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ɄŮɟɑɚɖɣɖ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊŮŭɑɞ ŭɟɎůɖɠ Űɖɠ ŮˊɘůŰɐɛɖɠ Űɖɠ ɅɞɛˊɞŰɘ-

əɐɠ, ŬűɞɟɎ ůŰɞɜ ŰɞɛɏŬ Űɖɠ ŬɜɎˊŰɡɝɖɠ əŬɘ Ůɝɏɚɘɝɖɠ ɛɖ ŮˊŬɜŭɟɤɛɏɜɤɜ ɞɢɖɛɎŰɤɜ. Ƀɘ 

ůɨɔɢɟɞɜŮɠ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ ŮɡɏɚɘəŰŬ ŬɡŰɧɜɞɛŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ɗŬ ɡˊɞɓɞɖɗɞɨɜ ɐ ɗŬ 

ŬɜŰɘəŬɗɘůŰɞɨɜ Űɞɜ Ŭɜɗɟɩˊɘɜɞ ˊŬɟɎɔɞɜŰŬ ůŮ ŮˊɘəɑɜŭɡɜŮɠ ɐ ɛɖ ŮűŬɟɛɞɔɏɠ, ɏɢɞɡɜ ɞŭɖ-

ɔɐůŮɘ ůŰɖɜ Ůɝɏɚɘɝɖ ɞɢɖɛɎŰɤɜ ɘəŬɜɩɜ ɜŬ ŮəŰŮɚɞɨɜ ŭɨůəɞɚŮɠ ŬˊɞůŰɞɚɏɠ əŬɘ ɜŬ ůɡɛɛŮ-

Űɏɢɞɡɜ ůŮ ˊɞɘəɘɚɑŬ ŮűŬɟɛɞɔɩɜ. 

ȼ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ əŬɗɘůŰɎ ŭɡɜŬŰɐ Űɖɜ ŮˊɞˊŰŮɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩ-

ɟɞɡ Ůɜɧɠ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ ŮŭɎűɞɡɠ, ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ˊŬɟɎɚɚɖɚŬ ɛŮ 

Űɞɜ ɢŮɘɟɘůɛɧ Űɞɡ ɛŮ ɢɟɐůɖ ɢŮɘɟɘůŰɖɟɑɞɡ, ɛɏůɤ ŮűŬɟɛɞɔɐɠ ˊɞɡ ŮəŰŮɚŮɑŰŬɘ ůŰɞɜ ȼ/Ɉ. 

ɇɞ ŮˊɘəɞɘɜɤɜɘŬəɧ ůɨůŰɖɛŬ ˊɞɡ ŮɔəŬɗɘŭɟɨŮŰŬɘ, ɡˊŬəɞɨŮɘ ůŰɖɜ ɞɘəɞɔɏɜŮɘŬ ˊɟɞŰɨˊɤɜ 

IEEE 802.11. ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ, ŬˊŬɘŰɐɗɖəŮ ɏɜŬ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ 

ɧɢɖɛŬ ŮŭɎűɞɡɠ, ůŰɞ ɞˊɞɑɞ ŮɜůɤɛŬŰɩɗɖəŮ ɛɑŬ əŬŰɎɚɚɖɚŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖ ɡˊɞɚɞ-

ɔɘůŰɘəɐ ˊɚŬŰűɧɟɛŬ BeagleBoard-xM. ȺˊɘˊɟɧůɗŮŰŬ, əŬŰɏůŰɖ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɜůɤɛɎ-

Űɤůɖ Ůɜɧɠ Wi-Fi ˊɟɞůŬɟɛɞɔɏŬ əŬɘ ɛɘŬɠ ɘůŰɞəɎɛŮɟŬɠ. 

 
ȿɏɝŮɘɠ ȾɚŮɘŭɘɎ: ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ɞɢɐɛŬŰŬ, ŮɜůɤɛŬŰɤɛɏɜŬ ůɡůŰɐɛŬŰŬ, BeagleBoard-xM, 

Linux, Ångström, Visual Studio, C++, C++/CLI, C, ɆɞɡɑŰŬ ɄɟɤŰɞəəɧɚɤɜ ȹɘŬŭɘəŰɨɞɡ, IEEE 

802.11, Wi-Fi 
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Abstract  

Over the last few years, a considerable scope in the science of Robotics, is re-

lated with the field of the development and the evolution of unmanned vehicles. The 

modern demands for flexible and autonomous systems, that will assist or replace 

humans, in either dangerous or not applications, have resulted in the development of 

vehicles capable of performing challenging missions and participating in a variety of 

applications. 

Diploma thesis makes possible the surveillance of the surrounding area of an 

unmanned ground vehicle, in real time, along with its handling via a joypad, through 

an application running on a computer. The established communication system, is un-

der the family of IEEE 802.11 standards. Implementation required a radio-controlled 

car, which incorporates a suitably programmed computing platform BeagleBoard-xM. 

In addition, there have been required a Wi-Fi adapter and a webcam. 

 
Keywords: unmanned vehicles, embedded systems, BeagleBoard-xM, Linux, Ångström, 

Visual Studio, C++, C++/CLI, C, Internet Protocol Suite, IEEE 802.11, Wi-Fi 
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ȺɡɢŬɟɘůŰɑŮɠ 

ɆŰɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ, ˊɞɡ ɐŰŬɜ ˊɎɜŰŬ ŭɑˊɚŬ ɛɞɡ ɧŰŬɜ Űɖ ɢɟŮɘɎůŰɖəŬ. ɆŰɞɜ 

ȹɟ. ɀɖɜɎ ȹŬůɡɔɏɜɖ, ŮɛˊɜŮɡůŰɐ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ, ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ 

Űɞɡ ůŰɞ ˊɟɧůɤˊɧ ɛɞɡ əŬɘ Űɖɜ əŬɗɞŭɐɔɖůɐ Űɞɡ əŬɗô ɧɚɖ Űɖɜ ŭɘɎɟəŮɘɎ Űɖɠ. ɆŮ ɧɚɞɡɠ 

ɧůɞɡɠ ůɡɜɏɓŬɚŬɜ ɛŮ Űɞɜ ŭɘəɧ Űɞɡɠ Űɟɧˊɞ ůŰɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬ-

ůɑŬɠ. 
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1  

ŪŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ 

ɧɟɞɠ ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ɞɢɐɛŬŰŬ, ŮůɤəɚŮɑŮɘ əɎɗŮ Űɨˊɞ ɞɢɐɛŬŰɞɠ ˊɞɡ əɘ-

ɜŮɑŰŬɘ ůŰɞ ɏŭŬűɞɠ, ůŰɞɜ ŬɏɟŬ, ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ɡˊɧ Űɖɠ ɗɎɚŬůůŬɠ, 

ɢɤɟɑɠ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ˊŬɟɞɡůɑŬ, ŬɡŰɧɜɞɛŬ ɛŮ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ɐ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜŬ. 

ȱŭɖ ɖ ŬɜɎˊŰɡɝɖ ɛɖ ŮˊŬɜŭɟɤɛɏɜɤɜ ɞɢɖɛɎŰɤɜ ŬəɞɚɞɡɗŮɑ Űɖɜ ŰɎůɖ ŭɖɛɘɞɡɟɔɑŬɠ ɞɢɖ-

ɛɎŰɤɜ ˊɞɚɚŬˊɚɩɜ ɟɧɚɤɜ əŬɘ ŬˊɞůŰɞɚɩɜ, ɓɟɑůəɞɜŰŬɠ Ŭˊɐɢɖůɖ ůŮ ˊɞɚɚŬˊɚɏɠ ŮűŬ-

ɟɛɞɔɏɠ ɧˊɤɠ Űɞɡ ůŰɟŬŰɘɤŰɘəɞɨ ŰɞɛɏŬ əŬɘ Űɖɠ əŬŰŬůəɞˊŮɑŬɠ, Űɖɠ ŬůŰɡɜɧɛŮɡůɖɠ əŬɘ 

Ůɜɑůɢɡůɖɠ Űɞɡ ɜɧɛɞɡ, Űɖɠ ŬůűɎɚŮɘŬɠ, Űɖɠ ŭɘɎůɤůɖɠ əŬɘ Űɖɠ ɏɟŮɡɜŬɠ. ȼ ůɡɜŮɘůűɞɟɎ, 

ɖ ɛŮɗɞŭɞɚɞɔɑŬ əŬɘ ɖ  ɛŮɚɏŰɖ Űɤɜ ŬˊŬɘŰɐůŮɤɜ Ůɜɧɠ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ ˊɞɡ 

ɗŬ ˊɚɖɟɞɑ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ, ŬˊɞŰŮɚɞɨɜ Űɞ ŬɜŰɘəŮɑɛŮɜɞ Űɞɡ ȾŮűŬ-

ɚŬɑɞɡ. 

 

 

 

Ƀ 



 

       2 

1.1 ȹɘŬŭɑəŰɡɞ Űɤɜ ȷɜŰɘəŮɘɛɏɜɤɜ 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɡˊɎɟɢŮɘ ɛɘŬ ŭɘŬɟəɐɠ əŬɘ ɞɚɞɏɜŬ ŬɡɝŬɜɧɛŮɜɖ ŰɎůɖ Űɖɠ 

ŭɘŬůɨɜŭŮůɖɠ ˊɞɘəɑɚɤɜ ůɡůəŮɡɩɜ ɛŮ Űɞ ȹɘŬŭɑəŰɡɞ. ȼ ŭɘŬůɨɜŭŮůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ 

ɔɘŬ ɜŬ ŮɜɘůɢɨůŮɘ Űɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ŭɘŬůɡɜŭŮŭŮɛɏɜɤɜ ůɡůəŮɡɩɜ, 

ˊɟɞůŭɑŭɞɜŰŬɠ ɜɏŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɐ əŬɘ Űɟɧˊɞɡɠ ɢɟɐůɖɠ ˊɞɡ ŬˊɞɡůɑŬɕŬɜ Ŭˊɧ Űɞɜ 

Ŭɟɢɘəɧ ůɢŮŭɘŬůɛɧ. ɀɎɚɘůŰŬ, ɖ ŰɎůɖ ŬɡŰɐ ŮɑɜŬɘ Űɧůɞ ɏɜŰɞɜɖ ˊɞɡ ɏɢŮɘ ɞŭɖɔɐůŮɘ ůŰɖ 

ɔɏɜɜɖůɖ Űɞɡ ɧɟɞɡ ñȹɘŬŭɑəŰɡɞ Űɤɜ ȷɜŰɘəŮɘɛɏɜɤɜò (Internet of ɇhings), əŬŰɎ Űɞɜ ɞˊɞɑɞ 

əɎɗŮ ůɡůəŮɡɐ ɏɢŮɘ ɛɑŬ ɛɞɜŬŭɘəɐ ŰŬɡŰɧŰɖŰŬ əŬɘ ɛˊɞɟŮɑ ɜŬ ŮɚŮɔɢɗŮɑ ɛɏůɤ Űɞɡ ȹɘŬŭɘ-

əŰɨɞɡ. 

1.2 ȷɜŰɘəŮɑɛŮɜɞ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ 

ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖ ŭɘŬůɨɜŭŮůɖ Űɤɜ ůɡůəŮɡɩɜ, ɏɢŮɘ  ŬɜŬˊŰɡɢɗŮɑ ɞ ŰɞɛɏŬɠ Űɤɜ 

ɛɖ ŮˊŬɜŭɟɤɛɏɜɤɜ ɞɢɖɛɎŰɤɜ, ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ ɐ Űɞɜ 

ɏɚŮɔɢɞ ɛɘŬɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ŮɜŭŮɢɞɛɏɜɤɠ əŬɗɑůŰŬŰŬɘ Ůˊɘəɑɜŭɡɜɖ ɔɘŬ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ɕɤɐ 

(.́ɢ. ŭɘŬɟɟɞɐ Űɞɝɘəɩɜ ŬŮɟɑɤɜ). ȼ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ, əŬɚŮɑŰŬɘ ɜŬ ůɡɜŮɘůűɏɟŮɘ ɏɜŬ 

ɛɖ ŮˊŬɜŭɟɤɛɏɜɞ ɞɢɐɛŬ, ˊɞɡ əŬŰɧˊɘɜ ůɨɜŭŮůɖɠ ɛŮ Űɞ ȹɘŬŭɑəŰɡɞ, ɗŬ ˊɚɖɟɞɑ Űɘɠ ˊɟɞ-

ŭɘŬɔɟŬűɏɠ ˊŬɟŬəɞɚɞɨɗɖůɖɠ, ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ Űɖɜ Ŭɜɗɟɩˊɘɜɖ ˊŬ-

ɟɞɡůɑŬ. 

ȼ ɡɚɞˊɞɑɖůɖ, əŬɗɘůŰɎ ŭɡɜŬŰɐ Űɖɜ ŮˊɞˊŰŮɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ Űɞɡ ɛɖ 

ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, ɛɏůɤ ŮűŬɟɛɞɔɐɠ ˊɞɡ ŮəŰŮɚŮɑŰŬɘ ůŮ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ 

Windows. ȼ ŮˊɞˊŰŮɑŬ ůɡɜɞɣɑɕŮŰŬɘ ůŰɖɜ əŬŰŬɔɟŬűɐ ŮɘəɧɜŬɠ ɛɏůɤ ɚɐɣɖɠ ɓɑɜŰŮɞ, ůŰɖɜ 

ŬˊŮɡɗŮɑŬɠ ɛŮŰɎŭɞůɖ Űɖɠ ɟɞɐɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɢɟɐůŰɖ əŬɘ ůŰɖɜ ŬɜŬˊŬɟŬɔɤɔɐ ůŮ 

ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ. ɄŬɟɎɚɚɖɚŬ, ɞ ɢɟɐůŰɖɠ ŮˊɘŰɡɔɢɎɜŮɘ Űɞɜ ɢŮɘɟɘůɛɧ Űɞɡ ɛɖ ŮˊŬɜŭɟɤ-

ɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, ɛŮ ɢɟɐůɖ ɢŮɘɟɘůŰɖɟɑɞɡ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ ůɖɛɎŰɤɜ 

ɢŮɘɟɘůɛɞɨ, ŭɘŬŭɏɢŮŰŬɘ ɖ ŬˊŮɡɗŮɑŬɠ ŬˊɞůŰɞɚɐ Űɞɡɠ əŬɘ ɖ ŮɜŮɟɔɞˊɞɑɖůɖ Űɤɜ ɛɖɢŬɜɘəɩɜ 

ɛŮɟɩɜ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ Űɖɜ əɑɜɖůɖ ɐ/əŬɘ Űɖɜ Ů́ɟɘ-

ůŰɟɞűɐ. 

1.2.1 ɀŮɗɞŭɞɚɞɔɑŬ 

H ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ ŬəɞɚɞɡɗɐɗɖəŮ ɔɘŬ Űɖɜ ˊŮɟɎŰɤůɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ, ůɡɜɞ-

ɣɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 
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1. ɄɟɤŰŬɟɢɘəɎ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɘɚɞɔɐ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɚŬŰűɧɟɛŬɠ, 

ˊɞɡ əɚɐɗɖəŮ ɜŬ ŬˊɞŰŮɚɏůŮɘ Űɖ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ 

ɞɢɐɛŬŰɞɠ. 

2. ȺˊɘˊɟɧůɗŮŰŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɘɚɞɔɐ Űɞɡ Wi-Fi ˊɟɞůŬɟɛɞɔɏŬ, Űɖɠ 

ɘůŰɞəɎɛŮɟŬɠ əŬɘ Űɖɠ ɛˊŬŰŬɟɑŬɠ, ˊɞɡ əɚɐɗɖəŮ ɜŬ ŰɟɞűɞŭɞŰŮɑ Űɖɜ ɡˊɞɚɞɔɘ-

ůŰɘəɐ ˊɚŬŰűɧɟɛŬ. 

3. ȷəɞɚɞɨɗɤɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɘɚɞɔɐ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ, 

ˊɞɡ əɚɐɗɖəŮ ɜŬ űɞɟŰɤɗŮɑ əŬɘ ɜŬ ŮəŰŮɚŮɑŰŬɘ ůŰɖɜ ɡˊɞɚɞɔɘůŰɘəɐ ˊɚŬŰűɧɟ-

ɛŬ. 

4. ȼ ůɨɜŭŮůɖ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ ɛŮ Űɞ ȹɘŬŭɑəŰɡɞ, ŮˊɘŰɡɔɢɎɜŮ-

ŰŬɘ əŬŰɧˊɘɜ űɧɟŰɤůɖɠ ŬɟɗɟɩɛŬŰɞɠ ˊɡɟɐɜŬ (kernel module) ůŰɖɜ ɡˊɞɚɞɔɘ-

ůŰɘəɐ ˊɚŬŰűɧɟɛŬ. 

5. ȼ ŮˊɞˊŰŮɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, 

əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɛŮ Űɖɜ ŮɔəŬŰɎůŰŬůɖ ŮűŬɟɛɞɔɐɠ əɞɜůɧɚŬɠ ůŰɖɜ ˊɚŮɡ-

ɟɎ Űɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɚŬŰűɞɟɛŬɠĿ əŬɘ ŮűŬɟɛɞɔɐɠ ŬɜŬˊŬɟŬɔɤɔɐɠ ˊɞɚɡ-

ɛɏůɤɜ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ H/Y.  

6. ȼ ŮˊɞˊŰŮɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ əŬɘ ɞ ɢŮɘɟɘůɛɧɠ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɘ 

ɏəŬůŰɞɘ ɛŮ Űɖɜ ˊŬɟɎɚɚɖɚɖ ŮəŰɏɚŮůɖ ŭɨɞ ŭɘŮɟɔŬůɘɩɜ, ɖ ɛɑŬ ůŰɖɜ ɡˊɞɚɞɔɘ-

ůŰɘəɐ ˊɚŬŰűɧɟɛŬ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ 

ɞɢɐɛŬŰɞɠĿ əŬɘ ɖ Ɏɚɚɖ ůŰɞɜ ȼ/Ɉ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɢɟɐ-

ůŰɖ. 

1.2.2 ȹɘŬɔɟɎɛɛŬŰŬ ɟɞɐɠ 

ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ɟɞɐɠ (flowcharts) ŬˊɞŰɡˊɩɜɞɡɜ Űɖ ɟɞɐ ŮəŰɏɚŮůɖɠ Űɞɡ ɚɞɔɘ-

ůɛɘəɞɨ, ɡˊŮɨɗɡɜɞɡ ɔɘŬ Űɖɜ ŮˊɞˊŰŮɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ əŬɘ ɢŮɘɟɘůɛɞɨ Űɞɡ ɛɖ 

ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ. H ŭɘŬɔɟŬɛɛŬŰɘəɐ ˊŬɟɞɡůɑŬůɖ ŬˊɞůəɞˊŮɑ ůŰɖɜ ŬɜɎɚɡůɖ 

əŬɘ ŬˊɞůŬűɐɜɘůɖ Űɤɜ ŭɘŬŭɘəŬůɘɩɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ Űɖɜ ŮəŰɏɚŮůɖ Űɞɡ ɚɞɔɘ-

ůɛɘəɞɨ, əŬɗɩɠ əŬɘ Űɤɜ Ůɚɏɔɢɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮəŰɏɚŮ-

ůɖɠ. ȷəɞɚɞɡɗɞɨɜ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɟɞɐɠ ɚɞɔɘůɛɘəɞɨ, Űɧůɞ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɢɟɐůŰɖ, 

ɧůɞ əŬɘ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ.  
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ȺɘəɧɜŬ 1.1: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ɚɞɔɘůɛɘəɞɨ, ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɢɟɐůŰɖ.  

 

ȺɘəɧɜŬ 1.2: ȹɘɎɔɟŬɛɛŬ ɟɞɐɠ ɚɞɔɘůɛɘəɞɨ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ.  
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1.2.3 ɆɢŮŰɘəɎ ɏɟɔŬ 

ɇɞ ɡɣɖɚɧ əɧůŰɞɠ Űɤɜ ɛɖ ŮˊŬɜŭɟɤɛɏɜɤɜ ɞɢɖɛɎŰɤɜ, Űɞ ɞˊɞɑɞ ůɡɜɐɗɤɠ Ŭɜɏ-

ɟɢŮŰŬɘ ůŮ ŬɟəŮŰɏɠ ɢɘɚɘɎŭŮɠ Ůɡɟɩ, ŰŬ əŬɗɘůŰɎ ˊɟɞůɘŰɎ ɛɧɜɞ ůŮ ɘŭɘɤŰɘəɞɨɠ ɞɟɔŬɜɘ-

ůɛɞɨɠ ɐ ůŰɟŬŰɘɤŰɘəɞɨɠ űɞɟŮɑɠ. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ, əŬŰŬɔɟɎűŮŰŬɘ ɏɜŰɞɜɞ ŮɜŭɘŬűɏɟɞɜ Űɖɠ ŬəŬŭɖɛŬɥəɐɠ əɞɘ-

ɜɧŰɖŰŬɠ ůŰŬ ɛɖ ŮˊŬɜŭɟɤɛɏɜŬ ɞɢɐɛŬŰŬ. ȼ ˊɚɖɗɩɟŬ Űɤɜ ɏɟɔɤɜ, ŬűɞɟɎ ůŰɖɜ ˊŬɟɞɡůɑ-

Ŭůɖ Űɖɠ ŭɡɜŬɛɘəɐɠ, Űɞɡ Ůɚɏɔɢɞɡ əŬɘ Űɤɜ ŬˊŬɘŰɐůŮɤɜ ůɢŮŭɘŬůɛɞɨ Űɤɜ ɛɖ ŮˊŬɜŭɟɤɛɏ-

ɜɤɜ ɞɢɖɛɎŰɤɜ, ɛɏůŬ Ŭˊɧ ɏɜŬ ɗŮɤɟɖŰɘəɧ ˊɟɑůɛŬ. ɆŰɖ ɓɎůɖ ŬɡŰɞɨ Űɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ, 

ɖ ȹɘˊɚɤɛŬŰɘəɐ ȺɟɔŬůɑŬ, ůɡɜŮɘůűɏɟŮɘ ɏɜŬ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ ˊŬɟŬəɞɚɞɨɗɖůɖɠ, 

ɢŬɛɖɚɞɨ əɧůŰɞɡɠ, ɡɣɖɚɐɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ əŬɘ ˊɘůŰɞˊɞɘɖɛɏɜɖɠ ɚŮɘŰɞɡɟɔɑŬɠ. 

1.3 ɀŮɚɏŰɖ Ŭ́ ŬɘŰɐůŮɤɜ 

Ƀ ůɢŮŭɘŬůɛɧɠ əŬɘ ɖ ɡɚɞˊɞɑɖůɖ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, ˊɟŬɔɛŬŰɞ-

ˊɞɘɐɗɖəŮ ůŰɖ ɓɎůɖ Űɤɜ Ŭəɧɚɞɡɗɤɜ ŬˊŬɘŰɐůŮɤɜ: 

¶ ůɨɜŭŮůɖ ɛŮ Űɞ ȹɘŬŭɑəŰɡɞ 

¶ ŮˊɞˊŰŮɑŬ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ 

¶ ɢŮɘɟɘůɛɧɠ 

¶ ɢŬɛɖɚɧ əɧůŰɞɠ 

¶ ɡɣɖɚɐ ŬɡŰɞɜɞɛɑŬ 

¶ ŬɝɘɞˊɘůŰɑŬ əŬɘ ŬůűɎɚŮɘŬ ůɡůŰɐɛŬŰɞɠ 

1.3.1 Ɉɚɘəɧ ɛɏɟɞɠ 

ɋɠ ɓɎůɖ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ əŬɘ ɛŮ əɨɟɘɞ ɔɜɩɛɞɜŬ Űɘɠ ŬˊŬɘŰɐ-

ůŮɘɠ əɧůŰɞɡɠ əŬɘ ŬɡŰɞɜɞɛɑŬɠ, ŮˊɘɚɏɢɗɖəŮ ɏɜŬ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ ŮŭɎűɞɡɠ. 

ȾɨɟɘŬ əɟɘŰɐɟɘŬ Űɖɠ Ůˊɘɚɞɔɐɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɚŬŰűɧɟɛŬɠ, ŬˊɞŰɏɚŮůŬɜ ŰŬ ɢŬɟŬəŰɖɟɘ-

ůŰɘəɎ, Űɞ əɧůŰɞɠ əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ. ȼ ɛˊŬŰŬɟɑŬ, ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɖɠ 

ɡˊɞɚɞɔɘůŰɘəɐɠ ˊɚŬŰűɧɟɛŬɠ, ŮˊɘɚɏɢɗɖəŮ ɛŮ əɨɟɘɞ ɔɜɩɛɞɜŬ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊŬɜŬűɧɟ-

Űɘůɖɠ əŬɘ Űɖɜ ɡɣɖɚɐ ŬɡŰɞɜɞɛɑŬ.  
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1.3.2 ȿɞɔɘůɛɘəɧ ɛɏɟɞɠ 

ȼ Ůˊɘɚɞɔɐ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɓŬůɑůŰɖəŮ əɡɟɑɤɠ ůŰɖɜ ɘəŬɜɧŰɖŰŬ 

ŮəŰɏɚŮůɐɠ Űɞɡ, ůŮ ŮɜůɤɛŬŰɤɛɏɜŬ ůɡůŰɐɛŬŰŬ ɢŬɛɖɚɩɜ ˊɟɞŭɘŬɔɟŬűɩɜ. ɇɖɜ ŮˊɞˊŰŮɑŬ 

Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ŮɔɔɡɎŰŬɘ ɖ Ůˊɘɚɞɔɐ Űɤɜ əŬŰɎɚɚɖɚɤɜ 

ˊɟɤŰɞəɧɚɚɤɜ ŮˊɘəɞɘɜɤɜɑŬɠ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ əŬŰɎɚɚɖɚɞɡ əɤŭɘəɞ-

ˊɞɘɖŰɐ-ŬˊɞəɤŭɘəɞˊɞɘɖŰɐ (coder-decoder, codec). ũɘô ŬɡŰɧɜ Űɞɜ ɚɧɔɞ, ˊɟŬɔɛŬŰɞˊɞɘɐ-

ɗɖəŮ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ŮɝŮŰɎůŰɖəŮ ɖ əŬɗɡůŰɏɟɖůɖ, ůŮ ůɡɜɎ-

ɟŰɖůɖ ɛŮ Űɖɜ ŬɝɘɞˊɘůŰɑŬ Űɖɠ ɟɞɐɠ ɚɖűɗɏɜŰɞɠ ɓɑɜŰŮɞ. ɄŬɟɞɛɞɑɤɠ, ɞ ɢŮɘɟɘůɛɧɠ Űɞɡ ɛɖ 

ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ, ŮˊɘŰŮɨɢɗɖəŮ əŬŰɧˊɘɜ ˊŮɘɟŬɛŬŰɘəɐɠ 

ŭɘŬŭɘŬəŬůɑŬɠ, Ŭˊɧ ɏɜŬ ˊɚɐɗɞɠ ˊɟɤŰɞəɧɚɚɤɜ ŮˊɘəɞɘɜɤɜɑŬɠ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ŮɝŮŰɎůŰɖ-

əŮ ɖ əŬɗɡůŰɏɟɖůɖ, ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɖɜ ŬɝɘɞˊɘůŰɑŬ, Űɤɜ ůɖɛɎŰɤɜ ɢŮɘɟɘůɛɞɨ. 

 

1.4 ȹɘɎɟɗɟɤůɖ əŮɘɛɏɜɞɡ 

ɆŰɞ ŭŮɨŰŮɟɞ ȾŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɗŮɤɟɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ. ɄŬɟɞɡůɘɎ-

ɕɞɜŰŬɘ əŬɘ ŬɜŬɚɨɞɜŰŬɘ ůɡůŰŬŰɘəɎ ɛɏɟɖ əŬɘ ˊɟɧŰɡˊŬ, ŰŬ ɞˊɞɑŬ ŬˊŬɘŰɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŬˊɞŰŮɚɞɨɜ ˊɟɤŰɧŰɡˊɖ ŭɞɡɚŮɘɎ Űɖɠ ȹɘˊɚɤ-

ɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ. 

ɆŰɞ ŰɟɑŰɞ ȾŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɡɚɘəɧ ɛɏɟɞɠ (hardware) Űɖɠ ɡɚɞˊɞɑɖ-

ůɖɠ. ȾŬɗɑůŰŬŰŬɘ ůŬűɐɠ, ɞ Űɟɧˊɞɠ ůɨɜŭŮůɖɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůɡůŰŬŰɘəɩɜ ɛŮɟɩɜ əŬɗɩɠ 

əŬɘ ɖ ɛŮŰŬɝɨ Űɞɡɠ ŬɚɚɖɚŮˊɑŭɟŬůɖ. 

ɆŰɞ ŰɏŰŬɟŰɞ ȾŮűɎɚŬɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏəɗŮůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ ɛɏɟɞɡɠ 

(software) Űɖɠ ɡɚɞˊɞɑɖůɖɠ. ɄŬɟɞɡůɘɎɕŮŰŬɘ ŬɜŬɚɡŰɘəɎ ɖ ŭɘŬŭɘəŬůɑŬ ŬɜɎˊŰɡɝɖɠ, ɞ Űɟɧ-

ˊɞɠ ŭɘŬůűɎɚɘůɖɠ ŬůűŬɚɞɨɠ ɚŮɘŰɞɡɟɔɑŬɠ əŬɗɩɠ əŬɘ ɞ Űɟɧˊɞɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ 

ɡɚɘəɧ ɛɏɟɞɠ. 

ɆŰɞ ˊɏɛˊŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ ȾŮűɎɚŬɘɞ, ůɡɜɞɣɑɕŮŰŬɘ Űɞ ɏɟɔɞ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ 

ȺɟɔŬůɑŬɠ. ȷəɞɚɞɡɗŮɑ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ əŬɘ ˊŬɟɞɡůɑŬůɖ ɛŮɚɚɞɜŰɘəɩɜ ŮˊŮ-

əŰɎůŮɤɜ, ˊɞɡ ɗŬ ˊɟɞůŭɩůɞɡɜ ůŰɞ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ ˊɚɐɟɖ ŬɡŰɞɜɞɛɑŬ· əŬɗɘ-

ůŰɩɜŰŬɠ Űɞ ˊŬɟɎɚɚɖɚŬ űɘɚɘəɧ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, Ůɜɘůɢɡɛɏɜɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ əŬɘ 

Ůɡűɡɐ ɢŬɟŬəŰɖɟɘůŰɘəɎ. 
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2  

ŪŮɤɟɖŰɘəɧ ɡˊɧɓŬɗɟɞ 

əɞˊɧɠ Űɖɠ ɗŮɤɟɖŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ, ŬˊɞŰŮɚŮɑ ɖ ŮɝɞɘəŮɑɤůɖ Űɞɡ ŬɜŬ-

ɔɜɩůŰɖ ɛŮ ůɡůŰŬŰɘəɎ ɛɏɟɖ əŬɘ ˊɟɧŰɡˊŬ, ŰŬ ɞˊɞɑŬ ŬˊŬɘŰɐɗɖəŬɜ ɔɘŬ Űɖɜ 

ŮˊɑŰŮɡɝɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŬˊɞŰŮɚɞɨɜ ˊɟɤŰɧŰɡˊɖ ŭɞɡɚŮɘɎ Űɖɠ ȹɘˊɚɤ-

ɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ. ȷˊɧ ˊɚŮɡɟɎɠ ɡɚɘəɞɨ ɛɏɟɞɡɠ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɡˊɞɚɞɔɘůŰɘəɐ ˊɚŬŰ-

űɧɟɛŬ BeagleBoard-xM əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏəɗŮůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɖɠ. ȷˊɧ 

ˊɚŮɡɟɎɠ ɚɞɔɘůɛɘəɞɨ ɛɏɟɞɡɠ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɏəɗŮůɖ Űɞɡ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ 

Ångström əŬɘ ŮˊŮɝɖɔɞɨɜŰŬɘ ŰŬ ɓɞɖɗɖŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ (utilities) Űɞɡ ŭɘŮɟɛɖɜɏŬ 

ɔɟŬɛɛɐɠ ŮɜŰɞɚɩɜ· ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ əŬŰɎ Űɖ ŭɘŮˊŬűɐ ɛŮ Űɞ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ. 

ȺˊɘˊɟɧůɗŮŰŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɞɚɞəɚɖɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ (integrated 

development environment, IDE) Visual Studio əŬɘ ŬɜŬɚɨɞɜŰŬɘ ŰŬ ˊɟɤŰɧəɞɚɚŬ ůŰŬ 

ɞˊɞɑŬ ɡˊɧəŮɘŰŬɘ ɖ ŭɘəŰɨɤůɖ. 

 

 

Ɇ 
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2.1 ɇɞ BeagleBoard-xM 

ɇɞ BeagleBoard-xM (ȺɘəɧɜŬ 2.1) ŬˊɞŰŮɚŮɑ ɛɑŬ ɢŬɛɖɚɐɠ ɘůɢɨɞɠ, ŬɜɞɘɢŰɞɨ əɩ-

ŭɘəŬ ɡɚɘəɞɨ (open source hardware) əŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ɚɞɔɘůɛɘəɞɨ (open source 

software) ɡˊɞɚɞɔɘůŰɘəɐ ˊɚŬŰűɧɟɛŬ. ȼ ŮŰŬɘɟɑŬ ůɢŮŭɑŬůɖɠ ŮɑɜŬɘ ɖ Texas Instruments 

ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖɜ Digi-Key, Ůɜɩ ɖ ŮŰŬɘɟɑŬ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ɖ CicuitCo. ɇɘɠ ŬɜɎ-

ɔəŮɠ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ, əŬɚŮɑŰŬɘ ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ ɏɜŬ BeagleBoard-xM 

ŬɜŬɗŮɩɟɖůɖɠ (revision) C. 

 

ȺɘəɧɜŬ 2.1: BeagleBoard-xM. 

ȼ ůɡůəŮɡŬůɑŬ ˊɟɞɥɧɜŰɞɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ŰŬ ŬəɧɚɞɡɗŬ: 

1. BeagleBoard-xM ŮɜŰɧɠ ŬɜŰɘůŰŬŰɘəɞɨ ˊŮɟɘŰɡɚɑɔɛŬŰɞɠ 

2. əɎɟŰŬ Űɨˊɞɡ microSD 

3. ˊɟɞůŬɟɛɞɔɏŬ əɎɟŰŬɠ Űɨˊɞɡ microSD ůŮ MultiMediaCard (MMC) 

2.1.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ BeagleBoard-xM 

Ƀ ɄɑɜŬəŬɠ 2.1 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ BeagleBoard-xM. 
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 ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ɳˉʶ˅ʶˊʴʰˋˍʺˌ DM3730 

ARM Cortex A8 1GHz 

DSP TMS320 C64x 800 MHz 

PowerVR SGX 2D/3D 

ɾ˄ʺ˃ʹ POP
1
 Micron 4Gb MDDR SDRAM (512MB) 200MHz 

PMIC TPS65950 

ʄˎ ʻ˃ʽˋˍʷˌ ̔ ˋ˔ˏˇˌ 

ɼ˖ʵʽˁˇˉˇʽʹˍʺˌκɮˉˇˁ˖ʵʽˁˇˉˇʽʹˍʺˌ ʺ˔ˇˎ 

ɳˉʰ˄ʶˁˁʾ˄ʹˋʹ 

USB OTG PHY 

ʇˉˇˋˍʺˊʽ˅ʹ ʰˉˇˋ˒ʰ˂˃ʱˍ˖ˋʹ ̩
JTAG GPIO 

UART 3 LED 

PCB 78,74 x 76,2 mm 6 ʁ ˉʾˉʶʵʰ 

ɲʶʾˁˍʶˌ 

ʆˊˇ˒ˇʵˇˋʾʰˌ, ʅ˒ʱ˂˃ʰˍˇˌ 

ˍˊˇ˒ˇʵˇˋʾʰˌ 
USR0, USR1 

PMU ʆˊˇ˒ˇʵˇˋʾʰ ̩USB 

ɸˏ ˊʰ HS USB 2.0 OTG ʇˉˇʵˇ˔ʺ Mini AB USB TPS65950 I/F 

ɸˏˊʶˌ USB Host 

SMSC LAN9514 Ethernet HUB 

4 FS/LS/HS 
ɴ˖ˌ 500 mA h ˄ʱ ʻˏˊʰ, ˃  ʁ

ʶˉʰˊˁʺ ̱ ˊˇ˒ˇʵˇˋʾʰ 

Ethernet 10/100 ɮˉˈ USB HUB 

ʅˎ˄ʵʶˋʽ˃ˈˍʹˍʰ Audio 
3,5 mm 3,5 mm 

ɴ˅ˇʵˇˌ L+R ɳʾˋˇʵˇˌ L+R 

ʅˎ˄ʵʶˋʽ˃ˈˍʹˍʰ SD/MMC  MicroSD 

ɲʽʶˉʰ˒ʺ ˔ˊʺˋˍʹ ʃ˂ʺˁˍˊˇ ˔ˊʺˋˍʹ ʃ˂ʺˁˍˊˇ ʶˉʰ˄ʶˁˁʾ˄ʹˋʹˌ 

ʅˎ˄ʵʶˋʽ˃ˈˍʹˍʰ Bʾ ˄ˍʶˇ DVI-D S-Video 

ɼʱ˃ʶˊʰ ʇˉˇʵˇ˔ʺ 
Ȳ ˇˋˍʺˊʽ˅ʹ ˍˇˎ ʰˊʻˊ˗˃ʰˍˇˌ 

ˉˎˊʺ˄ʰ Leopard Imaging 

ʆ́ ˇ˒ˇʵˇˋʾʰ USB DC 

ʃˊˇˋˍʰˋʾʰ ˎˉʶˊˍˊˇ˒ˇʵˇˋʾʰˌ ʆʶˊ˃ʰˍʽˋ˃ˈˌ ˂ʶʽˍˇˎˊʴʾʰˌ 

ɼˏˊʽʰ ˎˉˇʵˇ˔ʺ ʻˎˊ˗˄ 

ʶˉʷˁˍʰˋʹˌ 

ʆˊˇ˒ˇʵˇˋʾʰ (5 V & 1.8 V) UART 

McBSP McSPI 

I2C GPIO 

MMC2 PWM 

2 ˎ ˉˇʵˇ˔ʶʾˌ LCD 
ʃˊˈˋʲʰˋʹ ˋʶ ˈ˂ˇˎˌ ˍˇˎˌ 

ʶ˂ʷʴ˔ˇˎˌ LCD ˁ ʰʽ ˋʶ I2C 
3.3 V, 5 V, 1.8 V 

ʅˎ˃ˉ˂κˍʽˁʺ ˋˎ˄ʵʶˋʽ˃ˈˍʹˍʰ ʇˉˇʵˇ˔ʺ 4 h ˁʾʵ˖˄ McBSP2 

ʅˎ˃ˉ˂κˍʽˁʷˌ ʻˏˊʶˌ ʶˉʷˁˍʰˋʹˌ MMC3 GPIO,ADC,HDQ 

ɲʽʰˋˍʱˋʶʽˌ 82,55 x 82,55 mm 

ɄɑɜŬəŬɠ 2.1: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ BeagleBoard-xM. 

                                                      
1
 ʁʽ ˉˎˊʺ˄ʶˌ ˋˍˇʽʲʱʸˇ˄ˍʰʽ ˃ʶ ʶˉʶ˅ʶˊʴʰˋˍʺ ˁʰʽ ʹ ˃˄ʺ˃ʹ ˍʹ ˃ʷʻˇʵˇ Package-on-Package (PoP). 
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2.2 ȹɘŬɜɞɛɐ Ångström 

ȼ ŭɘŬɜɞɛɐ ¡ngstrºm ŬˊɞŰŮɚŮɑ ɏɜŬ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ əŬɘ ŬɜɞɘɢŰɞɨ əɩŭɘ-

əŬ ɚŮɘŰɞɡɟɔɘəɧ ůɨůŰɖɛŬ, ŬˊŮɡɗɡɜɧɛŮɜɖ ůô ɏɜŬ ˊɚɐɗɞɠ ŮɜůɤɛŬŰɤɛɏɜɤɜ ůɡůŰɖɛɎŰɤɜ. 

ȷˊɞŰŮɚŮɑ ˊɟɞɥɧɜ ɛɘŬɠ ɞɚɘɔɞɛŮɚɞɨɠ ɞɛɎŭŬɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɩɜ, əŬŰɧˊɘɜ Ůɜɞˊɞɑɖůɖɠ 

Űɤɜ ɏɟɔɤɜ OpenZaurus
2
 əŬɘ OpenSIMpad

3
. ȼ Ůɜɞˊɞɑɖůɖ əŬŰɏůŰɖůŮ ŭɡɜŬŰɐ Űɖ ŭɖɛɘ-

ɞɡɟɔɑŬ Űɞɡ ˊɚŬɑůɘɞɡ ɚɞɔɘůɛɘəɞɨ (software framework) OpenEmbedded
4
, Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɖɠ ŭɘŬɜɞɛɐɠ Ångström, ɛɏůɤ 

Űɞɡ Yocto Project
5
. 

2.2.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭɘŬɜɞɛɐɠ Ångström 

Ƀ ɄɑɜŬəŬɠ 2.2 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭɘŬɜɞɛɐɠ Ångström. 

 ʋʰ́ʰˁˍʹˊʽˋˍʽˁʱ 

ʁʽˁˇʴʷ˄ʶʽʰ ɽΦʅΦ Linux 

ɮˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ARM 

ʆˏˉˇˌ ˉˎˊʺ˄ʰ ɾˇ˄ˇ˂ʽʻʽˁˈˌ 

ɲʽʶˉʰ˒ʺ ˔ˊʺˋˍʹ 
Console X Windows System 

GPE Opie 

ɲʽʰ˔ʶʽˊʽˋˍʺˌ ˉʰˁʷˍ˖˄ opkg 

ɯʵʶʽʰ ˔ˊʺˋʹˌ GNU GPL 

ɄɑɜŬəŬɠ 2.2: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŭɘŬɜɞɛɐɠ Ångström. 

2.2.2 ȸɞɖɗɖŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ ŭɘŮɟɛɖɜɏŬ ɔɟŬɛɛɐɠ ŮɜŰɞɚɩɜ 

O ɄɑɜŬəŬɠ 2.3 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɓɞɖɗɖŰɘəɎ ˊɟɞɔɟɎɛɛŬŰŬ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ, 

ɧˊɤɠ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ˊɟɧŰɡˊɞ IEEE Std 1003.1-2004, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ 

Űɖɠ ɀɞɜŬŭɘəɐɠ ɄɟɞŭɘŬɔɟŬűɐɠ UNIX (Single Unix Specification, SUS). 

                                                      
2
 ɮˉˇˍʶ˂ʶʾ ʰ˄ʶ˄ʶˊʴˈ ˂ʶʽˍˇˎˊʴʽˁˈ ˋˏˋˍʹ˃ʰ ˍˇˎ ˉˊˇˋ˖ˉʽˁˇˏ ˕ʹ˒ʽʰˁˇˏ ˇʵʹʴˇˏ (personal digital assi-

stant, PDA) Sharp Zaurus. 

3
 ɮˉˇˍʶ˂ʶʾ ˒ˇˊʹˍˈ ˎˉˇ˂ˇʴʽˋˍʺΦ 

4
 ɮˉˇˍʶ˂ʶʾ ˇ˂ˇˁ˂ʹˊ˖˃ʷ˄ˇ ˉʶˊʽʲʱ˂˂ˇ˄ ˁʰˍʰˋˁʶˎʺˌ ʵʽʰ˄ˇ˃˗˄ Linux, ˉˇˎ ˋˍˇ˔ʶˏˇˎ˄Σ ˔˖ˊʾˌ ˖ˋˍˈˋˇ 

˄ʰ ˉʶˊʽˇˊʾʸˇ˄ˍʰʽΣ ˋʶ ʶ˄ˋ˖˃ʰˍ˖˃ʷ˄ʰ ˋˎˋˍʺ˃ʰˍʰΦ 

5 
ʃʰˊˈ˃ˇʽˇ ˍˇˎ OpenEmbedded. ɶ ˋˎʴ˔˗˄ʶˎˋʺ ˍˇˎˌ ʵʹ˃ʽˇˏˊʴʹˋʶ ˍˇ OpenEmbedded-Core.   

http://el.wikipedia.org/w/index.php?title=%CE%9C%CE%BF%CE%BD%CE%B1%CE%B4%CE%B9%CE%BA%CE%AE_%CE%A0%CF%81%CE%BF%CE%B4%CE%B9%CE%B1%CE%B3%CF%81%CE%B1%CF%86%CE%AE_UNIX&action=edit&redlink=1
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fdisk ʃʾ˄ʰˁʰˌ ʵʽʰ˔ʶʾˊʽˋʹˌ ʵʽʰ˃ʶˊʽˋ˃ʱˍ˖˄. 

chmod ɮ˂˂ʰʴʺ ʵʽˁhʽ˖˃ʱˍ˖˄ ˉˊˈˋʲʰˋʹˌ ʰˊ˔ʶʾ˖˄. 

mkfs ɼʰˍʰˋˁʶˎʺ ˋˎˋˍʺ˃ʰˍˇˌ ʰˊ˔ʶʾ˖˄. 

dmsetup ɲ̔ ʰ˔ʶʾˊʽˋʹ ˔ʰ˃ʹ˂ˇˏ ʶˉʽˉʷʵˇˎ, ̝ ˗ˊˇˎ ʰˉˇʻʺˁʶˎˋʹˌΦ 

sudo ɳˁˍʷ˂ʶˋʹ ʶ˄ˍˇ˂ʺˌ ˃ʶ ˋˍˇʽ˔ʶʾʰ ʱ˂˂ˇˎ ˔ˊʺˋˍʹΦ 

mkdir ɲʹ˃ʽˇˎˊʴʾʰ ˁʰˍʰ˂ˈʴˇˎ. 

mount ʃˊˇˋʱˊˍʽˋʹ ˋˎˋˍʺ˃ʰˍˇˌ ʰˊ˔ʶʾ˖˄Φ 

tar ʅˎ˃ˉʾʶˋʹκʰˉˇˋˎ˃ˉʾʶˋʹ ʰˊ˔ʶʾˇˎΦ 

cp ɮ˄ˍʽʴˊʰ˒ʺ ʰˊ˔ʶʾ˖˄ ˁʰʽ ˁʰˍʰ˂ˈʴ˖˄. 

sync ʅˎʴ˔ˊˇ˄ʽˋ˃ˈˌ ʵʶʵˇ˃ʷ˄˖˄ ʵʾˋˁˇˎ ˋˍʹ ˃˄ʺ˃ʹ. 

umount ɮˉˇ̄́ ˇˋʱˊˍʽˋʹ ˋˎˋˍʺ˃ʰˍˇˌ ʰˊ˔ʶʾ˖˄Φ 

cd ɮ˂˂ʰʴʺ ˍˊʷ˔ˇ˄ˍˇˌ ˁʰˍʰ˂ˈʴˇˎ. 

wget ɮ˄ʱˁˍʹˋʹ ˎ˂ʽˁˇˏ ʰˉˈ ʵʽʰˁˇ˃ʽˋˍʺ ɲʽʰʵʽˁˍˏˇˎΦ 

make ɼʰˍʰˋˁʶˎʺ ˉˊˇʴˊʱ˃˃ʰˍˇˌΦ 

ln ɲʹ˃ʽˇˎˊʴʾʰ ˋˎ˄ʵʷˋ˃˖˄ ˃ʶˍʰ˅ˏ ʰˊ˔ʶʾ˖˄. 

uname ɳ˃˒ʱ˄ʽˋʹ ̄ ˂ʹˊˇ˒ˇˊʽ˗˄ ˋˎˋˍʺ˃ʰˍˇˌ. 

lsusb ɳ˃˒ʱ˄ʽˋʹ ̀ ˎˋˁʶˎ˗˄ USB. 

grep ɳ˃ ˒ʱ˄ʽˋʹ ʴˊʰ˃˃˗˄ ˉˇˎ ˉʶˊʽʷ˔ˇˎ˄ ʰ˄ˍʽˋˍˇʽ˔ʾʰ ˍˇˎ ˎˉˇʵʶʾ-

ʴ˃ʰˍˇˌΦ 

depmod ɲʹ˃ʽˇˎˊʴʾʰ ʶ˅ʰˊˍʺˋʶ˖˄ ˃ʶˍʰ˅ˏ ʰˊʻˊ˖˃ʱˍ˖˄ ˉˎˊʺ˄ʰΦ 

modprobe ʃˊˇˋʻʺˁʹκʰ˒ʰʾˊʶˋʹ ʰˊʻˊ˗˃ʰˍˇˌ h ˉˈ ˍˇ˄ ˉˎˊʺ˄ʰ. 

vi ɳˉʶ˅ʶˊʴʰˋʾʰ ʰˊ˔ʶʾ˖˄ ˋʶ ˉˊˇʲˇ˂ʺ ˉ˂ʺˊˇˎˌ ˇʻˈ˄ʹˌΦ 

update-rc.d ɳʴˁʰˍʱˋˍʰˋʹκˁʰˍʱˊʴʹˋʹ ˋˎ˄ʵʷˋ˃˖˄ ˋʶ˄ʰˊʾ˖˄ h ˊ˔ʽˁˇˉˇʾ ʹˋʹˌΣ 

ˍˏˉˇˎ System-V. 

passwd ɮ˂˂ʰʴʺ ˁ˖ʵʽˁˇˏ ˉˊˈˋʲʰˋʹˌ ˔ˊʺˋˍʹΦ 

ɄɑɜŬəŬɠ 2.3: ȾŬŰɎɚɞɔɞɠ ɓɞɖɗɖŰɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ. 
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2.3 Visual Studio 

ɇɞ Visual Studio ŬˊɞŰŮɚŮɑ ɞɚɞəɚɖɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ Űɖɠ Micro-

soft Corporation. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ˊɟɞɔɟŬɛɛɎŰɤɜ Űɖɠ ɞɘəɞɔɏɜŮɘŬɠ 

ɚŮɘŰɞɡɟɔɘəɩɜ ůɡůŰɖɛɎŰɤɜ Microsoft Windows, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ůŮɚɑŭɤɜ 

ȽůŰɞɨ (web pages), ŮűŬɟɛɞɔɩɜ ȹɘŬŭɘəŰɨɞɡ (web applications) əŬɘ ɡˊɖɟŮůɘɩɜ ȹɘŬŭɘ-

əŰɨɞɡ (web services). ȾŬɗɘůŰɎ ŭɡɜŬŰɐ Űɖɜ ŬɜɎˊŰɡɝɖ əɩŭɘəŬ Űɨˊɞɡ native
6
 əŬɘ mana-

ged
7
. 

ɀŮŰŬɝɨ Űɤɜ ŮɟɔŬɚŮɑɤɜ ˊɞɡ ŮɜůɤɛŬŰɩɜŮɘ (built-in tools), ˊŮɟɘɚŬɛɓɎɜŮɘ ůɢŮŭɘ-

ŬůŰɐ űɞɟɛɩɜ (form designer) ɔɘŬ ŬɜɎˊŰɡɝɖ ŮűŬɟɛɞɔɩɜ ɛŮ ɔɟŬűɘəɐ ŭɘŮˊŬűɐ ɢɟɐůŰɖ 

(graphical user interface, GUI), ůɢŮŭɘŬůŰɐ ůŮɚɑŭɤɜ ȽůŰɞɨ (web designer), ůɢŮŭɘŬůŰɐ 

əɚɎůŮɤɜ (class designer) əŬɘ ůɢŮŭɘŬůŰɐ ůɢɖɛɎŰɤɜ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ (database sche-

ma designer). ȺˊɘˊɟɧůɗŮŰŬ, ŮˊɘŰɟɏˊŮɘ Űɖɜ Ŭˊɞŭɞɢɐ ŬɟɗɟɤɛɎŰɤɜ (plug-ins) ɔɘŬ Ůɜɑ-

ůɢɡůɖ Űɖɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ. 

ɀŮŰŬɝɨ Űɤɜ ɔɚɤůůɩɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ ŮɜůɤɛŬŰɩɜŮɘ (built-in langua-

ges), ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ C, Űɖɜ C ++, Űɖɜ C ++/CLI, Űɖɜ VB.NET, Űɖɜ C# əŬɘ Űɖɜ F#. 

ȺˊɘˊɟɧůɗŮŰŬ, ˊŬɟɏɢŮɘ ɡˊɞůŰɐɟɘɝɖ ɔɘŬ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɧˊɤɠ -  ɛŮŰŬɝɨ Ɏɚ-

ɚɤɜ - ɖ M, ɖ Python əŬɘ ɖ Ruby, ɛɏůɤ ŮɔəŬŰɎůŰŬůɖɠ ŮˊɘˊɟɧůɗŮŰɤɜ ɡˊɖɟŮůɘɩɜ. Ⱥˊɘ-

ˊɚɏɞɜ, ˊŬɟɏɢŮɘ ɡˊɞůŰɐɟɘɝɖ ɔɘŬ Űɘɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ XML/XSLT, HTML 

/XHTML, JavaScript əŬɘ CSS.  

2.3.1 ȺəŭɧůŮɘɠ Űɞɡ Visual Studio 

o Visual Studio Express: 

ȷ́ ɞŰŮɚŮɑ ůɨɜɞɚɞ Ŭˊɧ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ ɞɚɞəɚɖɟɤɛɏɜŬ ˊŮɟɘɓɎɚ-

ɚɞɜŰŬ ŬɜɎˊŰɡɝɖɠ. ȹɘŬɜɏɛɞɜŰŬɘ ɤɠ ŮɚŬűɟɘɏɠ ŮəŭɧůŮɘɠ Űɞɡ Visual Studio əŬɘ ŭɘ-

ŬəɟɑɜɞɜŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɨˊɞ ŮűŬɟɛɞɔɐɠ ˊɞɡ ůŰɞɢŮɨɞɡɜ əŬɘ Űɖ ɔɚɩůůŬ 

                                                      
6
 ɮˉˇˍʶ˂ʶʾ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁˈ ˁ˗ʵʽˁʰΣ ʹ ˁʰˍʰˋˁʶˎʺ ˍˇˎ ˇˉˇʾˇˎ ʶˉʽˍˊʷˉʶʽ ˍʹ˄ ʶˁˍʷ˂ʶˋʺ ˍˇˎ ʰˉˈ ˋˎ-

ʴˁʶˁˊʽ˃ʷ˄ˇ ʶˉʶ˅ʶˊʴʰˋˍʺΦ 

7
 ʁ ˈˊˇˌ ʰˉˇˍʶ˂ʶʾ ʶˉʽ˄ˈʹˋʹ ˍʹˌ aƛŎǊƻǎƻŦǘ, ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˉˊˇʴˊʰ˃˃ʰˍʽˋˍʽˁˇˏ ˁ˗ʵʽˁʰΣ ʹ ʶˁˍʷ-

˂ʶˋʹ ˍˇˎ ˇˉˇʾˇˎ ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˎˉˈ ˍʹ ʵʽʰ˔ʶʾˊʽˋʹ ˍˇˎ ˋˎˋˍʰˍʽˁˇˏ ʶʽˁˇ˄ʽˁʺˌ ˃ʹ˔ʰ˄ʺˌ Common 

Language Runtime (CLR). 
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ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ˊɞɡ ŮɜůɤɛŬŰɩɜɞɡɜ. ɄŮɟɘɚŬɛɓɎɜɞɡɜ ɏɜŬ ɛɘəɟɧ ˊɚɐɗɞɠ Ůɟ-

ɔŬɚŮɑɤɜ Ůɜɩ ŭŮɜ ŮˊɘŰɟɏˊɞɡɜ Űɖɜ Ŭˊɞŭɞɢɐ ŬɟɗɟɤɛɎŰɤɜ. 

o Visual Studio Professional: 

ȷˊɞŰŮɚŮɑ ɞɚɞəɚɖɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ, ɔɘŬ ɧɚŮɠ Űɘɠ ɡˊɞůŰɖ-

ɟɘɕɧɛŮɜŮɠ ɔɚɩůůŮɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ. ɄŮɟɘɚŬɛɓɎɜŮɘ ŮɟɔŬɚŮɑŬ ɧˊɤɠ Űɞ Server 

Explorer əŬɘ Űɞ Microsoft SQL Server. 

o Visual Studio Premium: 

ɄŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ Visual Studio Professional 

əŬɘ ŮɜɘůɢɨŮɘ Űɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ ɛŮ ɛŮŰɟɘəɏɠ əɩŭɘəŬ, ůŰŬŰɘəɐ ŬɜɎɚɡůɖ əɩŭɘ-

əŬ, ŭɞəɘɛɏɠ ɛɞɜɎŭŬɠ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ə.Ɏ. 

o Visual Studio Ultimate: 

ɄŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ Visual Studio Premium əŬɘ 

ˊŬɟɏɢŮɘ Ůˊɘˊɚɏɞɜ ɏɜŬ ůɨɜɞɚɞ ŬɜɎˊŰɡɝɖɠ ɚɞɔɘůɛɘəɞɨ əŬɘ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ, 

əŬɗɩɠ Ůˊɑůɖɠ  əŬɘ ŮɟɔŬɚŮɑŬ ɛŮŰɟɘəɩɜ, ŬɟɢɘŰŮəŰɞɜɘəɐɠ, Ůɚɏɔɢɞɡ əŬɘ ŬɜŬűɞɟɎɠ. 

o Visual Studio Test Professional: 

Ⱥɘůɐɢɗɖ ɛŮ Űɖɜ ɏəŭɞůɖ Visual Studio 2010. ȺˊɘəŮɜŰɟɩɜŮŰŬɘ ůŮ Ůɘŭɘəɧ 

ɟɧɚɞ ŭɞəɘɛŬůŰɐ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ ɡˊɞůŰɐɟɘɝɖ ɔɘŬ ŭɘŬɢŮɑɟɘůɖ Űɞɡ ˊŮɟɘɓɎɚɚɞ-

ɜŰɞɠ ŭɞəɘɛɐɠ,  ɘəŬɜɧŰɖŰŬ Ůəəɑɜɖůɖɠ əŬɘ ŬɜŬűɞɟɎɠ Űɤɜ ŭɞəɘɛɩɜ· əŬɘ ůɨɜŭŮůɖ 

ɛŮ Űɞ ŮɟɔŬɚŮɑɞ Team Foundation Server. ȹŮɜ əŬɗɘůŰɎ ŭɡɜŬŰɐ  Űɖɜ ŬɜɎˊŰɡɝɖ ɐ 

Űɖ ůɡɔɔɟŬűɐ Űɤɜ ŭɞəɘɛɩɜ. 

2.4 ȹɘəŰɨɤůɖ Űɞɡ BeagleBoard-xM 

Ƀ Űɨˊɞɠ ŭɘəŰɨɞɡ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Ɏˊɞɣɖ ɢɤɟɘəɐɠ ŮɛɓɏɚŮɘŬɠ ŮɑɜŬɘ 

ŬɡŰɧɠ Ůɜɧɠ ŬůɨɟɛŬŰɞɡ Űɞˊɘəɞɨ ŭɘəŰɨɞɡ (wireless local area network, WLAN). ȼ ŭɘəŰ-

ɨɤůɖ ɡˊɧəŮɘŰŬɘ ůŰɖ ůɡɚɚɞɔɐ ˊɟɤŰɞəɧɚɚɤɜ Űɖɠ ɆɞɡɑŰŬɠ ɄɟɤŰɞəəɧɚɤɜ ȹɘŬŭɘəŰɨɞɡ 

(Internet Protocol Suite). 
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2.4.1 ɆɞɡɑŰŬ ɄɟɤŰɞəəɧɚɤɜ ȹɘŬŭɘəŰɨɞɡ 

ȷˊɞŰŮɚŮɑ ůɡɚɚɞɔɐ ˊɟɤŰɞəɧɚɚɤɜ ŮˊɘəɞɘɜɤɜɑŬɠ, ůŰŬ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ Űɞ ȹɘŬŭɑ-

əŰɡɞ ŬɚɚɎ əŬɘ ɛŮɔɎɚɞ ˊɞůɞůŰɧ Űɤɜ Ůɛˊɞɟɘəɩɜ ŭɘəŰɨɤɜ. ȺɑɜŬɘ Ůˊɑůɖɠ ɔɜɤůŰɐ ɤɠ ɛɞ-

ɜŰɏɚɞ ŬɜŬűɞɟɎɠ TCP/IP, Ŭˊɧ Űɘɠ ůɡɜŰɞɛɞɔɟŬűɑŮɠ Űɤɜ ŭɨɞ əɡɟɘɧŰŮɟɤɜ ˊɟɤŰɞəɧɚɚɤɜ 

ˊɞɡ ˊŮɟɘɏɢŮɘ, Űɞ ɄɟɤŰɧəɞɚɚɞ Ⱥɚɏɔɢɞɡ ɀŮŰɎŭɞůɖɠ (Transmission Control Protocol, 

TCP) əŬɘ Űɞ ɄɟɤŰɧəɞɚɚɞ ȹɘŬŭɘəŰɨɞɡ (Internet Protocol, IP).  

ȼ ůɡɚɚɞɔɐ ˊɟɤŰɞəɧɚɚɤɜ, ŮɑɜŬɘ ɞɟɔŬɜɤɛɏɜɖ ůŮ ůŰɟɩɛŬŰŬ ɐ ŮˊɑˊŮŭŬ (layers). 

ɇɞ əŬɗɏɜŬ Űɞɡɠ ŬˊŬɜŰɎ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ˊɟɞɓɚɐɛŬŰŬ ɛŮŰŬűɞɟɎɠ ŭŮŭɞɛɏɜɤɜ, ˊŬɟɏ-

ɢɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ ɛɘŬ əŬɗɞɟɘůɛɏɜɖ ɡˊɖɟŮůɑŬ ůŰŬ ɡɣɖɚɧŰŮɟŬ ůŰɟɩɛŬŰŬ. ɇŬ ŮˊɑˊŮŭŬ 

ŬɡŰɎ ŮɑɜŬɘ: 

o ȺˊɑˊŮŭɞ ȺűŬɟɛɞɔɩɜ (Application layer): 

ȺɑɜŬɘ Űɞ ŰŮɚŮɡŰŬɑɞ ˊɟɞɠ Űɞɜ ɢɟɐůŰɖ ŮˊɑˊŮŭɞ. ɄŮɟɘɏɢŮɘ ɛɘŬ ˊɞɘəɘɚɑŬ 

ˊɟɤŰɞəɧɚɚɤɜ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɘɠ ůŮɚɑŭŮɠ ȽůŰɞɨ, ůŰɖ ɛŮŰŬűɞɟɎ ŬɟɢŮɑɤɜ (file 

transfer) əŬɘ ůŰɞ ɖɚŮəŰɟɞɜɘəɧ ŰŬɢɡŭɟɞɛŮɑɞ (e- mail). 

o ȺˊɑˊŮŭɞ ɀŮŰŬűɞɟɎɠ (Transport layer): 

ȺɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ŭŮŭɞɛɏɜɤɜ, ŬɜŮɝŬɟŰɐŰɤɠ Űɞɡ ɡˊɞəŮɑ-

ɛŮɜɞɡ ŭɘəŰɨɞɡ, ŮˊɘəŮɜŰɟɩɜɞɜŰŬɠ ůŮ ɕɖŰɐɛŬŰŬ Ůɚɏɔɢɞɡ ůűŬɚɛɎŰɤɜ (error 

control), əŬŰɎŰɛɖůɖɠ (fragmentation) əŬɘ Ůɚɏɔɢɞɡ ɟɞɐɠ (flow control). ɄŬɟɏ-

ɢŮɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɖɠ ɞɟɗɧŰɖŰŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ, 

ɛŮŰɎ Ŭˊɧ ůűɎɚɛŬ. 

o ȺˊɑˊŮŭɞ ȹɘəŰɨɞɡ (Network layer):  

ȰɜŬ ɓŬůɘəɧ ɕɐŰɖɛŬ ůɢŮŭɑŬůɐɠ Űɞɡ, ŮɑɜŬɘ ɞ əŬɗɞɟɘůɛɧɠ Űɞɡ Űɟɧˊɞɡ 

ŭɟɞɛɞɚɧɔɖůɖɠ Űɤɜ ˊŬəɏŰɤɜ Ŭˊɧ Űɖɜ ˊɟɞɏɚŮɡůɖ ůŰɞɜ ˊɟɞɞɟɘůɛɧ Űɞɡɠ. ɇŬ 

ŭɟɞɛɞɚɧɔɘŬ ɓŬůɑɕɞɜŰŬɘ ŮɑŰŮ ůŮ ůŰŬŰɘəɞɨɠ ˊɑɜŬəŮɠ· ɞɘ ɞˊɞɑɞɘ ɛŮŰŬɓɎɚɚɞɜŰŬɘ 

ůˊɎɜɘŬ, ŮɑŰŮ ůŮ ŭɡɜŬɛɘəɞɨɠĿ ɛŮ ŰŬ ŭɟɞɛɞɚɧɔɘŬ ɜŬ əŬɗɞɟɑɕɞɜŰŬɘ Ůə ɜɏɞɡ ɔɘŬ 

əɎɗŮ ˊŬəɏŰɞ, ɏŰůɘ ɩůŰŮ ɜŬ ŬɜŰŬɜŬəɚɞɨɜ Űɞ Űɟɏɢɞɜ űɞɟŰɑɞ Űɞɡ ŭɘəŰɨɞɡ. Ƀ 

ɏɚŮɔɢɞɠ Űɖɠ ůɡɛűɧɟɖůɖɠ ŬˊɞŰŮɚŮɑ ɕɐŰɖɛŬ Űɞɡ Ůˊɘˊɏŭɞɡ, ɛŮŰŬɝɨ Ɏɚɚɤɜ ɕɖŰɖ-

ɛɎŰɤɜ ˊɞɘɧŰɖŰŬɠ ɡˊɖɟŮůɘɩɜ ɧˊɤɠ ɖ əŬɗɡůŰɏɟɖůɖ (delay), ɞ ɢɟɧɜɞɠ ɛŮŰɎŭɞ-

ůɖɠ (transmission time), ɖ ˊŬɟŬɛɧɟűɤůɖ ɢɟɞɜɘůɛɞɨ (jitter) ə.Ɏ. 
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o ȺˊɑˊŮŭɞ Ɇɡɜŭɏůɛɞɡ (Link layer): 

ȸŬůɘəɧɠ ůəɞˊɧɠ ŬˊɞŰŮɚŮɑ ɖ ɚɐɣɖ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞ űɡůɘəɧ ɛɏůɞ 

əŬɘ ɖ ˊɟɞɩɗɖůɐ Űɞɡɠ ůŰɞ ŮˊɑˊŮŭɞ ȹɘəŰɨɞɡ, Ŭűɞɨ ˊɟɩŰŬ ˊɟɞɖɔɖɗɞɨɜ ɞɟɘůɛɏ-

ɜŮɠ ɞɡůɘɩŭŮɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ɧˊɤɠ ɖ ŬɜɑɢɜŮɡůɖ əŬɘ ŭɘɧɟɗɤůɖ ůűŬɚɛɎŰɤɜ ɛŮŰɎ-

ŭɞůɖɠ (error detection and correction), ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɞ űɡůɘəɧ Ůˊɑ-

ˊŮŭɞ· əŬɘ ɞ ɏɚŮɔɢɞɠ ɟɞɐɠ (flow control). ɄŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ɔɘŬ Űɖɜ 

ŬˊɞəŬŰɎůŰŬůɖ ɛɘŬɠ ɚɞɔɘəɐɠ ɕŮɨɝɖɠ ŭŮŭɞɛɏɜɤɜ. 

ɆŰɞɜ ɄɑɜŬəŬ 2.4 ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ˊɟɤŰɧəɞɚɚŬ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ ɔɘŬ Űɖɜ Ůˊɑ-

ŰŮɡɝɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ. 

ȺˊɑˊŮŭɞ ɄɟɤŰɧəɞɚɚɞ 

ȺűŬɟɛɞɔɐɠ HTTP SSH 

ɀŮŰŬűɞɟɎɠ TCP UDP 

ȹɘəŰɨɞɡ IP  

Ɇɡɜŭɏůɛɞɡ ȽȺȺȺ 802.11 

ɄɑɜŬəŬɠ 2.4: ɄɟɤŰɧəɞɚɚŬ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ. 

ȾɎɗŮ ˊɟɤŰɧəɞɚɚɞ ŮɜůɤɛŬŰɩɜŮɘ ɏɜŬ ůɨɜɞɚɞ Ŭˊɧ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŰŬ ɞˊɞɑŬ Űɞ 

əŬɗɘůŰɞɨɜ ɘŭŬɜɘəɧ ɔɘŬ Űɖɜ ɡˊɖɟŮůɑŬ ˊɞɡ ˊɟɞůűɏɟŮɘ. ɇŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ 

əŬɗŮɜɧɠ, ůɡɜɞɣɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

o ɄɟɤŰɧəɞɚɚɞ ɀŮŰŬűɞɟɎɠ ɈˊŮɟəŮɘɛɏɜɞɡ (HyperText Transfer Protocol, HTTP): 

ȷˊɞŰŮɚŮɑ ˊɟɤŰɧəɞɚɚɞ ŮˊɘəɞɘɜɤɜɑŬɠ, Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ůŰɞɡɠ 

űɡɚɚɞɛŮŰɟɖŰɏɠ Űɞɡ ɄŬɔəɞůɛɑɞɡ ȽůŰɞɨ (web browsers), ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ŭŮŭɞ-

ɛɏɜɤɜ ŬɜɎɛŮůŬ ůŮ ɏɜŬɜ ŭɘŬəɞɛɘůŰɐ (server) əŬɘ ɏɜŬɜ ˊŮɚɎŰɖ (client). 

o ȷůűŬɚɏɠ Ⱦɏɚɡűɞɠ (Secure Shell, SSH): 

ȷˊɞŰŮɚŮɑ əɟɡˊŰɞɔɟŬűɘəɧ ŭɘəŰɡŬəɧ ˊɟɤŰɧəɞɚɚɞ ɔɘŬ ŬůűŬɚɐ Ůˊɘəɞɘɜɤ-

ɜɑŬ ŭŮŭɞɛɏɜɤɜ (secure data communication), ŬˊɞɛŬəɟɡůɛɏɜɖ ůɨɜŭŮůɖ ɛɏůɤ 

ŭɘŮɟɛɖɜɏŬ ɔɟŬɛɛɐɠ ŮɜŰɞɚɩɜ (remote command-line login), ŬˊɞɛŬəɟɡůɛɏɜɖ 

ŮəŰɏɚŮůɖ (remote execution) əŬɘ ɚɞɘˊɏɠ ŬůűŬɚŮɑɠ ɡˊɖɟŮůɑŮɠ, ɛŮŰŬɝɨ ŭɘəɡŬəɩɜ 
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ůɡůəŮɡɩɜ. ȼ ůɨɜŭŮůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ ŬůűŬɚɞɨɠ əŬɜŬɚɘɞɨ ůŮ ɛɖ 

ŬůűŬɚɏɠ ŭɑəŰɡɞ. 

o ɄɟɤŰɧəɞɚɚɞ Ⱥɚɏɔɢɞɡ ɀŮŰɎŭɞůɖɠ (Transmission Control Protocol, TCP): 

Ƀɘ əɨɟɘɞɘ ůŰɧɢɞɘ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ, ŮɑɜŬɘ ɖ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ Ŭɝɘɧˊɘ-

ůŰɖɠ ŬˊɞůŰɞɚɐɠ əŬɘ ɚɐɣɖɠ ŭŮŭɞɛɏɜɤɜ, əŬɗɩɠ əŬɘ ɖ ɛŮŰŬűɞɟɎ Űɞɡɠ ɢɤɟɑɠ ɚɎ-

ɗɖ, ɛŮŰŬɝɨ Űɤɜ Ůˊɘˊɏŭɤɜ ȹɘəŰɨɞɡ əŬɘ ȺűŬɟɛɞɔɩɜ, ŭɘŬŰɖɟɩɜŰŬɠ Űɖ ůɤůŰɐ 

ůŮɘɟɎ. 

o ɄɟɤŰɧəɞɚɚɞ ȷɡŰɞŭɨɜŬɛɤɜ ɄŬəɏŰɤɜ ɉɟɐůŰɖ (User Datagram Protocol, 

UDP): 

 ȰɜŬ Ŭˊɧ ŰŬ əɨɟɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ, ŮɑɜŬɘ ɧŰɘ ŭŮɜ Ůɔ-

ɔɡɎŰŬɘ ŬɝɘɧˊɘůŰɖ ŮˊɘəɞɘɜɤɜɑŬ. ɇŬ ˊŬəɏŰŬ ˊɞɡ ŬˊɞůŰɏɚɚɞɜŰŬɘ ɛˊɞɟŮɑ ɜŬ űŰɎ-

ůɞɡɜ ůŰɞɜ ˊŬɟŬɚɐˊŰɖ ɛŮ ɚɎɗɞɠ ůŮɘɟɎ, ŭɘˊɚɎ ɐ ɜŬ ɛɖɜ űŰɎůɞɡɜ əŬɗɧɚɞɡ, ŮɎɜ 

Űɞ ŭɑəŰɡɞ ɏɢŮɘ ɛŮɔɎɚɞ űɧɟŰɞ. 

o ɄɟɤŰɧəɞɚɚɞ ȹɘŬŭɘəŰɨɞɡ (Internet Protocol, IP): 

ȺɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ŭɟɞɛɞɚɧɔɖůɖ Űɤɜ ˊŬəɏŰɤɜ ŭŮŭɞɛɏɜɤɜ ŬɜɎɛŮůŬ 

ůŰŬ ŭɘɎűɞɟŬ ŭɑəŰɡŬ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ɡˊɞŭɞɛɐ Űɞɡɠ. ȷˊɞŰŮɚŮɑ Űɞ əɨɟɘɞ 

ˊɟɤŰɧəɞɚɚɞ ˊɎɜɤ ůŰɞ ɞˊɞɑɞ ŮɑɜŬɘ ɓŬůɘůɛɏɜɞ Űɞ ȹɘŬŭɑəŰɡɞ. ȾŬɗɞɟɑɕŮɘ Űɖ 

ɛɞɟűɐ Űɤɜ ˊŬəɏŰɤɜ, əŬɗɩɠ əŬɘ Űɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

Űɖɜ ˊɟɞɩɗɖůɖ Űɤɜ ˊŬəɏŰɤɜ ˊɟɞɠ Űɞɜ ŰŮɚɘəɧ ˊɟɞɞɟɘůɛɧ, ɛɏůɤ Ůɜɧɠ ɐ ˊŮɟɘů-

ůɧŰŮɟɤɜ ŭɟɞɛɞɚɞɔɖŰɩɜ (routers). 

o IEEE 802.11: 

ȷˊɞŰŮɚŮɑ ɞɘəɞɔɏɜŮɘŬ ˊɟɞŰɨˊɤɜ Űɞɡ ɞɟɔŬɜɘůɛɞɨ Insitute of Electrical 

and Electronics Engineers (IEEE), ɔɘŬ ŬůɨɟɛŬŰŬ ŰɞˊɘəɎ ŭɑəŰɡŬ ůŰɞ Ůɨɟɞɠ Űɤɜ 

ůɡɢɜɧŰɖŰɤɜ 2.4 , 3.6 , 5 əŬɘ 60 GHz . ȺɑɜŬɘ ŮɡɟɨŰŮɟŬ ɔɜɤůŰɎ ɤɠ Wi-Fi, ŮˊŮɘŭɐ 

ɖ ˊɘůŰɞˊɞɑɖůɖ Űɤɜ ˊɟɞɥɧɜŰɤɜ ˊɞɡ ɡˊŬəɞɨɜ ůŰɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɤɜ ˊɟɞŰɨˊɤɜ, 

ˊŬɟɏɢŮŰŬɘ Ŭˊɧ  Űɞɜ ɞɟɔŬɜɘůɛɧ Wi-Fi Alliance. 
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3  

Ɉɚɘəɧ ɛɏɟɞɠ 

ɞ ůɨɜɞɚɞ Űɤɜ űɡůɘəɩɜ ŮɝŬɟŰɖɛɎŰɤɜ ˊɞɡ ŬˊŬɟŰɑɕɞɡɜ Űɞ ɛɖ ŮˊŬɜŭɟɤ-

ɛɏɜɞ ɧɢɖɛŬ, ŬˊɞŰŮɚɞɨɜ Űɞ ɡɚɘəɧ ɛɏɟɞɠ Űɖɠ ɡɚɞˊɞɑɖůɖɠ. Ⱦɨɟɘɞ ůɡůŰŬ-

Űɘəɧ ɛɏɟɞɠ ŬˊɞŰŮɚŮɑ ɏɜŬ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ ŮŭɎűɞɡɠ. ɆŰɞ ŬɛɎɝɤɛɎ Űɞɡ· Ůɜ-

ůɤɛŬŰɩɜŮŰŬɘ Űɞ BeagleBoard-xM, Űɞ ɞˊɞɑɞ ɛŮ Űɖ ůŮɘɟɎ Űɞɡ ŮɜůɤɛŬŰɩɜŮɘ ɏɜŬɜ Wi-Fi 

ˊɟɞůŬɟɛɞɔɏŬ əŬɘ ɛɘŬ ɘůŰɞəɎɛŮɟŬ. ȼ ŰɟɞűɞŭɞůɑŬ Űɞɡ BeagleBoard-xM ŮˊɘŰɡɔɢɎɜŮŰŬɘ 

ɛŮ ɢɟɐůɖ ɛˊŬŰŬɟɑŬɠ ɚɘɗɑɞɡ-ˊɞɚɡɛŮɟɞɨɠ (lithium-polymer, LiPo). ɇɖɜ Ůɡɗɨɜɖ ɟɨɗɛɘ-

ůɖɠ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ, űɏɟŮɘ ɏɜŬɠ ůŰŬɗŮɟɞˊɞɘɖŰɐɠ ŰɎůɖɠ (voltage regulator), ɖ ɚŮɘŰɞɡ-

ɟɔɑŬ Űɞɡ ɞˊɞɑɞɡ ŬˊŬɘŰŮɑ Űɖɜ ˊŬɟɞɡůɑŬ ɣɨəŰɟŬɠ (heatsink). ɇɞ ɡɚɘəɧ ɛɏɟɞɠ ɞɚɞəɚɖ-

ɟɩɜŮɘ ɖ ˊɟɞůɗɐəɖ ŰŮůůɎɟɤɜ ŰɟŬɜɕɑůŰɞɟ əŬɘ ɘůɎɟɘɗɛɤɜ ŬɜŰɘůŰŬŰɩɜ, ŮɜůɤɛŬŰɤɛɏ-

ɜɤɜ ůŮ ŭɘɎŰɟɖŰɖ ˊɚŬəɏŰŬ (breadboard). 

 

 

 

 

 

ɇ 



 

       18 

3.1 ɇɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ ŮŭɎűɞɡɠ 

ɇɞ ɧɢɖɛŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ ɜŬ ŮɝɡˊɖɟŮŰɐůŮɘ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɡɚɞˊɞɑɖůɖɠ, 

ŮɑɜŬɘ ɏɜŬ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ ŮŭɎűɞɡɠ (ȺɘəɧɜŬ 3.1). Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊɘŰŮ-

ɚŮɑ Űɞ ɧɢɖɛŬ ŮɑɜŬɘ: 

o ŮɛˊɟɧůɗɘŬ əɑɜɖůɖ 

o ɞˊɑůɗɘŬ əɑɜɖůɖ 

o ŭŮɝɘɧůŰɟɞűɖ ˊŮɟɘůŰɟɞűɐ 

o ŬɟɘůŰŮɟɧůŰɟɞűɖ ˊŮɟɘůŰɟɞűɐ 

Ƀ ɢŮɘɟɘůɛɧɠ Űɞɡ ɞɢɐɛŬŰɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Ůɜɧɠ ŰɖɚŮɢŮɘɟɘůŰɖɟɑɞɡ. ɆɡɔəŮ-

əɟɘɛɏɜŬ, ɛɘŬ ůəŬɜŭɎɚɖ ŮɑɜŬɘ ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ əɑɜɖůɐ Űɞɡ, Ůɜɩ ɏɜŬ Űɘɛɧɜɘ ɔɘŬ Űɖɜ 

ˊŮɟɘůŰɟɞűɐ Űɞɡ. 

 

ȺɘəɧɜŬ 3.1: ɇɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ ŮŭɎűɞɡɠ. 

3.1.1 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ 

ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŰɖɚŮəŬŰŮɡɗɜɡɜɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ, ůɡɜɞɣɑɕŮŰŬɘ ůŰɖɜ 

ŮɔəŬɗɑŭɟɡůɖ Ůɜɧɠ ŮˊɘəɞɘɜɤɜɘŬəɞɨ ůɡůŰɐɛŬŰɞɠ. ɀɏɟɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŬˊɞŰŮɚɞɨɜ Űɞ 

ŰɖɚŮɢŮɘɟɘůŰɐɟɘɞ ůŰɞɜ ɟɧɚɞ Űɞɡ ˊɞɛˊɞɨ, Űɞ ɧɢɖɛŬ ůŰɞɜ ɟɧɚɞ Űɞɡ ŭɏəŰɖ əŬɘ ɞ ŬɏɟŬɠ 

ˊɞɡ ŬˊɞŰŮɚŮɑ Űɞ əŬɜɎɚɘ ɛŮŰɎŭɞůɖɠ. ȼ ŮˊɘəɞɘɜɤɜɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ Ůəˊɞɛˊɐ 
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ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ əɡɛɎŰɤɜ əŬɘ ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɟŬŭɘɞəɡɛɎŰɤɜ. ȼ ůɡɢɜɧŰɖŰŬ Ůɑ-

ɜŬɘ ɞɟɘůɛɏɜɖ ůŰŬ 27 MHz, ˊŮɟɘɞɢɐ ɧˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ŰŬ ɓɟŬɢɏŬ əɨɛŬŰŬ, ɡɣɖɚɐɠ ůɡ-

ɢɜɧŰɖŰŬɠ (high frequency, HF). 

3.1.2 ȷˊɞəɤŭɘəɞˊɞɑɖůɖ Űɖɠ ɚŮɘŰɞɡɟɔɑŬɠ ˊɞɛˊɞɨ-ŭɏəŰɖ 

ɈˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ Ůəˊɞɛˊɐ əŬɘ ɚɐɣɖ Űɤɜ ůɖɛɎŰɤɜ, ŬˊɞŰŮɚɞɨɜ ŭɨɞ ŰɡˊɤɛɏɜŬ 

ɖɚŮəŰɟɘəɎ əɡəɚɩɛŬŰŬ (printed circuit boards, PCBs), ŮɜůɤɛŬŰɤɛɏɜŬ ůŰɞ ŰɖɚŮɢŮɘɟɘ-

ůŰɐɟɘɞ əŬɘ ůŰɞ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ ŬɜŰɑůŰɞɘɢŬ. ȼ ɢɟɐůɖ Űɞɡ ŰɖɚŮɢŮɘɟɘůŰɖɟɑ-

ɞɡ, ůɡɜŮˊɎɔŮŰŬɘ ɛɘŬɠ ůŮɘɟɎɠ ŮɜŮɟɔŮɘɩɜ ůŰɞɜ ɖɚŮəŰɟɞɜɘəɧ əɧůɛɞ. ɄɎŰɖɛŬ Űɖɠ ůəŬɜ-

ŭɎɚɖɠ ɐ/əŬɘ ˊŮɟɘůŰɟɞűɐ Űɞɡ Űɘɛɞɜɘɞɨ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɩɜ 

ůɖɛɎŰɤɜ. ɇŬ ůɐɛŬŰŬ əɤŭɘəɞˊɞɘɞɨɜŰŬɘ - əɎɗŮ ůɐɛŬ ɡˊɞŭɖɚɩɜŮɘ ŭɘŬűɞɟŮŰɘəɐ ɚŮɘ-

ŰɞɡɟɔɑŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮˊɘŰŮɚɏůŮɘ Űɞ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞ ɧɢɖɛŬ - ŭɘŬɛɞɟűɩɜɞɜŰŬɘ
8
, 

əŬɘ ŮəˊɏɛˊɞɜŰŬɘ. ȷűɞɨ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ɚɐɣɖ Űɞɡɠ Ŭˊɧ Űɞ ɧɢɖɛŬ, ŬəɞɚɞɡɗŮɑŰŬɘ ɖ 

ŬɜŰɑůŰɟɞűɖ ŭɘŬŭɘəŬůɑŬ əŬɘ Ůɜ ŰɏɚŮɘ ɖ ˊŬɟŬɔɤɔɐ əɑɜɖůɖɠ ɐ/əŬɘ ˊŮɟɘůŰɟɞűɐɠ. 

ȼ əɤŭɘəɞˊɞɑɖůɖ-Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ Űɤɜ ůɖɛɎŰɤɜ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛɏůɤ 

Űɤɜ ɞɚɞəɚɖɟɤɛɏɜɤɜ əɡəɚɤɛɎŰɤɜ (integrated circuits, ICs) TX-2 -G əŬɘ RX-2 -G
9
 

(ȺɘəɧɜŬ 3.2)
10

 Űɖɠ Shenzhen Hiland Electronics Co., Ltd, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ŮɜůɤɛŬŰɤɛɏ-

ɜŬ ůŰŬ əɡəɚɩɛŬŰŬ ˊɞɛˊɞɨ əŬɘ ŭɏəŰɖ ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊɘŰŮɚɞɨɜ Ůɑ-

ɜŬɘ
11

: 

¶ ŮɛˊɟɧůɗɘŬ əɑɜɖůɖ 2 ŰŬɢɡŰɐŰɤɜ 

¶ ɞˊɑůɗɘŬ əɑɜɖůɖ 

¶ ŭŮɝɘɧůŰɟɞűɖ ˊŮɟɘůŰɟɞűɐ 

¶ ŬɟɘůŰŮɟɧůŰɟɞűɖ ˊŮɟɘůŰɟɞűɐ 

                                                      
8
 ɶ ʵʽʰ˃ˈˊ˒˖ˋʹ (modulation) ˁʰʻʾˋˍʰˍʰʽ ʰˉʰˊʰʾˍʹˍʹ ʴʽʰ ˄ʰ ˃ˉˇˊʷˋʶʽ ˄ʰ ʵʽʷ˂ʻʶʽ ʷ˄ʰ ˋʺ˃ʰ ʰˉˈ ˁʱ-

ˉˇʽˇ ˍʹ˂ʶˉʽˁˇʽ˄˖˄ʽʰˁˈ ˁʰ˄ʱ˂ʽΣ ˍˇ ʶˏˊˇˌ ʸ˗˄ʹˌ ˍˇˎ ˇˉˇʾˇˎ ʵʶ˄ ʶˉʽˁʰ˂ˏˉˍʶˍʰʽ ˃ʶ ˍˇ ʶˏˊˇˌ ʸ˗˄ʹˌ ˍˇˎ 

ˋʺ˃ʰˍˇˌΦ  

9
 ɮˉˇˍʶ˂ˇˏ˄ ˁˎˁ˂˗˃ʰˍʰ ˃ʶʴʱ˂ʹˌ ˁ˂ʾ˃ʰˁʰˌ ˇ˂ˇˁ˂ʺˊ˖ˋʹˌ (large scale integration, LSI) ˁʰʽ ˍʶ˔˄ˇ˂ˇʴʾ-

ʰˌ ˋˎ˃ˉ˂ʹˊ˖˃ʰˍʽˁˇˏ ʰʴ˖ʴˇˏ ˃ʶˍʱ˂˂ˇˎ ˇ˅ʶʽʵʾˇˎ (complementary metal-oxide-semiconduc-

tor, CMOS). 

10
 ʁʽ ʵʽʰˋˍʱˋʶʽˌ ʶʾ˄ʰʽ ʶˁ˒ˊʰˋ˃ʷ˄ʶˌ ˋʶ ˔ʽ˂ʽˇˋˍʱΦ 

11
 ʁʽ ˂ʶʽˍˇˎˊʴʾʶˌ ʶˉʽˍʶ˂ˇˏ˄ˍʰʽ ʶʾˍʶ ˅ʶ˔˖ˊʽˋˍʱΣ ʶʾˍʶ ˋˎ˄ʵˎʰˋˍʽˁʱΦ 
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ȺɘəɧɜŬ 3.2: ȷˊŮɘəɧɜɘůɖ Űɤɜ TX-2 -G əŬɘ RX-2 -G ɡˊɧ ɛɞɟűɐ ˊŮɟɘɔɟɎɛɛŬŰɞɠ. 

ȷɜɐəɞɡɜ ůŰɖɜ əŬŰɖɔɞɟɑŬ ŭɘˊɚɞɨ ŮɜůɤɛŬŰɤɛɏɜɞɡ ˊŬəɏŰɞɡ (dual in-line pacage, DIP) 

ɛŮ ŭɨɞ ˊŬɟɎɚɚɖɚŮɠ ůŮɘɟɏɠ Ŭəɑŭɤɜ (pins) (ȺɘəɧɜŬ 3.3). 

 

ȺɘəɧɜŬ 3.3: ȹɘɎŰŬɝɖ Ŭəɑŭɤɜ Űɤɜ TX-2 -G əŬɘ RX-2 -G. 

ȷűɞɨ ŰŮɗŮɑ ůŮ ɘůɢɨ ŰɟɞűɞŭɞůɑŬɠ, Űɞ TX-2 -G, ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɚŬɛɓɎɜŮɘ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛɏůɤ Űɞɡ ŰɖɚŮɢŮɘɟɘůŰɖɟɑɞɡ, Ůɜɩ ŭɘŬɗɏŰŮɘ ɚŮɘŰɞɡɟɔɑŬ ŬˊŮ-

ɜŮɟɔɞˊɞɑɖůɖɠ ɔɘŬ ɧůɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŭŮɜ ɡˊɎɟɢŮɘ ˊŬɟŬɔɤɔɐ ŭŮŭɞɛɏɜɤɜ. ɈˊɞůŰɖ-

ɟɑɕŮɘ ŭɨɞ ɚŮɘŰɞɡɟɔɑŮɠ Ůəˊɞɛˊɐɠ, ɛɏůɤ ɟŬŭɘɞůɡɢɜɧŰɖŰŬɠ (radio frequency, RF) əŬɘ ɛɏ-

ůɤ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ (infrared, IR). ɀɏůɤ Ůɜɧɠ ŰŬɚŬɜŰɤŰɐ (oscillator)
12

 ˊɞɡ 

                                                      
12

 ɶ˂ʶˁˍˊˇ˄ʽˁˈ ˁˏˁ˂˖˃ʰ ˉˇˎ ˉʰˊʱʴʶʽ ˉʶˊʽˇʵʽˁˈ ˋʺ˃ʰΣ ˍˇˎ ˇˉˇʾˇˎ ʹ ˋˎ˔˄ˈˍʹˍʰ ˁʰʻˇˊʾʸʶˍʰʽ ʰˉˈ ˍʽˌ 

ˍʽ˃ʷˌ ˍ˖˄ ʶ˅ʰˊˍʹ˃ʱˍ˖˄ ˍˇˎΣ ˔˖ˊʾˌ ˄ʰ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋʺ˃ʰ ˋˍʹ˄ ʶʾˋˇʵˈ ˍˇˎΦ 
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ŮůɤəɚŮɑŮɘ, ŮˊɘŰɡɔɢɎɜŮɘ Űɖɜ ˊŬɟŬɔɤɔɐ ˊŮɟɘɞŭɘəɩɜ ɣɖűɘŬəɩɜ ˊŬɚɛɩɜ, ɛŮŰŬŰɟɏˊɞɜŰŬɠ 

ŰŬ ŭŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ůɐɛŬŰŬ ůɡɜŮɢɞɨɠ ŰɎůɖɠ, ůŮ ˊŮɟɘɞŭɘəɎ ůɐ-

ɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ɏɜŬɠ ɛŮŰŬɓɚɖŰɧɠ ŬɜŰɘůŰɎŰɖɠ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮɜŬɚɚŬɔɐ ůŰɖ ůɡ-

ɢɜɧŰɖŰŬ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ˊŮɟɘɞŭɘəɩɜ ůɖɛɎŰɤɜ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɏŰůɘ Űɖɜ əɤŭɘəɞˊɞɑ-

ɖůɖ (encoding)
13

 Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ. 

 Ƀ ɄɑɜŬəŬɠ 3.1 ˊŬɟɞɡůɘɎɕŮɘ Űɞɡɠ ɣɖűɘŬəɞɨɠ ˊŬɚɛɞɨɠ, Űɤɜ əɤŭɘəɞˊɞɘɖɛɏɜɤɜ 

ůɖɛɎŰɤɜ. 

ɊɖűɘŬəɧɠ ˊŬɚɛɧɠ ɆɡɢɜɧŰɖŰŬ Ⱦɨəɚɞɠ ɚŮɘŰɞɡɟɔɑŬɠ 

W1 1 kHz 50% 

W2 500 Hz  75% 

ɄɑɜŬəŬɠ 3.1: ɊɖűɘŬəɞɑ ˊŬɚɛɞɑ əɤŭɘəɞˊɞɘɖɛɏɜɤɜ ůɖɛɎŰɤɜ. 

ȹɘŬűɞɟŮŰɘəɧɠ ůɡɜŭɡŬůɛɧɠ Űɤɜ ɣɖűɘŬəɩɜ ˊŬɚɛɩɜ W1 əŬɘ W2, ůɡɜŮˊɎɔŮŰŬɘ  Űɖɠ 

ŭɘŬűɞɟŮŰɘəɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ. ɇɞ ˊɚɐɗɞɠ Űɤɜ ɣɖűɘŬ-

əɩɜ ˊŬɚɛɩɜ W1 əŬɗɞɟɑɕŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ɗŬ ɚɎɓŮɘ ɢɩɟŬ, Ůɜɩ ɞɘ ɣɖűɘŬəɞɑ ˊŬɚɛɞɑ 

W2 ůɖɛŬŰɞŭɞŰɞɨɜ Űɖɜ ɏɜŬɟɝɖ Űɖɠ əɎɗŮ ɚŮɘŰɞɡɟɔɑŬɠ (ȺɘəɧɜŬ 3.4). ȼ ŬəɞɚɞɡɗɑŬ Űɤɜ 

ɣɖűɘŬəɩɜ ˊŬɚɛɩɜ W1 əŬɘ W2, ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

W2 W2 W2 W2 ( n) x W1 W2 W2 W2 W2 ( n) x W1 W2 W2 W2 W2 

 

ȺɘəɧɜŬ 3.4: ũɟŬűɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ɛɞɟűɐɠ əɤŭɘəɞˊɞɘɖɛɏɜɞɡ ůɐɛŬŰɞɠ. 

                                                      
13

 ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˒ˎ˂˂ʱʵʽˇ ˉˊˇʵʽʰʴˊʰ˒˗˄ (datasheet). 
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Ƀ ɄɑɜŬəŬɠ 3.2 ˊŬɟɞɡůɘɎɕŮɘ Űɖ ůɡůɢɏŰɘůɖ ɛŮŰŬɝɨ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ əŬɘ 

Űɞɡ ˊɚɐɗɞɡɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ɣɖűɘŬəɩɜ ˊŬɚɛɩɜ W1, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ Űɞ ŬˊɞŰɏɚŮ-

ůɛŬ ˊɞɡ ŮˊɘűɏɟŮɘ ůŰɞɜ ɢŮɘɟɘůɛɧ Űɞɡ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ. 

Ʉɚɐɗɞɠ ( n)  ɣɖűɘŬəɩɜ 

ˊŬɚɛɩɜ W1 
ȹŮŭɞɛɏɜŬ Ůɘůɧŭɞɡ ȿŮɘŰɞɡɟɔɑŬ 

4  ɇŮɟɛŬŰɘůɛɧɠ 

10 Ⱥɛˊɟɧɠ Ⱥɛˊɟɧɠ 

16 Ⱥɛˊɟɧɠ əŬɘ turbo Ⱥɛˊɟɧɠ 

22 Turbo Turbo 

28 Turbo əŬɘ Ůɛˊɟɧɠ əŬɘ ŬɟɘůŰŮɟɎ Ⱥɛˊɟɧɠ əŬɘ ŬɟɘůŰŮɟɎ 

34 Turbo əŬɘ Ůɛˊɟɧɠ əŬɘ ŭŮɝɘɎ Ⱥɛˊɟɧɠ əŬɘ ŭŮɝɘɎ 

40 ȳˊɘůɗŮɜ ȳˊɘůɗŮɜ 

46 ȳˊɘůɗŮɜ əŬɘ ŭŮɝɘɎ ȳˊɘůɗŮɜ əŬɘ ŭŮɝɘɎ 

52 ȳˊɘůɗŮɜ əŬɘ ŬɟɘůŰŮɟɎ ȳˊɘůɗŮɜ əŬɘ ŬɟɘůŰŮɟɎ 

58 ȷɟɘůŰŮɟɎ ȷɟɘůŰŮɟɎ 

64 ȹŮɝɘɎ ȹŮɝɘɎ 

ɄɑɜŬəŬɠ 3.2: ɀɞɜŰɏɚɞ əɤŭɘəɞˊɞɑɖůɖɠ ŭŮŭɞɛɏɜɤɜ Ůɘůɧŭɞɡ. 

ȼ ŮűŬɟɛɞɔɐ ůɡɜŮɢɞɨɠ ŰɎůɖɠ ůŰɘɠ ŬəɑŭŮɠ Ůɘůɧŭɞɡ Űɞɡ TX-2 -G, ůɖɛŬŰɞŭɞŰŮɑ 

Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟɞɡůɑŬ ůɖɛɎŰɤɜ ůŰɘɠ ŬəɑŭŮɠ Ůɝɧŭɞɡ Űɞɡ. ȺɘŭɘəɧŰŮɟŬ, ŮɜŰɞˊɑɕɞɜŰŬɘ 

ŭɨɞ ůɐɛŬŰŬ Ůɝɧŭɞɡ, əŬɗɏɜŬ ɡˊŮɨɗɡɜɞ ɔɘŬ ɛɑŬ ɚŮɘŰɞɡɟɔɑŬ Ůəˊɞɛˊɐɠ. ɇɞ ůɐɛŬ ˊɞɡ 

ŬűɞɟɎ ůŰɖɜ Ůəˊɞɛˊɐ ɛɏůɤ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ŭɘŬɛɞɟűɩɜŮŰŬɘ
14

 ŮɜŰɧɠ Űɞɡ TX-

2 -G. ȼ ŭɘŬɛɧɟűɤůɖ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɖɠ ɣɖűɘŬəɐɠ ŭɘŬɛɧɟűɤůɖɠ, əŬɗɩɠ ɏɜŬ 

ŬɜŬɚɞɔɘəɧ űɏɟɞɜ ŭɘŬɛɞɟűɩɜŮŰŬɘ Ŭˊɧ Űɞɡɠ ˊŬɟŬɔɧɛŮɜɞɡɠ ɣɖűɘŬəɞɨɠ ˊŬɚɛɞɨɠ. ȼ ɛɏ-

ɗɞŭɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ ŬɡŰɐ Űɖɠ ŭɘŬɛɧɟűɤůɖɠ ˊɚɎŰɞɡɠ (amplitude modula-

                                                      
14

 ɮˉˇˍʶ˂ʶʾ ʹ ʵʽʰʵʽˁʰˋʾʰ ˃ʶˍʰʲˇ˂ʺˌ ʶ˄ˈˌ ˉʶˊʽˇʵʽˁˇˏ ˋʺ˃ʰˍˇˌΣ ˋˎ˄ʺʻ˖ˌ ˎ˕ʾˋˎ˔˄ˇˎΣ ˍˇ ˇˉˇʾˇ ˁʰ˂ʶʾ-

ˍʰʽ ˒ʷˊˇ˄ (carrier)Σ ˃ʶ ˋˍˈ˔ˇ ˍʹ˄ ˁ˖ʵʽˁˇˉˇʾʹˋʹ ˋʶ ʰˎˍˈ ʶ˄ˈˌ ˋʺ˃ʰˍˇˌ ˔ʰ˃ʹ˂ʺˌ ˋˎ˔˄ˈˍʹˍʰˌΣ ˍˇ ˇˉˇʾˇ 

˃ʶˍʰ˒ʷˊʶʽ ˁ˖ʵʽˁˇˉˇʽʹ˃ʷ˄ʹ ˉ˂ʹˊˇ˒ˇˊʾʰΦ 
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tion, AM) əŬɘ ůɡɔəŮəɟɘɛɏɜŬ On-Off Keying (OOK)
15

. ȷˊɧ Űɖɜ Ɏɚɚɖ, Űɞ ůɐɛŬ ˊɞɡ 

ŬűɞɟɎ ůŰɖɜ Ůəˊɞɛˊɐ ɛɏůɤ ɟŬŭɘɞůɡɢɜɧŰɖŰŬɠ, ŬˊɞŰŮɚŮɑ ˊŮɟɘɞŭɘəɧ ɣɖűɘŬəɧ ˊŬɚɛɧ, ɛŮ 

Űɖ ůɡɢɜɧŰɖŰŬ ɜŬ ŮɜŬɚɚɎůůŮŰŬɘ Ŭˊɧ 500 Hz ůŮ 1 kHz. Ƀ ɄɑɜŬəŬɠ 3.3 ˊŮɟɘɔɟɎűŮɘ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ŮˊɘŰŮɚŮɑ əɎɗŮ ŬəɑŭŬ Űɞɡ TX-2 -G. 

ȷəɑŭŬ ɃɜɞɛŬůɑŬ ȿŮɘŰɞɡɟɔɑŬ 
1 RIGHTB ȼ ɚŮɘŰɞɡɟɔɑŬ ŭŮɝɘɧůŰɟɞűɖɠ ˊŮɟɘůŰɟɞűɐɠ ŮˊɘɚɏɔŮŰŬɘ ɧŰŬɜ ɖ 

ŮˊŬűɐ ůɡɜŭŮɗŮɑ ůŰɖ ɔŮɑɤůɖ. 

3 GND ũŮɑɤůɖ. 

4 BACKWARDB ȼ ɚŮɘŰɞɡɟɔɑŬ ɞˊɑůɗɘŬɠ əɑɜɖůɖɠ ŮˊɘɚɏɔŮŰŬɘ ɧŰŬɜ ɖ ŮˊŬűɐ 

ůɡɜŭŮɗŮɑ ůŰɖ ɔŮɑɤůɖ. 

5 FORWARDB ȼ ɚŮɘŰɞɡɟɔɑŬ ŮɛˊɟɧůɗɘŬɠ əɑɜɖůɖɠ ŮˊɘɚɏɔŮŰŬɘ ɧŰŬɜ ɖ ŮˊŬűɐ 

ůɡɜŭŮɗŮɑ ůŰɖ ɔŮɑɤůɖ. 

6 TURBOB ȼ ɚŮɘŰɞɡɟɔɑŬ ŮɛˊɟɧůɗɘŬɠ əɑɜɖůɖɠ ɛŮ Ŭɡɝɖɛɏɜɖ ŰŬɢɨŰɖŰŬ 

ŮˊɘɚɏɔŮŰŬɘ ɧŰŬɜ ɖ ŮˊŬűɐ ůɡɜŭŮɗŮɑ ůŰɖ ɔŮɑɤůɖ. 

7 SC ȷəɑŭŬ Ůɝɧŭɞɡ Űɞɡ əɤŭɘəɞˊɞɘɖɛɏɜɞɡ ůɐɛŬŰɞɠ ɛŮ ůɡɢɜɧŰɖŰŬ 

űɏɟɞɜŰɞɠ ůɐɛŬŰɞɠ. 

8 SO ȷəɑŭŬ Ůɝɧŭɞɡ Űɞɡ əɤŭɘəɞˊɞɘɖɛɏɜɞɡ ůɐɛŬŰɞɠ ɢɤɟɑɠ ůɡɢɜɧŰɖŰŬ 

űɏɟɞɜŰɞɠ ůɐɛŬŰɞɠ 

9 VDD ɇɟɞűɞŭɞůɑŬ. 

10 PC ȷəɑŭŬ Ůɝɧŭɞɡ Ůɚɏɔɢɞɡ ɘůɢɨɞɠ. 

11 OSCO ȷəɑŭŬ Ůɝɧŭɞɡ Űɞɡ ŰŬɚŬɜŰɤŰɐ. 

12 OSCI ȷəɑŭŬ Ůɘůɧŭɞɡ Űɞɡ ŰŬɚŬɜŰɤŰɐ. 

14 LEFTB ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɟɘůŰŮɟɧůŰɟɞűɖɠ ˊŮɟɘůŰɟɞűɐɠ ŮˊɘɚɏɔŮŰŬɘ ɧŰŬɜ ɖ 

ŮˊŬűɐ ůɡɜŭŮɗŮɑ ɛŮ Űɖ ɔŮɑɤůɖ. 

ɄɑɜŬəŬɠ 3.3: ȿŮɘŰɞɡɟɔɑŬ Ŭəɑŭɤɜ Űɞɡ TX-2 -G. 

ɇɞ RX-2 -G ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ (decoding) Űɤɜ ůɖɛɎŰɤɜ, 

ŮˊɘŰŮɚɩɜŰŬɠ Űɖɜ ŬɜŰɑůŰɟɞűɖ ŭɘŬŭɘəŬůɑŬ. ɈˊɞůŰɖɟɑɕŮɘ ɝŮɢɤɟɘůŰɎ Űɘɠ ŭɨɞ ɚŮɘŰɞɡɟɔɑŮɠ 

Ůəˊɞɛˊɐɠ Űɞɡ TX-2 -G. ɄŬɟɏɢŮɘ ŭɨɞ ɡɣɖɚɐɠ Ŭˊɧŭɞůɖɠ ŮɜɘůɢɡŰɏɠ əŬɘ ŬɜŬɔɜɩɟɘůɖ 

Ůɜɘůɢɡɛɏɜɞɡ ůɐɛŬŰɞɠ Ůɘůɧŭɞɡ, ɔɘŬ ŰŬ ˊɞɚɨ ŬůɗŮɜɐ ůɐɛŬŰŬ. ȳŰŬɜ ŬɜɘɢɜŮɨůŮɘ ůɐɛŬ 

ůŰɖɜ Ůɑůɞŭɧ Űɞɡ, ŬɜŬɚŬɛɓɎɜŮɘ Űɖɜ ŬˊɞŭɘŬɛɧɟűɤůɐ Űɞɡ. ȰˊŮŰŬɘ ɖ Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ 
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 ɶ ˉʰˊˇˎˋʾʰ ˕ʹ˒ʽʰˁˇˏ ˉʰ˂˃ˇˏ όˍʽ˃ʺ ˉ˂ʱˍˇˎˌ ˋʺ˃ʰˍˇˌ ʾˋʹ ˃ʶ мύΣ ʷ˔ʶʽ ˖ˌ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍʹ˄ ʶˁˉˇ˃ˉʺ 
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ˍʹ ˃ʹ ʶˁˉˇ˃ˉʺ ̀ ʺ˃ʰˍˇˌΦ 
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Űɤɜ ˊŮɟɘɞŭɘəɩɜ ɣɖűɘŬəɩɜ ˊŬɚɛɩɜ əŬɘ Ůɜ ŰɏɚŮɘ ɖ ˊŬɟɞɢɐ ŰɟɞűɞŭɞůɑŬɠ ůŰɘɠ ŬɜŰɑůŰɞɘ-

ɢŮɠ Ůɝɧŭɞɡɠ Űɞɡ. Ƀ ɄɑɜŬəŬɠ 3.4 ˊŮɟɘɔɟɎűŮɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ ˊɞɡ ŮˊɘŰŮɚŮɑ əɎɗŮ ŬəɑŭŬ 

Űɞɡ RX-2 -G. 

ȷəɑŭŬ ɃɜɞɛŬůɑŬ ȿŮɘŰɞɡɟɔɑŬ 
1 VO2 ȷəɑŭŬ Ůɝɧŭɞɡ Űɞɡ ŭŮɨŰŮɟɞɡ ŮɜɘůɢɡŰɐ. 

2 GND ũŮɑɤůɖ. 

3 SI ȷəɑŭŬ Ůɘůɧŭɞɡ Űɞɡ əɤŭɘəɞˊɞɘɖɛɏɜɞɡ ůɐɛŬŰɞɠ. 

4 OSCI ȷəɑŭŬ Ůɘůɧŭɞɡ Űɞɡ ŰŬɚŬɜŰɤŰɐ. 

5 OSCO ȷəɑŭŬ Ůɝɧŭɞɡ Űɞɡ ŰŬɚŬɜŰɤŰɐ. 

6 RIGHT ȷəɑŭŬ Ůɝɧŭɞɡ ŭŮɝɘɧůŰɟɞűɖɠ ˊŮɟɘůŰɟɞűɐɠ. 

7 LEFT ȷəɑŭŬ Ůɝɧŭɞɡ ŬɟɘůŰŮɟɧůŰɟɞűɖɠ ˊŮɟɘůŰɟɞűɐɠ. 

8 RDB ȼ ɚŮɘŰɞɡɟɔɑŬ ŭŮɝɘɧůŰɟɞűɖɠ ˊŮɟɘůŰɟɞűɐɠ ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ ɧŰŬɜ ɖ 

ŮˊŬűɐ ůɡɜŭŮɗŮɑ ůŰɖ ɔŮɑɤůɖ. 

9 LDB ȼ ɚŮɘŰɞɡɟɔɑŬ ŬɟɘůŰŮɟɧůŰɟɞűɖɠ ˊŮɟɘůŰɟɞűɐɠ ŬˊŮɜŮɟɔɞˊɞɘŮɑŰŬɘ 

ɧŰŬɜ ɖ ŮˊŬűɐ ůɡɜŭŮɗŮɑ ůŰɖ ɔŮɑɤůɖ. 

10 BACKWARD ȷəɑŭŬ Ůɝɧŭɞɡ ɞˊɑůɗɘŬɠ əɑɜɖůɖɠ. 

11 FORWARD ȷəɑŭŬ Ůɝɧŭɞɡ ŮɛˊɟɧůɗɘŬɠ əɑɜɖůɖɠ. 

12 TURBO ȷəɑŭŬ Ůɝɧŭɞɡ ŮɛˊɟɧůɗɘŬɠ əɑɜɖůɖɠ ɛŮ Ŭɡɝɖɛɏɜɖ ŰŬɢɨŰɖŰŬ. 

13 VDD ɇɟɞűɞŭɞůɑŬ. 

14 VI1 ȷəɑŭŬ Ůɘůɧŭɞɡ Űɞɡ ˊɟɩŰɞɡ ŮɜɘůɢɡŰɐ. 

15 VO1 ȷəɑŭŬ Ůɝɧŭɞɡ Űɞɡ ˊɟɩŰɞɡ ŮɜɘůɢɡŰɐ. 

16 VI2 ȷəɑŭŬ Ůɘůɧŭɞɡ Űɞɡ ŭŮɨŰŮɟɞɡ ŮɜɘůɢɡŰɐ. 

ɄɑɜŬəŬɠ 3.4: ȿŮɘŰɞɡɟɔɑŬ Ŭəɑŭɤɜ Űɞɡ RX-2 -G. 

Ʉɞɛˊɧɠ: 

Ƀɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊɘŰŮɚŮɑ Űɞ əɨəɚɤɛŬ ˊɞɛˊɞɨ (ȺɘəɧɜŬ 3.5) ůɡɜɞɣɑɕɞɜŰŬɘ 

ůŰɖɜ ˊŬɟŬɔɤɔɐ, ůŰɖɜ əɤŭɘəɞˊɞɑɖůɖ, ůŰɖ ŭɘŬɛɧɟűɤůɖ əŬɘ ůŰɖɜ Ůəˊɞɛˊɐ Űɤɜ ůɖɛɎ-

Űɤɜ. ȽŭŬɜɘəɎ, ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ 9 V ůɡɜŮɢɞɨɠ ŰɎůɖɠ
16
. ȼ ˊŬɟŬɔɤɔɐ Űɤɜ ůɖɛɎŰɤɜ Ůɑ-

ɜŬɘ ŬˊɞŰɏɚŮůɛŬ Űɞɡ ˊŬŰɐɛŬŰɞɠ Űɖɠ ůəŬŭɎɚɖɠ ɐ/əŬɘ Űɖɠ ˊŮɟɘůŰɟɞűɐɠ Űɞɡ Űɘɛɞɜɘɞɨ, 

əŬɗɩɠ ůɡɜŮˊɎɔŮŰŬɘ ɛŮ ˊŬɟɞɢɐ ŰɟɞűɞŭɞůɑŬɠ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŬəɑŭŮɠ Ůɘůɧŭɞɡ Űɞɡ TX-

2 -G. ɇɧůɞ ɖ ůəŬɜŭɎɚɖ ɧůɞ əŬɘ Űɞ Űɘɛɧɜɘ, ŮűɎˊŰɞɜŰŬɘ ɛŮ ŬɔɩɔɘɛŬ ŰɛɐɛŬŰŬ Űɞɡ əɡ-
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 ɳˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˃ʹ ʶˉʰ˄ʰ˒ˇˊˍʽʸˈ˃ʶ˄ʹ ʰ˂ˁʰ˂ʽˁʺ (alcaline) ˃ ˉʰˍʰˊʾʰ, ̄ ˊˇʵʽʰʴˊʰ˒ʺˌ ˍʱˋʹˌ 9 V. 
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əɚɩɛŬŰɞɠ, ŭɘŬɛɏůɞɡ ɛŮŰŬɚɚɘəɐɠ ŮˊŬűɐɠ, ɖ ɞˊɞɑŬ ŬəɞɚɞɡɗŮɑ Űɖɜ əɑɜɖůɐ Űɞɡɠ. ȼ əɎɗŮ 

ŮˊŬűɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭɨɞ ŬəɟɞŭɏəŰŮɠ. ɆŰɞ ůɨɜɞɚɞ ɡˊɎɟɢɞɡɜ ŮˊŰɎ ŬɔɩɔɘɛŬ ŰɛɐɛŬŰŬ, 

Ůə Űɤɜ ɞˊɞɑɤɜ ŰŬ ŰɏůůŮɟŬ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɛɑŬ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɞɢɐɛŬŰɞɠ
17
, Ůɜɩ ŰŬ 

ɡˊɧɚɞɘˊŬ ůɡɜŭɏɞɜŰŬɘ ůŰɖ ɔŮɑɤůɖ. ɆŮ űɎůɖ ɖɟŮɛɑŬɠ, əŬɘ ɞɘ ŭɨɞ ŬəɟɞŭɏəŰŮɠ ŮűɎˊŰɞ-

ɜŰŬɘ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŬɔɩɔɘɛŬ ŰɛɐɛŬŰŬ ˊɞɡ ɞŭɖɔɞɨɜ ůŰɖ ɔŮɑɤůɖ. 

 

ȺɘəɧɜŬ 3.5: ȾɨəɚɤɛŬ ˊɞɛˊɞɨ. 

ȾŬŰɎ Űɖ ɢɟɐůɖ Űɖɠ ůəŬɜŭɎɚɖɠ ɖ ɛŮŰŬɚɚɘəɐ ŮˊŬűɐ ɛŮŰŬəɘɜŮɑŰŬɘ, ɏŰůɘ ɩůŰŮ ɞ 

ɏɜŬɠ ŬəɟɞŭɏəŰɖɠ ɜŬ ɏɟɗŮɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ Ŭɔɩɔɘɛɞ ŰɛɐɛŬ ˊɞɡ ŬűɞɟɎ ůŰɖɜ ŮɛˊɟɧůɗɘŬ 

ɐ ůŰɖɜ ɞˊɑůɗɘŬ əɑɜɖůɖ, Ůɜɩ ɞ Ɏɚɚɞɠ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ŮűɎˊŰŮŰŬɘ ůŰɖ ɔŮɑɤůɖ. ɀŮ ŬɡŰɧɜ 

Űɞɜ Űɟɧˊɞ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ŮűŬɟɛɞɔɐ ŰɎůɖɠ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ŬəɑŭŬ Ůɘůɧŭɞɡ. ɄŬɟɞɛɞɑ-

ɤɠ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɖ ŮűŬɟɛɞɔɐ ŰɎůɖɠ ůŰɘɠ ŬəɑŭŮɠ ŭŮɝɘɧůŰɟɞűɖɠ əŬɘ ŬɟɘůŰŮɟɧůŰɟɞűɖɠ 

ˊŮɟɘůŰɟɞűɐɠ. ȼ ɚŮɘŰɞɡɟɔɑŬ Ůəˊɞɛˊɐɠ ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ Űɞ əɨəɚɤɛŬ ˊɞɛˊɞɨ, ŮɑɜŬɘ ɛɏ-

ůɤ ɟŬŭɘɞůɡɢɜɧŰɖŰŬɠ. ȰŰůɘ, ɖ ŬɜŰɑůŰɞɘɢɖ ŬəɑŭŬ Ůɝɧŭɞɡ, ɞŭɖɔŮɑ Űɞ ůɐɛŬ ůŮ ɛɘŬ ŭɘˊɞɚɘ-

əɐ əŮɟŬɑŬ, Ŭűɞɨ ˊɟɩŰŬ ˊɟɞɖɔɖɗŮɑ ɖ ŭɘŬɛɧɟűɤůɐ Űɞɡ, ɛŮ Űɖ ɓɞɐɗŮɘŬ Ůɜɧɠ əɟɡůŰɎɚ-

ɚɞɡ
18
. ȼ ůɡɢɜɧŰɖŰŬ Űɞɡ űɏɟɞɜŰɞɠ ŮɑɜŬɘ 27 MHz, Ůɜɩ ɖ ɛɏɗɞŭɞɠ ŭɘŬɛɧɟűɤůɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŮɑɜŬɘ On-Off Keying. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ əɡəɚɩɛŬŰɞɠ ˊɞɛˊɞɨ, Ŭɜɏɟ-

ɢɞɜŰŬɘ ůŰŬ 91 × 40 ɢɘɚɘɞůŰɎ. 

ȹɏəŰɖɠ: 
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 ʆʰ ʰʴ˗ʴʽ˃ʰ ˃ʷˊʹ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˊˇʽ˔ʶˌ ʰˁʾʵʶˌ ʶʽˋˈʵˇˎ ˍˇˎ TX-2 -GΦ ʆˇ ˁˏˁ˂˖˃ʰ ˉˇ˃ˉˇˏ 

ʵʶ˄ ˎˉˇˋˍʹˊʾʸʶʽ ˍʹ ˂ʶʽˍˇˎˊʴʾʰ turbo. 

18
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ɇɞ əɨəɚɤɛŬ ŭɏəŰɖ, ŮɑɜŬɘ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ɚɐɣɖ, Űɖɜ ŬˊɞŭɘŬɛɧɟűɤůɖ, Űɖɜ 

Ŭˊɞəɤŭɘəɞˊɞɑɖůɖ əŬɘ Ůɜ ŰɏɚŮɘ Űɞɜ ɢŮɘɟɘůɛɧ Űɞɡ ɞɢɐɛŬŰɞɠ. ȽŭŬɜɘəɎ, ŰɟɞűɞŭɞŰŮɑŰŬɘ ɛŮ 

9.6 V ůɡɜŮɢɞɨɠ ŰɎůɖɠ
19
. ɇŬ ŮəˊŮɛˊɧɛŮɜŬ ůɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ ɚŬɛɓɎɜɞɜŰŬɘ ɛɏůɤ əŮ-

ɟŬɑŬɠ, ɞŭɖɔɞɨɜŰŬɘ ůŰɞ RX-2 -G ɧˊɞɡ əŬɘ ŮɜɘůɢɨɞɜŰŬɘ. ɆŰɖ ůɡɜɏɢŮɘŬ, əɎɗŮ ůɐɛŬ, Ŭˊɞ-

ŭɘŬɛɞɟűɩɜŮŰŬɘ, ŬˊɞəɤŭɘəɞˊɞɑŮɘŰŬɘ əŬɘ ɞŭɖɔŮɑŰŬɘ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ɏɝɞŭɞ. Ƀɘ ŭɘŬůŰɎ-

ůŮɘɠ Űɞɡ əɡəɚɩɛŬŰɞɠ ŭɏəŰɖ, ŬɜɏɟɢɞɜŰŬɘ ůŰŬ 85 × 61 ɢɘɚɘɞůŰɎ. 

3.1.3 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ əɑɜɖůɖɠ/ˊŮɟɘůŰɟɞűɐɠ 

ȼ əɑɜɖůɖ Űɞɡ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ ˊŮɟɘůŰɟɞűɐ 

Űɞɡ ŭŮɝɘɞɨ ɞˊɑůɗɘɞɡ Űɟɞɢɞɨ. ȼ ůɨɜŭŮůɐ Űɞɡ ɛŮ Űɞɜ ŬɟɘůŰŮɟɧ ɞˊɑůɗɘɞ Űɟɞɢɧ ŮˊɘŰɡɔɢɎ-

ɜŮŰŬɘ ɛɏůɤ Ůɜɧɠ ŭɘŬűɞɟɘəɞɨ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůɡɜŮˊɎɔŮŰŬɘ Űɖɠ ŬɜŰɑɗŮŰɖɠ űɞɟɎɠ 

ůŰɟɏɣɖɠ Űɤɜ ŭɨɞ Űɟɞɢɩɜ ůŰɞɜ əŮɜɧ ɢɩɟɞ, əɎŰɘ ɧɛɤɠ ˊɞɡ ŭŮ ůɡɛɓŬɑɜŮɘ ɡˊɧ Űɖɜ Ůˊɑ-

ŭɟŬůɖ Űɖɠ Űɟɘɓɐɠ Űɞɡ ŮŭɎűɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŭɨɞ ɞˊɑůɗɘɞɘ Űɟɞɢɞɑ ɜŬ ŬˊɞəŰɞɨɜ 

Űɖɜ ɑŭɘŬ űɞɟɎ ůŰɟɏɣɖɠ. ȼ ˊŮɟɘůŰɟɞűɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ Ůɜɧɠ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ 

(motor). Ƀɘ ɖɚŮəŰɟɘəɏɠ ˊɟɞŭɘŬɔɟŬűɏɠ ŮɑɜŬɘ 10 V ůɡɜŮɢɞɨɠ ŰɎůɖɠ əŬɘ 0.25 A ůɡɜŮ-

ɢɞɨɠ ɟŮɨɛŬŰɞɠ. ȼ Ŭɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ əɑɜɖůɖɠ ůɡɜɞɣɑɕŮŰŬɘ ůŰɖɜ ɨˊŬɟɝɖ ŭɨɞ ɖɚŮə-

Űɟɞɜɧɛɤɜ (relays). ɆɡɔəŮəɟɘɛɏɜŬ, ŮɜŮɟɔɞˊɞɑɖůɖ Űɞɡ Ůɜɧɠ, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ɞɟɗɐ ˊɧɚɤůɖ Űɞɡ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŭŮɝɘɧůŰɟɞűɖ ˊŮɟɘůŰɟɞűɐ 

Űɞɡ· əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɖɜ ŮɛˊɟɧůɗɘŬ əɑɜɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ.  ȼ ŬɜɎůŰɟɞűɖ ˊɧɚɤůɖ 

Űɞɡ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ əŬɘ ůɡɜŮˊɩɠ ɖ ɞˊɑůɗɘŬ əɑɜɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ, ŮɑɜŬɘ ˊɟɞɥɧɜ ŮɜŮɟ-

ɔɞˊɞɑɖůɖɠ Űɞɡ ɏŰŮɟɞɡ ɖɚŮəŰɟɞɜɧɛɞɡ. 

ȷɜŰɑɗŮŰŬ, ɖ ˊŮɟɘůŰɟɞűɐ Űɞɡ ŰɖɚŮəŬŰŮɡɗɡɜɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ 

Űɞɡɠ Ůɛˊɟɧůɗɘɞɡɠ Űɟɞɢɞɨɠ, ɛɏůɤ Ůɜɧɠ ɛɖɢŬɜɘůɛɞɨ Ůɚɏɔɢɞɡ ůŰɟɏɣɖɠ. Ƀ ɛɖɢŬɜɘůɛɧɠ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɜŬɜ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ əŬɘ ɏɜŬ əɨəɚɤɛŬ Ůɚɏɔɢɞɡ ůŰɟɏɣɖɠ, Űɞ ɞˊɞɑɞ 

Ů́ ɘəɞɘɜɤɜŮɑ ɛŮ Űɞ əɨəɚɤɛŬ ŭɏəŰɖ. Ƀ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖɜ ˊŮɟɘ-

ůŰɟɞűɐ Ůɜɧɠ ɓɟŬɢɑɞɜŬ, Ůɜɩ Űɞ əɨəɚɤɛŬ Ůɚɏɔɢɞɡ ůŰɟɏɣɖɠ ˊŮɟɘɞɟɑɕŮɘ Űɖɜ əɑɜɖůɖ Űɞɡ 

ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ Űɞɡ ɓɟŬɢɑɞɜŬ, ůŰɘɠ ±30°. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, 

əŬɗɞɟɑɕŮŰŬɘ Űɧůɞ ɖ ŭŮɝɘɧůŰɟɞűɖ, ɧůɞ əŬɘ ɖ ŬɟɘůŰŮɟɧůŰɟɞűɖ ˊŮɟɘůŰɟɞűɐ Űɞɡ ŰɖɚŮəŬ-

ŰŮɡɗɡɜɧɛŮɜɞɡ ɞɢɐɛŬŰɞɠ, əŬɗɩɠ ɞ ɓɟŬɢɑɞɜŬɠ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ ɎɝɞɜŬ Űɤɜ Űɟɞɢɩɜ. 
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3.2 ɉŮɘɟɘůɛɧɠ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ ɛɏůɤ ɢŮɘɟɘůŰɖɟɑɞɡ 

ɀŮ Űɞ ˊɏɟŬɠ Űɖɠ ɡɚɞˊɞɑɖůɖɠ, ɞ ɢɟɐůŰɖɠ ɗŬ ŮɑɜŬɘ ůŮ ɗɏůɖ ɜŬ ɢŮɘɟɑɕŮŰŬɘ Űɞ ɛɖ 

ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ, ɛɏůɤ ɢŮɘɟɘůŰɖɟɑɞɡ. ȺɘŭɘəɧŰŮɟŬ, ŮɔəŬɗɘŭɟɨŮŰŬɘ ɏɜŬ ɜɏɞ Ůˊɘəɞɘ-

ɜɤɜɘŬəɧ ůɨůŰɖɛŬ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ɢŮɘɟɘůŰɐɟɘɞ ůɡɜŭŮŭŮɛɏɜɞ ůŰɞɜ ȼ/Ɉ, ůŮ ɟɧ-

ɚɞ ˊɞɛˊɞɨ· əŬɘ Űɞ BeagleBoard-xM ŮɜůɤɛŬŰɤɛɏɜɞ ůŰɞ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ, ůŮ 

ɟɧɚɞ ŭɏəŰɖ. 

3.2.1 ɇɨˊɞɠ ɢŮɘɟɘůŰɖɟɑɞɡ 

ɇɞ ɢŮɘɟɘůŰɐɟɘɞ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɢŮɘɟɘůɛɞɨ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏ-

ɜɞɡ ɞɢɐɛŬŰɞɠ, ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ ɢŮɘɟɘůŰɖɟɑɤɜ 5
ɖɠ

 ɔŮɜɘɎɠ əŬɘ ŬəɞɚɞɡɗŮɑ Űɞ ˊɟɧ-

Űɡˊɞ ɢŮɘɟɘůŰɖɟɑɤɜ SCPH-1200
20

. 

3.2.2 ȷɟɢɐ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ ɢŮɘɟɘůɛɞɨ 

ȼ ɘŭɏŬ ˊɑůɤ Ŭˊɧ Űɖɜ ɡɚɞˊɞɑɖůɖ, əɎɜŮɘ ɢɟɐůɖ Űɤɜ ɡˊɎɟɢɞɜŰɤɜ əɡəɚɤɛɎŰɤɜ 

ˊɞɛˊɞɨ əŬɘ ŭɏəŰɖ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɢŮɘɟɘůɛɞɨ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ. Ɇɡ-

ɔəŮəɟɘɛɏɜŬ, ŰŬ ɖɚŮəŰɟɘəɎ ůɐɛŬŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɞ əɨəɚɤɛŬ ˊɞɛˊɞɨ ɛŮ Űɞ ˊɎ-

ŰɖɛŬ Űɖɠ ůəŬɜŭɎɚɖɠ ɐ/əŬɘ Űɖɜ ˊŮɟɘůŰɟɞűɐ Űɞɡ Űɘɛɞɜɘɞɨ Űɞɡ ŰɖɚŮɢŮɘɟɘůŰɖɟɑɞɡ, ˊɚɏɞɜ 

ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ ɖɚŮəŰɟɘəɩɜ ůɖɛɎŰɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɞ ˊɎ-

ŰɖɛŬ Űɤɜ ˊɚɐəŰɟɤɜ ɐ/əŬɘ Űɞɡ ɣɖűɘŬəɞɨ ˊɚɖəŰɟɞɚɞɔɑɞɡ əŬŰŮɨɗɡɜůɖɠ Űɞɡ ɢŮɘɟɘůŰɖɟɑ-

ɞɡ. 

ȷɟɢɘəɧɠ ŬˊɞŭɏəŰɖɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ ɖɚŮəŰɟɘəɩɜ ůɖɛɎŰɤɜ ŮɑɜŬɘ Űɞ Beagle-

Board-xM, Űɞ ɞˊɞɑɞ ɛɏůɤ Űɤɜ ɗɡɟɩɜ ŮˊɏəŰŬůɖɠ (expansion ports)
21

 ůɡɜŭɏŮŰŬɘ ɛŮ Űɞ 

əɨəɚɤɛŬ ˊɞɛˊɞɨ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɘɠ ŬəɑŭŮɠ Ůɘůɧŭɞɡ Űɞɡ TX-2 -G. ɀŮ ŬɡŰɧɜ Űɞɜ 

Űɟɧˊɞ,  Űɞ əɨəɚɤɛŬ ˊɞɛˊɞɨ. ȾŬɗɑůŰŬŰŬɘ ůŬűɏɠ, ɧŰɘ Űɞ əɨəɚɤɛŬ ˊɞɛˊɞɨ ˊɚɏɞɜ Ůɜůɤ-

ɛŬŰɩɜŮŰŬɘ ůŰɞ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ŭɏəŰɖ. 

ȷəɞɚɞɡɗŮɑ ɖ Ůəˊɞɛˊɐ Űɤɜ ůɖɛɎŰɤɜ əŬɘ ɖ ɚɐɣɖ Űɞɡɠ Ŭˊɧ Űɞ əɨəɚɤɛŬ ŭɏəŰɖ, Űɞ 

ɞˊɞɑɞ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ ɖɚŮəŰɟɞəɘɜɖŰɐɟŬ əŬɘ Űɞɜ ɛɖɢŬɜɘůɛɧ Ůɚɏɔɢɞɡ ůŰɟɏɣɖɠ. 
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 ɮˉˇˍʶ˂ʶʾ ˋʶʽˊʱ ˔ʶʽˊʽˋˍʹˊʾ˖˄ ʰ˄ʱʵˊʰˋʹˌΣ ʴ˄˖ˋˍʱ ˁʰʽ ˖ˌ DUAL SHOCK, ˉˊˇˇˊʽʸˈ˃ʶ˄ʰ ʴʽʰ ˍʹ ˋʶʽˊʱ 

ˁˇ˄ˋˇ˂˗˄ ʲʽ˄ˍʶˇˉʰʽ˔˄ʽʵʽ˗˄ Playstation, ̱ ʹˌ Sony Corporation. 

21
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ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɢŮɘɟɘůɛɞɨ Űɞɡ ɛɖ ŮˊŬɜ-

ŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, ŬˊŬɘŰɐɗɖəŮ ɖ ŭɏůɛŮɡůɖ 

ˊɏɜŰŮ ɗɡɟɩɜ ŮˊɏəŰŬůɖɠ. ȺɘŭɘəɧŰŮɟŬ, ɞɘ ɗɨɟŮɠ 

ŮˊɏəŰŬůɖɠ 15, 17, 19, 21, ůɡɜŭɏɗɖəŬɜ ɛŮ Űɘɠ 

ŬəɑŭŮɠ Ůɘůɧŭɞɡ 5, 4, 1, 14, ɞɘ ɞˊɞɑŮɠ  Ŭűɞɟɞɨɜ 

ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬ-

Űɞɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ ɗɨɟŬ ŮˊɏəŰŬůɖɠ 27 ɞŭɖɔɐ-

ɗɖəŮ ůŰɖ ɔŮɑɤůɖ, əŬŰɧˊɘɜ ůɨɜŭŮůɐɠ Űɖɠ ɛŮ Űɖɜ 

ŬəɑŭŬ Ůɘůɧŭɞɡ 3. ȼ ůɨɜŭŮůɖ, əŬŰɏůŰɖůŮ ŬˊŬ-

ɟŬɑŰɖŰɖ Űɖ ůɡɔəɧɚɚɖůɖ əŬɚɤŭɑɤɜ ůŰɘɠ ŬəɑŭŮɠ 

Ůɘůɧŭɞɡ (ȺɘəɧɜŬ 3.6). 

 

ȺɘəɧɜŬ 3.6: ȾŬŰɎ Űɖ ůɡɔəɧɚɚɖůɖ əŬɚɤŭɑɞɡ ůŮ ŬəɑŭŬ Ůɘůɧŭɞɡ. 

ȾŬɗɑůŰŬŰŬɘ ůŬűɏɠ, ɧŰɘ ɛŮ Űɖɜ ˊŬɟɞɢɐ ŰɟɞűɞŭɞůɑŬɠ ůŰɞ əɨəɚɤɛŬ ˊɞɛˊɞɨ, 

ŰɟɞűɞŭɞŰɞɨɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ɞɘ ŰɏůůŮɟɘɠ ŬəɑŭŮɠ Ůɘůɧŭɞɡ - əŬɗɩɠ ɎˊŬůŮɠ ůɡɜŭɏɞɜŰŬɘ 

ůŰɖ ɔŮɑɤůɖ - ɔŮɔɞɜɧɠ ˊɞɡ ŭŮɜ ŮˊɘŰɟɏˊŮɘ Űɞɜ ɢŮɘɟɘůɛɧ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ 

ɞɢɐɛŬŰɞɠ. ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ, əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɞ ɞɘ ŰɏůůŮɟɘɠ ůɡɜŭɏůŮɘɠ 

ɜŬ ɛɖɜ ŮɑɜŬɘ ɔŮɘɤɛɏɜŮɠ, ˊŬɟɎ ɛɧɜɞ ɧŰŬɜ ŮˊɘɚŮɔɞɨɜ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ. ũɘô ŬɡŰɧɜ Űɞɜ ɚɧ-

ɔɞ, ɛŮŰŬɝɨ Űɤɜ ŰŮůůɎɟɤɜ ůɡɜŭɏůŮɤɜ, ˊŬɟŮɛɓɎɚɚɞɜŰŬɘ ŰɏůůŮɟŬ ŰɟŬɜɕɑůŰɞɟ 

P2N2222A
22

 Űɖɠ ON Semiconductor, ůŮ ɟɧɚɞ ŭɘŬəɧˊŰɖ. ȼ ɓɎůɖ Űɞɡ ŰɟŬɜɕɑůŰɞɟ ůɡɜ-

                                                      
22

 ɮˉˇˍʶ˂ˇˏ˄ ʵʽˉˇ˂ʽˁʱ ˍˊʰ˄ʸʾˋˍˇˊΣ ˍˏˉˇˎ NPN. 

ǴǪǮǨǫǹǴǪ 

Ǫ ůȏȂȇȕȈȈȄůȄ ɸȍŬȂȉŬŰȌɸȌȆǾȅȄȇŮ 

ȉŮ ȇȍǼȉŬ ȇŬůůǿŰŮȍȌȏ. Ǫ ŮűŬȍȉȌ-

ȃȕȉŮȊȄ ȏȑȄȈǾ ȅŮȍȉȌȇȍŬůǿŬ Ŭɸȕ ŰȌ 

ȇȌȈȈȄŰǾȍȆ, ŮȊȌɸȌȆŮǿ ŰŬ ɸȍȌȎ ůȏ-

ȂȇȕȈȈȄůȄ ȏȈȆȇǼ, ȇŬȅȗȎ ŮɸȆŰȍǽɸŮȆ 

ŰȄȊ ŰǾȋȄ ŰȌȏ ȇŬůůǿŰŮȍȌȏ, Ȍ ȌɸȌǿȌȎ 

ȇŬŰȕɸȆȊ ůŰŮȍŮȌɸȌȆŮǿŰŬȆ ŬȊŬȉŮůǼ 

ŰȌȏȎ. 
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ŭɏŮŰŬɘĿ əŬŰɧˊɘɜ ˊŬɟŮɛɓɞɚɐɠ Ůɜɧɠ ŬɜŰɘůŰɎŰɖ, ůŰɖ ɗɨɟŬ ŮˊɏəŰŬůɖɠ. Ƀ ůɡɚɚɏəŰɖɠ ůɡɜ-

ŭɏŮŰŬɘ ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ŬəɑŭŬ Ůɘůɧŭɞɡ, Ůɜɩ ɞ Ůəˊɞɛˊɧɠ ɞŭɖɔŮɑŰŬɘ ůŰɖ ɔŮɑɤůɖ (ȺɘəɧɜŬ 

3.7).  

 

ȺɘəɧɜŬ 3.7: ȾɡəɚɤɛŬŰɘəɧ ŭɘɎɔɟŬɛɛŬ. 

ɀɧɚɘɠ Űɞ ŰɟŬɜɕɑůŰɞɟ ŬɜɘɢɜŮɨůŮɘ ŰɟɞűɞŭɞůɑŬ ůŰɖ ɓɎůɖ Űɞɡ, ŮˊɘŰɟɏˊŮɘ Űɖ ɟɞɐ 

ɖɚŮəŰɟɘəɞɨ ɟŮɨɛŬŰɞɠ Ŭˊɧ Űɞɜ Ůəˊɞɛˊɧ ůŰɞɜ ůɡɚɚɏəŰɖ. ȰŰůɘ, ɖ ŬəɑŭŬ Ůɘůɧŭɞɡ ůɡɜ-

ŭɏŮŰŬɘ ůŰɖ ɔŮɑɤůɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ - ɛɧɜɞ ůô ŬɡŰɐɜ Űɖɜ  ˊŮɟɑˊŰɤůɖ - ɜŬ ŰɑɗŮŰŬɘ ůŮ 

ɘůɢɨ ŰɟɞűɞŭɞůɑŬɠ. 

ȼ ˊŬɟŮɛɓɞɚɐ Űɞɡ ŬɜŰɘůŰɎŰɖ ŬˊŬɘŰŮɑŰŬɘ 

ɔɘŬ Űɞɜ ˊŮɟɘɞɟɘůɛɧ Űɞɡ ɟŮɨɛŬŰɞɠ ůŰɖ ɓɎůɖ 

Űɞɡ ŰɟŬɜɕɑůŰɞɟ. ȼ Űɘɛɐ Űɖɠ ŬɜŰɑůŰŬůɖɠ, ŮɝŬɟ-

ŰɐɗɖəŮ Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ ɟŮɨɛŬŰɞɠ ůŰɞɜ ůɡɚ-

ɚɏəŰɖ. ũɘô ŬɡŰɧɜ Űɞɜ ɚɧɔɞ, ɛŮŰɟɐɗɖəŮ
23

 ɖ Űɘɛɐ 

Űɞɡ ɟŮɨɛŬŰɞɠ ɧŰŬɜ ɖ ŬəɑŭŬ Ůɘůɧŭɞɡ ŰɑɗŮŰŬɘ ůŮ 

ɘůɢɨ ŰɟɞűɞŭɞůɑŬɠ - Ŭűɞɨ ɞ ůɡɚɚɏəŰɖɠ ůɡɜŭɏŮ-

ŰŬɘ ůŰɖɜ ŬəɑŭŬ Ůɘůɧŭɞɡ - ɛŮ Űɖɜ Űɘɛɐ ɜŬ Ŭɜɏɟ-

ɢŮŰŬɘ ůŰŬ 0.15 mA. ɋůŰɧůɞ, ɔɘŬ Űɖ ŭɘŬůűɎɚɘ-

ůɖ Űɖɠ ˊɚɐɟɞɡɠ ŮɜŮɟɔɞˊɞɑɖůɖɠ Űɞɡ ŰɟŬɜɕɑ-

ůŰɞɟ, ŮˊɘɚɏɢɗɖəŮ ɖ Űɘɛɐ Űɞɡ ɟŮɨɛŬŰɞɠ ɓɎůɖɠ, 

ɜŬ ŬɜɏɟɢŮŰŬɘ ůŰŬ 100 ɛA. 

                                                      
23

 ɮˉhʽˍʺʻʹˁʶ ʹ ˔ˊʺˋʹ ˉˇ˂ˎ˃ʷˍˊˇˎΦ 

ǴǪǮǨǫǹǴǪ 

ǴȖȉűȒȊŬ ȉŮ ŰȌ űȏȈȈǼŭȆȌ ɸȍȌŭȆŬ-

ȂȍŬűȗȊ ŰȌȏ ŰȍŬȊȃǿůŰȌȍ, Ȅ ŮȊǿůȐȏ-

ůȄ ŰȌȏ ȍŮȖȉŬŰȌȎ Ŭɸȕ ŰȄ ȁǼůȄ ůŰȌȊ 

ůȏȈȈǽȇŰȄ, ůŰȄȊ ɸŮȍǿɸŰȒůȄ ɸȌȏ ŰȌ 

ȍŮȖȉŬ ůȏȈȈǽȇŰȄ ŮǿȊŬȆ ȉȆȇȍȕŰŮȍȌ 

Ŭɸȕ 1 mA, ŮǿȊŬȆ ǿůȄ ȉŮ 50, ȂŮȂȌȊȕȎ 

ɸȌȏ űŬȊŮȍȗȊŮȆ ȕŰȆ Ȅ ŰȆȉǾ ŰȌȏ ȍŮȖ-

ȉŬŰȌȎ ȁǼůȄȎ ŭŮȊ ɸȍǽɸŮȆ ȊŬ ȋŮɸŮȍȊǼ 

ŰŬ 20 ȉA. 
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ȼ ŰɎůɖ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰŬ ɎəɟŬ Űɞɡ 

ŬɜŰɘůŰɎŰɖ ɘůɞɨŰŬɘ ɛŮ 1.8 V, ɧůɖ ŭɖɚŬŭɐ ŮɑɜŬɘ 

ɖ ˊŬɟŮɢɧɛŮɜɖ ŰɎůɖ Ŭˊɧ Űɖ ɗɨɟŬ ŮˊɏəŰŬůɖɠ, 

ɛŮɑɞɜ 0.7 V24. 

ɆɡɜŮˊɩɠ, ɞ Ɂɧɛɞɠ Űɞɡ ɋɛ ˊɞɡ ɡˊɞŭŮɘ-

əɜɨŮɘ Űɖɜ Űɘɛɐ Űɖɠ ŬɜŰɑůŰŬůɖɠ, ŭɘŬɛɞɟűɩɜŮŰŬɘ 

ɤɠ Ůɝɐɠ: 

 

Ὑ
ὠ

Ὅ
 ᵼ 

 

Ὑ
ρȢρ ὠ

ρππ ‘ὃ
 ᵼὙ ρρ ὑ  

 

 

ȼ ɡɚɞˊɞɑɖůɖ Űɞɡ əɡəɚɩɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ŭɘɎŰɟɖŰɖ ˊɚŬəɏŰŬ. Ƀɘ 

ŭɘŬůŰɎůŮɘɠ Űɖɠ, ŬɜɏɟɢɞɜŰŬɘ ůŮ 47 × 35 × 10  ɢɘɚɘɞůŰɎ. ȼ ȺɘəɧɜŬ 3.8 ˊŬɟɞɡůɘɎɕŮɘ 

Űɞ əɨəɚɤɛŬ ɡɚɞˊɞɘɖɛɏɜɞ ůŮ ŭɘɎŰɟɖŰɖ ˊɚŬəɏŰŬ. 

 

ȺɘəɧɜŬ 3.8: ȾɨəɚɤɛŬ ɡɚɞˊɞɘɖɛɏɜɞ ůŮ ŭɘɎŰɟɖŰɖ ˊɚŬəɏŰŬ. 

                                                      
24

 ɶ ˔ʰ˃ʹ˂ˈˍʶˊʹ ʵʾˇʵˇˌ ˍˇˎ ˍˊʰ˄ʸʾˋˍˇˊ ˇ˄ˇ˃ʱʸʶˍʰʽ ʵʾˇʵˇˌ ʶˁˉˇ˃ˉˇˏ-ʲʱˋʹˌΣ ʺ ʰˉ˂˗ˌ ʵʾˇʵˇˌ ʶˁˉˇ-

˃ˉˇˏ ˁ ʰʽ ˉʰˊˇˎˋʽʱʸʶʽ ˒ˊʱʴ˃ʰ ʵˎ˄ʰ˃ʽˁˇˏ ˉʶˊʾˉˇˎ 0.7 V. 

 

ǆ ǲǧǪǜ ǲǭǳ ǯǣǻǪǟǲǭǰ Ǯǭǳ Ǣǧ-

ǟǯǯǛǣǧ Ǜǫǟǫ ǟǫǲǧǱǲǚǲǥ, ǣǝǫǟǧ 

ǟǫǚǩǭǡǥ ǲǥǰ ǲǧǪǜǰ ǲǥǰ ǲǚǱǥǰ 

Ǳǲǟ ǚǨǯǟ ǲǭǳ ǟǫǲǧǱǲǚǲǥ Ǩǟǧ 

ǟǫǲǧǱǲǯǺǴǷǰ ǟǫǚǩǭǡǥ ǲǥǰ ǲǧ-

Ǫǜǰ ǲǥǰ ǟǫǲǝǱǲǟǱǥǰ. 

 

 

ǌǺǪǭǰ ǲǭǳ ǗǪ 
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ȼ ŮɜůɤɛɎŰɤůɖ Űɞɡ əɡəɚɩɛŬŰɞɠ ˊɞɛˊɞɨ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ŭɏəŰɖ, ůɡɜŮˊɎɔŮ-

ŰŬɘ Űɖɠ əŬŰɎɟɔɖůɖɠ Űɤɜ əŮɟŬɘɩɜ. Ʉɚɏɞɜ, ɖ ůɨɜŭŮůɖ Űɤɜ əɡəɚɤɛɎŰɤɜ ɞ́ɛˊɞɨ əŬɘ 

ŭɏəŰɖ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɏůɤ əŬɚɤŭɑɞɡ, Űɞ ɞˊɞɑɞ ůɡɔəɞɚɚɎŰŬɘ ůŰɘɠ ŬɔɩɔɘɛŮɠ ŮˊɘűɎ-

ɜŮɘŮɠ Űɤɜ əŮɟŬɘɩɜ. 

3.3 Wi-Fi ˊɟɞůŬɟɛɞɔɏŬɠ 

Ƀ Wi-Fi ˊɟɞůŬɟɛɞɔɏŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ɞ WNP-UA-003 Űɖɠ 

Gembird (ȺɘəɧɜŬ 3.9), ɞ ɞˊɞɑɞɠ ůɡɜŭɏɗɖəŮ ůŰɖ ɗɨɟŬ USB Űɞɡ BeagleBoard-xM. 

 

ȺɘəɧɜŬ 3.9: Wi-Fi ˊɟɞůŬɟɛɞɔɏŬɠ. 

3.3.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ Wi-Fi  ˊɟɞůŬɟɛɞɔɏŬ 

Ƀ ɄɑɜŬəŬɠ 3.5 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ Wi-Fi ˊɟɞůŬɟɛɞɔɏŬ. 

 ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

Chipset RTL8192CU 

ʄˎʻ˃ˈˌ ˃ʶˍʱʵˇˋʹˌ ʵʶʵˇ˃ʷ˄˖˄ 300 Mbps 

ʅˎ˔˄ˈˍʹˍʰ 2.412 - 2.472 GHz 

ɲʽʰˋˏ˄ʵʶˋʹ USB 2.0 

ʇˉˇˋˍʺˊʽ˅ʹ ˉˊˇˍˏˉ˖˄ IEEE 802.11b/g/n 

ʇˉˇˋˍʺˊʽ˅ʹ ˉˊ˖ˍˇˁˈ˂˂˖˄ 
64/128-bit WEP, 128 bit WPA(TKIP/AES) 

WPA, WPA2 

ɼʰˍʰ˄ʱ˂˖ˋʹ ʽˋ˔ˏˇˌ 5 V DC, ̫ ˖ˌ 0.5 A 

ɸʶˊ˃ˇˁˊʰˋʾʰ ˂ʶʽˍˇˎˊʴʾʰˌ 0°C - 40°C 

ɹˋ˔ˏˌ ˊʰʵʽˇˋˎ˔˄ˈˍʹˍʰˌ ɴ˖ˌ 14 dBm 

ɲʽʰˋˍʱˋʶʽˌ 32 x 16 x 8 mm 

ɄɑɜŬəŬɠ 3.5: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ Wi-Fi ˊɟɞůŬɟɛɞɔɏŬ. 
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3.4 ȽůŰɞəɎɛŮɟŬ 

ȼ ɘůŰɞəɎɛŮɟŬ
25

 ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ ɖ Webcam Pro 9000 Űɖɠ Logitech Inter-

national S.A. (ȺɘəɧɜŬ 3.10), ɖ ɞˊɞɑŬ ůɡɜŭɏɗɖəŮ ůŰɖ ɗɨɟŬ USB Űɞɡ BeagleBoard-xM. 

 

ȺɘəɧɜŬ 3.10: ȽůŰɞəɎɛŮɟŬ. 

3.4.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɘůŰɞəɎɛŮɟŬɠ 

Ƀ ɄɑɜŬəŬɠ 3.6 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɘůŰɞəɎɛŮɟŬɠ. 

 ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʊʰˁˈˌ Carl Zeiss 

ɮ˄ʱ˂ˎˋʹ όʲʾ˄ˍʶˇ) 1280 x 720 

ɾʷʴʽˋˍʹ ˋˎ˔˄ˈˍʹˍʰ ˁʰˊʷ 30 fps 

ɮ˄ʱ˂ˎˋʹ ό˒˖ˍˇʴˊʰ˒ʾʰύ 8 Mpx 

ɲʽʰˋˏ˄ʵʶˋʹ USB 2.0 

ʆˏˉˇˌ ʶˋˍʾʰˋʹˌ ɮˎˍˈ˃ʰˍˇˌ 

ɵˇˎ˃ ʁˉˍʽˁˈ 

ɳˎˊˎʴ˗˄ʽˇˌ ˒ʰˁˈˌ ɿʰʽ 

ɮˉʁˎʻʶʾʰˌ ˃ʶˍʱʵˇˋʹ ˊˇʺˌ ɿʰʽ 

ɳ˄ˋ˖˃ʰˍ˖˃ʷ˄ˇ ˃ʽˁˊˈ˒˖˄ˇ ɿʰʽ 

ɄɑɜŬəŬɠ 3.6: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɘůŰɞəɎɛŮɟŬɠ. 

                                                      
25

 ʆˊˇ˒ˇʵˇˍʶʾ ˍʹ ˊˇʺ ʲʾ˄ˍʶˇ ˋʶ ̄́ʰʴ˃ʰˍʽˁˈ ˔ˊˈ˄ˇ ˋʶ ʷ˄ʰ˄ ˋˎ˄ʵʶʵʶ˃ʷ˄ˇ ˋʶ ʰˎˍʺ˄ ɶκʇ. 
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3.5 ɀˊŬŰŬɟɑŬ 

ȼ ɛˊŬŰŬɟɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ BeagleBoard-xM 

əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɞɡ Wi-Fi ˊɟɞůŬɟɛɞɔɏŬ əŬɘ Űɖɠ ɘůŰɞəɎɛŮɟŬɠ, ŮɑɜŬɘ ɖ Muscle Pow-

er R246 Űɖɠ Kyosho Corporation (ȺɘəɧɜŬ 3.11). 

 

ȺɘəɧɜŬ 3.11: ɀˊŬŰŬɟɑŬ. 

3.5.1 ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɛˊŬŰŬɟɑŬɠ 

Ƀ ɄɑɜŬəŬɠ 3.7 ˊŬɟɞɡůɘɎɕŮɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɛˊŬŰŬɟɑŬɠ. 

 ʋʰˊʰˁˍʹˊʽˋˍʽˁʱ 

ʆˏˉˇˌ Li-Po 

ʅˍˇʽ˔ʶʾʰ 2 

ʆʱˋʹ 7.4 V 

ʋ˖ˊʹˍʽˁˈˍʹˍʰ 2200 mAh 

ʄˎʻ˃ˈˌ ̀ ˎ˄ʶ˔ˇˏˌ ʶˁ˒ˈˊˍʽˋʹˌ 30 C 

ʇˉˇʵˇ˔ʺ ˒ˈˊˍʽˋʹˌ JST-XH 

ɲʽʰˋˍʱˋʶʽˌ 134,2 x 45,3 x 23,5 mm 

ɄɑɜŬəŬɠ 3.7: ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɛˊŬŰŬɟɑŬɠ. 
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3.6 ɀɖ ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ 

ȼ ŮɜůɤɛɎŰɤůɖ əŬɘ ɖ ŭɘŬůɨɜŭŮůɖ Űɞɡ ůɡɜɧɚɞɡ Űɤɜ ůɡůŰŬŰɘəɩɜ ɛŮɟɩɜ, ůɖɛŬ-

ŰɞŭɞŰŮɑ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ ɡɚɘəɞɨ ɛɏɟɞɡɠ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ (ȺɘəɧɜŬ 

3.12). 

 

ȺɘəɧɜŬ 3.12: ɀɖ ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɞ ɞˊɑůɗɘɞ ɛɏɟɞɠ Űɞɡ ŬɛŬɝɩɛŬŰɞɠ, ŮɜůɤɛŬŰɩɗɖəŬɜ Űɞ Bea-

gleBoard-xM, ɖ ŭɘɎŰɟɖŰɖ ˊɚŬəɏŰŬ əŬɘ ɖ ɛˊŬŰŬɟɑŬ Űɞɡ əɡəɚɩɛŬŰɞɠ ˊɞɛˊɞɨ. ɇŬ ɎəɟŬ 

Űɖɠ ɛˊŬŰŬɟɑŬɠ, ɛɏůɤ Űɖɠ ˊŬɟŮɛɓɞɚɐ Ůɜɧɠ ŭɘŬəɧˊŰɖ, əŬŰŬɚɐɔɞɡɜ ůŰŬ ŬɜŰɑůŰɞɘɢŬ Ŭɔɩ-

ɔɘɛŬ ɎəɟŬ Űɞɡ əɡəɚɩɛŬŰɞɠ ˊɞɛˊɞɨ , Űɞ ɞˊɞɑɞ ŮɜůɤɛŬŰɩɗɖəŮ ůŰɞ ŮˊɎɜɤ ɛɏɟɞɠ Űɞɡ 

ŬɛŬɝɩɛŬŰɞɠ. 

ȼ ɛˊŬŰŬɟɑŬ, ɡˊŮɨɗɡɜɖ ɔɘŬ Űɖɜ ŰɟɞűɞŭɞůɑŬ Űɞɡ BeagleBoard-xM, ŮɜůɤɛŬŰɩ-

ɗɖəŮ ůŰɞ ůŬůɑ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ. ɇŬ ɎəɟŬ Űɖɠ ɛˊŬŰŬɟɑŬɠ, ɛɏůɤ Űɖɠ 

ˊŬɟŮɛɓɞɚɐɠ Ůɜɧɠ ŭɘŬəɧˊŰɖ, əŬŰŬɚɐɔɞɡɜ ůŰɖ ŭɘɎŰɟɖŰɖ ˊɚŬəɏŰŬ. ȷˊɧ ŮəŮɑ, əŬŰɧˊɘɜ 

Űɖɠ ˊŬɟŮɛɓɞɚɐɠ Űɞɡ ůŰŬɗŮɟɞˊɞɘɖŰɐ ŰɎůɖɠ L7805CV26 Űɖɠ STMicroelectronics N.V., - 

ɖ ŬůűŬɚɐɠ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɞˊɞɑɞɡ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ɣɨəŰɟŬɠ - ůɡɜŭɏɞɜŰŬɘ 

                                                      
26

 ɲ̔ ʰˍʹˊʶʾ ˍˇ ʶˉʾˉʶʵˇ ˋˎ˄ʶ˔ˇˏˌ ˍʱˋʹˌ ˋˍʰʻʶˊˈ ˋˍʰ 5 V. 
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ůŰɞ BeagleBoard-xM, ɛɏůɤ ɡˊɞŭɞɢɐɠ
27

 ůɡɜŮɢɞɨɠ ŰɎůɖɠ. Ⱥˊɘˊɚɏɞɜ, ɖ ŭɘɎŰɟɖŰɖ ˊɚŬ-

əɏŰŬ ŮɜůɤɛŬŰɩɜŮɘ Űɞ əɨəɚɤɛŬ ɢŮɘɟɘůɛɞɨ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, Űɞ ɞˊɞɑɞ 

ŬˊŬɟŰɑɕɞɡɜ ŰɏůůŮɟŬ ŰɟŬɜɕɑůŰɞɟ əŬɘ ɘůɎɟɘɗɛɞɘ ŬɜŰɘůŰɎŰŮɠ. ȼ ɘůŰɞəɎɛŮɟŬ, ŮɜůɤɛŬŰɩ-

ɗɖəŮ ůŰɞ Ůˊɟɧůɗɘɞ ɛɏɟɞɠ Űɞɡ ŬɛŬɝɩɛŬŰɞɠ. 

                                                      
27

 ɮˉˇˍʶ˂ʶʾ ʻʹ˂ˎˁʺ ˎˉˇʵˇ˔ʺ ˍˏˉˇˎ barrel, ɻ ʽʰ˃ʷˍˊˇˎ 2,1  ̝ ʽ˂ʽˇˋˍ˗˄Φ 
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4  

ȿɞɔɘůɛɘəɧ ɛɏɟɞɠ 

ɚɞɔɘəɐ ˊɑůɤ Ŭˊɧ Űɞɜ ɢŮɘɟɘůɛɧ Űɞɡ ɞɢɐɛŬŰɞɠ, ŬˊɞŰŮɚŮɑ Űɞ ɚɞɔɘůɛɘəɧ 

ɛɏɟɞɠ Űɖɠ ɡɚɞˊɞɑɖůɖɠ. ɄɟɤŰɑůŰɤɠ, əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮəŰɏɚŮůɖ 

ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŰɞ BeagleBoard-xM. ȼ ŬůɨɟɛŬŰɖ ůɨɜŭŮůɖ ɛŮ Űɞ ȹɘŬŭɑ-

əŰɡɞ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ űɧɟŰɤůɖ ŬɟɗɟɩɛŬŰɞɠ ˊɡɟɐɜŬ ůŰɞ BeagleBoard-xM. ȼ Ůˊɞ-

ˊŰŮɑŬ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ Űɞɡ BeagleBoard-xM, əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɛŮ Űɖɜ 

ŮɔəŬŰɎůŰŬůɖ ŮűŬɟɛɞɔɐɠ əɞɜůɧɚŬɠ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ BeagleBoard-xM· əŬɘ ŮűŬɟɛɞ-

ɔɐɠ ŬɜŬˊŬɟŬɔɤɔɐɠ ˊɞɚɡɛɏůɤɜ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ H/Y. ɇŮɚɘəɩɠ, Űɧůɞ ɖ ŮˊɞˊŰŮɑŬ ɧůɞ 

əŬɘ ɞ ɢŮɘɟɘůɛɧɠ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ, ůɡɜɞɣɑɕɞɜŰŬɘ ůŰɖɜ ˊŬɟɎɚɚɖɚɖ ŮəŰɏ-

ɚŮůɖ ŭɨɞ ŭɘŮɔŬůɘɩɜ, ɖ ɛɑŬ ůŰɖɜ ˊɚŮɡɟɎ Űɞɡ ȼ/Ɉ əŬɘ əŬŰô ŮˊɏəŰŬůɖ Űɞɡ ɢɟɐůŰɖ əŬɘ ɖ 

Ɏɚɚɖ ůŰɞ BeagleBoard-xM əŬɘ əŬŰô ŮˊɏəŰŬůɖ ůŰɞ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞ ɧɢɖɛŬ.  

 

 

 

ȼ 
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4.1 ȺəŰɏɚŮůɖ ɚŮɘŰɞɡɟɔɘəɞɨ ůɡůŰɐɛŬŰɞɠ ůŰɞ BeagleBoard-xM 

ɇɞ ɚɞɔɘůɛɘəɧ ŭɘŬůɨɜŭŮůɖɠ ˊɞɡ ŬˊŬɘŰɐɗɖəŮ ŮɑɜŬɘ ɖ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ əŬɘ 

ŬɜɞɘɢŰɞɨ əɩŭɘəŬ ŮűŬɟɛɞɔɐ Ůɝɞɛɞɑɤůɖɠ ŰŮɟɛŬŰɘəɞɨ PuTTY. ȷűɞɨ ɡɚɞˊɞɘɐɗɖəŬɜ ɞɘ 

əŬŰɎɚɚɖɚŮɠ ɟɡɗɛɑůŮɘɠ (ȺɘəɧɜŬ 4.1), ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮɘɟɘŬəɐ ůɨɜŭŮůɖ
28

 ɛŮŰŬɝɨ 

Űɞɡ ȼ/Ɉ əŬɘ Űɞɡ BeagleBoard-xM. 

4.1.1 Ⱥəəɑɜɖůɖ ŮɘəɧɜŬɠ ŮˊŬɚɐɗŮɡůɖɠ 

ȼ ˊŬɟŮɢɧɛŮɜɖ əɎɟŰŬ, ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɘŬ ŮɘəɧɜŬ ŮˊŬɚɐɗŮɡůɖɠ (verification 

image) Űɖɠ ŭɘŬɜɞɛɐɠ Ångström, ɔŮɔɞɜɧɠ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ˊŬɟɏɢŮŰŬɘ ɛɧɜɞ ɔɘŬ Űɖɜ Ůˊɘ-

ɓŮɓŬɑɤůɖ Űɖɠ ɞɟɗɐɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ BeagleBoard-xM. ȺˊɘˊɟɧůɗŮŰŬ, ŭŮɜ ˊŮɟɘɏɢŮɘ 

ɔɟŬűɘəɐ ŭɘŮˊŬűɐ ɢɟɐůŰɖ. ȷˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ɏɜŬ ŭɘŬɛɏɟɘůɛŬ (partition) ŭɘŬɛɞɟűɤɛɏɜɞ 

əŬŰɎ FAT əŬɘ ˊŮɟɘɏɢŮɘ ŰŬ ŬəɧɚɞɡɗŬ: 

¶ ˊɟɧɔɟŬɛɛŬ űɧɟŰɤůɖɠ X-Loader ( MLO29)  

¶ ˊɟɧɔɟŬɛɛŬ űɧɟŰɤůɖɠ U-Boot ( u- boot . bin 30)  

¶ ˊɡɟɐɜŬ Linux ( uImage 31)  

¶ ŬɟɢŮɑɞ ( uEnv . txt 32)  

ɀŮ Űɖɜ ˊŬɟɞɢɐ ŰɟɞűɞŭɞůɑŬɠ ůŰɞ BeagleBoard-xM, ŬˊŬɘŰŮɑŰŬɘ ɖ ˊɚɖəŰɟɞɚɧ-

ɔɖůɖ Ůɜɧɠ ŰɡɢŬɑɞɡ ˊɚɐəŰɟɞɡ ɔɘŬ ɜŬ ŬˊɞŰɟŬˊŮɑ ɖ Ůəəɑɜɖůɖ (boot) Űɞɡ ˊɡɟɐɜŬ (ȺɘəɧɜŬ 

4.2). ɆŰɞ ŮɜŭɘɎɛŮůɞ, ɏɢɞɡɜ ɐŭɖ ŮɛűŬɜɘůŰŮɑ ɛɖɜɨɛŬŰŬ Űɤɜ ˊɟɞɔɟŬɛɛɎŰɤɜ űɧɟŰɤůɖɠ 

(boot loaders) ŮˊɘŭŮɘəɜɨɞɜŰŬɠ Űɘɠ ŮəŭɧůŮɘɠ Űɤɜ X-Loader əŬɘ U-Boot əŬɗɩɠ əŬɘ Űɖɜ 

ɖɛŮɟɞɛɖɜɑŬ əŬŰŬůəŮɡɐɠ Űɞɡɠ. 

                                                      
28

 ʁ ˍˏˉˇˌ ˁʰ˂˖ʵʾˇˎ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶʾ˄ʰʽ straight-through (non null modem) DB9 male-to-

female. 

29
 ɮˉˇˍʶ˂ʶʾ ˉˊˈʴˊʰ˃˃ʰ ˒ˈˊˍ˖ˋʹˌ ʶˉʽˉʷʵˇˎ мΦ ɶ ʶˁˍʷ˂ʶˋʺ ˍˇˎΣ ʰ˒ˇˏ ˃ʶˍʰ˒ʶˊʻʶʾ ˉˊ˗ˍʰ ˋˍʹ ˃˄ʺ˃ʹΣ 

ʷ˔ʶʽ ˖ˌ ˋˎ˄ʷˉʶʽʰ ˍʹ˄ ʰ˄ʶˏˊʶˋʹ ˍˇˎ ¦-.ƻƻǘΣ ˈˉˇˎ ʻʰ ˃ʶˍʰ˒ʶˊʻʶʾ ˃ʶ ˍʹ ˋʶʽˊʱ ˍˇˎ ˋˍʹ ˃˄ʺ˃ʹ ˁʰʽ ʻʰ 

ʶˁˍʶ˂ʶˋˍʶʾΦ 

30 
ɮˉˇˍʶ˂ʶʾ ˉˊˈʴˊʰ˃˃ʰ ˒ˈˊˍ˖ˋʹˌ ʶˉʽˉʷʵˇˎ нΦ ɶ ʶˁˍʷ˂ʶˋʺ ˍˇˎΣ ˋˎ˄ʶˉʱʴʶˍʰʽ ˍʹˌ ʰ˄ʶˏˊʶˋʹˌ ˁʰʽ ʶˁˍʷ-

˂ʶˋʹˌ ˍˇˎ ̄ ˎˊʺ˄ʰ (kernel), h ˒ˇˏ ˇ˃ˇʾ˖ˌ ˃ʶˍʰ˒ʶˊʻʶʾ ˉˊ˗ˍʰ ˋˍʹ ˃˄ʺ˃ʹΦ 

31
 ɶ ʷˁʵˇˋʹ ˉˎˊʺ˄ʰ ʶʾ˄ʰʽ 2.6.32 . 

32
 ɮˉˇˍʶ˂ʶʾ ʰˊ˔ʶʾˇ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ˍˇˎ ˉʶˊʽʲʱ˂˂ˇ˄ˍˇˌ ʶˁˁʾ˄ʹˋʹˌΦ 
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ȺɘəɧɜŬ 4.1: ɅɡɗɛɑůŮɘɠ ůŮɘɟɘŬəɐɠ ůɨɜŭŮůɖɠ. 

ȺˊɘˊɟɧůɗŮŰŬ, ɞ U-Boot ŮˊɘŭŮɘəɜɨŮɘ ɚŮˊŰɞɛɏɟŮɘŮɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ ŮˊŮɝŮɟɔŬůŰɐ, Űɖ 

ɛɜɐɛɖ, Űɖ űɡůɘəɐ ŭɘŮˊŬűɐ ŮˊɘəɞɘɜɤɜɑŬɠ, Űɖɜ ŬɜŬɗŮɩɟɖůɖ əŬɘ Űɞ Die ID
33

. 

 

ȺɘəɧɜŬ 4.2: Ⱥəəɑɜɖůɖ Űɤɜ X-Loader əŬɘ U-Boot. 

                                                      
33

 ɮˉˇˍʶ˂ʶʾ ʰ˄ʰʴ˄˖ˊʽˋˍʽˁʺ ʰˁˇ˂ˇˎʻʾʰ ˍʹˌ ˉ˂ʰˁʷˍʰˌΦ 
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ɀŮŰɎ Űɖɜ ŬɜŰɑůŰɟɞűɖ ɛɏŰɟɖůɖ Ůəəɑɜɖůɖɠ, Űɞ ůɨůŰɖɛŬ ŮˊɘəŬɚŮɑŰŬɘ Űɞ ŬɟɢŮɑɞ 

uEnv. txt . ɀɖɜɨɛŬŰŬ Űɞɡ U-Boot ŮɛűŬɜɑɕɞɜŰŬɘ Ůə ɜɏɞɡ, ŮˊɘŭŮɘəɜɨɞɜŰŬɠ Űɖ ŭɘŬŭɘəŬ-

ůɑŬ űɧɟŰɤůɖɠ Űɞɡ ˊɡɟɐɜŬ əŬɘ Ůɜ ŰɏɚŮɘ Űɖɜ Ůəəɑɜɖůɐ Űɞɡ (ȺɘəɧɜŬ 4.3). 

 

ȺɘəɧɜŬ 4.3: Ⱥəəɑɜɖůɖ Űɖɠ ŭɘŬɜɞɛɐɠ ¡ngstrºm. 

ȷűɞɨ ɞɚɞəɚɖɟɤɗŮɑ ɖ Ůəəɑɜɖůɖ Űɞɡ ˊɡɟɐɜŬ, ŮɛűŬɜɑɕŮŰŬɘ ˊɟɞŰɟɞˊɐ Ůɘůɧŭɞɡ (login 

prompt) (ȺɘəɧɜŬ 4.4). 

 

ȺɘəɧɜŬ 4.4: ɆɨɜŭŮůɖ ɛŮ Űɖ ŭɘŬɜɞɛɐ ¡ngstrºm. 
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ȼ ůɨɜŭŮůɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ŮɘůŬɔɤɔɐ ɞɜɧɛŬŰɞɠ ɢɟɐůŰɖ ñroot ò, ɢɤɟɑɠ ɜŬ ŬˊŬɘ-

ŰŮɑŰŬɘ əɤŭɘəɧɠ ˊɟɧůɓŬůɖɠ. 

4.1.2 Ⱥəəɑɜɖůɖ ŮɘəɧɜŬɠ ˊɚɐɟɞɡɠ ŭɘŬɜɞɛɐɠ 

ũɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ űɧɟŰɤůɖɠ ɛɘŬɠ ˊɚɐɟɞɡɠ ŭɘŬɜɞɛɐɠ ¡ngstrºm, əŬɗɑůŰŬŰŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ɨˊŬɟɝɖ Ůɜɧɠ root file system. Ʉɚɏɞɜ, ŰŬ ŬˊŬɟŬɑŰɖŰŬ ŬɟɢŮɑŬ ŭɘŬɛɞɟűɩ-

ɜɞɜŰŬɘ ɤɠ Ůɝɐɠ: 

¶ ŬɟɢŮɑɞ mkcard.tx t 34 

¶ ŬɟɢŮɑɞ diploma_thesis_angstrom - image - beagleboard .tar. gz 35 

ȷűɞɨ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮɘůŬɔɤɔɐ əɎɟŰŬɠ Űɨˊɞɡ microSD ůŰɞɜ ȼ/Ɉ
36

, ɛɏůɤ 

ůɡůəŮɡɐɠ ŬɜɎɔɜɤůɖɠ əŬɟŰɩɜ, ŬˊŬɘŰɐɗɖəŮ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ŭɑůəɞɡ ɞ ɞˊɞɑɞɠ 

ůɡɛűɤɜŮɑ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ əɎɟŰŬɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɏɡɢɗɖəŮ ɛŮ ŮəŰɏɚŮůɖ 

Űɖɠ ŮɜŰɞɚɐɠ: 

fdisk ïl  

Disk /dev/sdb: 4076 MB, 4076863488 bytes  

126 heads, 62 sectors/track, 1019 cylinders, total 7962624 sectors  

Sector size (logical/physical): 512 bytes / 512 bytes  

Sector size (logical/physical): 512 bytes / 512 bytes  

I/O size (minimum/optimal): 512 bytes / 512 bytes  

Disk identifier: 0x00000000  

ȼ ŭɘŬɛɧɟűɤůɖ Űɖɠ əɎɟŰŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ŮəŰɏɚŮůɖ Űɞɡ ŬɟɢŮɑɞɡ mkcard . tx t , 

Ŭűɞɨ ˊɟɞɖɔɐɗɖəŮ ŬˊɧəŰɖůɖ Űɤɜ ŭɘəŬɘɤɛɎŰɤɜ ŮəŰɏɚŮůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ: 

                                                      
34

 ɮˉˇˍʶ˂ʶʾ ʰˊ˔ʶʾˇ ʵʹ˃ʽˇˎˊʴʾʰˌ ˁʰʽ ʵʽʰ˃ˈˊ˒˖ˋʹˌ ʵʽʰ˃ʶˊʽˋ˃ʱˍ˖˄ ˍʹˌ ˁʱˊˍʰˌΦ 

35
 ɮˉˇˍʶ˂ʶʾ ʰˊ˔ʶʾˇ ʶʽˁˈ˄ʰˌ ˃ʽʰˌ ˉ˂ʺˊˇˎˌ ʵʽʰ˄ˇ˃ʺˌ )ngström. 

36
 ʆ ̌̄ ʶˊʽʲʱ˂˂ˇ˄ ˂ʶʽˍˇˎˊʴʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ʶʾ˄ʰʽ Unix-like h ˊ˔ʽˍʶˁˍˇ˄ʽˁʺˌ Linux. 
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chmod +xmkcard . txt  ; sudo  ./ mkcard . txt  / dev / sdb  

ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮəŰɏɚŮůɖɠ, ɖ əɎɟŰŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 2 ŭɘŬɛŮɟɑůɛŬŰŬ: 

o ŭɘŬɛɏɟɘůɛŬ / dev / sdb 1 ŭɘŬɛɧɟűɤůɖɠ FAT32 ɛŮɔɏɗɞɡɠ 74 MB 

o ŭɘŬɛɏɟɘůɛŬ / dev / sdb 2 ŭɘŬɛɧɟűɤůɖɠ ext3 ɛŮɔɏɗɞɡɠ ɑůɞ Űɞɡ 

ŮɜŬˊɞɛŮɑɜŬɜŰɞɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ˊɟŬɔɛŬŰɞˊɞɘɐɖəŮ ˊɟɞůɎɟŰɘůɖ 

Űɤɜ ŭɘŬɛŮɟɘůɛɎŰɤɜ ůŰɞ ůɨůŰɖɛŬ ŬɟɢŮɑɤɜ (file 

system) ɩůŰŮ ɜŬ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛŬ. 

ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ŮˊɘŰŮɨɢɗɖəŮ ɛŮ ŮəŰɏɚŮůɖ Űɤɜ 

ŮɜŰɞɚɩɜ: 

sudo mkdir ïp /media/boot ; sudo 

mount /dev/sdb1 /media/boot  

 

sudo mkdir /media/Angstrom ; sudo 

mount /dev/sdb2  /media/ Angstrom  

Ʉɚɏɞɜ, ɖ əɎɟŰŬ ŮɑɜŬɘ ɏŰɞɘɛɖ ɜŬ ɡˊɞŭŮɢŰŮɑ ɛɘŬ 

ˊɚɐɟɖ ŭɘŬɜɞɛɐ Ångström.  

ũɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŬɟɢŮɑɞɡ ŮɘəɧɜŬɠ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ŭɘŬŭɘəŰɡŬəɧ ŮɟɔŬɚŮɑɞ ŭɖ-

ɛɘɞɡɟɔɑŬɠ ŬɟɢŮɑɤɜ Ůɘəɧɜɤɜ ŭɘŬɜɞɛɐɠ Ångström 

Narcissus. ȺɘŭɘəɧŰŮɟŬ, ůŰɘɠ ɓŬůɘəɏɠ ɟɡɗɛɑůŮɘɠ 

(Base settings) ŮˊɘɚɏɢɗɖəŬɜ ɛŮ Űɖɜ Ŭəɧɚɞɡɗɖ 

ůŮɘɟɎ: beagleboard ɤɠ ůɡůəŮɡɐ, diploma_ the-

sis_angstrom ɤɠ ɞɜɞɛŬůɑŬ Űɞɡ ŬɟɢŮɑɞɡ ŮɘəɧɜŬɠ 

əŬɘ simple ɤɠ əŬɗɞɟɘůɛɧɠ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ 

Űɤɜ Ůˊɘɚɞɔɩɜ ˊɞɡ ɗŬ Ŭəɞɚɞɡɗɐůɞɡɜ. ɆŰɖɜ Ůˊɘ-

ɚɞɔɐ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɟɐůŰɖ (User environment 

selection) ŮˊɘɚɏɢɗɖəŮ console only ˊɞɡ ɛŮŰŬ-

űɟɎɕŮŰŬɘ ůŮ ŭɘŮˊŬűɐ ɔɟŬɛɛɐɠ ŮɜŰɞɚɩɜ (Com-

mand Line Interface, CLI). ɇɏɚɞɠ, ůŰɖɜ Ůˊɘɚɞɔɐ 

ǴǪǮǨǫǹǴǪ 

ǴŮ ŬȍȐȆȇǾ űǼůȄ,  Ȅ ŭȆŬȉȕȍűȒůȄ 

ŰȒȊ ŭȆŬȉŮȍȆůȉǼŰȒȊ ŭŮȊ ȉɸȌȍŮǿ ȊŬ 

ɸȍŬȂȉŬŰȌɸȌȆȄȅŮǿ, ȇŬȅȗȎ ŰŬ ŭȆŬȉŮ-

ȍǿůȉŬŰŬ ŭŮůȉŮȖȌȊŰŬȆ Ŭɸȕ ŰȌȊ Logi-

cal Volume Manager (LVM).  

mkfs.vfat: unable to open 

/dev/sdb1: Device or 

resource busy  

 

mk2fs : /dev/sdb2 is 

apparently in use by the 

system; will not make a 

filesystem here!  

ǵŬ ŭȆŬȉŮȍǿůȉŬŰŬ ŬɸȌŭŮůȉŮȖŰȄȇŬȊ 

ȉŮ ŮȇŰǽȈŮůȄ ŰȒȊ ŮȊŰȌȈȗȊ: 

sudo  dmsetup  remove  sdb 1 

 

sudo  dmsetup  remove  sdb 2 

Ǫ ŭȆŬȉȕȍűȒůȄ ŮɸȆŰŮȖȐȅȄȇŮ ȒȎ 

ŮȋǾȎ: 

sudo mkfs.vfat /dev/sdb1  

 

sudo mkfs.ext3 /dev/sdb2  
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Ůˊɘˊɚɏɞɜ ˊŬəɏŰɤɜ (Additional packages selection) ŮˊɘɚɏɢɗɖəŬɜ Ŭˊɧ Űɖɜ əŬŰɖɔɞɟɑŬ 

Platform specific packages əŬɘ Űɖɜ ɡˊɞəŬŰɖɔɞɟɑŬ Texas Instruments OMAP3x/AM3x 

family ŰŬ ŬɟɢŮɑŬ ˊɟɞɔɟŬɛɛɎŰɤɜ űɧɟŰɤůɖɠ X-Loader əŬɘ U-Boot (Bootloader Files 

(x-load/u-boot/scripts)). ɇɞ ɚɖűɗɏɜ ŬɟɢŮɑɞ ŬˊɞůɡɛˊɘɏůŰɖəŮ əŬŰɧˊɘɜ ŮəŰɏɚŮůɖɠ Űɖɠ 

ŮɜŰɞɚɐɠ: 

sudo tar ïxzvf diploma_thesis_angstrom - image - beagleboard.tar.gz  

ɇŬ ŬɟɢŮɑŬ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɞ ŭɘŬɛɏɟɘůɛŬ / dev / sdb 1, ŬˊɞŰŮɚɞɨɜ Űɞɜ ˊɡɟɐɜŬ əŬɘ 

ŰŬ ˊɟɞɔɟɎɛɛŬŰŬ űɧɟŰɤůɖɠ, ŰŬ ɞˊɞɑŬ ŬɜŰɘɔɟɎűŰɖəŬɜ ůŰɞɜ əŬŰɎɚɞɔɞ / media / boot  ɛŮ 

ŮəŰɏɚŮůɖ Űɤɜ ŮɜŰɞɚɩɜ
37

: 

sudo cp boot/MLO /media/boot ; sudo cp boot/uImage /media/boot ; sudo 

cp boot/u - boot.bin /media/boot  

ȺˊɘˊɟɧůɗŮŰŬ, ŬˊŬɘŰŮɑŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ Űɞɡ root file system ůŰɞ ŭɘŬɛɏɟɘůɛŬ / dev / sdb 2 

əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞɜ əŬŰɎɚɞɔɞ / media / Angstrom , ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰŮɨɢɗɖəŮ ɛŮ 

ŮəŰɏɚŮůɖ Űɖɠ ŮɜŰɞɚɐɠ: 

sudo tar ïxvz - C /media/Angstrom ïf diploma_thesis_angstrom - image -

beagleboard.tar.gz  

ȼ əɎɟŰŬ ŬűŬɘɟɏɗɖəŮ ɛŮ ŬůűŬɚɐ Űɟɧˊɞ, Ŭűɞɨ ˊɟɞɖɔɐɗɖəŬɜ ɞɘ ŮɜŰɞɚɏɠ: 

sync ; sudo umount /dev/sdb?  

ȼ ŮˊŬɜŬŰɞˊɞɗɏŰɖůɖ Űɖɠ əɎɟŰŬɠ ůŰɞ BeagleBoard-xM, ɏɢŮɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ űɧɟŰɤůɖɠ ɛɘŬɠ ˊɚɐɟɞɡɠ ŭɘŬɜɞɛɐɠ Ångström, Ŭűɞɨ ˊɟɞɖɔɖɗɞɨɜ ɞɟɘůɛɏ-

ɜŮɠ ŭɘŬɛɞɟűɩůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑ Űɞ ůɨůŰɖɛŬ (ȺɘəɧɜŬ 4.5). ȼ ůɨɜŭŮůɖ ˊɟŬɔɛŬ-

ŰɞˊɞɘŮɑŰŬɘ ɛŮ ŮɘůŬɔɤɔɐ ɞɜɧɛŬŰɞɠ ɢɟɐůŰɖ ñroot ò, ɢɤɟɑɠ ɜŬ ŬˊŬɘŰŮɑŰŬɘ əɤŭɘəɧɠ ˊɟɧ-

ůɓŬůɖɠ. 

                                                      
37

 ɶ ʰ˄ˍʽʴˊʰ˒ʺ ˍˇˎ MLO ˉˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ʰˉʰˊʰʽˍʺˍ˖ˌ ˉˊ˗ˍʹΣ ˁʰʻ˗ˌ ˉˊʷˉʶʽ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˋˍˇˎˌ 

ˉˊ˗ˍˇˎˌ ˍˇ˃ʶʾˌ ˍˇˎ ʵʽʰ˃ʶˊʾˋ˃ʰˍˇˌΦ 
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ȺɘəɧɜŬ 4.5: ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ŬɡŰɧɛŬŰɤɜ ŭɘŬɛɞɟűɩůŮɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

ɆɡɜɑůŰŬŰŬɘ ɖ Ůɜɖɛɏɟɤůɖ Űɤɜ ŭɘŬɗɏůɘɛɤɜ ˊŬəɏŰɤɜ, ɔŮɔɞɜɧɠ ˊɞɡ ˊɟɞɦˊɞɗɏŰŮɘ Űɖ ůɨɜ-

ŭŮůɖ Űɞɡ BeagleBoard-xM ɛŮ Űɞ ȹɘŬŭɑəŰɡɞ. ȼ ůɨɜŭŮůɖ
38

 ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɏůɤ 

Ůɜɧɠ ŭɟɞɛɞɚɞɔɖŰɐ. ȷəɞɚɞɨɗɤɠ, ɖ Ůɜɖɛɏɟɤůɖ ŮˊɘŰŮɨɢɗɖəŮ əŬŰɧˊɘɜ ŮəŰɏɚŮůɖɠ Űɖɠ 

ŮɜŰɞɚɐɠ: 

root@beagleboard:~# opkg update  

 

4.2 ȷůɨɟɛŬŰɖ ůɨɜŭŮůɖ Űɞɡ BeagleBoard-xM ɛŮ Űɞ ȹɘŬŭɑəŰɡɞ 

ɇɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ŬˊŬɘŰɐɗɖəŮ ŮɑɜŬɘ Űɞ ɎɟɗɟɤɛŬ ˊɡɟɐɜŬ 8192 cu . ko , Űɞ ɞˊɞɑɞ 

ŬűɞɟɎ ůŰɞɜ ɞŭɖɔɧ ůɡůəŮɡɐɠ (device driver) RTL8192CU
39

 Űɖɠ Realtek Semiconduc-

tor Corp. ɀŮ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɡɚɞˊɞɑɖůɖɠ, əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɖ ŬůɨɟɛŬŰɖ Ůˊɘ-

əɞɘɜɤɜɑŬ Űɞɡ ɢɟɐůŰɖ ɛŮ Űɞ BeagleBoard-xM, ɔŮɔɞɜɧɠ ˊɞɡ ɗŬ ˊɟɞůŭɩůŮɘ ˊɚɐɟɖ ŮɡŮ-

ɚɘɝɑŬ əŬŰɎ Űɞɜ ɢŮɘɟɘůɛɧ Űɞɡ ɛɖ ŮˊŬɜŭɟɤɛɏɜɞɡ ɞɢɐɛŬŰɞɠ. 

                                                      
38

 ʁ ˍˏˉˇˌ ˁʰ˂˖ʵʾˇˎ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʶʾ˄ʰʽ ʰʻ˖ˊʱˁʽˋˍˇ ˋˎ˄ʶˋˍˊʰ˃˃ʷ˄ˇ ʸʶˏʴˇˌ (Unshielded 

twisted pair, UTP). 

39
 ɮˉˇˍʶ˂ʶʾ ˍʹ˄ ʷˁʵˇˋʹ chipset ̱ ˇˎ Wi-Fi ̄ ˊˇˋʰˊ˃ˇʴʷʰΦ  






































































