɞɡ ɢɟɐůŰɖ 

return_senaria QPushButton ȺˊɘůŰɟɏűŮɘ ůŰɖɜ ŭɘŮˊŬűɐ start 

ɄɑɜŬəŬɠ 11: ȹɘŮˊŬűɐ Ůˊɘɚɞɔɐɠ əŬŰɖɔɞɟɑŬɠ ůŮɜŬɟɑɤɜ 

 

ȺɘəɧɜŬ 48: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ Ůˊɘɚɞɔɐɠ əŬŰɖɔɞɟɑŬɠ ůŮɜŬɟɑɤɜ 

ȼ ŭɘŮˊŬűɐ home ɖ ɞˊɞɑŬ ˊŮɟɘɏɢŮɘ ŰŬ ˊŬɟŬəɎŰɤ ŬɜŰɘəŮɑɛŮɜŬ (ɄɑɜŬəŬɠ 12) ˊŬɟɞɡůɘɎɕŮɘ ŰŬ 

ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮɜɎɟɘŬ (ȺɘəɧɜŬ 49). 
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ȳɜɞɛŬ ŭɘŮˊŬűɐɠ home 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

label_home QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

sen1 QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ Űɞɡ ˊɟɩŰɞɡ ůŮɜŬɟɑɞɡ 

sen2 QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ Űɞɡ ŭŮɨŰŮɟɞɡ ůŮɜŬɟɑɞɡ 

sen3 QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ Űɞɡ ŰɟɑŰɞɡ ůŮɜŬɟɑɞɡ 

sen4 QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ Űɞɡ ŰɏŰŬɟŰɞɡ ůŮɜŬɟɑɞɡ 

demo QPushButton ɃŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɐ Űɞɡ ůŮɜŬɟɑɞɡ ŮˊɑŭŮɘɝɖɠ 

return_home QPushButton ȺˊɘůŰɟɏűŮɘ ůŰɖɜ ŭɘŮˊŬűɐ senaria 

ɄɑɜŬəŬɠ 12: ȹɘŮˊŬűɐ ˊŬɟɞɡůɑŬůɖɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ 

 

ȺɘəɧɜŬ 49: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ ˊŬɟɞɡůɑŬůɖɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ 

ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŭɞɛɐ Űɤɜ ŭɘŮˊŬűɩɜ senario1 (ɄɑɜŬəŬɠ 13), senario2 (ɄɑɜŬəŬɠ 14), 

senario3 (ɄɑɜŬəŬɠ 15), senario4 (ɄɑɜŬəŬɠ 16), demo (ɄɑɜŬəŬɠ 17), ŰŬ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ˊɟɞ 

ŮɔəŬŰŮůŰɖɛɏɜŬ ůŰɞ ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ. 
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ȳɜɞɛŬ ŭɘŮˊŬűɐɠ senario1 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

cart_label_1 QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

sen1_no QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

sen1_yes QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

faces_1 QStackedWidget ɄŮɟɘɏɢŮɘ Űɘɠ Ůˊɘɛɏɟɞɡɠ ŭɘŮˊŬűɏɠ ˊɟɞůɩˊɤɜ 

ɄɑɜŬəŬɠ 13: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè 

 

ȳɜɞɛŬ ŭɘŮˊŬűɐɠ senario2 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

cart_label_2 QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

sen2_no QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

sen2_yes QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

faces_2 QStackedWidget ɄŮɟɘɏɢŮɘ Űɘɠ Ůˊɘɛɏɟɞɡɠ ŭɘŮˊŬűɏɠ ˊɟɞůɩˊɤɜ 

img_2 QStackedWidget ɄŮɟɘɏɢŮɘ Űɘɠ Ůˊɘɛɏɟɞɡɠ ŭɘŮˊŬűɏɠ ɕɩɤɜ 

ɄɑɜŬəŬɠ 14: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè 

 

ȳɜɞɛŬ ŭɘŮˊŬűɐɠ senario3 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

cart_label_3 QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

sen3_no QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

sen3_yes QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

faces_3 QStackedWidget ɄŮɟɘɏɢŮɘ Űɘɠ Ůˊɘɛɏɟɞɡɠ ŭɘŮˊŬűɏɠ ˊɟɞůɩˊɤɜ 

ɄɑɜŬəŬɠ 15: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺəűɞɓɘůɛɧɠè 
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ȳɜɞɛŬ ŭɘŮˊŬűɐɠ senario4 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

cart_label_4 QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

sen4_no QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

sen4_yes QPushButton ȺˊɘŭɟɎ ůŰɖɜ ŮɜŬɚɚŬɔɐ Űɤɜ ˊɟɞůɩˊɤɜ 

faces_4 QStackedWidget ɄŮɟɘɏɢŮɘ Űɘɠ Ůˊɘɛɏɟɞɡɠ ŭɘŮˊŬűɏɠ ˊɟɞůɩˊɤɜ 

ɄɑɜŬəŬɠ 16: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȾɞɘɜɤɜɘəɐ ɆɡɛˊŮɟɘűɞɟɎè 

 

ȳɜɞɛŬ ŭɘŮˊŬűɐɠ demo 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

cart_label_5 QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

img QLabel ɄŮŭɑɞ ˊɟɞɓɞɚɐɠ űɤŰɞɔɟŬűɑŬɠ 

photo QPushButton ȰɜŬɟɝɖ ɚŮɘŰɞɡɟɔɑŬɠ űɤŰɞɔɟɎűɖůɖɠ 

play QPushButton ȰɜŬɟɝɖ ɚŮɘŰɞɡɟɔɑŬɠ ŮˊɑŭŮɘɝɖɠ 

ɄɑɜŬəŬɠ 17: ȹɘŮˊŬűɐ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɞɡ ůŮɜŬɟɑɞɡ çȺˊɑŭŮɘɝɖɠè 

 ȼ ŭɘŮˊŬűɐ settings (ɄɑɜŬəŬɠ 18) ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ˊŬɟɞɡůɑŬůɖ ɓŬůɘəɩɜ ůŰɞɘɢŮɑɤɜ 

Űɞɡ ɟɞɛˊɧŰ, ɧˊɤɠ Űɞ ɧɜɞɛŬ Űɞɡ, əŬɗɩɠ əŬɘ Űɤɜ ůŰɞɘɢŮɑɤɜ ůɨɜŭŮůɖɠ ůŰɞ ŭɘŬŭɑəŰɡɞ (ȺɘəɧɜŬ 50). 

ȳɜɞɛŬ ŭɘŮˊŬűɐɠ settings 

ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ ɉɟɐůɖ 

label_settings QLabel ɇɑŰɚɞɠ ŭɘŮˊŬűɐɠ  

label_name QLabel ɇɑŰɚɞɠ 

input_name QLabel ȳɜɞɛŬ ɟɞɛˊɧŰ 

label_ip QLabel ɇɑŰɚɞɠ  

input_ip QLabel ȹɘŮɨɗɡɜůɖ ip Űɞɡ ɟɞɛˊɧŰ 
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label_gateway QLabel ɇɑŰɚɞɠ  

input_gate QLabel To Gateway Űɞɡ ŭɘəŰɨɞɡ 

label_public QLabel ɇɑŰɚɞɠ  

input_public QLabel ȹɘŮɨɗɡɜůɖ ŭɖɛɧůɘŬɠ ip 

label_network QLabel ɇɑŰɚɞɠ  

line Line ȹɘŬɢɤɟɘůŰɘəɧ ŭɘŮˊŬűɐɠ 

line_2 Line ȹɘŬɢɤɟɘůŰɘəɧ ŭɘŮˊŬűɐɠ 

line_3 Line ȹɘŬɢɤɟɘůŰɘəɧ ŭɘŮˊŬűɐɠ 

connection QPushButton ɃŭɖɔŮɑ ůŮ ɛɐɜɡɛŬ ˊɚɖɟɞűɧɟɖůɖɠ 

return_home QPushButton ȺˊɘůŰɟɏűŮɘ ůŰɖɜ ŭɘŮˊŬűɐ start 

ɄɑɜŬəŬɠ 18: ȹɘŮˊŬűɐ ɟɡɗɛɑůŮɤɜ ŭɘəŰɨɞɡ 

 

ȺɘəɧɜŬ 50: ɆŰɘɔɛɘɧŰɡˊɞ ŭɘŮˊŬűɐɠ ɟɡɗɛɑůŮɤɜ ŭɘəŰɨɞɡ 
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ɄŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ŮɛűŬɜɑůŮɘɠ Űɤɜ ˊɏɜŰŮ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ (ȺɘəɧɜŬ 51)  

 

ȺɘəɧɜŬ 51: ɆŰɘɔɛɘɧŰɡˊŬ ŭɘŮˊŬűɩɜ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ 

Ƀɘ ůŰɞɘɓŬɔɛɏɜŮɠ ŭɘŮˊŬűɏɠ  faces_k (k = {1, 2, 3, 4}) ˊŮɟɘɏɢɞɡɜ ŭɘŮˊŬűɏɠ ɞɘ ɞˊɞɑŮɠ 

ˊŮɟɘɏɢɞɡɜ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɤɠ ŬˊŮɘəɞɜɑɕŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 19). 

  



78 

 

ȳɜɞɛŬ ůŰɘɓŬɔɛɏɜɖɠ ŭɘŮˊŬűɐɠ faces_k 

ȳɜɞɛŬ ŮůɤŰŮɟɘəɐɠ ŭɘŮˊŬűɐɠ ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ 

face1_n face1_label1_n QLabel 

face2_n face2_label2_n QLabel 

face3_n face3_label3_n QLabel 

face4_n face4_label4_n QLabel 

face5_n face5_label5_n QLabel 

ɄɑɜŬəŬɠ 19: ȺůɤŰŮɟɘəɐ ŭɘŮˊŬűɐ ŬˊŮɘəɧɜɘůɖɠ ŮəűɟɎůŮɤɜ ˊɟɞůɩˊɞɡ 

ȼ ůŰɞɘɓŬɔɛɏɜɖ ŭɘŮˊŬűɐ img_2 ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŮůɤŰŮɟɘəɏɠ ŭɘŮˊŬűɏɠ img1_2, img2_2, 

img3_2 ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɏɢɞɡɜ ŬɜŰɘəŮɑɛŮɜŬ ɧˊɤɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰɞɜ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 20). 

 

ȳɜɞɛŬ ůŰɘɓŬɔɛɏɜɖɠ ŭɘŮˊŬűɐɠ img_2 

ȳɜɞɛŬ ŮůɤŰŮɟɘəɐɠ ŭɘŮˊŬűɐɠ ȳɜɞɛŬ ŬɜŰɘəŮɘɛɏɜɞɡ ɇɨˊɞɠ 

img1_2 img1_label1_2 QLabel 

img2_2 img2_label2_2 QLabel 

img3_2 img3_label3_2 QLabel 

ɄɑɜŬəŬɠ 20: ȺůɤŰŮɟɘəɐ ŭɘŮˊŬűɐ ŬˊŮɘəɧɜɘůɖɠ ɕɩɤɜ 

 

4.5 ȸŬůɘəɐ ůɡɜɎɟŰɖůɖ PyQt v5  

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ ŮəŰŮɚɏůɘɛɞ ŬɟɢŮɑɞ Űɞɡ ɟɞɛˊɞŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ. Ƀ 

ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐɠ Űɞɡ ɟɞɛˊɧŰ ɟɡɗɛɑůŰɖəŮ ɩůŰŮ ɛŮ Űɖɜ Ůəəɑɜɖůɖ Űɞɡ ɜŬ ŮəŰŮɚŮɑ Űɞ ɓŬůɘəɧ ŬɟɢŮɑɞ 

python Ŭˊɧ Űɞ ɞˊɞɑɞ ŮɚɏɔɢɞɜŰŬɘ ɧɚŮɠ ɞɘ Ůˊɘɛɏɟɞɡɠ əɚɎůŮɘɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ůŰɘɠ 

ˊɟɞɖɔɞɨɛŮɜŮɠ ŮɜɧŰɖŰŮɠ.  
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ɀŮ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ɟɞɛˊɧŰ, Űɞ ŬɟɢŮɑɞ ui ˊɞɡ ˊŮɟɘɏɢŮɘ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ Űɤɜ ɔɟŬűɘəɩɜ  

ŮəŰŮɚŮɑŰŬɘ ɛŮ Űɖɜ ůɡɜɎɟŰɖůɖ load _ui ()  (ȺɘəɧɜŬ 52), ɖ ɞˊɞɑŬ ůɡɜŭɏŮɘ ŰŬ ŬɜŰɘəŮɑɛŮɜŬ ɛŮ Űɘɠ 

ůɡɜŬɟŰɐůŮɘɠ Űɞɡɠ.  

 

ȺɘəɧɜŬ 52: ȹɐɚɤůɖ ɔɟŬűɘəɩɜ ůŰɖɜ ɓŬůɘəɐ ůɡɜɎɟŰɖůɖ 

 ɆŰɖɜ ȺɘəɧɜŬ 53 əŬɘ ůŰɖɜ ȺɘəɧɜŬ 54 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ 

ɔɘŬ Űɞ ɏɚŮɔɢɞɠ ɚŮɘŰɞɡɟɔŮɑŬɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ Űɖɠ ɔɟŬɛɛɐɠ ŮɟɔŬɚŮɑɤɜ (toolbar).    

ȼ ůɡɜɎɟŰɖůɖ server_connection ()  ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ ˊŬɟɎɚɚɖɚɖ ŮəŰɏɚŮůɖ Űɞɡ 

ŬɟɢŮɑɞɡ server_connection.py Űɞɡ ɞˊɞɑɞɡ ɖ ɚŮɘŰɞɡɟɔɑŬ ɏɢŮɘ ˊŮɟɘɔɟŬűŮɑ ůŰɖɜ ŮɜɧŰɖŰŬ 4.3. ɀŮ Űɖɜ 

ůɡɜɎɟŰɖůɖ con_server ()  ɔɑɜŮŰŬɘ ɖ Ůɜɖɛɏɟɤůɖ Űɖɠ ɛŮŰŬɓɚɖŰɐɠ ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ 

əŬŰɎůŰŬůɖ ůɨɜŭŮůɖ. 
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ȼ ůɡɜɎɟŰɖůɖ change_icon_con ()  ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŮɛűɎɜɘůɖ Űɖɠ əŬŰɎůŰŬůɖɠ 

ůɨɜŭŮůɖɠ (actionconnected) ůŰɖɜ ɔɟŬɛɛɐ ŮɟɔŬɚŮɑɤɜ (toolbar). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ɖ ɛŮŰŬɓɚɖŰɐ 

server ɔɑɜŮɘ Ŭɚɖɗɐɠ, ŬɚɚɎɕŮɘ Űɞ ɢɟɩɛŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ůŮ ˊɟɎůɘɜɞ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɡˊɎɟɢŮɘ 

ŭɘŬɗɏůɘɛɞ ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ əŬɘ ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ɖ ŭɘŬůɨɜŭŮůɖ Űɞɡ ɟɞɛˊɧŰ ɛŮ 

ŬɡŰɧ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ ɗɏŰŮɘ Űɞ ɢɟɩɛŬ əɧəəɘɜɞ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ŬˊɩɚŮɘŬ 

ˊɚɖɟɞűɞɟɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ ɐ ŬŭɡɜŬɛɑŬ ůɨɜŭŮůɖɠ ůŮ ŬɡŰɧ.  

ȼ ůɡɜɎɟŰɖůɖ find_commands.find_ manual ()  ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɞɜ ůɤůŰɧ 

ŰŮɟɛŬŰɘůɛɧ Űɤɜ ŬɟɢŮɑɤɜ ˊɞɡ Űɟɏɢɞɡɜ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɞ ɓŬůɘəɧ ŬɟɢŮɑɞ. 

ɀŮ Űɞ ˊɎŰɖɛŬ Űɞɡ əɞɡɛˊɘɞɨ actionHome ŮəŰŮɚŮɑŰŬɘ ɖ ůɡɜɎɟŰɖůɖ home()  ɖ ɞˊɞɑŬ 

ŮˊɘůŰɟɏűŮɘ Űɞɜ ɢɟɐůŰɖ ůŰɖɜ Ŭɟɢɘəɐ ůŮɚɑŭŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ.   

ɀŮ Űɞ ˊɎŰɖɛŬ Űɞɡ əɞɡɛˊɘɞɨ actionExit ŮəŰŮɚŮɑŰŬɘ ɖ ůɡɜɎɟŰɖůɖ quit ()  ɖ ɞˊɞɑŬ 

ŰŮɟɛŬŰɑɕŮɘ ɧɚŬ ŰŬ ŬɟɢŮɑŬ ˊɞɡ Űɟɏɢɞɡɜ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɞ ɟɞɛˊɧŰ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ əɚŮɑɜŮɘ Űɞ 

ůɨůŰɖɛŬ. 

 

ȺɘəɧɜŬ 53: ɆɡɜŬɟŰɐůŮɘɠ Ůɜɖɛɏɟɤůɖɠ əŬŰɎůŰŬůɖɠ ůɨɜŭŮůɖɠ 
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ȺɘəɧɜŬ 54: ɆɡɜŬɟŰɐůŮɘɠ ɔɟŬɛɛɐɠ ŮɟɔŬɚŮɑɤɜ 

Ƀɘ ůɡɜɎɟŰɖůɖɠ senarios () , remote () , settings ()  (ȺɘəɧɜŬ 55) ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ 

ɔɘŬ Űɖɜ ŬɚɚŬɔɐ Űɤɜ ŭɘŮˊŬűɩɜ (widget). ȼ ůɡɜɎɟŰɖůɖ games()  ŮəŰŮɚŮɑ Űɖɜ ŮűŬɟɛɞɔɐ gcompris 

ˊɞɡ ˊŮɟɘɏɢŮɘ ŰŬ ŮəˊŬɘŭŮɡŰɘəɎ ˊŬɘɢɜɑŭɘŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ.     

 

ȺɘəɧɜŬ 55: ɆɡɜŬɟŰɐůŮɘɠ ŮɛűɎɜɘůɖɠ əŬɘ ŮəŰɏɚŮůɖɠ Űɤɜ ŬɜŰɘəŮɑɛŮɜɤɜ Ŭɟɢɘəɐɠ ɞɗɧɜɖɠ 

ũɘŬ Űɖɜ ŮɛűɎɜɘůɖ Űɤɜ ɟɡɗɛɑůŮɤɜ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɖ əɚɎůɖ settings ()  (ȺɘəɧɜŬ 57). ȼ 

ůɡɜɎɟŰɖůɖ load_setui ()  ŮəŰŮɚŮɑ ŰŬ ɔɟŬűɘəɎ əŬɘ Űɞ ŬɟɢŮɑɞ python network.py (ȺɘəɧɜŬ 56), 

Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮɘ Ŭɜ ɏɢŮɘ ůɡɜŭŮɗŮɑ Űɞ ɟɞɛˊɧŰ ůŰɞ ŭɑəŰɡɞ ɛŮ Űɖɜ ŬɜŬɕɐŰɖůɖ Űɖɠ ŭɘŮɨɗɡɜůɖ IPV4 

Ůɜɧɠ ŰɞɛɏŬ (domain name). ɆŰɖɜ ůɡɜɏɢŮɘŬ ɖ get_ip_address () ŮˊɘůŰɟɏűŮɘ Űɖɜ Űɞˊɘəɐ 
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ŭɘŮɨɗɡɜůɖ   (local ip), ɖ get_default_gateway_linux()  ŮˊɘůŰɏűŮɘ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ 

ŭɟɞɛɞɚɞɔɖŰɐ (gateway) əŬɘ ɖ is_connected()  Űɖɜ ŭɖɛɧůɘŬ ŭɘŮɨɗɡɜůɖ (public ip). ȼ 

ůɡɜɎɟŰɖůɖ message_con ()  ŮɛűŬɜɑɕŮɘ ůŰɞɜ ɢɟɐůŰɖ Űɖɠ ɞŭɖɔɑŮɠ ɔɘŬ Űɖɜ ůɨɜŭŮůɖ Űɞɡ ɟɞɛˊɧŰ 

ůŰɞ ŭɑəŰɡɞ ɛɏůɤ Űɞɡ ŮɟɔŬɚŮɑɞɡ comitup. ɇɞ comitup ɗɏŰŮɘ Űɖɜ əɎɟŰŬ ŭɘəŰɨɞɡ Űɞɡ 

ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ ɛŬɠ ůŮ ůŰŬɗɛɧ ɓɎůɖɠ (access point). ɀŮ Űɖɜ ɢɟɐůɖ Ɏɚɚɖɠ ůɡůəŮɡɐɠ 

ůɡɜŭŮɧɛŬůŰŮ ůŰɞ ŮɚŮɨɗŮɟɞ ŭɑəŰɡɞ ˊɞɡ ɏɢŮɘ ŭɖɛɘɞɡɟɔɐůŮɘ. ɆŰɖɜ ůŮɚɑŭŬ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ 

ŮˊɘɚɏɔɞɡɛŮ əŬɘ ŮɘůɎɔɞɡɛŮ Űɞɜ əɤŭɘəɧ ˊɟɧůɓŬůɖɠ Űɞɡ ŭɘəŰɨɞɡ ́ ɞɡ ɗɏɚɞɡɛŮ ɜŬ ůɡɜŭŮɗŮɑ Űɞ ɟɞɛˊɧŰ. 

ɀŮŰɎ Ŭˊɧ ɛŮɟɘəɎ ɚŮˊŰɎ ɖ əŬŰɎůŰŬůɖ Űɖɠ əɎɟŰŬɠ ŭɘəŰɨɞɡ ŮˊŬɜŬűɏɟŮŰŬɘ ůŰɖɜ Ŭɟɢɘəɐ əŬŰɎůŰŬůɖ 

əŬɘ ůɡɜŭɏŮŰŬɘ ůŰɞ ŮˊɘɚŮɔɛɏɜɞ ŭɑəŰɡɞ.     

 

ȺɘəɧɜŬ 56: ɆɡɜŬɟŰɐůŮɘɠ ŮɨɟŮůɖɠ ŭɘŮɡɗɨɜůŮɤɜ ŭɘəŰɨɞɡ 
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ȺɘəɧɜŬ 57: ȾɚɎůɖ ɟɡɗɛɑůŮɤɜ ŭɘəŰɨɞɡ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɀŮ Űɞ ˊɎŰɖɛŬ Űɞɡ əɞɡɛˊɘɞɨ çůɨɜŭŮůɖè ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɞŭɖɔɑŮɠ ůɨɜŭŮůɖɠ Űɞɡ ɟɞɛˊɧŰ ůŰɞ 

ŭɘŬŭɑəŰɡɞ (ȺɘəɧɜŬ 58).   

 

ȺɘəɧɜŬ 58: ɃŭɖɔɑŮɠ ůɨɜŭŮůɖɠ ůŰɞ ŭɘŬŭɑəŰɡɞ 

ɆŰɖɜ ȺɘəɧɜŬ 59 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ůɡɜŬɟŰɐůŮɘɠ, ˊɞɡ ŮɑɜŬɘ ɡˊŮɨɗɡɜŮɠ Űɧůɞ ɔɘŬ ŰŬ ˊɟɞ 

ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮɜɎɟɘŬ, ɧůɞ əŬɘ ɔɘŬ ŰŬ ůŮɜɎɟɘŬ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ ɞ ɢɟɐůŰɖɠ. 

ȼ ůɡɜɎɟŰɖůɖ loc _sen ()  ɞŭɖɔŮɑ ůŰɖɜ ŭɘŮˊŬűɖ home ůŰɖɜ ɞˊɞɑŬ ɓɟɑůəɞɜŰŬɘ ŰŬ ˊɟɞ 

ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮɜɎɟɘŬ. 
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ȼ ůɡɜɎɟŰɖůɖ mys( ) ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ɚɐɣɖ Űɤɜ ůŮɜŬɟɑɤɜ Űɞɡ ɢɟɐůŰɖ Ŭˊɧ Űɞ 

ˊɚɖɟɞűɞɟɘŬəɧ ůɨůŰɖɛŬ. ũɘŬ Űɖɜ ˊŬɟŬɚŬɓɐ Űɞɡ ůɡɜŭɏůɛɞɡ ɚɐɣɖɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŬˊɞůŰɞɚɐ 

Űɞɡ ŮɘůɘŰɖɟɑɞɡ (token). ȼ ŬˊɞůŰɞɚɐ ɔɑɜŮŰŬɘ ɛŮ get . requests ()  ůŰɞɜ server əŬɘ ůŰŬ ˊŮŭɑŬ Űɞɡ 

ˊŮɟɘɏɢŮŰŬɘ Űɞ ŮɘůɘŰɐɟɘɞ. ɀŮŰɎ Űɖɜ ŮˊɘŰɡɢɐ ŰŬəŰɞˊɞɑɖůɖ Ŭˊɧ Űɞ ˊɚɖɟɞűɞɟɘŬəɧ ůŰɖɜ ŬˊɎɜŰɖůɖ Űɞɡ 

server ˊŮɟɘɏɢŮŰŬɘ ɞ ůɨɜŭŮůɛɞɠ ɚɐɣɖɠ Űɞɡ ůɡɛˊɘŮůɛɏɜɞɡ ŬɟɢŮɑɞɡ. ũɑɜŮŰŬɘ ɚɐɣɖ, ŬˊɞůɡɛˊɑŮůɖ əŬɘ 

əɚɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ my_files ()  ɖ ɞˊɞɑŬ ŮəŰŮɚŮɑ Űɞ ŬɟɢŮɑɞ Űɞɡ ɢɟɐůŰɖ.       

 

ȺɘəɧɜŬ 59: ɆɡɜŬɟŰɐůŮɘɠ ŮəŰɏɚŮůɖɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ əŬɘ ůŮɜŬɟɑɤɜ ɢɟɐůŰɖ 

Ƀɘ ůɡɜŬɟŰɐůŮɘɠ return _start () , return _senaria ()  (ȺɘəɧɜŬ 60) ɛŮ Űɞ ˊɎŰɖɛŬ 

Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ return_home əŬɘ return_senaria ŮˊɘůŰɏűɞɡɜ Űɞɜ ɢɟɐůŰɖ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ 

ŭɘŮˊŬűɐ.  
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ɀŮ Űɞ ˊɎŰɖɛŬ Űɞɡ əɞɡɛˊɘɞɨ ˊɞɚɚŬˊɚɩɜ ɢɟɐůŮɤɜ ɔɑɜŮŰŬɘ ɖ ŮəŰɏɚŮůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ 

fun stop () , ɖ ɞˊɞɑŬ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŭɘɎɟəŮɘŬ ˊŬŰɐɛŬŰɞɠ Űɞɡ əɞɡɛˊɘɞɨ ŮˊɘůŰɟɏűŮɘ ůŰɖɜ Ŭɟɢɘəɐ 

ɞɗɧɜɖ ɐ ŰŮɟɛŬŰɑɕŮɘ Űɞ ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 4.2.1. ȾŬŰɎ Űɞɜ 

ŰŮɟɛŬŰɘůɛɧ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ɖ əɚɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖ killpy () , ɖ ɞˊɞɑŬ ŭɘŬɓɎɕŮɘ Ŭˊɧ Űɞ 

ŬɟɢŮɑɞ open_python.txt ŰŬ ŬɟɢŮɑŬ pyhton ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ůŰɞ ůɨůŰɖɛŬ əŬɘ ŰŬ ŰŮɟɛŬŰɑɕŮɘ.  

 

ȺɘəɧɜŬ 60: ɆɡɜŬɟŰɐůŮɘɠ ŮˊɘůŰɟɞűɐɠ əŬɘ ŰŮɟɛŬŰɘůɛɞɨ 

Ƀɘ ůɡɜŬɟŰɐůŮɘɠ s1() , s2() , s3() , s4()  əŬɘ demo()  (ȺɘəɧɜŬ 61) ŮəŰŮɚɞɨɜ ŰŬ ŬɟɢŮɑŬ 

Űɤɜ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ.   
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ȺɘəɧɜŬ 61: ɆɡɜŬɟŰɐůŮɘɠ ŮəŰŮɚɏůŮɘɠ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ 

4.6 Ʉɟɞ ŮɔəŬŰŮůŰɖɛɏɜŬ ůŮɜɎɟɘŬ 

ɆŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞ ɄŬɘŭŬɔɤɔɘəɧ ɇɛɐɛŬ ɁɖˊɘŬɔɤɔɩɜ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȹɡŰɘəɐɠ 

ɀŬəŮŭɞɜɑŬɠ əŬɘ Űɖɜ ŮɟŮɡɜɖŰɘəɐ ɞɛɎŭŬ Űɞɡ əŬɗɖɔɖŰɐ əɨɟɘɞɡ ɀˊɟɎŰɘŰůɖ ŪŬɟɟŮɜɞɨ, ɛɏɚɞɠ Űɞɡ 

ŮɟɔŬůŰɐɟɘɞɡ ɅɞɛˊɞŰɘəɐɠ, ȺɜůɤɛŬŰɤɛɏɜɤɜ əŬɘ Ƀɚɞəɚɖɟɤɛɏɜɤɜ ɆɡůŰɖɛɎŰɤɜ, ɛŮɚŮŰɐɗɖəŬɜ əŬɘ 

ŬɜŬˊŰɨɢɗɖəŬɜ ŰŬ ůŮɜɎɟɘŬ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ůɡɜŬɘůɗɖɛŬŰɘəɐɠ ɜɞɖɛɞůɨɜɖɠ ŰŬ ɞˊɞɑŬ ŭɘŬɗɏŰŮɘ Űɞ 

ɟɞɛˊɧŰ. ɇŬ ůŮɜɎɟɘŬ ŬɡŰɎ ŮůŰɘɎɕɞɡɜ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ ŬŰɧɛɤɜ ɛŮ ŭɘŬŰŬɟŬɢɏɠ ůŰɞ ŬɡŰɘůŰɘəɧ 

űɎůɛŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ əŬɘ ɡɘɞɗŮŰɖɗɞɨɜ Ŭˊɧ Űɞ ɟɞɛˊɞŰɘəɧ ůɨůŰɖɛŬ. ɄŬɟŬəɎŰɤ 

ŬɜŬűɏɟɞɜŰŬɘ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ɖ ŭɞɛɐ əŬɘ ŰŬ ˊŮɟɘŮɢɧɛŮɜŬ Űɤɜ ˊɟɞ ŮɔəŬŰŮůŰɖɛɏɜɤɜ ůŮɜŬɟɑɤɜ ˊɞɡ 

ŭɘŬɗɏŰŮɘ Űɞ ɟɞɛˊɧŰ. 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜɞɡɜ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ ɟɞɛˊɧŰ ɧůɞ Űɞ ŭɡɜŬŰɧɜ əŬŰŬɜɞɖŰɏɠ əŬɘ 

ɝŮəɎɗŬɟŮɠ ˊɟɞɠ ŰŬ ˊŬɘŭɘɎ ɛɘəɟɐɠ ɖɚɘəɑŬɠ, ůɢŮŭɘɎůŰɖəŬɜ ɔɟŬűɘəɎ ůŰɖɜ ɞɗɧɜɖ, ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ 

ɟɞɛˊɧŰ ůŰɞ əŮűɎɚɘ, ɛɘŬ ŮɘəɧɜŬ ˊɟɞůɩˊɞɡ ůŮ Ŭˊɚɐ ɛɞɟűɐ Űɨˊɞɡ emoji (ȺɘəɧɜŬ 62). ɈˊɎɟɢŮɘ 

ŭɡɜŬŰɧŰɖŰŬ ɏəűɟŬůɖɠ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ ůɡɜŬɘůɗɖɛɎŰɤɜ, ɖ ˊɟɩŰɖ əŬŰɎůŰŬůɖ 

ɡˊɞŭɖɚɩɜŮɘ Űɤɜ ɏɜŰɞɜɞ ŮəɜŮɡɟɘůɛɧ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŮəűɟɎůŮɘ Űɞ ɟɞɛˊɧŰ Ůɜɩ ɖ ˊɏɛˊŰɖ əŬŰɎůŰŬůɖ 

ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ɏɜŰɞɜɖ ɢŬɟɎ Űɞɡ ɟɞɛˊɧŰ. Ƀɘ ŮɜŭɘɎɛŮůŮɠ əŬŰŬůŰɎůŮɘɠ (ŭŮɨŰŮɟɖ, ŰɟɑŰɖ, ŰɏŰŬɟŰɖ) 
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ŮəűɟɎɕɞɡɜ ˊɟɞɞŭŮɡŰɘəɎ ŰŬ ŮɜŭɘɎɛŮůŬ ůɡɜŬɘůɗɐɛŬŰŬ ˊɞɡ ɡˊɎɟɢɞɡɜ ŬɜɎɛŮůŬ ůŰɞɜ ŮəɜŮɡɟɘůɛɧ əŬɘ 

Űɖɜ ɢŬɟɎ. 

 

ȺɘəɧɜŬ 62: ȼ ˊɟɞůɞɛɞɑɤůɖ Űɤɜ ˊɏɜŰŮ ůɡɜŬɘůɗɖɛŬŰɘəɩɜ əŬŰŬůŰɎůŮɤɜ 

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ɞɚɞəɚɖɟɤɛɏɜɖɠ əŬɘ ˊɚɖɟɏůŰŮɟɖɠ ŭɘŬɢŮɑɟɘůɖɠ Űɞɡ ɟɞɛˊɧŰ ŰɞˊɞɗŮŰɐɗɖəŬɜ 

ŬɟɘůŰŮɟɎ əŬɘ ŭŮɝɘɎ Ŭˊɧ Űɞ ˊɟɧůɤˊɞ ŭɨɞ əɞɡɛˊɘɎ ɢŮɘɟɘůɛɞɨ ŭɘɎɗŮůɖɠ (ȺɘəɧɜŬ 63) Űɞɡ ɟɞɛˊɧŰ. ɇɞ 

ˊɟɩŰɞ ŬˊŮɘəɞɜɑɕŮɘ ɏɜŬ əɧəəɘɜɞ ůŰɟɞɔɔɡɚɧ ɉ, Űɞ ɞˊɞɑɞ ɧŰŬɜ ˊŬŰɖɗŮɑ ɗɏŰŮɘ ŬɡŰɞɛɎŰɤɠ Űɞ ɟɞɛˊɧŰ 

ůŰɖɜ ˊɘɞ ŮɡŭɘɎɗŮŰɖ əŬɘ ɢŬɟɞɨɛŮɜɖ Űɞɡ əŬŰɎůŰŬůɖ. ɇɞ ŭŮɨŰŮɟɞ ŬˊŮɘəɞɜɑɕŮɘ ɏɜŬ ˊɟɎůɘɜɞ ůŰɟɞɔɔɡɚɧ 

ṉ, Űɞ ɞˊɞɑɞ ůŰɞ ˊɎŰɖɛŬ Űɞɡ ɗɏŰŮɘ Űɞ ˊɟɧůɤˊɞ Űɞɡ ɟɞɛˊɧŰ əŬŰɎ ɛɘŬ əŬɚɨŰŮɟɖ əŬŰɎůŰŬůɖ Ŭˊɧ Űɖɜ 

ɡˊɎɟɢɞɡůŬ. ȼ ɢɟɐůɖ Űɤɜ əɞɡɛˊɘɩɜ ůɡɜɞŭŮɨŮŰŬɘ ɛŮ ɏɜŬɜ ɐɢɞ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ŬɚɚŬɔɐ 

ŭɘɎɗŮůɖɠ Űɞɡ ɟɞɛˊɧŰ. 

 

ȺɘəɧɜŬ 63: ȾɞɡɛˊɘɎ ŬɚɚŬɔɐɠ ŭɘɎɗŮůɖɠ Űɞɡ ɟɞɛˊɧŰ 

4.6.1 ɆŮɜɎɟɘɞ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ůŮɜɎɟɘɞ ɏɢŮɘ ɤɠ ůŰɧɢɞ ɜŬ űɏɟŮɘ ůŮ ˊɟɩŰɖ ŮˊŬűɐ ŰŬ ˊŬɘŭɘɎ Űɡˊɘəɐɠ 

ŬɜɎˊŰɡɝɖɠ ɛŮ ɎŰɞɛŬ, ŰŬ ɞˊɞɑŬ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ ŭɘŬŰŬɟŬɢɏɠ ůŰɞ űɎůɛŬ Űɞɡ ŬɡŰɘůɛɞɨ. Ɇəɞˊɧɠ Űɞɡ 

ŮɑɜŬɘ ɜŬ ɡˊɎɟɝŮɘ əŬŰŬɜɧɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ɎŰɞɛŬ ɛŮ Űɘɠ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŭɘŬŰŬɟŬɢɏɠ ɛɏůɤ Űɖɠ əɞɘɜɤɜɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ. ȸŬůɘəɧ ɛɏɟɞɠ ŬˊɞŰŮɚŮɑ ɖ ŬɜɎˊŰɡɝɖ Űɖɠ 

ŮɜůɡɜŬɑůɗɖůɖɠ Űɤɜ ˊŬɘŭɘɩɜ.  

ɇɞ ůŮɜɎɟɘɞ ɢɤɟɑɕŮŰŬɘ ůŮ ŰɟŮɘɠ űɎůŮɘɠ, ůŰɖɜ ˊɟɩŰɖ ɞ ŮəˊŬɘŭŮɡŰɘəɧɠ ˊŬɟɞɡůɘɎɕŮɘ ɡɚɘəɧ ˊɞɡ 

ŬűɞɟɎ ɎŰɞɛŬ ɛŮ Ůɘŭɘəɏɠ ŮəˊŬɘŭŮɡŰɘəɏɠ ŬɜɎɔəŮɠ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ŬɜŬˊŰɨůůŮŰŬɘ ɛɘŬ ůɡɕɐŰɖůɖ ˊŮɟɑ 

Űɞɡ ɗɏɛŬŰɞɠ. ɆŰɖɜ ŭŮɨŰŮɟɖ űɎůɖ ɞ ŮəˊŬɘŭŮɡŰɘəɧɠ əŬɘ ŰŬ ˊŬɘŭɘɎ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ Űɞ ɟɞɛˊɧŰ əŬɘ 
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ŬɡŰɧ ŮəűɟɎɕŮɘ Űɘɠ ŬɜŰɘŭɟɎůŮɘɠ Űɞɡ (ɢŬɟɎ, ɗɡɛɧ, ɚɨˊɖ). ɇɏɚɞɠ ůŰɖɜ ŰɟɑŰɖ űɎůɖ ŭɘŮəˊŮɟŬɘɩɜŮŰŬɘ ɖ 

ŬɜŬůəɧˊɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɟɞɛˊɧŰ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ŬŰɧɛɤɜ ɛŮ 

ŬɡŰɏɠ Űɘɠ ŭɘŬŰŬɟŬɢɏɠ. ɄŬɟŬəɎŰɤ ŬɜŬɚɨŮŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɖ ŭŮɨŰŮɟɖ űɎůɖ, ůŰɖɜ ɞˊɞɑŬ ŬɜŬɚɨɗɖəŬɜ, 

əɤŭɘəɞˊɞɘɐɗɖəŬɜ əŬɘ ɡɚɞˊɞɘɐɗɖəŬɜ ɞɘ ůɡɛˊŮɟɘűɞɟɏɠ Űɤɜ ŬŰɧɛɤɜ ɛŮ Ůɘŭɘəɏɠ ŮəˊŬɘŭŮɡŰɘəɏɠ 

ŬɜɎɔəŮɠ. 

ɇŬ ˊŬɘŭɘɎ ɛŮ ŭɘŬŰŬɟŬɢɏɠ ŬɡŰɘůŰɘəɞɨ űɎůɛŬŰɞɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ 

ůŰŮɟŮɞŰɡˊɘəɏɠ ůɡɛˊŮɟɘűɞɟɏɠ, ůŰɞ ɟɞɛˊɧŰ ˊɟɞůŰɏɗɖəŬɜ ɞɘ ˊɘɞ ɏɜŰɞɜŮɠ Ŭˊɧ ŬɡŰɏɠ. ȼ ˊɟɩŰɖ 

ŬɜŰɑŭɟŬůɖ ˊɞɡ ŭɖɛɘɞɡɟɔŮɑ Űɞ ɟɞɛˊɧŰ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŭɟɎůɖ Űɞɡ ɢɟɐůŰɖ ɜŬ Űɞ əɞɘŰɎɝŮɘ ůŰŬ 

ɛɎŰɘŬ. ȾŬŰɎ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ŭɟɎůɖ Űɞ ɟɞɛˊɧŰ əŬŰŮɓɎɕŮɘ Űɞ əŮűɎɚɘ, ŬɚɚɎɕŮɘ Űɖɜ ŮɘəɧɜŬ Űɞɡ 

ˊɟɞůɩˊɞɡ Űɞɡ əŬŰɎ ɛɘŬ əŬŰɎůŰŬůɖ ˊɘɞ ɗɡɛɤɛɏɜɞ, ŬɚɚɎɕŮɘ Űɞ ɢɟɩɛŬ Űɞɡ LED, ˊɞɡ ɡˊɎɟɢŮɘ ůŰɞ 

ůŰɐɗɞɠ Űɞɡ ůŮ əɧəəɘɜɞ, ŬəɞɨɔŮŰŬɘ ɏɜŬɠ ɐɢɞɠ ŬˊɞɔɞɐŰŮɡůɖɠ əŬɘ ůɖəɩɜŮɘ ŰŬ ɢɏɟɘŬ Űɞɡ. ȼ ŭŮɨŰŮɟɖ 

ŬɜŰɑŭɟŬůɖ ˊɞɡ ɏɢŮɘ Űɞ ɟɞɛˊɧŰ ŮɑɜŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ˊɚɖůɘɎůŮɘ əɎˊɞɘɞɠ ŬɡŰɧ ˊɟɞůˊŬɗŮɑ ɜŬ 

əɟŬŰɐůŮɘ Űɖɜ Ŭɟɢɘəɐ ŬˊɧůŰŬůɖ əɎɜɞɜŰŬɠ ɧˊɘůɗŮɜ, Ůˊɑůɖɠ ŬɚɚɎɕŮɘ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞ 

ɢɟɩɛŬ Űɞɡ LED ůŮ əɧəəɘɜɞ əŬɘ ŬəɞɨɔŮŰŬɘ ɞ ŬɜŰɑůŰɞɘɢɞɠ ɐɢɞɠ. ȾŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ ŮəŰɏɚŮůɖɠ 

Űɞɡ ůŮɜŬɟɑɞɡ ŮəŰŮɚŮɑŰŬɘ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ əɘɜɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ, ɛŮ Űɞ ɞˊɞɑɞ ŮəűɟɎɕŮɘ ɛɘŬ ŮɛűŬɜɐ 

ůŰŮɟŮɞŰɡˊɘəɐ ůɡɛˊŮɟɘűɞɟɎ. 

ȺɘŭɘəɧŰŮɟŬ ůŰɖɜ ˊɟɩŰɖ ŬɜŰɑŭɟŬůɖ Űɞ ɟɞɛˊɧŰ ŬɜŰɘɚŬɛɓɎɜŮŰŬɘ Űɞ ɓɚɏɛɛŬ Űɞɡ ɢɟɐůŰɖ ɛɏůɤ 

Űɖɠ əɎɛŮɟŬɠ ˊɞɡ ŭɘŬɗɏŰŮɘ.  ɀŮ Űɖɜ ɢɟɐůɖ Űɤɜ ɓɘɓɚɘɞɗɖəɩɜ cv2 (OpenCV), numpy əŬɘ os 

(ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ) ŬɜŬˊŰɨɢɗɖəŮ ɏɜŬɠ əɩŭɘəŬɠ ŮɜŰɞˊɘůɛɞɨ ˊɟɞůɩˊɞɡ (face detection). 

ȷˊɧ Űɖɜ ɓɘɓɚɘɞɗɐəɖ cv2 ŮˊɘɚɏɢɗɖəŮ ɖ əɚɎůɖ CascadeClassifier ɛŮ Űɖɜ ɞˊɞɑŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ɞɘ 

ŬɚɚɖɚɞɡɢɑŮɠ Űɞɡ ˊɟɞůɩˊɞɡ əŬɘ Űɤɜ ɛŬŰɘɩɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ əɚɎůɖ CascadeClassifier 

ŬɜɘɢɜŮɨŮɘ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŬɝɘɜɞɛɖŰɏɠ Cascade ɓɎůŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Haar ŮɑɜŬɘ 

ɛɘŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɛɏɗɞŭɞɠ ŬɜɑɢɜŮɡůɖɠ ŬɜŰɘəŮɘɛɏɜɤɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ˊɟɞůɏɔɔɘůɖ ɓŬůɘůɛɏɜɖ 

ůŰɖ ɛɖɢŬɜɘəɐ ɛɎɗɖůɖ ɧˊɞɡ ɖ ɚŮɘŰɞɡɟɔɑŬ Cascade ŮəˊŬɘŭŮɨŮŰŬɘ Ŭˊɧ ˊɞɚɚɏɠ ɗŮŰɘəɏɠ əŬɘ ŬɟɜɖŰɘəɏɠ 

ŮɘəɧɜŮɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ŬɜŰɘəŮɘɛɏɜɤɜ ůŮ ɎɚɚŮɠ ŮɘəɧɜŮɠ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŬɜɑɢɜŮɡůɖɠ ˊɟɞůɩˊɞɡ ɞ Ŭɚɔɧɟɘɗɛɞɠ ɢɟŮɘɎɕŮŰŬɘ ˊɞɚɚɏɠ ɗŮŰɘəɏɠ ŮɘəɧɜŮɠ (ŮɘəɧɜŮɠ 

ˊɟɞůɩˊɤɜ) əŬɘ ŬɟɜɖŰɘəɏɠ ŮɘəɧɜŮɠ (ŮɘəɧɜŮɠ ɢɤɟɑɠ ˊɟɧůɤˊŬ) ɔɘŬ ɜŬ ŮəˊŬɘŭŮɨůŮɘ Űɞɜ ŰŬɝɘɜɞɛɖŰɐ. 

ɀŮ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞ ůɡɔəɟɑɜɞɜŰŬɘ ɞɛɎŭŮɠ əɞɜŰɘɜɩɜ ŮɘəɞɜɞůŰɘɢŮɑɤɜ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ 

ŮɝɎɔŮɘ ůŮ ŬˊɞŰɏɚŮůɛŬ ɛɞŰɑɓŬ ɚŮɡəɞɨ əŬɘ ɛŬɨɟɞɡ (ȺɘəɧɜŬ 64). 
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ȺɘəɧɜŬ 64: ɄŬɟɎŭŮɘɔɛŬ ŮɜŰɞˊɘůɛɞɨ ˊɟɞůɩˊɞɡ 

ȼ ůɡɜɎɟŰɖůɖ face_detection ()  (ȺɘəɧɜŬ 65) ŮɜŰɞˊɑɕŮɘ ɛɏůɤ Űɖɠ Pi camera əŬɘ Űɞɡ 

OpenCV ŰŬ ˊɟɧůɤˊŬ ˊɞɡ Űɞ əɞɘŰɎɜŮ Űɞ ɟɞɛˊɧŰ. ȼ ůɡɜɎɟŰɖůɖ ŮˊɘůŰɟɏűŮɘ ɛɘŬ ŬɚɖɗŮɑɠ Űɘɛɐ ɧŰŬɜ 

əɎˊɞɘɞ ˊɟɧůɤˊɞ əɞɘŰɎɝŮɘ Űɞ ɟɞɛˊɧŰ. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɞɘ ůɡɜŬɟŰɐůŮɘɠ perfect(), 

decrease(), increase( ) ( ȺɘəɧɜŬ 66) əŬɚɞɨɜ Űɖɜ ůɡɜɎɟŰɖůɖ change_face() , ɖ 

ɞˊɞɑŬ ŮəŰŮɚŮɑ Űɞ əɘɜɖɛŬŰɘəɧ ɛɞɜŰɏɚɞ əŬɘ ŬɚɚɎɕŮɘ Űɖɜ ŭɘɎɗŮůɖ Űɞɡ ɟɞɛˊɧŰ (ȺɘəɧɜŬ 67). ȼ 

ůɡɜɎɟŰɖůɖ change_state()  (ȺɘəɧɜŬ 68) ŮɚɏɔɢŮɘ Űɖɜ Űɘɛɐ Űɞɡ ɛˊɟɞůŰɘɜɞɨ ɡˊŮɟɖɢɖŰɘəɞɨ 

ŬɘůɗɖŰɐɟŬ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɤɜ 40 ŮəŬŰɞůŰɩɜ ɞˊɘůɗɞɢɤɟŮɑ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ŮɜŰɞˊɘůɛɞɨ ˊɟɞůɩˊɞɡ ɖ ůɡɜɎɟŰɖůɖ change_state()  əŬɚŮɑ Űɖɜ ůɡɜɎɟŰɖůɖ 

decrease() ɔɘŬ Űɖɜ ŬɚɚŬɔɐ Űɖɠ ŭɘɎɗŮůɖɠ Űɞɡ ɟɞɛˊɧŰ. 

 

ȺɘəɧɜŬ 65: ɆɡɜɎɟŰɖůɖ ŮɜŰɞˊɘůɛɞɨ ˊɟɞůɩˊɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè 
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ȺɘəɧɜŬ 66: ȾɚɎůɖ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè 

 

ȺɘəɧɜŬ 67: ɆɡɜɎɟŰɖůɖ əɘɜɖɛŬŰɘəɞɨ ɛɞɜŰɏɚɞɡ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè 
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ȺɘəɧɜŬ 68: ɆɡɜŬɟŰɐůŮɘɠ ŬɚɚŬɔɐɠ ŭɘɎɗŮůɖɠ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ ȺɜůɡɜŬɑůɗɖůɖè 

4.6.2 ɆŮɜɎɟɘɞ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè 

ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ůŮɜɎɟɘɞ ŮůŰɘɎɕŮɘ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ŬŰɧɛɤɜ ɛŮ ŭɘɎɔɜɤůɖ 

ůɡɜŭɟɧɛɞɡ ȯůˊŮɟɔəŮɟ. ɇɞ ůɨɜŭɟɞɛɞ ȯůˊŮɟɔəŮɟ ŮɑɜŬɘ ɛɘŬ ɘůɧɓɘŬ ŭɘŬŰŬɟŬɢɐ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɞ 

ˊɤɠ Űɞ ɎŰɞɛɞ ŬɜŰɘɚŬɛɓɎɜŮŰŬɘ Űɞɜ əɧůɛɞ, ŮˊŮɝŮɟɔɎɕŮŰŬɘ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɚŬɛɓɎɜŮɘ əŬɘ 

ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ ɎɚɚŬ ɎŰɞɛŬ. ȷˊɞŰŮɚŮɑ ɧˊɤɠ əŬɘ ɞ əɚŬůůɘəɧɠ ŬɡŰɘůɛɧɠ ɛɘŬ çŭɘŬŰŬɟŬɢɐ űɎůɛŬŰɞɠè 

ŮˊŮɘŭɐ ŮˊɖɟŮɎɕŮɘ ŰŬ ɎŰɞɛŬ ɛŮ ˊɞɚɚɞɨɠ ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ əŬɘ ůŮ ˊɞɘəɑɚɞ ɓŬɗɛɧ. ɇŬ ɎŰɞɛŬ 

ɛŮ ȯůˊŮɟɔəŮɟ ɏɢɞɡɜ ɚɘɔɧŰŮɟŬ ˊɟɞɓɚɐɛŬŰŬ ɛŮ Űɖ ɚŮəŰɘəɐ ŮˊɘəɞɘɜɤɜɑŬ əŬɘ ɏɢɞɡɜ ůɡɜɐɗɤɠ ɛɏůɖ ɐ 

əŬɘ ŬɜɩŰŮɟɖ ɜɞɖɛɞůɨɜɖ. ȺɜŭɏɢŮŰŬɘ ɜŬ ˊŬɟɞɡůɘɎůɞɡɜ ůɡɔəŮəɟɘɛɏɜŬ ɛŬɗɖůɘŬəɎ ˊɟɞɓɚɐɛŬŰŬ ɧˊɤɠ 

ŭɡůɚŮɝɑŬ, ŭɡůˊɟŬɝɑŬ ɐ ɎɚɚŮɠ əŬŰŬůŰɎůŮɘɠ ɧˊɤɠ ŭɘŬŰŬɟŬɢɐ ŮɚɚŮɘɛɛŬŰɘəɐɠ ˊɟɞůɞɢɐɠ ï 

ɡˊŮɟəɘɜɖŰɘəɧŰɖŰŬ (ȹȺɄɈ).  
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Ɇəɞˊɧɠ Űɞɡ ůŮɜŬɟɑɞɡ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ ŮˊɘəɞɘɜɤɜɘŬəɐɠ əŬɘ əɞɘɜɤɜɘəɐɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ, 

Űɤɜ ɛŬɗɖŰɩɜ ɛŮ ŭɘŬŰŬɟŬɢɏɠ ůŰɞ űɎůɛŬ Űɞɡ ŬɡŰɘůɛɞɨ, ɛŮ ɎɚɚŬ ɎŰɞɛŬ. ɇɞ ɟɞɛˊɧŰ ɚŮɘŰɞɡɟɔŮɑ ɤɠ 

ɛŮůɞɚŬɓɖŰɐɠ, ɞ ɞˊɞɑɞɠ ŭɘŮɡəɞɚɨɜŮɘ Űɖɜ Ůəŭɐɚɤůɖ ůɡɜŬɘůɗɖɛɎŰɤɜ əŬɘ ůɡɛˊŮɟɘűɞɟɩɜ Űɞɡ ɢɟɐůŰɖ. 

ɇɞ ůŮɜɎɟɘɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ űɎůŮɘɠ, ůŰɖɜ ˊɟɩŰɖ ɞ ŮəˊŬɘŭŮɡŰɘəɧɠ ŭɘɖɔŮɑŰŬɘ ɛɘŬ ɘůŰɞɟɑŬ ůŰɖɜ 

ɞˊɞɑŬ ɞ ɛŬɗɖŰɐɠ ɛŮ ůɨɜŭɟɞɛɞ ȯůˊŮɟɔəŮɟ ɗŬ ˊɟɏˊŮɘ ɜŬ ůɡɜŮɟɔŬůŰŮɑ ůŰɖɜ Ůˊɘɚɞɔɐ əŬɟŰɩɜ (ȺɘəɧɜŬ 

69), ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɕɩŬ, ɔɘŬ Űɖɜ ŮɟɔŬůɑŬ Űɞɡɠ. ȾŬŰɎ Űɖɜ ŭŮɨŰŮɟɖ űɎůɖ ɞ ŮəˊŬɘŭŮɡŰɘəɧɠ ŮɝɖɔŮɑ 

Űɞɡɠ əŬɜɧɜŮɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ɟɞɛˊɧŰ. ɆŰɖɜ ɞɗɧɜɖ Űɞɡ ɟɞɛˊɧŰ ŮɛűŬɜɑɕɞɜŰŬɘ Ŭˊɧ əɞɘɜɞɨ Űɞ 

ˊɟɧůɤˊɞ əŬɘ ɛɑŬ ŬˊŮɘəɧɜɘůɖ Ůɜɧɠ ŬɡŰɞəɧɚɚɖŰɞɡ (ȺɘəɧɜŬ 70). ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ ŬˊŮɘəɞɜɑůŮɘɠ 

ŬɡŰɞəɧɚɚɖŰɤɜ, ɛɑŬ ɔɎŰŬ, ɏɜŬɠ ůəɨɚɞɠ əŬɘ ɏɜŬ Ɏɚɞɔɞ. ɀŮ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ůŮɜŬɟɑɞɡ ɞ ɢɟɐůŰɖɠ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŭɘŬəɟɑɜŮɘ Űɞ ŮɘəɞɜɘɕɧɛŮɜɞ ŬɡŰɞəɧɚɚɖŰɞ əŬɘ ɜŬ ŭŮɑɝŮɘ ůŰɖɜ əɎɛŮɟŬ Űɞɡ Űɞ ůɤůŰɧ. ɆŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ ɖ əŬŰɎůŰŬůɖ Űɞɡ ˊɟɞůɩˊɞɡ əŬɚɡŰŮɟŮɨŮɘ əŬŰɎ ɛɑŬ, ŬəɞɨɔŮŰŬɘ ɞ ŬɜŰɑůŰɞɘɢɞɠ 

ɐɢɞɠ əŬɘ Űɞ LED ɔɑɜŮŰŬɘ ˊɟɎůɘɜɞ. ɆŮ ŬɜŰɑɗŮŰɖ ˊŮɟɑˊŰɤůɖ Űɞ ˊɟɧůɤˊɞ Űɞɡ ŬˊɞəŰɎ əŬŰɎ ɛɘŬ 

əŬŰɎůŰŬůɖ ˊɘɞ ɚɡˊɖɛɏɜɖ Ŭˊɧ Űɖɜ Űɤɟɘɜɐ, ŬəɞɨɔŮŰŬɘ ɞ ŬɜŰɑůŰɞɘɢɞɠ ɐɢɞɠ əŬɘ Űɞ LED ɔɑɜŮŰŬɘ 

əɧəəɘɜɞ. ȼ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɑɕŮŰŬɘ ɎɚɚŮɠ ŭɨɞ űɞɟɏɠ ɛŮ ŬɚɚŬɔɐ Űɞɡ ŬɡŰɞəɧɚɚɖŰɞɡ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ 

ůŰɖɜ ɞɗɧɜɖ əŬɘ Űɖɠ ŬɜŬɛɞɜɐɠ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŮɘəɧɜŬɠ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. 

 

ȺɘəɧɜŬ 69: ȺɜŭŮɘəŰɘəɏɠ əɎɟŰŮɠ ɕɩɤɜ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè 
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ȺɘəɧɜŬ 70: ȷɡŰɞəɧɚɚɖŰŬ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè 

ȼ ůɡɜɎɟŰɖůɖ find_object ()  ŬɜŬɔɜɤɟɑɕŮɘ ɛɏůɞ Űɖɠ Pi camera Űɘɠ əɎɟŰŮɠ ɛŮ ŰŬ 

ŮɘəɞɜɘɕɧɛŮɜŬ ɕɩŬ ˊɞɡ ɏɢɞɡɜ ŮˊɘɚŮɢɗŮɑ (ȺɘəɧɜŬ 71). ɇɞ ˊɞůɞůŰɧ ɞɛɞɘɧŰɖŰŬɠ əŬŰɎ Űɖɜ ůɨɔəɟɘůɖ 

Űɤɜ əŬɟŰɩɜ ɛŮ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ (ɔɎŰŬ, ůəɨɚɞɠ, Ɏɚɞɔɞ) əŬɘ ŭɘŬɗɏŰŮɘ Űɞ OpenCV ɏɢŮɘ 

ɟɡɗɛɘůŰŮɑ ůŰɞ 70%. ɀŮ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ Ůɜɧɠ ɛɞɜŰɏɚɞɡ, ɖ ůɡɜɎɟŰɖůɖ, ŮˊɘůŰɟɏűŮɘ Űɞ ɧɜɞɛŬ Űɞɡ 

əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɔɑɜŮŰŬɘ ɖ ŭɘŬɢŮɑɟɘůɖ ɔɘŬ Űɖɜ ŬɚɚŬɔɐ əŬŰɎůŰŬůɖɠ.       

 

ȺɘəɧɜŬ 71: ȾɩŭɘəŬɠ ŬɜŬɔɜɩɟɘůɖɠ ɕɩɤɜ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè 
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ȼ ůɡɜɎɟŰɖůɖ start ()  ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ 

Űɞɡ ůŮɜŬɟɑɞɡ (ȺɘəɧɜŬ 72). Ƀɘ ůɡɜŬɟŰɐůŮɘɠ perfect () , decrease () , əŬɘ increase ()  ŮɑɜŬɘ 

ɡˊŮɨɗɡɜŮɠ ɔɘŬ Űɖɜ Ůɜɖɛɏɟɤůɖ ŬɚɚŬɔɐɠ Űɤɜ əŬŰŬůŰɎůŮɤɜ. Ⱥˊɑůɖɠ, ŬɜŬɚŬɛɓɎɜɞɡɜ Űɞɡɠ ɐɢɞɡɠ ˊɞɡ 

ŬəɞɨɔɞɜŰŬɘ əŬŰɎ Űɖɜ ŬɚɚŬɔɐ əŬŰɎůŰŬůɖɠ əŬɘ ɔɘŬ Űɖɜ ŬɚɚŬɔɐ Űɞɡ ɢɟɩɛŬŰɞɠ Űɤɜ LED ɛɏůɞ Űɖɠ 

ůɡɜɎɟŰɖůɐɠ set_led ()  ˊɞɡ ɏɢŮɘ ŬɜŬˊŰɡɢɗŮɑ əŬɘ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 4.2.4. 

 

ȺɘəɧɜŬ 72: ȾɚɎůɖ ůŮɜŬɟɑɞɡ çȺɘŭɘəɐ Ⱦɞɘɜɤɜɘəɐ ȷɚɚɖɚŮˊɑŭɟŬůɖè 

ȼ ůɡɜɎɟŰɖůɖ change_face ()  (ȺɘəɧɜŬ 73) ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖ ŬɚɚŬɔɐ Űɤɜ 

əŬŰŬůŰɎůŮɤɜ (ȺɘəɧɜŬ 62) ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ɞɗɧɜɖ Űɞɡ ɟɞɛˊɧŰ. 
















































