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ɄŮɟɑɚɖɣɖ 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬɜŬ́ŰɨɢɗɖəŮ ɛɑŬ ɏɝɡˊɜɖ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ 

ůɡɜŬɔŮɟɛɞɨ ŮɚŮɔɢɧɛŮɜɖ ɛɏůɤ ŭɘŬŭɘəŰɨɞɡ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɛɑŬ ŬůɨɟɛŬŰɖ ɛɞɜɎŭŬ ɛŮ 

ˊɚɖəŰɟɞɚɧɔɘɞ əŬɘ RFID ŭɏəŰɖ ɔɘŬ Űɞɜ ɢŮɘɟɘůɛɧ Űɖɠ. 

Ƀ ɢɟɐůŰɖɠ Ŭűɞɨ ŮɔəŬŰŬůŰɐůŮɘ Űɘɠ ůɡůəŮɡɏɠ Ůɘůɧŭɞɡ əŬɘ Ůɝɧŭɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟɞɔɟŬɛɛŬŰɑůŮɘ Űɖɜ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬɜɎɔəŮɠ Űɞɡ. ɀˊɞɟŮɑ ɚɧɔɞɡ ɢɎɟɖ, ɜŬ 

ɟɡɗɛɑůŮɘ Űɘɠ ɛŬɔɜɖŰɘəɏɠ ŮˊŬűɏɠ ůŰŬ ˊŬɟɎɗɡɟŬ ɜŬ ŮɜŮɟɔɞˊɞɘɞɨɜ ɎɛŮůŬ Űɞɜ ůɡɜŬɔŮɟɛɧ, Ůɜɩ ɖ 

ŮˊŬűɐ ůŰɖɜ əŮɜŰɟɘəɐ Ůɑůɞŭɞ ɜŬ ɏɢŮɘ ɛɑŬ ɛɘəɟɐ əŬɗɡůŰɏɟɖůɖ. ȺəŰɧɠ Ŭˊɧ Űɘɠ ůŮɘɟɐɜŮɠ, ůɡůəŮɡɐ 

Ůɝɧŭɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɞˊɞɘŬŭɐˊɞŰŮ ůɡůəŮɡɐ ɛˊɞɟŮɑ ɜŬ ŮɚŮɔɢɗŮɑ Ŭˊɧ Űɖɜ ɏɝɞŭɞ 3,3 V Űɖɠ 

ˊɚŬəɏŰŬɠ, ɐ əɎˊɞɘŬ ůɡůəŮɡɐ 220 V ɛŮ ɢɟɐůɖ ɟŮɚɏ, ɐ ɖ ŮəŰɏɚŮůɖ əɎˊɞɘɞɡ əɩŭɘəŬ shell script.  

ɄŬɟɏɢŮŰŬɘ Ůˊɘˊɚɏɞɜ ɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ɢɟɐůŰɖ ɜŬ ŬˊɞɗɖəŮɨůŮɘ ŭɘɎűɞɟŬ ůŮɜɎɟɘŬ 

ɢɟɐůɖɠ, ɏŰůɘ ɩůŰŮ ɜŬ ɞˊɚɑɕŮɘ ŮəŮɑɜɞ ˊɞɡ Űɞɡ ˊŬɟɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ŬůűɎɚŮɘŬ. ȰŰůɘ, ɏɜŬ ůŮɜɎɟɘɞ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɧɜɞ Űɘɠ ɛŬɔɜɖŰɘəɏɠ ŮˊŬűɏɠ əŬɘ ɜŬ Űɞ ɞˊɚɑɕŮɘ ɧŰŬɜ ɓɟɑůəŮŰŮ ůŰɞɜ ɢɩɟɞ 

ůŰɞɜ ɞˊɞɑɞ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɞɠ ɞ ůɡɜŬɔŮɟɛɧɠ, əɘ ɏɜŬ Ɏɚɚɞ, Űɞ ɞˊɞɑɞ ɗŬ ɢɟɖůɘɛɞˊɞɘŮɑ əŬɘ 

Űɞɡɠ ŬɘůɗɖŰɐɟŮɠ əɑɜɖůɖɠ əŬɘ ɗŬ Űɞ ɞˊɚɑɕŮɘ ɧŰŬɜ ɗŬ ɚŮɑˊŮɘ. 

ɀɏůŬ Ŭˊɧ Űɞɜ ɘůŰɞɢɩɟɞ Ůˊɑůɖɠ ɛˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘŮɑ Űɘɠ ůɡůəŮɡɏɠ Ůɝɧŭɞɡ, ɜŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɞɜ ŮɓŭɞɛŬŭɘŬɑɞ ɢɟɞɜɞˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɤɜ ůŮɜŬɟɑɤɜ əŬɘ Űɤɜ ůɡůəŮɡɩɜ 

Ůɝɧŭɞɡ, ɜŬ ˊŬɟŬəɞɚɞɡɗŮɑ ɕɤɜŰŬɜɎ Űɖ əŬŰɎůŰŬůɖ Űɤɜ ůɡůəŮɡɩɜ Ůɘůɧŭɞɡ əŬɘ Űɖɠ əɎɛŮɟŬɠ, əŬɘ 

ɜŬ ˊɟɞɔɟŬɛɛŬŰɑɕŮɘ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ ɛɞɜɎŭɤɜ ŬˊɞɛŬəɟɡůɛɏɜɞɡ Ůɚɏɔɢɞɡ. Ⱥˊɑůɖɠ ɛˊɞɟŮɑ ɜŬ 

ɞɟɑɕŮɘ Űɘɠ ŮɜɏɟɔŮɘŮɠ ˊɞɡ ɗŬ ŮəŰŮɚŮůŰɞɨɜ ůŮ ˊŮɟɑˊŰɤůɖ ŮˊɑɗŮůɖɠ brute-force əŬɘ ɜŬ ŮˊɘůəɏˊŰŮŰŬɘ 

Űɖɜ əŬŰŬɔɟŬűɐ ůɡɛɓɎɜŰɤɜ. 

ɇɏɚɞɠ, ɖ ɛɞɜɎŭŬ ŬůɨɟɛŬŰɞɨ Ůɚɏɔɢɞɡ ɞˊɚɑɕŮɘ əŬɘ ŬűɞˊɚɑɕŮɘ Űɞɜ ůɡɜŬɔŮɟɛɧ ůɨɛűɤɜŬ 

ɛŮ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ ůŰɖɜ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ, ŮɘůɎɔɞɜŰŬɠ Űɞɜ əɤŭɘəɧ pin ɐ Űɖɜ 

əɎɟŰŬ RFID Űɞɡ ɢɟɐůŰɖ.  

ȿɏɝŮɘɠ əɚŮɘŭɘɎ: ȺɜůɤɛŬŰɤɛɏɜŬ ɆɡůŰɐɛŬŰŬ, ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ȹɘŬŭɘəŰɨɞɡ, ɆɡɜŬɔŮɟɛɧɠ, 

Arduino, BeagleBone, PHP, MySQL 
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Abstract 

 

 Thesis topic: Design and implementation of a smart IP embedded alarm system unit. 

In this thesis, it has developed a smart alarm system unit which is controlled through 

the internet. Also, it is developing a wireless unit with a keypad and a RFID reader in order to 

control the alarm system unit. 

The user, after having installed the input and output devices, can program the system 

unit according to his needs. For instance, he can set the magnetic contacts on the windows to 

activate immediately the alarm, while the magnetic contact of the main entrance to activate it 

after a small delay. Besides sirens, an output device can be any device controlled by the 3.3 V 

output of the board, or any 220 V device with the use of a relay, or the execution of a shell 

script. 

The user also has the capability to save various usage scenarios in order to activate the 

one which provides the most security. Thereby, one scenario could use only the magnetic 

contacts and be used when the user is at the place where the alarm unit is installed, and another, 

which could use also the motion sensors and be used when the user is away. 

Furthermore, through the website the user can activate the output devices, schedule the 

automatic activation of scenarios and output devices, monitor the state of the input devices and 

the place by using the camera, and to program the function of the remote control units. He can 

also set the actions to be executed in case of brute-force attack, and visit the event log. 

Finally, the wireless alarm unit can activate and deactivate the alarm system according 

to the settings in the system unit, by entering the pin number or the RFID card of the user. 

Keywords: Embedded systems, Web Development, Alarm System, Arduino, BeagleBone, 

PHP, MySQL 
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ȺɡɢŬɟɘůŰɑŮɠ 
 

 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ŮɟɔŬůɑŬɠ, 

ə. ɀɖɜɎ ȹŬůɡɔɏɜɖ. ɔɘŬ Űɖɜ əŬɗɞŭɐɔɖůɖ əŬɘ ɞɡůɘŬůŰɘəɐ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. Ⱥˊɑůɖɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Űɖɜ 

Ůɡɔɜɤɛɞůɨɜɖ ɛɞɡ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ, ɔɘŬ Űɖɜ ɖɗɘəɐ əŬɘ ɞɘəɞɜɞɛɘəɐ ɡˊɞůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ 

ˊɟɞůɏűŮɟŬɜ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. 
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ȹɐɚɤůɖ ˊɜŮɡɛŬŰɘəɩɜ ŭɘəŬɘɤɛɎŰɤɜ  

 

ȹɖɚɩɜɤ 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 ñɆɢŮŭɘŬůɛɧɠ əŬɘ ɡɚɞˊɞɑɖůɖ 

ɛɘŬɠ ɏɝɡˊɜɖɠ ŮɜůɤɛŬŰɤɛɏɜɖɠ əŮɜŰɟɘəɐɠ ɛɞɜɎŭŬɠ ůɡɜŬɔŮɟɛɞɨ IPò 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 ɀɖɢŬɜɘəɩɜ Ʉɚɖɟɞűɞɟɘəɐɠ əŬɘ ɇɖɚŮˊɘəɞɘɜɤɜɘɩɜ 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 

ɏɢɤ 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 Űɞɜ ůɡɔɔɟŬűɏŬ. Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɧ 

Űɞ ɏɔɔɟŬűɞ ŮəűɟɎɕɞɡɜ Űɞɜ ůɡɔɔɟŬűɏŬ əŬɘ ɛɧɜɞ.  

Copyright (C) ȸɖůůŬɟɑɤɜ ȹɖɛɖŰɟɑɞɡ ï ɀɖɜɎɠ ȹŬůɡɔɏɜɖɠ, 2016, ȾɞɕɎɜɖ 
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 ȾŮűɎɚŬɘɞ 1 ï ȺɘůŬɔɤɔɐ 

 

Ů ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

əŬɘ ɞɘ ɚɧɔɞɘ, ŰŬ əɑɜɖŰɟŬ, əŬɘ ɞɘ ˊɟɞəɚɐůŮɘɠ ˊɞɡ ɞŭɐɔɖůŬɜ ůŰɖɜ ŬɜɎɚɖɣɖ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. Ⱥˊɑůɖɠ, ŬɜŬűɏɟɞɜŰŬɘ əɎˊɞɘŮɠ ˊŬɟɧɛɞɘŮɠ ɡɚɞˊɞɘɐůŮɘɠ 

Ŭˊɧ Ɏɚɚɞɡɠ ŮɟŮɡɜɖŰɏɠ əŬɘ Űɏɚɞɠ, ɔɑɜŮŰŬɘ ɛɑŬ ůɡɜɞˊŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɖɠ ŭɞɛɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

 

 

1.1 ȷɜŰɘəŮɑɛŮɜɞ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɖ ɟŬɔŭŬɑŬ ŭɘɎŭɞůɖ Űɤɜ Ůɡɟɡɕɤɜɘəɩɜ ůɡɜŭɏůŮɤɜ ɏɢŮɘ 

ŭɖɛɘɞɡɟɔɐůŮɘ Űɖ ŰɎůɖ ɔɘŬ Űɖ ŭɘŬůɨɜŭŮůɖ ˊɞɘəɑɚɤɜ ůɡůəŮɡɩɜ əŬɘ ŮɝŬɟŰɖɛɎŰɤɜ ɛŮ Űɞ 

ŭɘŬŭɑəŰɡɞ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŮɜɘůɢɨŮŰŬɘ ɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɤɜ ůɡůəŮɡɩɜ 

ŬɡŰɩɜ, ˊɟɞůŭɑŭɞɜŰŬɠ Ůˊɑůɖɠ ɜɏŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɟɧˊɞɡɠ ɢɟɐůɖɠ ˊɞɡ ŬˊɞɡůɑŬɕŬɜ Ŭˊɧ Űɞɜ 

Ŭɟɢɘəɧ ůɢŮŭɘŬůɛɧ Űɞɡɠ. 

ȼ ŰɎůɖ ŬɡŰɐ ŮɑɜŬɘ ɔɜɤůŰɐ ɛŮ Űɞɜ ɧɟɞ ñȹɘŬŭɑəŰɡɞ ȷɜŰɘəŮɘɛɏɜɤɜò (Internet of Things) 

ɛŮ ˊɘɞ ůɡɜɖɗɘůɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ Űɖɠ ůɐɛŮɟŬ ɜŬ ŮɑɜŬɘ ɞɘ ɏɝɡˊɜŮɠ ŰɖɚŮɞɟɎůŮɘɠ (Smart TVs), ɞɘ 

ŭɘŬŭɘəŰɡŬəɏɠ əɎɛŮɟŮɠ (IP Cameras) əŬɘ ɞɘ ŭɘŬŭɘəŰɡŬəɏɠ ɛɞɜɎŭŮɠ ŬˊɞɗɐəŮɡůɖɠ (Network 

Attached Storage). 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ əŬɚŮɑŰŬɘ ɜŬ ŬɜŬˊŰɨɝŮɘ ɛɑŬ ɏɝɡˊɜɖ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ 

ůɡɜŬɔŮɟɛɞɨ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ɢŮɘɟɘůŰŮɑ ɛɏůɤ ŭɘŬŭɘəŰɨɞɡ, ɡɚɞˊɞɘɩɜŰŬɠ ɛɘŬ ɚɨůɖ ñȹɘŬŭɘəŰɨɞɡ 

ȷɜŰɘəŮɘɛɏɜɤɜò. ȼ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ŬˊɞŰŮɚŮɑ Űɖɜ əŬɟŭɘɎ Űɞɡ ůɡɜŬɔŮɟɛɞɨ. ɆŮ ŬɡŰɐɜ ůɡɜŭɏɞɜŰŬɘ 

ɧɚŮɠ ɞɘ ůɡůəŮɡɏɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ ɞɘ ŬɘůɗɖŰɐɟŮɠ, ɞɘ ůŮɘɟɐɜŮɠ əŬɘ ɞɘ əɎɛŮɟŮɠ. ȼ ɛɞɜɎŭŬ 

ŬɡŰɐ, ɚŬɛɓɎɜŮɘ ŰŬ ůɐɛŬŰŬ Ŭˊɧ Űɞɡɠ ŬɘůɗɖŰɐɟŮɠ əŬɘ ŮɜŮɟɔɞˊɞɘŮɑ Űɘɠ ůɡůəŮɡɏɠ Ůɝɧŭɞɡ, ŬɜɎɚɞɔŬ 

ɛŮ Űɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ Ŭˊɧ Űɞ ɢɟɐůŰɖ. 

ɇŬɡŰɧɢɟɞɜŬ, əŬŰŬůəŮɡɎůŰɖəŮ ɛɑŬ ɛɞɜɎŭŬ ŬˊɞɛŬəɟɡůɛɏɜɞɡ Ůɚɏɔɢɞɡ, ɖ ɞˊɞɑŬ ŭɘŬɗɏŰŮɘ 

ŬɟɘɗɛɖŰɘəɧ ˊɚɖəŰɟɞɚɧɔɘɞ əŬɘ RFID ŭɏəŰɖ, əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɜŮɟɔɞˊɞɘŮɑ əŬɘ ɜŬ ŬˊŮɜŮɟɔɞˊɞɘŮɑ Űɞɜ 

ůɡɜŬɔŮɟɛɧ. 

Ɇ 



ɝʂʈʂʐʍʚʋʑ ɛʂʎʎɻʍʚʖʉ 20 
 

ȼ ŮɔəŬŰɎůŰŬůɖ ɛɞɜɎŭɤɜ ůɡɜŬɔŮɟɛɞɨ Űɧůɞ ůŮ ɞɘəɑŮɠ, ɧůɞ əŬɘ ůŮ əŬŰŬůŰɐɛŬŰŬ əŬɘ 

ŮˊɘɢŮɘɟɐůŮɘɠ ɏɢŮɘ ɔɑɜŮɘ ŬˊŬɟŬɑŰɖŰɖ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɚɧɔɤ Űɖɠ ŬɡɝŬɜɧɛŮɜɖɠ 

ŮɔəɚɖɛŬŰɘəɧŰɖŰŬɠ əŬɘ Űɤɜ ŭɘŬɟɟɐɝŮɤɜ.  Ƀ Ůˊɑŭɞɝɞɠ ɚɖůŰɐɠ ɗŬ ŰɟŬˊŮɑ ůŮ űɡɔɐ ɧŰŬɜ ɞ 

ůɡɜŬɔŮɟɛɧɠ ŮɜŮɟɔɞˊɞɘɐůŮɘ Űɘɠ ůŮɘɟɐɜŮɠ ɡˊɧ Űɞɜ űɧɓɞ ˊɤɠ ɗŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧɠ Ŭˊɧ Űɞɡɠ 

ˊŮɟɑɞɘəɞɡɠ. ɄŬɟɎɚɚɖɚŬ, ɖ ɨˊŬɟɝɖ əɎˊɞɘɞɡ ůɡůŰɐɛŬŰɞɠ ůɡɜŬɔŮɟɛɞɨ ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ 

ŬˊɞŰɟŮˊŰɘəɎ ɔɘŬ Űɞɜ ɡˊɞɣɐűɘɞ ŭɘŬɟɟɐəŰɖ, ɞ ɞˊɞɑɞɠ ɗŬ ˊɟɞŰɘɛɐůŮɘ ɜŬ ŮɘůɓɎɚŮɘ ůŮ əɎˊɞɘɞɜ 

ŬˊɟɞůŰɎŰŮɡŰɞ ɢɩɟɞ. 

Ƀ ŰɞɛɏŬɠ Űɤɜ ůɡůŰɖɛɎŰɤɜ ŬůűŬɚŮɑŬɠ ŮɑɜŬɘ ŬɟəŮŰɎ ŭɘŬŭɞɛɏɜɞɠ ůŰɖɜ ŮˊɘůŰɖɛɞɜɘəɐ 

əɞɘɜɧŰɖŰŬ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɟɘəɏɠ ɡɚɞˊɞɘɐůŮɘɠ Ŭˊɧ Ɏɚɚɞɡɠ 

ŮɟŮɡɜɖŰɏɠ. 

ɆŰɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮ ɗɏɛŬ ñɆɢŮŭɘŬůɛɧɠ əŬɘ əŬŰŬůəŮɡɐ ŮɜůɤɛŬŰɤɛɏɜɞɡ 

ůɡůŰɐɛŬŰɞɠ ůɡɜŬɔŮɟɛɞɨ ůŰɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ Arduino ɛŮ ɡˊɞůŰɐɟɘɝɖ ŭɡɜŬɛɘəɞɨ ɘůŰɞɢɩɟɞɡ 

ŭɘŬɢŮɑɟɘůɖɠò [1] ɡɚɞˊɞɘɐɗɖəŮ ɏɜŬ ůɨůŰɖɛŬ ůɡɜŬɔŮɟɛɞɨ ŬˊɞŰŮɚɞɨɛŮɜɞ Ŭˊɧ ɏɜŬ ɏɤɠ ŮɜɜɘɎ 

ɛɘəɟɞŮɚŮɔəŰɏɠ Arduino, ɛŮ əɎɗŮ ɛɘəɟɞŮɚŮɔəŰɐ ɜŬ ɛˊɞɟŮɑ ɜŬ ůɡɜŭŮɗŮɑ ɛŮ ɏɤɠ əŬɘ ɞɢŰɩ 

ŬɘůɗɖŰɐɟɘŬ. ȼ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ɧɚɞɡ ůɡůŰɐɛŬŰɞɠ ɔɑɜŮŰŬɘ ɛɏůɤ ŭɘŬŭɘəŰɨɞɡ, ŮˊɘůəɏˊŰɞɜŰŬɠ Űɖɜ 

ŬɜɎɚɞɔɖ ɘůŰɞůŮɚɑŭŬ. 

ɆŰɖɜ ŭɖɛɞůɑŮɡůɖ ñImplementation of ZigBee-GSM based home security monitoring 

and remote control systemò [2] əŬŰŬůəŮɡɎůŰɖəŮ ɏɜŬ ůɨůŰɖɛŬ ŬůűŬɚŮɑŬɠ əŬɘ Ůɚɏɔɢɞɡ ůŰɞ 

ɞˊɞɑɞ ůɡɜŭɏɞɜŰŬɘ ɞɘ ŬɘůɗɖŰɐɟŮɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ŰŮɢɜɞɚɞɔɑŬ ZigBee [3]. ȼ ŮˊɘəɞɘɜɤɜɑŬ 

ɛŮ Űɖ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ɔɑɜŮŰŬɘ ɛɏůɤ SMS ɐ ɛɏůɤ GSM əɚɐůɖɠ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ˊɟɞůűɏɟŮɘ 

ɛɑŬ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ əŬɘ əŬŰŬɜɎɚɤůɖɠ, Ůɨəɞɚɖ ůŰɖ ɢɟɐůɖ, ŬɝɘɧˊɘůŰɖ, űɞɟɖŰɐ ɚɨůɖ 

ŬůűɎɚŮɘŬɠ əŬɘ Ůɚɏɔɢɞɡ Ůɜɧɠ ɢɩɟɞɡ. 

ɆŰɖ ŭɖɛɞůɑŮɡůɖ ñThe Design and Implementation of a guard against theft and alarm 

system with embedded telephone access and KEELOQ techniqueò [4] əŬŰŬůəŮɡɎůŰɖəŮ  ɏɜŬ 

ůɨůŰɖɛŬ ɔɘŬ Űɖɜ ŮˊɞˊŰŮɑŬ Ůɜɧɠ ɢɩɟɞɡ əŬŰɎ Űɖɠ əɚɞˊɐɠ, Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘŮɑ Űɖ ŰɖɚŮűɤɜɘəɐ 

ɔɟŬɛɛɐ əŬɘ Űɖ ŰŮɢɜɘəɐ KEELOQ [5]. ȳŰŬɜ ŬɜɘɢɜŮɨůŮɘ ˊŬɟŬɓɑŬůɖ, ɗŬ ŮɜŮɟɔɞˊɞɘɖɗŮɑ ɞ 

ůɡɜŬɔŮɟɛɧɠ əŬɘ ɗŬ əŬŰŬɔɟɎɣŮɘ ŮɘəɧɜŬ Űɞɡ ɢɩɟɞɡ, Űɖɜ ɞˊɞɑŬ ɗŬ ŬɜŮɓɎůŮɘ ůŰɞɜ ŮɝɡˊɖɟŮŰɖŰɐ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ɏɢŮɘ ɡɣɖɚɐ Ŭɜɞɢɐ ůŰɘɠ ˊŬɟŮɛɓɞɚɏɠ, ɡɣɖɚɐ Ŭˊɧŭɞůɖ, əŬɘ 

ɢŬɛɖɚɏɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ɡɚɘəɧ. 

ɆŰɖ ŭɖɛɞůɑŮɡůɖ ñIntelligent residential security alarm and remote control system based 

on single chip computerò [6] ɡɚɞˊɞɘɐɗɖəŮ ɏɜŬ ůɨůŰɖɛŬ ɞɘəɘŬəɞɨ ŬɜŰɘŭɘŬɟɟɖəŰɘəɞɨ 
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ůɡɜŬɔŮɟɛɞɨ, ůɡɜŬɔŮɟɛɞɨ ˊɡɟŬɜɑɢɜŮɡůɖɠ əŬɘ ŭɘŬɟɟɞɐɠ ŬŮɟɑɞɡ əŬɘ ɏɜŬ ůɨůŰɖɛŬ 

ŬˊɞɛŬəɟɡůɛɏɜɞɡ Ůɚɏɔɢɞɡ, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŰɞ ɛɘəɟɞŮɚŮɔəŰɐ 89C51 [7]. ɇɞ ůɨůŰɖɛŬ 

ɛˊɞɟŮɑ ɜŬ əɎɜŮɘ əɚɐůɖ ůŮ əɎˊɞɘɞɜ Ŭɟɘɗɛɧ əŬɘ ɜŬ ŰɟɞűɞŭɞŰɖɗŮɑ Ŭˊɧ Űɖ ŰɖɚŮűɤɜɘəɐ ɔɟŬɛɛɐ. 

ȺəŰɧɠ Ŭˊɧ Űɘɠ ŮɟŮɡɜɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ŬɡŰɏɠ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ, ůŰɞ Ůɛˊɧɟɘɞ 

ɡˊɎɟɢŮɘ ˊɚɖɗɩɟŬ ɛɞɜɎŭɤɜ ůɡɜŬɔŮɟɛɞɨ ́ ɞɡ ŬɜŬɚŬɛɓɎɜɞɡɜ Űɖɜ ˊɟɞůŰŬůɑŬ Űɖɠ ˊŮɟɘɞɡůɑŬɠ Űɞɡ 

ɢɟɐůŰɖ Ŭˊɧ ˊɟɞůˊɎɗŮɘŮɠ ŭɘɎɟɟɖɝɖɠ. ɋůŰɧůɞ, ɞɘ űŰɖɜɏɠ ɚɨůŮɘɠ ŭŮɜ ŬˊɞŰŮɚɞɨɜ ŬɝɘɧˊɘůŰɖ ɚɨůɖ, 

əŬɗɩɠ ɛˊɞɟɞɨɜ ŮɨəɞɚŬ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ Ŭˊɧ Űɞɡɠ ŭɘŬɟɟɐəŰŮɠ ɐ əŬɘ ɜŬ ɛɖɜ ŮɜŮɟɔɞˊɞɘɖɗɞɨɜ 

ɧŰŬɜ ɗŬ ŬˊŬɘŰɖɗŮɑ. Ⱥˊɘˊɚɏɞɜ, ɖ ɚŬɜɗŬůɛɏɜɖ ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ ůɡɜŬɔŮɟɛɞɨ ɧŰŬɜ ŭŮɜ ɡˊɎɟɢŮɘ 

ˊŬɟŬɓɑŬůɖ ˊɟɞəŬɚŮɑ ŬɜŬůŰɎŰɤůɖ ůŰɞɡɠ Ůɜɞɑəɞɡɠ əŬɘ Űɞɡɠ ˊŮɟɑɞɘəɞɡɠ. 

ɆŰŬ ˊɘɞ ŬəɟɘɓɎ ůɡůŰɐɛŬŰŬ, ɖ ŮɔəŬŰɎůŰŬůɖ ŬɡŰɩɜ ŬˊŬɘŰŮɑ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ɔɜɩůŮɘɠ 

ɖɚŮəŰɟɞɜɘəɩɜ, ɐ ŬəɧɛŬ əŬɘ Űɖɜ ŮɔəŬŰɎůŰŬůɖ Űɞɡɠ Ŭˊɧ ŮɝŮɘŭɘəŮɡɛɏɜɞ ůɡɜŮɟɔŮɑɞ ŰŮɢɜɘəɩɜ. 

Ⱥˊɑůɖɠ, ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůɡůəŮɡɩɜ Ůɝɧŭɞɡ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ ˊŮɟɘɞɟɑɕŮŰŬɘ ůɡɜɐɗɤɠ 

ůŰɞɡɠ ŭɨɞ, Ůɜɩ ɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɞɡɠ ŮɑɜŬɘ ŬɟəŮŰɎ ˊɞɚɨˊɚɞəɞɠ əŬɘ əŬɗɧɚɞɡ ŮɡɏɚɘəŰɞɠ.  

ȷɜ əŬɘ ɖ ŰŮɢɜɞɚɞɔɑŬ Űɤɜ ŮɜůɤɛŬŰɤɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ ɏɢŮɘ əɎɜŮɘ ɛŮɔɎɚŬ ɎɚɛŬŰŬ ŰŬ 

ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, ɞɘ əŮɜŰɟɘəɏɠ ɛɞɜɎŭŮɠ ůɡɜŬɔŮɟɛɞɨ ˊɞɡ ɡˊɞůŰɖɟɑɕɞɡɜ ŭɘŬůɨɜŭŮůɖ ɛŮ Űɞ 

ŭɘŬŭɑəŰɡɞ ůɐɛŮɟŬ ɏɢɞɡɜ ɘŭɘŬɑŰŮɟŬ ɡɣɖɚɧ əɧůŰɞɠ Űɞ ɞˊɞɑɞ ɝŮˊŮɟɜɎ ůɡɜɐɗɤɠ ŰŬ 300 Ůɡɟɩ. 

Ⱥˊɘˊɚɏɞɜ, ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ əŬŰŬůəŮɡŬůŰɐ əŬɗɩɠ ɞ ŮɝɡˊɖɟŮŰɖŰɐɠ ŭŮɜ 

ɓɟɑůəŮŰŬɘ ŮɜůɤɛŬŰɤɛɏɜɞɠ ůŰɖɜ ɛɞɜɎŭŬ ůɡɜŬɔŮɟɛɞɨ, ŬɚɚɎ ůŮ əɎˊɞɘɞɜ ŮɝɤŰŮɟɘəɧ ŮɝɡˊɖɟŮŰɖŰɐ 

Űɞɡ əŬŰŬůəŮɡŬůŰɐ. ɇɏɚɞɠ, ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟɞɡɜ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŰɖɜ Ŭˊɚɐ ɧˊɚɘůɖ 

əŬɘ Ŭűɧˊɚɘůɖ Űɞɡ ůɡɜŬɔŮɟɛɞɨ, ɢɤɟɑɠ ɜŬ ˊŬɟɏɢɞɡɜ Ůˊɘˊɚɏɞɜ ŭɡɜŬŰɧŰɖŰŮɠ. 

ɇŬ ůɡɔəŮəɟɘɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ əŬɚŮɑŰŬɘ ɜŬ ŮˊɘɚɨůŮɘ ɖ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, 

ŬɜŬˊŰɨůůɞɜŰŬɠ ɛɘŬ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ůɡɜŬɔŮɟɛɞɨ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ, ɖ ɞˊɞɑŬ ŮɜůɤɛŬŰɩɜŮɘ Űɞɜ 

ŮɝɡˊɖɟŮŰɖŰɐ ɩůŰŮ ɜŬ ŭɨɜŬŰŬɘ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ əŬɘ ůŮ ŰɞˊɘəɎ ŭɑəŰɡŬ ŰŬ ɞˊɞɑŬ ŭŮɜ ŮɑɜŬɘ 

ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Űɞ ŭɘŬŭɑəŰɡɞ. 

ɇŬɡŰɧɢɟɞɜŬ, ɖ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ ˊŬɟɏɢŮɘ Ůˊɘˊɚɏɞɜ ɚŮɘŰɞɡɟɔɑŮɠ, 

Űɧůɞ ɔɘŬ Űɞɡɠ Ŭˊɚɞɨɠ ɢɟɐůŰŮɠ, ɧˊɤɠ ɞ ɢɟɞɜɞˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ əŬɘ ɖ ˊŬɟŬəɞɚɞɨɗɖůɖ Űɤɜ 

ŬɘůɗɖŰɐɟɤɜ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ɧůɞ əŬɘ ɔɘŬ Űɞɡɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ, ɧˊɤɠ ɖ ŮəŰɏɚŮůɖ əɩŭɘəŬ 

shell script ůŰɖ ˊŮɟɑˊŰɤůɖ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɞɡ ůɡɜŬɔŮɟɛɞɨ. 
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1.2 Ɇɨɜɞɣɖ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

 

ɇɞ ˊŬɟɩɜ əŮɑɛŮɜɞ ŮɑɜŬɘ ŭɞɛɖɛɏɜɞ ůŮ ˊɏɜŰŮ əŮűɎɚŬɘŬ ůŰŬ ɞˊɞɑŬ ŬɜŬɚɨŮŰŬɘ ˊɚɐɟɤɠ 

Űɧůɞ Űɞ ɗŮɤɟɖŰɘəɧ, ɧůɞ əŬɘ Űɞ ˊɟŬəŰɘəɧ ɛɏɟɞɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ɄŬɟɞɡůɘɎɕɞɜŰŬɘ Ůˊɑůɖɠ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ ůɨůŰɖɛŬ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ 

ˊŬɟɞɡůɘɎůŰɖəŬɜ, əŬɘ ˊɘɗŬɜɏɠ ɛŮɚɚɞɜŰɘəɏɠ ɓŮɚŰɘɩůŮɘɠ. 

ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ɞɘ ɚɧɔɞɘ ˊɞɡ 

ɞŭɐɔɖůŬɜ ůŰɖɜ ŬɜɎɚɖɣɖ ŬɡŰɐɠ. ȷɜŬűɏɟɞɜŰŬɘ Ůˊɑůɖɠ əɎˊɞɘŮɠ ˊŬɟɧɛɞɘŮɠ ɡɚɞˊɞɘɐůŮɘɠ Ŭˊɧ 

Ɏɚɚɞɡɠ ŮɟŮɡɜɖŰɏɠ,  əŬɘ Űɏɚɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ůɨɜɞɣɖ Űɖɠ ŭɞɛɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

ɆŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ ŬɜŬɚɨŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ Űɤɜ ŰŮɢɜɞɚɞɔɘɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊɚŬəɏŰŮɠ Arduino 

Uno əŬɘ BeagleBone Black əŬɘ ɞɘ ˊɚŬŰűɧɟɛŮɠ ŬɜɎˊŰɡɝɖɠ ɚɞɔɘůɛɘəɞɨ. 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɡɚɘəɧ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ, ŰŬ ŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əɎɗŮ ŮɝŬɟŰɐɛŬŰɞɠ, ɞ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡɠ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ŬɜŬɚɡŰɘəɎ 

ůɢŮŭɘŬɔɟɎɛɛŬŰŬ Űɤɜ əɡəɚɤɛɎŰɤɜ ˊɞɡ ɡɚɞˊɞɘɐɗɖəŬɜ. 

ɆŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ ŬɜŬɚɨŮŰŬɘ Űɞ ɚɞɔɘůɛɘəɧ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ɞɘ ŬˊŬɘŰɐůŮɘɠ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ. ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛŮɗɞŭɞɚɞɔɑŬ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, ɞɘ 

ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ɘůŰɞɢɩɟɞɡ, əŬɘ ɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɞɡ BeagleBone əŬɘ Űɞɡ Arduino. 

ɆŰɞ ˊɏɛˊŰɞ, əŬɘ ŰŮɚŮɡŰŬɑɞ, əŮűɎɚŬɘɞ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Ŭˊɧ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ŰŬ ˊɟɞɓɚɐɛŬŰŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ əŬŰɎ Űɖɜ ɡɚɞˊɞɑɖůɖ, əŬɘ ˊɘɗŬɜɏɠ 

ɛŮɚɚɞɜŰɘəɏɠ ŮˊŮəŰɎůŮɘɠ əŬɘ ɓŮɚŰɘɩůŮɘɠ. 
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ȾŮűɎɚŬɘɞ 2 ï ŪŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ 

 

Űɞ əŮűɎɚŬɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŰŮɢɜɞɚɞɔɑŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ 

Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ŮɟɔŬůɑŬɠ. ȷˊɞůŬűɖɜɑɕɞɜŰŬɘ ɗŮɤɟɖŰɘəɏɠ ɏɜɜɞɘŮɠ ˊɞɡ 

Ŭűɞɟɞɨɜ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ŭɘŬŭɘəŰɨɞɡ, Űɖɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ Arduino əŬɘ 

BeagleBone, əŬɘ ŬɜŬɚɨɞɜŰŬɘ ɞɘ ˊɚŬŰűɧɟɛŮɠ ŬɜɎˊŰɡɝɖɠ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

 

 

2.1 ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ ŭɘŬŭɘəŰɨɞɡ 

  

ɄɟɞɔɟŬɛɛŬŰɘůɛɧ ŭɘŬŭɘəŰɨɞɡ (web development) ɞɟɑɕɞɡɛŮ Űɖɜ ŮɟɔŬůɑŬ ŬɜɎˊŰɡɝɖɠ ɛɘŬɠ 

ɘůŰɞůŮɚɑŭŬɠ ɔɘŬ Űɞ ŭɘŬŭɑəŰɡɞ ɐ ɔɘŬ ɏɜŬ Űɞˊɘəɧ ŭɑəŰɡɞ [8].  ɆŰɘɠ ŮɟɔŬůɑŮɠ ŬɡŰɏɠ ˊŮɟɘɚŬɛɓɎɜŮŰŬɘ 

ɞ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ ɡˊɞɚɞɔɘůŰɐ-ˊŮɚɎŰɖ (client-side scripting) əŬɘ ɡˊɞɚɞɔɘůŰɐ-ŮɝɡˊɖɟŮŰɖŰɐ 

(server-side scripting), əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Űɞ ůɨůŰɖɛŬ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ. 

ɋɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɡˊɞɚɞɔɘůŰɐ-ˊŮɚɎŰɖ ɞɟɑɕɞɡɛŮ Űɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ 

ůŰɞ ŭɘŬŭɑəŰɡɞ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ˊŮɚɎŰɖ Ŭˊɧ Űɞɜ űɡɚɚɞɛŮŰɟɖŰɐ [9]. ɀŮ ŬɡŰɧ 

Űɞɜ Űɟɧˊɞ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ ɛˊɞɟŮɑ ɜŬ ŬɚɚɎɕŮɘ ŭɡɜŬɛɘəɎ ŬɜŬɚɧɔɤɠ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ŮɘůɎɔŮɘ ɞ ɢɟɐůŰɖɠ.  

ɋɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɡˊɞɚɞɔɘůŰɐ-ŮɝɡˊɖɟŮŰɖŰɐ ɞɟɑɕɞɡɛŮ Űɖɜ ŰŮɢɜɘəɐ ɖ ɞˊɞɑŬ 

ŮɜůɤɛŬŰɩɜŮɘ ůŮɜɎɟɘŬ ůŰɞɜ ŭɘŬəɞɛɘůŰɐ  ŰŬ ɞˊɞɑŬ ˊŬɟɎɔɞɡɜ Ŭˊɧəɟɘůɖ ˊɟɞůŬɟɛɞůɛɏɜɖ ůŰɞ 

ŬɑŰɖɛŬ Űɞɡ ˊŮɚɎŰɖ. ȼ Ŭˊɧəɟɘůɖ ŮəŰŮɚŮɑŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ŭɘŬəɞɛɘůŰɐ ˊɟɘɜ ůŰŬɚŮɑ ůŰɞɜ 

ˊŮɚɎŰɖ [10]. 

ɆɨůŰɖɛŬ ŭɘŬɢŮɑɟɘůɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ŮɑɜŬɘ ɛɑŬ ŮűŬɟɛɞɔɐ ɚɞɔɘůɛɘəɞɨ ˊɞɡ 

ŬɚɚɖɚŮˊɘŭɟɎ ŮɑŰŮ ɛŮ Űɞɜ ɢɟɐůŰɖ, ŮɑŰŮ ɛŮ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ůɡɚɚɎɓŮɘ əŬɘ ɜŬ 

ŬɜŬɚɨůŮɘ ŭŮŭɞɛɏɜŬ. ȰɜŬ ɔŮɜɘəɐɠ ɢɟɐůɖɠ ůɨůŰɖɛŬ ŭɘŬɢŮɑɟɘůɖɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, ŮɑɜŬɘ ɏɜŬ 

ůɨůŰɖɛŬ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ɏɢŮɘ ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ŮˊɘŰɟɏˊŮɘ Űɞɜ ɞɟɘůɛɧ, Űɖ ŭɖɛɘɞɡɟɔɑŬ, Űɖɜ 

ŮˊŮɟɩŰɖůɖ, Űɖɜ Ůɜɖɛɏɟɤůɖ əŬɘ Űɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɤɜ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ [11]. 

 

Ɇ 
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2.1.1 HTML  

 

ȼ HTML (HyperText Markup Language, ũɚɩůůŬ ɆɐɛŬɜůɖɠ ɈˊŮɟəŮɘɛɏɜɞɡ) ŮɑɜŬɘ ɖ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜɖ ɔɚɩůůŬ ůɐɛŬɜůɖɠ ɘůŰɞůŮɚɑŭɤɜ [12]. 

ȼ HTML ɔɟɎűŮŰŬɘ ɡˊɧ ɛɞɟűɐ ůŰɞɘɢŮɑɤɜ HTML, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŮŰɘəɏŰŮɠ 

(tags), ɞɘ ɞˊɞɑŮɠ ˊŮɟɘəɚŮɑɞɜŰŬɘ ɛɏůŬ ůŮ ůɨɛɓɞɚŬ ñ<ò əŬɘ ñ>ò (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ <html>), ɛɏůŬ 

ůŰɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɖɠ ɘůŰɞůŮɚɑŭŬɠ. Ƀɘ ŮŰɘəɏŰŮɠ HTML ůɡɜɐɗɤɠ ɚŮɘŰɞɡɟɔɞɨɜ ŬɜɎ ɕŮɨɔɖ (ɔɘŬ 

ˊŬɟɎŭŮɘɔɛŬ <h1> əŬɘ </h1>), ɛŮ Űɖɜ ˊɟɩŰɖ ɜŬ ɞɜɞɛɎɕŮŰŬɘ ŮŰɘəɏŰŬ ɏɜŬɟɝɖɠ əŬɘ Űɖ ŭŮɨŰŮɟɖ 

ŮŰɘəɏŰŬ ɚɐɝɖɠ (ɐ ůŮ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮŰɘəɏŰŬ ŬɜɞɑɔɛŬŰɞɠ əŬɘ ŮŰɘəɏŰŬ əɚŮɘůɑɛŬŰɞɠ 

ŬɜŰɑůŰɞɘɢŬ). ȷɜɎɛŮůŬ ůŰɘɠ ŮŰɘəɏŰŮɠ, ɞɘ ůɢŮŭɘŬůŰɏɠ ɘůŰɞůŮɚɑŭɤɜ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɐůɞɡɜ 

əŮɑɛŮɜɞ, ŮɘəɧɜŮɠ əɚˊ. 

ȼ HTML ŬˊɞŰŮɚŮɑ ɡɚɞˊɞɑɖůɖ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɡˊɞɚɞɔɘůŰɐ-ˊŮɚɎŰɖ, əŬɘ ůɡɜŮˊɩɠ 

ŬˊɞŰŮɚŮɑ Ůɡɗɨɜɖ Űɞɡ űɡɚɚɞɛŮŰɟɖŰɐ  ɜŬ ŭɘŬɓɎɕŮɘ ŰŬ ɏɔɔɟŬűŬ HTML əŬɘ ɜŬ ŰŬ ůɡɜɗɏŰŮɘ ůŮ 

ůŮɚɑŭŮɠ. Ƀ űɡɚɚɞɛŮŰɟɖŰɐɠ ŭŮɜ ŮɛűŬɜɑɕŮɘ Űɘɠ ŮŰɘəɏŰŮɠ HTML, ŬɚɚɎ Űɘɠ ɢɟɖůɘɛɞˊɞɘŮɑ ɔɘŬ ɜŬ 

ŮɟɛɖɜŮɨůŮɘ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɖɠ ůŮɚɑŭŬɠ. 

Ƀɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ŮŰɘəɏŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ ɘůŰɞɢɩɟɞɡ 

Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɜ ˊɑɜŬəŬ 1. 

 

ȺŰɘəɏŰŬ HTML  ɄŮɟɘɔɟŬűɐ [13] 

<!DOCTYPE> ɄɚɖɟɞűɞɟŮɑ Űɞɜ űɡɚɚɞɛŮŰɟɖŰɐ ɔɘŬ Űɖɜ ɏəŭɞůɖ HTML ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. 

<html> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ  Űɞɡ HTML  əɩŭɘəŬ. 

<head> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Űɞɡ head, Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ 

Űɖɜ əɤŭɘəɞˊɞɑɖůɖ Űɤɜ ɢŬɟŬəŰɐɟɤɜ, ŬɟɢŮɑŬ ɛɞɟűɞˊɞɑɖůɖɠ ə.Ŭ. 

<script> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Ůɜɧɠ ůŮɜŬɟɑɞɡ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑ əɩŭɘəŬ ɡˊɞɚɞɔɘůŰɐ-

ˊŮɚɎŰɖ. 

<title> ȾŬɗɞɟɑɕŮɘ Űɞɜ ŰɑŰɚɞ Űɞɡ ɘůŰɞɢɩɟɞɡ. 

<body> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Űɞɡ ůɩɛŬŰɞɠ Űɖɠ ůŮɚɑŭŬɠ.  

<div> ɃɟɑɕŮɘ ɏɜŬ ŰɛɐɛŬ Űɖɠ ůŮɚɑŭŬɠ ɛŮ əɞɘɜɐ ɛɞɟűɞˊɞɑɖůɖ. 

<form> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ ɛɘŬɠ űɧɟɛŬɠ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ 

<input> ɃɟɑɕŮɘ ɏɜŬ ůŰɞɘɢŮɑɞ ɡˊɞɓɞɚɐɠ Űɖɠ űɧɟɛŬɠ. ɇɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ type 

ŭɖɚɩɜŮɘ Űɞɜ Űɨˊɞ Űɞɡ ůŰɞɘɢŮɑɞɡ. 

<select> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Ůɜɧɠ ɛŮɜɞɨ Ůˊɘɚɞɔɩɜ. 

<table> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Ůɜɧɠ ˊɑɜŬəŬ. 

<button> ɃɟɑɕŮɘ ɏɜŬ əɞɡɛˊɑ. 

<h1> ɏɤɠ <h6> ɃɟɑɕŮɘ ɛɘŬ ŮˊɘəŮűŬɚɑŭŬ. 
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<p> ɃɟɑɕŮɘ Űɖɜ Ŭɟɢɐ ɛɘŬɠ ˊŬɟŬɔɟɎűɞɡ. 

<br> ɃɟɑɕŮɘ ɛɑŬ əŬɘɜɞɨɟɘŬ ɔɟŬɛɛɐ. 
ɄɑɜŬəŬɠ 1: ȺŰɘəɏŰŮɠ HTML 

 

 

2.1.2 CSS 

 

ȼ CSS (Cascading Style Sheets-ȹɘŬŭɞɢɘəɎ ūɨɚɚŬ ɆŰɡɚ) ɐ (ȷɚɚɖɚɞɡɢɑŬ ūɨɚɚɤɜ ɆŰɡɚ) 

ŮɑɜŬɘ ɛɘŬ ɔɚɩůůŬ ɡˊɞɚɞɔɘůŰɐ, ɖ ɞˊɞɑŬ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ɔɚɤůůɩɜ űɨɚɚɤɜ ůŰɡɚ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŮɛűɎɜɘůɖɠ Ůɜɧɠ ŮɔɔɟɎűɞɡ, Űɞ ɞˊɞɑɞ ɏɢŮɘ ɔɟŬűŰŮɑ ɛŮ ɛɘŬ 

ɔɚɩůůŬ ůɐɛŬɜůɖɠ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭɖɚŬŭɐ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŮɛűɎɜɘůɖɠ Ůɜɧɠ ŮɔɔɟɎűɞɡ ˊɞɡ 

ɔɟɎűŰɖəŮ ůŰɘɠ ɔɚɩůůŮɠ HTML əŬɘ XHTML, ŭɖɚŬŭɐ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ŮɛűɎɜɘůɖɠ ɛɘŬɠ 

ɘůŰɞůŮɚɑŭŬɠ. ȼ CSS ŮɑɜŬɘ ɛɘŬ ɔɚɩůůŬ ɡˊɞɚɞɔɘůŰɐ ˊɟɞɞɟɘůɛɏɜɖ ɜŬ ŬɜŬˊŰɨůůŮɘ ůŰɡɚɘůŰɘəɎ ɛɘŬ 

ɘůŰɞůŮɚɑŭŬ, ŭɖɚŬŭɐ ɜŬ ŭɘŬɛɞɟűɩɜŮɘ ˊŮɟɘůůɧŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɢɟɩɛŬŰŬ, ůŰɞɑɢɘůɖ əŬɘ ɜŬ 

ŭɑɜŮɘ ˊŮɟɘůůɧŰŮɟŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ HTML. ũɘŬ ɛɘŬ ɧɛɞɟűɖ əŬɘ əŬɚɞůɢŮŭɘŬůɛɏɜɖ 

ɘůŰɞůŮɚɑŭŬ, ɖ ɢɟɐůɖ Űɖɠ CSS əɟɑɜŮŰŬɘ ɤɠ ŬˊŬɟŬɑŰɖŰɖ [14]. 

ȰɜŬ űɨɚɚɞ ůŰɡɚ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŭɘŬŭɞɢɘəɞɨɠ əŬɜɧɜŮɠ. ȰɜŬɠ əŬɜɧɜŬɠ CSS ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ŭɨɞ ɛɏɟɖ: Űɞɜ ŮˊɘɚɞɔɏŬ (selector), ɞ ɞˊɞɑɞɠ əŬɗɞɟɑɕŮɘ ˊɞɘŬ ůŰɞɘɢŮɑŬ ɗŬ ɛɞɟűɞˊɞɘɖɗɞɨɜ, 

əŬɘ Ŭˊɧ Űɞ ŰɛɐɛŬ Űɖɠ ŭɐɚɤůɖɠ (declaration). ȼ ŭɐɚɤůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ 

(properties), ɞɘ ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɡɜ Űɞ ˊɩɠ ɗŬ ɛɞɟűɞˊɞɘɖɗŮɑ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ůŰɞɘɢŮɑɞ, əŬɘ Ŭˊɧ 

Űɘɠ Űɘɛɏɠ (values) ˊɞɡ ˊŬɑɟɜŮɘ. ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ əŬɜɧɜŬ 

CSS (ŮɘəɧɜŬ 1). 

 

 
ȺɘəɧɜŬ 1: ȼ ůɨɜŰŬɝɖ Űɖɠ CSS 
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2.1.3 Bootstrap 

 

ɇɞ bootstrap ŮɑɜŬɘ ɛɑŬ ŭɤɟŮɎɜ əŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ůɡɚɚɞɔɐ Ŭˊɧ ŮɟɔŬɚŮɑŬ ɔɘŬ Űɖɜ 

ŭɖɛɘɞɡɟɔɑŬ ɘůŰɞůŮɚɑŭɤɜ əŬɘ ŭɘŬŭɘəŰɡŬəɩɜ ŮűŬɟɛɞɔɩɜ [15]. ɄŮɟɘɚŬɛɓɎɜŮɘ ɏŰɞɘɛŮɠ 

ůɢŮŭɘŬůŰɘəɏɠ ˊɟɞŰɎůŮɘɠ ɔɘŬ űɧɟɛŮɠ, əɞɡɛˊɘɎ, ˊɚɞɐɔɖůɖ əŬɘ ɎɚɚŬ ůŰɞɘɢŮɑŬ ŭɘŮˊŬűɐɠ, əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ ˊɟɞŬɘɟŮŰɘəɎ JavaScript ůŮɜɎɟɘŬ. ȺəŰŮɚŮɑŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ˊŮɚɎŰɖ əŬɘ ůɡɜŮˊɩɠ 

əŬŰŬŰɎůůŮŰŬɘ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɡˊɞɚɞɔɘůŰɐ-ˊŮɚɎŰɖ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ɘůŰɞůŮɚɑŭŬɠ ɛŮ 

ɢɟɐůɖ Bootstrap ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 2. 

 

 
ȺɘəɧɜŬ 2: ɄŬɟɎŭŮɘɔɛŬ ɘůŰɞůŮɚɑŭŬɠ ɛŮ ɢɟɐůɖ Bootstrap 

 

 

2.1.4 JavaScript 

 

ȼ JavaScript ŮɑɜŬɘ ɖ ˊɘɞ ŭɖɛɞűɘɚɐɠ ŬɜŰɘəŮɘɛŮɜɞůŰɟŬűɐɠ ɔɚɩůůŬ ůŮɜŬɟɑɤɜ. ȷɟɢɘəɎ 

ŬˊɞŰɏɚŮůŮ ɛɏɟɞɠ Űɖɠ ɡɚɞˊɞɑɖůɖɠ Űɤɜ űɡɚɚɞɛŮŰɟɖŰɩɜ ȽůŰɞɨ, ɩůŰŮ ŰŬ ůŮɜɎɟɘŬ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ 

Űɞɡ ˊŮɚɎŰɖ (client-side scripts) ɜŬ ɛˊɞɟɞɨɜ ɜŬ Ůˊɘəɞɘɜɤɜɞɨɜ ɛŮ Űɞɜ ɢɟɐůŰɖ, ɜŬ ŬɜŰŬɚɚɎůůɞɡɜ 

ŭŮŭɞɛɏɜŬ ŬůɨɔɢɟɞɜŬ əŬɘ ɜŬ ŬɚɚɎɕɞɡɜ ŭɡɜŬɛɘəɎ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɞɡ ŮɔɔɟɎűɞɡ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ 

[16]. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ˊɟɞɔɟŬɛɛŬŰɘůŰɐ ɜŬ ŮɘůɎɔŮɘ Ůɚɏɔɢɞɡɠ ůŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ 

ŮɘůɎɔŮɘ ɞ ɢɟɐůŰɖɠ, ɞɘ ɞˊɞɑɞɘ ŮəŰŮɚɞɨɜŰŬɘ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ˊŮɚɎŰɖ əŬɘ ŭŮɜ ŮˊɘɓŬɟɨɜɞɡɜ Űɞɜ 

ŮɝɡˊɖɟŮŰɖŰɐ. ȼ ŮɘəɧɜŬ 3 ˊŬɟɞɡůɘɎɕŮɘ ɏɜŬ ˊŬɟɎŭŮɘɔɛŬ əɩŭɘəŬ ůŮ JavaScript. 
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ȺɘəɧɜŬ 3: ɄŬɟɎŭŮɘɔɛŬ əɩŭɘəŬ JavaScript 

 

 

2.1.5 Ajax 

 

ȼ Ajax (Asynchronous JavaScript and XML , ȷůɨɔɢɟɞɜɖ JavaScript əŬɘ XML ) ŮɑɜŬɘ 

ɏɜŬ ůɨɜɞɚɞ ŰŮɢɜɘəɩɜ ŬɜɎˊŰɡɝɖɠ ɘůŰɞɢɩɟɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖɜ ɛŮɟɘɎ Űɞɡ ˊŮɚɎŰɖ ɛŮ 

ůəɞˊɧ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Ŭůɨɔɢɟɞɜɤɜ ŭɘŬŭɘəŰɡŬəɩɜ ŮűŬɟɛɞɔɩɜ [17]. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɛɘŬ 

ɘůŰɞůŮɚɑŭŬ ɛˊɞɟŮɑ ɜŬ ůŰɏɚɜŮɘ əŬɘ ɜŬ ɚŬɛɓɎɜŮɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɏɜŬ ŭɘŬəɞɛɘůŰɐ ŬůɨɔɢɟɞɜŬ (ůŰɞ 

ˊŬɟŬůəɐɜɘɞ), ɢɤɟɑɠ ɜŬ ŮˊɖɟŮŬůŰŮɑ ɖ ŮɛűɎɜɘůɖ əŬɘ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ůŮɚɑŭŬɠ. ɇŬ ŭŮŭɞɛɏɜŬ 

ŬɜŬəŰɩɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ ŬɜŰɘəŮɑɛŮɜɞ XMLHttpRequest. ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ 

ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɚŮɘŰɞɡɟɔŮɑ ɖ ŰŮɢɜɞɚɞɔɑŬ Ajax (ŮɘəɧɜŬ 4). 

 

 
ȺɘəɧɜŬ 4: ɇŮɢɜɞɚɞɔɑŬ Ajax 
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2.1.6 PHP 

 

ȼ PHP ŮɑɜŬɘ ɛɘŬ ɔɚɩůůŬ ůŮɜŬɟɑɤɜ ɡˊɞɚɞɔɘůŰɐ-ŮɝɡˊɖɟŮŰɖŰɐ ɖ ɞˊɞɑŬ ůɢŮŭɘɎůŰɖəŮ ɔɘŬ 

ŭɘŬŭɘəŰɡŬəɏɠ ŮűŬɟɛɞɔɏɠ, ŬɚɚɎ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ɤɠ ɛɘŬ ɔŮɜɘəɐɠ ɢɟɐůɖɠ ɔɚɩůůŬ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ [18]. Ƀ əɩŭɘəɎɠ PHP ŮəŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬ ŭɘŮɟɛɖɜŮɡŰɐ əɩŭɘəŬ (interpreter) 

ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ɞ ɞˊɞɑɞɠ ŰɟɏɢŮɘ ɤɠ ɛɏɟɞɠ Űɖɠ ŮűŬɟɛɞɔɐɠ Űɞɡ ŭɘŬəɞɛɘůŰɐ ɩůŰŮ ɜŬ ůŰŬɚŮɑ 

ůŰɞ ˊɟɧɔɟŬɛɛŬ ˊŮɟɘɐɔɖůɖɠ ůŮ ɛɞɟűɐ HTML. 

ȼ PHP ˊŮɟɘɏɢŮɘ əɎˊɞɘŮɠ əŬɗɞɚɘəɏɠ ɛŮŰŬɓɚɖŰɏɠ (superglobals) ɞɘ ɞˊɞɑŮɠ ɓɞɖɗɞɨɜ ůŰɖɜ 

ŬɜɎˊŰɡɝɖ ŭɘŬŭɘəŰɡŬəɩɜ ŮűŬɟɛɞɔɩɜ [19]. Ƀɘ ɓŬůɘəɧŰŮɟŮɠ ɛŮŰŬɓɚɖŰɏɠ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

ü $_GET: ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɘɛɩɜ Ŭˊɧ ɛɘŬ űɧɟɛŬ (method=òGETò) ɐ Ŭˊɧ 

Űɖɜ ŭɘŮɨɗɡɜůɖ URL. 

ü $_POST: ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ůɡɚɚɞɔɐ Űɘɛɩɜ Ŭˊɧ ɛɘŬ űɧɟɛŬ (method=òPOSTò). 

ü $_REQUEST: ɄŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ Űɘɛɏɠ Űɤɜ ɛŮŰŬɓɚɖŰɩɜ $_POST, $_GET əŬɘ 

$_COOKIE. 

ü $_COOKIE: ȰɜŬ cookie ŮɑɜŬɘ ɏɜŬ ɛɘəɟɧ ŬɟɢŮɑɞ ˊɞɡ ŮɜůɤɛŬŰɩɜŮɘ ɞ ŭɘŬəɞɛɘůŰɐɠ ůŰɞɜ 

ɡˊɞɚɞɔɘůŰɐ Űɞɡ ɢɟɐůŰɖ. ȼ ůɡɜɎɟŰɖůɖ setcookie() ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ ɞɟɑůŮɘ ɏɜŬ 

cookie. 

ü $_SESSION: ɄŮɟɘɏɢŮɘ ɛŮŰŬɓɚɖŰɏɠ ůɡɜŮŭɟɑŬɠ ŭɘŬɗɏůɘɛŮɠ ůŰɞ Űɟɏɢɞɜ ůŮɜɎɟɘɞ. 

 

 

2.1.7 MySQL 

 

ȼ MySQL ŮɑɜŬɘ ɏɜŬ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ůɨůŰɖɛŬ ŭɘŬɢŮɑɟɘůɖɠ ůɢŮůɘŬəɩɜ ɓɎůŮɤɜ 

ŭŮŭɞɛɏɜɤɜ, ɖ ɞˊɞɑŬ Ŭˊɧ Űɞɜ Ƚɞɨɜɘɞ Űɞɡ 2013 ŬˊɞŰŮɚŮɑ Űɞ ŭŮɨŰŮɟɞ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɞ ůɨůŰɖɛŬ 

ŭɘŬɢŮɑɟɘůɖɠ ɓɎůŮɤɜ ŭŮŭɞɛɏɜɤɜ [20]. 

ɇŬ ŭŮŭɞɛɏɜŬ ůŰɖ MySQL ŬˊɞɗɖəŮɨɞɜŰŬɘ ůŮ ŬɜŰɘəŮɑɛŮɜŬ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ŰŬ ɞˊɞɑŬ 

ɞɜɞɛɎɕɞɜŰŬɘ ˊɑɜŬəŮɠ. ȰɜŬɠ ˊɑɜŬəŬɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ůɡɚɚɞɔɐ Ŭˊɧ ůɢŮŰɘəɏɠ əŬŰŬɢɤɟɐůŮɘɠ 

ŭŮŭɞɛɏɜɤɜ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɔɟŬɛɛɏɠ əŬɘ ůŰɐɚŮɠ. ȼ ŭɘŬɢŮɑɟɘůɖ ŬɡŰɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ Űɤɜ SQL ŮɜŰɞɚɩɜ. Ƀɘ ɓŬůɘəɧŰŮɟŮɠ ŮɜŰɞɚɏɠ SQL ŮɑɜŬɘ ɞɘ Ůɝɐɠ [21]: 
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ü Select: ȺɝɎɔŮɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. 

ü Update: ȺɜɖɛŮɟɩɜŮɘ ŭŮŭɞɛɏɜŬ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. 

ü Delete: ȹɘŬɔɟɎűŮɘ ŭŮŭɞɛɏɜŬ Ŭˊɧ Űɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. 

ü Insert into: ȺɘůɎɔŮɘ ŭŮŭɞɛɏɜŬ ůŰɖɜ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. 

ü Create database: ȹɖɛɘɞɡɟɔŮɑ ɛɑŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. 

ü Alter database: ɇɟɞˊɞˊɞɘŮɑ ɛɑŬ ɓɎůɖ ŭŮŭɞɛɏɜɤɜ. 

ü Create table: ȹɖɛɘɞɡɟɔŮɑ ɏɜŬɜ ˊɑɜŬəŬ. 

ü Alter table: ɇɟɞˊɞˊɞɘŮɑ ɏɜŬɜ ˊɑɜŬəŬ. 

ü Drop table: ȹɘŬɔɟɎűŮɘ ɏɜŬɜ ˊɑɜŬəŬ. 

ü Create index: ȹɖɛɘɞɡɟɔŮɑ ɏɜŬɜ ŭŮɑəŰɖ (əɚŮɘŭɑ ŬɜŬɕɐŰɖůɖɠ). 

ü Drop index: ȹɘŬɔɟɎűŮɘ ɏɜŬɜ ŭŮɑəŰɖ. 

 

 

2.1.8 jQuery Mobile 

 

ɇɞ jQuery Mobile ŮɑɜŬɘ ɏɜŬ ˊɚŬɑůɘɞ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŭɘŬŭɘəŰɡŬəɩɜ ŮűŬɟɛɞɔɩɜ ůŮ 

əɘɜɖŰɏɠ ůɡůəŮɡɏɠ [22]. ȹɖɛɘɞɡɟɔŮɑ ɘůŰɞɢɩɟɞɡɠ ɛŮ ɛɑŬ ŮɚəɡůŰɘəɐ əŬɘ ñŮɨəɞɚɖ ůŰɖ ɢɟɐůɖò 

ŮɛűɎɜɘůɖ (ŮɘəɧɜŬ 5), ɖ ɞˊɞɑŬ ɚŮɘŰɞɡɟɔŮɑ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ůŮ ɧɚŮɠ Űɘɠ ůɡůəŮɡɏɠ, əŬɗɩɠ 

ɢɟɖůɘɛɞˊɞɘŮɑ ɛɧɜɞ HTML, CSS əŬɘ JavaScript. 

 
ȺɘəɧɜŬ 5: ɄŬɟɎŭŮɘɔɛŬ ɘůŰɞůŮɚɑŭŬɠ ɛŮ ɢɟɐůɖ jQuery Mobile 
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2.2 ȷɟɢɘŰŮəŰɞɜɘəɐ Arduino  

 

ɇɞ Arduino ŮɑɜŬɘ ɛɑŬ ŬɜɞɘɢŰɞɨ ɚɞɔɘůɛɘəɞɨ əŬɘ ɡɚɘəɞɨ ŮŰŬɘɟɑŬ əŬɘ ɛɑŬ əɞɘɜɧŰɖŰŬ 

ɢɟɖůŰɩɜ, ɖ ɞˊɞɑŬ ůɢŮŭɘɎɕŮɘ əŬɘ əŬŰŬůəŮɡɎɕŮɘ ɛɖŰɟɘəɏɠ ˊɚŬəɏŰŮɠ ɛŮ ŮɜůɤɛŬŰɤɛɏɜɞ 

ɛɘəɟɞŮɚŮɔəŰɐ ɛŮ ůəɞˊɧ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɣɖűɘŬəɩɜ ůɡůəŮɡɩɜ, ɞɘ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ 

ŬɘůɗŬɜɗɞɨɜ əŬɘ ɜŬ Ůɚɏɔɝɞɡɜ ŬɜŰɘəŮɑɛŮɜŬ Űɞɡ űɡůɘəɞɨ əɧůɛɞɡ [23]. Ƀ ˊɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɞɡ 

Arduino ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ɔɚɩůůŬ Wiring ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɛɑŬ ˊŬɟŬɚɚŬɔɐ Űɖɠ C/C++. 

 

 

2.2.1 Ⱥɑŭɖ Arduino 

 

ɆɡɜɞɚɘəɎ ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ 16 ˊɚŬŰűɧɟɛŮɠ Arduino. ɆŰɞɜ ˊɑɜŬəŬ 2  

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŬ Ůɑŭɖ Arduino ɛŮ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. ɆŰɖɜ 

ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘɚɏɢŰɖəŮ Űɞ Arduino Uno. 

 

ɳʾʵˇˌ Arduino ʆʶ˔˄ʽˁʱ ʋh ˊʰˁˍʹˊʽˋˍʽˁʱ 

 
ȺɘəɧɜŬ 6: Arduino Uno [24]  

ɀɘəɟɞŮɚŮɔəŰɐɠ: ATmega328  

ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V  

ɊɖűɘŬəɏɠ Ůɑůɞŭɞɘ / ɏɝɞŭɞɘ: 14 (6 ɛŮ PWM)  

ȷɜŬɚɞɔɘəɏɠ Ůɑůɞŭɞɘ: 6  

ɀɜɐɛɖ Flash/SRAM/EEPROM: 32KB/2KB/1KB  

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ: 16 MHz 

 
ȺɘəɧɜŬ 7: Arduino Ethernet [25]  

ɀɘəɟɞŮɚŮɔəŰɐɠ: ATmega328  

ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V  

ɊɖűɘŬəɏɠ Ůɑůɞŭɞɘ / ɏɝɞŭɞɘ: 14 (4 ɛŮ PWM)  

ȷɜŬɚɞɔɘəɏɠ Ůɑůɞŭɞɘ: 6  

ɀɜɐɛɖ Flash/SRAM/EEPROM: 32KB/2KB/1KB  

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ: 16 MHz  

W5100 TCP/IP Embedded Ethernet Controller 

 
ȺɘəɧɜŬ 8: Arduino Leonardo [26]  

ɀɘəɟɞŮɚŮɔəŰɐɠ: ATmega32u4  

ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V  

ɊɖűɘŬəɏɠ Ůɑůɞŭɞɘ / ɏɝɞŭɞɘ: 20 (7 ɛŮ PWM)  

ȷɜŬɚɞɔɘəɏɠ Ůɑůɞŭɞɘ: 12  

ɀɜɐɛɖ Flash/SRAM/EEPROM: 32KB/2.5KB/1KB  

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ: 16 MHz 
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ȺɘəɧɜŬ 9: Arduino Yun [27]  

ɀɘəɟɞŮɚŮɔəŰɐɠ: ATmega32u4  

ɀɘəɟɞŮˊŮɝŮɟɔŬůŰɐɠ: Atheros AR9331 

ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V  

ɊɖűɘŬəɏɠ Ůɑůɞŭɞɘ / ɏɝɞŭɞɘ: 20 (7 ɛŮ PWM)  

ȷɜŬɚɞɔɘəɏɠ Ůɑůɞŭɞɘ: 12  

ɀɜɐɛɖ Flash/SRAM/EEPROM: 32KB/2.5KB/1KB  

ɀɜɐɛɖ RAM/Flash ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ: 64 MB 

DDR2/16MB 

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ: 16 MHz  

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ ɛɘəɟɞŮˊŮɝŮɟɔŬůŰɐ: 400MHz  

Ethernet: IEEE 802.3 10/100Mbit/s  

Wi-Fi: IEEE 802.11b/g/n  

Card Reader: Micro-SD only  
 

 
ȺɘəɧɜŬ 10: Arduino Micro [28]  

ɀɘəɟɞŮɚŮɔəŰɐɠ: ATmega32u4  

ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V  

ɊɖűɘŬəɏɠ Ůɑůɞŭɞɘ / ɏɝɞŭɞɘ: 20 (7 ɛŮ PWM)  

ȷɜŬɚɞɔɘəɏɠ Ůɑůɞŭɞɘ: 12  

ɀɜɐɛɖ Flash/SRAM/EEPROM: 32KB/2.5KB/1KB  

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ: 16 MHz 

 
ȺɘəɧɜŬ 11: Arduino Mega Adk [29]  

 

ɀɘəɟɞŮɚŮɔəŰɐɠ: ATmega2560  

ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 5V  

ɊɖűɘŬəɏɠ Ůɑůɞŭɞɘ / ɏɝɞŭɞɘ: 54 (15 ɛŮ PWM)  

ȷɜŬɚɞɔɘəɏɠ Ůɑůɞŭɞɘ: 16  

ɀɜɐɛɖ Flash/SRAM/EEPROM: 256KB/8KB/4KB  

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ: 16 MHz 

 
ȺɘəɧɜŬ 12: Arduino Due [30]  

ɀɘəɟɞŮɚŮɔəŰɐɠ: AT91SAM3X8E  

ɇɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ: 3.3V  

ɊɖűɘŬəɏɠ Ůɑůɞŭɞɘ / ɏɝɞŭɞɘ: 54 (12 ɛŮ PWM) 

ȷɜŬɚɞɔɘəɏɠ Ůɑůɞŭɞɘ: 12  

ȷɜŬɚɞɔɘəɏɠ ɏɝɞŭɞɘ: 2  

ɀɜɐɛɖ Flash/SRAM: 512KB/96KB  

ɆɡɢɜɧŰɖŰŬ ɟɞɚɞɔɘɞɨ: 84 MHz 
ɄɑɜŬəŬɠ 2: Ⱥɑŭɖ Arduino 

 

 

 

2.2.2 ɄɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ Arduino  (Arduino  Shields) 

 

Ƀɘ ˊɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ ŮɑɜŬɘ ˊɚŬəɏŰŮɠ ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ˊɎɜɤ Ŭˊɧ Űɞ Arduino əŬɘ 

Űɞɡ ˊɟɞůɗɏŰɞɡɜ ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ. ɆŰɞɜ ˊɑɜŬəŬ 3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ˊɘɞ 

ŭɘŬŭŮŭɞɛɏɜŬ Shields. 
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Arduino Shield ʃʁ ˊʽʴˊʰ˒ʺ 

 
ȺɘəɧɜŬ 13: Ethernet Shield [31]  

 

 

 

 

ɄɟɞůűɏɟŮɘ ŮɜůɨɟɛŬŰɖ ŮˊɘəɞɘɜɤɜɑŬ ɛɏůɤ Ethernet. Ⱥˊɑůɖɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ɛɑŬ ɗɨɟŬ ɡˊɞŭɞɢɐɠ SD. 

 
ȺɘəɧɜŬ 14: Wi-Fi Shield [32]  

 

 

ɄɟɞůűɏɟŮɘ ŬůɨɟɛŬŰɖ ŮˊɘəɞɘɜɤɜɑŬ ɛɏůɤ Wi-Fi. Ⱥˊɑůɖɠ 

ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɘ ɛɑŬ ɗɨɟŬ ɡˊɞŭɞɢɐɠ SD. 

 

 

 
ȺɘəɧɜŬ 15: GSM Shield [33]  

 

 

ɄɟɞůűɏɟŮɘ ˊɟɧůɓŬůɖ ůŰɞ ŭɘŬŭɑəŰɡɞ ɛɏůɤ ŭɘəŰɨɞɡ GPRS. 

 
ȺɘəɧɜŬ 16: Motor Shield [34]  

 

 

ȺˊɘŰɟɏˊŮɘ Űɖɜ ɞŭɐɔɖůɖ ŭɨɞ DC əɘɜɖŰɐɟɤɜ ŮɚɏɔɢɞɜŰŬɠ Űɖɜ 

ŰŬɢɨŰɖŰŬ əŬɘ Űɖɜ əŬŰŮɨɗɡɜůɖ Űɞɡ əŬɗŮɜɧɠ ɝŮɢɤɟɘůŰɎ. 

ɄɑɜŬəŬɠ 3: ɄɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ Arduino 

 

 

2.2.3 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Arduino Uno 

 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɖ ˊɚŬəɏŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɑɜŬɘ ɖ Arduino Uno, ɚɧɔɤ Űɞɡ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ŬˊɧəŰɖůɖɠ əŬɘ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŬəɟɞŭŮəŰɩɜ 

ˊɞɡ ŭɘŬɗɏŰŮɘ əŬɘ ŮˊŬɟəɞɨɜ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ Arduino ɛˊɞɟŮɑ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ŮɑŰŮ ɛɏůɤ ůɨɜŭŮůɖɠ USB, ŮɑŰŮ 

ɛɏůɤ ŮɝɤŰŮɟɘəɐɠ ŰɟɞűɞŭɞůɑŬɠ 7-12 V ˊɞɡ əŬŰŬɚɐɔŮɘ ůŮ ɓɨůɛŬ ŭɘŬɛɏŰɟɞɡ 2,1 mm ɛŮ ɗŮŰɘəɧ 

əɏɜŰɟɞ, ɐ ůŰɞɡɠ ŬəɟɞŭɏəŰŮɠ Vin əŬɘ GND. ɆŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ Ůɑůɞŭɞɘ əŬɘ 

ɞɘ ɏɝɞŭɞɘ ŰɟɞűɞŭɞůɑŬɠ Űɞɡɠ Arduino Uno (ŮɘəɧɜŬ 17). 
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ȺɘəɧɜŬ 17: ȷəɟɞŭɏəŰŮɠ ŰɟɞűɞŭɞůɑŬɠ Arduino 

 

 

Ƀɘ ŬəɟɞŭɏəŰŮɠ ŰɟɞűɞŭɞůɑŬɠ (ŮɘəɧɜŬ 17) ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

ü Vin: ȼ ŰɎůɖ Ůɘůɧŭɞɡ Űɖɠ ˊɚŬəɏŰŬɠ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑ ŮɝɤŰŮɟɘəɐ ŰɟɞűɞŭɞůɑŬ. 

ü 5V: ɆŰŬɗŮɟɞˊɞɘɖɛɏɜɖ ɏɝɞŭɞɠ 5 V. 

ü 3V3: ɆŰŬɗŮɟɞˊɞɘɖɛɏɜɖ ɏɝɞŭɞɠ 3,3 V. ȼ ɛɏɔɘůŰɖ əŬŰŬɜɎɚɤůɖ ɟŮɨɛŬŰɞɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ 

ɡˊŮɟɓŬɑɜŮɘ ŰŬ 50 mA. 

ü GND: ȷəɟɞŭɏəŰɖɠ ɔŮɑɤůɖɠ. 

ü IOREF: ɄŬɟɏɢŮɘ Űɖɜ ŰɎůɖ ŬɜŬűɞɟɎɠ ůŰɖɜ ɞˊɞɑŬ ɚŮɘŰɞɡɟɔŮɑ ɞ ɛɘəɟɞŮɚŮɔəŰɐɠ, ůŰɘɠ 

ˊɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ. 

Ƀ ɛɘəɟɞŮɚŮɔəŰɐɠ ɏɢŮɘ ŰɟŮɘɠ Űɨˊɞɡɠ ɛɜɐɛɖɠ. ȹɘŬɗɏŰŮɘ ɛɜɐɛɖ Flash, SRAM (Static Random 

Access Memory, ɆŰŬŰɘəɐ ɀɜɐɛɖ ɇɡɢŬɑŬɠ ɄɟɞůˊɏɚŬůɖɠ) əŬɘ EEPROM (Electrically Erasable 

Programmable Read-Only Memory, ȼɚŮəŰɟɘəɧɠ ȹɘŮɔɟɎɣɘɛɖ ȺˊŬɜŮɔɔɟɎɣɘɛɖ ɀɜɐɛɖ ɀɧɜɞ ɔɘŬ 

ȷɜɎɔɜɤůɖ). ȷɜŬɚɡŰɘəɧŰŮɟŬ: 

ü 32 Ⱦȸ ɛɜɐɛɖ Flash: 0,5 KB ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ Űɞɜ Bootloader. ɆŰɖɜ ɡˊɧɚɞɘˊɖ ɛɜɐɛɖ 

ŬˊɞɗɖəŮɨɞɜŰŬɘ ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ Űɞɡ ɢɟɐůŰɖ, Ŭűɞɨ ˊɟɩŰŬ ɛŮŰŬɔɚɤŰŰɘůŰɞɨɜ ůŰɞɜ 

ɡˊɞɚɞɔɘůŰɐ. ȼ ɛɜɐɛɖ Flash ŭŮɜ ɢɎɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ůŮ ŬˊɩɚŮɘŬ ŰɟɞűɞŭɞůɑŬɠ ɐ 

ŮˊŬɜŮəəɑɜɖůɖɠ. 

ü 2 KB ɛɜɐɛɖ SRAM:  ȼ ɛɜɐɛɖ ůŰɖɜ ɞˊɞɑŬ ŬˊɞɗɖəŮɨɞɜŰŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ ɧŰŬɜ Űɞ 

ˊɟɧɔɟŬɛɛŬ ɓɟɑůəŮŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɑŬ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛɜɐɛɖ ɢɎɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ůŮ 

ŬˊɩɚŮɘŬ ŰɟɞűɞŭɞůɑŬɠ. 

ü 1 KB ɛɜɐɛɖ EPPROM: ɀɜɐɛɖ ɖ ɞˊɞɑŬ ŭŮɜ ɢɎɜŮɘ ŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ůŮ ŬˊɩɚŮɘŬ 

ŰɟɞűɞŭɞůɑŬɠ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŮɔɔɟŬűɐ ɐ ŬɜɎɔɜɤůɖ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞ 

ˊɟɧɔɟŬɛɛŬ. 
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Ƀ ɛɘəɟɞŮɚŮɔəŰɐɠ ŭɘŬɗɏŰŮɘ 14 ɣɖűɘŬəɞɨɠ ŬəɟɞŭɏəŰŮɠ Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ (ŮɘəɧɜŬ 18), ɞɘ ɞˊɞɑɞɘ 

ɚŮɘŰɞɡɟɔɞɨɜ ůŰŬ 5 V əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ ɛɏɔɘůŰɞ ɟŮɨɛŬ 20 mA. Ⱥ́ ɘˊɚɏɞɜ ŭɘŬɗɏŰɞɡɜ 

pull-up ŬɜŰɘůŰɎůŮɘɠ ɛŮɔɏɗɞɡɠ 20-50 kOhm. ȾɎˊɞɘɞɘ ŬəɟɞŭɏəŰŮɠ Ůˊɑůɖɠ  ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ 

Ůˊɘˊɚɏɞɜ ɚŮɘŰɞɡɟɔɑŮɠ: 

ü Pins 0 əŬɘ 1: ɀˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɤɠ ůŮɘɟɘŬəɐ ŭɘŮˊŬűɐ. 

ü Pins 2 əŬɘ 3: ȿŮɘŰɞɡɟɔɞɨɜ ɤɠ ŮɝɤŰŮɟɘəɎ interrupt ɩůŰŮ ɜŬ ůŰŬɛŬŰɎŮɘ ɖ əŬɜɞɜɘəɐ ɟɞɐ 

Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ əŬɘ ɜŬ ŮəŰŮɚɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɟɞɡŰɑɜŮɠ. 

ü Pins 3, 5, 6, 9, 10 əŬɘ 11: ɀˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ɣŮɡŭɞ-ŬɜŬɚɞɔɘəɞɑ Ůɑůɞŭɞɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŭɘŬɛɧɟűɤůɖ PWM (Pulse Width Modulation, ɄŬɚɛɞŮɡɟɘəɐ 

ȹɘŬɛɧɟűɤůɖ). 

ü Pins 10, 11, 12 əŬɘ 13: Ɉ́ ɞůŰɖɟɑɕɞɡɜ SPI (Serial Peripheral Interface, ɆŮɘɟɘŬəɐ 

ȹɘŮˊŬűɐ ɄŮɟɘűŮɟŮɘŬəɩɜ) ŮˊɘəɞɘɜɤɜɑŬ. 

 

 
ȺɘəɧɜŬ 18: ɊɖűɘŬəɞɑ ŬəɟɞŭɏəŰŮɠ, ɔŮɑɤůɖɠ əŬɘ ŰɎůɖɠ ŬɜŬűɞɟɎɠ Arduino 

 

Ƀ ɛɘəɟɞŮɚŮɔəŰɐɠ Ůˊɑůɖɠ ŭɘŬɗɏŰŮɘ 6 ŬɜŬɚɞɔɘəɏɠ Ůɘůɧŭɞɡɠ (ŮɘəɧɜŬ 19) ɛŮ ŬəɟɑɓŮɘŬ 10 bit 

(ɚŬɛɓɎɜŮɘ ŭɖɚŬŭɐ 1024 ŭɘŬűɞɟŮŰɘəɏɠ Űɘɛɏɠ). ɄɟɞŮˊɘɚŮɔɛɏɜɖ ŬɜɩŰŮɟɖ ŰɎůɖ ŮɑɜŬɘ ŰŬ 5 V, ɖ 

ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬɚɚɎɝŮɘ ŰɟɞűɞŭɞŰɩɜŰŬɠ Űɞɜ ŬəɟɞŭɏəŰɖ AREF ɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ ŰɎůɖ 

ŬɜŬűɞɟɎɠ. 

 

 
ȺɘəɧɜŬ 19: ȷɜŬɚɞɔɘəɞɑ ŬəɟɞŭɏəŰŮɠ Arduino 
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2.2.4 ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ Arduino Uno 

 

Ƀ ́ ɟɞɔɟŬɛɛŬŰɘůɛɧɠ Űɞɡ Arduino Uno ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Űɖɠ ɔɚɩůůŬɠ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Wiring, ɛɘŬɠ ˊŬɟŬɚɚŬɔɐɠ Űɖɠ C/C++ ɔɘŬ ɛɘəɟɞŮɚŮɔəŰɏɠ ŬɟɢɘŰŮəŰɞɜɘəɐɠ 

AVR. ȼ ŭɞɛɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɓŬůɘəɏɠ ůɡɜŬɟŰɐůŮɘɠ, Űɖɜ setup(),  ɖ 

ɞˊɞɑŬ ŮəŰŮɚŮɑŰŬɘ ɛɑŬ űɞɟɎ ůŰɖɜ Ŭɟɢɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ, əŬɘ Űɖɜ loop(), ɖ ɞˊɞɑŬ ŮəŰŮɚŮɑŰŬɘ 

ůɡɜŮɢɩɠ ɛɏɢɟɘ ɜŬ ŭɘŬəɞˊŮɑ ɖ ŰɟɞűɞŭɞůɑŬ Űɖɠ ˊɚŬəɏŰŬɠ. ȰɜŬ ˊŬɟɎŭŮɘɔɛŬ ˊɟɞɔɟɎɛɛŬŰɞɠ 

Arduino ́ ŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 20. 

 

 
ȺɘəɧɜŬ 20: ɄŬɟɎŭŮɘɔɛŬ ˊɟɞɔɟɎɛɛŬŰɞɠ Arduino 

 

 

2.3 ȷɟɢɘŰŮəŰɞɜɘəɐ BeagleBoard 

 

ɇɞ BeagleBoard ŮɑɜŬɘ ɛɑŬ ɢŬɛɖɚɐɠ əŬŰŬɜɎɚɤůɖɠ, ŬɜɞɘɢŰɞɨ əɩŭɘəŬ əŬɘ ɡɚɘəɞɨ 

ɡˊɞɚɞɔɘůŰɘəɐ ˊɚŬŰűɧɟɛŬ, ɖ ɞˊɞɑŬ əŬŰŬůəŮɡɎɕŮŰŬɘ Ŭˊɧ Űɖɜ Texas Instruments ůŮ ůɡɜŮɟɔŬůɑŬ 

ɛŮ Űɖɜ Digi-Key əŬɘ Űɖɜ Newark element14 [35]. ɉɟɖůɘɛɞˊɞɘŮɑ Űɞɜ ARM Cortex-A8 

ŮˊŮɝŮɟɔŬůŰɐ əŬɘ ɛˊɞɟŮɑ ɜŬ ŰɟɏɝŮɘ Linux, Minix , FreeBSD, OpenBSD, Symbian əŬɘ Android.  
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2.3.1 Ⱥɑŭɖ BeagleBoard 

 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ BeagleBoard ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŰɞ 

Ůɛˊɧɟɘɞ, ɛŬɕɑ ɛŮ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ (ˊɑɜŬəŬɠ 4). ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŮˊɘɚɏɢŰɖəŮ  Űɞ BeagleBone Black. 

 

ɳʾʵˇˌ BeagleBoard ʆʶ˔˄ʽˁʱ ʋh ˊʰˁˍʹˊʽˋˍʽˁʱ 

 
ȺɘəɧɜŬ 21: BeagleBoard [36]  

 

ȺˊŮɝŮɟɔŬůŰɐɠ: Cortex-A8 + 2xPRU(200Mhz) 

ɀɜɐɛɖ Ram:  128ɀȸ DDR (rev B)/256MB DDR (rev C+) 

ɀɜɐɛɖ Flash: 256MB 

ɆɡɢɜɧŰɖŰŬ ŮˊŮɝŮɟɔŬůŰɐ: 720Mhz 

ɆɡɜŭŮůɘɛɧŰɖŰŬ: DVI-D, S-Video, USB, SD/MMC card 

slot, audio jack 

 
ȺɘəɧɜŬ 22: BeagleBoard-xM [37]  

 

 

 

ȺˊŮɝŮɟɔŬůŰɐɠ: Cortex-A8 + 2xPRU(200Mhz) 

ɀɜɐɛɖ Ram:  512ɀȸ DDR2 

ɆɡɢɜɧŰɖŰŬ ŮˊŮɝŮɟɔŬůŰɐ: 1000Mhz 

ɆɡɜŭŮůɘɛɧŰɖŰŬ: DVI-D, S-Video, 4 x USB, Ethernet, 

SD/MMC card slot, audio jack, camera port 

 
ȺɘəɧɜŬ 23: BeagleBone [38]  

 

ȺˊŮɝŮɟɔŬůŰɐɠ: Cortex-A8 + 2xPRU(200Mhz) 

ɀɜɐɛɖ Ram:  256ɀȸ DDR2 

ɆɡɢɜɧŰɖŰŬ ŮˊŮɝŮɟɔŬůŰɐ: 720Mhz 

ɆɡɜŭŮůɘɛɧŰɖŰŬ: 2 x 46 Pin Headers, USB, Ethernet, 

microSD card slot 

 
ȺɘəɧɜŬ 24: BeagleBone Black [39]  

ȺˊŮɝŮɟɔŬůŰɐɠ: Cortex-A8 + 2xPRU(200Mhz) 

ɀɜɐɛɖ Ram:  512ɀȸ DDR3 

ɀɜɐɛɖ eMMC: 2GB/4GB 

ɆɡɢɜɧŰɖŰŬ ŮˊŮɝŮɟɔŬůŰɐ: 1000Mhz 

ɆɡɜŭŮůɘɛɧŰɖŰŬ: 2 x 46 Pin Headers, USB, Ethernet, 

microSD card slot, micro-HDMI 

ɄɑɜŬəŬɠ 4: Ⱥɑŭɖ BeagleBoard 
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2.3.2 ɄɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ BeagleBone (BeagleBone Capes) 

 

Ƀɘ ˊɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ ŮɑɜŬɘ ˊɚŬəɏŰŮɠ ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ 

BeagleBone/BeagleBone Black  əŬɘ Űɞɡ ˊɟɞůɗɏŰɞɡɜ ɜɏŮɠ ŭɡɜŬŰɧŰɖŰŮɠ. ɆŰɞɜ ˊɑɜŬəŬ 5 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɛŮɟɘəɎ Ŭˊɧ ŰŬ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜŬ Capes. 

 

BeagleBone Cape ʃʁ ˊʽʴˊʰ˒ʺ 

 
ȺɘəɧɜŬ 25: LCD7 Cape [40]  

 

 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ TFT LCD ɞɗɧɜɖ Ŭűɐɠ 7ò  ɛŮ ɛɏɔɘůŰɖ 

ŬɜɎɚɡůɖ 800x400. ɇɞ BeagleBone ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ˊɑůɤ 

ɛɏɟɞɠ Űɖɠ ɞɗɧɜɖɠ. 

 
ȺɘəɧɜŬ 26: Tracking Cape [41]  

 

 

ȺˊɘŰɟɏˊŮɘ Űɖ ɚɐɣɖ Űɞɡ ɔŮɤɔɟŬűɘəɞɨ ůŰɑɔɛŬŰɞɠ əŬɗɩɠ 

Ůˊɑůɖɠ əŬɘ GSM ɚŮɘŰɞɡɟɔɑŮɠ. 

 
ȺɘəɧɜŬ 27: Battery Cape [42]  

 

 

 

ɄŬɟɏɢŮɘ űɞɟɖŰɐ ɚɨůɖ ŰɟɞűɞŭɞůɑŬɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ 4 

ɛˊŬŰŬɟɑŮɠ ɚɘɗɑɞɡ AA. 

ɄɑɜŬəŬɠ 5: ɄɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ BeagleBone 

 

 

2.3.3 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ BeagleBone Black 

 

ȳˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɖ ˊɚŬəɏŰŬ ˊɞɡ ŮˊɘɚɏɢŰɖəŮ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ 

Űɞ BeagleBone Black ɚɧɔɤ Űɞɡ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ ŬˊɧəŰɖůɖɠ Űɞɡ, əŬɘ  Űɞɡ ɛŮɔɎɚɞɡ Ŭɟɘɗɛɞɨ 

ɣɖűɘŬəɩɜ ŬəɟɞŭŮəŰɩɜ ˊɞɡ ŭɘŬɗɏŰŮɘ. 

ȼ ŰɟɞűɞŭɞůɑŬ Űɖɠ ˊɚŬəɏŰŬɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ, ŮɑŰŮ ɛɏůɤ Űɖɠ ɗɨɟŬɠ USB, ŮɑŰŮ ɛɏůɤ 

ŮɝɤŰŮɟɘəɐɠ ŰɟɞűɞŭɞůɑŬɠ 5 V ˊɞɡ əŬŰŬɚɐɔŮɘ ůŮ ɓɨůɛŬ ŭɘŬɛɏŰɟɞɡ 5,5 mm ɛŮ ɗŮŰɘəɧ ˊɧɚɞ. 
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ȺɘəɧɜŬ 28: BeagleBone Headers 

 

ȹɘŬɗɏŰŮɘ ŭɨɞ Header, P8 əŬɘ P9 (ŮɘəɧɜŬ 28), ɛŮ Űɞ əɎɗŮ ɏɜŬ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 46 ŬəɟɞŭɏəŰŮɠ 

(ŮɘəɧɜŬ 28), ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɛɞɟűɤɗɞɨɜ ɤɠ Ůɝɐɠ: 

ü Ȱɤɠ 65 ɣɖűɘŬəɞɑ ŬəɟɞŭɏəŰŮɠ Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ ɞɘ ɞˊɞɑɞɘ ɚŮɘŰɞɡɟɔɞɨɜ ůŰŬ 3,3 V əŬɘ 

ɛˊɞɟɞɨɜ ɜŬ ŭɘŬɢŮɘɟɘůŰɞɨɜ ɛɏɔɘůŰɞ ɟŮɨɛŬ 6 mA. 

ü Ȱɤɠ 8 ɛˊɞɟɞɨɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŭɘŬɛɧɟűɤůɖ PWM . 

ü Ȱɤɠ 7 ŬɜŬɚɞɔɘəɞɑ Ůɑůɞŭɞɘ ɛŮ ŬəɟɑɓŮɘŬ 12 bit (ɚŬɛɓɎɜŮɘ ŭɖɚŬŭɐ 4096 ŭɘŬűɞɟŮŰɘəɏɠ 

Űɘɛɏɠ), ɛŮ ɛɏɔɘůŰɖ ŮˊɘŰɟŮˊŰɐ ŰɎůɖ ŰŬ 1,8 V. 

ü Ȱɤɠ 5 ŬəɟɞŭɏəŰŮɠ  Uart (Universal Asynchronous Receiver/Transmitter, ȾŬɗɞɚɘəɞɨ 

ȷůɨɔɢɟɞɜɞɡ ɄɞɛˊɞŭɏəŰɖ). 

ü Ȱɤɠ 2 ŬəɟɞŭɏəŰŮɠ I2C (Inter-Integrated Circuit, ȺɜŭɘɎɛŮůɞ Ƀɚɞəɚɖɟɤɛɏɜɞ ȾɨəɚɤɛŬ). 

ü Ȱɤɠ 2 ŬəɟɞŭɏəŰŮɠ SPI. 

ü Ȱɤɠ 25 ŬəɟɞŭɏəŰŮɠ ɢŬɛɖɚɐɠ əŬɗɡůŰɏɟɖůɖɠ PRU (Programmable Real-time Unit,  

ɄɟɞɔɟŬɛɛŬŰɘɕɧɛŮɜŮɠ ɀɞɜɎŭŮɠ ɄɟŬɔɛŬŰɘəɞɨ ɉɟɧɜɞɡ). 
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ȺɘəɧɜŬ 29: ȷəɟɞŭɏəŰŮɠ BeagleBone 

 

ȼ ˊɚŬəɏŰŬ Ůˊɑůɖɠ ŮɜůɤɛŬŰɩɜŮɘ ɛɜɐɛɖ eMMC (embedded Multi-Media Controller, 

ŮɜůɤɛŬŰɤɛɏɜɞ ȺɚŮɔəŰɐ Ʉɞɚɡɛɏůɤɜ) ɛŮɔɏɗɞɡɠ 4 GB əŬɘ ɗɐɟŬ micro-HDMI. ɋůŰɧůɞ ɔɘŬ ɜŬ 

ɔɑɜŮɘ ɢɟɐůɖ ŬɡŰɩɜ, ŭŮůɛŮɨɞɜŰŬɘ  10 ŬəɟɞŭɏəŰŮɠ Ŭˊɧ Űɞ BeagleBone ɔɘŬ Űɖɜ eMMC əŬɘ 20 

ŬəɟɞŭɏəŰŮɠ ɔɘŬ Űɖɜ micro-HDMI, əŬɗɩɠ ɗŮɤɟɞɨɜŰŬɘ Ůɘəɞɜɘəɏɠ ˊɚŬəɏŰŮɠ ŮˊɏəŰŬůɖɠ. ũɘŬ ŬɡŰɧɜ 

Űɞɜ ɚɧɔɞ ŬˊŮɜŮɟɔɞˊɞɘɐɗɖəŬɜ əŬɘ ˊɟɞůŰɏɗɖəŮ ɛɑŬ əɎɟŰŬ microSD ůŰɖɜ ɞˊɞɑŬ ŬˊɞɗɖəŮɨŰɖəŮ 

Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ. ɇɏɚɞɠ, Űɖɜ ůɨɜŭŮůɖ Űɞɡ BeagleBone ɛŮ Űɞ ŭɘŬŭɑəŰɡɞ ŬɜŬɚŬɛɓɎɜŮɘ ɖ 

ŮɜůɤɛŬŰɤɛɏɜɖ əɎɟŰŬ ŭɘəŰɨɞɡ 10/100 Mbps ˊɞɡ ŭɘŬɗɏŰŮɘ.  

 

 

2.3.4 ɄɟɞɔɟŬɛɛŬŰɘůɛɧɠ BeagleBone Black 

 

ȾŬɗɩɠ Űɞ BeagleBone Black ŬˊɞŰŮɚŮɑ ɛɑŬ ɡˊɞɚɞɔɘůŰɘəɐ ˊɚŬŰűɧɟɛŬ ˊɞɡ ŮəŰŮɚŮɑ 

ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ Linux, ɡˊɎɟɢŮɘ ˊɚɖɗɩɟŬ Ůˊɘɚɞɔɩɜ ɔɘŬ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɞɡ. ɆŰɖɜ 

ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Python, ɚɧɔɤ Űɞɡ Ůɨəɞɚɞɡ 

ɢŮɘɟɘůɛɞɨ Űɤɜ ɣɖűɘŬəɩɜ ŬəɟɞŭŮəŰɩɜ ɛɏůɤ ɛɘŬɠ ɏŰɞɘɛɖɠ ɓɘɓɚɘɞɗɐəɖɠ ɔɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ. ȰɜŬ 

ˊŬɟɎŭŮɘɔɛŬ ˊɟɞɔɟɎɛɛŬŰɞɠ BeagleBone ůŮ ɔɚɩůůŬ Python ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ 30. 
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ȺɘəɧɜŬ 30: ɄŬɟɎŭŮɘɔɛŬ ˊɟɞɔɟɎɛɛŬŰɞɠ BeagleBone ůŮ Python 

 

 

2.4 ɄɚŬŰűɧɟɛŮɠ ŬɜɎˊŰɡɝɖɠ ɚɞɔɘůɛɘəɞɨ 

 

ɆŰɖɜ ŮɜɧŰɖŰŬ ŬɡŰɐ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ ɛɏɟɞɡɠ Űɖɠ ŮɟɔŬůɑŬɠ. ȳɚŬ ŰŬ ŮɟɔŬɚŮɑŬ ŮɑɜŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ əŬɘ 

ŭɘŬɜɏɛɞɜŰŬɘ ŭɤɟŮɎɜ, əɎŰɘ ˊɞɡ ůɡɜɏɓŬɚŮ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɞɡ əɧůŰɞɡɠ ŬɜɎˊŰɡɝɖɠ Űɖɠ 

ŮɟɔŬůɑŬɠ. 

 

 

2.4.1 Notepad++ 

 

ɇɞ Notepad++ (ŮɘəɧɜŬ 31) ŮɑɜŬɘ ɏɜŬɠ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ŮˊŮɝŮɟɔŬůŰɐɠ əŮɘɛɏɜɞɡ [43], 

ɘŭɘŬɘŰɏɟŬ ŭɖɛɞűɘɚɐɠ ůŰɞɡɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ əŬɗɩɠ ˊɟɞůűɏɟŮɘ ŭɘɎűɞɟŮɠ ŮɡəɞɚɑŮɠ, ɧˊɤɠ 

ŬɡŰɧɛŬŰɖ ůŰɞɑɢɘůɖ əŬɘ ɢɟɤɛŬŰɘůɛɧ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ 

ůɡɔɔɟŬűɐ Űɞɡ əɩŭɘəŬ.  
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ȺɘəɧɜŬ 31: ȺˊŮɝŮɟɔŬůŰɐɠ əŮɘɛɏɜɞɡ Notepad++  

 

 

2.4.2 Fritzing  

 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ˊɚŬŰűɧɟɛŬ ůɢŮŭɑŬůɖɠ ɖɚŮəŰɟɞɜɘəɩɜ əɡəɚɤɛɎŰɤɜ 

ɔɘŬ Windows, Mac OS əŬɘ Linux [44]. ɈˊɞůŰɖɟɑɕŮɘ ɏɜŬ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ɖɚŮəŰɟɞɜɘəɩɜ 

ůŰɞɘɢŮɑɤɜ əŬɘ ɛɘəɟɞŮɚŮɔəŰɩɜ əŬɘ, əŬɗɩɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ Űɞɡ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ Ŭˊɚɧ, 

ɗŮɤɟŮɑŰŮ ɏɜŬ Ŭˊɧ ŰŬ ˊɘɞ ŭɖɛɞűɘɚɐ ˊɟɞɔɟɎɛɛŬŰŬ ůɢŮŭɘŬůɛɞɨ ɖɚŮəŰɟɞɜɘəɩɜ əɡəɚɤɛɎŰɤɜ. ɆŰɖɜ 

ŮɘəɧɜŬ 32 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ Űɞɡ Fritzing. 

 

 
ȺɘəɧɜŬ 32: ɇɞ ˊŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ Űɞɡ Fritzing 

 

 










































































































































































