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ʈʝʬʝʨʘʪ 

ᴆʥᴇᴇ װʝʜ ʨʦʙʦʪ ʩʠʩʪʝʤʜ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ ʭʵʨʵʛʣʵʞ ʙʘʡʛʘʘ ʙʦʣʦʚʯ 

ʨʦʙʦʪ ʙʠʝ ʜʘʘʥ ʤʵʜʣʵʛ ʦʣʞ ʘʚʘʭ ʯʘʜʚʘʨʪʘʡ ʘʣʛʦʨʠʪʤʳʛ ʥʵʣʵʵʜ ʵʨʯʠʤʪʵʡ ʭʵʨʵʛʣʵʜʵʛ 

ʙʦʣʦʦʜ ʙʘʡʥʘ. ʊʫʩ ʩʫʜʘʣʛʘʘʛʘʘʨ ʥʵʛ ʩʵʥʩʪ, ʭʦʸʨ ʩʵʥʩʪ, ʜᴇʨʚᴇʥ ʩʵʥʩʪ ʪʦʛʪʚʦʨʛװʡ 

ʩʠʩʪʝʤʠʡʥ ʟʘʛʚʘʨʳʛ ʙʦʜʠʪʦʦʨ ʙװʪʵʵʩʵʥ ʙʘ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʨʝʛʨʝʩʩ, ʘʥʛʠʣʘʣ, 

ʥʝʡʨʦʥ ʩװʣʞʵʵ ʙʦʣʦʥ ʙʘʪʘʪʛʘʥ ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʫʫʜʳʛ ʭʵʨʵʛʣʵʥ ʪʦʛʪʚʦʨʞʫʫʣʘʭ 

ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʫʫʜʳʛ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ʦʨʰʠʥʦ. ɼʵʵʨʭ ʤʘʰʠʥ ʩʫʨʛʘʭ ʘʨʛʫʫʜ 

ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʩʘʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ ʙʦʜʠʪ ʙװʪʵʵʣ ʙʦʣʛʦʞ, ʫʛ ʙװʪʵʵʣʵʵ ʙʘʡʥʛʳʥ 

ʭʵʨʵʛʣʵʵ, ʩʫʨʛʘʣʪʘʜ ʥʵʚʪʨװװʣʵʭ ʥʴ ʦʥʦʣʳʥ ʤʵʜʣʵʛʠʡʛ ʧʨʘʢʪʠʢʪ ʭʵʨʵʛʞװװʣʵʭ 

ʣʘʙʦʨʘʪʦʨʠʡʥ ʦʨʯʠʥ װװʩʛʵʭ, ʮʘʘʰʣʘʘʜ ʫʛ ʙװʪʵʵʣʠʡʛ ʭʵʨʵʛʞװװʣʵʭʵʜ ʦʣʞ ʘʚʩʘʥ 

ʤʵʜʣʵʛ ʥʴ ᴇᴇʨ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʙװʪʵʵʣ ʭʠʡʭ ʩʫʫʨʴ ʙʦʣʩʦʥ ʶʤ. ʄʘʰʠʥ ʩʫʨʛʘʭ ʘʨʛʘʘʨ 

ʨʦʙʦʪʳʥ ʪʵʥʮʚʵʨʞװװʣʵʭ ʘʣʛʦʨʠʪʤʫʫʜʳʛ ʭʵʨʵʛʞװװʣʩʵʥ. ɹʦʜʠʪ ʙʘʡʜʣʘʘʨ 

ʭʵʨʵʛʞװװʣʩʵʥ ʥʴ ʘʤʞʠʣʪʪʘʡ ʙʦʣʩʦʥ. 

 

ʊװʣʭװװʨ װʛ: ʤʘʰʠʥ ʩʫʨʛʘʣʪ, ʨʦʙʦʪ, ʫʜʠʨʜʣʘʛʘ, ʜᴇʨʚᴇʥ ʩʵʥʩʪ, ʥʠʩʜʵʛ ʪʵʨʵʛ, 

ʭᴇʜᴇʣʛװװʨ, ʢʦʥʪʨʦʣʣʨy 

 

ɻװʡʮʵʪʛʵʛʯʜʠʡʥ ʥʵʨʠʡʥ ʞʘʛʩʘʘʣʪ 

ˉ ʆʚʦʛ ʥʵʨ ɸʞʣʳʥ ʛʘʟʘʨ ʄʵʨʛʵʞʠʣ ɻװʡʮʵʪʛʵʭ װװʨʵʛ 

1 ʎ.ʊʵʥʛʠʩ ʐʋʊʀʉ, ʄʍʊʉ 
ʂʦʤʧʴʶʪʝʨʥr 
ʫʜʠʨʜʣʘʛʘʪʘʡ 
ʩʠʩʪʝʤ (Ph.D) 

ʊᴇʩʣʠʡʛ ʝʨᴇʥʭʠʡʜ ʥʴ 
ʫʜʠʨʜʘʞ, ʯʠʛʣʵʣ ᴇʛʥᴇ, 
ʘʩʫʫʜʘʣ ʛʘʨʚʘʣ ʰʠʡʜʥʵ. 
ʊʝʭʥʠʢ ʭʘʥʛʘʤʞ ʙʦʣʦʥ 
ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʠʡʥ 
ʰʠʡʜʵʣ ʜʵʵʨ 

2 ɸ.ɹʘʪʤᴇʥʭ ʐʋʊʀʉ, ʄʍʊʉ 
ʊʝʭʥʠʢ 
ʭʘʥʛʘʤʞ  
(Ph.D) 

ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ 
ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ 
ʛʘʨʛʘʭ 

3 ʃ.װתʨʮʘʡʭ ʐʋʊʀʉ, ʄʍʊʉ 
ʂʦʤʧʴʶʪʝʨʥr 
ʫʜʠʨʜʣʘʛʘʪʘʡ 
ʩʠʩʪʝʤ (Ph.D) 

ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ 
ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ 
ʛʘʨʛʘʭ, ʫʛʩʨʘʣʪ, ʪʫʨʰʠʣʪ, 
ʪʦʦʮʦʦʣʦʣ 

4 ɻ.ɹʘʪ-ʕʨʜʵʥʵ 
ɸʐʋתʀʉ-ʀʁʅ 
ʉʋɺʀʃɸʍʋʁʅ 
ʉʋʈɻʋʋʃʔ 

ʌʠʟʠʢʯ. 
ʕʣʝʢʪʨʦʥʠʢʯ 

ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ 
ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ 
ʛʘʨʛʘʭ, ʫʛʩʨʘʣʪ, ʪʫʨʰʠʣʪ, 
ʪʦʦʮʦʦʣʦʣ  

5 ɻ.ʕʨʭʵʤʙʘʷʨ ʐʋʊʀʉ, ʄʍʊʉ ʕʣʝʢʪʨʦʥʠʢ 
ʋʛʩʨʘʣʪ, ʪʫʨʰʠʣʪ, 
ʪʦʦʮʦʦʣʦʣ 
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ʊᴇʩʣʠʡʥ ʢʘʣʝʥʜʘʨʯʠʣʩʘʥ ʪᴇʣᴇʚʣᴇʛᴇᴇ 

ɼʜ 
ʊᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʛװʡʮʵʪʛʵʭ 
ʪʦʜʦʨʭʦʡ װʝ ʰʘʪʥʳ ʘʞʣʳʥ ʥʵʨ 

ʕʭʣʵʭ 
ʜʫʫʩʘʭ 
ʭʫʛʘʮʘʘ 
(ʆʥ, ʩʘʨ) 

ʊʫʭʘʡʥ ʰʘʪʥʳ װʨ ʜװʥ 
 

ʕʭʥʠʡ װʝ ʰʘʪ 

1 
ʉʠʩʪʝʤʜ ʰʘʘʨʜʣʘʛʘʪʘʡ ʩʵʣʙʵʛ 
ʭʵʨʵʛʩʣʠʡʛ ʩʫʜʣʘʥ ʭʫʜʘʣʜʘʥ 
ʘʚʘʭ 

2019. 6. 01 
~ 2019. 9. 

01 

ɼᴇʨʚᴇʥ ʩʵʥʩʪ, ʫʜʠʨʜʣʘʛʳʥ 
ʭʘʚʪʘʥ, ʪʵʞʵʵʣʠʡʥ ʙʣʦʢ, 
ʤʵʜʨװװʨʠʡʥ ʭʵʩʵʛ 

2 
Reinforcement ʘʨʛʳʥ ʩʫʜʘʣʛʘʘ, 
ʪװװʥʠʡʛ ʜʨʦʥʳ ʭʵʨʵʛʣʵʵʥʜ 
ʙʫʫʣʛʘʭ ʩʠʤʫʣʷʮʠ 

2019. 06. 01 
~ 2020. 06. 

01 

Reinforcement ʘʨʛʳʥ 
ʩʠʤʫʣʷʮʠ, ʤʘʪʝʤʘʪʠʢ 
ʟʘʛʚʘʨ 

3 

ɼʨʦʥʳ ʪʝʭʥʠʢ ʭʘʥʛʘʤʞʠʡʥ 
ʛװʡʮʵʪʛʵʣ, ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ 
ʮʫʛʣʫʫʣʘʭ ʘʨʛʘʯʣʘʣ 
ʙʦʣʦʚʩʨʫʫʣʘʭ  

2019. 12. 01 
~ 2020. 06. 

02 
ɸʥʭʥr ʪʫʨʰʠʣʪʳʥ ʟʘʛʚʘʨ 

ʕʮʩʠʡʥ װʝ ʰʘʪ 

1 
ʄʦʜʫʣʠʡʥ ʙʦʣʦʥ ʫʜʠʨʜʣʘʛʳʥ 
ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʠʜ 
ʩʘʡʞʨʫʫʣʘʣʪ ʭʠʡʭ 

2020. 06. 02 
~ 2020. 09. 

01 

ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ 
ʩʫʫʨʠʣʩʘʥ ʜʨʦʥʳ 
ʫʜʠʨʜʣʘʛʳʥ ʧʨʦʛʨʘʤʤ 
ʭʘʥʛʘʤʞʠʜ ʩʘʡʞʨʫʫʣʘʣʪ 
ʭʠʡʞ ʜʫʫʩʥʘ 

2 ʅʵʛʜʩʵʥ ʩʠʩʪʝʤʠʡʥ ʪʫʨʰʠʣʪ 
2020. 06. 01 
~ 2021. 1. 

01 

ʉʠʩʪʝʤʠʡʥ ʥʵʛʜʩʵʥ 
ʪʫʨʰʠʣʪʳʛ ʭʠʡʞ װʨ ʜװʥʛ 
ʛʘʨʛʘʥʘ  

3 
 ʥʛ ʭʵʣʵʣʮʵʞ ʪʘʡʣʘʥװʨ ʜת
ʙʦʣʦʚʩʨʫʫʣʥʘ 

2020. 09. 02 
~ 2021. 1. 

01 

 ʥʛʠʡʥ ʪʘʡʣʘʥʛװʨ ʜת
ʭװʣʵʵʣʛʵʥ ᴇʛʥᴇ 

 

ʊᴇʩʣʠʡʥ ʩʘʥʭװװʞʠʣʪʠʡʥ ʟʘʜʘʨʛʘʘ  

  

  

ʆʛʥʦʦ 

ʉʘʥʭװװʞʠʣʪʠʡʥ ʟʘʜʘʨʛʘʘ 

/ʤʷʥ.ʪᴇʛʨᴇʛ/ 

  

  

ʅʠʡʪ ʜװʥ 

/ʤʷʥ.ʪᴇʛ/ 

  

ɻʵʨʵʵʪ 

ʘʞʠʣʪʥʫʫʜʳʥ 

ʘʞʣʳʥ ʭᴇʣʩ 

ʕʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʟʘʨʜʘʣ 

ʊʦʤʠʣʦʣʪ 

ʍʷʥʘʣʪʳʥ 

ʟʘʨʜʘʣ 

/1%/ 

2019 600.0 3,500.0 850.0 50.0 5000.0 

2022 600.0 3,500.0 850.0 50.0 5000.0 

ɼװʥ 1,200.0 7,000.0 1,700.0 100.0 10,000.0 
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ʊʦʚʯʠʣʩʦʥ װʛʠʡʥ ʪʘʡʣʙʘʨ 

CPU    Central Processing Unit 

3D   Three Dimensional 

2D   Two Dimensional 

DOF   Degrees Of Freedom 

FOV   Field Of View 

GPS   Global Positioning System 

SAD   Sum of Absolute Differences 

SSD   Sum of Squared Differences 

MAV   Micro Aerial Vehicle 

UAV   Unmanned Aerial Vehicle 

SS   State Space 

PID   Proportional Integral Derivative 

CV   Computer Vision 

ESC   Electron Speed Controller 

MEMS  Micro Electro Mechanical Systems 

VTOL   Vertical Take Off and Landing 
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1. ʆʨʰʠʣ 

ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʭᴇʛʞʠʣ ʞʠʣʵʵʨ ʙʠʰ, ʩʘʨʘʘʨ, ʙʘʨʘʛ ᴇʜʨᴇᴇʨ ʫʣʘʤ ʙװʨ 

ʫʨʘʛʰʠʣʩʘʘʨ ʙʘʡʥʘ. ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʜʵʚʰʣʠʡʛ ʘʞ װʡʣʜʚʵʨʪ ʥʵʚʪʨװװʣʩʥʵʵʨ 

ʙװʪʵʵʤʞ ʠʭ ʭʵʤʞʵʵʛʵʵʨ ʥʵʤʵʛʜʵʭ ʙʦʣʩʦʥ. 

1.1 ʊᴇʩʣʠʡʛ ʛװʡʮʵʪʛʵʭ װʥʜʵʩʣʵʣ, ʰʘʘʨʜʣʘʛʘ 

ʊװװʥʯʣʵʥ Accenture-ʘʘʩ ʛʘʨʛʘʩʘʥ ʪʘʡʣʘʥʜ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳʛ ʘʞ 

 ʡʣʜʚʵʨʠʡʥ ʩʘʣʙʘʨʪʘʘ ʘʰʠʛʣʘʞ ʵʭʵʣʩʵʥ ᴇʥʜᴇʨ ʭᴇʛʞʠʣʪʵʡ 12 ʦʨʥʳ ʵʜʠʡʥ ʟʘʩʛʠʡʥװ

ᴇʩᴇʣʪ 2035 ʦʥ ʛʵʭʵʜ ʭʦʸʨ ʜʘʭʠʥ ʥʵʤʵʛʜʵʭ ʭʘʥʜʣʘʛʘʪʘʡ ʙʘʡʥʘ.  

ᴆʥᴇᴇʜᴇʨ, ʪʝʭʥʠʢʠʡʥ ᴇʥʜᴇʨ ʭᴇʛʞʠʣʪʵʡ ʫʣʩ ʦʨʥʫʫʜʘʜ, ʭʠʡʤʵʣ ʦʶʫʥ, ʭװʥ ʪᴇʨʭʪ ʨʦʙʦʪ 

ʯʠʛʣʵʣʠʡʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ ᴇʜʨᴇᴇʩ ᴇʜᴇʨʪ ʭװʨʵʵʛʵʵ ʪʵʣʩʵʵʨ ʙʘʡʥʘ. ʈʦʙʦʪʳʥ 

ʩʫʜʘʣʛʘʘʥʜ ʩװװʣʠʡʥ ʭʵʜʵʥ ʘʨʚʘʥ ʞʠʣʠʡʥ ʪʫʨʰ ʘʭʠʮ ʜʵʚʰʠʣ ʭʘʨʘʛʜʘʞ ʙʘʡʛʘʘ ʭʵʜʠʡ 

ʯ ʨʦʙʦʪʫʫʜ ʥʴ װʡʣʜʚʵʨʣʵʣʠʡʥ ʭʵʨʵʛʣʵʵʥʠʡ ʭװʨʵʵʥʵʵʩ ʪᴇʜʠʡʣᴇʥ ʭʘʣʴʞ ʛʘʨʯ ʯʘʜʘʘʛװʡ 

ʣ ʙʘʡʥʘ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ ʟʘʨʠʤ ʪᴇʨʣʠʡʥ ʨʦʙʦʪʫʫʜ ʭװʥʠʡ ᴇʜᴇʨ ʪʫʪʤʳʥ ʘʤʴʜʨʘʣʜ 

ʦʨʦʣʮʦʞ, ʭװʥʪʵʡ ʟʵʨʵʛʮʵʥ ʦʨʰʠʞ, ʪʵʜʥʠʡ ʘʤʴʜʨʘʣʜ ʪʦʜʦʨʭʦʡ ʭʵʤʞʵʵʛʵʵʨ ʪʫʩʘʣʞ 

ʵʭʣʵʵʜ ʙʘʡʛʘʘ ʙʠʣʵʵ. ʍװʥʜ ʘʶʫʣʪʘʡ ʦʨʯʠʥʜ ʙʠʝ ʜʘʘʥ ʘʞʠʣʣʘʭ ʯʘʜʚʘʨ ʙװʭʠʡ 

ʨʦʙʦʪʫʫʜʳʛ ʘʰʠʛʣʘʥ ʩʫʜʘʣʛʘʘ ʪʘʥʜʘʣʪʳʥ ʪʫʨʰʠʣʪʫʫʜʳʛ ʭʠʡʭʠʡʥ ʟʵʨʵʛʮʵʵ ʮʵʨʵʛ 

ʟʵʚʩʵʛ, ʪʘʛʥʫʫʣ, ʪʝʨʨʦʨʠʟʤʳʥ ʵʩʨʵʛ ʨʦʙʦʪʳʥ ʪʝʭʥʦʣʦʛʠʡʛ ᴇʨʛᴇʥᴇᴇʨ ʭʵʨʵʛʣʵʞ ʵʭʣʵʵʜ 

ʙʘʡʥʘ. ɻʘʟʨʘʘʨ ʷʚʜʘʛ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, 2 ʭʵʤʞʵʵʩʪ ʭᴇʜᴇʣʛᴇᴇʥʪʵʡ ʨʦʙʦʪʳʥ ʭʫʚʴʜ ʩʘʘʜ 

ʪʦʡʨʦʭ ʟʘʤʳʥ ʪᴇʣᴇʚʣᴇʣʪʠʡʛ ʥʵʣʵʵʜ ʩʘʡʥ ʩʫʜʘʣʩʘʥ ʙʦʣ 3D ʦʨʯʠʥʜ ʟʘʤ ʪᴇʣᴇʚʣᴇʭ, 

ʩʘʘʜ ʪʦʡʨʦʭ ʟʵʨʵʛ ʘʩʫʫʜʘʣ ʙװʨʵʥ ʰʠʡʜʚʵʨʣʵʛʜʵʵʛװʡ ʣ ʙʘʡʥʘ. ᴆʥᴇᴇ װʝʠʡʥ ʨʦʙʦʪʳʥ 

ʪʝʭʥʦʣʦʛʠ, ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥ ʙʦʣʦʥ ʙʫʩʘʜ ʥʵʤʵʣʪ ʪʝʭʥʦʣʦʛʠʫʜʪʘʡ ʭʘʚʩʨʘʥ ʫʣʘʤ 

ʠʣװװ ʩʦʥʠʨʭʦʣ ʪʘʪʩʘʥ, ʩʫʜʘʣʛʘʘʥʳ ʪʦʤʦʦʭʦʥ ʦʨʯʥʳʛ װװʩʛʵʵʜ ʙʘʡʛʘʘ ʶʤ. 

1.2 ʉʫʜʘʣʛʘʘʥʳ ʘʨʛʘ ʟװʡ 

ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʥʜʩʵʥ ʟʦʨʠʣʛʦ ʥʴ 4 ʩʵʥʩʪ ʥʠʩʜʵʛ ʪʵʨʵʛ ʙʫʶʫ 

ʜʨʦʥʳ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʘʥ ʫʜʠʨʜʘʭ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩɻʥ. 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛ ʭʠʡʩʥʵʵʨ ʜʵʣʭʠʡ ʜʘʭʠʥʳ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʪʘʡ ʭᴇʣ ʟʵʨʵʛʮʵʥ ʘʣʭʘʭ 

ʙʦʣʦʤʞʪʦʡ ʶʤ. 

ɹʠʜ ᴇʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʣʘʛʳʛ PID ʙʦʣʦʥ ʪᴇʣᴇʚʠʡʥ 

ʛʵʜʨʵʛ ʭʦʣʙʦʦʪʦʡ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘʘʨ ʪʵʥʮʚʵʨʞװװʣʵʥ ʫʜʠʨʜʩʘʥ ʙʠʣʵʵ. ɼʵʵʨʭ 

ʜʫʨʜʩʘʥ ʘʨʛʫʫʜ ʢʣʘʩʩʠʢ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʫʫʜʘʜ ʪʦʦʮʦʛʜʜʦʛ ʶʤ. ʕʥʵʭװװ ʫʜʠʨʜʣʘʛʳʥ 

ʘʨʛʫʫʜ ʥʴ ʤʘʪʝʤʘʪʠʢ ʪʦʦʮʦʦʣʦʣ ʠʭʪʵʡ, ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ ʥʘʨʠʡʥ 

ʪʦʦʮʦʦʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ɹʠʜ ʜʨʦʥʳ ʪʵʥʮʚʵʨʞʠʣʪʵʜ ʈʝʛʨʝʩʩ, ɸʥʛʠʣʘʣ, 

ʅʝʡʨʦʥ ʩװʣʞʵʵ ʙʦʣʦʥ Reinforcement ʭʠʡʤʵʣ ʦʶʫʥʳ ʘʨʛʳʛ ʭʵʨʵʛʣʵʥ ʭᴇʛʞװװʣʵʭʵʜ 

ʦʨʰʠʥʦ. ʕʥʵʭװװ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘ ʥʴ ʭʫʨʜʘʪʛʘʣ ʙʦʣʦʥ ʛʠʨʦʩʢʦʧ ʤʵʜʨװװʨʠʡʥ ʪװװʭʠʡ 

ᴇʛᴇʛʜʣᴇᴇʩ ʤʵʜʣʵʛʠʡʛ ʛʘʨʛʘʥ ʘʚʘʭ ʟʘʤʘʘʨ ʜʨʦʥʳ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʭʠʡʥʵ.  
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Reinforcement ʘʨʛʳʛ ʨʦʙʦʪʳʥ ʪʝʭʥʦʣʦʛʠʜ ᴇʨʛᴇʥᴇᴇʨ ʭʵʨʵʛʣʵʞ ʵʭʣɻʞ ʙʘʡʛʘʘ ʙʘ ʵʥʵʭװװ 

ʘʨʛʘ ʥʴ ʩʠʩʪʝʤ ᴇᴇʨʠʡʥ ʛʘʨʛʘʞ ʙʫʡ װʡʣʜʣʵʵʩ ʪʫʨʰʣʘʛʳʛ ʙʠʡ ʙʦʣʛʦʩʥʦʦʨ ʤʵʜʣʵʛʠʡʛ 

ʦʣʞ ʘʚʜʘʛ.   

 1.3 ʊᴇʩʣʠʡʥ ʵʮʩʠʡʥ װʨ ʜװʥ: 

ʕʥʵʭװװ ʪᴇʩʣʠʡʥ ʘʞʣʳʥ ʵʮʩʠʡʥ װʨ ʜװʥʜ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʜᴇʨʚᴇʥ 

ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʣʘʛʘ ʙʠʡ ʙʦʣʩʦʥ. ʄᴇʥ ʜʘʨʘʘʭ װʨ ʜװʥʛװװʜ ʛʘʨʩʘʥ: 

× ɼᴇʨʚᴇʥ ʩʵʥʩʪʵʜ ʪʦʭʠʨʦʭ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʘʨʛʘ ʙʦʣʦʭ ʈʝʛʨʝʩʩ, ɸʥʛʠʣʘʣ, 

ʅʝʡʨʦʥ ʩװʣʞʵʵ ʙʦʣʦʥ Reinforcement ʘʨʛʫʫʜʳʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨ ʛʘʨʩʘʥ.  

× ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʝʭʥʠʢ ʭʘʥʛʘʤʞʠʡʛ ʰʠʡʜʩɻʥ 

× ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʠʡʛ 

ʰʠʡʜʩʵʥ 

× ɻʘʜʘʘʜʳʥ ʩʵʪʛװװʣʜ ᴇʛװװʣʵʣ, ʜʦʪʦʦʜʳʥ ʩʵʪʛװװʣʜ ᴇʛװװʣʵʣ ʪʫʩ ʪʫʩ ʭʵʚʣװװʣʩɻʥ 

× ɸʭʠʩʘʥ ʪᴇʚʰʠʥʜ ʦʨʦʭ ʭʠʯʵʵʣʠʡʥ ʭᴇʪᴇʣʙᴇʨ ʙʠʡ ʙʦʣʩʦʥ 

1.4 ʊᴇʩʣʠʡʥ װʨ ʜװʥʛʠʡʥ ʰʠʥʵʣʵʛ ʙʫʶʫ ʜʵʚʰʠʣʪʪʵʡ ʪʘʣ 

ʕʥʵʭװװ ʪᴇʩʣʠʡʥ ʰʠʥʵʣʵʛ ʪʘʣ ʥʴ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪ ʶʤ. 

ʕʥʵʭװװ ʜʵʚʰʠʣʪʵʜ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ ʥʫʪʘʛʰʫʫʣʩʥʘʘʨ ʟᴇʚʭᴇʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪʵʵʩ ʛʘʜʥʘ 

ʘʞ װʡʣʜʚʵʨʠʡʥ ʩʘʣʙʘʨʪ ᴇʨʛᴇʥᴇᴇʨ ʥʵʚʪʨװװʣʵʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. 

1.5 ʊᴇʩʣʠʡʥ ʵʜʠʡʥ ʟʘʩʘʛ, ʰʠʥʞʣʵʭ ʫʭʘʘʥ, ʥʠʡʛʤʠʡʥ ʘʯ ʭʦʣʙʦʛʜʦʣ 

ʊᴇʩᴇʣ ʭʵʨʵʛʞʩʵʥʵʵʨ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ ʥʫʪʘʛʰʫʫʣʘʭ 

ʙʦʣʦʤʞ ʙʠʡ ʙʦʣʞ ʙʘʡʥʘ. ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥ ʭװʥʠʡ ʘʤʴʜʨʘʣʳʛ ʭᴇʥʛᴇʚʯʣᴇʭᴇᴇʩ ʛʘʜʥʘ 

ʘʞ װʡʣʜʚʵʨʠʡʥ ʩʘʣʙʘʨʳʛ ʭᴇʛʞװװʣʵʭ, ʭᴇʛʞʣʠʡʛ ʭʫʨʜʘʩʛʘʭ ʪװʣʭװװʨ ʙʦʣʥʦ. ɹʠʜʥʠʡ 

ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʨ ʜװʥʛʵʵʩ ʘʭʠʩʘʥ ʪᴇʚʰʥʠʡ ʭʠʯʵʵʣʠʡʥ ʭᴇʪᴇʣʙᴇʨ ʙʠʡ ʙʦʣʩʥʦʦʨ 

ʦʣʦʥ ʦʶʫʪʘʥ ʟʘʣʫʫʯʫʫʜʘʜ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʪʘʣʘʘʨʭ ʤʵʜʣʵʛʠʡʛ ʭװʨʛʵʭ ʟʘʤ 

ʥʵʵʛʜʵʥʵ. 
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1.6 ʍʵʚʣװװʣʩʵʥ ᴇʛװװʣʵʣ 

ɹʠʜ ʜʦʪʦʦʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʩʵʪʛװװʣʜ ʥʠʡʪ 8 ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ ʙʦʣʥʦ. 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ, ʃ. װתʨʮʘʡʭ ñControl of Single Propeller Pendulum with 

Supervised Machine Learning Algorithmò Khureltogoot 2019 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ, ɻ. ʕʨʭʵʤʙʘʷʨ ñɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʤʘʰʠʥ 

ʩʫʨʛʘʣʪʳʥ ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘʘʨ ʰʠʡʜʵʭ ʥʴ"ò, ʐʋʊʀʉ, ʄʍʊʉ-ʠʡʥ ʵʨʜʵʤ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʵʤʭʵʪʛʵʣʜ, 2020 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ ñɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ 

ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘʘʨ ʰʠʡʜʵʭ ʥʴ", ʄʄʊ2020 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ ñNeural Network-based Quadcopter Control", Khureltogoot 

2021, ʭʫʫʜʘʩ 110 

× ʎ.ʊʵʥʛʠʩ,"ʅeʡʨʦʥ ʉװʣʞʵʵʥʜ ʉʫʫʨʠʣʩʘʥ ɼᴇʨʚᴇʥ ʉʵʥʩʪʠʡʥ ʋʜʠʨʜʣʘʛʘ", MMT2021 

× ɹʘʪ-ʕʨʜʵʥʵ, ʎ.ʊʵʥʛʠʩ ñɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʣʘʛʘʜ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ 

ʟʘʛʚʘʨʫʫʜʳʛ ʭʘʨʴʮʫʫʣʘʥ ʪʫʨʰʠʭ ʥʴ" ʐʋʊʀʉ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʵʤʭʵʪʛʵʣʜ, 2021 

× ɹʘʪ-ʕʨʜʵʥʵ, ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ "ʅeʡʨʦʥ ʉװʣʞʵʵʥʜ ʉʫʫʨʠʣʩʘʥ ɼᴇʨʚᴇʥ 

ʉʵʥʩʪʠʡʥ ʋʜʠʨʜʣʘʛʘò ʄʘʪʝʤʘʪʠʢ, ʪʦʦʥ ʪʝʭʥʦʣʦʛʠʡʥ ʭʫʨʘʣʜ 2022 

× ɹʘʪ-ʕʨʜʵʥʵ, ʎ.ʊʵʥʛʠʩ, ʏ. ʃʦʜʦʡʨʘʚʩʘʣ ɸ.ɹʘʪʤᴇʥʭ ñQuadcopter Stabilization using 

Neural Network model from collected data of PID controllerò ICTFocus journal, 2022 

ɹʠʜ ʛʘʜʘʘʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʩʵʪʛװװʣʜ ʥʠʡʪ 5 ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ ʙʦʣʥʦ. 

× Tengis Ts, Uurtsaikh L, Batmunkh A, "Machine learning for stabilizing quadrotorôs 

single-axis using classifier decision boundary", IFOST 2019 

× Tengis Ts, Uurtsaikh L, Batmunkh A ñ Control of seesaw balancing using decision 

boundary based on classification method ò International Journal of Internet, 

Broadcasting and Communication Vol 11,  Nnumber 2, page 11 

× Ts.Tengis, L. Uurtsaikh, A. Batminkh, "Balancing a seesaw with reinforcement 

learning", International Journal of Advanced Culture Technology Vol.8 No.4 51-57 

(2020) 

× Staroletov S, Tengis Ts,  ñModel-Driven Development Methods and Formal 

Verification Algorithms for Cyber-Physical Systems as Applied to System Software of 

Unmanned Aerial Vehicles",  ʉʝʪʝʚʦʝ ʠʟʜʘʥʠʝ ʉʦʚʝʪʘ ʨʝʢʪʦʨʦʚ ʚʫʟʦʚ ɹʦʣʴʰʦʛʦ 

ɸʣʪʘʷʘ, 2020 

× Ts.Tengis, ñQuadrotor stabilization in hovering mode based on the stereo vision", 

International Conference on Electrical, Computer and Energy Technologies Journal, 

2021 
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2. ʊᴇʩʣʠʡʥ ʩʫʜʘʣʛʘʘ ʙʘ ʛװʡʮʵʪʛʵʣ 

ʄʘʰʠʥ ʩʫʨʛʘʣʪ ( machine learning, ML) ʛʵʜʵʛ ʥʴ ʥʘʨʠʡʚʯʠʣʩʘʥ ʧʨʦʛʨʘʤʯʣʘʣʛװʡʛʵʵʨ 

ʢʦʤʧʴʶʪʝʨ ᴇᴇʨᴇᴇ ʩʫʨʘʣʮʘʭ ʘʩʫʫʜʣʳʛ ʩʫʜʘʣʜʘʛ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʩʘʣʙʘʨ ʶʤ [1, 2, 3, 

4]. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʢʦʤʧʴʶʪʝʨ ᴇᴇʨᴇᴇ ʪװװʭʠʡ ᴇʛᴇʛʜʣᴇᴇʩ ʤʵʜʣʵʛ ʦʣʞ ʘʚʘʭ ʯʘʜʚʘʨʪʘʡ 

ʙʦʣʦʭ ʭʵʨʵʛʪʵʡ ʶʤ. ʕʥʵʭװװ ʯʘʜʚʘʨʳʛ machine learning ʙʫʶʫ ʤʘʰʠʥʳ ʩʫʨʘʣʮʘʭ 

ʯʘʜʚʘʨ ʛʵʥʵ. ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʳʛ ʜʦʦʨʭ װʥʜʩʵʥ 3 ʭʵʩʵʛʪ ʭʫʚʘʘʜʘʛ ʙʘʡʥʘ 

[1, 5, 8, 9]. 

× ʍʷʥʘʣʪʛװʡ (Unsupervised) 

× ʍʷʥʘʣʪʪʘʡ (Supervised) 

× ɹʘʪʘʪʛʘʥ (Reinforcement) 

ʍʷʥʘʣʪʛװʡ ʩʫʨʛʘʣʪʳʥ ʟʦʨʠʣʛʦ ʥʴ ʘʥʛʠʣʘʘʛװʡ ʙʫʶʫ ʪʵʤʜʵʛʛװʡ ᴇʛᴇʛʜᴇʣ ʜʦʪʨʦʦʩ ʪʫʩ 

ᴇʛᴇʛʜʣʠʡʥ ʜʘʣʜ ʙװʪʮʠʡʛ ʭʘʡʞ ʦʣʦʭʦʜ ʦʨʰʜʦʛ ʙʦʣ ʭʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʟʦʨʠʣʛʦ ʥʴ 

ʘʥʛʠʣʩʘʥ ʙʫʶʫ ʪʵʤʜʵʛʪʵʡ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ 

ʦʨʰʠʥʦ. ʉʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʥʴ ʦʨʦʣʪ ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ ʭʦʩ ʙʘʛʮʫʫʜʘʘʩ 

ʪʦʛʪʜʦʛ ʙʘʡʥʘ.  

ʍʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪ ʥʴ ʵʜʛʵʵʨ ᴇʛᴇʛʜᴇʣʜ ʰʠʥʞʠʣʛʵʵ ʭʠʡʞ ʭʘʨʛʘʣʟʘʭ ʭʘʤʘʘʨʣʳʥ 

ʬʫʥʢʮʠʡʛ װװʩʛʵʭ ʙᴇʛᴇᴇʜ ʵʥʵ ʬʫʥʢʮʠʡʛ ʰʠʥʵ ᴇʛᴇʛʜʣʠʡʛ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ ʜʘʭʠʥ 

ʘʰʠʛʣʘʭ ʥᴇʭʮᴇʣʠʡʛ ʙװʨʜװװʣʵʥ ʭʘʤʛʠʡʥ ʦʥʦʚʯʪʦʡ ʘʣʛʦʨʠʪʤʳʛ װװʩʛʵʥʵ. װתʥʠʡ ʪʫʣʜ 

ʪʦʦʥ ʨʝʛʨʝʩʩʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʦʨʦʣʪ ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ ʭʘʨʠʣʮʘʥ 

ʭʘʤʘʘʨʣʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙʘ ʦʨʦʣʪʳʛ ʭʵʨʭʵʥ ʛʘʨʘʣʪ ʙʦʣʛʦʥ ʭʫʚʠʨʛʘʞ ʙʫʡ ʬʫʥʢʮʠʡʛ 

ʪʘʘʤʘʛʣʘʞ ʙʘʡʜʘʛ. ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤ, ʪװװʥʠʡ װʨ ʜװʥʛ ʤʘʪʝʤʘʪʠʢʠʡʥ 

ʰʠʥʞʠʣʛʵʵʥʠʡ ʘʨʛʳʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʪʦʦʮʦʦʣʦʭ ʙʦʣʦʤʞʪʦʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ 

ʢʦʤʧʴʶʪʝʨʳʥ ʰʠʥʞʣʵʭ ʫʭʘʘʥʳ ʦʥʦʣʳʥ ʥʵʛʵʥ ʩʘʣʙʘʨ ʶʤ [10, 11, 12, 13]. 

ʕʥʵʭװװ ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʙʠʜ ʥʵʛ ʩʵʥʩʪ, ʭʦʸʨ ʩʵʥʩʪ ʙʦʣʦʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ 

ʪʵʥʮʚʵʨʞʠʣʪ ʙʦʣʦʥ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʘʘʨ ʰʠʡʜʵʭʠʡʛ ʟʦʨʴʩʦʥ. 

 ʣʩʵʥװװʥʜ ʙʠʜ ʜʘʨʘʘʭ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʫʫʜʳʥ ʩʫʜʘʣʛʘʘʛ ʭʠʡʞ, ʪʫʨʰʠʞ, ʥʵʚʪʨװת

ʙʦʣʥʦ: 

× ʈʝʛʨʝʩʩʠʡʥ ʘʨʛʘ 

× ɸʥʛʠʣʣʳʥ ʘʨʛʘ 

× ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʘʨʛʘ 

× ɹʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘ 
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2.1 ʆʣʦʥ ʛʠʰװװʥʪ ʬʫʥʢʮʠʡʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘʘʨ װװʩʛʵʭ ʟʘʤʘʘʨ ʥʵʛ ʩʵʥʩʪ 

ʜװװʞʠʥʛʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʩʘʡʞʨʫʫʣʘʭ ʥʴ 

ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜʘʘʨ ʥʵʛ ʩʵʥʩʪ ʜװװʞʠʥʛ ʪʦʜʦʨʭʦʡ ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ 

ʙʘʨʠʭʳʥ ʪʫʣʜ ʙʠʜ PID  ʙʦʣʦʥ ʪᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦ ʙװʭʠʡ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʫʫʜʳʛ 

ʪʫʩ ʪʫʩ ʭʵʨʵʛʣʵʥ ʫʜʠʨʜʣʘʛʳʛ ʘʤʞʠʣʪʪʘʡ ʪʫʨʰʠʞ װʟʩʵʥ ʙʦʣʥʦ [1-8]. ɼʵʵʨʭ 

ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʫʫʜʳʛ ʭʵʨʵʛʣʵʭʜʵʵ ʶʫʥʳ ᴇʤʥᴇ, ʪʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ ʜʠʥʘʤʠʢ ʙʦʣʦʥ 

ʢʠʥʝʤʘʪʠʢʠʡʥ ʟʘʛʚʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. 

 

ɿʫʨʘʛ 2.1.1 ʅʵʛ ʩʵʥʩʪ ʜװװʞʠʥʛʠʡʥ ʟʘʛʚʘʨ 

ɿʫʨʘʛ 2.1.1-ʜ ʪʫʨʰʠʣʪʳʥ ʟʘʛʚʘʨʳʛ ʭʘʨʫʫʣʩʘʥ ʙʘ ʵʥʜ, l ʩʘʚʣʫʫʨʳʥ ʪᴇʚᴇᴇʩ ʩʵʥʩʪ 

ʭᴇʜᴇʣʛװװʨ ʭװʨʵʭ ʟʘʡ, ɣ ʥʴ ʭ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ װװʩʞɻ ʙʫʡ ᴇʥʮᴇʛ, m ʩʵʥʩʪ ʭᴇʜᴇʣʛװװʨʠʡʥ 

ʞʠʥ, F ʩʵʥʩʪ ʭᴇʜᴇʣʛװװʨʵʵʩ װװʩʵʭ ᴇʨʛᴇʭ ʭװʯ, g ʪʘʪʘʣʮʣʳʥ ʭʫʨʜʘʪʛʘʣ. 

ʀʤʧʫʣʴʩʠʡʥ ᴇʨʛᴇʥʠʡ ʤʦʜʫʣʷʮʘʘʨ (PWM) ʭᴇʜᴇʣʛװװʨʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ ʫʜʠʨʜʘʭ 

ʙʘ ʪʫʭʘʡʥ ʭᴇʜᴇʣʛװװʨʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʘʘʩ ʭʘʤʘʘʨʘʥ ʤʫʰʛʠʭ ʤʦʤʝʥʪ װװʩʵʞ ʜװװʞʠʥʛ 

ᴇʨʛᴇʥᴇ. 

ὰὊὰάὫÃÏÓ‪ ὰ‪ὰά     (1) 

ʕʥʜ ‪ ʥʴ ᴇʥʮᴇʛ ʭʫʨʜʘʪʛʘʣ. 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʩʫʜʘʣʞ ʙʫʡ ʦʙʲʝʢʪʳʥ (ʥʵʛ ʩʵʥʩʪ ʙʫʶʫ ʭʵʚʪʵʵ ʜװװʞʠʥ ɿʫʨʘʛ 

2.1.1) ʜʠʥʘʤʠʢ ʙʦʣʦʥ ʢʠʥʝʤʘʪʠʢʠʡʥ ʟʘʛʚʘʨʳʥ ʛʘʨʛʘʣʛʘʘʛ װʣ ʭʵʨʵʛʣʵʭ ʙᴇʛᴇᴇʜ ʵʥʵ 

ʩʠʩʪʝʤʠʡʥ ʟᴇʚʭᴇʥ ʦʨʦʣʪ ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ʫʪʛʫʫʜʳʛ ʘʰʠʛʣʘʥ ʭʷʥʘʣʪʪʘʡ ʤʘʰʠʥ 

ʩʫʨʛʘʣʪ ʜʵʵʨ ʩʫʫʨʠʣʩʘʥ ʙʦʜʠʪ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤʠʡʛ ʙװʪʵʵʞ ʢʦʤʧʴʶʪʝʨʳʛ ʩʫʨʛʘʭ 

ʘʨʛʳʥ ʪʫʨʰʠʣʪʫʫʜʳʛ ʭʠʡʚ. 
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ɿʫʨʘʛ 2.1.2 ʅʵʛ ʩʵʥʩʪ ʜװװʞʠʥ. ɹʘʨʫʫʥ ʪʘʣʘʘʩ ʜװװʞʠʥʛʠʡʥ ʘʥʭʥʳ ʙʘʡʨʣʘʣ, ʜװװʞʠʥ 

τυ ʙʘʡʨʣʘʣʜ, ωπ ʙʘʡʨʣʘʣʜ, ρρπ ʙʘʡʨʣʘʣʜ 

 

ʈʝʛʨʝʩʩʠʡʥ ʘʨʛʘ ʙʦʣʦʭ ʭʷʥʘʣʪʪʘʡ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʛʦʣ ʩʘʥʘʘ ʥʴ ʮʫʛʣʫʫʣʩʘʥ 

ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣʜ ʭʘʨʛʘʣʟʘʭ ʬʫʥʢʮʠʡʛ ʜװʛʥʵʭ װʡʣ ʘʞʠʣʣʘʛʘʘ ʙᴇʛᴇᴇʜ [1-5] ᴇʤʥᴇ ʥʴ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʩʫʨʛʘʣʪʳʥ װʨ ʜװʥʛ װװʩʛʵʞ ʙʫʡ ʩʠʩʪʝʤ ʥʴ ʭʵʨ ʟᴇʚ ʪʦʜʦʨʭʦʡʣʞ 

ʩʫʨʘʣʮʩʘʥ ʙʦʣʦʭʳʛ ʜװʛʥʵʭʵʜ ʦʨʰʠʭ ʶʤ. ʄʘʥʘʡ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʦʨʠʣʛʦ ʥʴ ʥʵʛ 

ʩʵʥʩʪ ʜװװʞʠʥʛ ʪʦʜʦʨʭʦʡ ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ ʙʘʨʠʭ ʫʜʠʨʜʣʘʛʘ ʶʤ. װתʥʠʡ ʪʫʣʜ 

ʭᴇʜᴇʣʛװװʨʠʡʥ ʵʨʛʵʭ ʭʫʨʜʳʛ ᴇᴇʨʯʣᴇʭ ʟʘʤʘʘʨ ᴇʨʛᴇʭ ʭװʯʠʡʛ ᴇᴇʨʯʠʣʞ ʜװװʞʠʥʛʠʡʥ ʪʦʛʪʦʭ 

ᴇʥʮʛʠʡʛ ʙװʨʪʛʵʞ ʘʚʩʥʘʘʨ ʩʫʨʛʘʭ ᴇʛᴇʛʜʣʠʡʛ װװʩʛʵʥʵ. ʀʡʥʭװװ ʮʫʛʣʫʫʣʞ ʘʚʩʘʥ ᴇʛᴇʛʜʣʠʡʛ 

ʍװʩʥʵʛʪ 2.1.1-ʪ װʟװװʣʵʚ. 

ʉʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ ʭʘʤʘʘʨʣʳʛ ɿʫʨʘʛ 2.1.3-ʪ װʟװװʣʵʚ. 

 

 

ɿʫʨʘʛ 2.1.3.  ʉʫʨʛʘʭ ᴇʛᴇʛʜʣʠʡʥ ʭʘʤʘʘʨʣʳʥ ʛʨʘʬʠʢ 
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ʍװʩʥʵʛʪ 2.1.1 ʉʫʨʛʘʭ ᴇʛᴇʛʜᴇʣ 

m x - 
(ᴆʥʮᴇʛ) 

y- 
(PWM) 

m x - 
(ᴆʥʮᴇʛ) 

y- 
(PWM) 

1 -84.36 760 16 -69.26 850 

2 -86.41 766 17 -67.14 856 

3 -86.72 772 18 -64.51 862 

4 -87.4 778 19 -59.92 868 

5 -88.34 784 20 -57.22 874 

6 -88.64 790 21 -54.76 880 

7 -87.52 796 22 -51.06 886 

8 -86.82 802 23 -46.15 892 

9 -84.35 808 24 -42.99 898 

10 -83.3 814 25 -39.4 904 

11 -81.41 820 26 -32.27 910 

12 -77.88 826 27 -27.05 916 

13 -76.51 832 28 -22.4 922 

14 -74.67 838 29 -16.65 928 

15 -73.28 844 30 0 934 

 

ʕʥʜ,  

m ï ʩʫʨʛʘʣʪʳʥ ʞʠʰʠʛ ʪʦʦ m=30 

x ï ʦʨʦʣʪʳʥ ʭʫʚʴʩʘʛʯ  

yïʛʘʨʘʣʪʳʥ ʭʫʚʴʩʘʛʯ 

(x(i), y(i)) ï ʩʫʨʛʘʣʪʳʥ ʞʠʰʠʛ 

ɾʠʰʵʵ ʥʴ,(x(1), y(1)) = (-84.36, 760) 

ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʛʘʘʨ ʭʷʥʘʣʪʪʘʡ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʳʛ ʭʵʨʵʛʣʵʥ ʰʫʛʘʤ 

ʨʝʛʨʝʩʩʠʡʥ ʘʨʛʳʛ ʘʰʠʛʣʘʥ ʰʫʣʫʫʥʳ ʬʫʥʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʦʣʥʦ. ɿʫʨʘʛ 2.1.4-ʪ 

ʫʣʘʘʥ ʰʫʣʫʫʥʘʘʨ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ  ʰʫʛʘʤ ʬʫʥʢʮ ʪʦʜʦʨʭʦʡʣʦʛʜʩʦʥ ʙʦʣʥʦ. ɹʦʜʠʪ 

ʪʫʨʰʠʣʪʳʥ װʝʜ 0Á ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ ʪʦʛʪʦʦʭ ʙʦʣʦʤʞʛװʡ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʘʞ ʙʘʡʥʘ. 

ʄᴇʥ ʟʘʨʠʤ ᴇʥʮʛװװʜʵʜ ʦʯʠʞ ʭװʨʵʭʛװʡ ʙʘʡʛʘʘ ʘʣʜʘʘʥʫʫʜ ʛʘʨʯ ʙʘʡʛʘʘʛ ɿʫʨʘʛ 2.1.4-ʪ 

 ʥʪ ʬʫʥʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʟʦʨʠʣʛʦװװʜʥʵʵʩ ʦʣʦʥ ʛʠʰװװ ʥʠʡʛ ʩʘʡʞʨʫʫʣʘʭװת .ʣʵʚװװʟװ

ʪʘʚʠʥ ʘʞʠʣʣʘʘ. 
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ɿʫʨʘʛ 2.1.4.  ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʰʫʛʘʤʘʥ  ʭʘʤʘʘʨʣʳʥ ʛʨʘʬʠʢ 

 

ʍʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘ ʥʴ ʜʘʨʘʘʭ ʘʣʛʦʨʠʪʤʳʥ ʜʘʛʫʫ ʘʞʠʣʣʘʥʘ (ɿʫʨʘʛ 2.1.5). 

ʎʫʛʣʫʫʣʩʘʥ ʩʫʨʛʘʭ ᴇʛᴇʛʜʣʠʡʛ ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʜ ʦʨʫʫʣʥʘ. ʉʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʳʥ 

ʛʦʣ װװʨʵʛ ʥʴ ʛʘʨʘʣʪʜʘʘ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʦʨʰʠʥʦ. 

ʊʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ ʥʴ ʦʨʦʣʪʦʜ ᴇʛᴇʛʜʩᴇʥ ʪʦʛʪʚʦʨʞʠʭ ᴇʥʮʛʠʡʥ ʫʪʛʳʛ ʘʚʯ ʪʫʭʘʡʥ 

ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ ʙʘʨʠʭ ʭᴇʜᴇʣʛװװʨʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ ʪʦʦʮʦʦʣʥʦ. 

ʉʫʨʛʘʣʪʳʥ ʙʘʛʮ

ʉʫʨʘʭʫʡʥ ʘʣʛʦʨʠʪʤ

ʊʦʛʪʚʦʨʞʠʭ 

ᴇʥʮᴇʛ

ʊʦʦʮʦʦʣʩʦʥ 

ʭᴇʜᴇʣʛװװʨʠʡʥ ʭʫʨʜ

 

ɿʫʨʘʛ 2.1.5. ʉʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤ 

 

ʊʠʡʤʵʵʩ h ʬʫʥʢʮ ʥʴ x-ʠʡʛ y-ʪ ʜװʨʩʣʵʥ ʙʫʫʣʛʘʭ ʬʫʥʢʮ ʶʤ. ʊʫʭʘʡʥ ʩʠʩʪʝʤʠʡʛ ʙʠʜ 

ʰʫʛʘʤʘʥ ʙʫʩ ʩʠʩʪʝʤ ʛʵʞ װʟʵʚ. ʕʥʜ, h- ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ  (hypothesis). 

Ὤ ὼ — —ὼ —ὼ 

ʕʥʜ, Ὤ ὼ ï ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ, —, —, —ï ʧʘʨʘʤʝʪʨװװʜ ʪʫʩ ʪʫʩ ʙʦʣʥʦ.  

ɹʠʜ —, —, — ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʟʦʨʠʣʛʦʪʦʡ ʪʫʨʰʠʣʪʳʛ ʷʚʫʫʣʩʘʥ. ɼʵʵʨʭ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʩʫʨʛʘʭ ᴇʛᴇʛʜʣװװʜʪʵʡ ʭʘʤʛʠʡʥ ʦʡʨ ʜʘʡʨʯ ʛʘʨʘʭ 

ʰʫʣʫʫʥʳʛ ʪʦʜʦʨʭʦʡʣʥʦ. װתʥʠʡ ʪʫʣʜ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ʫʪʛʳʥ 

ʷʣʛʘʚʘʨ ʭʘʤʛʠʡʥ ʙʘʛʘ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʶʤ. 
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Ὤ ὼ ώ 

ʊʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮ J -ʠʡʛ (2) ʠʣʵʨʭʠʡʣʣʵʵʨ ʪʦʜʦʨʭʦʡʣʥʦ.  

ὐ—ȟ—ȟ— В Ὤ ὼ ώ      (2) 

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ὐ—ȟ—ȟ—  ʬʫʥʢʮʠʡʥ ʤʠʥʠʤʫʤ —, —, — ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʦʨʰʠʥʦ. 

ÍÉÎ
  

ὐ—ȟ—ȟ—      (3) 

ʊʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʛ ʪʦʤʲʸʦʣʙʦʣ, 

Ὤ ὼ — —ὼ —ὼ    (4) 

ʊʫʩ ʬʫʥʢʮʠʡʥ ʧʘʨʘʤʝʪʨװװʜ ʥʴ —ȟ—ȟ— ʙʘʡʥʘ. 

 ʜʠʡʥ ʤʠʥʠʤʫʤ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡװװʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʥ ʧʘʨʘʤʝʪʨת

ʙʦʣʦʭʳʛ ʜʵʵʨ ʘʚʯ װʟʩʵʥ. װתʥʠʡ ʪʫʣʜ ʛʨʘʜʠʝʥʪ ʙʫʫʨʘʣʪʳʥ ʘʣʛʦʨʠʪʤʳʛ ʘʰʠʛʣʘʥʘ. 

ʕʭʣʵʵʜ —ȟ—ȟ— ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʜʫʨʳʥ ʙʘʡʜʣʘʘʨ ʩʦʥʛʦʞ ʘʚʥʘ. ʀʭʵʚʯʣʵʥ — π , 

— π, — πʙʘʡʭʘʘʨ ʩʦʥʛʦʞ ʘʚʜʘʛ ʙʘ ὐ—ȟ—ȟ—  ʬʫʥʢʮʠʡʥ ʫʪʛʘ ʙʘʛʘʩʘʭ ʙʘʡʜʣʘʘʨ 

ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʫʪʛʳʛ ᴇᴇʨʯʠʣʥᴇ. ʇʨʦʛʨʘʤʤʳʥ ʘʣʛʦʨʠʪʤ ʭʵʣʙʵʨʵʵʨ ʜװʨʩʵʣʙʵʣ,  

 

ɼʘʚʭʮʘʣ ϾϾʩʪʵʣ ʜʘʚʪ() 

{—ȡ — ‌ ὐ—ȟ—ȟ— }   (5) 

ʕʥʜ, Ὦ π,  Ὦ ρ, Ὦ ς ʙʘʡʥʘ. 

ɼʘʚʪʘʣʪ ʭʠʡʭ ʷʚʮʘʜ ʧʘʨʘʤʝʪʨװװʜʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʥʵʛʵʥ ʟʵʨʵʛ ᴇᴇʨʯʣᴇʭ ʰʘʘʨʜʣʘʛʘʪʘʡ. 

for (;;) 

{ ὸ—ȡ — ‌ ὐ—ȟ—ȟ—ȟ 

ὸ—ȡ — ‌ 
‬

‬—
ὐ—ȟ—ȟ—ȟ 

t—ȡ — ‌ ὐ—ȟ—ȟ—ȟ 

—ȡ ὸ— 

—ȡ ὸ— 

—ȡ ὸ—}                   (6) 

 

ʕʥʜ, Ŭ ʥʴ ʩʫʨʘʭ ʭʫʨʜ ʶʤ. Ŭ -ʥ ʫʪʛʘ ʙʘʛʘ װʝʜ ʩʫʨʘʭ ʭʫʨʜ ʫʜʘʘʥ ʙʘʡʥʘ. ʍʘʨʠʥ Ŭ ʭʵʪ ʠʭ 

 .ʡ ʶʤװʩʩʵʥʠʡ ʫʣʤʘʘʩ ʧʘʨʘʤʝʪʨʠʡʥ ʤʠʥʠʤʫʤ ʫʪʛʳʛ ʦʣʦʭ ʙʦʣʦʤʞʛװװ ʜװװʩʨʵʣʪװ ʝʜװ

ʇʘʨʘʤʝʪʨʠʡʥ ʤʠʥʠʤʫʤ ʫʪʛʳʛ ʦʣʦʭʳʥ ʪʫʣʜ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʵʵʩ ʭʵʩʵʛʯʠʣʩʵʥ 

ʫʣʘʤʞʣʘʣʳʛ  ὐ—ȟ—ȟ—  ʘʚʥʘ. 

ὐ—ȟ—ȟ— ᶻ В Ὤ ὼ ώ    (7) 
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ὐ—ȟ—ȟ— В — —ὼ —ὼ ώ   (8) 

—ȡ ὐ—ȟ—ȟ— В Ὤ ὼ ώ       (9) 

—ȡ ὐ—ȟ—ȟ— В Ὤ ὼ ώ ὼ               (10) 

—ȡ ὐ—ȟ—ȟ— В Ὤ ὼ ώ ὼ             (11) 

ʇʨʦʛʨʘʤʤʳʥ ʘʣʛʦʨʠʪʤʳʥ ʘʞʠʣʣʘʛʘʘʛ Arduino ʜʵʵʨ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʙʠʯʠʛʜʩʵʥ. 

2.1.1 ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ɿʫʨʘʛ 2.1.1-ʜ װʟװװʣʩʵʥ ʥʵʛ ʩʵʥʩʪ ʜװװʞʠʥ ʥʴ -90º-+10Ü ʟʘʚʩʘʨʪ ʩʘʚʣʘʥʘ. ɹʠʜ 

ʩʫʨʛʘʣʪʳʥ 30 ᴇʛᴇʛʜʣʠʡʛ ʮʫʛʣʫʫʣʩʘʥ ʙʘ ʢʦʥʪʨʦʣʣʸʨ ʜʵʵʨ ʪʦʦʮʦʦʣʦʣ ʭʠʡʭ ʟʘʤʘʘʨ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚ. ʊʦʦʮʦʦʣʣʳʛ 8 MHz ʜʘʚʪʘʤʞʠʜ ʘʞʠʣʣʘʜʘʛ Atmega32 

ʢʦʥʪʨʦʣʣʸʨ ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ ʙʘ ʩʫʨʘʭ ʭʫʨʜ Ŭ = 0.02 ʙʘʡʭʘʘʨ ʩʦʥʛʦʩʦʥ ʙʦʣʥʦ. 

ʉʫʨʛʘʣʪʳʥ װʨ ʜװʥʜ ʜʘʨʘʘʭ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʦʮʦʦʣʦʚ. 

—ȡ ωςφȟφχ 

  —ȡ πȟτπτφ 

  —ȡ πȟπςςω 

ʕʥʜʵʵʩ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ ʥʴ 

Ὤ ὼ ωςφȢφχπȢτπτφὼ πȢπςςωὼ 

ʛʵʞ ʛʘʨʥʘ. ʊʦʦʮʦʦʣʩʦʥ ʰʫʛʘʤʘʥ ʭʘʤʘʘʨʣʳʥ װʨ ʜװʥʛ ɿʫʨʘʛ 2.1.6-ʜ ʥʦʛʦʦʥ ʰʫʣʫʫʥʘʘʨ 

ʜװʨʩʣʵʚ. 

 

ɿʫʨʘʛ 2.1.6. ʉʫʨʛʘʣʪʳʥ װʨ ʜװʥʛʵʵʩ װװʩʩʵʥ ʭʘʤʘʘʨʣʳʥ ʰʫʣʫʫʥ 

ɸʣʜʘʘ ʙʫʶʫ ʟᴇʨװװʥʠʡ ʫʪʛʘ ʙʫʫʨʩʘʥ ʙʦʣʦʭʳʛ ɿʫʨʘʛ 2.1.6-ʩ ʭʘʨʞ ʙʦʣʥʦ. 
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2.1.2 ɼװʛʥʵʣʪ 

ʅʵʛ ʩʵʥʩʪ ʪʦʛʪʚʦʨʛװʡ ʜװװʞʠʥʛʠʡʥ ʩʠʩʪʝʤʠʡʛ ʭʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘʘʨ ʩʫʨʛʘʞ 

ʪʫʨʰʠʣʪʳʛ ʘʤʞʠʣʪʪʘʡ ʷʚʫʫʣʘʚ. ʉʫʨʘʭ ʭʫʨʜ ʙʦʣʦʭ Ŭ-ʛ ʪʫʨʰʠʣʪʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ 

ʙᴇʛᴇᴇʜ Ŭ=0.02 ʙʘʡʭ ʥʴ ʦʥʦʚʯʪʦʡ ʙʘʡʥʘ. ʂʦʥʪʨʦʣʣʸʨʳʥ ʩʦʥʛʦʣʪʦʦʩ ʜʘʨʘʘʭ 2 ʟװʡʣ 

ʭʘʤʘʘʨʯ ʙʘʡʥʘ.  

ʅʵʛʜװʛʵʵʨʪ, ʩʘʥʘʭ ʦʡʥ ʭʵʤʞʵʵʥʵʵʩ ʭʘʤʘʘʨʯ ʩʫʨʘʭ ᴇʛᴇʛʜʣʠʡʥ ʭʵʤʞʵʵ ʭʷʟʛʘʘʨʪʘʡ 

ʙʘʡʥʘ. ʉʫʨʘʭ ᴇʛᴇʛʜʣʠʡʥ ʪʦʦ ʠʭ ʙʘʡʭ ʪʫʩʘʤ ʘʣʜʘʘ ʙʫʫʨʘʭ ʤʘʛʘʜʣʘʣ ᴇʥʜᴇʨ ʙʘʡʥʘ. 

ɹʫʪʘʨʭʘʡʥ ʪʦʦʥ ʫʪʛʘ ʘʰʠʛʣʘʭ װʝʜ ʨʝʛʠʩʪʨװװʜʠʡʥ ʫʪʛʘ ʜװװʨʯ ʭʘʣʠʣʪ װװʩʵʞ ʙʘʡʚ.  

ʍʦʸʨʜʫʛʘʘʨʪ, ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʦʮʦʦʣʦʭ ʭʫʛʘʮʘʘ ʢʦʥʪʨʦʣʣʸʨʳʥ ʘʞʠʣʣʘʭ ʭʫʨʜʥʘʘʩ 

ʭʘʤʘʘʨʘʭ ʪʫʣ ʤʘʥʘʡ ʪʫʨʰʠʣʪʘʜ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʦʮʦʦʣʦʭʦʜ ʦʡʨʦʣʮʦʦʛʦʦʨ 90 

ʩʝʢʫʥʜ ʟʘʨʮʫʫʣʞ ʙʘʡʚ.  

ᴆʤʥᴇʭ ʪʫʨʰʠʣʪʘʘʨ ʰʫʣʫʫʥʳ ʬʫʥʢʮʠʡʛ ʘʰʠʛʣʘʩʘʥ ʪʫʣ ʘʥʭʥʳ ʤʫʨʫʡ ʙʦʣʦʥ ʰʫʣʫʫʥʳ 

ʙʘʡʨʰʣʳʥ ʟᴇʨװװʥʵʵʩ ʙʦʣʞ ʟʘʨʠʤ ᴇʥʮʛʠʡʥ ʫʪʛʘʜ ʵʩ ʭװʨʵʭ ʵʩʚʵʣ ʜʘʚʞ ʛʘʨʘʭ 

ʪʦʭʠʦʣʜʦʣ ʘʞʠʛʣʘʛʜʘʞ ʙʘʡʩʥʳʛ 2-ʨ ʵʨʵʤʙʠʡʥ ʦʣʦʥ ʛʠʰװװʥʪʠʡʥ ʬʫʥʢʮʠʡʛ 

ʭʵʨʵʛʣʵʩʥʵʵʨ ʜʵʵʨʭ  ʘʣʜʘʘʛ ʙʫʫʨʫʫʣʞ ʯʘʜʣʘʘ. 

ʉʫʨʘʭ ʘʣʛʦʨʠʪʤʳʛ ʩʫʫʣʛʘʩʘʥ ʵʥʵ ʩʠʩʪʝʤ ʥʴ ʪʵʞʵʵʣʠʡʥ ᴇᴇʨ ᴇᴇʨ ʭװʯʜʵʣʠʡʥ ʫʪʛʫʫʜʘʜ, 

ʪװװʥʯʣʵʥ ᴇᴇʨ ᴇᴇʨ ʞʠʥʪʵʡ ʘʯʘʘʥʳ ʫʪʛʘʜ ʜʘʭʠʥ ʩʫʨʘʣʮʘʭ ʟʘʤʘʘʨ ʜװװʞʠʥʛ ᴇʛᴇʛʜʩᴇʥ 

ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ ʙʘʨʴʞ ʯʘʜʘʞ ʙʘʡʚ. 

ʊʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ ʢʦʜʳʛ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʥʜ ʜʵʣʛʵʨʵʥʛװʡ ʦʨʫʫʣʞ ᴇʛʩʥᴇᴇʨ ʤʘʰʠʥ 

ʩʫʨʛʘʣʪʳʥ ʘʨʛʳʛ ʩʦʥʠʨʭʦʞ ʙʫʡ ʟʘʣʫʫʩʳʥ ʮʘʘʰʜʳʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʠʣʜ ʜʵʤ ʙʦʣʥʦ ʛʵʞ 

ʥʘʡʜʘʞ ʙʘʡʥʘ. 

 

2.2 ɼװװʞʠʥʛʠʡʥ ʩʠʩʪʝʤʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʵʜ ʰʠʡʜʚʵʨʠʡʥ ʭʠʣʠʡʛ ʘʰʠʛʣʘʭ 

ʙʦʣʦʤʞʠʡʥ ʩʫʜʘʣʛʘʘ 

ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜʘʘʨ ʭʦʸʨ ʩʵʥʩʪ ʜװװʞʠʥʛ ʪʦʜʦʨʭʦʡ ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ 

ʙʘʨʠʭʳʥ ʪʫʣʜ ʇʀɼ (PID) ʙʦʣʦʥ ʪᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦ ʙװʭʠʡ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʫʫʜʳʛ 

ʪʫʩ ʪʫʩ ʭʵʨʵʛʣʵʥ ʫʜʠʨʜʣʘʛʳʛ ʘʤʞʠʣʪʪʘʡ ʪʫʨʰʠʞ װʟʩʵʥ ʙʠʣʵʵ [12-17, 31, 42]. 

ʋʜʠʨʜʣʘʛʳʥ ʜʵʵʨʭ ʘʨʛʫʫʜʳʛ ʭʵʨʵʛʣʵʭʜʵʵ ʶʫʥʳ ᴇʤʥᴇ, ʪʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ ʜʠʥʘʤʠʢ 

ʙʦʣʦʥ ʢʠʥʝʤʘʪʠʢʠʡʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ɼʵʵʨʭ 

ʩʦʥʛʦʜʦʛ ʘʨʛʘʘʨ ʵʥʵ ʩʠʩʪʝʤʠʡʥ ʜʠʥʘʤʠʢʠʡʥ ʠʣʵʨʭʠʡʣʣʠʡʥ ʛʘʨʛʘʣʛʘʘʛ ʭʵʨʭʵʥ ʭʠʡʞ 

ʙʫʡʛ ʞʠʰʵʵ ʙʦʣʛʦʥ ʜʦʦʨ ʭʘʨʫʫʣʘʚ.  
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m2

m2*g

m2*g*cosʕ

ɣ F2

ɣ

Ɋ=0° 

l2

F1

m1

m1*gm1*g*cosʕ

l1
ɣ

Ɋ=(+° ), 

y=1

Ɋ=(-° ), 

y=0

 

ɿʫʨʘʛ 2.2.1. ʍʦʸʨ ʩʵʥʩʪ ʜװװʞʠʥʛʠʡʥ ʟʘʛʚʘʨ 

 

ɿʫʨʘʛ 2.2.1-ʜ ʪʫʨʰʠʣʪʳʥ ʟʘʛʚʘʨʳʛ ʭʘʨʫʫʣʩʘʥ ʙʘ ʵʥʜ, l1, l2 ʩʘʚʣʫʫʨʳʥ ʪᴇʚᴇᴇʩ ʩʵʥʩʪ 

ʭᴇʜᴇʣʛװװʨ ʭװʨʵʭ ʟʘʡ, ɣ ʥʴ ʭ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ װװʩʵʞ ʙʫʡ ᴇʥʮᴇʛ, m1, m2 ʩʵʥʩʪ 

ʭᴇʜᴇʣʛװװʨʠʡʥ ʞʠʥ, F1, F2 ʩʵʥʩʪ ʭᴇʜᴇʣʛװװʨʵʵʩ װװʩʵʭ ᴇʨʛᴇʭ ʭװʯʥװװʜ, g ʪʘʪʘʣʮʣʳʥ 

ʭʫʨʜʘʪʛʘʣ. ʕʥʜ m1 ʙʦʣʦʥ m2 ʤʘʩʩʫʫʜ ʷʣʛʘʘʪʘʡ, ʤᴇʥ ʩʵʥʩʥʠʡ ʜʵʣʙʵʵʥʠʡ ʭʵʤʞʵʵ ʥʴ 

ʷʣʛʘʘʪʘʡ ʪʫʣ F1, F2 ᴇʨʛᴇʭ ʭװʯʥװװʜ ʭʘʨʠʣʮʘʥ ᴇᴇʨ ʙʘʡʥʘ. װתʥʵʵʩ ʜװʛʥʵʭʵʜ ʵʥʵ ʩʠʩʪʝʤ 

ʥʴ ʪʦʛʪʚʦʨʛװʡ, ʪʵʥʮʚʵʨʛװʡ ʩʠʩʪʝʤ ʙʦʣʦʭ ʥʴ ʪʦʜʦʨʭʦʡ ʶʤ. 

ʀʤʧʫʣʴʩʠʡʥ ᴇʨʛᴇʥʠʡ ʤʦʜʫʣʷʮʘʘʨ (PWM) ʩʵʥʩ ʙװʭʠʡ ʭᴇʜᴇʣʛװװʨʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ 

ʫʜʠʨʜʘʭ ʙʘ ʪʫʭʘʡʥ ʭᴇʜᴇʣʛװװʨʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʥʘʘʩ ʭʘʤʘʘʨʘʥ ʤʫʰʛʠʭ ʤʦʤʝʥʪ 

  .ʞʠʥʛ ᴇʨʛᴇʥᴇװװʩʵʞ ʜװװ

ʉʠʩʪʝʤʠʡʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ ʜʦʦʨʭ ʠʣʵʨʭʠʡʣʣʵʵʨ װʟװװʣʵʚ.  

ὰάὫÃÏÓ‪ ὰάὫÃÏÓ‪ ὰὊ ὰὊ ὰ‪ά ὰ‪ά   (1) 

ὰά ὰά ὫÃÏÓ‪ ὰὊ ὰὊ ὰά ὰά ‪    

ὰ ὰά ὰά        

‪ Ὂ Ὂ ὫÃÏÓ‪    (2) 

ʕʥʜ ‪ ʥʴ ᴇʥʮᴇʛ ʭʫʨʜʘʪʛʘʣ. 

ɼʵʵʨʭ ʩʠʩʪʝʤʠʡʥ ʪʵʥʮʚʵʨʠʡʛ ʭʘʥʛʘʭ PID ʵʩʚʵʣ ʪᴇʣᴇʚʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ 

ʭʵʨʵʛʣʵʭʠʡʥ ʪʫʣʜ ʜװװʞʠʥʛʠʡʥ ʤᴇʨʥװװʜʠʡʥ ʫʨʪ (l1, l2), ʞʠʥʛʠʡʥ ʭʵʤʞʵʵ (m1, m2), ᴇʨʛᴇʭ 

ʭװʯʥװװʜʠʡʛ (F1, F2) ʥʘʨʠʡʥ ʪʦʜʦʨʭʦʡʣʞ, ʛʵʜʨʵʛ ʭʦʣʙʦʦ װװʩʛʵʭ ʟʘʤʘʘʨ ʫʜʠʨʜʘʥʘ.   

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʩʫʜʘʣʞ ʙʫʡ ʦʙʲʝʢʪʳʥ (ɿʫʨʘʛ  2.2.1) ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʭʷʥʘʣʪʪʘʡ 

ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘʘʨ ʫʜʠʨʜʘʭ ʪʫʣ ʪʫʩ ʩʠʩʪʝʤʠʡʥ ʜʠʥʘʤʠʢ ʙʦʣʦʥ ʢʠʥʝʤʘʪʠʢʠʡʥ 

ʟʘʛʚʘʨʳʛ װʣ ʭʵʨʵʛʣʵʥʵ. ʍʘʨʠʥ ʵʥʵ ʩʠʩʪʝʤ ʥʴ ʪʫʨʰʠʣʪ ʭʠʡʭ ʷʚʮʘʜ ʮʫʛʣʫʫʣʩʘʥ ʦʨʦʣʪ 
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ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ʫʪʛʫʫʜʳʥ ʤʵʜʵʵʣʵʣ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʥ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʥʛʠʣʣʳʥ 

ʘʨʛʘʘʨ ʪʵʥʮʚʵʨʛװʡ ʙʦʜʠʪ ʩʠʩʪʝʤʠʡʛ ʪʵʥʮʚʵʨʞװװʣʵʭ ʘʞʠʣʣʘʛʘʘʛ ʭʵʨʵʛʞװװʣʵʭ ʶʤ. 

ɿʫʨʘʛ 2.2.2-ʪ ʙʦʜʠʪ ʟʘʛʚʘʨʳʛ ʭʘʨʫʫʣʘʚ. 

 

 

ɿʫʨʘʛ 2.2.2 ʍʦʸʨ ʩʵʥʩʪ ʜװװʞʠʥ π ʙʘʡʨʣʘʣʜ 

 

2.2.1 ɸʥʛʠʣʣʳʥ ʘʨʛʘ ʙʘ ʰʠʡʜʚʵʨʠʡʥ ʭʠʣ 

ʄʘʥʘʡ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʦʨʠʣʛʦ ʥʴ ʘʥʛʠʣʣʳʥ ʘʨʛʘʘʩ ʛʘʨʛʘʥ ʘʚʩʘʥ ʰʠʡʜʚʵʨʠʡʥ 

ʭʠʣʠʡʛ ʘʰʠʛʣʘʥ ʭʦʸʨ ʩʵʥʩʪ ʜװװʞʠʥʛ ʪʦʜʦʨʭʦʡ ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ ʙʘʨʠʭ ʫʜʠʨʜʣʘʛʳʛ 

ʭʵʨʵʛʞװװʣʵʭʵʜ ʦʨʰʠʥʦ. ʕʥʵ ʫʜʘʘ ʙʠʜ ʟᴇʚʭᴇʥ ʭʦʸʨ ʫʪʛʘ (0, 1)-ʳʛ ʘʚʘʭ ʙʦʣʦʤʞʪʦʡ 

ʭʦʸʨʪʳʥ ʘʥʛʠʣʣʳʥ ʘʩʫʫʜʘʣʜ ʘʥʭʘʘʨʣʘʘ ʭʘʥʜʫʫʣʘʭ ʶʤ. װתʥʠʡ ʪʫʣʜ ʭᴇʜᴇʣʛװװʨװװʜʠʡʥ 

ʵʨʛʵʭ ʭʫʨʜʳʛ ᴇᴇʨʯʣᴇʭ ʟʘʤʘʘʨ ᴇʨʛᴇʭ ʭװʯʠʡʛ ᴇᴇʨʯʠʣʞ ʜװװʞʠʥʛʠʡʥ ʪʦʛʪʦʭ ᴇʥʮᴇʛ ɣ-ʛ 

ʙװʨʪʛʵʞ ʘʚʩʥʘʘʨ ʩʫʨʛʘʭ ᴇʛᴇʛʜʣʠʡʛ װװʩʛʵʥʵ. ʍᴇʜᴇʣʛװװʨʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʥʘʘʩ װװʩʵʭ 

F2 ʭװʯʠʡʛ ʩʫʨʛʘʣʪʳʥ ʦʨʦʣʪʳʥ x1 , ʭʘʨʠʥ F1 ʭװʯʥʠʡ ʫʪʛʳʛ ʩʫʨʛʘʣʪʳʥ ʦʨʦʣʪʳʥ x2 ʙʘʛʮʘʜ 

ʙװʨʪʛʵʞ ʘʚʥʘ.  

F2 > F1 ʙʘʡʭ װʝʜ ɣ ᴇʥʮʛʠʡʥ ʫʪʛʘ ʵʝʨʵʛ ʙʘʡʭ ʙʘ װװʥʠʡʛ ʩʫʨʛʘʣʪʳʥ ʛʘʨʘʣʪʳʥ ʫʪʛʘ y=1 

ʙʘʡʭʘʘʨ ʙװʨʪʛʵʭ ʙʘ ʭʘʨʠʥ F2 < F1 ʙʘʡʭ װʝʜ ɣ ᴇʥʮʛʠʡʥ ʫʪʛʘ ʩᴇʨᴇʛ ʪʵʤʜʵʛʪʵʡ ʙʘʡʥʘ. 

   .(ʩʥʵʛʪ 2.2.1װʍ) ʥʠʡʛ ʩʫʨʛʘʣʪʳʥ ʛʘʨʘʣʪʳʥ ʫʪʛʘ y=0  ʛʵʞ ʪʵʤʜʵʛʣʵʞ ʘʚʥʘװת

 

ʍװʩʥʵʛʪ 2.21. ʉʫʨʛʘʭ ᴇʛᴇʛʜᴇʣ 

 

ʕʥʜ,  

m ï ʩʫʨʛʘʣʪʳʥ ʥʠʡʪ ʞʠʰʠʛ ʪʦʦ m=110, x1, x2 ï ʦʨʦʣʪʳʥ ʭʫʚʴʩʘʛʯ, yïʛʘʨʘʣʪʳʥ 

ʭʫʚʴʩʘʛʯ, (x(i), y(i)) ï ʩʫʨʛʘʣʪʳʥ i ʜʵʭ ʞʠʰʠʛ ʭʦʩ ʫʪʛʘ. ɾʠʰʵʵ ʥʴ, (x(1), y(1)) = (830,800,1) 

ˉ 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 : 110

x1 830 840 850 860 870 880 890 840 850 860 870 880 890 840 830 780 790 800 810 820 : 880

x2 800 800 800 800 800 800 800 810 810 810 810 810 810 820 800 850 850 850 850 850 : 810

y 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 : 1
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ʉʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ ʭʘʤʘʘʨʣʳʛ ɿʫʨʘʛ 2.2.3-ʪ װʟװװʣʵʚ. ʋʣʘʘʥ ʜʫʛʫʡ ʜװʨʩʵʵʨ y=1 

ʙʘʡʭ װʝʠʡʥ ʫʪʛʫʫʜʳʛ, ʮʵʥʭʵʨ ʜʫʛʫʡ ʜװʨʩʵʵʨ ʫ=0  ʙʘʡʭ װʝʠʡʥ ʫʪʛʫʫʜʳʛ ʜװʨʩʣʵʚ.  

 

 

ɿʫʨʘʛ 2.2.3.  ʉʫʨʛʘʭ ᴇʛᴇʛʜʣʠʡʥ ʭʘʤʘʘʨʣʳʥ ʛʨʘʬʠʢ 

 

ɸʥʛʠʣʣʳʥ ʘʨʛʳʛ ʭʵʨʵʛʣʵʥ ʫʣʘʘʥ ʙʦʣʦʥ ʮʵʥʭʵʨ ʜװʨʩװװʜʠʡʛ ʟʘʘʛʣʘʞ ʙʫʡ ʰʫʣʫʫʥʳʛ 

ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʋʛ ʰʫʣʫʫʥʳʛ ʰʠʡʜʚʵʨʠʡʥ ʭʠʣ (ɿʫʨʘʛ 2.2.4) ʛʵʭ ʙʘ 

ʪʫʭʘʡʥ ʰʠʡʜʚʵʨʠʡʥ ʭʠʣ ʜʵʵʨ ʤʘʥʘʡ ʩʠʩʪʝʤ ɣ=0 ᴇʥʮᴇʛʪ ʪʵʥʮʚʵʨʪʵʡ ʦʨʰʠʭ ʙʦʣʥʦ. 

 

 

ɿʫʨʘʛ 2.2.4.  ʐʠʡʜʚʵʨʠʡʥ ʭʠʣ 
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2.2.2 ʐʠʡʜʚʵʨʠʡʥ ʭʠʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʥʴ 

ʍʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʘʥʛʠʣʣʳʥ ʘʨʛʘ ʥʴ ʜʘʨʘʘʭ ʘʣʛʦʨʠʪʤʳʥ ʜʘʛʫʫ ʘʞʠʣʣʘʥʘ (ɿʫʨʘʛ 

2.2.5). ʎʫʛʣʫʫʣʩʘʥ ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʛ ʩʫʨʘʭʫʡʥ ʘʣʛʦʨʠʪʤʜ ʦʨʫʫʣʘʭ ʙʘ ʩʫʨʘʭʫʡʥ 

ʘʣʛʦʨʠʪʤʳʥ װʥʜʩʵʥ װװʨʵʛ ʥʴ ʜʵʵʨʭ ʭʠʣʠʡʛ ʪʦʜʦʨʭʦʡʣʞ ʙʫʡ ʛʘʨʘʣʪʳʥ ʪʘʘʤʘʛʣʘʣʳʥ 

ʬʫʥʢʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜr ʛ ʪʦʜʦʨʭʦʡʣʦʭʦʜ ʦʨʰʠʥʦ. ʊʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʵʵʩ 

ʰʠʡʜʚʵʨʠʡʥ ʭʠʣʠʡʛ ʪʦʜʦʨʭʦʡʣʞ ɣ=0 ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ ʙʘʨʠʭ ʩʵʥʩʪ 

ʭᴇʜᴇʣʛװװʨװװʜʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ ʪʦʦʮʦʦʣʥʦ. 

ʉʫʨʛʘʣʪʳʥ ʙʘʛʮ

ʉʫʨʘʭʫʡʥ ʘʣʛʦʨʠʪʤ

ʊʦʛʪʚʦʨʞʠʭ 

ᴇʥʮᴇʛ

ʊʦʦʮʦʦʣʩʦʥ 

ʭᴇʜᴇʣʛװװʨʠʡʥ ʭʫʨʜ

 

ɿʫʨʘʛ 2.2.5. ʉʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤ 

 

ʕʥʜʵʵʩ ʭʘʨʘʭʘʜ, ʪʘʘʤʘʛʣʘʣʳʥ h ʬʫʥʢʮ ʥʴ x-ʠʡʛ y-ʪ ʜװʨʩʣʵʥ ʙʫʫʣʛʘʭ ʬʫʥʢʮ ʶʤ. ʕʥʜ, 

h-ʛ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ  (hypothesis) ʛʵʭ ʙʘ ʙʠʜ ʜʦʦʨʭ ʥᴇʭʮᴇʣʠʡʛ ʭʘʥʛʘʭʘʘʨ 

ʪʦʦʮʦʦʣʥʦ. 

π Ὤ ὼ ρ 

ɼʵʵʨʭ ʥᴇʭʮᴇʣʠʡʛ ʭʘʥʛʘʭʳʥ ʪʫʣʜ ʩʠʛʤʦʠʜ Ὣ  ʬʫʥʢʮʠʡʛ ʜʦʦʨʭ ʙʘʡʜʣʘʘʨ ʭʵʨʵʛʣʵʥʵ. 

Ὤ ὼ Ὣ—ὼ     (3) 

ᾀ —ὼ — —ὼ —ὼ    (4) 

Ὤ ὼ Ὣᾀ     (5) 

Ὣᾀ  ʬʫʥʢʮ ʥʴ ʜʫʨʳʥ ʙʦʜʠʪ ʪʦʦʛ (0, 1) ʠʥʪʝʨʚʘʣʜ ʙʫʫʣʛʘʭ ʙʘ ʠʥʛʵʩʥʵʵʨ ʜʫʨʳʥ 

 .ʪʦʭʠʨʦʤʞʪʦʡ ʬʫʥʢʮ ʙʦʣʛʦʥ ʭʫʚʠʨʛʘʜʘʛ ʙʘʡʥʘ װװʥʵʣʵʛʜʩʵʥ ʬʫʥʢʮʠʡʛ ʘʥʛʠʣʘʣʜ ʠʣװ

ʀʥʛʵʩʥʵʵʨ,  Ὤ ὼ ʥʴ ʛʘʨʘʣʪ 1 ʙʘʡʭ װʝʠʡʥ ʤʘʛʘʜʣʘʣʳʛ ᴇʛʥᴇ. 

Ὤ ὼ ὖώ ρȿὼȠ— ρ ὖώ πȿὼȠ— 

ʕʥʜ, Ὤ ὼ ï ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ, —, —, —ï ʵʥʵ ʬʫʥʢʮʠʡʥ ʧʘʨʘʤʝʪʨװװʜ ʪʫʩ ʪʫʩ 

ʙʦʣʥʦ.  

ɼʠʩʢʨʝʪ 0 ʵʩʚʵʣ 1 ʘʥʛʠʣʣʳʛ ʘʚʘʭʳʥ ʪʫʣʜ ʙʠʜ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʥ ʛʘʨʘʣʪʳʛ 

ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʭᴇʨʚװװʣʞ ʙʦʣʥʦ: 

Ὤ ὼ πȟυ ʵʥʜ ώ ρ 

Ὤ ὼ πȟυ ʵʥʜ ώ π 
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ʄʘʥʘʡ ʟʦʨʠʣʛʦ ʥʴ —, —, —ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʪʫʨʰʠʣʪ ʶʤ. ʕʜʛʵʵʨ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʩʫʨʛʘʭ ᴇʛᴇʛʜʣװװʜʪʵʡ ʭʘʤʛʠʡʥ ʦʡʨ ʜʘʡʨʯ ʛʘʨʘʭ 

ʰʫʣʫʫʥʳʛ ʪʦʜʦʨʭʦʡʣʥʦ. װתʥʠʡ ʪʫʣʜ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ʫʪʛʳʥ 

ʷʣʛʘʚʘʨ ʭʘʤʛʠʡʥ ʙʘʛʘ ʙʘʡʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʶʤ (1). 

Ὤ ὼ ώ      (6) 

ɹʠʜ ʰʫʛʘʤ ʨʝʛʨʝʩʩʠʡʥ ʘʜʠʣ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʛ ʣʦʛʠʩʪʠʢ ʬʫʥʢʮʵʜ ʭʵʨʵʛʣʵʞ 

ʙʦʣʦʭʛװʡ ʙʘ ʭʵʨʵʛʣʵʩʵʥ ʪʦʭʠʦʣʜʦʣʜ ʵʥʵ ʥʴ ʦʣʦʥ ʪʦʦʥʳ ʣʦʢʘʣ ʤʠʥʠʤʫʤʠʡʛ װװʩʛʵʜʵʛ. 

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʵʥʵ ʥʴ ʭʦʪʛʦʨ ʬʫʥʢʮ ʙʠʰ ʶʤ. ʊʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮ J 

-ʠʡʛ (7) ʠʣʵʨʭʠʡʣʣʵʵʨ ʪʦʜʦʨʭʦʡʣʥʦ.  

ὐ— В ὅὬ ὼ ȟώ       (7) 

ʍʵʨʵʚ ώ ρ ʙʦʣ 

ὅὬ ὼ ȟώ ÌÏÇ Ὤ ὼ  

ʍʵʨʵʚ ώ π ʙʦʣ 

ὅὬ ὼ ȟώ ÌÏÇρ Ὤ ὼ  

ʎʘʘʰʠʣʙʘʣ, װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʥ ʭʦʸʨ ʥᴇʭʮᴇʣʪ ʪʦʭʠʦʣʜʣʳʛ ʥʵʛ ʪʦʭʠʦʣʜʦʣʜ 

ʙʘʛʪʘʘʞ ʜʦʦʨʭ ʙʘʡʜʣʘʘʨ ʙʠʯʠʞ ʙʦʣʥʦ. 

ὐ— В ώ ÌÏÇὬ ὼ ρ ώ ÌÏÇρ Ὤ ὼ   (8) 

ɼʵʵʨʭ ὐ— ʬʫʥʢʮʠʡʥ ʤʠʥʠʤʫʤʠʡʛ ʪʦʜʦʨʭʦʡʣʩʥʦʦʨ —, —, — ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʦʣʥʦ. 

ÍÉÎ
  

ὐ—ȟ—ȟ—  

 

2.2.3 ʇʘʨʘʤʝʪʨʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙʫʶʫ ʛʨʘʜʠʝʥʪʳʥ ʙʫʫʨʘʣʪ 

 ʜʠʡʥ ʤʠʥʠʤʫʤ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʰʘʘʨʜʣʘʛʘʪʘʡװװʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʥ ʧʘʨʘʤʝʪʨת

ʙʦʣʦʭʳʛ ʜʵʵʨ ʘʚʯ װʟʩʵʥ. װתʥʠʡ ʪʫʣʜ ʛʨʘʜʠʝʥʪ ʙʫʫʨʘʣʪʳʥ ʘʣʛʦʨʠʪʤʳʛ ʘʰʠʛʣʘʥʘ. 

ʕʭʣʵʵʜ, —ȟ—ȟ—ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʜʫʨʳʥ ʙʘʡʜʣʘʘʨ ʩʦʥʛʦʞ ʘʚʜʘʛ ʭʵʜʠʡ ʯ, ʠʭʵʥʭ 

ʪʦʭʠʦʣʜʦʣʜ — π , — π, — πʙʘʡʭʘʘʨ ʩʦʥʛʦʣʪʳʛ ʭʠʡʜʵʛ ʙʘʡʥʘ. ὐ—ȟ—ȟ—  

ʬʫʥʢʮʠʡʥ ʫʪʛʘ ʙʘʛʘʩʘʭ ʙʘʡʜʣʘʘʨ ʧʘʨʘʤʝʪʨװװʜʠʡʥ ʫʪʛʳʛ ᴇᴇʨʯʠʣʥᴇ. ʇʨʦʛʨʘʤʤr ʥ 

ʘʣʛʦʨʠʪʤ ʭʵʣʙʵʨʵʵʨ ʜװʨʩʵʣʙʵʣ,  

ɼʘʚʭʮʘʣ ϾϾʩʪʵʣ ʜʘʚʪ() 

{—ȡ — ‌ ὐ—ȟ—ȟ— }    (5) 

ʕʥʜ, Ὦ π,  Ὦ ρ, Ὦ ς ʙʘʡʭ ʙʘ Ŭ ʥʴ ʩʫʨʘʭ ʭʫʨʜ ʶʤ. Ŭ -ʥ ʫʪʛʘ ʙʘʛʘ װʝʜ ʩʫʨʘʭ ʭʫʨʜ 

ʫʜʘʘʥ ʙʘʡʥʘ. ʍʘʨʠʥ Ŭ ʭʵʪ ʠʭ װʝʜ װʩʨʵʣʪװװʜ װװʩʩʵʥʠʡ ʫʣʤʘʘʩ ʧʘʨʘʤʝʪʨʠʡʥ ʤʠʥʠʤʫʤ 

ʫʪʛʳʛ ʦʣʦʭ ʙʦʣʦʤʞʛװʡ ʙʦʣʜʦʛ. 
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ʇʘʨʘʤʝʪʨʠʡʥ ʤʠʥʠʤʫʤ ʫʪʛʳʛ ʦʣʦʭʳʥ ʪʫʣʜ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʵʵʩ ʭʵʩʵʛʯʠʣʩʵʥ 

ʫʣʘʤʞʣʘʣʳʛ  ὐ—ȟ—ȟ—  ʘʚʥʘ. 

 

2.2.4 ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ɿʫʨʘʛ 2.2.1-ʜ װʟװװʣʩʵʥ ʭʦʸʨ ʩʵʥʩʪ ʜװװʞʠʥ ʥʴ ʭʵʚʪʵʵ ʪʵʥʭʣʵʛʪʵʡ ʭʘʨʴʮʘʥʛʫʡ  ςπ̏ 

ʟʘʚʩʘʨʪ ʩʘʚʣʘʥʘ. ɹʠʜ ʩʫʨʛʘʣʪʳʥ 110 ᴇʛᴇʛʜʣʠʡʛ ʮʫʛʣʫʫʣʩʘʥ (ʍװʩʥʵʛʪ 2.2.1) ʙʘ 

ʢʦʥʪʨʦʣʣʨy ʜʵʵʨ ʪʦʦʮʦʦʣʦʣ ʭʠʡʭ ʟʘʤʘʘʨ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚ. ʉʫʨʘʭ 

ʭʫʨʜʳʛ Ŭ=0.02 ʙʘʡʭʘʘʨ ʩʦʥʛʦʞ 8 MHz ʜʘʚʪʘʤʞʠʜ ʘʞʠʣʣʘʜʘʛ Atmega32 ʢʦʥʪʨʦʣʣʨy 

ʜʵʵʨ ʪʦʦʮʦʦʣʣʳʛ ʛװʡʮʵʪʛʵʩʵʥ ʙʦʣʥʦ. ʉʫʨʛʘʣʪʳʥ װʨ ʜװʥʜ ʜʘʨʘʘʭ ʧʘʨʘʤʝʪʨװװʜʠʡʛ 

ʪʦʦʮʦʦʣʦʚ. 

—ȡ ρȟςτψσ 

—ȡ πȟππψχ 

—ȡ πȟππφχ 

ʕʥʜʵʵʩ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ ʥʴ 

Ὤ ὼ ρȢςτψσπȢππψχὼ πȢππφχὼ 

ʛʵʞ ʛʘʨʥʘ.  

ʊʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʛ Ὤ ὼ πȢυ ʛʵʞ ʪʦʦʮʦʥ ʥʵʛ ʩʵʥʩʥʠʡ ʭʫʨʜʥʳ ʫʪʛʳʛ ʩʦʥʛʦʥ 

ʘʚʩʥʘʘʨ ʭʦʸʨ ʜʘʭʴ ʩʵʥʩʥʠʡ ʫʪʛʳʛ ʰʠʡʜʚʵʨʠʡʥ ʭʠʣʵʵʩ ʪʦʦʮʦʦʣʥʦ. 

ὼ
πȢυ ρȢςτψσπȢππφχὼ

πȢππψχ
 

ʊʦʦʮʦʦʣʩʦʥ ʰʫʛʘʤʘʥ ʭʘʤʘʘʨʣʳʥ װʨ ʜװʥʛ ɿʫʨʘʛ 2.2.4-ʪ ʥʦʛʦʦʥ ʰʫʣʫʫʥʘʘʨ ʜװʨʩʣʵʚ. 

ʊʫʨʰʠʣʪʘʘʨ ʙʠʜ ʵʭʥʠʡ ʩʵʥʩʥʠʡ ʭʫʨʜʳʛ x2=830 ʙʘʡʭʘʘʨ ʩʦʥʛʦʥ ʘʚʘʭʘʜ ʭʦʸʨ ʜʘʭʴ 

ʩʵʥʩʥʠʡ ʭʫʨʜʳʛ x1=788 ʛʵʞ ʪʦʦʮʦʦʣʞ ʛʘʨʛʘʥʘ.  ʍʫʨʜʥʳ ʥʘʤ ʫʪʛʘʜ ʜװװʞʠʥ ʪʵʥʮʚʵʨʪ 

ʦʨʞ ʯʘʜʘʭʛװʡ ʙʘʡʩʘʥ ʙᴇʛᴇᴇʜ ʭʫʨʜʳʛ x2=870 ʙʘʡʭʘʘʨ ʩʦʥʛʦʞ ʘʚʩʥʘʘʨ ʩʠʩʪʝʤ ɣ=0 

ᴇʥʮᴇʛʪ ʭװʨʯ ʯʘʜʘʞ ʙʘʡʣʘʘ. 

 

2.2.5  ɼװʛʥʵʣʪ 

ʍʦʸʨ ʩʵʥʩʪ ʪʦʛʪʚʦʨʛװʡ ʜװװʞʠʥʛʠʡʥ ʩʠʩʪʝʤʠʡʛ ʭʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʘʥʛʠʣʣʳʥ ʘʨʛʘʘʨ 

ʩʫʨʛʘʞ ʪʫʨʰʠʣʪʳʛ ʘʤʞʠʣʪʪʘʡ ʷʚʫʫʣʘʚ. ʉʫʨʘʭ ʭʫʨʜ ʙʦʣʦʭ Ŭ-ʛ ʪʫʨʰʠʣʪʘʘʨ 

ʪʦʜʦʨʭʦʡʣʩʦʥ ʙᴇʛᴇᴇʜ Ŭ=0.02 ʛʵʞ ʪʦʛʪʦʦʚ.  

ʕʥʵʭװװ ʫʜʠʨʜʣʘʛʳʥ ʜʘʚʫʫ ʪʘʣ ʥʴ ʪʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ ʬʠʟʠʢ ᴇʛᴇʛʜʣװװʜʠʡʛ 

ʪʦʦʮʦʦʣʦʭʛװʡʛʵʵʨ, ᴇᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʩʠʩʪʝʤʠʡʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʛ ʭʵʨʵʛʣʵʭʛװʡʛʵʵʨ 

ʟᴇʚʭᴇʥ ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʥ ʜװװʞʠʥʛ ʪʦʛʪʚʦʨʞʫʫʣʞ ʙʘʡʚ.  
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ɻʵʚʯ ʘʥʛʠʣʣʳʥ ʘʨʛʳʥ ʜʦʦʨʭ ʩʫʣ ʪʘʣʫʫʜ  ʘʞʠʛʣʘʛʜʘʚ. ʉʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ ʪʦʦ 

ʠʭʩʵʭʠʡʥ ʭʵʨʵʵʨ ʪʦʦʮʦʦʣʣʳʥ ʭʫʨʜ ʵʨʩ ʙʫʫʨʯ ʙʘʡʩʘʥ ʙʘ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʥ ʫʪʛʳʛ  

ὐ— πȢπσ  ʭװʨʛʵʭʠʡʥ ʪʫʣʜ ʢʦʥʪʨʦʣʣʨy ʜʵʵʨʭ ʪʦʦʮʦʦʣʣʳʥ ʜʘʚʪʘʣʪ 3 ʮʘʛ ʦʨʯʠʤ 

  .ʨʛʵʣʞʠʣʞ ʙʘʡʣʘʘװ

ʉʫʨʘʭ ʘʣʛʦʨʠʪʤʳʛ ʩʫʫʣʛʘʩʘʥ ʵʥʵ ʩʠʩʪʝʤ ʥʴ ʪʵʞʵʵʣʠʡʥ ᴇᴇʨ ᴇᴇʨ ʭװʯʜʵʣʠʡʥ ʫʪʛʫʫʜʘʜ, 

ʪװװʥʯʣʵʥ ᴇᴇʨ ᴇᴇʨ ʞʠʥʪʵʡ ʘʯʘʘʥʳ ʫʪʛʘʜ ʜʘʭʠʥ ʩʫʨʘʣʮʘʭ ʟʘʤʘʘʨ ʜװװʞʠʥʛ ᴇʛᴇʛʜʩᴇʥ 

ᴇʥʮᴇʛʪ ʪʦʛʪʚʦʨʪʦʡ ʙʘʨʴʞ ʯʘʜʘʭ ʥʴ ʭʘʨʘʛʜʘʚ. 

 

2.3 ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘʘʨ 

ʰʠʡʜʵʭ ʥʴ 

ʉװװʣʠʡʥ װʝʜ ʪʵʛʰ ʭʵʤʪ ʙװʪʵʮʪʵʡ ʜᴇʨʚᴇʥ ʩʵʥʩʪ ʥʠʩʛʵʛʯʛװʡ ʥʠʩʜʵʛ ʪʵʨʵʛʥʠʡ 

ʭʵʨʵʛʣʵʵʥʠʡ ʤʫʞʫʫʜ ʫʣʘʤ ʙװʨ ʥʵʤʵʛʜʩʵʵʨ ʙʘʡʥʘ. װתʥʠʡʛ ʜʘʛʘʥ ʪװװʥʠʡʛ ʫʜʠʨʜʘʭ ʦʣʦʥ 

ʘʨʛʫʫʜ ʙʠʡ ʙʦʣʩʦʦʨ ʙʘʡʥʘ. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʰʫʛʘʤʯʠʣʩʘʥ ʜʠʥʘʤʠʢ ʟʘʛʚʘʨʳʛ [21, 22, 

 װװʣʵʚ. ʋʜʠʨʜʣʘʛʳʥ ʘʨʛʫʫʜʳʥ ʪʦʦʥʜ ʩʦʥʛʦʜʦʛ ʘʨʛʘ ʙʦʣʦʭ ʇʀɼ, ʠʣװװʟװ [23

ʩʘʡʞʨʫʫʣʩʘʥ ʘʨʛʫʫʜ ʙʦʣʦʭ ʪᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦ ʙʦʣʦʥ LQR ʘʨʛʫʫʜ ʙʘʛʪʘʥʘ [34, 

35].  

ʉʠʩʪʝʤʠʡʥ ʜʠʥʘʤʠʢʠʡʛ ʤʘʪʝʤʘʪʠʢʘʘʨ ʙװʨʵʥ ʟʘʛʚʘʨʯʣʘʭʘʜ ʭװʥʜʨʵʣʪʵʡ, ʵʩʚʵʣ 

ʰʫʛʘʤʯʠʣʩʘʥ ʟʘʛʚʘʨ ʥʴ ʩʠʩʪʝʤʠʡʥ ʰʫʛʘʤʘʥ ʙʫʩ ʜʠʥʘʤʠʢʠʡʛ ᴇʥʜᴇʨ ʥʘʨʠʡʚʯʣʘʣʛװʡ 

ʟʘʛʚʘʨʪ ʭװʨʛʵʩʵʥ ʪʦʭʠʦʣʜʣʳʛ ʘʚʯ װʟʴʝ. ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ ʫʣʘʤʞʣʘʣʪ ʫʜʠʨʜʣʘʛʳʥ 

ʘʨʛʘʯʣʘʣʳʛ ʘʰʠʛʣʘʥ ʫʜʠʨʜʘʭʘʜ ʙʵʨʭʰʵʵʣʪʵʡ ʪʫʣʛʘʨʥʘ. װתʥʠʡʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ 

ʘʨʛʘʘʨ ʩʘʡʞʨʫʫʣʘʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʙʠʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʥʵʛ 

ʤᴇʨʠʡʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʫʫʜʳʥ ʥʵʛ ʙʦʣʦʭ ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ (RL-reinforcement 

learning) ʘʨʛʳʛ ʘʰʠʛʣʘʥ ʪʵʥʮʚʵʨʞװװʣʵʭ ʫʜʠʨʜʣʘʛʳʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʘʘʨ ʩʫʨʛʘʭ ʟʦʨʠʣʪ 

ʪʘʚʴʞ ʪʫʨʰʠʥ ʭʵʨʵʛʞװװʣʞ װʟʣʵʵ. ʕʥʜ ʙʠʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʘʩʫʫʜʣʳʛ 

ʄʘʨʢʦʚʳʥ ʰʠʡʜʚʵʨʠʡʥ ʧʨʦʮʝʩʩ ʙʦʣʛʦʥ ʪʦʜʦʨʭʦʡʣʞ ʙʘʡʥʘ.   

    

2.3.1 ɹʘʪʘʪʛʘʥ ʩʫʨʛʘʭ ʘʨʛʘ 

ɹʘʪʘʪʛʘʥ ʩʫʨʛʘʣʪ (RL) ʛʵʜʵʛ ʥʴ ʪʫʭʘʡʥ ʦʨʯʠʥʜ ʘʛʝʥʪ ʷʤʘʨ ʥʵʛ װʡʣʜʵʣ ʭʠʡʭ ʟʘʤʘʘʨ 

ʭʫʨʠʤʪʣʫʫʣʩʘʥ ʰʘʛʥʘʣʳʛ ʥʵʤʵʛʜװװʣʵʭ ʟʘʤʘʘʨ ʩʫʨʘʣʮʜʘʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʥʵʛʵʥ 

ʯʠʛʣʵʣ ʙᴇʛᴇᴇʜ ʭʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘʘʩ ʪװװʥʠʡ ʷʣʛʘʨʘʭ ʟװʡʣ ʥʴ ʩʫʨʛʘʣʪʳʥ ʦʨʦʣʪ-

ʛʘʨʘʣʪʳʥ ʭʦʩʳʛ ᴇʛᴇʭ ʰʘʘʨʜʣʘʛʘʛװʡ, ʘʛʝʥʪ ᴇᴇʨᴇᴇ װʡʣʜʵʣ ʭʠʡʭ ʟʘʤʘʘʨ ʪʫʨʰʣʘʛʘʘʩʘʘ 

ʩʫʨʘʣʮʘʭʘʜ ʦʨʰʠʥʦ [6]. ʕʥʵʭװװ ʘʨʛʘ ʥʴ ʨʦʙʦʪʳʥ ʫʜʠʨʜʣʘʛʘʜ ʠʣװװ ʪʦʭʠʨʦʤʞʪʦʡ 

ʙʘʡʜʘʛ [1, 13, 14, 15, 16, 40-44]. ɹʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʳʥ ʙװʪʮʠʡʛ ɿʫʨʘʛ 2.3.1-ʜ װʟװװʣʵʚ. 
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ɿʫʨʘʛ 2.3.1. ɹʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʳʥ ʙװʪʵʮ 

 

ʕʥʜ, ʦʣʦʥ ʪʦʦʥʳ S ʪᴇʣᴇʚװװʜ ʥʴ ʦʨʯʠʥ ʪᴇʣᴇᴇʣᴇʭ ʙʘ ʘʛʝʥʪ ʙʫʶʫ ʨʦʙʦʪ ʥʴ ʪʦʛʪʩʦʥ 

 ʡʣʜʣʠʡʛ ʭʫʛʘʮʘʘʥʳ ʜʠʩʢʨʝʪװ ʜ ʙʦʣʦʭ A-ʩ ʥʵʛʠʡʛ ʩʦʥʛʦʥ ʭʘʨʛʘʣʟʘʭװװʡʣʜʣװ

ʘʣʭʤʫʫʜʘʜ ʭʫʚʘʘʥ ʛװʡʮʵʪʛʵʥʵ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʭʫʛʘʮʘʘʥʳ t ʘʣʭʘʤ ʪʫʪʘʤʜ ʘʛʝʥʪ 

ʦʨʯʥʳ ʪᴇʣᴇʚ st -ʠʡʛ ʘʞʠʛʣʘʞ ʵʥʜʵʵʩ ʭʠʡʭ ʸʩʪʦʡ װʡʣʜʵʣ at-ʠʡʛ ʩʦʥʛʦʥʦ. תʡʣʜʵʣ 

ʭʠʡʩʥʠʡ ʜʘʨʘʘ ʘʛʝʥʪ ʥʴ rt+1 ʰʘʛʥʘʣʳʛ ʭװʨʪʵʭ ʙᴇʛᴇᴇʜ ʵʥʵ ʥʴ ʙʦʛʠʥʦ ʭʫʛʘʮʘʘʥʜ ʭʵʨ 

ʩʘʡʥ װʡʣʜʵʣ ʭʠʡʩʥʠʡʛ ʠʣʪʛʵʭ ʙʘ ʘʛʝʥʪ ʥʴ ʦʨʯʥʳ ʰʠʥʵ st+1 ʪᴇʣᴇʚʠʡʛ ʘʞʠʛʣʘʥʘ. 

ɹʘʪʘʪʛʘʥ ʩʫʨʛʘʣʪʳʥ ʛʦʣ ʟʦʨʠʣʛʦ ʥʴ ʵʜʛʵʵʨ ʜʘʨʘʘʣʣʘʘʩ (st, at, rt+1, st+1) ʭʫʨʠʤʪʣʘʛʜʘʭ 

ʪʫʨʰʣʘʛʳʛ ʘʚʯ װʟʵʭ ʙʘ ʥʵʛ ʪᴇʣᴇʚᴇᴇʩ ʥᴇʛᴇᴇʜ ʰʠʣʞʠʭ װʥʵ ʮʵʥʠʡʛ ʩʫʨʯ, װװʥʠʡʛʵʵ 

ʦʥʦʚʯʪʦʡ ʫʪʛʳʥ ʬʫʥʢʮ ʛʵʞ ʪʦʜʦʨʭʦʡʣʜʦʛ [1, 4, 5]. 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʜ ʙʠʜ ʙʘʪʘʪʛʘʥ ʩʫʨʛʘʭ ʘʨʛʳʥ Q-ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʳʛ ʘʰʠʛʣʘʩʘʥ 

ʙʦʣʥʦ. Q-ʩʫʨʛʘʣʪʳʥ ʦʥʦʚʯʪʦʡ ʫʪʛrʥ ʬʫʥʢʮʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʥʦ (1). 

ὗᶻίȟὥ ὉὙίȟὥ ‎ ὗᶻίȟὥ    (1) 

ʕʥʵ ʥʴ s ʪᴇʣᴇʚʪ ʘ װʡʣʜʣʠʡʛ ʛװʡʮʵʪʛʵʩʥʵʵʨ ί ʪᴇʣᴇʚʪ ʰʠʣʞʠʭ װʝʠʡʥ ʭװʣʵʵʛʜʵʞ ʙʫʡ 

ʥʵ ʮʵʥʠʡʛ ʠʣʵʨʭʠʡʣʥʵ. ʇʘʨʘʤʝʪʨ ‎-ʛ ʙʫʫʨʫʫʣʘʭ ʬʘʢʪʦʨ (0< ‎װ ρ) ʛʵʭ ʙᴇʛᴇᴇʜ 

ʠʨʵʵʜװʡʜ ʘʚʘʭ ʰʘʛʥʘʣʳʥ ʭʵʤʞʵʵʥʜ ʭʵʨ ʠʭ ʘʯ ʭʦʣʙʦʛʜʦʣ ᴇʛᴇʭʠʡʛ ʪʦʜʦʨʭʦʡʣʥʦ. 

ʅʵʛʵʥʪ ʦʥʦʚʯʪʦʡ Q ʬʫʥʢʮʠʡʛ ὗᶻίȟὥ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʦʣ ʭʘʤʛʠʡʥ ʦʥʦʚʯʪʦʡ ʙʦʜʣʦʛʦ 

“ᶻί-ʛ ʪʦʦʮʦʦʣʦʭʦʜ ʭʷʣʙʘʨ ʙᴇʛᴇᴇʜ װװʥʜ ʪʫʭʘʡʥ ʪᴇʣᴇʚᴇᴇʩ ʭʠʡʛʜʵʭ ʙװʭ װʡʣʜʣװװʜʠʡʥ 

ʭʘʤʛʠʡʥ ʠʭ ʫʪʛʘʪʘʡʛ ʩʦʥʛʦʭ ʶʤ (2). 

“ᶻί ÁÒÇὗίȟὥ      (2) 

Q-ʬʫʥʢʮʠʡʛ ʠʭʵʚʯʣʵʥ ʭװʩʥʵʛʪʵʜ ʭʘʜʛʘʣʘʭ ʙᴇʛᴇᴇʜ ʪᴇʣᴇʚ s, װʡʣʜʣɻ a-ʨ ʠʥʜʝʢʩʞװװʣʜʵʛ. 

ɼʫʨʳʥ ʪᴇʣᴇʚᴇᴇʩ ʵʭʣʵʥ ʦʨʯʠʥʛ ʜʘʚʪʘʥ ʘʞʠʛʣʘʭ ʟʘʤʘʘʨ ʙʠʜ ʦʥʦʚʯʪʦʡ Q ʬʫʥʢʮʠʡʛ 

ʪʦʜʦʨʭʦʡʣʞ ʙʦʣʥʦ. ʈʦʙʦʪ װʡʣʜʵʣ ʭʠʡʭ ʙװʨʜ ʪʫʨʰʣʘʛʳʥ ʜʘʨʘʘʣʘʣ (st, at, rt+1, st+1) ʙʠʡ 

ʙʦʣʜʦʛ. ʊᴇʣᴇʚ s ʙʦʣʦʥ װʡʣʜʵʣ ʘ-ʠʡʥ ʭװʩʥʵʛʪʠʡʥ ʥװʜʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʰʠʥʵʯʠʣʥʵ 

(3). 

ὗίȟὥ ὗίȟὥ ‌ὶ ‎ ὗᶻίȟὥ ὗίȟὥ   (3) 

 

ʕʥʵ ʥʴ ʵʮʵʩʪʵʵ ʦʥʦʚʯʪʦʡ Q ʬʫʥʢʮ ʨʫʫ ʭʫʚʠʨʘʥ ʜᴇʭʥᴇ.  
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ʕʥʵʭװװ ʩʫʨʛʘʣʪʳʥ ʘʨʛʳʛ ʟʘʨʠʤ ʪʦʭʠʦʣʜʦʣʜ ʰʘʛʥʘʣʳʥ R(s,a) ʬʫʥʢʮʵʜ ʩʫʫʨʠʣʩʘʥ 

ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘ ʯ ʛʵʞ ʪʦʜʦʨʭʦʡʣʜʦʛ [37, 38, 39]. ɼʦʦʜ ʪᴇʚʰʥʠʡ ʫʜʠʨʜʣʘʛʳʥ 

ʪʦʦʮʦʦʣʣʳʛ ʙʦʣʦʚʩʨʫʫʣʘʭʳʥ ʦʨʦʥʜ ʙʠʜ ʰʘʛʥʘʣʳʥ ʬʫʥʢʮ ʭʵʣʙʵʨʵʵʨ ʠʣװװ ʜʵʵʜ 

ʪᴇʚʰʥʠʡ ʜʘʘʣʛʘʚʨʳʛ ʙʦʣʦʚʩʨʫʫʣʘʥ ʭʵʨʵʛʞװװʣʞ ʙʦʣʥʦ. ʀʭʵʥʭ ʪʦʭʠʦʣʜʦʣʜ ʨʦʙʦʪʳʥ 

ʜʘʘʣʛʘʚʘʨ ʙʦʣʦʥ ʰʘʛʥʘʣ ʥʴ ʦʨʯʥʳ ʬʠʟʠʢ װʡʣ ʘʞʠʣʣʘʛʘʘʪʘʡ ʪʦʭʠʨʜʦʛ. ʊװװʥʯʣʵʥ, 

ʰʘʛʥʘʣʳʥ ʬʫʥʢʮʠʡʛ ʩʠʡʨʵʛ ʙʦʣʦʥ ʰʠʛװװ ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. 

ʋʨʘʤʰʫʫʣʣʳʥ ʩʠʡʨʵʛ ʬʫʥʢʮ ʥʴ ʮᴇᴇʥ ʭʵʜʵʥ ʛʘʟʨʳʛ ʵʩ ʪʦʦʮʚʦʣ ʭʘʘ ʩʘʡʛװʡ ʪʵʛ ʫʪʛʘʪʘʡ 

ʙʘʡʜʘʛ ʙʦʣ ʰʠʛװװ h ʘʛʥʘʣʳʥ ʬʫʥʢʮʠʡʥ ʭʫʚʴʜ װʡʣʜʵʣ ʙװʨʠʡʥ ʜʘʨʘʘ ʠʣװװ ʠʭ ʤʵʜʵʵʣʵʣ 

ᴇʛᴇʭ ʙʦʣʦʚʯ ʫʛ ʬʫʥʢʮʠʡʛ ʙװʪʵʵʭ ʥʴ ʩʠʡʨʵʛ ʬʫʥʢʮʵʵʩ ʠʣװװ ʭװʥʜ ʙʘʡʜʘʛ [22]. 

Q ʩʫʨʛʘʣʪʳʥ ʘʨʛʘ ʥʴ ʜʠʩʢʨʝʪ ʪᴇʣᴇʚ ʙʦʣʦʥ ʭʘʨʛʘʣʟʘʭ װʡʣʜʣװװʜʠʡʛ ʰʘʘʨʜʘʥʘ. ʕʥʵ 

ʪʦʭʠʦʣʜʦʣʜ ʟʘʚʩʨʳʥ ʥʫʫʮ ʪᴇʣᴇʚװװʜʠʡʛ ʠʣʨװװʣʵʭ ʙʦʣʦʤʞʛװʡ ʙʫʶʫ ʭʘʥʛʘʣʪʪʘʡ ʟᴇʚ 

ʩʫʨʘʣʮʘʭ ʙʦʣʦʤʞʛװʡ ʙʦʣʜʦʛ. ɿʘʨʠʤ ʩʫʜʘʣʛʘʘʥʜ ʜʵʵʨʭ ʪᴇʣᴇʚ ʙʦʣʦʥ װʡʣʜʣװװʜʠʡʛ 

 .ʨʛʵʣʞʠʣʩʵʥ ʙʘʡʭʘʘʨ ʰʠʡʜʩʵʥ ʙʘʡʥʘ [26]װ

Q-ʩʫʨʛʘʣʪʳʥ ʭʫʚʴʜ ʦʨʯʥʳ ʪʘʣʘʘʨʭ ʤʵʜʵʵʣʣʠʡʛ ʥʵʵʥ ʦʣʞ ʘʚʘʭ ʮʦʨʳʥ ʛʘʥʮ ʘʨʛʘ ʟʘʤ 

ʥʴ ʷʤʘʨ ʥʵʛ װʡʣʜʵʣ ʭʠʡʩʥʵʵʨ ʦʨʯʥʳ ʟװʛʵʵʩ ᴇʛᴇʭ ʭʘʨʠʫ װʨ ʥᴇʣᴇᴇʛ ʘʞʠʛʣʘʭ ʷʚʜʘʣ ʶʤ 

[18, 19, 20, 21, 22]. ʉʫʨʛʘʣʪʳʥ ʵʭʵʥʜ ʭװʨʵʵʣʵʥ ʙʫʡ ʦʨʯʥʳ ʪʘʣʘʘʨ ʩʠʩʪʝʤʜ ʷʤʘʨ ʥʵʛʵʥ 

ʪʦʜʦʨʭʦʡ ʤʵʜʵʵʣʵʣ ʦʛʪ ʙʘʡʭʛװʡ ʙʘʡʭ ʪʫʣ ʩʘʥʘʤʩʘʨʛװʡ ʙʘʡʜʣʘʘʨ, ʘʣʴ ʵʩʚʵʣ ʭװʯʵʵʨ 

ʷʤʘʨ ʥʵʛʵʥ װʡʣʜʵʣ ʭʠʡʭʠʡʛ ʩʠʩʪʝʤ ʰʘʘʨʜʘʥʘ. תʡʣʜʵʣ ʙװʨʠʡʥ ʜʘʨʘʘ ʰʘʛʥʘʣ 

ʭʵʣʙʵʨʠʡʥ ʤʵʜʵʵʣʵʣ ʮʫʛʣʘʨʘʭ ʙװʨʜ Q-ʩʫʨʛʘʣʪ ʥʴ ʫʪʛʳʥ ʬʫʥʢʮʠʡʛ ʦʡʨʦʣʮʦʦʣʦʥ  

ʩʘʡʞʨʫʫʣʞ ʙʘʡʜʘʛ. 

 

2.3.2  ʉʠʩʪʝʤʠʡʥ ʟʘʛʚʘʨʪ ʙʘʪʘʪʛʘʥ ʩʫʨʛʘʭ ʘʨʛʳʛ ʥʵʚʪʨװװʣʵʭ ʥʴ  

ʉʫʜʘʣʛʘʘʥʳ ʩʠʩʪʝʤʠʡʥ ʟʘʛʚʘʨʳʛ ɿʫʨʘʛ 2.3.2-ʪ װʟװװʣʵʚ. ɹʠʜ ʵʥʵʭװװ ʩʠʩʪʝʤʠʡʛ 0 

ʛʨʘʜʫʩ (ʭʵʚʪʵʵ ʪʵʥʭʣʵʛʪʵʡ ʜʘʚʭʮʘʭ ʙʘʡʨʣʘʣ) ʜʵʵʨ ʪʵʥʮʚʵʨʵʵ ʦʣʞ ʩʫʨʘʭ ʟʦʨʠʣʛʦʦʨ 

ʙװʪʵʵʩʵʥ ʙʦʣʥʦ. ʕʥʵʭװװ ʩʠʩʪʝʤʠʡʥ ʩʫʨʛʘʣʪʳʥ ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʠʡʛ 

Atmel SAM3X8E ARM 32-ʙʠʪʠʡʥ ʤʠʢʨʦʢʦʥʪʨʦʣʣʸʨ ʜʵʵʨ ʭʵʨʵʛʞװװʣʩʵʥ ʙʦʣʥʦ. 

ᴆʥʮʛʠʡʥ ʤʵʜʨװװʨʠʡʛ ʧʦʪʝʥʮʠʦʤʝʪʨ ʘʰʠʛʣʘʥ ʰʠʡʜʩʵʥ. ʄᴇʨʥʠʡ ʟʘʭʘʜ 2000KV ʵʨʛʵʣʪ 

ʙװʭʠʡ 30 ɸʤʧʝʨʥr ESC ʫʜʠʨʜʣʘʛʘʪʘʡ ʩʵʥʩʪ ʭʦʸʨ ʭᴇʜᴇʣʛװװʨ ʙʘʡʨʣʘʥʘ.  
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ɿʫʨʘʛ 2.3.2 ʍʦʸʨ ʩʵʥʩʪ ʪʵʥʮʚʵʨʛװʡ ʩʠʩʪʝʤ 

 

ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʜʘʘ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʥʵʛ ʪʵʥʭʣʵʛʠʡʛ ʩʫʜʘʣʛʘʘʥʳ ʟʘʛʚʘʨ ʙʦʣʛʦʩʦʥ 

ʪʫʣ ʵʥʵ ʩʠʩʪʝʤʠʡʥ S ʪᴇʣᴇʚװװʜʠʡʥ ʦʣʦʥʣʦʛ ʥʴ ᴇʥʮᴇʛ ɣ, ʤᴇʥ ᴇʥʮᴇʛ ʭʫʨʜ ʕᴂ-ʘʘʨ 

ʪʦʜʦʨʭʦʡʣʦʛʜʦʥʦ. ʉʠʩʪʝʤʠʡʥ ʭʫʚʴʜ ʤᴇʨ ʥʴ  Ñ20Ü ʟʘʚʩʘʨʪ ʩʘʚʣʘʭ ʙʘ ᴇʥʮᴇʛ ʭʫʨʜ ʥʴ  

τ0/sec ʟʘʚʩʘʨʪ ʭʫʚʴʩʘʥ  ᴇᴇʨʯʣᴇʛʜᴇʥᴇ. ᴆʥʮᴇʛ ʥʴ ʥʵʛ ʛʨʘʜʫʩʳʥ ʜʠʩʢʨʝʪ ʘʣʭʘʤʪʘʡ, 

ᴇʥʮᴇʛ ʭʫʨʜʳʛ 9 ʪᴇʚʰʠʥʜ ʜʠʩʢʨʝʪʯʠʣʩʵʥ ʙʦʣʥʦ. ʀʥʛʵʩʥʵʵʨ ʤʘʥʘʡ ʩʠʩʪʝʤʠʡʥ Q ʪᴇʣᴇʚ 

ʥʴ 41x9 ʭʵʤʞʵʵʪʵʡ ʙʦʣʦʭ ʙʘ ʍװʩʥʵʛʪ 2.3.1-ʜ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʭʘʨʫʫʣʘʚ.  

ʍװʩʥʵʛʪ 2.3.1. Q ʩʫʨʛʘʣʪʳʥ ʜʠʩʢʨʝʪ ʪᴇʣᴇʚʠʡʥ ʭװʩʥʵʛʪ 

 

 ʜʠʡʥ ʦʣʦʥʣʦʛ ʛʵʞ ʪʦʜʦʨʭʦʡʣʩʦʥװװʡʣʜʣװ ʨʜ ʭʘʨʛʘʣʟʘʭװʡʣʜʵʣ A-ʛ ʩʠʩʪʝʤʠʡʥ ʪᴇʣᴇʚ ʙת

ʙʘ ʵʥʵ ʥʴ ʩʵʥʩʥʠʡ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ ᴇᴇʨʯʣᴇʭ PWM ʜʦʭʠʦ ʶʤ. ʅʠʡʪ 9 ʜʠʩʢʨʝʪ 

 ʜʵʜ ᴇᴇʨʯʣᴇʣʪ ʦʨʫʫʣʞ ʯʘʜʘʭʫʡʮ ʙʘʡʭʘʘʨ ʩʦʥʛʦʞ ʘʚʩʥʳʛװװʡʣʜʣʠʡʛ ʩʠʩʪʝʤʠʡʥ ʪᴇʣᴇʚװ

ʍװʩʥʵʛʪ 2.3.2-ʪ װʟװװʣʵʚ.  

ʍװʩʥʵʛʪ 2.3.2. ɼʠʩʢʨʝʪ װʡʣʜʣװװʜ 

 ʡʣʜʵʣ ʘ1 ʘ2 ʘ3 ʘ4 ʘ5 ʘ6 ʘ7 ʘ8 ʘ9ת

PWM1 800 825 850 875 900 900 900 900 900 

PWM2 900 900 900 900 900 875 850 825 800 

 

ᴆʥʮ/ 

ᴇʥʮᴇʛ ʭʫʨʜ
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ɼᴇʨʚᴇʥ ʩʵʥʩʪʵʜ ESC ʫʜʠʨʜʣʘʛʘ ʙװʭʠʡ ʟװʨʭʵʚʯʛװʡ ʪʦʛʪʤʦʣ ʛװʡʜʣʠʡʥ ʤʦʪʦʨ (BLDC) 

ʘʰʠʛʣʘʜʘʛ ʙᴇʛᴇᴇʜ ʵʥʵʭװװ ʪᴇʭᴇᴇʨᴇʤʞ ʥʴ ʭᴇʜᴇʣʛװװʨʠʡʥ ʭʫʨʜʳʛ 20 ʤʩ ʪʫʪʘʤʜ ᴇᴇʨʯʣᴇʭ 

ʯʘʜʚʘʨʪʘʡ ʶʤ. ESC-ʜ PWM ʜʦʭʠʦʛ ᴇʛᴇʭ ʟʘʤʘʘʨ ʭᴇʜᴇʣʛװװʨʠʡʥ ʭʫʨʜʳʛ ʫʜʠʨʜʘʭ 

ʙʦʣʦʤʞʪʦʡ ʙʦʣʥʦ. PWM ʜʦʭʠʦʥʳ ʤʠʥʠʤʫʤ ʫʪʛʘ ʥʴ 770 ʤʠʢʨʦʩʝʢʫʥʜ ʙʘʡʭ ʙʘ 

ʤʘʢʩʠʤʫʤ ʫʪʛʘ ʥʴ 2000 ʤʠʢʨʦʩʝʢʫʥʜ ʙʘʡʥʘ.  ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʙʠʜ ʭᴇʜᴇʣʛװװʨʠʡʥ 

ʭʫʨʜʳʛ 1 ʤʠʢʨʦʩʝʢʫʥʜʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ᴇᴇʨʯʣᴇʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. װתʥʵʵʩ ʭʘʨʘʭʘʜ 

ʙʠʜʵʥʜ װʡʣʜʵʣ ɸ-ʠʡʥ ʭʫʚʴʜ ᴇʨʛᴇʥ ʩʦʥʛʦʣʪ ʙʘʡʥʘ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʪᴇʣᴇʚ st ʙװʨʜ ʥʵʛ 

ʭᴇʜᴇʣʛװװʨʠʡʥ ʭʫʚʴʜ 1230 װʡʣʜʣʠʡʛ ʩʦʥʛʦʭ ʙʦʣʦʤʞʪʦʡ ʭʵʜʠʡ ʯ ʵʥʵ ʪʦʭʠʦʣʜʦʣʜ 

ʤʘʥʘʡ Q ʭװʩʥʵʛʪ ʘʩʘʨ ʪʦʤ ʭʵʤʞʵʵʪʵʡ ʙʦʣʩʥʦʦʨ ʩʫʨʛʘʣʪʳʥ ʧʨʦʮʝʩʩ ʪᴇʚᴇʛʪʵʡ ʙʦʣʦʭ 

ʶʤ. ʉʦʥʛʦʩʦʥ װʡʣʜʣװװʜʵʵʩ ʭʘʤʘʘʨʘʥ ʥʵʛ ʪᴇʣᴇʚᴇᴇʩ ʥᴇʛᴇᴇʜ ʰʠʣʞʠʭ ʭʫʛʘʮʘʘ 

ᴇᴇʨʯʣᴇʛʜᴇʥᴇ. ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, ʷʤʘʨ ʥʵʛʵʥ װʡʣʜʣʠʡʛ ʛװʡʮʵʪʛʵʩʥʵʵʩ ʭʦʡʰ ʭʵʩʵʛ 

ʭʫʛʘʮʘʘʥʳ ʜʘʨʘʘ ʰʠʥʵ ʪᴇʣᴇʚʠʡʛ ʘʞʠʛʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʭʫʛʘʮʘʘʛ ʙʠʜ 20 

ʤʠʣʣʠʩʝʢʫʥʜ ʙʘʡʭʘʘʨ ʩʦʥʛʦʞ ʘʚʘʚ.    

ɹʠʜ ʙʫʫʨʫʫʣʘʭ ʬʘʢʪʦʨʳʥ ‎ πȢχ, ʩʫʨʛʘʣʪʳʥ ʭʫʨʜ ʙʦʣʦʭ ‌ πȢρ ʙʘʡʭʘʘʨ ʪʫʩ ʪʫʩ 

ʩʦʥʛʦʥ ʘʚʩʘʥ.  

ʇʨʦʛʨʘʤʤʳʥ ʘʣʛʦʨʠʪʤʳʛ ʘʚʯ װʟʚʵʣ: 

1. Q ʭϾʩʥʵʛʪʠʡʛ ʘʥʭʥʳ 0 ʫʪʛʘʘʨ ʜϾϾʨʛʵʞ ʘʯʘʘʣʘʭ 

while (1) 

2. ʉʘʥʘʤʩʘʨʛϾʡ Ͼʡʣʜʵʣ ʩʦʥʛʦʭ t ʪʦʦʣʫʫʨʳʥ ʫʪʛʳʛ ʘʯʘʘʣʘʭ 

3. for (t >1) ʙʦʣ ί ʪЊʣЊʚЊЊʩ ʩʘʥʘʤʩʘʨʛϾʡ Ͼʡʣʜʵʣ ʩʦʥʛʦʭ ʵʩʚʵʣ ὥ ὗίȟὥ 

ʩʦʥʛʦʞ ʛϾʡʮʵʪʛʵʭ 

4. ʍϾʣʵʵʭ 20 ʤʩ 

5. ʐʠʥʵ ʪЊʣЊʚʠʡʛ ί   ʘʞʠʛʣʘʞ ʙϾʨʪʛʵʞ ʘʚʘʭ, ʰʘʛʥʘʣʳʥ ʬʫʥʢʮʠʡʛ R(s, a) 

ʪʦʦʮʦʦʣʦʭ 

6. Q ʭϾʩʥʵʛʪʠʡʛ ʰʠʥʵʯʣʵʭ ὗίȟὥ ὗίȟὥ ‌ὶ ‎ ὗᶻίȟὥ

ὗίȟὥ  

ʄʘʥʘʡ ʩʠʩʪʝʤʠʡʥ Q ʤʘʪʨʠʮ ʥʴ [9ʭ41ʭ9] ʭʵʤʞʵʵʪʵʡ ʙʘ װװʥʜ 9 ʪᴇʨʣʠʡʥ ᴇʥʮᴇʛ ʭʫʨʜ ʕᴂ, 

41 ʪᴇʨʣʠʡʥ ᴇʥʮᴇʛ ɣ, ʤᴇʥ 9 ʪᴇʨʣʠʡʥ ɸ װʡʣʜʣװװʜ ʙʘʛʪʘʥʘ. ʋʛ ʤʘʪʨʠʮʥr ʥװʜ ʙװʨʜ 32-

ʙʠʪʠʡʥ float ʪᴇʨʣʠʡʥ ʫʪʛʘ ʭʘʜʛʘʣʘʛʜʘʭ ʙʘ ʵʥʜʵʵʩ ʜװʛʥʵʭʵʜ ʙʠʜʵʥʜ ʭʘʤʛʠʡʥ ʙʘʛʘʜʘʘ 

13 ʂʙʘʡʪ ʭʵʤʞʵʵʥʠʡ ʩʘʥʘʭ ʦʡ ʰʘʘʨʜʣʘʛʘʪʘʡ. ʊᴇʣᴇʚʠʡʥ ʪʦʦ ʠʭʩʵʭ,  װʡʣʜʣʠʡʥ ʪʦʦ 

ʠʭʩʵʭ ʙװʨʜ ʩʘʥʘʭ ʦʡʥ ʭʵʤʞʵʵ ʪʦʤʦʨʥʦ.    

ʕʥʵʭװװ ʩʫʨʛʘʣʪʳʥ ʘʨʛʳʛ ʰʘʛʥʘʣʜ ʩʫʫʨʠʣʩʘʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘ ʛʵʭ ʙʘ ʰʘʛʥʘʣʳʥ 

ʬʫʥʢʮʠʡʛ ʦʥʦʚʯʪʦʡ ʪʦʜʦʨʭʦʡʣʩʥʦʦʨ ʩʫʨʘʭ ʧʨʦʮʝʩʩ ʟᴇʚ ʷʚʘʛʜʘʥʘ. ɹʠʜʥʠʡ 

ʪʫʨʰʠʣʪʘʘʨ ʭʵʜ ʭʵʜʵʥ ʪᴇʨʣʠʡʥ ʰʘʛʥʘʣʳʥ ʬʫʥʢʮװװʜʠʡʛ ʘʚʯ װʟʩʵʥ ʙʦʣʥʦ. 
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2.3.3  ʊʫʨʰʠʣʪ ʙʘ װʨ ʜװʥ 

 

ʊʫʨʰʠʣʪ 1 

ʕʥʵ ʪʫʨʰʠʣʪʘʘʨ ʩʠʡʨʵʛ ʰʘʛʥʘʣʳʥ ʬʫʥʢʮʠʡʛ ʭʵʨʵʛʞװװʣʵʥ ʪʫʨʰʠʣʪʳʛ ʭʠʡʩʵʥ ʙʦʣʥʦ.  

if (ɣ==0 && ‪ π) 

Reward=1; 

else  

Reward=0; 

ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ ʥʵʛ ʪᴇʣᴇʚ ʜʵʵʨ ʩʠʩʪʝʤ  װʡʣʜʵʣ ʙװʨʠʡʛ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ ʙʦʣʦʚʯ 

ʰʘʛʥʘʣʳʥ ʫʪʛʘ ᴇᴇʨʯʣᴇʛʜᴇʭʛװʡ ʫʣʤʘʘʩ ʩʠʩʪʝʤ ʵʭʥʠʡ ʪᴇʣᴇʚᴇᴇʩ ʛʘʨʯ ʯʘʜʘʭʛװʡ ʙʘʡʚ. 

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ ʙʠʜ ʥʵʛ ʟʦʨʠʣʛʳʥ ʪᴇʣᴇʚʪʵʡ ʙʘ ʵʥʵ ʪᴇʣᴇʚᴇᴇʩ ʙʫʩʘʜ ʪᴇʣᴇʚװװʜ ʰʘʛʥʘʣ 

ʭװʨʪʵʭʛװʡ ʙʦʣʥʦ.  

ʊʫʨʰʠʣʪ 2 

ʕʥʵ ʪʫʨʰʠʣʪʘʘʨ ʰʠʛװװ ʰʘʛʥʘʣʳʥ ʬʫʥʢʮʠʡʛ ʭʵʨʵʛʞװװʣʵʥ ʪʫʨʰʠʣʪʳʛ ʭʠʡʩʵʥ ʙʦʣʥʦ. 

Reward =abs(ɣ) *(-1); 

ʕʥʵ ʪʦʭʠʦʣʜʦʣʜ ʩʠʩʪʝʤ -20 ʛʨʘʜʫʩ ʙʦʣʦʥ +20 ʛʨʘʜʫʩʳʥ װʝʜ ʭʘʤʛʠʡʥ ᴇʥʜᴇʨ ʩᴇʨᴇʛ 

ʰʘʛʥʘʣʳʛ (ʰʠʡʪʛʵʣ) ʭװʨʪʵʭ ʙʘ 0 ʛʨʘʜʫʩ ʜʵʵʨ 0 ʰʘʛʥʘʣʳʛ ʭװʨʪʵʥʵ.  ʕʥʵʭװװ ʪʫʨʰʠʣʪʳʥ 

 ʡ ʭʦʸʨ ʪʠʡʰװʡ ʙʦʣʦʚʯ ʪʵʥʮʚʵʨʠʡʛ ʭʘʜʛʘʣʞ ʯʘʜʘʭʛװʝʜ ʩʠʩʪʝʤ ʥʵʛ ʪᴇʣᴇʚ ʜʵʵʨ ʛʘʮʘʭʛװ

ʪʘʩʨʘʣʪʛװʡ ʩʘʚʯʠʞ ʙʘʡʚ.  

ʊʫʨʰʠʣʪ 3 

Reward =(ɣ)+ ‪ᴂ; 

ʕʥʵʭװװ ʰʘʛʥʘʣʳʥ ʩʠʩʪʝʤʠʡʥ ʭʫʚʴʜ ʭʵʜʠʡʛʵʵʨ ᴇʥʮᴇʛ ʭʫʨʜʳʛ ʦʨʫʫʣʞ ᴇʛʩᴇʥ ʙʦʣʦʚʯ ɣ= 

-1 ʙʦʣʦʥ ɣ= 1 ʪᴇʣᴇʚ ʜʵʵʨ ʪʵʥʮʚʵʨʠʡʛ ʦʣʦʭʳʥ ʪʫʣʜ ᴇʥʮᴇʛ ʭʫʨʜʳʛ ᴇʥʜᴇʨ ʙʘʡʭ 

 ʡʣʜʣʠʡʛ ʩʦʥʛʦʞ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʩʘʥ ʙʘ  ɣ= 0 ʪᴇʣᴇʚʠʡʛ ᴇʥʜᴇʨ ʭʫʨʜʘʘʨ ʜʘʡʨʘʥװ

ᴇʥʛᴇʨʯ ʙʘʡʛʘʘ ʥʴ ʭʘʨʘʛʜʣʘʘ.  

ʊʫʨʰʠʣʪ 4 

Reward =1-abs((ɣ)+ ‪ᴂ; 

if (abs(ɣ)==20) 

Reward=-100; 

if(abs(ɣ)<=3) 

Reward=100 

ʕʥʵʭװװ ʰʘʛʥʘʣʳʥ ʩʠʩʪʝʤʠʡʥ ʭʫʚʴʜ ʙʠʜ ʰʠʡʪʛʵʣʠʡʥ ʫʪʛʳʛ ʦʨʫʫʣʞ ᴇʛʩᴇʥ ʙʘ ʭʵʨʵʚ 

ʩʘʚʣʫʫʨʳʥ ᴇʥʮʛʠʡʥ ʭʵʤʞʵʵ ʠʭ,  ᴇʥʮᴇʛ ʭʫʨʜʥʳ ʭʵʤʞʵʵ ʙʘʛʘ ʙʦʣ ʩᴇʨᴇʛ ʰʘʛʥʘʣʳʛ ʠʭ 

ʘʚʥʘ. ᴆʥʮʛʠʡʥ ʭʵʤʞʵʵ ʠʭ, ʭʘʨʠʥ ᴇʥʮᴇʛ ʭʫʨʜ ʠʭ ʪʦʭʠʦʣʜʦʣʜ ʩᴇʨᴇʛ ʰʘʛʥʘʣʳʛ ʙʘʛʘ 

ʘʚʥʘ. ʍʵʨʵʚ ᴇʥʮʛʠʡʥ ʭʵʤʞʵʵ ʙʘʛʘ, ʭʘʨʠʥ  ᴇʥʮᴇʛ ʭʫʨʜ ʠʭ ʙʦʣ ʩᴇʨᴇʛ ʰʘʛʥʘʣʳʛ ʠʭʠʡʛ 
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ʘʚʘʭ ʙʘ ᴇʥʮʛʠʡʥ ʭʵʤʞʵʵ ʙʘʛʘ ᴇʥʮᴇʛ ʭʫʨʜ ʙʘʛʘ ʙʘʡʚʘʣ ʩᴇʨᴇʛ ʰʘʛʥʘʣʳʛ ʙʘʛʘ ʘʚʘʭʘʘʨ 

ʰʠʡʜʩʵʥ ʙʦʣʥʦ.  

ʊʫʨʰʠʣʪ 5 

ὙὩύὥὶὨρ ‪  ‪ ὥὦί‪  

ʕʥʵʭװװ ʪʫʨʰʠʣʪʘʘʨ ʙʠʜ ʪʘʚʴʩʘʥ ʟʦʨʠʣʛʦʜʦʦ ʭװʨʯ ʯʘʜʩʘʥ ʙʦʣʥʦ. 

 

ɿʫʨʘʛ 2.3.3 ʐʘʛʥʘʣʳʥ ʬʫʥʢʮ 

 

 ʡʣʜʵʣ ʭʠʡʩʥʠʡ ʜʘʨʘʘ ʪʦʜʦʨʭʦʡ ʭʫʛʘʮʘʘʛʘʘʨ ʩʘʘʪʘʣ ʘʚʘʭװ ,ʥʵʵʩ ʛʘʜʥʘװת

ʰʘʘʨʜʣʘʛʘʪʘʡʛ ʪʫʨʰʠʣʪʘʘʩ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʦʣʥʦ. st ʪᴇʣᴇʚ ʜʵʵʨʵʵʩ ʙʠʜ ʭʘʤʛʠʡʥ 

ᴇʥʜᴇʨ ʫʪʛʘʪʘʡ װʡʣʜʵʣ at ïʛ ʩʦʥʛʦʥ ʘʚʯ ʛװʡʮʵʪʛʵʥʵ. װתʥʠʡ ʜʘʨʘʘ ʙʠʜ ʰʠʥʵ ʪᴇʣᴇʚʠʡʛ 

st+1 ʫʥʰʠʞ ʘʚʥʘ. ʍʵʨʵʚ װʡʣʜʣʠʡʛ ʛװʡʮʵʪʛʵʞ ʜʫʫʩʘʭ ʭʘʥʛʘʣʪʪʘʡ ʭʫʛʘʮʘʘ ᴇʥʛᴇʨᴇᴇʛװʡ 

ʪʦʭʠʦʣʜʦʣʜ ʪᴇʣᴇʚ ᴇᴇʨʯʣᴇʛʜᴇʭ ʙʦʣʦʤʞʛװʡ ʙᴇʛᴇᴇʜ ʵʥʵ ʪᴇʣᴇʚ ʜʵʵʨ ʤʘʰ ʦʣʦʥ װʡʣʜʣʠʡʛ 

ʭʠʡʞ ʛװʡʮʵʪʛʵʩʥʵʵʨ Q ʭװʩʥʵʛʪ ʭʫʜʘʣ ʫʪʛʘʘʨ ʰʠʥʵʯʣʵʛʜʵʥʵ. ESC ʪᴇʭᴇᴇʨᴇʤʞ 50 Hz 

ʜʘʚʪʘʤʞʪʘʡ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ ʪʫʣ ʙʠʜ 20ʤʩ ʩʘʘʪʘʣ ʘʚʩʘʥ ʙʦʣʥʦ. 

ʍװʩʥʵʛʪ 2.3.3ʘ-ʜ ʵʭʥʠʡ 60000 ʜʘʚʪʘʣʪʳʥ ʜʘʨʘʘʭ Q ʬʫʥʢʮʠʡʥ ʫʪʛʳʥ װʨ ʜװʥʛ װʟװװʣʩʵʥ 

ʙʦʣʥʦ. ʕʥʵʭװװ ʭװʩʥʵʛʪʠʡʥ ʤᴇʨ ʥʴ (1-ʨ ʤᴇʨ -20 ʛʨʘʜʫʩ, 41-ʨ ʤᴇʨ +20 ʛʨʘʜʫʩ) ᴇʥʮʛʠʡʥ 

ɣ ʪᴇʣᴇʚ, ʙʘʛʘʥʘ ʥʴ ᴇʥʮᴇʛ ʭʫʨʜʥʳ ʫʪʛʳʛ װʟװװʣʩʵʥ ʙʦʣʥʦ. ʋʣʘʘʥ ᴇʥʛᴇᴇʨ ʩᴇʨᴇʛ 

ʰʘʛʥʘʣʳʛ, ʥʦʛʦʦʥ ᴇʥʛᴇᴇʨ ʵʝʨʵʛ ʰʘʛʥʘʣʳʛ ʜװʨʩʵʣʩʵʥ ʙʦʣʥʦ. ʍװʩʥʵʛʪ 2.3.3ʙ-ʜ 

1000000 ʜʘʚʪʘʣʪʳʥ ʜʘʨʘʘʭ Q ʬʫʥʢʮʠʡʥ ʫʪʛʳʥ װʨ ʜװʥʛ װʟװװʣʵʚ.  
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ʍװʩʥʵʛʪ 2.3.3 Q ʬʫʥʢʮʠʡʥ ʫʪʛʘ 

 

ʘ.    ʙ. 

-0.28 -0.31 -0.58 -1.8 -6.42 0 0 0 0 -1.57 -1.87 -2.76 -5.92 -10.81 0 0 0 0

-0.1 -0.11 -0.21 -0.24 -3.4 0 0 0 0 -0.92 -0.87 -1.54 -3.16 -8.19 0 0 0 0

-0.1 -0.1 -0.1 -0.52 -2.16 -0.72 0 0 0 -0.72 -0.75 -1.06 -3.22 -6.55 -4.3 0 0 0

0 0 -0.1 -0.41 -1.89 -0.46 0 0 0 -0.32 -0.57 -0.91 -2.64 -5.99 -3.45 0 0 0

0 -0.1 -0.11 -0.34 -1.62 -0.36 -0.2 0 0 -0.49 -0.66 -1.21 -2.66 -5.21 -2.95 -1.57 0 0

-0.1 0 -0.21 -0.27 -1.41 -0.49 -0.24 0 0 -0.32 -0.5 -1.19 -2.18 -4.19 -2.35 -1.99 0 0

0 -0.1 -0.1 -0.46 -1.15 -0.31 -0.26 -0.25 0 -0.21 -0.57 -1.18 -2.26 -3.82 -1.84 -1.16 -1.05 0

0 0 -0.13 -0.33 -1.34 -0.27 -0.16 -0.21 0 -0.29 -0.46 -1.07 -2.06 -3.55 -2.14 -0.87 -0.84 0

0 -0.1 -0.1 -0.34 -1.45 -0.58 -0.16 0 -0.1 -0.23 -0.34 -1.03 -1.87 -3.48 -2.19 -0.83 -0.56 -0.5

-0.1 0 -0.23 -0.35 -1.56 -0.31 -0.2 0 0 -0.44 -0.24 -0.85 -1.76 -4.08 -2.17 -0.93 -0.38 -0.36

-0.1 -0.1 -0.19 -0.5 -1.79 -0.38 -0.1 0 -0.1 -0.38 -0.5 -0.73 -2.16 -3.93 -2.13 -0.9 -0.52 -0.42

-0.1 0 -0.13 -0.55 -1.64 -0.22 -0.11 -0.1 -0.1 -0.37 -0.37 -0.96 -1.8 -3.45 -1.63 -0.86 -0.64 -0.33

-0.1 -0.1 0 -0.34 -1.33 -0.5 -0.1 0 0 -0.56 -0.2 -0.6 -1.49 -2.96 -1.86 -0.75 -0.53 -0.41

-0.1 -0.1 0 -0.35 -1.47 -0.64 -0.23 -0.1 0 -0.38 -0.4 -0.55 -1.48 -2.86 -1.79 -0.91 -0.42 -0.52

-0.1 0 0 -0.16 -0.92 -0.29 -0.19 0 0 -0.35 -0.11 -0.41 -1.01 -2.08 -1.06 -0.65 -0.11 -0.39

-0.1 0 0 -0.1 -0.66 -0.29 -0.1 0 -0.1 -0.41 -0.16 -0.21 -0.58 -1.26 -0.9 -0.45 -0.22 -0.23

-0.1 0 0 -0.05 -0.29 -0.13 -0.1 0 0 -0.46 -0.22 -0.27 -0.48 -1.01 -0.72 -0.39 -0.24 -0.13

-0.1 0 0 -0.01 -0.15 -0.01 0 0 0 -0.41 -0.21 -0.17 -0.32 -0.61 -0.31 -0.26 -0.14 -0.14

-0.17 -0.1 0 -0.04 -0.11 -0.01 -0.01 0 0 -0.47 -0.31 -0.21 -0.24 -0.43 -0.33 -0.25 -0.13 -0.05

-0.1 0 -0.01 0 -0.12 -0.01 0 -0.1 0 -0.4 -0.23 -0.21 -0.25 -0.44 -0.18 -0.14 -0.17 -0.07

-0.01 0 -0.1 -0.01 -0.14 -0.01 0 0 0 -0.44 -0.25 -0.28 -0.27 -0.41 -0.26 -0.21 -0.12 -0.12

-0.19 -0.1 -0.1 -0.02 -0.14 -0.01 0 0 0 -0.61 -0.28 -0.43 -0.29 -0.51 -0.25 -0.2 -0.19 -0.22

-0.11 -0.01 -0.2 -0.04 -0.17 -0.04 0 0 0 -0.65 -0.27 -0.49 -0.46 -0.6 -0.34 -0.29 -0.11 -0.21

-0.14 -0.1 -0.13 -0.2 -0.31 -0.04 -0.03 0 0 -0.61 -0.37 -0.52 -0.72 -0.88 -0.46 -0.37 -0.2 -0.17

-0.38 -0.11 -0.23 -0.28 -0.42 -0.22 -0.1 0 0 -0.86 -0.55 -0.79 -1.04 -1.3 -0.66 -0.3 -0.31 -0.28

-0.36 -0.1 -0.12 -0.32 -0.64 -0.12 -0.13 0 -0.02 -0.98 -0.68 -0.78 -1.16 -1.67 -0.95 -0.6 -0.36 -0.3

-0.34 -0.21 -0.22 -0.52 -0.99 -0.36 -0.21 0 -0.1 -1.23 -0.86 -1.18 -1.76 -2.35 -1.52 -0.84 -0.44 -0.48

-0.25 -0.22 -0.21 -0.54 -1.2 -0.42 -0.21 -0.13 -0.1 -1.06 -0.99 -1.33 -1.82 -2.65 -1.52 -0.88 -0.58 -0.6

-0.27 -0.22 -0.29 -0.58 -1.3 -0.62 -0.36 -0.11 -0.11 -1.13 -0.97 -1.36 -2.15 -2.97 -1.79 -1.09 -0.6 -0.63

-0.38 -0.43 -0.47 -0.87 -1.78 -0.76 -0.33 -0.29 -0.22 -1.56 -1.22 -1.74 -2.52 -3.29 -2.3 -1.45 -0.96 -0.96

-0.36 -0.17 -0.53 -0.86 -1.86 -0.71 -0.33 -0.18 -0.17 -1.38 -1.3 -1.77 -2.43 -3.68 -2.08 -1.44 -0.83 -0.9

-0.23 -0.32 -0.33 -0.83 -2.02 -1.01 -0.4 -0.21 -0.12 -1.3 -1.38 -1.37 -2.57 -3.39 -2.63 -1.59 -1.05 -0.91

-0.3 -0.43 -0.5 -1.09 -1.91 -1.13 -0.42 -0.3 -0.3 -1.41 -1.61 -2 -3.07 -3.67 -2.71 -1.48 -1.01 -1.43

0 -0.52 -0.43 -0.88 -2.13 -0.76 -0.52 -0.11 -0.11 0 -2.15 -1.71 -2.83 -3.92 -2.55 -1.66 -1.18 -0.91

0 -0.51 -0.63 -1.47 -2.4 -1.3 -0.54 -0.32 -0.3 0 -2.02 -2.18 -3.63 -4.41 -3.16 -1.99 -1.26 -1.14

0 0 -1.23 -1.35 -2.44 -1.02 -0.49 -0.26 -0.3 0 0 -3.42 -3.45 -4.52 -3.13 -1.83 -1.28 -1.42

0 0 -1.01 -0.99 -2.38 -1.21 -0.52 -0.33 -0.12 0 0 -3.34 -3.25 -4.69 -3.32 -1.81 -1.39 -1.38

0 0 0 -2.07 -2.21 -1.36 -0.68 -0.36 -0.57 0 0 0 -4.45 -4.61 -3.54 -2.67 -1.36 -1.87

0 0 0 -2.06 -2.48 -0.96 -0.69 -0.48 -0.68 0 0 0 -4.63 -4.87 -3.13 -2.15 -1.82 -1.87

0 0 0 0 -3.82 -1.62 -0.79 -0.55 -0.58 0 0 0 0 -5.2 -4.07 -2.71 -2.05 -2.53

0 0 0 0 -4.32 -2.97 -1.79 -1.01 -1.61 0 0 0 0 -5.83 -5.16 -3.98 -2.92 -3.65

-2.83 -2.68 -4.96 -9.05 -11.2 0 0 0 0 -7.73 -10.7 -15 -19.6 -20.88 0 0 0 0

-1.34 -1.73 -3.06 -6.2 -9.41 0 0 0 0 -5.57 -8.95 -12.9 -19.1 -20.38 0 0 0 0

-1.6 -1.11 -2.3 -6.14 -8.56 -6.79 0 0 0 -6.62 -8.94 -13 -18.4 -19.28 -19.2 0 0 0

-1.13 -1.49 -2.12 -5.49 -8.06 -5.84 0 0 0 -5.46 -8.23 -12.8 -17 -18.44 -18.2 0 0 0

-0.87 -1.27 -2.33 -4.21 -6.89 -5.74 -3.15 0 0 -6.56 -8.09 -12 -15.8 -17.64 -17.1 -14.1 0 0

-1.09 -1.28 -2.44 -3.92 -6.05 -4.71 -3.54 0 0 -5.81 -7.99 -11 -15.3 -16.06 -15.3 -13 0 0

-0.64 -1.13 -2.43 -3.85 -5.47 -3.45 -2.51 -1.92 0 -5.33 -6.75 -10.1 -14 -15.68 -14.8 -11.1 -9.95 0

-0.52 -1.05 -1.98 -3.66 -5.05 -3.83 -1.75 -1.95 0 -4.75 -5.9 -9.28 -13.9 -15.51 -13.8 -9.66 -9.32 0

-0.81 -0.55 -1.91 -3.27 -5.2 -3.84 -1.92 -1.32 -0.91 -4.75 -5.51 -8.76 -13.3 -15.33 -14 -10.4 -7.17 -5.23

-0.91 -0.68 -1.64 -3.14 -5.39 -3.57 -1.81 -0.87 -0.97 -4.36 -5.58 -7.32 -12.5 -14.37 -12.8 -9.67 -4.35 -3.32

-0.74 -1.06 -1.35 -3.38 -5.03 -3.57 -2.05 -0.97 -0.92 -4 -4.79 -7.32 -11.6 -13.95 -12.5 -8.8 -5.52 -3.96

-0.84 -0.73 -1.54 -3.27 -4.32 -3.01 -1.77 -1.13 -0.7 -3.73 -4.22 -6.62 -11.5 -12.71 -11.9 -8.07 -6.34 -3.64

-1.08 -0.6 -1.26 -2.85 -4.51 -3.09 -1.44 -0.81 -0.57 -3.62 -4.65 -6.55 -9.54 -11.13 -11 -8.02 -5.34 -3.59

-0.73 -0.85 -1.28 -2.47 -3.08 -3.1 -1.97 -1.01 -0.85 -4.15 -4.63 -6.29 -8.45 -9.39 -9.95 -7.2 -5.15 -4.61

-0.63 -0.32 -0.99 -1.8 -3.08 -2.25 -1.08 -0.5 -0.62 -3.72 -3.08 -4.63 -6.5 -8.19 -7.57 -5.82 -3.5 -3.11

-0.65 -0.32 -0.43 -1.06 -1.64 -1.78 -0.91 -0.41 -0.34 -4.02 -3.39 -4.02 -5.07 -6.63 -6.18 -5.03 -3.5 -3.12

-0.77 -0.47 -0.71 -0.87 -1.4 -1.22 -0.77 -0.42 -0.32 -4.39 -3.33 -3.89 -4.71 -5.31 -5.65 -4.49 -3.26 -3.09

-0.76 -0.36 -0.36 -0.55 -1.07 -0.71 -0.6 -0.31 -0.36 -4.33 -3.01 -3.43 -4.03 -4.65 -4.51 -3.84 -2.64 -2.3

-0.85 -0.48 -0.51 -0.62 -0.89 -0.63 -0.49 -0.27 -0.25 -5.17 -3.58 -3.58 -3.92 -3.95 -4.12 -3.53 -2.67 -2.45

-0.88 -0.5 -0.45 -0.55 -0.76 -0.45 -0.33 -0.26 -0.26 -5.03 -3.41 -3.57 -3.79 -4.04 -3.81 -3.09 -2.14 -2.11

-0.83 -0.52 -0.48 -0.56 -0.83 -0.58 -0.41 -0.28 -0.31 -5.46 -4.34 -4.04 -4.17 -4.25 -3.95 -3.33 -2.15 -2.18

-0.99 -0.64 -0.7 -0.65 -0.84 -0.61 -0.45 -0.28 -0.48 -6.81 -4.94 -4.72 -4.87 -4.49 -4.13 -3.42 -2.81 -2.48

-1.1 -0.56 -0.79 -0.9 -1.05 -0.58 -0.49 -0.28 -0.42 -6.76 -5.46 -5.43 -5.69 -5.44 -4.57 -3.68 -2.79 -3.12

-1.11 -0.91 -0.93 -1.18 -1.12 -0.99 -0.65 -0.42 -0.36 -8.18 -5.99 -6.15 -6.64 -6.95 -5.47 -4.21 -3.81 -3.53

-1.49 -1.07 -1.38 -1.56 -1.8 -1.25 -0.73 -0.65 -0.62 -9.25 -7.46 -7.99 -7.8 -7.78 -6.79 -5.04 -4.38 -4.33

-1.68 -1.13 -1.41 -2.1 -2.2 -1.47 -0.87 -0.65 -0.57 -9.97 -8.6 -8.53 -8.92 -9.23 -7.25 -6.05 -4.86 -4.25

-2.11 -1.83 -2.1 -2.73 -3.09 -2.24 -1.43 -0.78 -1.05 -11.5 -9.61 -10.1 -10.1 -10.37 -9.08 -7.29 -5.82 -5.6

-2.28 -1.55 -2.28 -3.09 -3.47 -2.54 -1.5 -1.02 -1.38 -12.1 -10.2 -11.2 -11 -11.5 -9.45 -7.94 -6.91 -7.1

-2.29 -1.69 -2.33 -3.24 -4.17 -2.84 -2.01 -1.18 -1.15 -12.9 -11.1 -12 -12.1 -12.98 -10.9 -8.73 -7.58 -7.34

-2.56 -2.32 -2.86 -4.04 -4.76 -3.4 -2.22 -1.45 -1.72 -13.8 -12.6 -12.9 -13.6 -13.19 -12.3 -10.7 -8.64 -8.77

-2.37 -2.49 -2.92 -3.93 -4.52 -3.47 -2.51 -1.76 -1.5 -14.2 -13 -13.6 -14.3 -13.58 -13.2 -11 -9.36 -8.69

-2.45 -2.44 -2.64 -4.28 -5.16 -4.15 -2.69 -1.79 -1.76 -14.3 -13.8 -14.2 -14.5 -15.25 -13.6 -11.8 -10.5 -9.11

-2.69 -3.1 -3.5 -4.57 -4.8 -4.32 -2.83 -2.13 -2.34 -14.4 -14.9 -15.2 -15.6 -14.93 -14.9 -12.8 -11.8 -10.8

0 -3.65 -3.36 -4.74 -5.63 -4.35 -2.84 -1.9 -1.75 0 -15.9 -15.7 -16.3 -16.3 -14.7 -13.2 -11.9 -10.6

0 -4.12 -3.95 -5.47 -5.82 -4.96 -3.58 -2.08 -2.38 0 -16.1 -16.2 -17 -17.12 -15.2 -14.8 -12.9 -11.6

0 0 -5.2 -5.18 -6.22 -4.72 -3.06 -2.42 -2.37 0 0 -17 -17.1 -16.56 -16.4 -14.9 -13.5 -12.6

0 0 -5.15 -5.19 -6.11 -5.47 -3.57 -2.8 -2.49 0 0 -17.4 -17.4 -17.9 -17.1 -15.6 -14.5 -13.6

0 0 0 -6.31 -6.06 -5.2 -4.18 -3.09 -3.23 0 0 0 -18.2 -17.85 -17.5 -16.3 -15.1 -15.2

0 0 0 -6.53 -6.81 -5.19 -4.11 -2.83 -3.34 0 0 0 -17.6 -18.07 -17.6 -16.2 -15.4 -15.2

0 0 0 0 -7.75 -6.2 -4.61 -3.26 -4.22 0 0 0 0 -18.51 -18.1 -17 -16.1 -15.6

0 0 0 0 -7.23 -6.81 -5.71 -4.78 -5.14 0 0 0 0 -18.32 -18.2 -17.2 -17.1 -16.3
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ʍװʩʥʵʛʪ 2.3.4-ʪ ʪᴇʣᴇʚ ʙװʨʜ ʭʘʨʛʘʣʟʘʭ װʡʣʜʣװװʜʠʡʥ ʫʪʛʳʛ װʟװװʣʵʚ. ʕʥʵʭװװ ʩʠʩʪʝʤʠʡʥ 

ʩʫʨʘʭ ʭʫʛʘʮʘʘ ʭʘʤʛʠʡʥ ʙʘʛʘʜʘʘ 8 ʮʘʛ ʙʘʡʥʘ. ɸʥʭʥʳ ʪʦʭʠʦʣʜʦʣʜ Q ʭװʩʥʵʛʪʠʡʥ ʥװʜ 

ʙװʨ 0 ʫʪʛʘʘʨ ʜװװʨʩʵʥ ʙʘʡʭ ʙʘ ʵʥʜ ʟᴇʚ װʡʣʜʣʠʡʥ ʫʪʛʳʛ ʦʣʦʭʳʥ ʪʫʣʜ ʭװʩʥʵʛʪ ʙװʨʠʡʥ 

ʥװʜʥʠʡ ʫʪʛʳʛ ʩʘʡʞʨʫʫʣʘʥ ʰʠʥʵʯʣʵʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʜʘʛ. ɿʘʨʠʤ ʩʫʜʘʣʛʘʘʥʳ 

ʘʞʣʘʘʩ ʭʘʨʘʭʘʜ ʩʫʨʘʭ ʭʫʛʘʮʘʘʛ ʙʘʛʘʩʛʘʭ ʘʨʛʫʫʜ ʙʘʡʥʘ [21, 22]. ʊʫʭʘʡʣʙʘʣ, ʵʭʣʵʵʜ 

ʛʘʨ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘʘʨ ʪʵʥʮʚʵʨʞװװʣʵʭ װʡʣʜʣʠʡʛ ʭʠʡʭ ʟʘʤʘʘʨ Q ʭװʩʥʵʛʪʠʡʥ ʥװʜ 

ʙװʨʠʡʛ ʦʡʨʦʣʮʦʦ ʟᴇʚ װʡʣʜʣʠʡʥ ʫʪʛʘʘʨ ʜװװʨʛʵʩʥʠʡ ʵʮʵʩʪ ʩʘʡʞʨʫʫʣʘʥ ʩʫʨʛʘʭ 

ʧʨʦʮʝʩʩʳʛ ʠʜʵʚʭʞװװʣʩʥʵʵʨ ʩʫʨʘʭ ʭʫʨʜʳʛ ʠʭʵʩʛʵʞ ʙʘʡʥʘ.    

 

ʍװʩʥʵʛʪ 4. ʊᴇʣᴇʚ ʜʵʵʨʭ װʡʣʜʵʣ 

 

 

ʉʫʨʛʘʣʪʳʥ װʡʣ ʷʚʮʳʛ ʙʠʜ ʭʷʥʘʭ װװʜʥʵʵʩ ʟʦʨʠʣʛʦʪ ʪᴇʣᴇʚʪ ʭװʨʯ ʙʫʡ ʭʫʛʘʮʘʘʥʳ 

ʜʠʘʛʨʘʤʤʳʛ ɿʫʨʘʛ 2.3.4-ʪ װʟװװʣʵʚ. ʉʫʨʘʣʮʘʭ ʷʚʮ ʙʦʣʦʥ ʟʦʨʠʣʛʦʪ ʪᴇʣᴇʚʪ ʭװʨʵʭ ʪʦʦ 

ʘʣʭʘʤ ʘʣʭʤʘʘʨ ʠʭʩʵʞ ʙʘʡʛʘʘʛ ʜʦʦʨʭ ʟʫʨʛʘʘʩ ʭʘʨʞ ʙʦʣʥʦ. 

 

 

ɿʫʨʘʛ 2.3.4 ɿʦʨʠʣʛʦʪ ʪᴇʣᴇʚʪ ʭװʨʯ ʙʫʡ ʪʦʦ 
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ɿʫʨʘʛ 2.3.5-ʪ ʩʫʨʛʘʣʪʳʥ ʙʦʜʠʪ ʩʠʩʪʝʤʠʡʛ װʟװװʣʵʚ. 

 

 

ɿʫʨʘʛ 2.3.5. ʉʫʨʛʘʣʪʳʥ ʙʦʜʠʪ ʩʠʩʪʝʤ 

 

2.3.4 ɼװʛʥʵʣʪ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʭʦʸʨ ʩʵʥʩʪ ʩʘʚʣʫʫʨʳʥ ʩʠʩʪʝʤʠʡʛ ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘʘʨ 

ʩʫʨʛʘʩʘʥ װʨ ʜװʥʛ ʪʘʥʠʣʮʫʫʣʣʘʘ. ʉʠʩʪʝʤʠʡʥ ʜʠʥʘʤʠʢʠʡʥ ʤʘʪʝʤʘʪʠʢ  ʟʘʛʚʘʨʛװʡ ʯ Q-

ʩʫʨʛʘʣʪʘʘʨ ʪʵʥʮʚʵʨʠʡʛ ʭʘʥʛʘʞ ʯʘʜʘʭ ʫʜʠʨʜʣʘʛʳʛ װװʩʛʵʭ ʙʦʣʦʤʞʪʦʡ ʙʘʡʛʘʘ ʥʴ 

ʭʘʨʘʛʜʘʚ.  

ʉʫʨʛʘʭ ʘʞʠʣʣʘʛʘʘʛ ʤʠʢʨʦʢʦʥʪʨʦʣʣʸʨʪ ʩʫʫʨʠʣʩʘʥ ʫʜʠʨʜʣʘʛʘʘʨ ʭʵʨʵʛʞװװʣʩʵʥ ʙᴇʛᴇᴇʜ 

ʵʥʜ ʠʭ ʙʘʛʪʘʘʤʞʪʘʡ ʩʘʥʘʭ ʦʡʥ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʥʘ.  

ʊᴇʣᴇʚʠʡʥ ʙʦʣʦʥ װʡʣʜʣʠʡʥ ʫʪʛʫʫʜʳʛ ʙʠʜ ʜʠʩʢʨʝʪʯʠʣʩʥʠʡ ʫʣʤʘʘʩ ʥʫʫʛʜʤʘʣ ʪᴇʣᴇʚ 

ʙʦʣʦʥ װʡʣʜʣʠʡʛ ʪʦʜʦʨʭʦʡʣʦʦʛװʡ ʙʦʣʥʦ. ɼʠʩʢʨʝʪ װʡʣʜʵʣ ʩʦʥʛʦʩʦʥ ʪʦʭʠʦʣʜʦʣʜ 

 .ʡʮʵʪʛʵʞ ʜʫʫʩʘʭ (ʩʘʘʪʘʣ) ʭʫʛʘʮʘʘʛ ʟᴇʚ ʩʦʥʛʦʭ ʰʘʘʨʜʣʘʛʘ ʛʘʨʯ ʙʘʡʥʘװʡʣʜʵʣ ʛװ

ʉʠʡʨʵʛ ʙʦʣʦʥ ʰʠʛװװ ʰʘʛʥʘʣʳʥ ʬʫʥʢʮʠʡʛ ʘʰʠʛʣʘʥ ʩʫʨʛʘʣʪʳʛ ʭʠʡʩʵʥ ʙʘ ʰʘʛʥʘʣʳʥ 

ʬʫʥʢʮʠʡʛ ʤʘʰ ʟᴇʚ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʭ ʰʘʘʨʜʣʘʛʘʪʘʡ ʙʘʡʥʘ. ʐʘʛʥʘʣʳʥ ʬʫʥʢʮʵʵʩ 

ʭʘʤʘʘʨʘʥ ʩʫʨʛʘʣʪʳʥ װʨ ʜװʥ ᴇᴇʨ ʛʘʨʯ ʙʘʡʥʘ. 

ʕʥʵʭװװ ʘʨʛʳʥ ʩʫʣ ʪʘʣ ʥʴ ʩʫʨʘʣʮʘʭ ʭʫʛʘʮʘʘ ʫʨʪ ʙʘʡʥʘ. ʎʘʘʰʠʜ ʙʠʜ ʩʫʨʘʭ ʭʫʛʘʮʘʘʛ 

ʙʘʛʘʩʛʘʭ (boost) ʘʨʛʳʛ ʪʫʨʰʠʭʘʘʨ ʘʞʠʣʣʘʞ ʙʘʡʥʘ. 
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2.4 ʅeʡʨʦʥ ʉװʣʞʵʵʥʜ ʉʫʫʨʠʣʩʘʥ ɼᴇʨʚᴇʥ ʉʵʥʩʪʠʡʥ ʋʜʠʨʜʣʘʛʘ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʜ ʩʫʫʨʠʣʩʘʥ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘ ʘʰʠʛʣʘʥ ʜᴇʨʚᴇʥ 

ʩʵʥʩʪʠʡʛ ʪʦʛʪʚʦʨʞʫʫʣʩʘʥ װʨ ʜװʥʛʵʵʩ ʪʘʥʠʣʮʫʫʣʞ ʙʘʡʥʘ.  ʅʠʩʛʵʛʯʛװʡ ʥʠʩʵʭ 

ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʜʠʥʘʤʠʢʠʡʛ ʩʫʨʘʭʳʥ ʪʫʣʜ ʥʵʛ ʜʘʣʜ ʜʘʚʭʘʨʛʘʪʘʡ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ 

ʟʘʛʚʘʨʳʛ ʘʰʠʛʣʘʥ ʪʦʦʮʦʦʣʩʦʥ ʙʦʣʥʦ. ʉʪʘʥʜʘʨʪ PID ʫʜʠʨʜʣʘʛʘ ʘʰʠʛʣʘʥ ʥʝʡʨʦʥ 

ʩװʣʞʵʵʥʠʡ ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʛ ʮʫʛʣʫʫʣʩʘʥ. ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʥʠʩʣʵʛʠʡʥ 

ʪʦʛʪʚʦʨʞʠʣʪʳʛ ʰʘʣʛʘʭʜʘʘ PID ʫʜʠʨʜʣʘʛʘʘʨ ʮʫʛʣʫʫʣʩʘʥ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʩʘʥ. 

ʅʝʡʨʦʥ ʩװʣʞʵʵʛʵʵʨ ʩʫʨʛʘʩʘʥ װʨ ʜװʥ ʙʦʣʦʥ PID ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʫʫʜʳʥ ʪʫʨʰʠʣʪʳʥ װʨ 

ʜװʥʛ ʭʦʦʨʦʥʜ ʥʴ ʭʘʨʴʮʫʫʣʩʘʥ װʨ ʜװʥʛ ʪʘʥʠʣʮʫʫʣʘʚ. ɹʠʜʥʠʡ ʩʫʜʘʣʛʘʘʥʳ ʦʥʮʣʦʛ ʥʴ 

ʪʵʥʮʚʵʨʵʵ ʦʣʞ ʩʫʨʜʘʛ ʞʠʞʠʛ ʭʵʤʞʵʵʥʠʡ ʥʝʡʨʦʥ ʩװʣʞʵʵʛ ʤʠʢʨʦʢʦʥʪʨʦʣʣʨy ʜʵʵʨ 

ʩʫʨʛʘʭʘʜ ʦʨʰʠʥʦ. 

ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪ ʥʠʩʜʵʛ ʪᴇʭᴇᴇʨᴇʤʞװװʜ (UAV, quadcopter) ʠʨʛʵʥʠʡ 

ʙʦʣʦʥ ʮʵʨʛʠʡʥ ʩʘʣʙʘʨʪ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʛʜʵʞ ʙʘʡʥʘ [41, 42, 43]. ɼᴇʨʚᴇʥ ʩʵʥʩʪ 

ʥʠʩʛʵʛʯʛװʡ ʥʠʩʵʭ ʦʥʛʦʮʳʛ ʘʚʨʘʭ ʘʞʠʣʣʘʛʘʘ, ʪʘʥʜʘʣʪ, ʟʫʨʘʛʣʘʣ ʭʠʡʭ, ʮʘʭʠʣʛʘʘʥ 

ʜʘʤʞʫʫʣʘʭ ʰʫʛʘʤʜ װʟʣʵʛ ʭʠʡʭ, ʭʦʪ ʩʫʫʨʠʥ ʛʘʟʨʳʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʭʷʥʘʭ, ʪʘʨʠʘʣʘʥʛʠʡʥ 

ʭʷʥʘʣʪ, ʰװʨʰʠʭ, ʭʠʣʠʡʥ ʵʨʛװװʣ, ʩʫʨʘʛʛװʡ ʘʣʛʘ ʙʦʣʩʦʥ ʭװʤװװʩʠʡʛ ʭʘʡʭ, ʙʘʛʘ ʦʚʨʳʥ 

ʘʯʘʘ ʪʵʵʰ ʭװʨʛʵʭ ʟʵʨʵʛ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʭʵʨʵʛʣʵʵ ʙʘʡʜʘʛ [34, 35, 36, 37]. 

ʀʭʵʥʭ ʜᴇʨʚᴇʥ ʩʵʥʩʪװװʜ ʥʴ ʩʦʥʛʦʜʦʛ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘ ʙʦʣʦʭ PID (ʧʨʦʧʦʨʮʠʦʥʘʣ,ɹ 

ʠʥʪʝʛʨʘʣ, ʜʝʨʠʚʘʪʠʚ)  ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ ʘʰʠʛʣʘʥ ʞʦʣʦʦʜʦʛʜʜʦʛ [1-10].  PID 

ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘ, ʪװװʥʠʡ ʷʥʟ ʙװʨʠʡʥ ʩʠʩʪʝʤ ʜʵʭ ʭʵʨʵʛʣʵʵ ʥʴ ʤʘʰ ʠʭ ʥʦʤ 

ʟʦʭʠʦʣʫʫʜʘʜ ʩʘʡʥ ʪʘʡʣʙʘʨʣʘʛʜʩʘʥ ʙʘʡʜʘʛ [1-10]. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʛ ʫʜʠʨʜʜʘʛ ᴇᴇʨ 

ʦʣʦʥ ʘʨʛʫʫʜ ʙʘʡʜʘʛ, װװʥʜ: Linear Quadratic Regulator (LQR), Sliding mode, 

Backstepping, Feedback linearization, Adaptive, Robust, Optimal, L1, HÐ, Fuzzy logic 

ʛʵʭ ʤʵʪ. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʘʣʛʦʨʠʪʤʫʫʜʳʥ ʭʘʨʴʮʫʫʣʘʣʪʳʛ [11-15]-ʜ 

ʩʫʜʘʣʛʘʘʥʜ ʭʠʡʩʵʥ ʙʘʡʥʘ. ʉʫʜʘʣʛʘʘʛʘʘʨ ʠʣװ װװʨ ʜװʥʪʵʡ ʘʨʛʫʫʜʳʛ ʘʚʯ װʟʩʵʥ ʙᴇʛᴇᴇʜ 

 ʣʞʵʵʥʠʡ ʫʜʠʨʜʣʘʛʘ, ʙʘʪʘʪʛʘʥ ʩʫʨʘʭװʥʜ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʘʣʛʦʨʠʪʤ, ʥʝʡʨʦʥ ʩװװ

ʘʨʛʫʫʜ ʙʘʡʥʘ. ʉʦʥʛʦʜʦʛ ʘʨʛʘʪʘʡ ʭʘʨʴʮʫʫʣʘʭʘʜ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʛʦʣ ʜʘʚʫʫ ʪʘʣ ʥʴ 

ʫʜʠʨʜʣʘʛʳʥ ʰʫʛʘʤʘʥ ʙʫʩ ʰʠʥʞ ʯʘʥʘʨ ʶʤ. ʅʝʡʨʦʥ ʩװʣʞʵʵʛ ʩʪʘʥʜʘʨʪ PID ʫʜʠʨʜʣʘʛʳʥ 

ʩʠʩʪʝʤ ʘʰʠʛʣʘʥ ʩʫʨʛʘʩʘʥ ʙʘʡʥʘ [36, 37, 38, 39, 40-44]. 

ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʥʵʛ ʘʨʛʘ ʙʦʣʦʭ ʭʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʭʫʚʴʜ ʦʨʦʣʪʳʥ ʫʪʛʘ (ʜᴇʨʚᴇʥ 

ʩʵʥʩʪʠʡʥ ᴇʥʮᴇʛ) ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ʫʪʛʘ (ʩʵʥʩʥʠʡ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜ) ʟʵʨʛʵʵʩ ʙװʨʜʵʭ ʭʦʩ 

ᴇʛᴇʛʜʣװװʜʠʡʛ ʘʰʠʛʣʘʥ ʩʫʨʜʘʛ ʙʘʡʥʘ. ʉʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʜʵʵʨ ʩʫʨʘʣʮʩʘʥʳ ʜʘʨʘʘ 

ʩʠʩʪʝʤ ʥʴ ʠʨʵʵʜװʡʥ ʦʨʦʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʥ ʛʘʨʘʣʪʳʥ ʫʪʛʳʛ ʪʘʘʤʘʛʣʘʜʘʛ. 
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2.4.1 ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨ 

ɼᴇʨʚᴇʥ ʩʵʥʩʪ ʥʴ "CROSS ʪᴇʨʣʠʡʥ" ʥʠʩʜʵʛ ʪʦʭʠʨʛʦʦʪʦʡ (ɿʫʨʘʛ 2.4.1) ʙᴇʛᴇᴇʜ ʵʩʨʵʛ 

ʪʘʣʳʥ ʭʦʸʨ ʭʦʩ ʩʵʥʩ ʮʘʛʠʡʥ ʟװװʥʠʡ ʜʘʛʫʫ, ʥᴇʛᴇᴇ ʭʦʩ ʩʵʥʩ ʥʴ ʮʘʛʠʡʥ ʟװװʥʠʡ ʵʩʨʵʛ 

ʵʨʛʵʣʜʵʞ ʵʨʛʵʣʜʵʭ ʭװʯʠʡʛ ʪʵʥʮʚʵʨʞװװʣʥʵ [20, 21]. ʍװʩʩʵʥ ʛʘʨʘʣʪʳʛ ʛʘʨʛʘʥ ʘʚʘʭʳʥ 

ʪʫʣʜ ʠʤʧʫʣʴʩʠʡʥ ᴇʨʛᴇʥʠʡ ʤʦʜʫʣʷʮ (PWM) ʘʰʠʛʣʘʥ ʩʵʥʩʥʠʡ ᴇʨʛᴇʭ ʭװʯ ʙʦʣʦʥ Roll, 

Pitch, Yaw ᴇʥʮʛװװʜʠʡʛ ᴇᴇʨʯʣᴇʭ ʟʘʤʘʘʨ ʫʜʠʨʜʜʘʛ. ɿʫʨʛʘʘʥ ʯᴇʣᴇᴇʥʠʡ ʟʵʨʵʛ ʙװʭʠʡ 

ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʛ ʘʚʯ װʟʴʝ. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʵʨʛʵʣʪʠʡʥ ʜʵʜ ʩʠʩʪʝʤ 

(Roll, Pitch, Yaw) ᴇʥʮʛװװʜ ʙʦʣʦʥ ʦʛʪʦʨʛʫʡʜ ʰʠʣʞʠʭ ʜʵʜ ʩʠʩʪʝʤ (ᴇʥʜᴇʨ ʙʘ x ʙʘ ʫ 

ʙʘʡʨʣʘʣ) ʛʵʩʵʥ ʭʦʸʨ ʜʵʜ ʩʠʩʪʝʤʜ ʭʫʚʘʘʞ ʙʦʣʥʦ [20-24]. 

ʐʘʘʨʜʣʘʛʘʪʘʡ ʭʵʤʞʠʣʪʠʡʛ ʘʚʘʭʳʥ ʪʫʣʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪʵʜ ʪʦʭʠʨʦʭ ʠʥʝʨʮʠʡʥ 

ʭʵʤʞʠʣʪʠʡʥ ʩʠʩʪʝʤʵʵʨ (IMU) ʪʦʥʦʛʣʦʛʜʩʦʥ ʙʘʡʭ ʸʩʪʦʡ. ʕʥʵʭװװ IMU ʥʴ ʭʫʨʜ ʙʦʣʦʥ 

ʕʡʣʝʨʠʡʥ ᴇʥʮʛʠʡʛ ʪʦʦʮʦʦʣʦʭʦʜ ʰʘʘʨʜʘʛʜʜʘʛ ʭʫʨʜʘʪʛʘʣ ʙʦʣʦʥ ᴇʥʮᴇʛ ʭʫʨʜʥʳ 

ʤʵʜʵʵʣʣʠʡʛ ᴇʛʜᴇʛ [6]. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪᴇʚʜ ʤʘʩʩʳʥ ʪᴇʚʜ ʙʘʡʨʣʘʜʘʛ, ɿʫʨʘʛ 2.4.1-ʪ 

 .ʣʵʚװװʟװ

 

ɿʫʨʘʛ 2.4.1. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʠʭ ʙʠʝ ʪʵʥʭʣʵʛ 

 

ʍᴇʜᴇʣʛᴇᴇʥʠʡ ʵʨʛʵʣʪʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʠʭ ʙʠʝʠʡʥ ʪʵʥʭʣʵʛʠʡʥ ʅʴʶʪʦʥ-ʕʡʣʝʨʠʡʥ ʘʨʛʳʛ 

ʘʰʠʛʣʘʥ ʜʘʨʘʘʭ ʝʨᴇʥʭʠʡ ʪʦʤʴʸʦʣʣʦʦʨ ʛʘʨʛʘʞ ʘʚʜʘʛ [23, 24]. 

ὐ‫ ‫ ὐ‫ ὓ ὓ      (1) 

ʕʥʜ, J-ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʜʠʘʛʦʥʘʣʴ ʠʥʝʨʮʠʡʥ ʤʘʪʨʠʮ, ɤ- ʙʠʝʠʡʥ ᴇʥʮʛʠʡʥ ʭʫʨʜ, Mg -

ʨʦʪʦʨʳʥ ʠʥʝʨʮʵʵʩ װװʩʩʵʥ ʛʠʨʦʩʢʦʧʠʡʥ ʤʦʤʝʥʪʫʫʜ, Mb- ʜᴇʨʚᴇʥ ʩʵʥʩʪʵʜ װʡʣʯʣʵʭ 

ʭװʯʥװװʜ. ɼᴇʨʚᴇʥ ʩʵʥʩʪʵʜ װʡʣʯʣʵʭ ʭװʯʥװװʜ: 

ὓ

ὰὟ
ὰὟ
ὰὟ

ὰὑ ‫ ‫

ὰὑ ‫ ‫

ὑ ‫ ‫ ‫ ‫

    (2) 
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ʕʥʜ, Kf ʙʘ KM ïװװʜ ʥʴ ʘʵʨʦʜʠʥʘʤʠʢ ʭװʯ ʙʘ ʤʦʤʝʥʪʠʡʥ ʪʦʛʪʤʦʣ, ɤi ʥʴ i-ʨ ʨʦʪʦʨʳʥ 

ᴇʥʮᴇʛ ʭʫʨʜ. ʈʦʪʦʨ ʙװʨ ʥʴ ʜʵʵʰ ʯʠʛʣʵʩʵʥ Fi ʭװʯʠʡʛ װװʩʛʵʞ, ʭʘʨʛʘʣʟʘʭ ʨʦʪʦʨʳʥ i-ʠʡʥ 

ʵʨʛʵʣʪʠʡʥ ʯʠʛʣʵʣʠʡʥ ʵʩʨʵʛ ʯʠʛʣʵʣʜ Mi ʤʦʤʝʥʪʳʛ װװʩʛʵʜʵʛ. 

ʍᴇʜᴇʣʛᴇᴇʥʠʡ ʵʨʛʵʣʪʠʡʥ ʪʵʛʰʠʪʛʵʣ (1)-ʠʡʛ (2)-ʨ ʪʵʛʰʠʪʛʵʣʜ ʦʨʣʫʫʣʩʥʘʘʨ ʜʘʨʘʘʭ 

ʭʘʤʘʘʨʣʳʛ ʛʘʨʛʘʥʘ. 

Ὅ π π
π Ὅ π

π π Ὅ

•

—
‪

•
•
•

Ὅ π π
π Ὅ π

π π Ὅ

•
•
•

•
•
•

π
π
ὐ‫

ὰὟ
ὰὟ
Ὗ

  (3) 

ʉװװʣʯʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ᴇʥʮʛʠʡʥ ʭʫʨʜʘʪʛʘʣ ʙʦʣʛʦʥ ʜʘʭʠʥ ʙʠʯʚʵʣ  

• Ὗ —‫ ‪— —‪             (4) 

— Ὗ •‫ •— —‪     (5) 

‪ Ὗ —• •—              (6) 

ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʰʠʣʞʠʣʪʠʡʥ ʪʵʛʰʠʪʛʵʣ ʥʴ ʅʴʶʪʦʥʳ 2-ʨ ʭʫʫʣʴ ʜʵʵʨ 

ʩʫʫʨʠʣʜʘʛ. 

άὶ
π
π
άὫ

ὙὊ       (7) 

ʥʜ: ὶװת ὼ ώ ᾀ  ʠʥʝʨʮʠʡʥ ʪʵʥʭʣʵʛʵʵʩ ʜᴇʨʚᴇʥ ʩʵʥʩʪ ʭװʨʪʵʣʭ ʟʘʡ, r ï ʟʘʡ, r → ï ʭʫʨʜ, r ↓ 

ï ʭʫʨʜʘʪʛʘʣ, m ï ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʤʘʩʩ, g ï ʜʵʣʭʠʡʥ ʪʘʪʘʭ ʭʫʨʜʘʪʛʘʣ, Fb ï ʜᴇʨʚᴇʥ 

ʩʵʥʩʪʵʜ װʡʣʯʣʵʭ ʛʨʘʚʠʪʘʮʠʡʥ ʙʫʩ ʭװʯ. װתʥʠʡʛ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʭᴇʨʚװװʣʵʣʪʠʡʥ 

ʪʵʛʰʠʪʛʵʣʜ (7) ʦʨʣʫʫʣʘʥ ʪʦʤʴy ʦʛ ᴇʨʛᴇʞװװʣʙʵʣ ʙʠʜ ʜʘʨʘʘʭ ʪʵʛʰʠʪʛʵʣʠʡʛ ʦʣʞ ʘʚʥʘ. 

ά
ὼ
ώ
ᾀ

π
π
άὫ

ὧ‪ὧ— ὧ‪ί•ί—ί•ί‪ ὧ•ὧ‪ί—
ὧ—ί‪ὧ—ὧ‪ί•ί‪ί—ὧ•ί‪ί—ὧ‪ί—
ί— ὧ—ί• ὧ•ὧ—

π
π
Ὗ

       (8) 

ʍʫʨʜʘʪʛʘʣʳʥ ʭʫʚʴʜ ʪʵʛʰʠʪʛʵʣʠʡʛ ʜʘʭʠʥ ʙʠʯʚʵʣ ʜʘʨʘʘʭ ʭʵʣʙʵʨʪʵʡ ʙʦʣʥʦ. װתʥʜ: ʩ -

cos, s-sin  ʪʦʚʯʠʣʩʦʥ ʥʵʨʰʠʣ.  

ὼ ÓÉÎ•ÓÉÎ‪ ÃÏÓ•ÃÏÓ‪ÓÉÎ—          (9) 

  ώ ÃÏÓ•ÓÉÎ‪ÓÉÎ— ÃÏÓ‪ÓÉÎ•    (10) 

  ᾀ Ὣ ÃÏÓ•ÃÏÓ—      (11) 

ʐʠʣʞʠʣʪʠʡʥ ʜʵʜ ʩʠʩʪʝʤ ʥʴ ʰʠʣʞʠʣʪʠʡʥ ʪᴇʣᴇʚʠʡʥ ʭʫʚʴʩʘʛʯ ʙʦʣʦʥ ʵʨʛʵʣʪʠʡʥ 

ʭʫʚʴʩʘʛʯʜʘʘʩ ʙװʨʜʵʥʵ. ʎʘʘʰʠʜ ʙʠʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʯᴇʣᴇᴇʥʠʡ ʟʵʨʵʛʪ ʜװʨʩʣʵʛʜʩʵʥ 

x1 -ʵʵʩ x12 ʭװʨʪʵʣʭ ʪᴇʣᴇʚʠʡʥ ʚʝʢʪʦʨʫʫʜʳʛ ʜʘʨʘʘʭ ʪᴇʣᴇʚʠʡʥ ʦʨʦʥ ʟʘʡ ʭʵʣʙʵʨʵʵʨ 

ʪʦʜʦʨʭʦʡʣʥʦ. 
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ὢ
ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ

• • — — ‪ ‪ ᾀ ᾀ ὼ ὼ ώ ώ
  

ὼ • ὼ         
ὼ • ὼὼὥ ὼ‫ὥ ὦὟ      

ὼ — ὼ         

ὼ — ὼὼὥ ὼ‫ὥ ὦὟ      

ὼ ‪ ὼ         

ὼ ‪ ὼὼὥ ὦὟ       
ὼ ᾀ ὼ         

ὼ ᾀ Ὣ ÃÏÓὼÃÏÓὼ      (12) 

ὼ ὼ ὼ          

ὼ ὼ ÓÉÎὼÓÉÎὼ ÃÏÓὼÓÉÎὼÃÏÓὼ     

ὼ ώ ὼ          

ὼ ώ ÓÉÎὼÃÏÓὼ    ÃÏÓὼÓÉÎὼÓÉÎὼ    

PID ʫʜʠʨʜʣʘʛʘ ʘʰʠʛʣʘʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʛ ʪʦʛʪʚʦʨʞʫʫʣʘʭʳʥ ʪʫʣʜ ʙʠʜ IMU ʤʵʜʨʵʛʯʵʵʩ 

ʮʫʛʣʫʫʣʩʘʥ Roll, Pitch, Yaw ᴇʥʮʛװװʜʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʘʰʠʛʣʘʥʘ. װתʥʜ: ʘ1-ʘ5 ʙʦʣʦʥ b1-

15 ʥʴ ʠʥʝʨʮʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʪʦʚʯʣʦʥ ʙʠʯʩʵʥ. 

 

2.4.2 ʇʀɼ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤ 

ʇʀɼ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʘ ʥʴ װʡʣʜʚʵʨʣʵʣʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤ ʙʦʣʦʥ ʪʘʩʨʘʣʪʛװʡ 

ᴇᴇʨʯʣᴇʛʜʜᴇʛ ʫʜʠʨʜʣʘʛʘ ʰʘʘʨʜʜʘʛ ʙʫʩʘʜ ʦʣʦʥ ʪᴇʨʣʠʡʥ ʭʵʨʵʛʣʵʵʥʜ ᴇʨʛᴇʥ 

ʭʵʨʵʛʣʵʛʜʜʵʛ ʛʵʜʨʵʛ ʭʦʣʙʦʦ ʙװʭʠʡ ʫʜʠʨʜʣʘʛʳʥ ʤʝʭʘʥʠʟʤ ʶʤ [10-20]. PID ʫʜʠʨʜʣʘʛʘ 

ʥʴ e(t) ʘʣʜʘʘʥʳ ʫʪʛʳʛ ʭװʩʩʵʥ ʫʪʛʘ (SP)   ʙʦʣʦʥ ʭʵʤʞʩʵʥ ʧʨʦʮʝʩʩʳʥ ʭʫʚʴʩʘʛʯ (PV) 

ʭʦʦʨʦʥʜʳʥ ʟᴇʨװװʛ ʪʘʩʨʘʣʪʛװʡ ʪʦʦʮʦʦʣʦʭʜʦʦ ʧʨʦʧʦʨʮʠʦʥʘʣ,ɹ ʠʥʪʝʛʨʘʣ, ʜʝʨʠʚʘʪʠʚ 

ʥᴇʭʮᴇʣ ʜʵʵʨ װʥʜʵʩʣʵʥ ʟʘʣʨʫʫʣʛʘ ʭʠʡʜʵʛ. 

Ὡὸ Ὓὖ ὖὠὸ      (13) 

όὸ ὑὩ ὑ᷿Ὡ Ὠ†ὑ          (14) 

ɼʵʵʨʭ ʪʵʛʰʠʪʛʵʣʜ Kp, Ki, Kd ï װװʜ ʙװʛʜ ʵʝʨʵʛ ʙʘʡʭ ʙᴇʛᴇᴇʜ ʧʨʦʧʦʨʮʠʦʥʘʣ,ɹ ʠʥʪʝʛʨʘʣ, 

ʜʝʨʠʚʘʪʠʚ ʥᴇʭʮᴇʣʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʳʛ ʪʵʤʜʵʛʣʵʜʵʛ. 

Roll ᴇʥʮʛʠʡʛ ʟʘʩʘʭ ʪʦʤʴʸʦ: 

   Ὑ ȟ ὼ Ὓ       (15) 

Rer,roll  - roll ᴇʥʮʛʠʡʥ ʘʣʜʘʘ 

x1 - roll IMU-ʩ ʭʵʤʞʩʵʥ ʫʪʛʘ 

Sroll ï roll ᴇʥʮʛʠʡʥ ʭװʩʩʵʥ ʫʪʛʘ 

Ὑ ȟ ὑȟ Ὑz ȟ      (16) 

Rerr,roll ïroll ᴇʥʮʛʠʡʥ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʘʣʜʘʘ 

Ki,roll ï  roll ᴇʥʮʛʠʡʥ ʠʥʪʝʛʨʘʣ ʢʦʵʬʬʠʮʠʝʥʪ 



38 
 

Ὗ ὑȟ Ὑz ȟ Ὑ ȟ ὑȟ ᶻὙ ȟ Ὑȟ ȟ    (17) 

Rd.err,roll ï roll ᴇʤʥᴇʭ ʘʣʜʘʘ 

Uroll ï roll ᴇʥʮʛʠʡʥ ʟʘʩʩʘʥ ʫʪʛʘ 

Pitch ᴇʥʮʛʠʡʛ ʟʘʩʘʭ ʪʦʤʴʸʦ: 

   Ὑ ȟ ὼ Ὓ       (18) 

Rer,pitch ï pitch ᴇʥʮʛʠʡʥ ʘʣʜʘʘ 

x3 ï pitch IMU-ʩ ʭʵʤʞʩʵʥ ʫʪʛʘ 

Spitch ï pitch ᴇʥʮʛʠʡʥ ʭװʩʩʵʥ ʫʪʛʘ 

Ὑ ȟ ὑȟ Ὑz ȟ      (19) 

Rerr,pitch ï pitch ᴇʥʮʛʠʡʥ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʘʣʜʘʘ 

Ki,pitch ï  of pitch ᴇʥʮʛʠʡʥ ʠʥʪʝʛʨʘʣ ʢʦʵʬʬʠʮʠʝʥʪ 

Ὗ ὑȟ Ὑz ȟ Ὑ ȟ ὑȟ ᶻὙ ȟ Ὑȟ ȟ    (20) 

Rd.err,pitch  ï pitch ᴇʥʮʛʠʡʥ ᴇʤʥᴇʭ ʘʣʜʘʘ 

Upitch ï pitch ᴇʥʮʛʠʡʥ ʟʘʩʩʘʥ ʫʪʛʘ 

Yaw ᴇʥʮʛʠʡʛ ʟʘʩʘʭ ʪʦʤʴʸʦ: 

      Ὑ ȟ ὼ Ὓ       (21) 

Rer,yaw  ï yaw ᴇʥʮʛʠʡʥ ʘʣʜʘʘ 

x5 ï yaw IMU-ʩ ʭʵʤʞʩʵʥ ʫʪʛʘ 

Syaw ï pitch ᴇʥʮʛʠʡʥ ʭװʩʩʵʥ ʫʪʛʘ 

Ὑ ȟ ὑȟ Ὑz ȟ      (22) 

Rerr,yaw ïyaw ᴇʥʮʛʠʡʥ ʭʫʨʠʤʪʣʘʛʜʩʘʥ ʘʣʜʘʘ 

Ki,yaw ïyaw ᴇʥʮʛʠʡʥ ʠʥʪʝʛʨʘʣ ʢʦʵʬʬʠʮʠʝʥʪ 

Ὗ ὑȟ Ὑz ȟ Ὑ ȟ ὑȟ ᶻὙ ȟ Ὑȟ ȟ       (23) 

Rd.err,yaw ï yaw ᴇʥʮʛʠʡʥ ᴇʤʥᴇʭ ʘʣʜʘʘ 

Uyaw - ᴇʥʮʛʠʡʥ ʟʘʩʩʘʥ ʫʪʛʘ 

ɹʠʜʥʠʡ ʘʰʠʛʣʘʜʘʛ ʵʣʝʢʪʨʦʥ ʭʫʨʜ ʭʷʥʘʛʯ /ESC/ ʥʴ 800-2000 PWM ʭʦʦʨʦʥʜ 

ʘʞʠʣʣʘʜʘʛ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ ʙʠʜ PWM ʛʘʨʘʣʪʳʥ ʫʪʛʳʛ ʜʵʵʜ ʪʘʣ ʥʴ 1700, ʭʘʤʛʠʡʥ 

ʙʘʛʘʜʘʘ 1300 ʭװʨʪʵʣ ʭʷʟʛʘʘʨʣʘʩʘʥ. PWM-ʠʡʥ ʪʦʭʠʨʫʫʣʘʛʯ ʫʪʛʳʛ w0=1500 ʙʘʡʭʘʘʨ 

ʪʦʭʠʨʫʫʣʩʘʥ. ʄʦʪʦʨ ʙװʨʠʡʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ ʜʘʨʘʘʭ ʪʦʤʴy ʦʛʦʦʨ ʪʦʦʮʦʦʣʥʦ. 

ύ ὖὡὓ ‫ Ὗ Ὗ Ὗ     (24) 

ύ ὖὡὓ ‫ Ὗ Ὗ Ὗ     (25) 

ύ ὖὡὓ ‫ Ὗ Ὗ Ὗ     (26) 

ύ ὖὡὓ ‫ Ὗ Ὗ Ὗ     (27) 
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2.4.3 ʉʘʥʘʣ ʙʦʣʛʦʞ ʙʫʡ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʟʘʛʚʘʨ   

ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ  ʫʜʠʨʜʣʘʛʘʜ ʥʝʡʨʦʥ ʩװʣʞʵʵʛ ʘʰʠʛʣʘʭ ʩʦʥʛʦʣʪ ʥʴ ʧʘʨʘʤʝʪʨʠʡʥ 

ʪʦʦʮʦʦ ʙʦʣʦʥ ʘʛʘʘʨʳʥ ʥᴇʣᴇᴇʣᴇʣ ʟʵʨʛʵʵʩ ʰʘʣʪʛʘʘʣʘʥ ʠʭ ʭʵʤʞʵʵʥʠʡ ʪʦʜʦʨʭʦʡʛװʡ 

ʙʘʡʜʣʳʛ ʰʠʡʜʚʵʨʣʵʭ ʭʵʨʵʛʮʵʵ ʰʘʘʨʜʣʘʛʘʜ װʥʜʵʩʣʵʩʵʥ ʙʦʣʥʦ [9]. ʀʡʤ ʜʠʥʘʤʠʢʠʡʛ 

ʥʝʡʨʦʥ ʩװʣʞʵʵʛ ʘʰʠʛʣʘʥ ʟʘʛʚʘʨʯʣʘʭ ʥʴ ʙʦʣʦʤʞʠʪ ʥʵʛ ʘʨʛʘ ʶʤ. ʅʝʡʨʦʥ ʩװʣʞʵʵʛ (NN)  

ʫʥʠʚʝʨʩʘʣ ʜᴇʭᴇʣʪʠʡʥ ʬʫʥʢʮ ʤʵʪ ʦʡʣʛʦʞ ʙʦʣʥʦ. ʊʵʜʥʠʡ ʙװʪʵʮ ʰʫʛʘʤʘʥ ʙʫʩ 

ʬʫʥʢʮװװʜʠʡʛ ʟʘʛʚʘʨʯʣʘʭ ʙʦʣʦʥ ʘʞʠʛʣʘʛʜʘʘʛװʡ ʪᴇʣᴇʚװװʜʠʡʛ ʮʫʛʣʫʫʣʩʘʥ ᴇʛᴇʛʜʣᴇᴇʩ 

ʟʘʛʚʘʨʯʣʘʭ ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʜʦʛ ʶʤ [10]. ʊװװʛʵʵʨ ʯ ʟʦʛʩʦʭʛװʡ ʮʫʛʣʫʫʣʩʘʥ ᴇʛᴇʛʜʣᴇᴇʩ 

ʝʨᴇʥʭʠʡ ʟʘʛʚʘʨʪ ʩʫʨʘʣʮʘʭ ʙʦʣʦʤʞʪʦʡ. ɻʵʩʵʥ ʭʵʜʠʡ ʯ, ʩʘʥʘʣ ʙʦʣʛʦʞ ʙʫʡ NN-ʜ 

ʩʫʫʨʠʣʩʘʥ ʟʘʛʚʘʨʳʛ ʩʠʩʪʝʤʠʡʛ ʫʜʠʨʜʘʭʘʜ ʘʰʠʛʣʘʞ ʙʦʣʦʭ ʵʩʵʭ, ʩʫʨʩʘʥ ʜʠʥʘʤʠʢ ʥʴ 

ʩʫʨʛʘʣʪʘʜ ʘʰʠʛʣʘʩʘʥ ᴇʛᴇʛʜʣᴇᴇʩ ʠʣװװ ʩʠʩʪʝʤʠʡʛ װʥʵʥ ʟᴇʚ ʠʣʵʨʭʠʡʣʞ ʙʘʡʛʘʘ ʵʩʵʭ ʥʴ 

ʪʦʜʦʨʭʦʡʛװʡ ʙʘʡʥʘ. 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ  ʛʫʨʚʘʥ ʜʘʚʭʘʨʛʘʪʘʡ NN ʟʘʛʚʘʨʳʛ ʩʘʥʘʣ ʙʦʣʛʦʞ ʙʘʡʛʘʘ ʙᴇʛᴇᴇʜ 

 ʨʜʵʥʵ. NN-ʠʡʥװʥʜ, ʦʨʦʣʪʳʥ ʜʘʚʭʘʨʛʘ, ʜʘʣʜ ʜʘʚʭʘʨʛʘ, ʛʘʨʘʣʪʳʥ ʜʘʚʭʘʨʛʘʘʩ ʙװװ

ʘʨʭʠʪʝʢʪʫʨʳʛ ɿʫʨʘʛ 2.4.2-ʪ װʟװװʣʩʵʥ ʙᴇʛᴇᴇʜ װװʥʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʪʘʡʣʙʘʨʣʘʞ 

ʙʦʣʥʦ: ʦʨʦʣʪʳʥ ʜʘʚʭʘʨʛʘ ʥʴ ʩʠʩʪʝʤʠʡʥ ʦʜʦʦʛʠʡʥ ʪᴇʣᴇʚ ʙʦʣʦʥ ʦʨʦʣʪ ʙʦʣʛʦʥ ʘʚʜʘʛ. 

ʉʫʨʛʘʣʪʳʥ ᴇʤʥᴇ ʦʨʦʣʪʳʥ ʜʘʚʭʘʨʛʳʥ ʞʠʥʛʠʡʛ ʩʘʥʘʤʩʘʨʛװʡ —ȟ  ʦʥʦʦʞ, b1 ʩʫʫʨʴ ʫʪʛʘ 

ʥʵʤʩʵʥ. ʍʦʸʨ ʜʘʭʴ ʜʘʚʭʘʨʛʘ ʥʴ 10 ʥʝʡʨʦʥʪʦʡ ʙʘ  ʞʠʥʛ ʩʘʥʘʤʩʘʨʛװʡ —ȟ ʙʘʡʜʣʘʘʨ 

ʩʦʥʛʦʞ ʥʵʤʵʣʪ ʩʫʫʨʴ, b2-ʛ ʥʵʤʩʵʥ. ʉʠʛʤʦʠʜ ʬʫʥʢʮʠʡʛ ʵʥʜ ʘʚʯ װʟʥʵ. N ʜʘʣʜ ʥʵʛʞ ʪʫʩ 

ʙװʨ ʥʴ —ȟ  -ʠʡʥ ᴇʤʥᴇʭ װʨʞʚʵʨʠʡʛ ʪʦʦʮʦʦʣʜʦʛ. ɻʘʨʘʣʪʳʥ ʜʘʚʭʘʨʛʘ ʥʴ ʤʦʪʦʨ ʙװʨʠʡʥ 

ʭʫʨʜʳʛ ʠʣʵʨʭʠʡʣʜʵʛ 4 ʥʝʡʨʦʥʪʦʡ. 

 

ɿʫʨʘʛ 2.4.2. ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʟʘʛʚʘʨ 
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ɿʘʛʚʘʨʳʥ ʤʘʪʨʠʮ ʜװʨʩʣʵʣʠʡʛ ʜʦʦʨ װʟװװʣʵʚ. 

ὦ
ὼ
ὼ
ὼ

 O

ụ
Ụ
Ụ
Ụ
Ụ
Ụ
ợ
ὦ

ὥ

ὥ
Ȣ
Ȣ

ὥ Ứ
ủ
ủ
ủ
ủ
ủ
Ủ

 O

Ὤ ὼ
Ὤ ὼ
Ὤ ὼ
Ὤ ὼ

 

ɼʘʣʜ ʜʘʚʭʘʨʛʳʥ ʥʝʡʨʦʥʳʛ ʜʘʨʘʘʭ ʪʵʛʰʠʪʛʵʣʵʵʨ (1-7) ʪʦʦʮʦʦʣʞ ʙʦʣʥʦ. 

ὥ Ὣ—ὼ      (28) 

ᾀ —ὼ — —ὼ —ὼ Ễ     (29) 

ὥ Ὣᾀ       (30) 

ʉʠʛʤʦʠʜ ʬʫʥʢʮ ʥʴ ʘʣʠʚʘʘ ʙʦʜʠʪ ʪʦʦʛ 0-ʵʵʩ 1  ʠʥʪʝʨʚʘʣʜ ʭʫʚʠʨʛʘʜʘʛ. 

ὥ Ὣ— ὦ — ὼ — ὼ — ὼ     

ὥ Ὣ— ὦ — ὼ — ὼ — ὼ                           (31) 

ὥ Ὣ— ὦ — ὼ — ὼ — ὼ     

ʕʥʜ, n = [1:10] 

ɼʘʨʘʘʭ ʪʦʤʴy ʦʛʦʦʨ ʛʘʨʘʣʪʳʥ ʥʝʡʨʦʥʫʫʜʳʛ ʪʦʦʮʦʦʣʜʦʛ: 

Ὤ ὼ ὥ ύ Ὣ— ὦ — ὥ — ὥ — ὥ Ễ — ὥ    

Ὤ ὼ ὥ ύ Ὣ— ὦ — ὥ — ὥ — ὥ Ễ — ὥ   

Ὤ ὼ ὥ ύ Ὣ— ὦ — ὥ — ὥ — ὥ Ễ — ὥ   

Ὤ ὼ ὥ ύ Ὣ— ὦ — ὥ — ὥ — ὥ Ễ — ὥ      (32) 

ʕʥʜ:                                                                  

xn ï ʦʨʦʣʪʫʫʜ 

ὥ - j ʜʘʚʭʘʨʛʳʥ i ʠʜʵʚʭʞװװʣʵʛʯ ʥʵʛʞ 

— - j ʜʘʚʭʘʨʛʘʘʩ j + 1 ʨʫʫ ʭᴇʨʚװװʣʵʭ i-ʨ ʫʪʛʘ 

ɹʠʜʥʠʡ ʟʦʨʠʣʛʦ ʙʦʣ ʜʘʚʭʘʨʛʘ ʙװʨʠʡʥ ʞʠʥʛʠʡʥ —ȟ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ 

ʷʚʜʘʣ ʶʤ. ʕʜʛʵʵʨ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʟᴇʚ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʪʘʘʤʘʛʣʘʭ ʬʫʥʢʮ Ὤ ὼ  

ʙʦʣʦʥ ʛʘʨʘʣʪʳʥ ʫʪʛʳʥ ώ ʭʦʦʨʦʥʜʳʥ ʟᴇʨװװʛ ʭʘʤʛʠʡʥ ʙʘʛʘ ʭʵʤʞʵʵʥʜ ʙʘʡʣʛʘʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ. ʕʥʜ ώ ʥɹ  ʥʝʡʨʦʥ ʩװʣʞʵʵʛ ʩʫʨʛʘʭʳʥ ʪʫʣʜ PID ʫʜʠʨʜʣʘʛʘʘʩ 

ʮʫʛʣʫʫʣʩʘʥ ʤʦʪʦʨʳʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜ ʶʤ. 

ὰέίί Ὤ ὼ ώ     (33) 

ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮ J(ɗ) ʥʴ (34) ʪʵʛʰʠʪʛʵʣʵʵʨ ʪʦʜʦʨʭʦʡʣʦʛʜʜʦʛ. 

ὐ— В В ώÌÏÇὬ ὼ    ρ ώ ÌÏÇρ Ὤ ὼ    (34) 
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ʕʥʜ, k ʥʴ ʛʘʨʘʣʪʳʥ ʥʵʛʞʠʡʥ ʪʦʦ. 

 ʛװװʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮ ʥʴ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʥ ʫʪʛʘ ʙʘ ʛʘʨʘʣʪʳʥ ʫʪʛʳʥ ʟᴇʨת

ʪʦʜʦʨʭʦʡʣʜʦʛ. ʉʫʨʛʘʣʪʳʥ װʡʣ ʷʚʮʳʥ ʛʦʣ ʩʘʥʘʘ ʥʴ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʥ J(ɗ)-ʠʡʥ 

ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʷʚʜʘʣ ʶʤ. ʍʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ 

ʙʠʜ װʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʵʵʩ ʭʵʩʵʛʯʠʣʩʵʥ ʜʠʬʬʝʨʝʥʮʠʘʣ ʘʚʜʘʛ. ʕʥʵʭװװ ʭʵʩʵʛʯʠʣʩʵʥ 

ʜʠʬʬʝʨʝʥʮʠʘʣʳʛ ʪʦʦʮʦʦʣʦʭʳʥ ʪʫʣʜ ʙʠʜ "ʙʫʮʘʭ ʪʘʨʭʘʣʪ" ʘʣʛʦʨʠʪʤʳʛ ʘʰʠʛʣʘʜʘʛ. 

ʕʭʣʵʵʜ ʙʠʜ ώ  ʛʘʨʘʣʪʳʥ ʫʪʛʘ ʙʘ ʪʘʘʤʘʛʣʘʩʘʥ ʛʘʨʘʣʪʳʥ ʫʪʛʘ ὥ  ʭʦʦʨʦʥʜʳʥ 

‏  ʟᴇʨװװʛ ʪʦʦʮʦʦʣʥʦ (35). 

‏ ὥ ώ       (35) 

ɼʘʨʘʘ ʥʴ ʜʘʚʭʘʨʛʘ ʙװʨʠʡʥ ʷʣʛʘʘʛ ʜʘʨʘʘʭ ʪʦʤʴy ʦʛʦʦʨ ʪʦʦʮʦʦʣʥʦ (36).  

‏ ȟ‏ ȟȣȢȟ‏  

‏ — ‏ Ȣzὥ Ȣz ρ ὥ       (36) 

 .ʥʠʡ ʜʘʨʘʘ ʭʵʩʵʛʯʠʣʩʵʥ ʜʠʬʬʝʨʝʥʮʠʘʣʳʛ ʪʦʦʮʦʦʣʥʦ (37)װת

ȟ

ὐ— ὥ ‏       (37) 

ɾʠʥʛʠʡʥ —ȟ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʜʘʨʘʘʭ ʪʦʤʴy ʦʛʦʦʨ ʰʠʥʵʯʠʣʥʵ (38). 

—ȟ Ḋ —ȟ  ‌
ȟ

ὐ—      (38) 

ʕʥʜ, ‌ ʥʴ ʩʫʨʛʘʣʪʳʥ ʭʫʨʜ. 

 ʜʠʡʛװװʨʪʵʣ ʙʠʜ ʞʠʥʛʠʡʥ ʧʘʨʘʤʝʪʨװʨʵʭ ʭװʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮ ʭʘʤʛʠʡʥ ʙʘʛʘ ʫʪʛʘʜ ʭת

ʰʠʥʵʯʠʣʩʵʥ. 

2.4.4 ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ʉʫʨʛʘʣʪʘʜ ʟʦʨʠʫʣʞ ᴇʛᴇʛʜᴇʣ ʮʫʛʣʫʫʣʘʭʳʥ ʪʫʣʜ ʙʠʜ PID ʫʜʠʨʜʣʘʛʘʘʨ ʘʞʠʣʣʘʞ ʙʘʡʛʘʘ 

ʟʘʛʚʘʨʘʘʩ (x1-roll, x2-pitch, x3-yaw ᴇʥʮᴇʛ) ʪᴇʣᴇʚʠʡʛ ʦʨʦʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʙʦʣʛʦʥ, ʜᴇʨʚᴇʥ 

ʩʵʥʩʥʠʡ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ (w1, w2, w3, w4) ʛʘʨʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʙʦʣʛʦʥ ʙװʨʪʛʵʞ ʘʚʩʘʥ. 

ʊʫʨʰʠʣʪʳʥ ʦʨʯʠʥʛ ɿʫʨʘʛ 2.4.3-ʪ װʟװװʣʵʚ. ɹʠʜ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʟʘʛʚʘʨʳʛ 

ʙʦʣʦʚʩʨʫʫʣʘʭʳʥ ʪʫʣʜ 7000 ᴇʛᴇʛʜᴇʣ ʮʫʛʣʫʫʣʩʘʥ. ʅʠʡʪ ᴇʛᴇʛʜᴇʣ ʛʫʨʚʘʥ ʭʵʩʵʛʪ 

ʭʫʚʘʘʛʜʘʥʘ: 70% ʥʴ ʩʫʨʛʘʣʪ, 20% ʥʴ ʙʘʪʘʣʛʘʘʞʫʫʣʘʣʪ, 10% ʥʴ ʪʝʩʪʣʵʭʵʜ 

ʟʦʨʠʫʣʘʛʜʩʘʥ. 
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ɿʫʨʘʛ 2.4.3. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʩʫʨʛʘʣʪʳʥ ʦʨʯʠʥ 

 

ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʟʘʛʚʘʨʳʛ MATLAB ʘʰʠʛʣʘʥ ʩʫʨʛʘʩʘʥ. ʉװʣʞʵʵʥʠʡ ʟʘʨʠʤ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ ʪʦʭʠʨʫʫʣʩʘʥ: ʩʫʨʘʣʮʘʭ ʭʫʨʜ (0.001), 

ʟʦʭʠʮʫʫʣʘʣʪʳʥ ʭװʯʠʥ ʟװʡʣʛװʡ, ʜʘʚʪʘʣʪ (9M), ʜʘʚʭʘʨʛʳʥ ʪʦʦ, ʜʘʣʜ ʜʘʚʭʘʨʛʘ ʜʘʭʴ 

ʥʝʡʨʦʥʳ ʪʦʦ. ʅʝʡʨʦʥ ʩװʣʞʵʵʛ ʩʫʨʛʘʭʘʘʩʘʘ ᴇʤʥᴇ ʙʠʜ ᴇʛᴇʛʜʣʠʡʛ ʫʨʴʜʯʠʣʘʥ 

ʙʦʣʦʚʩʨʫʫʣʘʭ ʭʵʜ ʭʵʜʵʥ ʘʣʭʤʫʫʜʳʛ ʜʘʛʘʞ ʤᴇʨʜʜᴇʛ. 

ɹʠʜ ʜʨʦʥʳ ʙʘʡʨʣʘʣʳʛ ʦʨʦʣʪ ʙʦʣʛʦʥ ʘʚʘʘʛװʡ, ʭʘʨʠʥ ʜʨʦʥʳ ᴇʥʮʛʠʡʛ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʜ 

ʦʨʦʣʪ ʙʦʣʛʦʥ ᴇʛʩᴇʥ. ʈʦʪʦʨʳʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜ ʙʫʶʫ PWM ʫʪʛʳʛ 800-ʘʘʩ 2000 ʭװʨʪʵʣʭ 

ʠʥʪʝʨʚʘʣʘʘʨ ᴇʛʩᴇʥ. ɹʠʜ ʮʫʛʣʫʫʣʩʘʥ ʛʘʨʘʣʪʳʛ (ʵʨʛʵʣʪʠʡʥ ʭʫʨʜ - PWM ʫʪʛʘ) 

ʤʘʩʰʪʘʙʘʘʨ ʪʦʦʮʩʦʥ ʙᴇʛᴇᴇʜ ʪʵʜʛʵʵʨ ʥʴ ʪʫʩ ʙװʨ ʥʴ 0-ʵʵʩ 1-ʠʡʥ ʭʦʦʨʦʥʜ ʫʪʛʘʪʘʡ 

ʙʘʡʥʘ (39). 

ώ       (39) 

ʕʥʵ ʥʴ ʥʝʡʨʦʥ ʩװʣʞʵʵ ʮʫʛʣʫʫʣʩʘʥ ᴇʛᴇʛʜᴇʣ ʪʵʥʮװװ ʞʠʥ ᴇʛᴇʭ ʷʚʜʘʣ ʶʤ. 

ɹʠʜ ʜʨʦʥʜ ʟʦʭʠʦʤʣʦʦʨ 15-20 ʛʨʘʜʫʩ ʭʘʟʘʡʣʛʘʥ ʛʘʜʥʳ ʥᴇʣᴇᴇ װʟװװʣʞ, ʦʥʛʦʮʦʥʜ 

 ʩʩʵʥ ᴇʥʮʛʠʡʛ ʭʵʤʞʠʞ ɿʫʨʘʛ 2.4.4-ʪ ʪʵʤʜʵʛʣʵʚ. ʊʫʩ ʟʫʨʘʛʪ ʭʵʚʪʵʵ ʙʫʶʫ ʍ ʪʵʥʭʣʵʛʠʡʥװװ

ʜʘʛʫʫ ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ, ʙʦʩʦʦ ʪʵʥʭʣʵʛʪ ᴇʥʮʛװװʜʠʡʛ װʟװװʣʵʚ.  

 



43 
 

 

ɿʫʨʘʛ 2.4.4. ɻʘʜʥʳ ʥᴇʣᴇᴇʛᴇᴇʨ װװʩʩʵʥ ʜʨʦʥʳ ᴇʥʮʛʠʡʥ ᴇᴇʨʯʣᴇʣʪ 

 

ɼʨʦʥʳ ʘʞʠʣʣʘʛʘʘʥʜ ʙʠʜ ʤʦʪʦʨʪ ᴇʛᴇʛʜᴇʞ ʙʫʡ PWM ʫʪʛʘ ʙʦʣʦʥ ʜʨʦʥʳ ᴇʥʮʛʠʡʥ 

ᴇᴇʨʯʣᴇʣʪʠʡʛ 1 ʩʝʢʫʥʜʵʜ 50 ʫʜʘʘ ʙװʨʪʛʵʞ ʘʚʯ ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʥ ʮʫʛʣʫʫʣʩʘʥ 

ʙʦʣʥʦ. װתʥʠʡ ʜʘʨʘʘ supervised learning ʘʨʛʘ ʘʰʠʛʣʘʥ ʞʠʞʠʛ Neural Network-ʠʡʥ 

ʟʘʛʚʘʨ װװʩʛʵʥ ʩʫʨʛʘʩʘʥ ʙʦʣʥʦ. ɿʫʨʘʛ 2.4.5-ʘʘʩ ʟʫʨʘʛ 2.4.8-ʜ PID ʫʜʠʨʜʣʘʛʘʘʨ 

ʪʦʭʠʨʫʫʣʩʘʥ ʤʦʪʦʨʳʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʥʳ ᴇʥʮʛʠʡʥ ᴇᴇʨʯʣᴇʣʪᴇᴇʩ ʭʘʤʘʘʨʩʘʥ 

ʭʘʤʘʘʨʣʳʛ ʮʵʥʭʵʨ ᴇʥʛᴇᴇʨ, ʫʣʙʘʨ ʰʘʨ ᴇʥʛᴇᴇʨ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʟʘʛʚʘʨʘʘʨ ʩʫʨʩʘʥ 

ʤʦʪʦʨʳʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ ʤʦʪʦʨ ʪʫʩ ʙװʨʵʵʨ ʥʴ ʭʘʨʫʫʣʩʘʥ ʙʦʣʥʦ. ɿʫʨʘʛʪ ʙʦʩʦʦ 

ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ ʤʦʪʦʨʳʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜ, ʭʵʚʪʵʵ ʪʵʥʭʣʵʛʪ ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣʠʡʛ 

 .ʣʵʚ. ʄʦʪʦʨʳʥ ʵʨʛʵʣʜʵʭ ʭʫʨʜʳʛ rotation per minute (rpm) -ʨ ʪʦʜʦʨʭʦʡʣʥʦװװʟװ

ʕʨʛʵʣʪʠʡʥ ʭʫʨʜʳʛ ʙʠʜ PWM ʙʫʶʫ ʠʤʧʫʣʴʩʠʡʥ ᴇʨʛᴇʥʠʡ ʤʦʜʫʣʷʮʘʘʨ ʫʜʠʨʜʘʥʘ. 
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ɿʫʨʘʛ 2.4.5. PID ʤʦʪʦʨʳʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜ, NN-ʠʡʥ ʩʫʨʩʘʥ ʵʨʛʵʣʪʠʡʥ ʭʫʨʜ 

 

ʍʦʸʨ ʜʘʭʴ ʪʫʨʰʠʣʪʘʘʨ ʙʠʜ ʜʘʣʜ ʜʘʚʭʘʨʛʘ ʜʘʭʴ ʟʘʥʛʠʣʘʘʥʳ ʪʦʦʛ ᴇᴇʨʯʠʣʩᴇʥ. ɼʘʣʜ 

ʜʘʚʭʘʨʛʘ ʜʘʭʴ ʟʘʥʛʠʣʘʘʥʳ ʪʦʦʥʦʦʩ ʭʘʤʘʘʨʘʥ ʥʠʩʛʵʛʯʛװʡ ʦʥʛʦʮʥʳ ʜʠʥʘʤʠʢ ʟʘʛʚʘʨ 

ᴇᴇʨʯʣᴇʛʜᴇʥᴇ. תʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʥ ʫʪʛʳʛ ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʙʠʜ ʟʘʥʛʠʣʘʘʛ 3, 10, 

20 ʙʦʣʛʦʞ ᴇᴇʨʯʠʣʩᴇʥ. ɿʫʨʘʛ 2.4.6-ʜ ʟʘʥʛʠʣʘʘʥʳ ʪʦʦʥʦʦʩ ʭʘʤʘʘʨʘʥ װʥʵʣʛʵʵʥʠʡ 

ʬʫʥʢʮʠʡʥ ʫʪʛʳʥ ᴇᴇʨʯʣᴇʣʪʠʡʛ ʭʘʨʫʫʣʘʚ. ɼʘʣʜ ʜʘʚʭʘʨʛʳʥ ʪʦʦʛ ʙװʨ ʠʭʵʩʛʵʚʵʣ 

ʢʦʥʪʨʦʣʣʨyʳʥ ʪʦʦʮʦʦʣʦʣ ʠʭʩʵʞ 1 ʩʝʢʫʥʜʵʜ 50 ʫʜʘʘ ʟʘʩʚʘʨ ʭʠʡʭ ʭʫʛʘʮʘʘ ʫʨʪʩʘʞ 

ʪʵʥʮʚʵʨʵʵ ʦʣʦʭ ʥᴇʭʮᴇʣ ʤʫʫʜʘʞ ʤʘʛʘʜʛװʡ.  

 

 

ɿʫʨʘʛ 2.4.6. תʥʵʣʛʵʵʥʠʡ ʬʫʥʢʮʠʡʥ ʫʪʛʘ ʙʘ ʟʘʥʛʠʣʘʘʥʳ ʪʦʦʥʳ ʭʘʤʘʘʨʘʣ 
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ɹʠʜ װʨʛʵʣʞʣװװʣʵʥ ʜʘʣʜ ʜʘʚʭʘʨʛʳʥ ʪʦʦʛ ʥʵʤʞ ʭʘʩʘʞ ʩʫʨʛʘʣʪ ʷʚʫʫʣʘʭʘʘʨ ʪᴇʣᴇʚʣᴇʞ 

ʙʘʡʥʘ. 

 

2.4.5 ɼװʛʥʵʣʪ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʜ װʟװװʣʩʵʥ ʪʫʨʰʠʣʪʳʥ װʨ ʜװʥ ʥʴ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʫʜʠʨʜʣʘʛʳʛ 

ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʥʠʩʣʵʛʠʡʛ ʪʦʛʪʚʦʨʞʫʫʣʘʭʘʜ ʘʰʠʛʣʘʞ ʙʦʣʦʭʳʛ ʭʘʨʫʫʣʩʘʥ. ʅʠʩʜʵʛ 

ʙʠʝʪʵʜ ʠʡʤ ʭʷʥʘʣʪʳʛ ʘʰʠʛʣʘʭ ʥʴ ʦʙʲʝʢʪʳʥ ʪʦʛʪʚʦʨʪʦʡ ʙʘʡʜʣʳʛ ʩʘʡʞʨʫʫʣʘʭ 

ʙʦʣʦʤʞʠʡʛ ʦʣʛʦʥʦ. ʋʯʠʨ ʥʴ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʫʜʠʨʜʣʘʛʘ ʥʴ ʛʘʜʥʳ ʥᴇʣᴇᴇʣʣʠʡʛ 

ʦʨʦʣʪʦʜ ᴇʛᴇʭ װʝʜ ʫʜʠʨʜʣʘʛʳʛ ʠʣװװ ʩʘʡʥ ʪʦʛʪʚʦʨʞʫʫʣʜʘʛ ʙʘʡʥʘ. PID ʫʜʠʨʜʣʘʛʘʜ 

ᴇʥʮʛʠʡʥ ʪʦʭʠʨʫʫʣʛʘ ʙװʨʜ 3 ʢʦʵʬʬʠʮʠʝʥʪ ʘʰʠʛʣʘʜʘʛ ʙᴇʛᴇᴇʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʛ 

ʫʜʠʨʜʘʭʘʜ ʥʠʡʪ 9 ʢʦʵʬʬʠʮʠʝʥʪ ʰʘʘʨʜʣʘʛʘʪʘʡ. ɼʘʣʜ ʜʘʚʭʘʨʛʘʜ 3 ʥʝʡʨʦʥʪʦʡ NN ʥʴ 

ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʘʭʳʥ ʪʫʣʜ 28 ʢʦʵʬʬʠʮʠʝʥʪ ʰʘʘʨʜʜʘʛ. ɼʘʣʜ ʥʝʡʨʦʥ ʪʦʦ 

ʥʵʤʵʛʜʵʭ ʭʵʨʵʵʨ ʢʦʵʬʬʠʮʠʝʥʪʳʥ ʪʦʦ ʥʵʤʵʛʜʵʥʵ. ᴆʤʥᴇʭ ʩʫʜʘʣʛʘʘʛʘʘʨ ʙʠʜ PWM  

ʙʦʣʦʥ ʤʦʪʦʨʳʥ ʵʨʛʵʣʪʠʡʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʛʘʨʛʘʩʘʥ ʙʦʣʥʦ. ʉʫʜʘʣʛʘʘʥʳ 

ʜʘʨʘʘʛʠʡʥ ʰʘʪʘʥʜ ʙʠʜ ʥʝʡʨʦʥ ʩװʣʞʵʵʛ ʩʫʜʣʘʥ ʩʘʡʞʨʫʫʣʞ ʙʘʪʘʪʛʘʥ ʩʫʨʘʣʮʘʭ 

/Reinforcement/ ʩʫʨʛʘʣʪʳʥ ʟʘʛʚʘʨʪʘʡ ʭʦʩʣʫʫʣʩʘʥ ʪʫʨʰʠʣʪʫʫʜʳʛ ʭʠʡʭ ʙʦʣʥʦ.  

 

3. ʊᴇʩʣᴇᴇʩ װװʩʩʵʥ ʙʫʩʘʜ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʫʫʜ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ װʥʜʩʵʥ ʜʵʵʨ ʙʠʜ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ 

ʘʨʛʘ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʩʘʥ ʭʵʜ ʭʵʜʵʥ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʛ ʘʤʞʠʣʪʪʘʡ ʭʠʡʞ ʛװʡʮʵʪʛʵʩʵʥ 

ʙʦʣʥʦ. 

 

3.1 ʍᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʭװʥʠʡ ʪʵʨʛʵʥʮʨʠʡʥ ʭᴇʛʞװװʣʵʣʪ 

ᴆʥᴇᴇʛʠʡʥ ʙʘʡʜʣʘʘʨ ʄʦʥʛʦʣ ʋʣʩʘʜ ʭᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʭװʥʠʡ ʪʦʦ 105,730 ʙʘʡʥʘ. 

ʄʦʥʛʦʣʜ ʭʵʨʵʛʣʵʞ ʙʫʶʫ ʪʵʨʛʵʥʮʵʨ ʥʴ ʤʝʭʘʥʠʢ ʙʫʶʫ ʭװʥ ᴇᴇʨʠʡʥ ʛʘʨʘʘʨ ʜʫʛʫʡʛʘʘ 

ʵʨʛװװʣʵʭ ʟʘʤʘʘʨ ʫʜʠʨʜʘʛ. ʆʨʯʠʥ װʝʠʡʥ ʪʝʭʥʦʣʦʛʠ ʭᴇʛʞʩᴇʥᴇᴇʨ ʭᴇʛʞʣʠʡʥ 

ʙʵʨʭʰʵʵʣʪʵʡ ʭװʤװװʩʪ ʟʦʨʠʫʣʩʘʥ ʪᴇʨᴇʣ ʙװʨʠʡʥ ʘʚʪʦʤʘʪ ʩʠʩʪʝʤװװʜ ʙʠʡ ʙʦʣʞ ʙʘʡʥʘ. 

 ʨ ʙʦʣʦʥ ʙʘʪʘʨʝʡʥװװʥʠʡ ʥʵʛ ʞʠʰʵʵ ʥʴ: ʘʚʪʦʤʘʪ ʪʵʨʛʵʥʮʵʨ ʶʤ. ʎʘʭʠʣʛʘʘʥ ʭᴇʜᴇʣʛװת

ʪʝʭʥʦʣʦʛʠʫʜ ʞʠʣʵʵʩ ʞʠʣʜ ʩʘʡʞʠʨʯ ʙʘʡʛʘʘ ʪʫʣ ʭᴇʜᴇʣʛװװʨʪ ʩʫʫʨʠʣʩʘʥ ʪʵʨʛʵʥʮʨװװʜ ʠʭ 

ʙʦʣʞ ʙʘʡʥʘ. ʊʵʨʛʵʥʮʨʠʡʥ ʜʠʟʘʡʥʳ ʙʠʦʤʝʭʘʥʠʢ ʪʘʣʫʫʜ ʙʠʝ ʙʷʣʜʨʳʥ ʭʫʚʴʜ ʯʫʭʘʣ 

 ʡʣ ʘʞʠʣʣʘʛʘʘ, ʥʠʡʛʤʠʡʥװ ʡʮʵʪʛʵʜʵʛ ʭᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʠʨʛʵʜʠʡʥװʨʵʛ ʛװװ

ʦʨʦʣʮʦʦʥʜ ʤʘʰ ʯʫʭʘʣ. ʎʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨװװʜʠʡʛ Joystick-ʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʪװʣʭװװ 

ʫʜʠʨʜʜʘʛ ʙʘʡʥʘ. ɿʘʨʠʤ ʪʦʭʠʦʣʜʦʣʜ Joystick ʘʰʠʛʣʘʥʘ ʫʜʠʨʜʘʭ ʙʦʣʦʤʞʛװʡ ʭᴇʛʞʣʠʡʥ 

ʙʨɻʭʰʵʵʣʪʵʡ ʭװʤװװʩ ʙʘʡʥʘ. ʆʨʯʠʥ װʝʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʥʵʛ ʘʨʛʘ ʙʦʣʦʭ ʤʘʰʠʥ 
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ʩʫʨʛʘʣʪʳʥ ʘʨʛʫʫʜ ʵʥʵʭװװ ʩʘʣʙʘʨʪ ᴇʨʛᴇʥ ʥʵʚʪʵʨʯ ʵʭʣʵʵʜ ʙʘʡʥʘ. ʊʝʭʥʦʣʦʛʠʡʥ ʙʦʣʦʥ 

ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘ ʘʰʠʛʣʘʥ ʵʥʵʭװװ ʘʩʫʫʜʣʳʛ ʰʠʡʜʵʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʕʥʵʭװװ 

ʩʫʜʘʣʛʘʘʛʘʘʨ ʛʘʨʘʘʨ ʫʜʠʨʜʘʭ ʙʦʣʦʤʞʛװʡ ʭᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʭװʤװװʩʪ ʟʦʨʠʫʣʘʥ 

ʭװʥʠʡ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʩʫʨʘʭ ʟʘʤʘʘʨ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʘʨʛʘ ʜʵʵʨ ʩʫʫʨʠʣʘʥ 

ʮʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʛ ʫʜʠʨʜʘʭ ʘʨʛʳʥ ʩʫʜʘʣʛʘʘʛ ʪʘʥʠʣʮʫʫʣʞ ʙʘʡʥʘ. װתʥʠʡ ʪʫʣʜ 

ʵʭʣʵʵʜ ʙʠʜ ʩװװʣʠʡʥ װʝʠʡʥ ʮʘʭʠʣʛʘʘʥ ʭᴇʜᴇʣʛװװʨװװʜʠʡʥ ʩʫʜʘʣʛʘʘ, ʭʘʨʴʮʫʫʣʘʣʪʫʫʜʳʛ 

ʭʠʡʩʵʥ ʤᴇʥ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ ʥʵʛ ʘʨʛʘ ʙʦʣʦʭ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʩʫʨʛʘʣʪʳʥ ʘʨʛʳʛ 

ʩʫʜʘʣʩʘʥ ʙʦʣʥʦ. ʍװʥʠʡ ʪʦʣʛʦʡʥ 5-ʥ ʪᴇʨʣʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ᴇʛᴇʛʜʣװװʜʠʡʛ ʮʫʛʣʫʫʣʞ 

ʮʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥ ʙʦʣʛʦʭ ʫʜʠʨʜʣʘʛʳʥ ʘʩʫʫʜʣʳʛ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ 

ʘʨʛʘʘʨ ʩʫʨʛʘʭʘʘʨ ʟʦʨʠʣʦʦ. ʍװʥʠʡ ʪʦʣʛʦʡʥ  ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʩʫʨʘʭ ʟʘʤʘʘʨ ʮʘʭʠʣʛʘʘʥ 

ʪʵʨʛʵʥʮʨʠʡʛ ʫʜʠʨʜʘʭ ʙʦʣʦʤʞʪʦʡʛ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʙʠʜ ʭʘʨʫʫʣʩʘʥ. 

ʎʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʛ ɿʫʨʘʛ 3.1.1-ʪ װʟװװʣʵʚ. 

 

ɿʫʨʘʛ 3.3.1.  ɹʦʜʠʪ ʪᴇʭᴇᴇʨᴇʤʞ 

ʉʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʪװʛʵʵʤʵʣ ʭᴇʛʞʠʣ ʪᴇʚ ʜʵʵʨ ʦʯʠʞ ʪʵʨʛʵʥʮʵʨ ʭʵʨʵʛʣʵʜʵʛ 

ʭװʤװװʩʪ ʷʤʘʨ ʘʩʫʫʜʘʣ ʪʫʣʛʘʨʜʘʛ ʪʘʣʘʘʨ ʷʨʠʣʮʩʘʥ. ʊʵʨʛʵʥʮʨʠʡʥ ʤʘʰ ʦʣʦʥ ʟʘʛʚʘʨʫʫʜ 

ʙʘʡʜʘʛ ʙʘʡʥʘ. ʊװװʥ ʜʦʪʨʦʦʩ ʭʘʤʛʠʡʥ ʪװʛʵʵʤʵʣ ʥʴ ʭʦʡʥʦ ʪʦʤ ʜʫʛʫʡʪʘʡ ʪʵʨʛʵʥʮʵʨ ʶʤ. 

ɼʵʜ ʙװʪʵʮ ʥʴ ʭᴇʛʞʩᴇʥ ʛʘʟʘʨ ʠʭʵʥʭ ʪʦʭʠʦʣʜʦʣʜ ʩʦʡʟʛװʡ ʤʦʪʦʨ ʙʦʣʦʥ ʜʫʛʫʡ ʞʠʞʠʛʪʵʡ 

ʪʵʨʛʵʥʮʨװװʜ ʘʰʠʛʣʘʜʘʛ. ʊʦʛʪʤʦʣ ʛװʡʜʣʠʡʥ ʤʦʪʦʨʳʥ ʜʘʚʫʫ ʪʘʣ ʥʴ ʩʫʣ ʵʨʛʵʣʪ װʛװʡ ʪʫʣ 

ʥʘʣʫʫ ʟʘʤ ʜʵʵʨ ʭʦʡʰ ʩʫʣ ʵʨʛʵʭ װʟʵʛʜʵʣ ʙʘʡʭʛװʡ. ʊʵʨʛʵʥʮʨʠʡʥ ʤʦʪʦʨʪ ʢʦʥʪʘʢʪ 

ʪʦʦʨʤʦʩ ʘʰʠʛʣʘʜʘʛ ʙʘ ʩʫʣ ʟʦʛʩʦʣʪʳʥ װʝʜ ʛװʡʭʵʵʩ ʭʘʤʛʘʘʣʜʘʛ. ʎʘʭʠʣʛʘʘʥ 

ʪʵʨʛʵʥʮʨʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ Joystick ʛʘʨ ʘʰʠʛʣʘʥ ʫʜʠʨʜʘʞ ʙʘʡʥʘ. ʊʵʨʛʵʥʮʨʠʡʥ 

ʭᴇʜᴇʣʛᴇᴇʥ ʥʴ ʫʨʘʛʰ, ʭʦʡʰ, ʟװװʥ, ʙʘʨʫʫʥ ʵʨʛʵʭ װʡʣʜʣװװʜ ʙʘʛʪʘʞ ʙʘʡʥʘ. ʍᴇʛʞʣʠʡʥ 

ʙʵʨʭʰʵʵʣʪʵʡ ʭװʤװװʩʠʡʥ ʪʦʦʥʜ ʙʠʝʠʡʥ ʜᴇʨʚᴇʥ ʤᴇʯʥʠʡ ʘʩʫʫʜʘʣʪʘʡ ʭװʤװװʩ ʙʘʡʜʘʛ ʙʘ 

ʵʥʵʭװװ ʭװʤװװʩ ᴇᴇʨ ʭװʥʠʡ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʰʠʣʞʠʣʪ ʭᴇʜᴇʣʛᴇᴇʥ ʭʠʡʜʵʛ ʙʘʡʥʘ. ɹʠʜ 

ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʘʰʠʛʣʘʥ ʮʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʛ ʭʵʨʭʵʥ ʫʜʠʨʜʘʞ ʙʦʣʦʭ 
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ʪʘʣʘʘʨ ʩʫʜʘʣʛʘʘ ʭʠʡʩʵʥ. ʊʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʭʫʨʜʘʪʛʘʣ ʙʦʣʦʥ ʛʠʨʦʩʢʦʧ 

ʤʵʜʨװװʨʠʡʥ ʪʫʩʣʘʤʞʪʘʡʛʘʘʨ ʤʵʜʵʨʯ ʙʘʡʥʘ. 

ʍװʥʠʡ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʮʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥ ʙʦʣʛʦʭ ʬʫʥʢʮʠʡʛ 

ʪʦʜʦʨʭʦʡʣʦʭʳʥ ʪʫʣʜ ʭװʥʠʡ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʪᴇʨʣװװʜʠʡʛ ʩʫʜʣʘʭ ʰʘʘʨʜʣʘʛʘ 

ʛʘʨʩʘʥ. 

 

ɿʫʨʘʛ 3.1.2.  ʊʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʪᴇʨᴇʣ 

ʍװʥʠʡ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ 3 ʥᴇʭʮᴇʣʜ ʘʚʯ װʟʩʵʥ. ɿʫʨʘʛ 3.1.2ʘ-ʜ ʭװʥʠʡ ʪʦʣʛʦʡ ʭװʟװװʥ 

ʜʵʵʨ ʪᴇʚʣᴇʨʯ ʭᴇʜᴇʣʛᴇᴇʥ ʭʠʡʭ ʙʦʣʦʤʞʪʦʡʛ ʭʘʨʫʫʣʞ ʙʘʡʥʘ. ɿʫʨʘʛ 3.1.2b-ʜ ʭװʥʠʡ 

ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥ ʮʵʵʞʥʠʡ ʭᴇʜᴇʣʛᴇᴇʥʪʵʡ ʭʘʤʪ ʭʠʡʭ ʙʦʣʦʤʞʪʦʡ ʙʘʡʥʘ. ʄᴇʥ ɿʫʨʘʛ 

3.1.2c-ʜ ʭװʥʠʡ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥ ʪʵʨʛʵʥʮʨʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʪʵʡ ʭʘʤʪ ʭʠʡʭ ʙʦʣʦʤʞʪʦʡ 

ʭʘʨʞ ʙʦʣʥʦ. ʕʥʵ ʙװʭ ʭᴇʜᴇʣʛᴇᴇʥ ʰʠʣʞʠʣʪװװʜ ʪʦʣʛʦʡ ʜʵʵʨ ʙʘʡʨʣʘʭ ʤʵʜʨװװʨʪ ᴇᴇʨ ᴇᴇʨ 

ʫʪʛʫʫʜʳʛ ᴇʛᴇʭ ʙʘ ʵʥʜʵʵʩ ʙʠʜ ʪʵʨʛʵʥʮʨʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʜʦʭʠʦʛ ʷʣʛʘʭ ʰʘʘʨʜʣʘʛʘ 

ʪʫʣʛʘʨʥʘ. ɿʘʨʠʤ ʭᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʭװʤװװʩ ʩʘʘʞʠʣʪʳʥ ʫʣʤʘʘʩ ʪʦʣʛʦʡ ʩʘʚʣʘʭ 

 ʜʠʡʛ ʭʠʡʜʵʛ ʙʘ ʵʥʵ ʜʦʭʠʦʛ ʙʠʜ ʫʜʠʨʜʣʘʛʳʥ ʜʦʭʠʦʥʦʦʩ ʷʣʛʘʭ ʘʩʫʫʜʣʳʛװװʡʣʜʣװ

ʰʠʡʜʥʵ.  

ʊʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʫʜʠʨʜʣʘʛʳʥ ʜʦʭʠʦ ʙʦʣʛʦʭʳʥ ʪʫʣʜ ʙʠʜ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʥʵʛ 

ʘʨʛʘ ʙʦʣʦʭ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʘʨʛʳʛ ʭʵʨʵʛʣʵʩʵʥ. ʕʥʵʭװװ ʘʨʛʳʛ ʭʵʨʵʛʣʵʭʠʡʥ ʪʫʣʜ ʙʠʜ 

ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʫʜʠʨʜʣʘʛʳʥ ʜʦʭʠʦ ʙʦʣʛʦʭ ʙʦʣʦʥ ʙʫʩʘʜ ʭᴇʜᴇʣʛᴇᴇʥװװʜ ʛʵʞ 

ʘʥʛʠʣʞ ᴇʛᴇʛʜʣʠʡʛ ʮʫʛʣʫʫʣʩʘʥ. ʎʫʛʣʫʫʣʩʘʥ ᴇʛᴇʛʜʣʠʡʛ ʄʘʪʣʘʙ ʧʨʦʛʨʘʤʤ ʘʰʠʛʣʘʥ 

ʩʫʨʛʘʣʪʳʛ ʭʵʨʵʛʞװװʣʩʵʥ. ʋʜʠʨʜʣʘʛʳʥ ʙװʪʮʠʡʥ ʩʭʝʤʠʡʛ ɿʫʨʘʛ 3.1.3-ʪ װʟװװʣʵʚ. 

ʄʘʪʣʘʙ ʧʨʦʛʨʘʤʤ ʜʵʵʨ װװʩʩʵʥ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʟʘʛʚʘʨʳʛ ʤʠʢʨʦʢʦʥʪʨʦʣʣʨyʪ 

ʩʫʫʣʛʘʩʘʥ. ʍװʥʠʡ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ MPU6050 ʤʵʜʨװװʨʠʡʥ ʪʫʩʣʘʤʞʪʘʡ ʤʵʜʵʨʯ 

ʤʠʢʨʦʢʦʥʪʨʦʣʣʨy ʫʫ ʜʘʤʞʫʫʣʥʘ.  ʄʠʢʨʦʢʦʥʪʨʦʣʣʨy ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ 
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ʪʵʨʛʵʥʮʨʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥ ʙʦʣʛʦʭ ʜʦʭʠʦʛ װװʩʛʵʞ ʮʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʥ ʭᴇʜᴇʣʛװװʨʠʡʛ 

ʫʜʠʨʜʘʥʘ.   

 

ɿʫʨʘʛ 3.1.3  ʉʠʩʪʝʤʠʡʥ ʙװʪʵʮ 

 

ɿʫʨʘʛ 3.1.4 ʎʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʥ ʭʠʡʮ 

ʄʘʰʠʥ ʩʫʨʛʘʣʪ ʥʴ ʩʠʩʪʝʤʜ ʪʦʜʦʨʭʦʡ ʧʨʦʛʨʘʤʤʯʣʘʣʛװʡʛʵʵʨ ᴇʛᴇʛʜʣᴇᴇʩ ʘʚʪʦʤʘʪʘʘʨ 

ʩʫʨʘʣʮʘʭ ʟʘʤʘʘʨ ʩʘʡʞʨʘʭ ʯʘʜʚʘʨʪʘʡ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥ (AI)-ʳ ʩʘʣʙʘʨ ʶʤ. ʄʘʰʠʥ 

ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʫʫʜ ʥʴ ʘʣʠʚʘʘ ʤʵʜʵʵʣʣʠʡʥ ʰʠʥʞ ʯʘʥʘʨʳʛ ʪʘʥʠʥ ʩʫʜʘʣʞ, 

ʘʩʫʫʜʣʳʛ ʙʠʝ ʜʘʘʥ ʰʠʡʜʚʵʨʣʵʭ ʯʘʜʚʘʨʪʘʡ ʙʦʣʛʦʭʳʛ ʟʦʨʴʜʦʛ. 

ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʦʨʦʣʪʦʜ  3 ʪʵʥʭʣʵʛʠʡʥ ʭʫʨʜʘʪʛʘʣ ax, ay, az ʤᴇʥ 3 ʪʵʥʭʣʵʛʠʡʥ 

ʛʠʨʦʩʢʦʧʳʥ gx, gy, gz ʙʦʣʥʦ. 
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ɿʫʨʘʛ 3.1.5 ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʟʘʛʚʘʨ 

ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʛʘʨʘʣʪʘʜ ʮʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʥ 5 ʪᴇʨʣʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥ (ɿʫʨʘʛ 

3.1.5)  ʙʘʡʥʘ. 

ʉʠʩʪʝʤʠʡʥ ʧʨʦʛʨʘʤʤr ʥ ʘʣʛʦʨʠʪʤʳʛ ɿʫʨʘʛ 3.1.6-ʜ װʟװװʣʵʚ. 

 

ɿʫʨʘʛ 3.1.6 ʇʨʦʛʨʘʤʤr ʥ ʘʣʛʦʨʠʪʤ 
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3.1.1 ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʙʠʜ 5 ʪᴇʨʣʠʡʥ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ 3 ʪᴇʨʣʠʡʥ ʥᴇʭʮᴇʣʜ 

ʮʫʛʣʫʫʣʩʘʥ ʙʦʣʥʦ. ʊʵʨʛʵʥʮʨʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥ ʙװʨʜ 500 ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ ʮʫʛʣʫʫʣʩʘʥ 

ʙʘ ʥʠʡʪ ʩʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜᴇʣ ( ʍװʩʥʵʛʪ 3.1.1 ) 2500 ʙʘʡʥʘ.  

ʍװʩʥʵʛʪ 3.1.1 ʉʫʨʛʘʣʪʳʥ ᴇʛᴇʛʜʣװװʜ 

 

 

Python ʧʨʦʛʨʘʤʤʳʥ ʩʘʥ ʭʵʨʵʛʣʵʥ ᴇʛᴇʛʜʣװװʜʠʡʥ ʭʘʤʘʘʨʣʳʛ ʛʨʘʬʠʢʘʘʨ 

ʠʣʵʨʭʠʡʣʵʭʠʡʛ ʟʦʨʴʩʦʥ ʙʘ ɿʫʨʘʛ 3.1.7-ʜ ʭʘʨʘʭʘʜ ʭװʥʠʡ ʪʦʣʛʦʡʥ ʭᴇʜᴇʣʛᴇᴇʥᴇᴇʨ 

ʪʵʨʛʵʥʮʨʠʡʛ ʫʜʠʨʜʘʞ ʙʦʣʦʭ ʙʦʣʦʤʞʪʦʡ ʛʵʜʵʛ ʥʴ ʭʘʨʘʛʜʘʭ ʙʦʣʥʦ. 

 



51 
 

 

ɿʫʨʘʛ 3.1.7 ᴆʛᴇʛʜʣʠʡʥ ʭʘʤʘʘʨʘʣ 

ʊʫʨʰʠʣʪʳʥ װʨ ʜװʥʜ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʵʭʥʠʡ ʜʘʚʭʘʨʛʳʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜ ʥʴ : 

{0.28, -3.93, -1.81, 1.95, -0.30, 0.48, 0.02}, 
{1.34, 1.00, -1.14, -0.66, -6.95, -6.20, -1.78}, 
{-0.05, 3.44, 1.41, -0.83, 0.29, -0.38, -0.01}, 
{1.65, 0.48, 1.49, -0.61, 7.55, -10.77, 1.56}, 
{-5.08, 1.88, 1.49, 2.67, 4.51, -17.21, 2.73}, 
{0.14, -3.96, -1.78, 1.98, -0.329, 0.75, 0.06}, 
{0.51, -1.03, -0.14, 4.66, 0.08, 0.06, -0.02}, 
{-11.96, 0.64, -0.34, 1.39, 2.16, 1.04, 0.83}, 
{0.56, 0.14, 1.28, 4.17, 0.36, 0.17, -0.03}, 
{0.37, -3.21, -2.41, 1.31, -0.41, 0.43, -0.16} 
ʅʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ ʭʦʸʨ ʜʘʭʴ ʜʘʚʭʘʨʛʳʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜ ʥʴ : 

{-5.24, -0.93, -13.46, -3.94, -12.77, 15.04, -0.69, -4.73, 11.45, -4.00, -1.91}, 
{2.16, 3.15, -24.52, -1.37, -11.46, -13.71, 3.74, 3.22, -10.87, 0.87, 2.86}, 
{-2.17, -6.55, 2.33, 5.26, 1.37, 1.70, -7.16, -0.41, 0.57, 3.08, -2.28}, 
{-4.74, 0.97, 21.11, -7.31, -8.08, -3.10, 0.68, -4.99, 2.05, -5.80, 3.48}, 
{-5.79, 1.62, -6.37, -6.68, 17.68, 6.93, 2.06, -4.31, -9.78, -4.67, 0.48} ʙʘʡʥʘ. 
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3.1.2 ɼװʛʥʵʣʪ 

ʍʠʡʩʵʥ ʘʞʣʳʥ ʭװʨʵʵʥʜ ʄʦʥʛʦʣʜ ʙʘʡʛʘʘ ʪʵʨʛʵʥʮʵʨ ʙʦʣʦʥ ʛʘʜʘʘʜʘʜ ʘʰʠʛʣʘʛʜʘʛ 

ʪʵʨʛʵʥʮʨװװʜʠʡʥ ʭʘʨʴʮʫʫʣʩʘʥ ʩʫʜʘʣʛʘʘ ʭʠʡʩʵʥ. ɿʦʨʴʩʦʥ ʘʞʠʣ ʥʴ Joystick ʛʘʨʘʘʨ 

ʫʜʠʨʜʘʭ ʙʦʣʦʤʞʛװʡ ʭװʤװװʩʪ ʟʦʨʠʫʣʘʥ ʪʦʣʛʦʡʥ 5 ʪᴇʨʣʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʤʘʰʠʥ 

ʩʫʨʛʘʣʪʘʘʨ ʩʫʨʛʘʞ ʮʘʭʠʣʛʘʘʥ ʪʵʨʛʵʥʮʨʠʡʛ ʫʜʠʨʜʘʭ ʙʦʣʦʤʞʪʦʡʛ ʪʫʨʰʠʣʪʘʘʨ ʙʘʪʣʘʚ. 

ʄʘʰʠʥ ʩʫʨʛʘʣʪʘʘʨ 2500 ᴇʛᴇʛʜᴇʣ ʜʵʵʨ ʩʫʨʛʘʩʘʥ ʙʘ ʦʨʦʣʪʳʥ 6 ʪᴇʣᴇʚ, 2 ʥʫʫʮ 

ʜʘʚʭʘʨʛʘʪʘʡ ʤᴇʥ ʛʘʨʘʣʪʳʥ ʜʘʚʭʘʨʛʘ 5 ʪᴇʣᴇʚʪʵʡ ʙʘʡʭʘʘʨ ʥʝʡʨʦʥ ʩװʣʞʵʵʛ 

ʟʘʛʚʘʨʯʠʣʩʘʥ ʙʦʣʥʦ. ɹʠʜʥʠʡ ʩʫʨʛʘʣʪ 97% -ʠʡʥ ʥʘʨʠʡʚʯʣʘʣʪʘʡ ʩʫʨʩʘʥ ʙʦʣʥʦ. 

ʕʥʭɻװװ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ ʭʵʨʵʛʣʵʥ ʭᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʭװʥʠʡ ʦʥʮʣʦʛʪ 

ʪʦʭʠʨʫʫʣʘʥ ʩʫʨʛʘʭ ʙʦʣʦʤʞʪʦʡ ʶʤ. ʀʥʛʵʩʥʵʵʨ ʭװʥ ʙװʨʜ ʟʦʨʠʫʣʩʘʥ ʦʥʮʛʦʡ 

ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤ װװʩʵʭ ʙʦʣʦʤʞʪʦʡ ʶʤ.  

 

3.2 ʉʪʝʨʝʦ ʭʘʨʘʘ ʜʵʵʨ ʪʫʣʛʫʫʨʣʘʩʘʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʦʛʪʚʦʨʞʫʫʣʘʭ 

ʫʜʠʨʜʣʘʛʘ 

ʊʫʩ ʩʫʜʘʣʛʘʘʛʘʘʨ ʥʠʩʛʵʛʯʛװʡ ʦʣʦʥ ʩʵʥʩʪʠʡʛ ʟʦʭʠʦʥ ʙװʪʵʵʭ ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ 

ʭʵʨʵʛʞװװʣʞ ʙʫʡ ʪʫʨʰʠʣʪʳʥ ʘʞʣʳʥ ʩװװʣʠʡʥ װʝʠʡʥ ʟʘʨʠʤ װʨ ʜװʥʛ ʪʘʥʠʣʮʫʫʣʘʭ ʙʦʣʥʦ. 

ʍᴇʜᴇʣʛᴇᴇʥʪ ʨʦʙʦʪ ʟʦʭʠʦʥ ʙװʪʵʵʭʵʜ ʪʫʣʛʘʨʜʘʛ ʛʦʣ ʘʩʫʫʜʣʫʫʜʳʥ ʥʵʛ ʥʴ ʙʘʡʨʰʠʣ 

ʪʦʛʪʦʦʭ ʶʤ. ʈʦʙʦʪʳʥ ʪʵʥʭʣʵʛʠʡʥ ʭʘʟʘʡʣʪʳʥ ᴇʥʮʛװװʜ ʙʦʣʦʥ ʯʠʛʣʵʣʠʡʛ ʪʦʦʮʦʦʣʦʭʦʜ 

ʠʥʝʨʮʣʵʛ ʤʵʜʨʵʛʯʠʡʛ ᴇʨʛᴇʥ ʭʵʨʵʛʣʵʜʵʛ ʙʦʣʦʚʯ ʙʠʜ ʭʦʩ ʢʘʤʝʨʳʛ ʘʰʠʛʣʘʥ ʥʵʛ 

ʦʙʲʝʢʪʳʥ ʟʫʨʛʠʡʛ ᴇᴇʨ ᴇᴇʨ ʙʘʡʨʣʘʣʘʘʩ ʘʚʘʭ ʟʘʤʘʘʨ ʩʪʝʨʝʦ ʜװʨʩʠʡʛ װװʩʛʵʞ ʠʡʥʭװװ 

 ʨʩװʨʩʥʠʡ ʤʵʜʵʵʣʣʵʵʩ ʦʨʦʥ ʟʘʡʛ ʭʵʤʞʠʞ ʙʦʣʦʭ, ʮʘʘʰʠʣʙʘʣ, ʜװʩʛʵʩʵʥ ʜװװ

ʙʦʣʦʚʩʨʫʫʣʘʭ ʘʨʛʳʛ ʭʵʨʵʛʣʵʥ ʟװװʥ ʢʘʤʝʨʳʥ ʜװʨʩ (ʵʭʥʠʡ ʙʘʡʨʣʘʣ) ʙʦʣʦʥ ʙʘʨʫʫʥ 

ʢʘʤʝʨʳʥ (ʭʦʸʨ ʜʘʭʴ ʙʘʡʨʣʘʣ) ʜװʨʩʥʠʡ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʪʦʜʦʨʭʦʡʣʞ ʠʥʛʵʩʥʵʵʨ 

ʦʙʲʝʢʪʳʥ ʙʘʡʨʣʘʣʳʛ ʪʦʛʪʦʦʭ ʟʦʨʠʫʣʘʣʪ ʙװʭʠʡ ʟʘʨʠʤ ʛʝʦʤʝʪʨʠʡʥ ʪʦʦʮʦʦʣʣʳʛ 

ʭʠʡʩʵʥ װʨ ʜװʥʛ ʵʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ װʟװװʣʵʭʠʡʛ ʟʦʨʠʣʦʦ. ʉװװʣʠʡʥ ʞʠʣװװʜʵʜ 

ʛʠʨʦʩʢʦʧ ʙʦʣʦʥ ʘʢʩʝʣʝʨʦʤʝʪʨʠʡʛ ʘʰʠʛʣʘʥ ʨʦʙʦʪʳʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʯʠʛʠʡʛ ʤʵʜʨʵʭ 

ʦʣʦʥ ʘʨʛʘ, ʘʣʛʦʨʠʪʤʫʫʜʳʛ ʙʦʣʦʚʩʨʫʫʣʘʥ ʭʵʨʵʛʣʵʞ ʙʘʡʥʘ. ɻʵʚʯ ʫʛ ʤʵʜʨװװʨװװʜ ʥʴ 

ᴇᴇʨʠʡʥ ʛʵʩʵʥ ʩʫʣ ʪʘʣʪʘʡ, ʘʣʜʘʘʥʳ ʭʫʨʠʤʪʣʘʣ װװʩʛʵʜʵʛ, ʮʘʭʠʣʛʘʘʥ ʩʦʨʦʥʟʦʥ ʦʨʥʳ 

ʥᴇʣᴇᴇʥʜ ᴇʨʪᴇʤʪʛʠʡ ʙʘʡʜʘʛ ʙʘʡʥʘ. ʀʡʤʜ ʙʠʜ ʵʜʛʵʵʨ ʤʵʜʨװװʨʠʡʥ ʦʨʦʥʜ ʥʠʩʛʵʛʯʛװʡ 

ʦʣʦʥ ʩʵʥʩʪʵʜ ʩʪʝʨʝʦ ʢʘʤʝʨʳʛ ʙʘʡʨʣʫʫʣʞ ʩʪʝʨʝʦ ʜװʨʩ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ ʘʨʛʳʛ 

ʭʵʨʵʛʣʵʭ ʟʘʤʘʘʨ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʢʦʦʨʜʠʥʘʪʳʛ ʪʦʜʦʨʭʦʡʣʦʭʳʛ ʟʦʨʴʩʦʥ ʙʦʣʥʦ. ɿʫʨʘʛ 

3.2.1-ʜ ʩʠʩʪʝʤʠʡʥ ʙװʪʮʠʡʛ װʟװװʣʵʚ. 
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ɿʫʨʘʛ 3.2.1 ʉʠʩʪʝʤʠʡʥ ʙװʪʵʮ 

ɻʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʦʛʪʦʨʛʫʡʜ ʜװʨʩʣʵʛʜʵʭ P (X, Y, Z) ʮʵʛ ʥʴ ʟʫʨʛʠʡʥ ʭʘʚʪʛʘʡ ʜʵʵʨ p(x, y) 

ʛʵʩʵʥ ʭʦʸʨ ʭʵʤʞʵʵʩʪ װʟװװʣʵʣʪʵʵʨ ʠʣʵʨʭʠʡʣʵʛʜʵʥʵ. ɼʵʵʨʭ ʟʘʛʚʘʨʘʘʩ ʭʘʨʘʭʘʜ, ʥʵʛ 

ʢʘʤʝʨ ʘʰʠʛʣʘʥ ʦʛʪʦʨʛʫʡʜ ʦʨʰʠʭ ʦʙʲʝʢʪʳʥ ʙʘʡʨʰʣʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʛװʡ ʥʴ 

ʭʘʨʘʛʜʘʥʘ. ʋʯʠʨ ʥʴ, ʧʨʦʝʢʮʣʦʭ ʷʚʮʘʜ ʵʥʜ ʦʛʪʦʨʛʫʡ ʜʘʭʴ ʮʵʛʠʡʥ ʛװʥʠʡ ʙʫʶʫ 

ʘʣʩʣʘʣʪʳʥ ʤʵʜʵʵʣʵʣ ʘʣʜʘʛʜʘʞ ʙʘʡʥʘ. ʀʥʛʵʩʥʵʵʨ ʜװʨʩʥʠʡ ʭʘʚʪʛʘʡ ʜʵʵʨʭ (u, v)  

ʢʦʦʨʜʠʥʘʪʪʘʡ ʮʵʛ ʥʴ ʦʛʪʦʨʛʫʡʜ ʷʤʘʨ ʟʘʡʜ ʦʨʰʠʞ ʙʘʡʛʘʘʛ ʪʦʦʮʦʦʣʦʭ ʙʦʣʦʤʞʛװʡ ʶʤ. 

ᴆᴇʨᴇᴇʨ ʭʵʣʙʵʣ, P (X, Y, Z) ʵʩʚʵʣ P1, P2, P3 ʮʵʛװװʜʠʡʥ ʘʣʴ ʜװʨʩʥʠʡ ʭʘʚʪʛʘʡʜ 

ʧʨʦʝʢʮʣʦʛʜʩʦʥʳʛ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʛװʡ ʶʤ (ɿʫʨʘʛ 3.2.2).  
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ɿʫʨʘʛ 3.2.2 ɻʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʦʛʪʦʨʛʫʡʜ ʜװʨʩʣʵʛʜʵʭ P (X, Y, Z) ʮʵʛ 
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ʉʪʝʨʝʦ ʟʫʨʘʛ ʙʫʶʫ ʥʵʛʵʥ ʘʛʰʠʥʜ ʘʚʩʘʥ ʭʦʩ ʟʫʨʛʠʡʛ ʘʰʠʛʣʘʥ ʟʫʨʛʠʡʥ ʘʣʩʣʘʣʪ ʙʫʶʫ 

ʛװʥʠʡʛ (depth) ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ. ɿʫʨʘʛ ʪʫʩ ʙװʨʠʡʥ ʭʫʚʴʜ ʭʦʦʨʦʥʜʦʦ 

ʭʘʤʘʘʨʘʣʪʘʡ ʮʵʛװװʜʠʡʛ ʦʣʞ ʟᴇʨװװʛ (disparity) ʪʦʜʦʨʭʦʡʣʥʦ. ʍʘʤʘʘʨʘʣʪʘʡ ʮʵʛװװʜʠʡʥ 

ʟᴇʨװװʛ ʪʦʜʦʨʭʦʡʣʩʥʦʦʨ ʟʫʨʛʠʡʥ ʛװʥʠʡʛ ʬʦʢʫʩʳʥ ʟʘʡ (f),  ʙʦʣʦʥ ʭʦʩ ʢʘʤʝʨʳʥ 

ʭʦʦʨʦʥʜʳʥ ʟʘʡ (B) ʛʵʩʵʥ ʧʘʨʘʤʝʪʨʵʵʨ ʰʫʫʜ ʪʦʦʮʦʦʣʦʥ ʪʦʜʦʨʭʦʡʣʦʭ ʙʦʣʦʤʞʪʦʡ ʶʤ.  

ɽʧʠʧʦʣʘʨ ʛʝʦʤʝʪʨ ʥʴ ʩʪʝʨʝʦ ʜװʨʩ ʙʦʣʦʚʩʨʫʫʣʘʣʪʳʥ װʥʜʩʵʥ ʙʘʡʛʫʫʣʘʤʞʠʡʥ ʥʵʛ ʶʤ. 

ɻʫʨʚʘʥ ʭʵʤʞʵʵʩʪ ʦʛʪʦʨʛʫʡʜ ᴇᴇʨ ʭʦʸʨ ʙʘʡʨʣʘʣʘʘʩ ʘʚʩʘʥ ʭʦʩ ʜװʨʩ ʜʵʵʨʭ ʮʵʛװװʜʠʡʥ 

ʛʝʦʤʝʪʨ ʭʘʤʘʘʨʘʣ ʙʘʡʜʘʛ. lô ʰʫʣʫʫʥ ʜʵʵʨ ʭ ʮʵʛʠʡʥ ʭʘʤʘʘʨʘʣ ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʙʦʣ l 

ʰʫʣʫʫʥ ʜʵʵʨʭ xô ʮʵʛʠʡʥ ʭʘʤʘʘʨʘʣ ʪʦʜʦʨʭʦʡʣʦʛʜʦʥʦ. OOô ʰʫʣʫʫʥ ʥʴ ʢʘʤʝʨʳʥ ʪᴇʚʠʡʛ 

(baseline) ʭʦʣʙʦʩʦʥ ʰʫʣʫʫʥ ʶʤ. ɽʧʠʧʦʣʘʨ ʭʘʚʪʛʘʡ ʙʦʣʦʥ ʟʫʨʛʠʡʥ ʭʘʚʪʛʘʡʥ 

ʦʛʪʣʦʣʮʦʣ ʜʵʵʨʵʵʩ ʝʧʠʧʦʣʘʨ ʰʫʣʫʫʥʫʫʜʳʛ ʪʘʪʥʘ. ɽʧʠʧʦʣʘʨ ʰʫʣʫʫʥʫʫʜ ʜʵʵʨ 

ʭʘʤʘʘʨʣʳʥ ʮʵʛװװʜ ʙʘʡʨʣʘʥʘ (ɿʫʨʘʛ 3.2.3). 

ʆʧʪʠʢ ʪɻʥʭʣɻʛ

ɽʧʠʧʦʣʘʨ 

ʫhʣʫʫʥ
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ʭʘʚʪʛʘʡ

ɿװװʥ ʢʘʤʝʨrʥ 

ʣʠʥʟʥr ʪᴇʚ

ɹʘʨʫʫʥ ʢʘʤʝʨrʥ 

ʣʠʥʟʥr ʪᴇʚ

ʆʛʪʦʨʛʫʡ ʜʘʭɹ 

ʦʙ̡ʝʢʪ

ʉʪʝʨʝʦ ʩʫʫʨɹ 
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l

 

ɿʫʨʘʛ 3.2.3. ʉʪʝʨʝʦ ʢʘʤʝʨʳʥ ʟʘʛʚʘʨ 

 

3.2.1 ʄʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨ ʙʦʣʦʥ ʜʠʟʘʡʥ 

ʀʭʵʥʭ ʪʦʭʠʦʣʜʦʣʜ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʦʨʦʣʪ ʛʘʨʘʣʪʳʥ ʭʦʦʨʦʥʜʳʥ ʭʘʤʘʘʨʣʳʛ ʤʘʪʝʤʘʪʠʢ 

ʟʘʛʚʘʨʘʘʨ ʪʘʡʣʙʘʨʣʘʩʘʥ ʙʘʡʜʘʛ. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡʛ ʵʨʛʵʣʪʠʡʥ ʜʵʜ 

ʩʠʩʪʝʤ ʙʦʣʦʥ ʰʠʣʞʠʣʪʠʡʥ ʜʵʜ ʩʠʩʪʝʤ ʛʵʩʵʥ ʭʦʸʨ ʜʵʜ ʩʠʩʪʝʤװװʜ ʭʫʚʘʘʞ ʙʦʣʥʦ. 

ʍᴇʜᴇʣʛᴇᴇʥʠʡ ʵʨʛʵʣʪʠʡʥ ʪʵʛʰʠʪʛʵʣʠʡʛ ʅʴʶʪʦʥ-ʕʡʣʝʨʠʡʥ ʘʨʛʘʘʨ ʜʘʨʘʘʭ ʙʘʡʜʣʘʘʨ 

ʛʘʨʛʘʥʘ. 

ὐ‫ ‫ ὐ‫ ὓ ὓ     (1) 
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J- ʭᴇʜᴇʣʛװװʨʠʡʥ ʠʥʝʨʮʠʡʥ ʤʘʪʨʠʮ, ɤ- ᴇʥʮᴇʛ ʭʫʨʜ, ὓ -ʵʨʛʵʣʪʠʡʥ ʤʦʤʝʥʪ, ὓ -ʜᴇʨʚᴇʥ 

ʩʵʥʩʪʵʜ װʡʣʯʠʣʞ ʙʫʡ ʤʫʰʛʠʭ ʭװʯ. 

ὓ

ὰὟ
ὰὟ
ὰὟ

ὰὑ ‫ ‫

ὰὑ ‫ ‫

ὑ ‫ ‫ ‫ ‫

   (2) 

ὓ

ὰὟ
ὰὟ
ὰὟ

ὰὊ Ὂ
ὰὊ Ὂ

ὑ Ὂ Ὂ Ὂ Ὂ
    (3) 

ʕʥʜ Kf ʙʦʣʦʥ KM ʥ ɹʘʝʨʦʜʠʥʘʤʠʢ ʭװʯ ʙʦʣʦʥ ʤʦʤʝʥʪʥr ʪʦʛʪʤʦʣ, ɤi ʭᴇʜᴇʣʛװװʨʠʡʥ 

ᴇʥʮᴇʛ ʭʫʨʜ, Fi ʭᴇʜᴇʣʛװװʨʵʵʩ װװʩʵʭ ᴇʨʛᴇʭ ʭװʯ.  

ʊᴇʣᴇʚʠʡʥ ʦʨʥʳ ʛʦʣ ʜʘʚʫʫ ʪʘʣ ʥʴ ʦʣʦʥ ʦʨʦʣʪ ʙʦʣʦʥ ʦʣʦʥ ʛʘʨʘʣʪʪʘʡ ʩʠʩʪʝʤʠʡʥ 

ʫʜʠʨʜʣʘʛʳʛ ʟʘʛʚʘʨʯʣʘʭʘʜ ʦʨʰʠʥʦ. ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪᴇʣᴇʚʠʡʥ ʚʝʢʪʦʨʳʛ ʜʘʨʘʘʭ 

ʙʘʡʜʣʘʘʨ ʪʦʜʦʨʭʦʡʣʥʦ. ʕʥʵʭװװ ᴇʛװװʣʵʣʜ ʙʘʡʨʣʘʣʳʥ ʫʜʠʨʜʣʘʛʳʛ ʘʚʯ װʟʵʵʛװʡ ʙʦʣʥʦ. 

ὢ
ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ ὼ

• • — — ‪ ‪ ᾀ ᾀ ὼ ὼ ώ ώ
 

A, B, C ʤʘʪʨʠʮʫʫʜ ʦʣʜʩʦʥʦʦʨ ʙʠʜ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʰʫʛʘʤʘʥ ʫʜʠʨʜʣʘʛʳʛ ʟʘʛʚʘʨʯʣʘʭ 

ʙʦʣʦʤʞʪʦʡ. ɿʫʨʘʛ 3.2.4-ʪ ʪᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦʪʦʡ ʫʜʠʨʜʣʘʛʳʥ ʙʣʦʢ ʩʭʝʤʠʡʛ 

 .ʣʵʚװװʟװ

Reference

(12x1)

PLANT

xô=Ax+Bu

y=Cx+Du

G

(4x12)

K

(4x12)

Y

Output 

(12x1)

States

(12x1)

U

Control Input

(4x1)

 

ɿʫʨʘʛ 3.2.4 ʊᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦʪʦʡ ʫʜʠʨʜʣʘʛʳʥ ʙʣʦʢ ʩʭʝʤ 

ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʩʠʤʫʣʷʮ ʙʦʣʦʥ ʪʫʨʰʠʣʪʘʜ ʘʰʠʛʣʘʩʘʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʭʘʨʫʫʣʘʚ.  

Ὣ ωȢψρ             ʪʘʪʘʭ ʭװʯ 

ά πȢπω           ὯὫ ʭᴇʜᴇʣʛװװʨʠʡʥ ʞʠʥ 

ὓ πȢψ τά     ὯὫ ʙʠʝʪʠʡʥ ʞʠʥ 
ὰ πȢςς     ά  ʤᴇʨʥʠʡ ʫʨʪ 
ὥ πȢπς     ά  ʙʠʝʪʠʡʥ ʜʦʪʦʦʜ ʨʘʜʠʫʩ 

ὦ πȢςς     ά  ʙʠʝʪʠʡʥ ʜʦʪʦʦʜ ʨʘʜʠʫʩ 

Ὅ ὓὥ ὦ ςὰά  ὯὫ ά  ʭ ʪʵʥʭʣʵʛ ʜʵʵʨʭ ʠʥʝʨʮ 

Ὅ ὓὥ ὦ ςὰά  ὯὫ ά  y ʪʵʥʭʣʵʛ ʜʵʵʨʭ ʠʥʝʨʮ 

Ὅ ὓὥ ὦ τὰά  ὯὫ ά  z ʪʵʥʭʣʵʛ ʜʵʵʨʭ ʠʥʝʨʮ 
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Ὂ ὑ‫     ὔ   ʩʵʥʩʪɻ ʵʩ װװʩʵʭ ʭװʯ 

ὅ πȢρρυτ                        ʪװʣʭʵʭ ʪʦʛʪʤʦʣ 

ή ρȢςςυ                           ʘʛʘʘʨʳʥ ʥʷʛʪʳʥ ʢʦʵʬʬʠʮʠʝʥʪ 

Ὀ πȢςυφ                         ά  ʩʵʥʩʥʠʡ ʜʠʘʤʝʪʨ 

ὑ ὅ     ὯὫ ά ὶὥὨ ʭװʯʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ὓ ὑ ‫     ὔά ʩʵʥʩʪɻ ʵʩ װװʩʵʭ ʤʦʤʝʥʪ 

ὅ πȢπχτσ                       ʪʘʪʘʭ ʭװʯʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ὑ ὅ     ὯὫ ά ὶὥὨ ʤʦʤʝʥʪʥr ʢʦʵʬʬʠʮʠʝʥʪ 

ὑ                         ά  z ʪʵʥʭʣʵʛ ʜʵʵʨʭ װװʩʵʭ ʤʦʤʝʥʪʥr ʢʦʵʬ. 

 

ʊʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ ʭʵʚʪʵʵ ʪʵʥʭʣʵʛʪʵʡ װװʩʛʵʭ ʭʷʥʘʣʪʳʥ ᴇʥʮʛʠʡʛ MPU6050 ʤʵʜʨװװʨʠʡʛ 

ʘʰʠʛʣʘʥ ʭʵʤʞʩʵʥ ʙʘ ʵʥʵ ʤʵʜʨʵʛʯ ʥʴ 3 ʪʵʥʭʣʵʛʠʡʥ ʭʫʨʜʘʪʛʘʣ ʭʵʤʞʠʛʯ, ʤᴇʥ 3 

ʪʵʥʭʣʵʛʠʡʥ ʛʠʨʦʩʢʦʧ ï ᴇʥʮᴇʛ ʭʫʨʜʳʛ ʭʵʤʞʠʛʯ ʵʣʝʢʪʨʦʥ ʩʭʝʤʵʵʨ ʪʦʥʦʛʣʦʛʜʩʦʥ  ʙʦʣʥʦ. 

 

3.2.2 ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪᴇʣᴇʚʠʡʥ ʦʨʥʳ ʪʫʡʣʳʛ ʙʘʡʨʰʫʫʣʘʭ ʥʴ 

ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʩʠʩʪʝʤʠʡʛ ʟʘʛʚʘʨʯʠʣʞ ʯʘʜʩʘʥʘʘʨ ʪʫʭʘʡʥ ʩʠʩʪʝʤʠʡʥ ʪᴇʣᴇʚʠʡʛ 

ʭʷʥʘʞ ʫʜʠʨʜʘʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʦʭ ʶʤ. ᴆʤʥᴇ ʥ ɹʜʫʨʜʩʘʥʯʣʘʥ, ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤʠʡʛ 

ʠʭʵʚʯʣʵʥ PID ʫʜʠʨʜʣʘʛʳʛ ʘʰʠʛʣʘʥ ʭɻ ʨʵʛʞװװʣʩʵʥ ʙʘʡʜʘʛ. ʕʥʵ ᴇʛװװʣʣʵʵʨ ʙʠʜ 

ʪᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦʪʦʡ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʛ ʭʵʨʵʛʣʵʥ MATLAB ʦʨʯʠʥʜ ʪʫʨʰʠʣʪ 

ʭʠʡʩʵʥ ʙʦʣʥʦ. ʋʜʠʨʜʣʘʛʳʥ ʦʨʦʣʪ u ʥʴ 4 ʭᴇʜᴇʣʛװװʨʠʡʥ ᴇʥʮᴇʛ ʭʫʨʜʥʫʫʜʘʘʨ 

ʪʦʜʦʨʭʦʡʣʦʛʜʦʭ ʙʘ ʭʘʨʴʮʫʫʣʘʭ ʫʪʛʘ G װʨʞʠʛʜʵʥʵ.  

ό ὋϽὶὩὪὑὼ      (4) 

ʉʠʩʪʝʤʠʡʥ ʭʫʚʴʜ ʪᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦʥʳ ʭʘʨʴʮʫʫʣʘʭ ʫʪʛʘ ʥʴ ᴇʥʮʛװװʜ  (ɿʫʨʘʛ 

3.2.4) ʶʤ. ʍʘʨʴʮʫʫʣʘʭ ʫʪʛʘ ʙʦʣʦʥ ʪᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦʛ ʭʘʤʘʘʨʘʣʪʘʡ ʙʦʣʛʦʭ 

 .ʜʥʵʵʩ Gïʛ ʪʦʜʦʨʭʦʡʣʜʦʛ (5)װװ

Ὃ ὄ ὃ ὄὑὅ       (5) 

ʊᴇʣᴇʚʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦʪʦʡ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤʠʡʛ ʠʣʵʨʭʠʡʣʙɻ ʣ. 

ὼ ὃ ὄὑὼ ὄὋό
ώ ὅὼ

     (6) 

ɼᴇʨʚᴇʥ ʩʠʩʪʝʤʠʡʥ ʰʫʛʘʤʘʥ ʟʘʛʚʘʨ ʥʴ 12 ʪᴇʣᴇʚʪʵʡ ʙʘ ʙʠʜ 12 ʪʫʡʣʳʛ ʦʣʦʭ 

ʰʘʘʨʜʣʘʛʘʪʘʡ. ʊᴇʣᴇʚװװʜ ʛʵʜʨʵʛ ʭʦʣʙʦʦʥʳ ʂ ʢʦʵʬʬʠʮʠʝʥʪʦʦʨ װʨʞʠʛʜʵʥʵ. ɻʵʜʨʵʛ 

ʭʦʣʙʦʦʥʳ ʤʘʪʨʠʮ K ʪʫʡʣʳʛ ʙʘʡʨʰʫʫʣʩʥʳ ʜʘʨʘʘ ʪʦʜʦʨʭʦʡʣʦʛʜʦʥʦ. ʉʠʩʪʝʤʠʡʥ 

ʪʫʡʣʳʛ ʦʥʦʦʥ ʙʘʡʨʣʫʫʣʘʭʜʘʘ ʭʘʣʠʣʪ, ᴇʛʩᴇʭ ʙʦʣʦʥ ʪʦʛʪʚʦʨʞʠʭ ʭʫʛʘʮʘʘʛ  (7)-ʜ 

 .ʣʩʵʥ ʘʨʛʘʘʨ ʭʠʡʚװװʟװ

‚
ϳ

ϳ

ὸ
     (7) 
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ʊʦʜʦʨʭʦʡʣʩʦʥ ʪʫʡʣʳʥ ʫʪʛʫʫʜʳʛ ʍװʩʥʵʛʪ 3.2.1-ʪ װʟװװʣʩʵʥ ʙʘ ɿʫʨʘʛ 3.2.5-ʜ ʩʠʩʪʝʤʠʡʥ 

 .ʣʵʚװװʟװ ʥʛװʨ ʜװ

ʍװʩʥʵʛʪ 3.2.1 ʊʦʜʦʨʭʦʡʣʩʦʥ ʪʫʡʣʫʫʜ 

 

 

 

ɿʫʨʘʛ 3.2.5 ʉʠʩʪʝʤʠʡʥ װʨ ʜװʥ 
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3.2.3 ɼװʛʥʵʣʪ 

ʊʫʡʣ ʙʘʡʨʰʫʫʣʘʭ ʘʨʛʳʥ ʜʘʚʫʫ ʪʘʣ ʥʴ ʵʥʵ ʘʨʛʘʘʨ ʟʘʛʚʘʨʯʠʣʩʘʥ ʫʜʠʨʜʣʘʛʳʛ ʦʧʪʠʤʘʣ 

ʵʩʚʵʣ ʘʜʘʧʪʠʚ ʫʜʠʨʜʣʘʛʘʜ ʭʷʣʙʘʨ ʭᴇʨʚװװʣʵʥ ᴇʨʛᴇʞװװʣʵʭ ʙʦʣʦʤʞʪʦʡʜ ʦʨʰʠʥʦ. 

ʕʥʵʭװװ ʘʞʣʘʘʨ ʙʠʜ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤʠʡʥ ʙװʭ װʝ ʰʘʪʫʫʜʳʛ ʭʵʨʵʛʞװװʣʵʚ. װתʥʜ, 

ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʭᴇʜᴇʣʛᴇᴇʥʠʡ ʰʠʥʞʠʣʛʵʵ, ʤʘʪʝʤʘʪʠʢ ʟʘʛʚʘʨʳʥ ʙʦʣʦʚʩʨʫʫʣʘʣʪ, 

ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʳʥ ʩʦʥʛʦʣʪ,  ʩʠʤʫʣʷʮʠ ʙʦʣʦʥ ʪʫʨʰʠʣʪʫʫʜʳʛ  ʭʠʡʣʵʵ. ʋʜʠʨʜʣʘʛʳʥ 

ʩʠʩʪʝʤʠʡʥ ʛʵʜʨʵʛ ʭʦʣʙʦʦʥʳ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜʳʛ ʪʦʦʮʦʦʣʦʭ ʘʞʠʣʣʘʛʘʘʛ MATLAB 

ʦʨʯʠʥʜ ʛװʡʮʵʪʛʵʚ. ʅʠʡʪ 12 ʪʫʡʣʳʛ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙʘ ʜʘʚʘʤʛʘʡ ʪʫʡʣʫʫʜ (ʛʫʨʚʘʥ ʪʫʡʣ) 

ʥʴ ᴇʥʮʛʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʦʜ ʥᴇʣᴇᴇʣʞ ʙʘʡʛʘʘʛ ʪʦʜʦʨʭʦʡʣʦʚ. ʍʵʜʠʡʛʵʵʨ ʪʫʡʣʫʫʜʳʥ 

ʙʘʡʨʣʘʣʳʛ ʜʘʚʘʤʛʘʡ ʪʫʡʣʫʫʜʳʥ ʦʡʨʦʣʮʦʦ ʭװʩʩʵʥ ʙʘʡʨʣʘʣʜ ʩʦʥʛʦʞ ʙʦʣʦʭ ʙʦʣʦʚʯ, 

ʧʨʘʢʪʠʢʪ, ʪʫʡʣʫʫʜʳʛ ʭʵʪ ʭʦʣ ʙʘʡʨʣʫʫʣʩʥʘʘʨ ʩʠʩʪʝʤʜ ʪʦʦʮʦʛʜʦʦʛװʡ ʰʫʫʛʠʘʥʳʛ ᴇʩʛᴇʞ 

ʩʠʩʪʝʤʠʡʛ ʪʦʛʪʚʦʨʛװʡ ʪᴇʣᴇʚʪ ʦʨʫʫʣʞ ʙʘʡʣʘʘ. ʉʠʤʫʣʷʮʠ ʙʦʣʦʥ ʪʫʨʰʠʣʪʘʘʩ ʛʘʨʩʘʥ 

 ʥʛװʨ ʜװ ʥ ʥʴ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʣʘʛʳʥ ʩʠʩʪʝʤʜ ʪʘʚʠʭ ʰʘʘʨʜʣʘʛʳʛ ʭʘʥʛʘʩʘʥװʨ ʜװ

ʭʘʨʫʫʣʞ ʙʘʡʩʘʥ ʙʦʣʥʦ. 

 

3.3 ʆʣʦʥ ʛʠʰװװʥʪ ʬʫʥʢʮʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʛr ʤʘʰʠʥ ʩʫʨʛʘʣʪʘʘʨ װװʩʛʵʥ ʤʦʥʛʦʣ 

ʫʣʩʳʥ ʠʨʵʭ ʞʠʣװװʜʠʡʥ ʵʨʯʠʤ ʭװʯʥʠʡ ʭʵʨʵʛʣʵʵʛ ʪʘʘʤʘʛʣʘʭ ʥʴ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʛʘʘʨ ʄʦʥʛʦʣ ʫʣʩʳʥ ʵʨʯʠʤ ʭװʯʥʠʡ װʡʣʜʚʵʨʣʵʣʠʡʥ ᴇʥʛᴇʨʩᴇʥ ʦʥʫʫʜʳʥ 

ᴇʛᴇʛʜʣװװʜʠʡʛ ʘʰʠʛʣʘʥ ʭʷʥʘʣʪʪʘʡ (supervised) ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʳʛ ʭʵʨʵʛʣʵʥ 

ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʥ ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʭ ʩʫʜʘʣʛʘʘʥʳ ʘʞʣʳʥ ʟʘʨʠʤ װʨ 

ʜװʥʛ ʪʘʥʠʣʮʫʫʣʞ ʙʘʡʥʘ. ʊʫʩ ʩʫʜʘʣʛʘʘʥʳ ʭװʨʵʵʥʜ 1989 ʦʥʦʦʩ 2019 ʦʥʳ ʵʨʯʠʤ ʭװʯʥʠʡ 

ʭʵʨʵʛʣʵʵʛ ʘʰʠʛʣʘʥ ʦʣʦʥ ʛʠʰװװʥʪ ʭʫʚʴʩʘʛʯʠʡʥ ʢʦʵʬʬʠʮʠʝʥʪʫʫʜr ʛ ʛʘʨʛʘʥ ʘʚʘʭ 

ʩʫʨʛʘʣʪʳʛ ʄʘʪʣʘʙ ʧʨʦʛʨʘʤʤ ʘʰʠʛʣʘʥ ʭʷʥʘʣʪʪʘʡ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʣʛʦʨʠʪʤʳʛ 

ʭʵʨʵʛʣʵʭ ʙʦʣʦʤʞʪʦʡ ʙʦʣʦʭʳʛ ʪʫʨʰʠʣʪʘʘʨ ʭʘʨʫʫʣʩʘʥ ʙʦʣʥʦ. 

ɼʵʵʨʭ ʫʜʠʨʜʣʘʛʳʥ ʘʨʛʫʫʜʳʛ ʭʵʨʵʛʣʵʭʜʵʵ ʄʦʥʛʦʣ ʫʣʩʳʥ װʡʣʜʚʵʨʣʵʩʵʥ ʵʨʯʠʤ ʭװʯʥʠʡ 

ʯʘʜʣʳʥ װʟװװʣʵʣʪʠʡʛ ʦʥ ʜʘʨʘʘʣʣʘʘʨ ʥʴ ʭʘʨʛʘʣʟʫʫʣʩʘʥ װʟװװʣʵʣʪʠʡʛ (ɿʫʨʘʛ 3.3.1) ʘʚʯ, 

ʪʵʜʛʵʵʨ װʟװװʣʵʣʪװװʜʠʡʛ ʦʨʦʣʪ ʛʘʨʘʣʪʳʥ ʫʪʛʫʫʜ ʛʵʞ ʪʦʦʮʦʥ ʦʣʦʥ ʛʠʰװװʥʪ ʬʫʥʢʮʠʡʥ 

ʢʦʵʬʬʠʮʠʝʥʪʫʫʜr ʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘ ʘʰʠʛʣʘʥ ʪʦʜʦʨʭʦʡʣʦʭʦʦʨ ʟʦʨʴʩʦʥ ʶʤ.  
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ɿʫʨʘʛ 3.3.1 1989-2019 ʦʥʳ ʵʨʯʠʤ ʭװʯʥʠʡ װʡʣʜʚʵʨʣʵʣʠʡʥ װʟװװʣʵʣʪ. 

ɿʫʨʘʛ 3.3.1-ʜ ʭʵʚʪʵʵ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ ʦʥ, ʙʦʩʦʦ ʪʵʥʭʣʵʛʠʡʥ ʜʘʛʫʫ װʡʣʜʚʵʨʣʵʩʵʥ 

ʵʨʯʠʤ ʭװʯʠʡʛ [ʩʘʷ ʢɺʪ,ʮ] װʟװװʣʵʚ. 

ɹʠʜ ʜʵʵʨʭ ᴇʛᴇʛʜᴇʣʜ ʰʫʛʘʤʘʥ ʪʵʛʰʠʪʛʵʣʠʡʥ ʩʠʩʪʝʤ ʘʰʠʛʣʘʥ ʭʘʤʛʠʡʥ ʦʣʦʥ ʮʵʛʠʡʛ 

ʜʘʡʨʘʥ ᴇʥʛᴇʨᴇʭ ʦʧʪʠʤʘʣ ʰʫʣʫʫʥʳʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʘʘʨ ʩʫʨʛʘʥ ʙʘʡʛʫʫʣʘʭʘʜ ʠʨʵʵʜװʡʜ 

 ʥ (ɿʫʨʘʛ 3.3.2) ʥʴ ʙʦʜʠʪ ʫʪʛʘʘʩװʨ ʜװ ʯʠʡʛ ʪʘʘʤʘʛʣʘʭʘʜ ʛʘʨʩʘʥװʡʣʜʚʵʨʣʵʭ ʵʨʯʠʤ ʭװ

ʭʦʣ ʟᴇʨװװʪʵʡ ʙʘʡʩʘʥ.  

 

ɿʫʨʘʛ 3.3.2 ʐʫʛʘʤʘʥ ʪʵʛʰʠʪʛʵʣʠʡʥ ʩʠʩʪʝʤ ʘʰʠʛʣʘʩʘʥ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʥ װʨ 

ʜװʥ 

ʀʡʥʭװװ ʮʫʛʣʫʫʣʞ ʘʚʩʘʥ ᴇʛᴇʛʜʣʠʡʛ ʍװʩʥʵʛʪ 3.3.1-ʪ װʟװװʣʵʚ. 
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ʍװʩʥʵʛʪ 3.3.1. ʉʫʨʛʘʭ ᴇʛᴇʛʜᴇʣ 

 

ɿʫʨʘʛ 3.3.1-ʜ װʟװװʣʩʵʥ ʦʥʦʦʩ ʭʘʤʘʘʨʩʘʥ ʵʨʯʠʤ ʭװʯʥʠʡ ʭʵʨʵʛʣʵʵʛ ʘʰʠʛʣʘʥ ʦʣʦʥ 

ʛʠʰװװʥʪ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ (Ὤ)-ʠʡʥ — ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʜʦʨʭʦʡʣʦʚ. ʊʦʦʮʦʦʣʣʳʛ 

ʄʘʪʣʘʙ ʧʨʦʛʨʘʤʤ ʜʵʵʨ ʛװʡʮʵʪʛʵʩʵʥ ʙʘ ʩʫʨʘʭ ʭʫʨʜ Ŭ=0.00000031 ʙʘʡʭʘʘʨ ʩʦʥʛʦʩʦʥ 

ʙʦʣʥʦ. ʄᴇʥ ʩʫʨʛʘʣʪʳʥ ʜʘʚʪʘʣʪʳʛ s=1:9000000 ʉʫʨʛʘʣʪʳʥ װʨ ʜװʥʜ ʜʘʨʘʘʭ 

ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʦʮʦʦʣʦʚ. 

—ȡ στςρȢς 

—ȡ ρτςȢω 

—ḧψȢςς 

ʕʥʜʵʵʩ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮ ʥʴ 

Ὤ ὼ στςρȢς ρτςȢωὼ ψȢςςὼ 

ʛʵʞ ʛʘʨʥʘ. ʊʦʦʮʦʦʣʩʦʥ ʰʫʛʘʤʘʥ ʭʘʤʘʘʨʣʳʥ װʨ ʜװʥʛ ɿʫʨʘʛ 3.3.3-ʜ ʥʦʛʦʦʥ ʰʫʣʫʫʥʘʘʨ 

ʜװʨʩʣʵʚ. 

 

ɿʫʨʘʛ 3.3.3 ʉʫʨʛʘʣʪʳʥ װʨ ʜװʥʛʵʵʩ װװʩʩʵʥ ʭʘʤʘʘʨʣʳʥ ʤʫʨʫʡ 

ʆʥ 

ʕʨʯʠʤ 

ʭװʯ [ʩʘʷ 

ʢɺʪ.ʮ] 

ʆʥ 

ʕʨʯʠʤ 

ʭװʯ [ʩʘʷ 

ʢɺʪ.ʮ] 

/x/ /y/ /x/ /y/

1989 3568 2005 3418.9

1990 3348 2006 3544.2

1991 3229 2007 3700.7

1992 2929 2008 4000.6

1993 2582 2009 4038.8

1994 2715 2010 4312.8

1995 2628 2011 4536.4

1996 2614 2012 4815.6

1997 2720 2013 5019.5

1998 2675 2014 5375.8

1999 2842 2015 5513.2

2000 2946 2016 5667.1

2001 3017 2017 6027.3

2002 3111.7 2018 6535.3

2003 3137.7 2019 6900.4

2004 3303.4
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ɼװʛʥʵʣʪ 

ʄʦʥʛʦʣ ʫʣʩʳʥ ʵʨʯʠʤ ʭװʯʥʠʡ װʡʣʜʚʵʨʣʵʣʠʡʥ ᴇʛᴇʛʜʣʠʡʛ ʭʷʥʘʣʪʪʘʡ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘʘʨ 

ʩʫʨʛʘʭ ʟʘʤʘʘʨ ʠʨʵʵʜװʡʥ ʭʵʨʵʛʣʵʵʛ ʪʘʘʤʘʛʣʘʭ ʪʫʨʰʠʣʪʳʛ ʘʤʞʠʣʪʪʘʡ ʷʚʫʫʣʘʚ. ʉʫʨʘʭ 

ʭʫʨʜ Ŭ-ʛ ʪʫʨʰʠʣʪʘʘʨ ʪʦʜʦʨʭʦʡʣʩʦʥ ʙᴇʛᴇᴇʜ Ŭ=0.00000031 ʙʘʡʭ ʥʴ ʦʥʦʚʯʪʦʡ ʙʘʡʥʘ.  

ʉʫʨʘʣʮʘʭ ʭʫʨʜʳʛ ‌-ʛ 0.00000031-ʵʵʩ   ʥʵʤʵʛʜװװʣʵʭ װʝʜ ʛʨʘʜʠʝʥʪ ʙʫʫʣʛʘʣʪ 0 ʨװװ 

ʜᴇʭᴇʭ װʝʜ ʘʣʭʤʳʥ ʭʵʤʞʵʵʥʵʵʩ ʭʘʤʘʘʨʘʥ װʩʵʨʯ ʘʣʜʘʘ ʥʴ ʙʫʮʘʞ ʠʭʩʵʞ ʙʘʡʥʘ. 

ʉʫʨʛʘʣʪʳʥ ʭʫʨʜ Ŭ=0.00000031, ʩʫʨʛʘʣʪʳʥ ʜʘʚʪʘʤʞ s=9000000 ʙʘʡʭʘʜ Ὤ ὼ 

ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʛ ʪʦʦʮʦʦʣʦʭ ʭʫʛʘʮʘʘ ʢʦʤʧʴʶʪʝʨʳʥ CPU-ʥʳ ʭʫʨʜʥʘʘʩ ʭʘʤʘʘʨʯ 

—ȟ—ȟ— ʧʘʨʘʤʝʪʨװװʜʠʡʛ ʪʦʦʮʦʦʣʦʭʦʜ ʦʡʨʦʣʮʦʦʛʦʦʨ 25-30  ʤʠʥʫʪ ʟʘʨʮʫʫʣʞ ʙʘʡʚ.  

ʕʭʥʠʡ ʪʫʨʰʠʣʪʘʘʨ ʰʫʣʫʫʥʳ ʬʫʥʢʮʠʡʛ ʘʰʠʛʣʘʩʘʥ ʪʫʣ ʘʥʭʥʳ ʤʫʨʫʡ ʙʦʣʦʥ ʰʫʣʫʫʥʳ 

ʙʘʡʨʰʣʳʥ ʟᴇʨװװʥʵʵʩ ʙʦʣʞ ʜʘʨʘʘ ʞʠʣʠʡʥ ʵʨʯʠʤ ʭװʯʥʠʡ ʭʵʨʵʛʣʵʵʥʠʡ ʫʪʛʘʜ ʵʩ ʭװʨʵʭ 

ʪʦʭʠʦʣʜʦʣ ʘʞʠʛʣʘʛʜʩʘʥ.  

 ʥʪʠʡʥ ʬʫʥʢʮ ʙʦʣʛʦʥװװʜʥʵʵʩ ʪʘʘʤʘʛʣʘʣʳʥ ʬʫʥʢʮʠʡʛ ʦʣʦʥ ʛʠʰװװ ʥʠʡʛ ʩʘʡʞʨʫʫʣʘʭװת

ʭʵʨʵʛʣʵʩʥʵʵʨ ʜʵʵʨʭ  ʘʣʜʘʘʛ ʙʫʫʨʫʫʣʞ ʯʘʜʣʘʘ.  

ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘ ʘʰʠʛʣʘʥ ʪʘʘʤʘʛʣʘʭʘʜ 2020 ʦʥʳ ʵʨʯʠʤ ʭװʯʥʠʡ 

 .ʡʣʜʚʵʨʣʵʣʠʡʥ ʭʵʤʞʵʵ 7200 ʩʘʷ ʢɺʪ.ʮ ʦʨʯʠʤ ʛʵʞ ʪʦʦʮʦʦʣʦʚװ

 

4. ʊᴇʩʣᴇᴇʨ ʛʘʨʩʘʥ װʨ ʜװʥʛװװʜ 

ʊᴇʩʣʠʡʥ װʨ ʜװʥʛʠʡʥ ʜʘʘʣʛʘʚʨʳʛ ʜʦʦʨʭ ʍװʩʥʵʛʪ 4.1-ʪ װʟװװʣʵʚ. 

ʍװʩʥʵʛʪ 4.1 ʊᴇʩʣʠʡʥ װʨ ʜװʥʛʠʡʥ ʜʘʘʣʛʘʚʘʨ 

ˉ ʊᴇʩʣᴇᴇʨ ʙʠʡ ʙʦʣʦʭ װʨ ʜװʥ 
ʊʦʦ 
ʭʵʤʞʵʵ 

 ʣʵʣʪװװʟװ ʥʛʠʡʥװʨ ʜת

1 
ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ 
ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʝʭʥʠʢ 
ʭʘʥʛʘʤʞʠʡʛ ʰʠʡʜʥʵ 

1 ʮʦʛʮ 
ʪʝʭʥʠʢ 

ʭʘʥʛʘʤʞʠʡʥ 
ʰʠʡʜʵʣ 

ʊʝʭʥʠʢʠʡʥ ʰʠʡʜʵʣ 

2 
ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ 
ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʧʨʦʛʨʘʤʤ 
ʭʘʥʛʘʤʞʠʡʛ ʙʦʣʦʚʩʨʫʫʣʥʘ. 

1 ʮʦʛʮ 
ʫʜʠʨʜʣʘʛʳʥ 
ʧʨʦʛʨʘʤʤ 

ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ 
ʩʫʫʨʠʣʩʘʥ ʜʨʦʥʳ 
ʧʨʦʛʨʘʤʤ ʭʘʥʛʘʤʞʠʡʥ 
ʰʠʡʜʵʣ 

3 
ʕʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ᴇʛװװʣʵʣ, 
ʠʣʪʛʵʣ 

2 
ɼʦʪʦʦʜ-1, ʛʘʜʘʘʜ-1 ʕʐ-
ʥʠʡ ᴇʛװװʣʵʣ ʭʵʚʣװװʣʵʭ 

4 
ɸʭʠʩʘʥ ʪᴇʚʰʠʥʜ ʦʨʦʭ 
ʭʠʯʵʵʣʠʡʥ ʭᴇʪᴇʣʙᴇʨ ʙʠʡ ʙʦʣʥʦ 

1 ʍʠʯʵʵʣʠʡʥ ʭᴇʪᴇʣʙᴇʨ 

5 ɿʦʭʠʦʛʯʠʡʥ ʵʨʭ 1 
ʍʷʥʘʣʪʳʥ ʧʨʦʛʨʘʤʤʘʘʨ 
ʟʦʭʠʦʛʯʠʡʥ ʵʨʭ ʘʚʘʭ 

 

 

 



62 
 

4.1 ɼʦʪʦʦʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʩʵʪʛװװʣʜ ʭʵʚʣװװʣʩʵʥ ᴇʛװװʣʵʣ 

ɹʠʜ ʜʦʪʦʦʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʩʵʪʛװװʣʜ ʥʠʡʪ 8 ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ ʙʦʣʥʦ. 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ, ʃ. װתʨʮʘʡʭ ñControl of Single Propeller Pendulum with 

Supervised Machine Learning Algorithmò Khureltogoot 2019 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ, ɻ. ʕʨʭʵʤʙʘʷʨ ñɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ 

ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘʘʨ ʰʠʡʜʵʭ ʥʴ"ò, ʐʋʊʀʉ, ʄʍʊʉ-ʠʡʥ 

ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʵʤʭʵʪʛʵʣʜ, 2020 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ ñɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ 

ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘʘʨ ʰʠʡʜʵʭ ʥʴ", ʄʄʊ2020 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ ñNeural Network-based Quadcopter Control", 

Khureltogoot 2021, ʭʫʫʜʘʩ 110 

× ʎ.ʊʵʥʛʠʩ,"ʅeʡʨʦʥ ʉװʣʞʵʵʥʜ ʉʫʫʨʠʣʩʘʥ ɼᴇʨʚᴇʥ ʉʵʥʩʪʠʡʥ ʋʜʠʨʜʣʘʛʘ", 

MMT2021 

× ɹʘʪ-ʕʨʜʵʥʵ, ʎ.ʊʵʥʛʠʩ ñɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʫʜʠʨʜʣʘʛʘʜ ʥʝʡʨʦʥ ʩװʣʞʵʵʥʠʡ 

ʟʘʛʚʘʨʫʫʜʳʛ ʭʘʨʴʮʫʫʣʘʥ ʪʫʨʰʠʭ ʥʴ" ʐʋʊʀʉ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ 

ʵʤʭʵʪʛʵʣʜ, 2021 

× ɹʘʪ-ʕʨʜʵʥʵ, ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ "ʅeʡʨʦʥ ʉװʣʞʵʵʥʜ ʉʫʫʨʠʣʩʘʥ ɼᴇʨʚᴇʥ 

ʉʵʥʩʪʠʡʥ ʋʜʠʨʜʣʘʛʘò ʄʘʪʝʤʘʪʠʢ, ʪʦʦʥ ʪʝʭʥʦʣʦʛʠʡʥ ʭʫʨʘʣʜ 2022 

× ɹʘʪ-ʕʨʜʵʥʵ, ʎ.ʊʵʥʛʠʩ, ʏ. ʃʦʜʦʡʨʘʚʩʘʣ ɸ.ɹʘʪʤᴇʥʭ ñQuadcopter Stabilization 

using Neural Network model from collected data of PID controllerò ICTFocus 

journal, 2022 
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ɿʫʨʘʛ 4.1.1 ʐʠʣʜʵʛ ᴇʛװװʣʵʣ ᴇʨʛᴇʤʞʣᴇʣ 

 

ɿʫʨʘʛ 4.1.2 ʍװʨʵʣʪʦʛʦʦʪ 2021 ʫʨʠʣʛʘ ʙʦʣʦʥ ʭᴇʪᴇʣʙᴇʨ 
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ɿʫʨʘʛ 4.1.3 ʍװʨʵʣʪʦʛʦʦʪ 2021 ᴇʛװװʣʣʠʡʥ ʭʵʚʣʵʣ 

 

 

ɿʫʨʘʛ 4.1.4 ʐʋʊʀʉ, ʄʍʊʉ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʣʳʥ ʙʘʪʣʘʤʞ 
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ɿʫʨʘʛ 4.1.5 ʐʋʊʀʉ, ʄʍʊʉ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʣʳʥ ʭᴇʪᴇʣʙᴇʨ 

 

 

ɿʫʨʘʛ 4.1.6 ʄʊʊ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʣʳʥ ʫʨʠʣʛʘ 
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ɿʫʨʘʛ 4.1.7 ʄʊʊ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʣʳʥ ʭᴇʪᴇʣʙᴇʨ 

 

 

ɿʫʨʘʛ 4.1.8 ICTFocus ʩʵʪʛװװʣʜ ʭʵʚʣװװʣʩʵʥ ʙʘʪʣʘʤʞ 
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4.1.1 ʊᴇʩʣᴇᴇʩ װװʩʩʵʥ ʙʫʩʘʜ ʩʫʜʘʣʛʘʘʥʳ ᴇʛװװʣʣװװʜ 

 

ɿʫʨʘʛ 4.1.9 ʄʊʊ ʕʐʍ ʵʤʭʵʪʛʵʣʜ ʭʵʚʣװװʣʩʵʥ ʙʘʪʣʘʤʞ 

 

 

ɿʫʨʘʛ 4.1.10 ʄʊʊ ʕʐ ʭʫʨʣʳʥ ʭᴇʪᴇʣʙᴇʨ 
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ɿʫʨʘʛ 4.1.11 ʎʘʭʠʤ ʪʝʭʥʦʣʦʛʠ ʕʐ ʭʫʨʣʳʥ ʙʘʪʣʘʤʞ 

 

4.2 ɻʘʜʘʘʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʩʵʪʛװװʣʜ ʭʵʚʣװװʣʩʵʥ ᴇʛװװʣʵʣ 

ɹʠʜ ʛʘʜʘʘʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʩʵʪʛװװʣʜ ʥʠʡʪ 5 ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ ʙʦʣʥʦ. 

× Tengis Ts, Uurtsaikh L, Batmunkh A, "Machine learning for stabilizing quadrotorôs 

single-axis using classifier decision boundary", IFOST 2019 

× Tengis Ts, Uurtsaikh L, Batmunkh A ñ Control of seesaw balancing using decision 

boundary based on classification method ò International Journal of Internet, 

Broadcasting and Communication Vol 11,  Nnumber 2, page 11 

× Ts.Tengis, L. Uurtsaikh, A. Batminkh, "Balancing a seesaw with reinforcement 

learning", International Journal of Advanced Culture Technology Vol.8 No.4 51-57 

(2020) 

× Staroletov S, Tengis Ts,  ñModel-Driven Development Methods and Formal 

Verification Algorithms for Cyber-Physical Systems as Applied to System Software 

of Unmanned Aerial Vehicles",  ʉʝʪʝʚʦʝ ʠʟʜʘʥʠʝ ʉʦʚʝʪʘ ʨʝʢʪʦʨʦʚ ʚʫʟʦʚ 

ɹʦʣʴʰʦʛʦ ɸʣʪʘʷʘ, 2020 

× Ts.Tengis, ñQuadrotor stabilization in hovering mode based on the stereo vision", 

International Conference on Electrical, Computer and Energy Technologies 

Journal, 2021 
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ɿʫʨʘʛ 4.2.1 IFOST 2019 ʦʣʦʥ ʫʣʩʳʥ ʕʐ ʭʫʨʣʳʥ ʭʵʚʣʵʣ 

 

 

ɿʫʨʘʛ 4.2.2 IFOST 2019 ʦʣʦʥ ʫʣʩʳʥ ʕʐ ʭʫʨʣʳʥ ʙʘʪʣʘʤʞ 
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ɿʫʨʘʛ 4.2.3 IJIBC 2019 ʦʣʦʥ ʫʣʩʳʥ ʩʵʪʛװװʣʜ ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ 

 

 

ɿʫʨʘʛ 4.2.4 IPACT 2020 ʦʣʦʥ ʫʣʩʳʥ ʩʵʪʛװװʣʜ ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ 
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ɿʫʨʘʛ 4.2.5 ñɹʦʣʴʰʦʡ ɸʣʪʘʡ ò ʦʣʦʥ ʫʣʩʳʥ ʩʵʪʛװװʣʜ ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ 

 

 

ɿʫʨʘʛ 4.2.6 ICEICET, IEEE ʦʣʦʥ ʫʣʩʳʥ ʩʵʪʛװװʣʜ ᴇʛװװʣʵʣ ʭʵʚʣװװʣʩʵʥ 
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ɿʫʨʘʛ 4.2.7 ICEICET, IEEE ʦʣʦʥ ʫʣʩʳʥ ʩʵʪʛװװʣ, ʪᴇʣʙᴇʨʠʡʥ ʙʘʨʠʤʪ 

 

4.3 ɼʦʪʦʦʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ ʠʣʪʛʵʣ 

ɼʦʪʦʦʜʳʥ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʜʩʘʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ ʥʠʡʪ 7 ʫʜʘʘ ʠʣʪʛʵʣ 

ʪʘʚʴʞ ʦʣʦʥ ʥʠʡʪʵʜ ʪʘʥʠʣʮʫʫʣʩʘʥ. 

× ʐʋʊʀʉ, ʄʍʊʉ-ʠʡʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ ñɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ ʪʵʥʮʚʵʨʞʠʣʪʠʡʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʳʥ 

ʙʘʪʘʪʛʘʥ ʩʫʨʘʭ ʘʨʛʘʘʨ ʰʠʡʜʵʭ ʥʴ", ʄʄʊ2020 

× ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ ñNeural Network based Quadcopter Control", Khureltogoot 

2021 

× ʎ.ʊʵʥʛʠʩ,"ʅeʡʨʦʥ ʉװʣʞʵʵʥʜ ʉʫʫʨʠʣʩʘʥ ɼᴇʨʚᴇʥ ʉʵʥʩʪʠʡʥ ʋʜʠʨʜʣʘʛʘ", 

MMT2021 

× ɹʘʪ-ʕʨʜʵʥʵ, ʎ.ʊʵʥʛʠʩ, ɸ.ɹʘʪʤᴇʥʭ "ʅeʡʨʦʥ ʉװʣʞʵʵʥʜ ʉʫʫʨʠʣʩʘʥ ɼᴇʨʚᴇʥ 

ʉʵʥʩʪʠʡʥ ʋʜʠʨʜʣʘʛʘò ʄʘʪʝʤʘʪʠʢ, ʪʦʦʥ ʪʝʭʥʦʣʦʛʠʡʥ ʭʫʨʘʣʜ 2022 

× ɸʭʠʩʘʥ ʪװʚʰʥʠʡ ʩʫʜʘʣʛʘʘʥʳ װʨ ʜװʥ - 2022ò ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣ, 

ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʜʨʦʥʳ ʭᴇʛʞװװʣʵʣʪ, ʜʦʢʪʦʨ (PhD) ʎ.ʊʵʥʛʠʩ, 

ʐʠʥʞʣʵʭ ʫʭʘʘʥ ʪʝʭʥʦʣʦʛʠʡʥ ʠʭ ʩʫʨʛʫʫʣʴ 

× ñʉʘʥʩʘʨ ʩʫʜʣʘʣʳʥ ʰʠʥʵ װʝò ɸʛʘʘʨ ʩʘʥʩʨʳʥ ʊʝʭʥʦʣʦʛʠʡʥ ʕʐʍ ï ñʍʠʡʤʵʣ ʦʶʫʥ 

ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʜʨʦʥʳ ʭᴇʛʞװװʣʵʣʪò 2022 
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ɿʫʨʘʛ 4.3.1 ʐʋʊʀʉ, ʄʍʊʉ-ʠʡʥ ʕʐ ʭʫʨʣʳʥ ʭᴇʪᴇʣʙᴇʨ 

 

4.4 ɻʘʜʘʘʜʳʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ ʠʣʪʛʵʣ 

ɻʘʜʘʘʜʘʜ ʟʦʭʠʦʥ ʙʘʡʛʫʫʣʘʛʜʩʘʥ ʵʨʜʵʤ ʰʠʥʞʠʣʛʵʵʥʠʡ ʭʫʨʘʣʜ ʥʠʡʪ 3 ʫʜʘʘ ʠʣʪʛʵʣ 

ʪʘʚʴʞ ʦʣʦʥ ʥʠʡʪʵʜ ʪʘʥʠʣʮʫʫʣʩʘʥ. 

× IFOST ʦʣʦʥ ʫʣʩʳʥ ʭʫʨʘʣʜ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ 

× ICECET ʦʣʦʥ ʫʣʩʳʥ ʭʫʨʘʣʜ ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ IEEE 

× ERASMUS + SMARTCITY project ʠʣʪʛʵʣ ʪʘʚʴʩʘʥ 

 

ɿʫʨʘʛ 4.4.1 IFOST 2019 ʦʣʦʥ ʫʣʩʳʥ ʕʐ ʭʫʨʘʣʜ ʠʣʪʛʵʣ 
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ɿʫʨʘʛ 4.4.2 ICECET 2021 ʦʣʦʥ ʫʣʩʳʥ ʕʐ ʭʫʨʘʣʜ ʠʣʪʛʵʣ 

 

 

ɿʫʨʘʛ 4.4.3 Erasmus + SMARTCITY 2021 ʦʣʦʥ ʫʣʩʳʥ ʕʐ ʭʫʨʘʣʜ ʠʣʪʛʵʣ 
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4.5 ɹʠʝʪ ʙװʪʵʵʣװװʜ 

ʕʥʵʭװװ ʩʫʜʘʣʛʘʘʥʳ ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ʙʠʜ 1 ʩʵʥʩʪ, ʭʦʸʨ ʩʵʥʩʪ ʙʦʣʦʥ ʜᴇʨʚᴇʥ ʩʵʥʩʪʠʡʥ 

ʦʣʦʥ ʙʠʝʪ ʟʘʛʚʘʨʳʛ ʟʦʭʠʦʥ ʙװʪʵʵʞ ʙʦʜʠʪ ʪʫʨʰʠʣʪʫʫʜʳʛ ʭʠʡʞ ʙװʪʵʵʩʵʥ ʙʦʣʥʦ. 

ɼᴇʨʚᴇʥ ʩʵʥʩʪ ʜʨʦʥʳ ʭʫʚʴʜ ʙʠʜ 3 ʪᴇʨʣʠʡʛ ʟʦʭʠʦʥ ʙװʪʵʵʞ ʪʫʨʰʠʣʪʘʜ ʭʵʨʵʛʣʵʩʵʥ. 

 

ɿʫʨʘʛ 4.5.1 ʅʵʛ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʪʫʨʰʠʣʪʳʥ ʟʘʛʚʘʨ 

 

 

ɿʫʨʘʛ 4.5.2 ʍʦʸʨ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʪʫʨʰʠʣʪʳʥ ʟʘʛʚʘʨ 1 

 

 

ɿʫʨʘʛ 4.5.3 ʍʦʸʨ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʪʫʨʰʠʣʪʳʥ ʟʘʛʚʘʨ 2 
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ɿʫʨʘʛ 4.5.4 ɼᴇʨʚᴇʥ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʪʫʨʰʠʣʪʳʥ ʟʘʛʚʘʨ 1 

 

 

ɿʫʨʘʛ 4.5.5 ɼᴇʨʚᴇʥ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞ ʙʘ ʩʪʝʨʝʦ ʢʘʤʝʨ 

 

 

ɿʫʨʘʛ 4.5.6 ɼᴇʨʚᴇʥ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞ ʥʝʡʨʦʥ ʩװʣʞʵʵʪʵʡ ʫʜʠʨʜʣʘʛʘ 
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ɿʫʨʘʛ 4.5.7 ʅʵʛ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞ  

 

 

ɿʫʨʘʛ 4.5.8 ɼᴇʨʚᴇʥ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞ ʪʫʨʰʠʣʪ 

 

 

ɿʫʨʘʛ 4.5.9 ɼᴇʨʚᴇʥ ʩʵʥʩʪ ʪᴇʭᴇᴇʨᴇʤʞװװʜ 
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ɿʫʨʘʛ 4.5.10 ʊᴇʩʣᴇᴇʩ װװʩʩʵʥ ʙʫʩʘʜ ʪᴇʭᴇᴇʨᴇʤʞ ñʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ 

ʮʘʛʘʘʥ ʟʫʨʘʘʩ ʜʘʛʘʜʘʛ ʨʦʙʦʪò 

 

ɿʫʨʘʛ 4.5.11 ʊᴇʩʣᴇᴇʩ װװʩʩʵʥ ʙʫʩʘʜ ʪᴇʭᴇᴇʨᴇʤʞ ñʍᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʭװʥʜ 

ʟʦʨʠʫʣʩʘʥ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʪʵʨʛʵʥʮʵʨò 
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4.6 ɿʦʭʠʦʛʯʠʡʥ ʵʨʭ 

 

ɿʫʨʘʛ 4.6.1 ʍʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʜ ʩʫʫʨʠʣʩʘʥ ʜʨʦʥʳ ʭᴇʛʞװװʣʵʣʪ ʟʦʭʠʦʛʯʠʡʥ 

ʵʨʭʠʡʥ ʛʵʨʯʠʣʛʵʵ 

 

4.7 ɹʦʣʦʚʩʨʦʣʳʥ ʭᴇʪᴇʣʙᴇʨ  

ʕʥʵʭװװ ʪᴇʩʣʠʡʥ ʭװʨʵʵʥʜ ᴇᴇʨʠʡʥ ʩʫʨʩʘʥ ʤʵʜʩʵʥ ʟװʡʣʠʡʛ ʐʋʊʀʉ, ʄʍʊʉ-ʠʡʥ ñʈʦʙʦʪ 

ʙʘ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥò ʙʘʢʘʣʘʚʨʳʥ ʩʫʨʛʘʣʪʳʥ ʭᴇʪᴇʣʙᴇʨ ʙʦʣʦʚʩʨʫʫʣʘʭʘʜ 

ʘʰʠʛʣʘʩʘʥ. ʄᴇʥ ʫʛ ʭᴇʪᴇʣʙᴇʨ ʜʦʪʦʨʭ 3 ʭʠʯʵʵʣʠʡʥ ʭᴇʪᴇʣʙᴇʨʠʡʛ ʙʦʣʦʚʩʨʫʫʣʩʘʥ ʙʦʣʥʦ. 
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ɿʫʨʘʛ 4.7.1 ʍᴇʪᴇʣʙᴇʨʠʡʥ ʭʦʨʦʦ 

 

4.8 ʕʰʣʵʣ 

 

ɿʫʨʘʛ 4.8.1 Google scholar ʜʵʵʨʭ ʵʰʣʵʣʠʡʥ ʪʦʦ 
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4.9 ɹʘʢʘʣʘʚʨ, ʤʘʛʠʩʪʨʳʥ ʩʫʨʛʘʣʪ  

ɹʘʢʘʣʘʚʨʳʥ ʩʫʨʛʘʣʪʳʥ 9 ʦʶʫʪʥʳʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʘʘʨ ʫʜʠʨʜʘʥ ʪᴇʛʩʛᴇʩᴇʥ. 

 ̄ ʂʦʜ ʅʵʨ  ɼʠʧʣʦʤʳʥ ʩʵʜʵʚ 

1 B161070034 ɻ.ʕʨʭʵʤʙʘʷʨ 
ʄʘʰʠʥ ʩʫʨʛʘʣʪʳʥ ʘʨʛʘʘʨ ʭʦʸʨ ʩʵʥʩʪ ʜװװʞʠʥʛ 
ʪʵʥʮʚʵʨʞװװʣʵʭ ʩʫʜʘʣʛʘʘ 

2 B171070021 ɻ.ʆʪʛʦʥʙʘʷʨ 
ʅʝʡʨʦʥ ʩװʣʞʵʵ ʘʰʠʛʣʘʩʘʥ ʛʘʨʳʥ ʜʦʭʠʦʥʜ 
ʩʫʫʨʠʣʩʘʥ ʨʦʙʦʪʳʥ ʫʜʠʨʜʣʘʛʳʥ ʭᴇʛʞװװʣʵʣʪ 

3 B171070026 ɻ.ʆʁ ʫʥʯʫʣʫʫʥ 
ɹʫʣʯʠʥʛʠʡʥ ʤʵʜʨװװʨ ʘʰʠʛʣʘʥ ʨʦʙʦʪ ʛʘʨʳʛ 
ʫʜʠʨʜʘʭ ʥʴ 

4 B171070032 ʄ.ᴆʩᴇʭʙʘʷʨ 
ɼᴇʨʚᴇʥ ʩʵʥʩʪʠʡʛ ʥʝʡʨʦʥ ʩװʣʞʵʵ ʘʰʠʛʣʘʥ 
ʪʵʥʮʚʵʨʞװװʣʞ ʩʫʨʛʘʭ ʥʴ  

5 B18107058 ɼ.ɹʫʷʥʙʘʪ 
ɹʘʪʘʪʛʘʥ ʩʫʨʛʘʭ ʘʨʛʳʛ ʘʰʠʛʣʘʥ ʤᴇʣʭᴇʞ ʩʫʨʜʘʛ 
ʨʦʙʦʪʳʥ ʭᴇʛʞװװʣʵʣʪ 

6 B151070002 ɹ.ɻʘʥʙʠʣʵʛ 
Touch screen ʜʵʵʨ ʛʘʨʘʘʨ ʙʠʯʩʵʥ ʮʠʬʨʠʡʛ 
ʪʘʥʴʜʘʛ ʪᴇʭᴇᴇʨᴇʤʞʠʡʥ ʩʫʜʘʣʛʘʘ 

7 B171070037 ɸ.ʆʪʛʦʥʙʘʷʨ ʄʘʰʠʥ ʩʫʨʛʘʣʪʘʜ ʩʫʫʨʠʣʩʘʥ ʟʫʨʘʘʩ ʜʘʛʘʛʯ ʤʘʰʠʥ 

 

ʄʘʛʠʩʪʨʳʥ ʩʫʨʛʘʣʪʳʥ 1 ʦʶʫʪʥʳʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪʘʘʨ ʫʜʠʨʜʘʥ ʪᴇʛʩʛᴇʩᴇʥ. 

ˉ ʂʦʜ ʅʵʨ  ɼʠʧʣʦʤʳʥ ʩʵʜʵʚ 

1 J.EE19E002 ʊ.ɹʘʘʪʘʨʭװװ 
ʍᴇʛʞʣʠʡʥ ʙʵʨʭʰʵʵʣʪʵʡ ʭװʥʠʡ ʪʵʨʛʵʥʮʨʠʡʥ 

ʭᴇʛʞװװʣʵʣʪ 

 

ɼʦʢʪʦʨʳʥ ʩʫʨʛʘʣʪʳʥ 3 ʦʶʫʪʥʳʛ ʤʘʰʠʥ ʩʫʨʛʘʣʪ ʙʦʣʦʥ ʭʠʡʤʵʣ ʦʶʫʥ ʫʭʘʘʥʳ 

ʯʠʛʣʵʣʵʵʨ ʫʜʠʨʜʘʞ ʙʘʡʥʘ. 

 

4.10 ʆʣʦʥ ʥʠʡʪʵʜ ʪʘʥʠʫʣʘʥ ʩʫʨʪʘʣʯʠʣʩʘʥ ʘʞʠʣ 

ɹʠʜ ᴇᴇʨʩʜʠʡʥ ʙװʪʵʵʣʵʵ ʦʣʦʥ ʥʠʡʪʵʜ ʪʘʥʠʣʮʫʫʣʩʘʥ. ʕʥʜ װʥʜʵʩʥʠʡ ʪʝʣʝʚʠʟʵʜ 

ʷʨʠʣʮʣʘʛʘ ᴇʛʩᴇʥ. ʄʵʜʵʵʥʠʡ ʦʣʦʥ ʚʝʙ ʩʘʡʪʘʜ ʷʨʠʣʮʣʘʛʘ ᴇʛʯ װʨ ʜװʥʛװװʜʵʵ 

ʪʘʥʠʣʮʫʫʣʩʘʥ. ʐʠʥʞʣʵʭ ʫʭʘʘʥʳ ʙʦʣʦʥ ʤʵʜʵʵʣʣʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ װʟʵʩʛʵʣʵʥʜ 

ʦʨʦʣʮʦʞ ʙװʪʵʵʣװװʜʵʵ ʪʘʥʠʣʮʫʫʣʩʘʥ ʙʦʣʥʦ. 

 

ɿʫʨʘʛ 4.10.1 תʥʜʵʩʥʠʡ ʪʝʣʝʚʠʟ 
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ɿʫʨʘʛ 4.10.2 ʄʵʜʵʵʥʠʡ ʚʝʙ ʩʘʡʪ 

 

 

ɿʫʨʘʛ 4.10.3 ʕʨʜʵʤʪʜʠʡʥ ʭʫʨʘʣ ʜʵʵʨ 

 

 

ɿʫʨʘʛ 4.10.4 ʄʵʜʵʵʣʣʠʡʥ ʪʝʭʥʦʣʦʛʠʡʥ װʟʵʩʛʵʣʵʥ 


