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ɄȺɅȽȿȼɊȼ 

 

Ɇəɞˊɧɠ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ ɡˊɞɚɞɔɘůŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɛŮ 

ŭɡɜŬŰɧŰɖŰŬ ŭɘŬɢŮɑɟɘůɖɠ ɞɗɧɜɖɠ Ŭˊɧ ůɡůŰɞɘɢɑŮɠ űɤŰɞŭɘɧŭɤɜ (LED Dot-Matrix). ȼ 

ŭɘŬɢŮɑɟɘůɖ Űɖɠ ɞɗɧɜɖɠ əŬɘ ɖ ŬˊɞůŰɞɚɐ Űɞɡ ɛɖɜɨɛŬŰɞɠ ˊɟɞɠ ŬˊŮɘəɧɜɘůɖ ɔɑɜŮŰŬɘ ŮɑŰŮ 

ŬˊɞɛŬəɟɡůɛɏɜŬ ɛɏůɤ ŭɘəŰɨɞɡ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɎɠ ŮɑŰŮ ŰɞˊɘəɎ Ŭˊɧ Űɞ ɑŭɘɞ Űɞ 

ůɨůŰɖɛŬ ɛɏůɤ ɞɗɧɜɖɠ Ŭűɐɠ. 

 

ɆɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ ŮɟɔŬůɑŬ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɖɠ ˊɚŬŰűɧɟɛŬɠ Arduino Űɧůɞ ɔɘŬ Űɞ 

ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ŭɘŬɢŮɑɟɘůɖɠ ɧůɞ ɔɘŬ Űɖɜ ɘŭɘɎ Űɖɜ ɞɗɧɜɖ. To ˊɎɜŮɚ ɏɢŮɘ ɡɚɞˊɞɘɖɗŮɑ 

ŬɡŰɧɜɞɛŬ əŬɘ ŮˊɘəɞɘɜɤɜŮɑ ŬůɨɟɛŬŰŬ ɛŮ Űɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ŰŬ Arduino, GSM Modem, Űɖɜ ɞɗɧɜɖ Ŭűɐɠ, əɨəɚɤɛŬ ɡˊŮɟɨɗɟɤɜ ɔɘŬ Űɖɜ 

ŬůɨɟɛŬŰɖ ŮˊɘəɞɘɜɤɜɑŬ əŬɘ ŭɘŮˊŬűɐ ɔɘŬ ůɨɜŭŮůɖ ɛŮ əɎɟŰŬ ɛɜɐɛɖɠ Űɨˊɞɡ SD. 

 

ȼ ůɨɜŭŮůɖ ɛŮ Űɞ ŭɑəŰɡɞ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ GSM  ɔɑɜŮŰŬɘ ɛɏůɤ Űɖɠ ɛɞɜɎŭŬɠ 

ŭɘŬɛɞɟűɤŰɐ - ŬˊɞŭɘŬɛɞɟűɤŰɐ (modem) SIM900 Űɖɠ ŮŰŬɘɟɑŬɠ SIMCOM əŬɘ ɛŮ Űɖɜ 

ɢɟɐůɖ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ SMS. 

 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ, ŮˊɘɚɏɢɗɖəŮ Űɞ ůŮɜɎɟɘɞ ůŰɞ ɞˊɞɑɞ ɗŬ ɔɑɜŮŰŬɘ 

ɢɟɐůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ əŬɗɖɔɖŰɐ ŰŮɢɜɞɚɞɔɘəɞɨ ɘŭɟɨɛŬŰɞɠ ɔɘŬ Űɖɜ ŬˊɞůŰɞɚɐ 

ŬɜŬəɞɘɜɩůŮɤɜ ˊɟɞɠ Űɞɡɠ űɞɘŰɖŰɏɠ. ɇɞ ůɨůŰɖɛŬ ɗŬ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ 

Ŭˊɧ Űɞɡɠ űɞɘŰɖŰɏɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ Ůɜɖɛɏɟɤůɖ ɛɏůɤ Űɖɠ ɞɗɧɜɖɠ Ŭűɐɠ. 
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ABSTRACT 

 

The aim of this final paper is the development of an integrated computer system, 

circuitry and software, designed to control a Dot-Matrix LED panel. The system can 

be operated not only locally, by accessing its touch screen control panel but also 

remotely using an available mobile network. 

 

For the purpose of the development of this paperôs electronics the Arduino platform 

is used. Both the touch screen control panel and the Dot-Matrix LED display are 

developed using Arduino modules. The Dot-Matrix LED display panel is a 

standalone component and communicates wirelessly with the main control panel. 

The main control panel, apart from the aforementioned Arduino and touch screen 

modules, also consists of a GSM modem module, circuitry for the wireless infrared 

(I.R) communication between the devices and an interface making possible the 

connection of SD memory cards. 

 

Connection to the mobile network is achieved using the GSM modem SIM900 by 

SIMCOM and the messages are sent using the widely available sort message 

system (S.M.S). 

 

For the presentation of this final paper, was decided that the system will be used in 

a scenario in which a professor of an educational institute will be making use of 

system to issue announcements to the students remotely. Students on the other 

hand will be able to access the touch screen interface for additional personalized 

information concerning the announcement. 

 

 

 

 

 
 
 
 
SCIENTIFIC FIELD: Embedded Systems Development  
KEYWORDS: GSM, Dot-Matrix, Panel, TFT LCD, Arduino 
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ȾȺūȷȿȷȽɃ 1 
 

ȺȽɆȷũɋũȼ 

 

1.1 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ɄŰɡɢɘŬəɐɠ ȺɟɔŬůɑŬɠ 
 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ əŬŰŬůəŮɡɐ Ůɜɧɠ  

ůɡůŰɐɛŬŰɞɠ ůɡůəŮɡɩɜ ˊɞɡ ɏɢɞɡɜ ɤɠ ůŰɧɢɞ Űɖɜ ˊɟɞɓɞɚɐ ɛɖɜɨɛŬŰɞɠ ůŮ ˊɎɜŮɚ ɛŮ 

ůɡůŰɞɘɢɑŮɠ űɤŰɞŭɘɧŭɤɜ (LED Dot-Matrix Panel).  

 

ɆŰɧɢɞɠ ŮɑɜŬɘ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜɞ ůɨůŰɖɛŬ Ŭˊɧ Űɞ ɞˊɞɑɞ ɜŬ ɛˊɞɟŮɑ 

ɜŬ ɔɑɜŮŰŬɘ ɞ ɞɟɘůɛɧɠ Űɞɡ ɛɖɜɨɛŬŰɞɠ ˊɟɞɠ ˊɟɞɓɞɚɐ Űɧůɞ ŰɞˊɘəɎ ɧůɞ əŬɘ 

ŬˊɞɛŬəɟɡůɛɏɜŬ. ũɘŬ ŬɡŰɧɜ Űɞɜ ɚɧɔɞ Űɞ ůɨůŰɖɛŬ ɗŬ ŭɘŬɗɏŰŮɘ ɞɗɧɜɖ Ŭűɐɠ ɔɘŬ Űɖɜ 

Űɞˊɘəɐ ŮɘůŬɔɤɔɐ Űɞɡ ɛɖɜɨɛŬŰɞɠ əŬɘ ˊŮɟŬɘŰɏɟɤ ɟɡɗɛɑůŮɤɜ ŬɚɚɎ əŬɘ ůɡůəŮɡɐ ɔɘŬ 

ˊɟɧůɓŬůɖ ůŮ ŭɑəŰɡɞ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ ɔɘŬ ŬˊɞɛŬəɟɡůɛɏɜɖ ŬˊɞůŰɞɚɐ Űɞɡ 

ɛɖɜɨɛŬŰɞɠ. 

 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ɗŬ ɔɑɜŮɘ Űɧůɞ ɖ əŬŰŬůəŮɡɐ Űɞɡ ˊɎɜŮɚ əŬɘ Űɖɠ 

ůɡůəŮɡɐɠ Ůɚɏɔɢɞɡ ŬɚɚɎ əŬɘ ɖ ůɡɔɔɟŬűɐ Űɞɡ ŬˊŬɟŬɑŰɖŰɞɡ ɚɞɔɘůɛɘəɞɨ ɔɘŬ ɜŬ 

ŮˊɘŰŮɡɢɗɞɨɜ ɞɘ ˊŬɟŬˊɎɜɤ ůŰɧɢɞɘ. ũɘŬ Űɞ ɖɚŮəŰɟɞɜɘəɧ -  əŬŰŬůəŮɡŬůŰɘəɧ əɞɛɛɎŰɘ 

Űɖɠ ŮɟɔŬůɑŬɠ ɏɔɘɜŮ ɢɟɐůɖ Űɖɠ ˊɚŬŰűɧɟɛŬɠ Arduino Ůɜɩ Űɞ ɚɞɔɘůɛɘəɧ ŬɜŬˊŰɨɢɗɖəŮ 

əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɖɠ ɔɚɩůůŬɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ C++, ˊɞɡ ŮɑɜŬɘ əŬɘ ɖ 

ɡˊɞůŰɖɟɘɕɧɛŮɜɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɔɘŬ Űɖɜ ˊɚŬŰűɧɟɛŬ Arduino.    

 

1.2 ȺɘůŬɔɤɔɐ - Ʉɟɧɚɞɔɞɠ  
 

ȼ ˊŬɟɞɨůŬ ˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ŬˊɞůəɞˊŮɑ ůŰɖɜ əŬŰŬůəŮɡɐ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ˊɞɡ 

ɗŬ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɢɟɐůŰɖ Űɖɜ ŬˊɞůŰɞɚɐ ɛɖɜɨɛŬŰɞɠ ɛŮ ŬůɨɟɛŬŰɞ Űɟɧˊɞ əŬɘ Űɖɜ 

ŮɛűɎɜɘůɖ Űɞɡ ůŮ ɞɗɧɜɖ Dot-Matrix. 

 

ɀŮ Űɞɜ ɧɟɞ ɞɗɧɜɖ Dot-Matrix ŮɜɜɞɞɨɛŮ ɛɘŬ ɛɞɜɎŭŬ ˊɟɞɓɞɚɐɠ ŮɘəɧɜŬɠ əŬɘ əŮɘɛɏɜɞɡ 

ˊɞɡ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɖ Ŭˊɧ ůɡůŰɞɘɢɑŮɠ ŭɘɧŭɤɜ LED. ɄŬɟɎŭŮɘɔɛŬ ŰɏŰɞɘɤɜ 
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ɛɞɜɎŭɤɜ ŬˊɞŰŮɚɞɨɜ ɞɘ ɞɗɧɜŮɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰŬ ɛŮŰɟɧ əŬɘ ŮɜɖɛŮɟɩɜɞɡɜ Űɞɡɠ 

ŮˊɘɓɎŰŮɠ ɔɘŬ Űɖɜ ɩɟŬ ŭɘɏɚŮɡůɖɠ Űɞɡ ůɡɟɛɞɨ. 

 

 

ȺɘəɧɜŬ 1.1 ɄɎɜŮɚ ŭɟɞɛɞɚɞɔɑɤɜ ɚŮɤűɞɟŮɑɤɜ 

   

ȼ ɡɚɞˊɞɑɖůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ŬɡŰɧɜɞɛŮɠ ɛɞɜɎŭŮɠ. ȼ ˊɟɩŰɖ ɛɞɜɎŭŬ ŮɑɜŬɘ ɖ 

ɞɗɧɜɖ Dot-Matrix ɧˊɞɡ ɗŬ ɔɑɜŮŰŬɘ ɖ ˊɟɞɓɞɚɐ Űɞɡ ɛɖɜɨɛŬŰɞɠ, ɖ ŭŮɨŰŮɟɖ ɛɞɜɎŭŬ ɗŬ 

ŮɑɜŬɘ ɖ ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ ůŰɖɜ ɞˊɞɑŬ ɛŮŰŬɝɨ Ɏɚɚɤɜ ɗŬ ɔɑɜŮŰŬɘ əŬɘ ɖ ɚɐɣɖ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɛɖɜɨɛŬŰɞɠ ˊɟɞɠ ˊɟɞɓɞɚɐ. Ƀɘ ɛɞɜɎŭŮɠ ɗŬ Ůˊɘəɞɘɜɤɜɞɨɜ ɛŮŰŬɝɨ 

Űɞɡɠ ŬůɨɟɛŬŰŬ. 

 

ũɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɏɜŬ ŰɏŰɞɘɞ ůɨůŰɖɛŬ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊɞɚɚɏɠ ŮűŬɟɛɞɔɏɠ əŬɗɩɠ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬůɨɟɛŬŰɖ ŬɜɎɟŰɖůɖ ɛɖɜɡɛɎŰɤɜ, ŮɜɖɛŮɟɩůŮɤɜ ɐ əŬɘ ŭɘŬűɖɛɑůŮɤɜ. 

ũɘŬ Űɖɜ Ůɜ ɚɧɔɞ ˊŰɡɢɘŬəɐ ŮɟɔŬůɑŬ ɗŮɤɟɞɨɛŮ Űɞ ůŮɜɎɟɘɞ ůŰɞ ɞˊɞɑɞ ɗŬ ɔɑɜŮŰŬɘ ɢɟɐůɖ 

Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ əŬɗɖɔɖŰɐ ɔɘŬ ɜŬ ŮɜɖɛŮɟɩɜŮɘ ŬɜɎ ˊɎůŬ ůŰɘɔɛɐ Űɞɡɠ űɞɘŰɖŰɏɠ 

ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ ɢɩɟɞ ˊɞɡ ŰŮɢɜɞɚɞɔɘəɞɨ ɘŭɟɨɛŬŰɞɠ ɛɏůɤ Ůɜɧɠ ˊɑɜŬəŬ 

ŬɜŬəɞɘɜɩůŮɤɜ əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ ůɡůŰɞɘɢɑŮɠ Dot-Matrix. 

 

ɀŮ ɔɜɩɛɞɜŬ ŰŬ ˊŬɟŬˊɎɜɤ ɗŬ ŬəɞɚɞɡɗɐůŮɘ ɛɘŬ ˊŮɟŬɘŰɏɟɤ ˊŮɟɘɔɟŬűɐ Űɤɜ ŭɨɞ 

ɛɞɜɎŭɤɜ əŬɘ Űɤɜ ɔŮɜɘəɩɜ ɚŮɘŰɞɡɟɔɘɩɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 
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ȼ ˊɟɩŰɖ ɛɞɜɎŭŬ, ŭɖɚŬŭɐ ɖ ɞɗɧɜɖ Dot-Matrix ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɖ Ůɝô ɞɚɞəɚɐɟɞɡ 

ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɝɘ ɛɞɜɎŭŮɠ Dot-Matrix 8 x 8 

əŬɘ ɡɚɞˊɞɘŮɑŰŬɘ ɛŮ Űɖɜ ˊɚŬŰűɧɟɛŬ Arduino əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɛŮ Űɞ Arduino Pro Mini 

ŬɚɚɎ əŬɘ ɏɜŬ ůɨůŰɖɛŬ ŬɜɎɔɜɤůɖɠ ɡˊɏɟɡɗɟɤɜ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮˊɘəɞɘɜɤɜŮɑ ɛŮ Űɖɜ 

ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ. Ɇəɞˊɧɠ Űɖɠ ɛɞɜɎŭŬɠ ŮɑɜŬɘ ɖ ŬɜɎɔɜɤůɖ Űɞɡ ɛɖɜɨɛŬŰɞɠ Ŭˊɧ Űɖɜ 

ɛɞɜɎŭŬ Ůɚɏɔɢɞɡ əŬɘ ɏˊŮɘŰŬ ɖ ˊɟɞɓɞɚɐ Űɞɡ ůŰɘɠ ůɡůŰɞɘɢɑŮɠ Dot-Matrix. 

 

ȺəŰɧɠ Ŭˊɧ Űɞ ɑŭɘɞ Űɞ ɛɐɜɡɛŬ ɖ ɛɞɜɎŭŬ Dot-Matrix ɚŬɛɓɎɜŮɘ Ŭˊɧ Űɖɜ əŮɜŰɟɘəɐ 

ɛɞɜɎŭŬ əŬɘ ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɔɘŬ Űɞɜ Űɟɧˊɞ ˊɟɞɓɞɚɐɠ Űɞɡ ɛɖɜɨɛŬŰɞɠ ɧˊɤɠ 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ űɞɟɎ əŬɘ ŰŬɢɨŰɖŰŬ əɨɚɘůɖɠ. 

 

ȼ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ, ˊɞɡ ŮɑɜŬɘ ɖ ŭŮɨŰŮɟɖ ɛɞɜɎŭŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɏɢŮɘ ˊɘɞ ůɨɜɗŮŰɞ 

ɏɟɔɞ. ɈɚɞˊɞɘŮɑŰŬɘ əŬɘ ŬɡŰɐ ɛŮ Űɖɜ ˊɚŬŰűɧɟɛŬ Arduino əɎɜɞɜŰŬɠ ůɡɔəŮəɟɘɛɏɜŬ 

ɢɟɐůɖ Űɞɡ Arduino Mega. ȺˊɘɚɏɢɗɖəŮ Űɞ ůɡɔəŮɑɛŮɜɞ ɛɞɜŰɏɚɞ ŭɘɧŰɘ ˊɟɞůűɏɟŮɘ Űɞɜ 

ɛŮɔŬɚɨŰŮɟɞ ŬˊɞɗɖəŮɡŰɘəɧ ɢɩɟɞ əɩŭɘəŬ əŬɘ ŭɘŬɗɏůɘɛɖɠ ɛɜɐɛɖɠ, əŬɗɩɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ˊɞɚɚŬˊɚɩɜ əŬɘ ůɡɜɗŮŰɩɜ ɚŮɘŰɞɡɟɔɘɩɜ ˊɞɡ 

ˊɟɞɞɟɑɕŮŰŬɘ. ɄɏɟŬ Ŭˊɧ Űɞ Arduino Űɖɜ ɛɞɜɎŭŬ ůɡɜɗɏŰɞɡɜ, ɛɞɜɎŭŬ GSM ɔɘŬ Űɖɜ 

ɚŮɘɣɐ ɛɖɜɡɛɎŰɤɜ SMS, ɞɗɧɜɖ Ŭűɐɠ ɔɘŬ ŭɘŮˊŬűɐ ɛŮ Űɞɜ ɢɟɐůŰɖ əŬɘ ɛɞɜɎŭŬ 

ŮɘůŬɔɤɔɐɠ əɎɟŰŬɠ ɛɜɐɛɖɠ SD ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ ɛŮŰŬűɞɟɎ ɟɡɗɛɑůŮɤɜ. 

 

ɀŮ Űɞɜ ɧɟɞ ɛɞɜɎŭŬ GSM ŮɜɜɞɞɨɛŮ ɛɞɜɎŭŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ůɨɜŭŮůɖ ůŮ ŭɑəŰɡɞ 

əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ ŭŮɨŰŮɟɖɠ ɔŮɜɘɎɠ (2G) əŬɘ ˊɎɜɤ. ɆɡɔəŮəɟɘɛɏɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ɖ ɛɞɜɎŭŬ ŭɘŬɛɞɟűɤŰɐ - ŬˊɞŭɘŬɛɞɟűɤŰɐ (modem) SIM900 Űɖɠ ŮŰŬɘɟŮɑŬɠ SIMCOM. 

ȼ ɛɞɜɎŭŬ ɢɟŮɘɎɕŮŰŬɘ əɎɟŰŬ SIM ɛŮ ɏɔəɡɟɞ ŰɖɚŮűɤɜɘəɧ Ŭɟɘɗɛɧ ɔɘŬ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ůɡɜŭŮɗŮɑ ůŰɞ ŭɑəŰɡɞ əɘɜɖŰɐɠ ŰɖɚŮűɤɜɑŬɠ. 

 

ȼ ɞɗɧɜɖ Ŭűɐɠ ŮɑɜŬɘ Űɨˊɞɡ TFT LCD əŬɘ ŬɜɎɚɡůɖɠ 320 x 240 ˊɑɝŮɚ əŬɘ ˊŮɟɘɏɢŮɘ əŬɘ 

ˊɟɧůɗŮŰɖ ŭɘŮˊŬűɐ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ əɎɟŰŬɠ ɛɜɐɛɖɠ Űɨˊɞɡ SD. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ 

ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ˊɟɞůŰɏɗɖəŮ əŬɘ ŭŮɨŰŮɟɖ əɎɟŰŬ ɛɜɐɛɖɠ SD ɔɘŬ Űɖɜ ŬˊɞɗɐəŮɡůɖ 

Űɤɜ ɟɡɗɛɑůŮɤɜ əŬɘ ˊŬɟŬɛɏŰɟɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ. 

 

ũɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɞɡ ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Űɖɠ ɞɗɧɜɖɠ Ŭűɐɠ ŭɖɛɘɞɡɟɔɐɗɖəŮ 

ɓɘɓɚɘɞɗɐəɖ ɔɟŬűɘəɩɜ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ Űɞɜ ůɢŮŭɘŬůɛɧ ŭɘŬűɧɟɤɜ 

ɔɟŬűɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɧˊɤɠ əɞɡɛˊɘɎ əŬɘ ˊŮɟɘɞɢɏɠ ŮɘůŬɔɤɔɐɠ əŬɘ ŮɛűɎɜɘůɖɠ 
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əŮɘɛɏɜɞɡ. ȼ ɓɘɓɚɘɞɗɐəɖ ŮɑɜŬɘ ɔɟŬɛɛɏɜɖ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ɧůɞ 

Űɞ ŭɡɜŬŰɧɜ ɚɘɔɧŰŮɟɞɡɠ ˊɧɟɞɡɠ, əɎŰɘ Ůɨɚɞɔɞ ɛɘŬɠ əŬɘ ɖ ˊɚŬŰűɧɟɛŬ Arduino 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɔɘŬ ŬˊɚɞɨůŰŮɟŮɠ ŮűŬɟɛɞɔɏɠ ɚɧɔɞ Űɤɜ ˊŮɟɘɞɟɘůɛɏɜɤɜ 

ˊɧɟɤɜ ˊɞɡ ŭɘŬɗɏŰŮɘ. 

 

ɇɧůɞ ɖ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ɧůɞ əŬɘ ɖ ɛɞɜɎŭŬ Dot-Matrix ɡˊɞůŰɖɟɑɕɞɡɜ Űɖɜ ŮɛűɎɜɘůɖ 

Ŭɔɔɚɘəɞɨ əŬɘ Ůɚɚɖɜɘəɞɨ əŮɘɛɏɜɞɡ. ȼ ɡˊɞůŰɐɟɘɝɖ Űɖɠ Ůɚɚɖɜɘəɐɠ ɔɚɩůůŬɠ 

ˊɟɞůŰɏɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ əŬɘ ŭŮɜ ɡˊɞůŰɖɟɑɕɞɜŰŬɜ Ŭɟɢɘəɩɠ 

Ŭˊɧ Űɘɠ ɓɘɓɚɘɞɗɐəŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ. 

 

ɄɟɞŰɞɨ ˊɟɞɢɤɟɐůɞɡɛŮ ůŰɖɜ ɚŮˊŰɞɛŮɟɐ ŬɜɎɚɡůɖ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ, ɗŬ ɔɑɜŮɘ 

ɛɘŬ ɛɘəɟɐ ˊŮɟɘɔɟŬűɐ ůŰɘɠ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɞ ůɨůŰɖɛŬ ůɨɛűɤɜŬ ɛŮ Űɞ 

ůŮɜɎɟɘɞ ɢɟɐůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ Ŭˊɧ Űɞɜ əŬɗɖɔɖŰɐ əŬɘ Űɞɡɠ űɞɘŰɖŰɏɠ. 

 

ȼ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ɗŬ ɓɟɑůəŮŰŬɘ ˊɟɞůɓɎůɘɛɖ ůŰɞɜ ɢɩɟɞ Űɞɡ ŰŮɢɜɞɚɞɔɘəɞɨ 

ɘŭɟɨɛŬŰɞɠ ɧˊɞɡ ɗŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɖɠ Űɧůɞ Ŭˊɧ Űɞɡɠ űɞɘŰɖŰɏɠ ɧůɞ əŬɘ 

Ŭˊɧ Űɞɜ əŬɗɖɔɖŰɐ. ɆŰɞɜ ɑŭɘɞ ɢɩɟɞ ɗŬ ɓɟɑůəŮŰŬɘ əŬɘ ŬɜŬɟŰɖɛɏɜɖ ɖ ɛɞɜɎŭŬ Dot-

Matrix ɖ ɞˊɞɑŬ ɗŬ ŮˊɘəɞɘɜɤɜŮɑ ɛŮ Űɖɜ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ŬůɨɟɛŬŰŬ ɛɏůɤ ɡˊɏɟɡɗɟɤɜ. 

 

Ƀ əŬɗɖɔɖŰɐɠ ɗŬ ɛˊɞɟŮɑ ɜŬ ŬˊɞůŰŮɑɚŮɘ ɛɐɜɡɛŬ SMS ɔɘŬ ˊɟɞɓɞɚɐ ɛɏůɤ Űɞɡ əɘɜɖŰɞɨ 

Űɞɡ ŰɖɚŮűɩɜɞɡ. ɇɞ ɛɐɜɡɛŬ ɗŬ ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɖɜ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ, ůŰɖɜ ɞˊɞɑŬ 

ɓɟɑůəŮŰŬɘ əŬɘ ɖ ɛɞɜɎŭŬ GSM, əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ŬˊɞůŰɏɚɚŮŰŬɘ ŬůɨɟɛŬŰŬ ůŰɖɜ 

ɛɞɜɎŭŬ Dot-Matrix ɔɘŬ ˊɟɞɓɞɚɐ. 

 

ȺəŰɧɠ Ŭˊɧ Űɞɜ ŬˊɞɛŬəɟɡůɛɏɜɞ Űɟɧˊɞ, ɞ əŬɗɖɔɖŰɐɠ ɗŬ ɛˊɞɟŮɑ ɜŬ ɔɟɎɣŮɘ əŬɘ ɜŬ 

ŬˊɞůŰŮɑɚŮɘ Űɞ ɛɐɜɡɛŬ ůŰɖɜ ɛɞɜɎŭŬ Dot-Matrix əŬɘ ŰɞˊɘəɎ ɛɏůɤ Űɖɠ əŮɜŰɟɘəɐɠ 

ɛɞɜɎŭŬɠ ŬˊɞəŰɩɜŰŬɠ ˊɟɧůɓŬůɖ ůŰɞ ɛŮɜɞɨ ŭɘŬɢŮɑɟɘůɖɠ Űɖɠ əŮɜŰɟɘəɐɠ ɛɞɜɎŭŬɠ ɛŮ 

Űɖɜ ŮɘůŬɔɤɔɐ Űɤɜ ˊɟɞůɤˊɘəɩɜ Űɞɡ ůŰɞɘɢŮɑɤɜ. ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬˊɞůŰɞɚɐ Űɞɡ 

ɛɖɜɨɛŬŰɞɠ Űɞ ɛŮɜɞɨ ŭɘŬɢŮɑɟɘůɖɠ ˊɟɞůűɏɟŮɘ əŬɘ ɎɚɚŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ɧˊɤɠ, ɟɨɗɛɘůɖ 

ŭɘŬűɧɟɤɜ ˊŬɟŬɛɏŰɟɤɜ ɔɘŬ Űɞɜ Űɟɧˊɞ ŬˊŮɘəɧɜɘůɖɠ Űɞɡ ɛɖɜɨɛŬŰɞɠ ůŰɖɜ ɛɞɜɎŭŬ 

Dot-Matrix, ŬɜŰɘɔɟŬűɐ Űɤɜ ɟɡɗɛɑůŮɤɜ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ Űɖɠ ɛɞɜɎŭŬɠ Dot-Matrix 

Ŭˊɧ Űɖɜ əɎɟŰŬ ɛɜɐɛɖɠ SD əŬɘ ɞɟɘůɛɧ ɛɏɢɟɘ əŬɘ Űɟɘɩɜ ŬɟɢŮɑɤɜ CSV, ˊɞɡ ɓɟɑůəɞɜŰŬɘ 

ůŰɖɜ əɎɟŰŬ ɛɜɐɛɖɠ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜŮŰŬɘ ŬɜɎɔɜɤůɖ ɓŬɗɛɞɚɞɔɘɩɜ ůŮ 

ɛɏɢɟɘ əŬɘ ŰɟɑŬ ɛŬɗɐɛŬŰŬ. 



ɮˋˏˊ˃ʰˍʹ ɳ˄ʹ˃ʷˊ˖ˋʹ ʁʻˈ˄ʹˌ ɼʶʽ˃ʷ˄ˇˎ ɾʶ LED 

 

ɼ˖ˍˋʱˁʹˌ ɮ˄ʵˊʷʰˌ   -   ɽˎ˃ˉʷˊʹˌ ɮ˄ʵˊʷʰˌ   15 

  

 

ȷˊɧ Űɖɜ ˊɚŮɡɟɎ Űɞɡɠ ɞɘ űɞɘŰɖŰɏɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜ Űɖɜ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ 

əŬɘ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ Ŭɟɘɗɛɞɨ ɛɖŰɟɩɞɡ Űɞɡɠ ɜŬ ŮɜɖɛŮɟɩɜɞɜŰŬɘ ɔɘŬ Űɘɠ 

ɓŬɗɛɞɚɞɔɑŮɠ Űɞɡɠ ůŰŬ ŰɟɑŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ɛŬɗɐɛŬŰŬ. Ƀ əŬɗɖɔɖŰɐɠ ɛˊɞɟŮɑ ɜŬ 

ŮɜɖɛŮɟɩɜŮɘ ŰŬ ŬɟɢŮɑŬ əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɞɡ ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ˊɚɞɐɔɖůɖɠ 

ůŰŬ ŬɟɢŮɑŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ůɡɜŭŮŭŮɛɏɜɖ əɎɟŰŬ ɛɜɐɛɖɠ. 
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ȾȺūȷȿȷȽɃ 2 
 

ɈȿȽȾɃ ȾȷȽ ȾȷɇȷɆȾȺɈȼ 

 

 ɆŰɞ əŮűɎɚŬɘɞ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɗŬ ɔɑɜŮɘ ŬɜŬűɞɟɎ ůŰɞ ɡɚɘəɧ Űɖɠ ˊŰɡɢɘŬəɐɠ 

ŮɟɔŬůɑŬɠ. ȷɟɢɘəɩɠ ɗŬ ŬɜŬɚɡɗɞɨɜ ŰŬ ŮɝŬɟŰɐɛŬŰŬ əŬɘ ɞɘ ɏŰɞɘɛŮɠ ɛɞɜɎŭŮɠ (modules) 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɗŬ ɔɑɜŮɘ ŬɜɎɚɡůɖ Űɞɡ Űɟɧˊɞɡ 

ůɡɜŭŮůɛɞɚɞɔɑŬɠ əŬɘ Űɞɡ ɖɚŮəŰɟɞɜɘəɞɨ əŬɘ əŬŰŬůəŮɡŬůŰɘəɞɨ ɏɟɔɞɡ ɩůŰŮ ɜŬ 

ɞɚɞəɚɖɟɤɗɞɨɜ əŬɘ ɞɘ ŭɨɞ ɛɞɜɎŭŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ŬˊɞŰŮɚŮɑŰŬɘ Űɞ ŮűŬɟɛɞůɛɏɜɞ 

ůɨůŰɖɛŬ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. 

 

2.1 ȺɝŬɟŰɐɛŬŰŬ əŬɘ ɀɞɜɎŭŮɠ 
 

 ɆŮ ŬɡŰɧ Űɞ ɡˊɞəŮűɎɚŬɘɞ ɗŬ ɔɑɜŮɘ ɖ ˊŬɟɞɡůɑŬůɖ ɧɚɤɜ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ əŬɘ Űɤɜ 

ɛɞɜɎŭɤɜ ˊɞɡ ɢɟŮɘɎůŰɖəŬɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ əŬɘ Űɖɠ əŮɜŰɟɘəɐɠ ɛɞɜɎŭŬɠ Ůɚɏɔɢɞɡ 

əŬɘ Űɞɡ Dot-Matrix  ˊɎɜŮɚ. 

 

2.1.1 Arduino Mega - Arduino Pro Mini 
 

ɇɞ Arduino ŮɑɜŬɘ ɛɘŬ ˊɚŬŰűɧɟɛŬ ŮɚŮɨɗŮɟɞɡ ɚɞɔɘůɛɘəɞɨ ɓŬůɘůɛɏɜɖ ůŰɖɜ ŮɡəɞɚɑŬ 

ɢɟɐůɖɠ Űɤɜ ɡɚɘəɩɜ əŬɘ Űɞɡ ɚɞɔɘůɛɘəɞɨ. Ƀɘ ˊɚŬəɏŰŮɠ Űɞɡ Arduino ɛˊɞɟɞɨɜ ɜŬ 

ŭŮɢŰɞɨɜ ɤɠ Ůɑůɞŭɞ ɏɜŬ əɞɡɛˊɑ, ɏɜŬ ɛɐɜɡɛŬ Ŭˊɧ Űɞ Twitter ɐ ɏɜŬɜ ŬɘůɗɖŰɐɟŬ űɤŰɧɠ 

əŬɘ ɜŬ ŮɜŮɟɔɞˊɞɘɐůŮɘ ɏɜŬ LED, ɏɜŬɜ əɘɜɖŰɐɟŬ ɐ ɜŬ ŭɖɛɞůɘŮɨůŮɘ əɎŰɘ ůŰɞ ŭɘŬŭɑəŰɡɞ 

əŬɘ ɧɚŬ ŬɡŰɎ ɛŮ Űɖɜ ɢɟɐůɖ əɎˊɞɘɤɜ ɞɟɘůɛɏɜɤɜ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɩɜ ŮɜŰɞɚɩɜ Űɞɡ 

ɚɞɔɘůɛɘəɞɨ Arduino (Arduino Software (IDE)). 
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ȺɘəɧɜŬ 2.1: Arduino Mega 

 

Ƀ ɚɧɔɞɠ ˊɞɡ ɖ ˊɚŬŰűɧɟɛŬ Arduino ŮɑɜŬɘ Űɧůɞ ŭɘŬŭŮŭɞɛɏɜɖ ŮɑɜŬɘ ɔɘŬŰɑ ŮɑɜŬɘ : 

 

¶ ȷɟəŮŰɎ ɞɘəɞɜɞɛɘəɐ ůŮ ŬɜŰɑɗŮůɖ ɛŮ ɎɚɚŮɠ ˊɚŬŰűɧɟɛŮɠ ɛŮ ɛɘəɟɞŮɚŮɔəŰɏɠ 

 

¶ ɀˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ɚŮɘŰɞɡɟɔɘəɎ Windows, Macintosh OSX əŬɘ 

Linux. ɇŬ ˊŮɟɘůůɧŰŮɟŬ ůɡůŰɐɛŬŰŬ ɛŮ ɛɘəɟɞŮɚŮɔəŰɏɠ ɡˊɞůŰɖɟɑɕɞɜŰŬɘ ɛɧɜɞ 

Ŭˊɧ Űɖ ɚŮɘŰɞɡɟɔɘəɎ Windows. 

 

¶ Ⱥɨəɞɚɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ, ɘŭŬɜɘəɧ ɔɘŬ ŬɟɢɎɟɘɞɡɠ ŬɚɚɎ əŬɘ 

ɏɛˊŮɘɟɞɡɠ ɢɟɐůŰŮɠ. 

 

¶ ȺɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ ɛŮ ŭɡɜŬŰɧŰɖŰŮɠ ŮˊɏəŰŬůɐɠ Űɞɡ Ŭˊɧ ɏɛˊŮɘɟɞɡɠ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ. 

 

¶ ȺɚŮɨɗŮɟɞ ɚɞɔɘůɛɘəɧ ɛŮ ŭɡɜŬŰɧŰɖŰŬ ŮˊɏəŰŬůɖɠ Űɞɡ əŬŰŬůəŮɡŬůŰɘəɞɨ ŰɞɛɏŬ 

 
 

Ƀɘ ɛɞɜɎŭŮɠ Arduino ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ 

ŮɑɜŬɘ Űɞ Arduino Mega əŬɘ Űɞ Arduino Pro Mini. ɇɞ ˊɟɩŰɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ 

əŬŰŬůəŮɡɐ Űɖɠ əŮɜŰɟɘəɐɠ ɛɞɜɎŭŬɠ Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ɔɘŬ Űɞ Dot-Matrix ˊɎɜŮɚ. ȼ 

Ůˊɘɚɞɔɐ Űɞɡ Arduino Mega ɐŰŬɜ ŬˊŬɟŬɑŰɖŰɖ əŬɗɩɠ, ɧˊɤɠ ɗŬ ŭɞɨɛŮ əŬɘ ˊŬɟŬəɎŰɤ, 
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ŮɑɜŬɘ Űɞ ɛɞɜŬŭɘəɧ Ŭˊɧ ŰŬ Arduino ɛŮ ɞɢŰɎɛˊɘŰɞ ɛɘəɟɞŮɚŮɔəŰɐ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ɛɜɐɛɖ RAM əŬɘ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ŬəɟɞŭŮəŰɩɜ, ŬˊŬɟŬɑŰɖŰŬ ɔɘŬ Űɖɜ 

ůɡɜŭŮůɛɞɚɞɔɑŬ ɧɚɤɜ Űɤɜ ɛɞɜɎŭɤɜ əŬɘ Űɤɜ ŮɝŬɟŰɖɛɎŰɤɜ ˊɞɡ ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ 

əŬŰŬůəŮɡɐ Űɖɠ əŮɜŰɟɘəɐɠ ɛɞɜɎŭŬɠ. ȷɜŰɑɗŮŰŬ, Űɞ Arduino Pro Mini ŮˊɘɚɏɢɗɖəŮ ɔɘŬŰɑ 

ɐŰŬɜ Űɞ űɗɖɜɧŰŮɟɞ Ŭűɞɨ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ əɎɜŮɘ ŮɑɜŬɘ ˊɞɚɨ 

ůɡɔəŮəɟɘɛɏɜŮɠ. ɄŬɟŬəɎŰɤ Ŭəɞɚɞɡɗɞɨɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭɨɞ ɛɞɜɎŭɤɜ əŬɘ 

ŭɘŬűɞɟɏɠ Űɞɡɠ. 

 

 

ȺɘəɧɜŬ 2.2: Arduino Pro Mini 

 

Microcontroller  ATmega2560 ATmega328 

Operating Voltage  5V 
3.3V or 5V (depending 
on model) 

Input Voltage  7-12V 5 - 12 V (5V model) 

Digital I/O Pins  54 ( 15 PWM ) 14 (6 PWM) 

Analog Input Pins  16 6 

DC Current per I/O Pin  20 mA 40 mA 

Flash Memory  
256 KB - 8 KB 
bootloader 

32 kB - 0.5 kB 
bootloader 

SRAM  8 KB 2 kB 

EEPROM  4 KB 1 kB 

Clock Speed  16 MHz 16 MHz (5V model) 

       

ɄɑɜŬəŬɠ 2.1: ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Arduino Mega əŬɘ Pro Mini 
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2.1.2 GSM Module ï AT Commands 
 

 ũɘŬ Űɖɜ ůɨɜŭŮůɖ Űɖɠ əŮɜŰɟɘəɐɠ ɛɞɜɎŭŬɠ ůŰɞ ŭɑəŰɡɞ ŰɖɚŮűɤɜɑŬɠ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ 

Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɚɐɣɖɠ ɛɖɜɡɛɎŰɤɜ SMS ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ Űɖɜ ɛɞɜɎŭŬ GSM Űɖɠ 

ˊŬɟŬəɎŰɤ ŮɘəɧɜŬɠ. 

 

 

ȺɘəɧɜŬ 2.3: SIM900 GSM Shield 

 
ȼ ɛɞɜɎŭŬ GSM  ɓŬůɑɕŮŰŬɘ ůŰɞɜ ɛɘəɟɞŮɚŮɔəŰɐ SIM900 Űɖɠ ŮŰŬɘɟɑŬɠ SIMCOM. Ƀ 

ɛɘəɟɞŮɚŮɔəŰɐɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ůɨɜŭŮůɖ ůŮ ŭɑəŰɘŬ ŰɖɚŮűɤɜɑŬɠ 2.5G, ŭɖɚŬŭɐ ŮˊɘŰɟɏˊŮɘ 

ŮəŰɧɠ Ŭˊɧ Űɘɠ əɚɐůŮɘɠ əŬɘ Űɘɠ ŬˊɞůŰɞɚɏɠ SMS əŬɘ MMS ɛɏůɤ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ 

GSM  əŬɘ Űɖɜ ŬůɨɟɛŬŰɖ ˊɟɧůɓŬůɖ ůŰɞ ŭɘŬŭɑəŰɡɞ ɛŮ ŰŬɢɨŰɖŰŮɠ ɏɤɠ 85.6 mbps 

ɛɏůɤ GPRS. ȼ ɡɚɞˊɞɑɖůɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ŮɑɜŬɘ Űɖɠ ŮŰŬɘɟɑŬɠ SaintSmart əŬɘ 

ɡˊɞůŰɖɟɑɕŮɘ ŮəŰɧɠ Űɤɜ Ɏɚɚɤɜ əŬɘ Űɖɜ ůɨɜŭŮůɖ ɛɘəɟɞűɩɜɞɡ əŬɘ ŬəɞɡůŰɘəɩɜ. ȳˊɤɠ 

əŬɘ ɛŮ ɧɚŮɠ Űɘɠ ɛɞɜɎŭŮɠ GSM ɔɘŬ ɜŬ ɔɑɜŮɘ ŮűɘəŰɐ ɖ ůɨɜŭŮůɖ ůŰɞ ŭɑəŰɡɞ əɘɜɖŰɐɠ 

ŰɖɚŮűɤɜɑŬɠ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɘůŬɔɤɔɐ əɎɟŰŬɠ SIM ůŰɖɜ ŬɜŰɑůŰɞɘɢɖ ŭɘŮˊŬűɐ ůŰɞ 

əɎŰɤ ɛɏɟɞɠ Űɖɠ ɛɞɜɎŭŬɠ. 
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ȺɘəɧɜŬ 2.4: ɄŬɟɎŭŮɘɔɛŬ əɩŭɘəŬ ɛŮ ȷɇ Commands 

 

ȼ ůɡůəŮɡɐ GSM ŮˊɘəɞɘɜɤɜŮɑ ɛŮ Űɞ Arduino ɛɏůɤ ůŮɘɟɘŬəɐɠ ůɨɜŭŮůɖɠ əŬɘ ɞ Űɟɧˊɞɠ 

ɛŮ Űɞɜ ɞˊɞɑɞ ɛˊɞɟɞɨɛŮ ɜŬ ŬɜŬɗɏůɞɡɛŮ əɎˊɞɘŬ ɚŮɘŰɞɡɟɔɑŬ ůŰɖɜ ɛɞɜɎŭŬ ŮɑɜŬɘ ɛɏůɤ 

ŮɜŰɞɚɩɜ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ȷɇ (AT Commands). 

 

ȷɡŰɏɠ ŮɑɜŬɘ ɏɜŬ ůŮŰ Ŭˊɧ ŮɜŰɞɚɏɠ ˊɞɡ ɝŮəɘɜɎɜŮ ˊɎɜŰŬ ɛŮ ŰŬ ɔɟɎɛɛŬŰŬ ȷɇ, Ůɝɞɨ əŬɘ 

ɖ ɞɜɞɛŬůɑŬ Űɞɡɠ, əŬɘ ɛŮŰɎ ŮɑŰŮ ɏɢɞɡɜ Ɏɚɚɞ ɏɜŬ ɔɟɎɛɛŬ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɖɜ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ɕɖŰɎɛŮ ( ˊ.ɢ. ATD ŮɑɜŬɘ ɖ ŮɜŰɞɚɐ ɔɘŬ Űɖɜ əɚɐůɖ ɐ Ŭɚɚɘɩɠ Dial ) ŮɑŰŮ 

ɏɢɞɡɜ Űɞ ůɨɛɓɞɚɞ + əŬɘ ɛŮŰɎ Űɖɜ ŮɜŰɞɚɐ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ŮɜɏɟɔŮɘŬ ˊɞɡ ɗɏɚɞɡɛŮ 

( ˊ.ɢ. AT+CMGS əŬɘ AT+CMGR ŮɑɜŬɘ ɞɘ ŮɜŰɞɚɏɠ ɔɘŬ Űɖɜ ŬˊɞůŰɞɚɐ əŬɘ ɚɐɣɖ 

ɔɟŬˊŰɩɜ ɛɖɜɡɛɎŰɤɜ ɐ Ŭɚɚɘɩɠ Send əŬɘ Receive ). ɄŬɟŬəɎŰɤ ŬəɞɚɞɡɗŮɑ ɏɜŬɠ 

ˊɑɜŬəŬɠ ɛŮ Űɘɠ ŮɜŰɞɚɏɠ ȷɇ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɞ ɚɞɔɘůɛɘəɧ Űɖɠ ˊŰɡɢɘŬəɐɠ 

ŮɟɔŬůɑŬɠ. 
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AT+CPIN="SIMPINò ȺəɢɤɟŮɑ Űɞ pin ůŰɖɜ əɎɟŰŬ SIM 

AT+CMGF=1 
ɃɟɑɕŮɘ Űɞɜ Űɟɧˊɞ ŬɜɎɔɜɤůɖɠ Űɞɡ 

ŮɘůŮɟɢɧɛŮɜɞɡ SMS ůŮ txt mode. 

AT+CMGD=1,4 

ȹɘŬɔɟɎűŮɘ ɧɚŬ ŰŬ ŬˊɞɗɖəŮɡɛɏɜŬ 

ɛɖɜɨɛŬŰŬ SMS ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ 

əɎɟŰŬ SIM. 

+CMGL 
ɀɐɜɡɛŬ Ůɜɖɛɏɟɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ 

ɔɘŬ ŮɘůŮɟɢɧɛŮɜɞ SMS. 

+CMGR 
ȷɜɎɔɜɤůɖ SMS ɛɖɜɨɛŬŰɞɠ  Ŭɛɏůɤɠ 

ɛŮŰɎ Űɖ ɚɐɣɖ. 

+CMTI 

ɀɐɜɡɛŬ Ůɜɖɛɏɟɤůɖɠ ŮɘůŮɟɢɧɛŮɜɞɡ 

SMS ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ Űɞɡ 

ŭŮɑəŰɖ ɗɏůɖɠ ůŰɖɜ ɛɜɐɛɖ. 

          

ɄɑɜŬəŬɠ 2.2: AT Commands ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

 

2.1.3 TFT LCD Touch Screen 
 

 ũɘŬ Űɖɜ ˊɟɞɓɞɚɐ Űɞɡ ɔɟŬűɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ Ůɚɏɔɢɞɡ əŬɘ Űɖɜ ŭɘŮˊŬűɐ Űɞɡ 

ɢɟɐůŰɖ ɛŮ Űɖɜ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɞɗɧɜɖ Ŭűɐɠ Űɨˊɞɡ TFT LCD. ȼ 

ɞɗɧɜɖ Ŭűɐɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ŮɑɜŬɘ ůŰɘɠ 3.2 ɑɜŰůŮɠ, ɓŬůɑɕŮŰŬɘ ůŰɞ ɞɚɞəɚɖɟɤɛɏɜɞ 

HX8347-A əŬɘ ɏɢŮɘ ŬɜɎɚɡůɖ ŮɘəɧɜŬɠ 320 x 240 ˊɑɝŮɚ əŬɘ ɓɎɗɞɠ ɢɟɩɛŬŰɞɠ 262 

ɢɘɚɘɎŭɤɜ ɢɟɤɛɎŰɤɜ. ȼ Ůˊɘɚɞɔɐ Űɖɠ ɞɗɧɜɖɠ ɏɔɘɜŮ Űɧůɞ ɛŮ ɔɜɩɛɞɜŬ Űɞ əɧůŰɞɠ ɧůɞ 

əŬɘ Űɖɜ ŭɘŬɗɏůɘɛɖ ŮˊŮɝŮɟɔŬůŰɘəɐ ɘůɢɨ Űɞɡ Arduino. 
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ȺɘəɧɜŬ 2.5: 3.2 TFT LCD touch screen 

 

 

ɄŬɟŬəɎŰɤ ŬəɞɚɞɡɗŮɑ ɏɜŬɠ ˊɑɜŬəŬɠ ɛŮ ŰŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ 

Űɖɠ ɞɗɧɜɖɠ. Ⱥŭɩ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ ɞɗɧɜɖ ɚŮɘŰɞɡɟɔŮɑ ůŰŬ 3.3V Ůɜ ŬɜŰɘɗɏůŮɘ 

ɛŮ Űɞ Arduino ˊɞɡ ɏɢŮɘ ɤɠ ŰɎůɖ ɚŮɘŰɞɡɟɔɑŬɠ ŰŬ 5V. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ŭɨɞ ɛɞɜɎŭŮɠ 

ŭŮɜ ŮɑɜŬɘ ůɡɛɓŬŰɏɠ əŬɘ ɢɟŮɘɎɕŮŰŬɘ ŮɜŭɘɎɛŮůɞ əɨəɚɤɛŬ ɔɘŬ Űɖɜ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ. 

 

ūɡůɘəɏɠ ȹɘŬůŰɎůŮɘɠ 57.54 (W) x 79.2 (H) x 4.40(T) mm 

ɇɨˊɞɠ Ƀɗɧɜɖɠ TFT LCD 

ȷɜɎɚɡůɖ Ƀɗɧɜɖɠ 320 x 240 

ȸɎɗɞɠ ɉɟɤɛɎŰɤɜ 16 bit 

ɇɨˊɞɠ LED űɤŰɘůɛɞɨ WHITE LED 

ȺˊŮɝŮɟɔŬůŰɐɠ HX8347-A 

  

ɄɑɜŬəŬɠ 2.3: ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɞɗɧɜɖɠ Ŭűɐɠ 

   

ȰɜŬɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ ŮɑɜŬɘ ɖ ɢɟɐůɖ ŭɘŬɘɟɏŰɖ ŰɎůɖɠ ůŮ əɎɗŮ 

ŬəɟɞŭɏəŰɖ ˊɞɡ ůɡɜŭɏŮɘ Űɘɠ ŭɨɞ ɛɞɜɎŭŮɠ. ȷɡŰɧ ɧɛɤɠ ůɖɛŬɑɜŮɘ ɧŰɘ ˊɟɏˊŮɘ ɜŬ əɎɜɞɡɛŮ 

ŭɘŬɘɟɏŰɖ ɔɘŬ ˊɎɜɤ Ŭˊɧ ŰɟɘɎɜŰŬ ŬəɟɞŭɏəŰŮɠ, ŭɖɚŬŭɐ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ˊɎɜɤ 

Ŭˊɧ ŮɝɐɜŰŬ ŬɜŰɘůŰɎŰŮɠ. ȷɡŰɧ ɗŬ əŬɗɘůŰɞɨůŮ Űɞ əɨəɚɤɛŬ ˊɞɚɨ ɛŮɔɎɚɞ əŬɘ 

ɞɡůɘŬůŰɘəɎ ŭŮɜ ɗŬ ɏɚɡɜŮ əŬɘ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ůɡɜŭŮůɛɞɚɞɔɑŬɠ əŬɗɩɠ ɖ ɞɗɧɜɖ ŭŮɜ 

ŬəɞɚɞɡɗŮɑ ŰŬ ˊɟɧŰɡˊŬ ůɢŮŭɑŬůɖɠ Űɞɡ Arduino ˊɞɡ ŮɑɜŬɘ ůŮ ɛɞɟűɐ modules. 
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ȺɡŰɡɢɩɠ ɡˊɎɟɢɞɡɜ ɐŭɖ ɏŰɞɘɛɞɘ ŬɜŰɎˊŰɞɟŮɠ ůŰɖɜ ŬɔɞɟɎ ɧˊɞɡ Ŭˊɚɞˊɞɘɞɨɜ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɨɜŭŮůɖɠ Űɖɠ ɞɗɧɜɖɠ ɛŮ Űɞ Arduino Mega. Ƀ ŬɜŰɎˊŰɞɟŬɠ ˊɞɡ 

ŮˊɘɚɏɢɗɖəŮ űŬɑɜŮŰŬɘ ůŰɖ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ. 

 

 

 

 

ȺɘəɧɜŬ 2.6: ȷɜŰɎˊŰɞɟŬɠ TFT LCD ůŮ Arduino Mega 

 

ɇɏɚɞɠ, ŬɜŬűɏɟɞɡɛŮ ɧŰɘ ɖ ɛɞɜɎŭŬ Űɖɠ ɞɗɧɜɖɠ ˊɟɞůűɏɟŮɘ əŬɘ ŭɘŮˊŬűɐ ɔɘŬ ŮɘůŬɔɤɔɐ 

əɎɟŰŬ ɛɜɐɛɖɠ Űɨˊɞɡ SD. ȼ əɎɟŰŬ ŭŮɜ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Űɖɠ ɞɗɧɜɖɠ Ŭˊɚɩɠ ɡˊɎɟɢŮɘ 

ɤɠ ŭɘŮˊŬűɐ ŭɘɧŰɘ ŬˊɞŰŮɚŮɑ Űɞɜ əŬɚɨŰŮɟɞ Űɟɧˊɞ ŬˊɞɗɐəŮɡůɖɠ Ůɘəɧɜɤɜ əŬɘ ɔŮɜɘəɎ 

ɔɟŬűɘəɩɜ ɔɘŬ ˊɟɞɓɞɚɐ ůŰɖɜ ɞɗɧɜɖ.  

 

2.1.4 Dot-Matrix Module 
 

 ũɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ Dot-Matrix ˊɎɜŮɚ ŮˊɘɚɏɢɗɖəŬɜ ɏŰɞɘɛŮɠ ɛɞɜɎŭŮɠ ˊɞɡ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɘŬ ůɡůŰɞɘɢɑŬ Ŭˊɧ LED ŭɘɧŭɞɡɠ ůŮ ŭɘɎŰŬɝɖ 8 ɉ 8 əŬɘ Űɞ 

ɞɚɞəɚɖɟɤɛɏɜɞ ɀȷɉ7219. ɇɞ ɀȷɉ7219 ŮɑɜŬɘ ɞɚɞəɚɖɟɤɛɏɜɞ ŮɘŭɘəɎ 

əŬŰŬůəŮɡŬůɛɏɜɞ ɔɘŬ Űɖɜ ɞŭɐɔɖůɖ ůɡůŰɞɘɢɘɩɜ Ŭˊɧ LED əŬɘ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ 

ɛɏɢɟɘ əŬɘ 64 LED ŰŬɡŰɧɢɟɞɜŬ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɛˊɞɟŮɑ ɜŬ ŮɚŮɔɢɗŮɑ ˊɞɚɨ ŮɨəɞɚŬ 

Ŭˊɧ Űɞ Arduino ɛɏůɤ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ ůɨɔɢɟɞɜɖɠ ůŮɘɟɘŬəɐɠ ŮˊɘəɞɘɜɤɜɑŬɠ SPI. 

ɄŮɟɘůůɧŰŮɟŬ Ŭˊɧ ɏɜŬ ɞɚɞəɚɖɟɤɛɏɜŬ ɀȷɉ7219 ɛˊɞɟɞɨɜ ɜŬ ůɡɜŭŮɗɞɨɜ ůŮ ůŮɘɟɎ 
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ɔɘŬ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɛŮɔŬɚɨŰŮɟɖ ŮˊɘűɎɜŮɘŬ ŬˊŮɘəɧɜɘůɖɠ ɢɤɟɑɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ ŬɚɚŬɔɐ 

ůŰɖɜ ůɡɜŭŮůɛɞɚɞɔɑŬ ɛŮ Űɞ Arduino ɞɨŰŮ ɖ ɢɟɐůɖ ˊŮɟɘůůɞŰɏɟɤɜ ŬəɟɞŭŮəŰɩɜ. 

 

 

 

ȺɘəɧɜŬ 2.7: Dot-Matrix 8x8 module 

 

ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɡɜŭɏɞɜŰŬɠ Űɖɜ ɏɝɞŭɞ Űɖɠ ɛɘŬɠ ɛɞɜɎŭŬɠ ůŰɖɜ Ůɑůɞŭɞ Űɖɠ 

ŮˊɧɛŮɜɖɠ. ȼ ɛɞɜɎŭŬ Ůˊɑůɖɠ ɡˊɞůŰɖɟɑɕŮɘ Űɧůɞ Űɞ ůɓɐůɘɛɞ Űɤɜ LED ɔɘŬ 

Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ ɧůɞ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɖɠ űɤŰŮɘɜɧŰɖŰŬɠ Űɞɡɠ. 

 

 

ȺɘəɧɜŬ 2.8 MAX7219 pinout 
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ȳˊɤɠ ɛˊɞɟɞɨɛŮ ɜŬ ŭɞɨɛŮ əŬɘ ůŰɖɜ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŬ Űɞ ɞɚɞəɚɖɟɤɛɏɜɞ ɀȷɉ7219 

ŭɘŬɗɏŰŮɘ ɛɧɜɞ 16 ŬəɟɞŭɏəŰŮɠ ɔɘŬ Űɖɜ ůɨɜŭŮůɖ ůŮ LED ɤůŰɧůɞ ɧɛɤɠ ɛˊɞɟŮɑ ɜŬ 

ŭɘŬɢŮɘɟɘůŰŮɑ ɛɏɢɟɘ əŬɘ 64 LED ŬɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ɢɟɖůɘɛɞˊɞɘŮɑ ɛɘŬ ŰŮɢɜɘəɐ əŬŰɎ 

Űɖɜ ɞˊɞɑŬ űɤŰɑɕŮŰŬɘ ɛɧɜɞ ɛɘŬ ůŰɐɚɖ Ŭˊɧ LED əɎɗŮ ɢɟɞɜɘəɐ ůŰɘɔɛɐ əŬɘ Ŭɛɏůɤɠ ɛŮŰɎ 

ɖ ŮˊɧɛŮɜɖ Űɖɠ. ȼ ɧɚɖ ŭɘŬŭɘəŬůɑŬ ɔɑɜŮŰŬɘ ůŮ ɢɟɧɜɞ ɛɘəɟɧŰŮɟɞ Ŭˊɧ ŬɡŰɧɜ ˊɞɡ ɛˊɞɟŮɑ 

ɜŬ ŬɜŰɘɚɖűɗŮɑ Űɞ Ŭɜɗɟɩˊɘɜɞ ɛɎŰɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŭɑɜŮŰŬɘ ɖ ɣŮɡŭŬɑůɗɖůɖ ɧŰɘ 

ŭɡɜɖŰɘəɎ əŬɘ ŰŬ 64 LED űɤŰɑɕɞɡɜ ŰŬɡŰɧɢɟɞɜŬ. ȾɎɜɞɜŰŬɠ ɢɟɐůɖ ŬɡŰɐɠ Űɖɠ ŰŮɢɜɘəɐɠ 

ɔɑɜŮŰŬɘ əŬɘ ɛŮɔɎɚɖ Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ Ŭűɞɨ ůŰɖɜ ɢŮɘɟɧŰŮɟɖ Űɤɜ ˊŮɟɘˊŰɩůŮɤɜ 

ɗŬ űɤŰɑɕɞɡɜ ŰŬɡŰɧɢɟɞɜŬ 8 Ŭˊɧ ŰŬ 64 LED.     

 

2.1.5 TSOP4840 ï IR LED 
 

 ɇŬ ɡˊɏɟɡɗɟŬ LED ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ɗɏɚɞɡɛŮ ɜŬ 

ɛŮŰŬűɏɟɞɡɛŮ ŭŮŭɞɛɏɜŬ ŬɜɎɛŮůŬ ůŮ ɏɜŬ ˊɞɛˊɧ əŬɘ ɏɜŬ ŭɏəŰɖ ɛŮ Űɖɜ ˊɟɞɦˊɧɗŮůɖ 

ɜŬ ɡˊɎɟɢŮɘ ŮɚŮɨɗŮɟɞ ˊŮŭɑɞ ɔɘŬ ɜŬ ɛŮŰŬűŮɟɗŮɑ Űɞ ɡˊɏɟɡɗɟɞ űɤɠ ŬɜɎɛŮůŬ Űɞɡɠ. 

ɀŮɟɘəɎ əɚŬůɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŮɑɜŬɘ ŰŬ ŰɖɚŮəɞɜŰɟɧɚ Űɤɜ ŰɖɚŮɞɟɎůŮɤɜ əŬɘ Űɤɜ 

əɚɘɛŬŰɘůŰɘəɩɜ.   

 

 

ȺɘəɧɜŬ 2.9: ɈˊɏɟɡɗɟŬ LED 

 

ɆŰɖɜ əŬŰŬůəŮɡɐ ɛŬɠ ŮˊɘɚɏɢɗɖəŮ ɖ ɢɟɐůɖ ɡˊɏɟɡɗɟɤɜ ɔɘŬ Űɖɜ ɛŮŰŬűɞɟɎ Űɤɜ 

ɛɖɜɡɛɎŰɤɜ Ŭˊɧ Űɖɜ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ ůŰɖɜ ɛɞɜɎŭŬ Dot-Matrix. Ⱥŭɩ ˊɟɏˊŮɘ ɜŬ 

ŬɜŬűɏɟɞɡɛŮ ɧŰɘ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ ɢɟɐůɖ əɎˊɞɘŬɠ Ɏɚɚɖɠ, ˊɘɞ ŬůűŬɚɐɠ, 

ŰŮɢɜɞɚɞɔɑŬɠ ɧˊɤɠ Bluetooth ɐ ɟŬŭɘɞəɨɛŬŰŬ ŬɚɚɎ ˊɟɞŰɘɛɐɗɖəŮ ɖ ɢɟɐůɖ Űɤɜ 

ɡˊŮɟɨɗɟɤɜ əŬɗɩɠ ŮəŰɧɠ Űɞɡ ɧŰɘ ŮɑɜŬɘ ɖ ˊɘɞ űɗɖɜɐ ɚɨůɖ, ɏɢŮɘ əŬɘ ŬɟəŮŰɧ ŮɜŭɘŬűɏɟɞɜ 
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ɖ əŬŰŬůəŮɡɐ Űɞɡ əɡəɚɩɛŬŰɞɠ əŬɘ ɖ ɛŮɚɏŰɖ Űɞɡ Űɟɧˊɞɡ əɤŭɘəɞˊɞɑɖůɖɠ əŬɘ 

ŬˊɞůŰɞɚɐɠ Űɤɜ ɛɖɜɡɛɎŰɤɜ ɛŮ Űɞɜ Ůɜ ɚɧɔɞ Űɟɧˊɞ. 

 

 

ȺɘəɧɜŬ 2.10: ɆɏɜůɞɟŬɠ ɡˊŮɟɨɗɟɤɜ TSOP4840 

 

ȳˊɤɠ ŬɜŬűɏɟŬɛŮ əŬɘ ˊŬɟŬˊɎɜɤ ɔɘŬ Űɖɜ ŬˊɞůŰɞɚɐ ɡˊɏɟɡɗɟɞɡ ůɐɛŬŰɞɠ 

ɢɟŮɘŬɕɧɛŬůŰŮ ɏɜŬ Ŭˊɚɧ ɡˊɏɟɡɗɟɞ LED Űɞ ɞˊɞɑɞ ɗŬ ŮəˊɏɛˊŮɘ ůŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ 

ůɡɢɜɧŰɖŰŬ. ũɘŬ Űɖɜ ŬɜɎɔɜɤůɖ Űɞɡ ŬˊŮůŰŬɚɛɏɜɞɡ ɡˊɏɟɡɗɟɞɡ ɛɖɜɨɛŬŰɞɠ 

ɢɟŮɘŬɕɧɛŬůŰŮ Űɞɜ ŬɜɎɚɞɔɞ ŬɘůɗɖŰɐɟŬ ɡˊŮɟɨɗɟɤɜ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŬɠ 

ŮˊɘɚɏɢɗɖəŮ ɞ ŬɘůɗɖŰɐɟŬɠ TSOP4840 ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬˊɞəɤŭɘəɞˊɞɘɐůŮɘ ɛɐɜɡɛŬ ůŮ 

ůɡɢɜɧŰɖŰŬ 40KHz, ůɡɢɜɧŰɖŰŬ ůŰɖɜ ɞˊɞɑŬ ɗŬ ŬˊɞůŰɏɚɜŮŰŬɘ əŬɘ Űɞ ɛɐɜɡɛŬ Ŭˊɧ Űɖɜ 

əŮɜŰɟɘəɐ ɛɞɜɎŭŬ.           

 

2.2 ɆɡɜŭŮůɛɞɚɞɔɑŬ əŬɘ Ƀɚɞəɚɐɟɤůɖ ȾŬŰŬůəŮɡɐɠ 
 

ɆɡɜŮɢɑɕɞɜŰŬɠ Ŭˊɧ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ əŮűɎɚŬɘɞ, ˊɟɏˊŮɘ ˊɚɏɞɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ ŮɝŬɟŰɐɛŬŰŬ əŬɘ ůɡůəŮɡɏɠ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ 

Űɤɜ ŭɨɞ ɛɞɜɎŭɤɜ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɗŬ ŬˊɞŰŮɚŮɑŰŬɘ Űɞ ůɨůŰɖɛŬ ɛŬɠ. 

 

ȷɟɢɘəɎ ɗŬ ɝŮəɘɜɐůɞɡɛŮ ɛŮ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ Dot-Matrix ˊɎɜŮɚ. ɇɞ ˊɎɜŮɚ 

ŬˊɞűŬůɑůŰɖəŮ ɧŰɘ ɗŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɏɝɘ ɛɞɜɎŭŮɠ Dot-Matrix 8 x 8 ůŮ ɞɟɘɕɧɜŰɘŬ 

ŭɘɎŰŬɝɖ. ȼ ůɡɜɞɚɘəɐ ŬɜɎɚɡůɖ Űɞɡ ˊɎɜŮɚ ɛŬɠ ɚɞɘˊɧɜ ɗŬ ŮɑɜŬɘ 48 x 8. ɇɞ ɛɏɔŮɗɞɠ Űɞɡ 

ˊɎɜŮɚ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞ əŬɘ ɞ ɛɧɜɞɠ ɚɧɔɞɠ ˊɞɡ ŭŮɜ ɏɔɘɜŮ 

ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ ɔɘŬ ɜŬ ˊŬɟŬɛŮɑɜŮɘ Űɞ əɧůŰɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ ɢŬɛɖɚɧ ɛɘŬɠ əŬɘ ɞɘ 

ɏɝɘ ɛɞɜɎŭŮɠ ŮɑɜŬɘ ŬɟəŮŰɏɠ ɔɘŬ Űɖɜ ˊŬɟɞɡůɑŬůɖ ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. 
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ȺəŰɧɠ Ŭˊɧ ŰŬ Dot-Matrix Űɖɜ ɛɞɜɎŭŬ ŬˊɞŰŮɚɞɨɜ Űɞ Arduino Pro Mini əŬɘ ɞ 

ŬɘůɗɖŰɐɟŬɠ ɡˊŮɟɨɗɟɤɜ TSOP4840. ɄŬɟŬəɎŰɤ ŬəɞɚɞɡɗŮɑ ɞ ˊɑɜŬəŬɠ ɛŮ ɧɚŮɠ Űɘɠ 

ůɡɜŭɏůŮɘɠ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ɛɞɜɎŭŬɠ Dot-Matrix. 

 

Arduino Pro Mini Max7219 Dot-Matrix Module TSOP 

5V VCC VCC 

GND GND GND 

D11 (MOSI) DIN  

D10 (SS) CS  

D13 (SCK) CLK  

RX0 (RX)  OUT 

      

ɄɑɜŬəŬɠ 2.4: ɆɡɜŭŮůɛɞɚɞɔɑŬ ɛɞɜɎŭŬɠ Dot-Matrix 

 

ȷɟɢɘəɎ ŭɞəɘɛɎůŰɖəŮ ɖ ůɡɜŭŮůɛɞɚɞɔɑŬ ůŮ breadboard əŬɘ Ŭűɞɨ ɓŮɓŬɘɤɗɐəŬɛŮ ɧŰɘ ɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ ɖ ɕɖŰɞɨɛŮɜɖ ůɡɜŮɢɑůŬɛŮ ůŰɖɜ ůɢŮŭɑŬůɖ ˊɚŬəɏŰŬɠ 

ɔɘŬ Űɞ əɨəɚɤɛŬ ɛŬɠ. ũɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ Űɖɠ ˊɚŬəɏŰŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ˊɞɚɨ 

ɔɜɤůŰɧ ˊɟɧɔɟŬɛɛŬ ůɢŮŭɑŬůɖɠ ɖɚŮəŰɟɞɜɘəɩɜ əɡəɚɤɛɎŰɤɜ Űɖɠ ŮŰŬɘɟɑŬɠ CadSoft, 

EAGLE. ɄɟɞŰɘɛɐɗɖəŮ ɖ ůɢŮŭɑŬůɖ ɛŮ Űɞ EAGLE əŬɘ ɖ ŮəŰɨˊɤůɖ Űɞɡ əɡəɚɩɛŬŰɞɠ Ůɜ 

ŬɜŰɘɗɏůŮɘ ɛŮ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ ůŮ ŭɘŬŰɟɖŰɐ ˊɚŬəɏŰŬ ɔɘŬ ɜŬ ɔɑɜŮɘ Űɞ əɨəɚɤɛŬ ɧůɞ 

Űɞ ŭɡɜŬŰɧɜ ɛɘəɟɧŰŮɟɞ, ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɞ ɜŬ űŬɑɜŮŰŬɘ ˊɘɞ ŮˊŬɔɔŮɚɛŬŰɘəɐ ɖ ɧɚɖ 

əŬŰŬůəŮɡɐ Űɞɡ.  

 

 

ȺɘəɧɜŬ 2.11: ȼɚŮəŰɟɞɜɘəɧ ůɢɏŭɘɞ ɛɞɜɎŭŬɠ Dot-Matrix 
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ɇɞ ŰŮɚɘəɧ ŬˊɞŰɏɚŮůɛŬ űŬɑɜŮŰŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ. ȳˊɤɠ ŬɜŬűɏɟŬɛŮ əŬɘ ˊɘɞ 

ˊɎɜɤ Űɞ əɨəɚɤɛŬ ŮɑɜŬɘ ˊɚɏɞɜ ɏŰɞɘɛɞ ɜŬ ŰŮɗŮɑ ůŮ ɚŮɘŰɞɡɟɔɑŬ. ȸɚɏˊɞɡɛŮ ɧŰɘ Űɞ 

əɨəɚɤɛŬ ɏɢŮɘ Űɞ ŮɚɎɢɘůŰɞ ŭɡɜŬŰɧ ɛɏɔŮɗɞɠ əŬɘ ɛˊɞɟŮɑ ˊɞɚɨ ŮɨəɞɚŬ əɚŮɘůŰŮɑ ɛɏůŬ ůŮ 

əɎˊɞɘɞ əɞɡŰɑ əɎɜɞɜŰŬɠ Űɞ ɞˊŰɘəɎ ˊɘɞ ɤɟŬɑɞ, ˊɟɞůŰŬŰŮɨɞɜŰŬɠ ɧɛɤɠ ˊŬɟɎɚɚɖɚŬ əŬɘ 

Űɞ ɑŭɘɞ Űɞ əɨəɚɤɛŬ Ŭűɞɨ ŭŮɜ ŮɜŭŮɑəɜɡŰŬɘ ɖ ˊŬɟŬŰŮŰŬɛɏɜɖ ɢɟɐůɖ ŬˊɟɞůŰɎŰŮɡŰɤɜ 

ɖɚŮəŰɟɞɜɘəɩɜ ŮɝŬɟŰɖɛɎŰɤɜ. 

 

 

ȺɘəɧɜŬ 2.12: ɀɞɜɎŭŬ Dot-Matrix 

 

ɆɡɜŮɢɑɕɞɡɛŮ ɛŮ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɖɠ əɨɟɘŬɠ ɛɞɜɎŭŬɠ, Ůŭɩ ŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ŮɝŬɟŰɐɛŬŰŬ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ çmoduleè, ŭɖɚŬŭɐ ɛɞɜɎŭŮɠ ŮɘŭɘəɎ űŰɘŬɔɛɏɜŮɠ ɜŬ 

əɞɡɛˊɩɜɞɡɜ ˊɎɜɤ ůŰɞ Arduino ɢɤɟɑɠ ɜŬ ɢɟŮɘɎɕŮŰŬɘ Ůˊɘˊɚɏɞɜ əɧɚɚɖůɖ. ȷɡŰɧ ŮɑɜŬɘ 

ɘŭɘŬɑŰŮɟŬ ŮˊɘɗɡɛɖŰɧ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛŬɠ əŬɗɩɠ ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ əɎɜɞɡɛŮ Űɖɜ 

ɛɞɜɎŭŬ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɛɘəɟɧŰŮɟɖ ŬˊɞűŮɨɔɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ əŬɘ Űɖɜ ŬɜɎɔəɖ 

ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ Ɏɚɚɖɠ ˊɚŬəɏŰŬɠ. ɋůŰɧůɞ ɛɏɜŮɘ ŬəɧɛŬ ɖ əŬŰŬůəŮɡɐ Űɞɡ 

əɡəɚɩɛŬŰɞɠ ɡˊŮɟɨɗɟɤɜ. Ⱥŭɩ ŮˊɘɚɏɢɗɖəŮ Űɞ Ůɜ ɚɧɔɞ əɨəɚɤɛŬ ɜŬ ɡɚɞˊɞɘɖɗŮɑ ůŮ 

ŭɘɎŰɟɖŰɖ ˊɚŬəɏŰŬ əŬɗɩɠ, ɧˊɤɠ ɗŬ ŭɞɨɛŮ ˊŬɟŬəɎŰɤ, ɛˊɞɟŮɑ əŬɘ ŬɡŰɧ ɜŬ 

əɞɡɛˊɩůŮɘ ůŰɞɜ ŬˊɞɛɏɜɞɜŰŬ ɢɩɟɞ ŭɑˊɚŬ Ŭˊɧ Űɞɜ GSM module. ɇŬ ɡɚɘəɎ ˊɞɡ 

ɢɟŮɘɎɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ əɡəɚɩɛŬŰɞɠ ɡˊŮɟɨɗɟɤɜ Ŭəɞɚɞɡɗɞɨɜ 

ˊŬɟŬəɎŰɤ. 
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NOR Gate MC74HC02N 

R1 22ɋ 

R2 4.7Kɋ 

NPN Transistor C33725 

 

ɄɑɜŬəŬɠ 2.5: ɈɚɘəɎ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɡ əɡəɚɩɛŬŰɞɠ 

ɡˊɏɟɡɗɟɤɜ  

 

ɇɞ ŰŮɚɘəɧ əɨəɚɤɛŬ ɡˊŮɟɨɗɟɤɜ əŬɗɩɠ əŬɘ Ůˊɑůɖɠ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ 

ɛˊɞɟɏůŬɛŮ ůɡɜŭɡɎůɞɡɛŮ ɛŮ ŰŬ ɎɚɚŬ modules űŬɑɜŮŰŬɘ ůŰɖɜ ŮɘəɧɜŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ. 

ȳˊɤɠ ɛˊɞɟɞɨɛŮ ɜŬ ŭɞɨɛŮ əŬɘ ůŰɖ ŮɘəɧɜŬ ɛŮ Űɖɜ ɢɟɐůɖ ɛŬəɟɘɎɠ çɢŰɏɜŬɠè 

ɛˊɞɟɞɨɛŮ ɜŬ ɢɤɟɏůɞɡɛŮ Űɞ əɨəɚɤɛŬ ɡˊŮɟɨɗɟɤɜ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮˊɘŰɟɏˊɞɡɛŮ əŬɘ 

Űɖɜ ˊɟɧůɓŬůɖ ůŰɞ module Űɖɠ ɞɗɧɜɖɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ əɞɡɛˊɩůŮɘ Ŭˊɧ ˊɎɜɤ. 

 

 

ȺɘəɧɜŬ 2.13: ɆɡɜŭɡŬůɛɧɠ GSM əŬɘ əɡəɚɩɛŬŰɞɠ ɡˊɏɟɡɗɟɤɜ 

 

ȰɢɞɜŰŬɠ ɚɞɘˊɧɜ ɞɚɞəɚɖɟɩůŮɘ Űɞ əɨəɚɤɛŬ ɡˊɏɟɡɗɟɤɜ ɛˊɞɟɞɨɛŮ ɜŬ ůɡɜŮɢɑůɞɡɛŮ 

ɛŮ Űɖɜ ůɡɜŬɟɛɞɚɧɔɖůɖ Űɖɠ ɛɞɜɎŭŬɠ. ɆŰɞɡɠ ˊŬɟŬəɎŰɤ ˊɑɜŬəŮɠ ɓɚɏˊɞɡɛŮ Űɞ 

ůɨɜɞɚɞ ɛŮ Űɘɠ ůɡɜŭŮůɛɞɚɞɔɑŮɠ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɡəɚɩɛŬŰɞɠ. 
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Arduino Mega TFT LCD Adapter 

D2 DPENRQ 

D3 D_OUT 

D4 D_IN 

D5 D_CS 

D6 D_CLK 

D37 DB0 

D36 DB1 

D35 DB2 

D34 DB3 

D33 DB4 

D32 DB5 

D31 DB6 

D30 DB7 

D22 DB8 

D23 DB9 

D24 DB10 

D25 DB11 

D26 DB12 

D27 DB13 

D28 DB14 

D29 DB15 

D38 RS 

D39 WR 

D40 CS 

D41 RST 

        

ɄɑɜŬəŬɠ 2.6: ɆɡɜŭŮůɛɞɚɞɔɑŬ Arduino Mega əŬɘ ɞɗɧɜɖɠ Ŭűɐɠ 
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Arduino Mega SD Socket 1 SD Socket 2 

3.3v VCC VCC 

GND GND GND 

50 (MISO) DO DO 

51 (MOSI) DI DI 

52 (SCK) SCK SCK 

42 CS  

53 (SS)  CS 

 

ɄɑɜŬəŬɠ 2.7: ɆɡɜŭŮůɛɞɚɞɔɑŬ Arduino Mega əŬɘ ŭɘŮˊŬűɩɜ əɎɟŰŬɠ ɛɜɐɛɖɠ SD  

 

Arduino Mega SIM900 Module 

5V VCC 

GND GND 

RX1 TX 

TX1 RX 

D9 PWR 

 

ɄɑɜŬəŬɠ 2.8: ɆɡɜŭŮůɛɞɚɞɔɑŬ Arduino Mega əŬɘ ɛɞɜɎŭŬɠ GSM 

 

ɄŬɟŬəɎŰɤ ɓɚɏˊɞɡɛŮ əŬɘ Űɖɜ ɞɚɞəɚɖɟɤɛɏɜɖ əŬŰŬůəŮɡɐ Űɖɠ əɨɟɘŬɠ ɛɞɜɎŭŬɠ 
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ȺɘəɧɜŬ 2.14: Ƀɚɞəɚɖɟɤɛɏɜɖ əŮɜŰɟɘəɐ ɛɞɜɎŭŬ 

 

ɇɏɚɞɠ, ŬˊɞɛɏɜŮɘ ɏɜŬ ŬəɧɛŬ ɓɐɛŬ ɔɘŬ Űɖɜ ˊɚɐɟɖɠ ɞɚɞəɚɐɟɤůɖ Űɞɡ 

əŬŰŬůəŮɡŬůŰɘəɞɨ ɛɏɟɞɡɠ əŬɘ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ Ɏɚɚɞ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ ŭɨɞ əɞɡŰɘɩɜ ɔɘŬ 

ɜŬ ɓɎɚɞɡɛŮ Űɘɠ əŬŰŬůəŮɡɏɠ ɛŬɠ. ȺˊɘɚɏɢɗɖəŮ ɖ əŬŰŬůəŮɡɐ əɞɡŰɘɩɜ Ŭˊɧ ˊɚŮɝɘɔəɚɎɠ 

ŭɘɧŰɘ ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ŭɖɛɘɞɡɟɔɐůɞɡɛŮ əɞɡŰɘɎ Ŭəɟɘɓɩɠ ůŰɞ ɛɏɔŮɗɞɠ əŬɘ ůŰɘɠ 

ŭɘŬůŰɎůŮɘɠ ˊɞɡ ɗɏɚɞɡɛŮ ɢɤɟɑɠ ɘŭɘŬɑŰŮɟŬ ɛŮɔɎɚɞ əɧůŰɞɠ. Ⱥˊɑůɖɠ ɖ ɢɟɐůɖ ŭɘɎűŬɜɞɡ 

ˊɚŮɝɘɔəɚɎɠ ŬűɐɜŮɘ ɞɟŬŰɧ Űɞ ŮůɤŰŮɟɘəɧ əɨəɚɤɛŬ əŬɘ Űɘɠ ůɡɜŭŮůɛɞɚɞɔɑŮɠ Űɖɠ əɎɗŮ 

ɛɞɜɎŭŬɠ. 
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ȺɘəɧɜŬ 2.15: Ƀɚɞəɚɖɟɤɛɏɜɖ əŬŰŬůəŮɡɐ ůŮ əɞɡŰɘɎ Ŭˊɧ ˊɚŮɝɘɔəɚɎɠ 
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ȾȺūȷȿȷȽɃ 3        
 

ȿɃũȽɆɀȽȾɃ ȾȷȽ ȸȽȸȿȽɃŪȼȾȺɆ 

 

ɆŮ ŬɡŰɧ Űɞ əŮűɎɚŬɘɞ ɗŬ ŬɜŬűŮɟɗɞɨɛŮ ůŰɞ ɚɞɔɘůɛɘəɧ əɞɛɛɎŰɘ Űɖɠ ˊŰɡɢɘŬəɐɠ 

ŮɟɔŬůɑŬɠ. ŪŬ ɔɑɜŮɘ ɛɘŬ ůɡɜɞˊŰɘəɐ ŬɜŬűɞɟɎ ůŰɘɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɢɟŮɘŬůŰɐəŬɜ ɔɘŬ 

Űɖɜ ůɡɔɔɟŬűɐ Űɞɡ əɩŭɘəŬ Űɖɠ ŮűŬɟɛɞɔɐɠ əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ ɛɘŬ ˊŬɟɞɡůɑŬůɖ ɧɚɤɜ 

Űɤɜ ɓɘɓɚɘɞɗɖəɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɖɗɐəŬɜ ůŰɖɜ ŮűŬɟɛɞɔɐ. ɇɏɚɞɠ ɗŬ ɔɑɜŮɘ ɖ 

ˊŬɟɞɡůɑŬůɖ Űɖɠ ɑŭɘŬɠ Űɖɠ ŮűŬɟɛɞɔɐɠ əŬɘ ɗŬ ŬɜŬˊŰɡɢɗɞɨɜ ɧɚŬ ŰŬ ůɖɛŬɜŰɘəɎ 

əɞɛɛɎŰɘŬ əɩŭɘəŬ ɩůŰŮ Ŭɟɢɘəɩɠ ɜŬ ɔɑɜŮɘ ŬɜŰɘɚɖˊŰɧɠ ɞ Űɟɧˊɞɠ ɚŮɘŰɞɡɟɔŮɑŬɠ Űɖɠ 

ŮűŬɟɛɞɔɐɠ ŬɚɚɎ əŬɘ ɜŬ ŮˊɘŰɟŬˊŮɑ ůŰɞɜ ŬɜŬɔɜɩůŰɖ ɖ ŮˊŬɜŬɢɟɖůɘɛɞˊɞɑɖůɖ ɛɏɟɞɡɠ 

Űɞɡ əɩŭɘəŬ ůŮ Ɏɚɚɖ, ˊŬɟɧɛɞɘŬ ŮűŬɟɛɞɔɐ.         

 

3.1 ȺűŬɟɛɞɔɏɠ əŬɘ ɄɟɞɔɟɎɛɛŬŰŬ 
 

ɆŮ ŬɡŰɧ Űɞ ɡˊɞəŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛɘŬ ŬɜŬűɞɟɎ ůŰɘɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Űɖɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ əŬɘ 

ůŰɞɜ Űɟɧˊɞ ˊɞɡ ɖ əɎɗŮ ɛɘŬ Ŭˊɧ ŬɡŰɏɠ ůɡɜɏɓŬɚŮ ůŰɖɜ Ůəˊɧɜɖůɖ Űɐɠ. 

 

3.1.1 Arduino IDE 
 
   ɇɞ ɞɚɞəɚɖɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ (IDE) Űɞɡ Arduino ŮɑɜŬɘ ɛɑŬ ŮűŬɟɛɞɔɐ 

ɔɟŬɛɛɏɜɖ ůŮ Java, ˊɞɡ ɚŮɘŰɞɡɟɔŮɑ ůŮ ˊɞɚɚɏɠ ˊɚŬŰűɧɟɛŮɠ, əŬɘ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ 

IDE ɔɘŬ Űɖ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Processing əŬɘ Űɞ ůɢɏŭɘɞ Wiring. ȰɢŮɘ 

ůɢŮŭɘŬůŰŮɑ ɔɘŬ ɜŬ ŮɘůŬɔɎɔŮɘ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ ůŰɞɡɠ əŬɚɚɘŰɏɢɜŮɠ əŬɘ Űɞɡɠ ɜɏɞɡɠ 

ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɝɞɘəŮɘɤɛɏɜɞɘ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ ɚɞɔɘůɛɘəɞɨ. ɄŮɟɘɚŬɛɓɎɜŮɘ ɏɜŬ 

ˊɟɧɔɟŬɛɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ əɩŭɘəŬ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ŮɑɜŬɘ ɖ ŮˊɘůɐɛŬɜůɖ 

ůɨɜŰŬɝɖɠ əŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Ŭɔəɨɚɤɜ əŬɘ ŮɑɜŬɘ Ůˊɑůɖɠ ůŮ ɗɏůɖ ɜŬ ɛŮŰŬɔɚɤŰŰɑɕŮɘ əŬɘ 

ɜŬ űɞɟŰɩɜŮɘ ˊɟɞɔɟɎɛɛŬŰŬ ůŰɖɜ ˊɚŬəɏŰŬ ɛŮ ɏɜŬ ɛɧɜɞ əɚɘə. ȹŮɜ ɡˊɎɟɢŮɘ ůɡɜɐɗɤɠ 

əŬɛɑŬ ŬɜɎɔəɖ ɜŬ ŮˊŮɝŮɟɔŬůŰɞɨɜ ŬɟɢŮɑŬ make ɐ ɜŬ Űɟɏɝɞɡɜ ˊɟɞɔɟɎɛɛŬŰŬ ůŮ ɏɜŬ 

ˊŮɟɘɓɎɚɚɞɜ ɔɟŬɛɛɐɠ ŮɜŰɞɚɩɜ. ȰɜŬ ˊɟɧɔɟŬɛɛŬ ɐ əɩŭɘəŬɠ ˊɞɡ ɔɟɎűŰɖəŮ ɔɘŬ 

Arduino ɞɜɞɛɎɕŮŰŬɘ ůəɑŰůɞ (sketch) 
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ȺɘəɧɜŬ 3.1: ɄɟɞɔɟŬɛɛŬŰɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Arduino 

 

   ɇŬ Arduino ˊɟɞɔɟɎɛɛŬŰŬ ŮɑɜŬɘ ɔɟŬɛɛɏɜŬ ůŮ C ɐ C++. ɇɞ Arduino IDE ɏɟɢŮŰŬɘ ɛŮ 

ɛɘŬ ɓɘɓɚɘɞɗɐəɖ ɚɞɔɘůɛɘəɞɨ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ çWiringè Ŭˊɧ Űɞ ˊɟɤŰɧŰɡˊɞ ůɢɏŭɘɞ 

Wiring ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ ˊɞɚɚɏɠ əɞɘɜɏɠ ɚŮɘŰɞɡɟɔɑŮɠ Ůɘůɧŭɞɡ/Ůɝɧŭɞɡ ˊɞɚɨ ˊɘɞ 

ŮɨəɞɚŮɠ. Ƀɘ ɢɟɐůŰŮɠ ˊɟɏˊŮɘ ɛɧɜɞ ɜŬ ɞɟɑůɞɡɜ ŭɨɞ ɚŮɘŰɞɡɟɔɑŮɠ ɔɘŬ ɜŬ əɎɜɞɡɜ ɏɜŬ 

ˊɟɧɔɟŬɛɛŬ əɡəɚɘəɐɠ ŮəŰɏɚŮůɖɠ: 

 

¶ setup(): ɀɑŬ ůɡɜɎɟŰɖůɖ ˊɞɡ ŰɟɏɢŮɘ ɛɑŬ űɞɟɎ ůŰɖɜ Ŭɟɢɐ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ɖ ɞˊɞɑŬ ŬɟɢɘəɞˊɞɘŮɑ Űɘɠ ɟɡɗɛɑůŮɘɠ 
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¶ loop(): ɀɑŬ ůɡɜɎɟŰɖůɖ ɖ ɞˊɞɑŬ əŬɚŮɑŰŬɘ ůɡɜɏɢŮɘŬ ɛɏɢɟɘ ɖ ˊɚŬəɏŰŬ ɜŬ 

ŬˊŮɜŮɟɔɞˊɞɘɖɗŮɑ 

 

   ɇɞ IDE Űɞɡ Arduino ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ GNU toolchain əŬɘ Űɞ AVR Libc ɔɘŬ ɜŬ 

ɛŮŰŬɔɚɤŰŰɑɕŮɘ ˊɟɞɔɟɎɛɛŬŰŬ əŬɘ Űɞ avrdude ɔɘŬ ɜŬ űɞɟŰɩɜŮɘ ˊɟɞɔɟɎɛɛŬŰŬ ůŰɖɜ 

ˊɚŬəɏŰŬ. 

 

   ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ ˊɚŬŰűɧɟɛŬ Arduino ɢɟɖůɘɛɞˊɞɘŮɑ Atmel ɛɘəɟɞŮɚŮɔəŰɏɠ, Űɞ 

ˊŮɟɘɓɎɚɚɞɜ ŬɜɎˊŰɡɝɖɠ Űɖɠ Atmel, Űɞ AVR Studio ɐ Űɞ ɜŮɧŰŮɟɖ ɏəŭɞůɖ Űɞɡ Atmel 

Studio, ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɚɞɔɘůɛɘəɞɨ ɔɘŬ Űɞ 

Arduino. 

 

3.1.2 Sublime Text    
 

  ɇɞ IDE Űɞɡ Arduino ŮɑɜŬɘ ŬɟəŮŰɧ ɔɘŬ ŬɜɎˊŰɡɝɖ ɛɘəɟɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ŬɚɚɎ ɔɑɜŮŰŬɘ 

Ŭɛɏůɤɠ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɔɘŬ ˊɘɞ ɛŮɔɎɚŬ əŬɘ ůɨɜɗŮŰŬ ˊɟɞɔɟɎɛɛŬŰŬ ŮɑɜŬɘ ŬɟəŮŰɎ 

Ůɚɚɘˊɏɠ. 

 

ũɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ Űɞɡ əɩŭɘəŬ Űɘɠ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ Sublime 

Text. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŮɝŮɚɘɔɛɏɜɞ ˊɟɧɔɟŬɛɛŬ ŮˊŮɝŮɟɔŬůɑŬɠ əŮɘɛɏɜɞɡ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůɡɜɐɗɤɠ ɔɘŬ ŬɜɎˊŰɡɝɖ ɘůŰɞůŮɚɑŭɤɜ (PHP, JavaScript, CSS əŰɚ.). 
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ȺɘəɧɜŬ 3.2: ɄɟɞɔɟŬɛɛŬŰɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Sublime Text 

 

ȰɜŬ Ŭˊɧ Űɞ ɛŮɔŬɚɨŰŮɟŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ŮɑɜŬɘ ɖ ˊɚɖɗɩɟŬ Űɤɜ ŮˊŮəŰɎůŮɤɜ 

(plugins) ˊɞɡ ɡˊɞůŰɖɟɑɕŮɘ Űɞ ˊɟɧɔɟŬɛɛŬ, ˊɞɡ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŰŮɟɎůŰɘŬ 

ˊŬɟŬɛŮŰɟɞˊɞɘɖůɘɛɧŰɖŰŬ Űɞɡ, ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ŮəɎůŰɞŰŮ ɢɟɐůŰɖ ɜŬ Űɞ 

ˊŬɟŬɛŮŰɟɞˊɞɘŮɑ Ŭəɟɘɓɩɠ ˊɎɜɤ ůŰɘɠ ŬɜɎɔəŮɠ Űɞɡ. 

 

ɀɘŬ ŰɏŰɞɘŬ ŮˊɏəŰŬůɖ ŮɑɜŬɘ əŬɘ Űɞ Stino ˊɞɡ ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɢɟɐůŰɖ Űɞɡ Sublime Text 

ɜŬ ˊɟɞɔɟŬɛɛŬŰɑůŮɘ Űɞ Arduino ɛɏůŬ Ŭˊɧ Űɖɜ ŮűŬɟɛɞɔɐ, ůɡɜŭɡɎɕɞɜŰŬɠ ɏŰůɘ Űɖɜ 

ŬˊɚɧŰɖŰŬ ɛŮ Űɖɜ ɞˊɞɑŬ ŮˊɘŰɟɏˊŮɘ Űɖɜ ɛŮŰŬűɧɟŰɤůɖ Ůɜɧɠ ˊɟɞɔɟɎɛɛŬŰɞɠ Űɞ Arduino 

IDE ɛŮ Űɘɠ ŰŮɟɎůŰɘŮɠ ŭɡɜŬŰɧŰɖŰŮɠ Űɞɡ Sublime Text. 

 

ɇɞ Sublime Text ŮɑɜŬɘ Űɞ ɓŬůɘəɧ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɧůɞ ɔɘŬ Űɖɜ 

ŬɜɎˊŰɡɝɖ Űɞɡ əɩŭɘəŬ Űɖɠ ŮűŬɟɛɞɔɐɠ ɧůɞ əŬɘ ɔɘŬ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɤɜ Arduino 

ɛŬɠ, əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɖɠ ŮˊɏəŰŬůɖɠ Stino ˊɞɡ ŬɜŬűɏɟŮŰŬɘ ˊŬɟŬˊɎɜɤ. 
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3.1.3 Matlab 
 

   To MATLABÈ ŮɑɜŬɘ ɏɜŬ ŭɘŬŭɟŬůŰɘəɧ ˊɟɞɔɟŬɛɛŬŰɘůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɔɘŬ 

ɡˊɞɚɞɔɘůɛɞɨɠ, ŬɜɎɚɡůɖ, ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ŬˊŮɘəɧɜɘůɖ ŭŮŭɞɛɏɜɤɜ, ŬɜɎˊŰɡɝɖ 

Ŭɚɔɞɟɑɗɛɤɜ əŬɘ ɛɞɜŰŮɚɞˊɞɑɖůɖ ůɡůŰɖɛɎŰɤɜ. Ⱥˊɘˊɚɏɞɜ ˊŬɟɏɢŮɘ ɏɜŬ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ 

ŮɝŮɘŭɘəŮɡɛɏɜɤɜ ŮɟɔŬɚŮɘɞɗɖəɩɜ (toolboxes) ˊɞɡ Matlab ŬˊŮɡɗɨɜɞɜŰŬɘ ůŮ 

ůɡɔəŮəɟɘɛɏɜŮɠ ŮˊɘůŰɖɛɞɜɘəɏɠ ŮűŬɟɛɞɔɏɠ. 

 

 

ȺɘəɧɜŬ 3.3: ɄŮɟɘɓɎɚɚɞɜ ŮɟɔŬůɑŬɠ Matlab 

 

Ƀɘ ɏŰɞɘɛŮɠ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ŮɛˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ ɓŬůɘəɧ ˊŬəɏŰɞ Űɞɡ Matlab əŬɘ ůŰɘɠ 

ŮɟɔŬɚŮɘɞɗɐəŮɠ, ˊŬɟɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɞɜ ŰŮɚɘəɧ ɢɟɐůŰɖ, ɜŬ Űɘɠ ɢɟɖůɘɛɞˊɞɘɐůŮɘ 

ɢɤɟɑɠ ɘŭɘŬɑŰŮɟŮɠ ɔɜɩůŮɘɠ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ. 

 



ɮˋˏˊ˃ʰˍʹ ɳ˄ʹ˃ʷˊ˖ˋʹ ʁʻˈ˄ʹˌ ɼʶʽ˃ʷ˄ˇˎ ɾʶ LED 

 

ɼ˖ˍˋʱˁʹˌ ɮ˄ʵˊʷʰˌ   -   ɽˎ˃ˉʷˊʹˌ ɮ˄ʵˊʷʰˌ   40 

  

ȰɜŬ Ŭˊɧ Űɞ ˊŮŭɑŬ ůŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Űɞ Matlab ŮɑɜŬɘ ɖ ŮˊŮɝŮɟɔŬůɑŬ ŮɘəɧɜŬɠ. 

ɇɞ Matlab ɛˊɞɟŮɑ ɜŬ ɛŮŰŬŰɟɏˊŮɘ ɏɜŬ ŬɟɢŮɑɞ ŮɘəɧɜŬɠ ůŮ ˊɑɜŬəŬ ɧˊɞɡ ůŰɖɜ ůɡɜɏɢŮɘŬ 

ɡˊɎɟɢŮɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮˊŮɝŮɟɔŬůŰŮɑ ɞ ˊɑɜŬəŬɠ ɛŮ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ, Ŭˊɧ Űɞ 

ɜŬ ɛŮŰŬɓɎɚɞɡɛŮ Űɖɜ űɤŰŮɘɜɧŰɖŰŬ ɐ Űɖɜ ŬɜŰɑɗŮůɖ ɛɏɢɟɘ ůŰɞ ɜŬ ŮűŬɟɛɞůŰɞɨɜ 

ŭɘɎűɞɟŬ űɑɚŰɟŬ, Ŭˊɧ ˊɞɚɨ ŬˊɚɎ ɏɤɠ ˊɞɚɨˊɚɞəŬ. 

 

   ũɘŬ Űɖɜ ŮɟɔŬůɑŬ ŭɖɛɘɞɡɟɔɐůŬɛŮ ɛɘŬ ůɡɜɎɟŰɖůɖ ( m-function ) ˊɞɡ ɛŬɠ ŬűɐɜŮɘ ɜŬ 

ŭɘŬɚɏɝɞɡɛŮ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ŭɘŬɗɏůɘɛŮɠ ɔɟŬɛɛŬŰɞůŮɘɟɏɠ ( fonts ) əŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ 

Ŭűɞɨ Űɖɜ ɛŮŰŬŰɟɏɣŮɘ ůŮ ŭɡŬŭɘəɐ ŮɘəɧɜŬ - ŮɘəɧɜŬ ɛŮ ɛɧɜɞ ŭɡɞ ɢɟɩɛŬŰŬ , Ɏůˊɟɞ əŬɘ 

ɛŬɨɟɞ - , ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ əŬŰŬůəŮɡɎůɞɡɛŮ ŬɜŰɑůŰɞɘɢɞ .c ŬɟɢŮɑɞ ˊɞɡ ɛˊɞɟɞɨɛŮ 

ɏˊŮɘŰŬ ɜŬ Űɞ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ůŰɞɜ əɩŭɘəŬ ɛŬɠ, ŭɑɜɞɜŰŬɠ ůŰɖɜ ɞɡůɑŬ ůŰɞɜ 

ˊɟɞɔɟŬɛɛŬŰɘůŰɐ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑ ůŰɖɜ LCD ɞɗɧɜɖ ɛɘŬ ˊɚɖɗɩɟŬ 

Ŭˊɧ ɔɟŬɛɛŬŰɞůŮɘɟɏɠ. 

 

 

ȺɘəɧɜŬ 3.4: ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ ɔɟŬɛɛŬŰɞůŮɘɟɎɠ ɔɘŬ ŮɘůŬɔɤɔɐ ůŰɖɜ ŮűŬɟɛɞɔɐ 

 

ȰɜŬ ɛŮɘɞɜɏəŰɖɛŬ ɤůŰɧůɞ ŮɑɜŬɘ Űɞ ɧŰɘ ɚɧɔɞ Űɘɠ ɛɘəɟɐɠ ŮˊŮɝŮɟɔŬůŰɘəɐɠ ɘůɢɨɠ Űɞɡ 

Arduino ŭŮɜ ɛˊɞɟɞɨɛŮ ɜŬ ŮűŬɟɛɧůɞɡɛŮ ŰŮɢɜɘəɏɠ ŮɝɞɛɎɚɡɜůɖɠ (antialising) ůŰɖɜ 

ŬˊŮɘəɧɜɘůɖ Űɞɜ ɔɟŬűɘəɩɜ Űɖɠ ɞɗɧɜɖɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎˊɞɘŮɠ ɔɟŬɛɛŬŰɞůŮɘɟɏɠ ˊɞɡ 

ɏɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ɔɘŬ ɜŬ ŮɑɜŬɘ ŮɡŬɜɎɔɜɤůŰŮɠ ɛŮ Űɖɜ ɢɟɐůɖ antialising ɜŬ ɛɖɜ 

ŮɑɜŬɘ ɎɜŮŰŮɠ ůŰɞ ŭɘɎɓŬůɛŬ ůŰɖɜ ɞɗɧɜɖ Űɘɠ ŮɟɔŬůɑŬɠ. ɄŬɟɧɚŬ ŬɡŰɎ ɧɛɤɠ ɡˊɎɟɢɞɡɜ 

ŬɟəŮŰɏɠ ɔɟŬɛɛŬŰɞůŮɘɟɏɠ ˊɞɡ ŮɑɜŬɘ ˊɞɚɨ ŮɡŬɜɎɔɜɤůŰŮɠ əŬɘ ɞˊŰɘəɎ ŮɡɢɎɟɘůŰŮɠ ůŰɖɜ 

əŬŰŬůəŮɡɐ ɛŬɠ. 
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3.2 ȸɘɓɚɘɞɗɐəŮɠ  
 

ȰɜŬ Ŭˊɧ ŰŬ əɨɟɘŬ ˊɟɞŰŮɟɐɛŬŰŬ Űɖɠ ɢɟɐůɖɠ Űɖɠ ˊɚŬŰűɧɟɛŬɠ Arduino ŬɜŰɑ ɔɘŬ 

əɎˊɞɘɞɡ ɛŮɛɞɜɤɛɏɜɞɡ ɛɘəɟɞŮɚŮɔəŰɐ ŮɑɜŬɘ ɖ ˊɚɖɗɩɟŬ Űɤɜ ɓɘɓɚɘɞɗɖəɩɜ ˊɞɡ 

ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ ɔɘŬ Űɖɜ Ůɜ ɚɧɔɤ ˊɚŬŰűɧɟɛŬ. 

 

ȼ ɢɟɐůɖ ɓɘɓɚɘɞɗɖəɩɜ ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ 

ŭɘŬɗɏůɘɛŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɞɡ ɛɘəɟɞŮɚŮɔəŰɐ Űɞɡ Arduino ɛŮ ˊɘɞ Ůɨəɞɚɞ Űɟɧˊɞ ɖ ɜŬ 

ŮˊɘŰɨɢɞɡɛŮ ůɡɜŭŮůɛɞɚɞɔɑŬ ɛŮ ŭɘɎűɞɟŬ ˊŮɟɘűŮɟŮɘŬəɎ ɧˊɤɠ ɞɗɧɜŮɠ LCD , əɎɟŰŮɠ 

ɛɜɐɛɖɠ əŰɚ., ɔɘŬ ŰŬ ɞˊɞɑŬ ɡˊɎɟɢɞɡɜ ŭɘŬɗɏůɘɛŮɠ ɓɘɓɚɘɞɗɐəŮɠ, ɢɤɟɑɠ ɜŬ ɢɟŮɘŬůŰŮɑ ɜŬ 

ɝŬɜŬɔɟŬűŰŮɑ ɞ əɩŭɘəŬɠ. ȰɜŬ Ŭəɧɛɖ ˊɟɞŰɏɟɖɛŬ ŬˊɞŰŮɚŮɑ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ, ɞɘ 

ɓɘɓɚɘɞɗɐəŮɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŭɞəɘɛŬůɛɏɜŮɠ Ŭˊɧ ŬɟəŮŰɎ ɎŰɞɛŬ əŬɗɩɠ ŭɘŬŰɑɗŮɜŰŬɘ 

ŭɤɟŮɎɜ ůŰɞ ŭɘŬŭɑəŰɡɞ ɚɧɔɞ Űɖɠ ŬɜɞɘəŰɞɨ ɚɞɔɘůɛɘəɞɨ (open source) űɨůɖɠ Űɖɠ 

ˊɚŬŰűɧɟɛŬɠ. Ⱥˊɘˊɚɏɞɜ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ˊɖɔŬɑɞɠ əɩŭɘəŬɠ ŭɘŬŰɑɗŮŰŬɘ ɧˊɤɠ 

ŬɜŬűɏɟɗɖəŮ ůŰɞ ŭɘŬŭɑəŰɡɞ, ɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɐɠ  ɛˊɞɟŮɑ ɜŬ ŰɟɞˊɞˊɞɘɐůŮɘ ɖ ɜŬ 

ɓŮɚŰɘɩůŮɘ ɛɘŬ ɓɘɓɚɘɞɗɐəɖ ˊɎɜɤ ůŰɘɠ ŬɜɎɔəŮɠ Űɞɡ ɐ ŬəɧɛŬ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɛɘŬ 

ŰŮɚŮɑɤɠ əŬɘɜɞɨɟɘŬ ɓɘɓɚɘɞɗɐəɖ ˊɞɡ ɓŬůɑɕŮŰŬɘ ˊɎɜɤ ůŮ əɎˊɞɘŬ Ɏɚɚɖ. 

 

ɆŮ ŬɡŰɧ Űɞ ɡˊɞəŮűɎɚŬɘɞ ɗŬ ɔɑɜŮɘ ɛɘŬ ůɨɜŰɞɛɖ ŬɜɎɚɡůɖ Űɞɜ ɓɘɓɚɘɞɗɖəɩɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬŰɎ Űɖɜ Ůəˊɧɜɖůɖ Űɖɠ Ůɜ ɚɧɔɤ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. 

 

3.2.1 Max72xxPanel 
 

ȼ Max72xxPanel ŮɑɜŬɘ ɛɘŬ ɓɘɓɚɘɞɗɐəɖ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ 8x8 dot-matrix 

modules. ɀɏůɤ Űɞɡ ˊɟɤŰɞəɧɚɚɞɡ SPI ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ɞŭɖɔɐůɞɡɛŮ Űɞɡɠ ɞŭɖɔɞɨɠ 

MAX7219 ɐ MAX7221 ˊɞɡ ɡˊɎɟɢɞɡɜ ˊɎɜɤ ůŰŬ dot-matrix modules ŮˊɘŰɟɏˊɞɜŰŬɠ 

ɛŬɠ ɏŰůɘ ɜŬ ŬˊŮɘəɞɜɑůɞɡɛŮ Űɞ ɕɖŰɞɨɛŮɜɞ əŮɑɛŮɜɞ ůŰɖɜ ɞɗɧɜɖ ɛŬɠ. 

 

ɇŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ ŮɑɜŬɘ: 

 

¶ ȹɘˊɚɧ buffering ɔɘŬ ɜŬ ɛɖɜ ŰɟŮɛɞˊŬɑɕŮɘ ɖ ɞɗɧɜɖ əŬŰɎ Űɖɜ ŮɜŬɚɚŬɔɐ ɖ əɨɚɘůɖ 

Űɞɡ əŮɘɛɏɜɞɡ. 
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¶ ɈˊɞůŰɐɟɘɝɖ ɔɘŬ ˊɞɚɚŬˊɚɏɠ ɞɗɧɜŮɠ Dot-Matrix, ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŮ ɛɘŬ 

ŬɡɗŬɑɟŮŰɖ ɞɟɗɞɔɩɜɘŬ ŭɘɎŰŬɝɖ. 

¶ ɀŮ ɢɟɐůɖ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ SPI, ɡˊɞůŰɖɟɑɕŮɘ ɞɗɧɜŮɠ Dot-Matrix ůɡɜŭŮɛɏɜŮɠ 

ůŮ ůŮɘɟɎ. 

¶ ɀŮɔɎɚɖ ŰŬɢɨŰɖŰŬ ŮəŰɏɚŮůɖɠ əŬɘ ŮɚɎɢɘůŰɖ ɢɟɐůɖ ɛɜɐɛɖɠ. 

 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ɔɑɜŮŰŮ ŬɜŰɘɚɖˊŰɧ ɧŰɘ ɖ ɓɘɓɚɘɞɗɐəɖ ŮɑɜŬɘ ɖ ɓŬůɘəɐ ɓɘɓɚɘɞɗɐəɖ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŮ ůŰɞ Arduino Pro Mini ɔɘŬ Űɖɜ ɞŭɐɔɖůɖ Űɖɠ ɛɞɜɎŭŬɠ Dot-Matrix. ȼ 

ɓɘɓɚɘɞɗɐəɖ ŭŮɜ ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɛɧɜɞ ɜŬ ɔɟɎɣɞɡɛŮ əŮɑɛŮɜɞ ŬɚɚɎ Ůˊɑůɖɠ ŰŬ ɞɟɑůɞɡɛŮ 

ŭɘɎűɞɟŮɠ ˊŬɟŬɛɏŰɟɞɡɠ ɧˊɤɠ ˊɢ Űɖɜ űɤŰŮɘɜɧŰɖŰŬ Űɖɠ ɞɗɧɜɖɠ. 

 

 

ȺɘəɧɜŬ 3.5: ɄŬɟɎŭŮɘɔɛŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɛŮ Űɖɜ ɓɘɓɚɘɞɗɐəɖ Max72xxPanel 

 

Ƀɘ ůɡɜŬɟŰɐůŮɘɠ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɖ ɓɘɓɚɘɞɗɐəɖ ŮɑɜŬɘ Ůɝɐɠ: 

 

¶ Max72xxPanel() 
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Ƀ constructor Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ ɛŬɠ. ȹɖɛɘɞɡɟɔŮɑ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ Űɨˊɞɡ 

Max72xxPanel. ɇŬ ɞɟɑůɛŬŰŬ ˊɞɡ ˊŬɑɟɜŮɘ  ŮɑɜŬɘ Űɞ ˊɧŭɘ ůŰɞ ɞˊɞɑɞ ɏɢɞɡɛŮ 

ůɡɜŭɏůŮɘ Űɞ pin CS (chip select) Ŭˊɧ ŰŬ Dot-Matrix modules əŬɘ ɎɚɚŬ ŭɡɞ 

ˊɟɞŬɘɟŮŰɘəɎ ɞɟɑůɛŬŰŬ ˊɞɡ ɛŬɠ ŮˊɘŰɟɏˊɞɡɜ ɜŬ ɞɟɑůɞɡɛŮ Ŭɜ ɏɢɞɡɛŮ ůɡɜŭɏůŮɘ 

ˊɎɜɤ Ŭˊɧ ɏɜŬ dot-matrix module ůŮ ůŮɘɟɎ ŭɑɜɞɜŰŬɠ ɛŬɠ ɏŰůɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ɜŬ űŰɘɎɝɞɡɛŮ ɛɘŬ ůɡůŰɞɘɢɑŬ Ŭˊɧ modules. ɇŬ ŭɡɞ ˊɟɞŬɘɟŮŰɘəɎ ɞɟɑůɛŬŰŬ, 

ɞɟɑɕɞɡɜ Űɞɜ Ŭɟɘɗɛɧ Űɞɜ dot-matrix modules ́ ɞɡ ŮɑɜŬɘ ůɡɜŭŮɛɏɜŬ ůŮ ɞɟɘɕɧɜŰɘŬ 

əŬɘ əɎɗŮŰŬ ŬɜŰɑůŰɞɘɢŬ. ȷɜ ŭŮɜ Űɞɡɠ ŭɩůɞɡɛŮ Űɘɛɐ ˊŮɟɜɞɨɜ Űɖɜ Űɘɛɐ 1 ɞˊɧŰŮ 

ȼ ůɡůŰɞɘɢɑŬ ɛŬɠ ŮɑɜŬɘ 1x1 ɎɟŬ ɡˊɎɟɢŮɘ ɛɧɜɞ ɏɜŬ module. 

 

¶ setIntensity() 

 

ȼ ůɡɜɎɟŰɖůɖ ɛŬɠ ŮˊɘŰɟɏˊŮɘ ɜŬ ɞɟɑůɞɡɛŮ Űɖɜ űɤŰŮɘɜɧŰɖŰŬ Űɞɜ dot-matrix 

module ŭɑɜɞɜŰŬɠ ůŰɖɜ ůɡɜɎɟŰɖůɖ ɛɘŬ Űɘɛɐ Ŭˊɧ Űɞ 0 -10 ɔɘŬ Űɞ ŬɜŰɑůŰɞɘɢɞ 

ŮˊɑˊŮŭɞ űɤŰŮɘɜɧŰɖŰŬɠ ˊɞɡ ɗɏɚɞɡɛŮ. 

 

¶ drawChar() 

 

ȼ ɓŬůɘəɐ ůɡɜɎɟŰɖůɖ Űɘɠ ɓɘɓɚɘɞɗɐəɖɠ. ɀɏůɞ ŬɡŰɐɠ ɛˊɞɟɞɨɛŮ ɜŬ ɔɟɎɣɞɡɛŮ 

ůŰɞ dot-matrix module ɏɜŬ Ŭˊɧ Űɞɡɠ ŬˊɞɗɖəŮɡɛɏɜɞɡɠ ɢŬɟŬəŰɐɟŮɠ Űɖɠ 

ɓɘɓɚɘɞɗɐəɖɠ. ɆŰɖɜ ɓɘɓɚɘɞɗɐəɖ ˊŮɟɘɏɢŮŰŬɘ ɐŭɖ Űɞ Ŭɔɔɚɘəɧ ŬɚűɎɓɖŰɞ Űɞ ɞˊɞɑɞ 

ɢɟɖůɘɛɞˊɞɘɐůŬɛŮ ɛŬɕɑ ɛŮ Űɞ Ůɚɚɖɜɘəɧ Űɞ ɞˊɞɑɞ ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬɘ ɛˊɐəŮ ɤɠ 

ŮˊɏəŰŬůɖ ůŰɖɜ ɓɘɓɚɘɞɗɐəɖ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɘɠ Ůəˊɧɜɖůɖɠ Űɖɠ ˊŰɡɢɘŬəɐɠ 

ŮɟɔŬůɑŬɠ. 

 

 

3.2.2 Metro 
 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ Ŭˊɚɐ ŬɚɚɎ ůɖɛŬɜŰɘəɐ ɓɘɓɚɘɞɗɐəɖ. ȼ ɓɘɓɚɘɞɗɐəɖ Metro 

ŮˊɘŰɟɏˊŮɘ ůŰɞɜ ɢɟɐůŰɖ ɜŬ ɞɟɑůŮɘ ŭɘɎűɞɟɞɡɠ ɛŮŰɟɖŰɏɠ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ 

ŮˊŬɜŬɚɎɓŮɘ əɎˊɞɘŬ əɞɛɛɎŰɘŬ əɩŭɘəŬ ŬɜɎ ɛɘŬ ɢɟɞɜɘəɐ ůŰŬɗŮɟɎ. 

 



ɮˋˏˊ˃ʰˍʹ ɳ˄ʹ˃ʷˊ˖ˋʹ ʁʻˈ˄ʹˌ ɼʶʽ˃ʷ˄ˇˎ ɾʶ LED 
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ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ŬˊɞűŮɨɔŮŰŬɘ ɖ ɢɟɐůɖ Űɖɠ ůɡɜɎɟŰɖůɖɠ delay() əŬɘ ɏŰůɘ Űɞ 

ˊɟɧɔɟŬɛɛŬ ɛŬɠ ɛˊɞɟŮɑ ɜŬ ŮəŰŮɚŮɑŰŬɘ ůɡɜɏɢŮɘŬ ɢɤɟɑɠ ɜŬ ůŰŬɛŬŰɎ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ 

Űɞɡ. ȷɡŰɧ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ Űɧůɞ ůŰɖ ɛɞɜɎŭŬ Dot-Matrix ɧˊɞɡ ˊɟɏˊŮɘ ɜŬ 

ɔɑɜŮŰŮ əɨɚɘůɖ Űɞɡ ŰɟɏɢɞɜŰɞɠ ɛɖɜɨɛŬŰɞɠ ɛŮ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŰŬɢɨŰɖŰŬ ŬɚɚɎ 

ˊŬɟɎɚɚɖɚŬ Űɞ ˊɟɧɔɟŬɛɛŬ ɜŬ ɛˊɞɟŮɑ ɜŬ ɚŬɛɓɎɜŮɘ Űɞ ŮˊɧɛŮɜɞ ɛɐɜɡɛŬ Ŭˊɧ Űɞɜ 

ɢɟɐůŰɖ ɢɤɟɑɠ ɜŬ ůŰŬɛŬŰɎŮɘ ɖ ɞɛŬɚɐ əɨɚɘůɖ Űɞɡ ɛɖɜɨɛŬŰɞɠ. Ƀɛɞɑɤɠ əŬɘ ɖ ɞɗɧɜɖ 

Ŭűɐɠ ˊɟɏˊŮɘ ɜŬ ŭɏɢŮŰŬɘ ŰŬ ˊŬŰɐɛŬŰŬ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɗŬ ˊɟɏˊŮɘ 

ɜŬ ɚŬɛɓɎɜŮɘ Űɞ ŮɘůŮɟɢɧɛŮɜɞ SMS ɐ ɜŬ ŬɜŬɓŬɗɛɑůŮɘ ŰŬ ɔɟŬűɘəɎ ˊɞɡ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ 

ůŰɖɜ ɞɗɧɜɖ. 

 

Ⱥŭɩ ˊɟɏˊŮɘ ɜŬ ŰɞɜɑůɞɡɛŮ ɧŰɘ ɞɘ ɛɘəɟɞŮɚŮɔəŰɏɠ Űɖɠ Atmel ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰŬ 

Arduino ŭŮɜ ɡˊɞůŰɖɟɑɕɞɡɜ ɜɐɛŬŰŬ (threads), ŮəŰɧɠ Ŭˊɧ Űɞ Arduino Due ˊɞɡ 

ɓŬůɑɕŮŰŬɘ ůŮ ɛɘəɟɞŮɚŮɔəŰɐ Űɨˊɞɡ ARM, ɤůŰɧůɞ ɧɛɤɠ ɛŮ Űɖɜ ɢɟɐůɖ Űɖɠ ɓɘɓɚɘɞɗɐəɖɠ 

Metro, Ŭɜ ɞ ˊɟɞɔɟŬɛɛŬŰɘůŰɐɠ űɟɞɜŰɑůŮɘ ŰŬ əɞɛɛɎŰɘŬ Űɞɡ əɩŭɘəŬ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ 

ɜŬ ɢɟŮɘɎɕɞɜŰŬɘ ɛɘəɟɧ ɢɟɧɜɞ ŮəŰɏɚŮůɖɠ, ɛˊɞɟɞɨɛŮ ɜŬ ŭɩůɞɡɛŮ ůŰɞɜ ɢɟɐůŰɖ Űɖɜ 

ɣŮɡŭŬɑůɗɖůɖ ɧŰɘ ɞɘ ɚŮɘŰɞɡɟɔɑŮɠ ɔɑɜɞɜŰŬɘ ˊŬɟɎɚɚɖɚŬ Ŭűɞɨ ɚɧɔɞ Űɖɠ ɛŮɔɎɚɖɠ 

ŰŬɢɨŰɖŰŬɠ ŮəŰɏɚŮůɖɠ ŭŮɜ ɗŬ ɔɑɜŮŰŮ ŬɜŰɘɚɖˊŰɐ əɎˊɞɘɞɡ Ůɑŭɞɡɠ əŬɗɡůŰɏɟɖůɖ. 

 

 

ȺɘəɧɜŬ 3.6: ɄŬɟɎŭŮɘɔɛŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ ɛŮ Űɖɜ ɓɘɓɚɘɞɗɐəɖ Metro 

 




























































































































