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ʈɽʌɽʈɸʊ 

ʆʙʩʷʛ ʨʦʙʦʪʠ: 57 ʩʪʦʨiʥʦʢ, 44 ʨʠʩʫʥʢʠ, 4 ʪʘʙʣʠʮʽ, 7 ʜʞʝʨʝʣ ʧʦʩʠʣʘʥʴ, 3 

ʜʦʜʘʪʢʠ.  

ʊʈɽʅʋɺɸʅʅʗ ʄʆɼɽʃɽʁ ɼɽʊɽʂʎɯɰ, ʐʋʄ ɺ ʅɸɺʏɸʃʔʅɯʁ ɺʀɹɯʈʎɯ, 

ɺʇʃʀɺ ʐʋʄʋ ʅɸ ʊʈɽʅʋɺɸʅʅʗ ʄʆɼɽʃɯ, ʄʆɼɽʃʔ YOLOV5.  

ʆʙôʻʢʪʦʤ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʱʦ 

ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ ʟ ʚʤʽʩʪʦʤ ʰʫʤʫ. ʇʨʝʜʤʝʪʦʤ ʮʽʻʾ ʨʦʙʦʪʠ ʻ 

ʚʧʣʠʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʰʫʤʽʚ ʥʘ ʷʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʣʶ ʜʝʪʝʢʮʽʾ.  

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʜʦ ʰʫʤʫ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʧʦʤʠʣʦʢ, ʱʦ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ.  

ʄʝʪʦʜʠ ʨʦʟʨʦʙʢʠ: ʅʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʘʨʭʽʪʝʢʪʫʨʠ YOLOv5 ʥʘ 

ʪʨʝʥʫʚʘʣʴʥʠʭ ʚʠʙʦʨʢʘʭ, ʚ ʷʢʠʭ ʥʘʷʚʥʠʡ ʰʫʤ, ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʚʧʣʠʚʫ ʰʫʤʫ 

ʨʽʟʥʠʭ ʪʠʧʽʚ ʥʘ ʷʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥ ʦʙôʻʢʪʽʚ, ʜʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʤʝʪʦʜʽʚ 

ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ ʪʘ TTA ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʦʜʝʣʽ ʜʦ ʰʫʤʫ ʚ 

ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʥʘ ʤʦʚʽ Python.  

ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ: ɺʠʟʥʘʯʝʥʦ ʪʠʧʠ ʰʫʤʫ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʧʨʦʮʝʩʽ ʨʦʟʤʽʪʢʠ 

ʜʘʥʠʭ. ʅʘʚʝʜʝʥʦ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʤʝʪʨʠʢ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʧʽʜ ʚʧʣʠʚʦʤ ʰʫʤʫ 

ʨʽʟʥʠʭ ʪʠʧʽʚ. ʇʦʢʘʟʘʥʦ ʧʦʢʨʘʱʝʥʥʷ ʮʠʭ ʤʝʪʨʠʢ ʧʽʩʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ 

TTA ʪʘ ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ.  
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ɺʉʊʋʇ 

  

ɻʘʣʫʟʴ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ ʰʚʠʜʢʦ ʨʦʟʚʠʚʘʪ̒ʴʩʷ ʫ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽ, ʚʝʣʠʢʘ 

ʢʽʣʴʢʽʩʪʴ ʩʧʝʮʽʘʣʽʩʪʽʚ ʟʘʡʤʘʶʪʴʩʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʘʣʛʦʨʠʪʤʽʚ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ, 

ʱʦʙʠ ʜʦʩʷʛʥʫʪʠ ʪʦʯʥʦʩʪʽ, ʥʘʙʣʠʞʝʥʦʾ ʜʦ ʟʜʘʪʥʦʩʪʝʡ ʣʶʜʩʴʢʦʛʦ ʟʦʨʫ. ʇʨʦʪʝ 

ʢʦʤʧʣʝʢʩʥʽʩʪʴ ʤʝʪʦʜʽʚ ʛʣʠʙʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʩʧʨʠʯʠʥʷ ̒ʯʫʪʣʠʚʽʩʪʴ ʮʠʭ ʩʠʩʪʝʤ 

ʜʦ ʰʫʤʫ ʚ ʥʘʚʯʘʣʴʥʠʭ ʚʠʙʦʨʢʘʭ ʜʘʥʠʭ. ʇʨʦʮʝʩ ʨʦʟʤʽʪʢʠ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ ʜʘʥʠʭ 

ʜʣʷ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʻ ʜʫʞʝ ʢʨʦʧʽʪʢʠʤ ʪʘ ʧʦʪʨʝʙʫʻ ʟʘʜʽʷʥʥʷ ʟʥʘʯʥʠʭ 

ʨʝʩʫʨʩʽʚ: ʟʦʢʨʝʤʘ, ʚʠʢʦʥʘʥʥʷ ʨʦʙʦʪʠ ʥʘʪʨʝʥʦʚʘʥʠʤʠ ʩʧʝʮʽʘʣʽʩʪʘʤʠ ʪʘ ʦʧʣʘʪʠ 

ʾʭʥʴʦʾ ʧʨʘʮʽ. ɺʠʨʽʰʝʥʥʷʤ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʪʘʣʠ ʘʣʛʦʨʠʪʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ 

ʨʦʟʤʽʪʢʠ. ʆʜʥʘʢ ʫ ʾʭʥʴʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʣʽʜ ʟʚʘʞʘʪʠ ʥʘ ʦʜʥʝ ʩʫʪʪʻʚʝ 

ʟʘʩʪʝʨʝʞʝʥʥʷ: ʩʘʤ ʬʫʥʢʮʽʦʥʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ ʮʠʭ ʘʣʛʦʨʠʪʤʽʚ ʩʧʨʠʯʠʥʷ ̒ʰʫʤ ʚ 

ʜʘʥʠʭ ʪʘ ʫ ʢʽʥʮʝʚʦʤʫ ʧʽʜʩʫʤʢʫ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘ ̒ʥʘ ʪʦʯʥʽʩʪʴ ʤʦʜʝʣʽ.  

ʇʨʦʮʝʩ ʘʥʘʣʽʟʫ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʫʻ ʪʨʝʥʫʚʘʥʥʶ ʤʦʜʝʣʽ ʷʢ ʪʘʢʦʤʫ, ʻ 

ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʨʝʘʣʽʟʘʮʽʾ ʙʫʜʴ-ʷʢʦʾ ʤʦʜʝʣʽ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʨʦʮʝʩ 

ʧʝʨʝʚʽʨʢʠ ʪʘ ʦʯʠʱʝʥʥʷ ʥʘʚʯʘʣʴʥʠʭ ʚʠʙʽʨʦʢ ʜʣʷ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ 

ʪʽʣʴʢʠ ʜʣʷ ʬʦʨʤʘʪʫ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ 

ʦʙôʻʢʪʽʚ, ʧʨʦʪʝ ʥʝ ʟʚʘʞʘʻ ʥʘ ʢʦʨʝʢʪʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʮʠʭ ʨʘʤʦʢ ʪʘ ʢʣʘʩʽʚ 

ʦʙôʻʢʪʽʚ. ʅʘ ʮʴʦʤʫ ʝʪʘʧʽ ʥʝ ʽʩʥʫʻ ʩʧʦʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʾ ʧʝʨʝʚʽʨʢʠ ʷʢʦʩʪʽ 

ʨʦʟʤʽʪʢʠ ʟʦʙʨʘʞʝʥʴ ʜʣʷ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ, ʘ ʨʫʯʥʘ ʧʝʨʝʚʽʨʢʘ ʚʝʣʠʢʠʭ ʦʙôʻʤʽʚ 

ʜʘʥʠʭ  ̒ʥʝʧʨʦʜʫʢʪʠʚʥʦʶ ʟ ʦʛʣʷʜʫ ʥʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʪʨʘʪ ʣʶʜʩʴʢʦʛʦ ʨʝʩʫʨʩʫ 

ʜʦ ʧʦʪʝʥʮʽʡʥʦ ʦʯʽʢʫʚʘʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʇʠʪʘʥʥʷ ʚʧʣʠʚʫ ʰʫʤʫ ʫ ʥʘʚʯʘʣʴʥʽʡ 

ʚʠʙʽʨʮʽ ʜʦʩʣʽʜʞʫʚʘʣʦʩ ̫ʣʠʰʝ ʚ ʘʩʧʝʢʪʽ ʷʢʦʩʪʽ ʩʘʤʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʷʢʦʤʫ 

ʥʝʦʙʭʽʜʥʦ ʨʦʟʧʽʟʥʘʪʠ ʧʝʚʥʽ ʦʙôʻʢʪʠ. ʊʦʤʫ ʚʠʥʠʢʘʻ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʘ ʧʨʦʙʣʝʤʘ 

ʧʨʠʨʦʜʠ ʪʘ ʩʪʫʧʝʥʶ ʚʧʣʠʚʫ ʰʫʤʫ ʫ ʨʦʟʤʽʪʮʽ ʦʙôʻʢʪʽʚ ʥʘ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ.  

ʆʙôʻʢʪʦʤ ʨʦʙʦʪʠ ʻ ʤʦʜʝʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ, ʱʦ 

ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ ʟ ʚʤʽʩʪʦʤ ʰʫʤʫ. ʇʨʝʜʤʝʪʦʤ ʮʽʻʾ ʨʦʙʦʪʠ ʻ 

ʚʧʣʠʚ ʨʽʟʥʠʭ ʪʠʧʽʚ ʰʫʤʽʚ ʥʘ ʷʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʣʶ ʜʝʪʝʢʮʽʾ.  

ɿʘ ʤʝʪʫ ʮʽʻʾ ʨʦʙʦʪʠ ʙʫʣʦ ʧʦʩʪʘʚʣʝʥʦ ʨʝʘʣʽʟʘʮʽʶ ʘʣʛʦʨʠʪʤʫ ʤʝʪʦʜʫ 

ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʜʦ ʰʫʤʫ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ 
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ʪʘ ʧʦʨʽʚʥʷʥʥʷ ʡʦʛʦ ʝʬʝʢʪʠʚʥʦʩʪʽ ʥʘ ʨʽʟʥʠʭ ʪʠʧʘʭ ʧʦʤʠʣʦʢ, ʱʦ ʤʦʞʫʪʴ 

ʚʠʥʠʢʘʪʠ.  

ʄʝʪʘ ʨʦʙʦʪʠ ʟʫʤʦʚʠʣʘ ʥʘʩʪʫʧʥʝ ʥʘʫʢʦʚʝ ʟʘʚʜʘʥʥʷ:  

1. ɼʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʰʫʤʫ ʚ ʜʘʥʠʭ ʥʘ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʥʘʪʨʝʥʦʚʘʥʦʾ ʤʦʜʝʣ ̔

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ.  

2. ɿʨʦʙʠʪʠ ʦʛʣʷʜ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ 

ʦʙôʻʢʪʽʚ. 

3. ɿʘʩʪʦʩʫʚʘʪʠ ʨʦʟʛʣʷʥʫʪʽ ʤʝʪʦʜʠ ʜʦ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʟʘ ʫʤʦʚʠ 

ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ ʫ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ. 

4. ɺʠʢʦʥʘʪʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ 

ʢʦʞʥʦʛʦ ʚʠʜʫ ʰʫʤʫ.    
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ʈʆɿɼɯʃ 1. 
 

1.1 ɿʘʜʘʯʘ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. 
 

ɿʘʜʘʯʘ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ï ʮʝ ʟʘʜʘʯʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʤʝʪʘ ʷʢʦʾ 

ʚʠʷʚʠʪʠ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʟ ʤʥʦʞʠʥʠ ʟʘʜʘʥʠʭ ʢʣʘʩʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥ̔  ʘʙʦ ʚʽʜʝʦ, ʚʠʟʥʘʯʝʥʥʷ ʢʦʨʜʦʥʽʚ ʮʴʦʛʦ ʦʙôʻʢʪʫ ʫ ʩʠʩʪʝʤʽ ʢʦʦʨʜʠʥʘʪ 

ʧʽʢʩʝʣʽʚ ʚʠʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʚʽʜʝʦ. ʂʦʨʜʦʥʠ ʦʙôʻʢʪʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʢʣʶʯʦʚʠʤʠ ʪʦʯʢʘʤʠ ʘʙʦ ʡʦʛʦ 

ʢʦʥʪʫʨʘʤʠ. ɺ ʮʽʡ ʨʦʙʦʪʽ ʤʠ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʘʣʛʦʨʠʪʤʠ, ʜʣʷ ʷʢʠʭ ʦʙôʻʢʪ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ (ʨʘʤʢʠ) ʪʘ ʟʥʘʭʦʜʠʪʴʩʷ 

ʥʘ ʟʦʙʨʘʞʝʥʥʽ.  

ʄʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʘʜʘʯʫ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʦʨʜʠʥʘʪ 

ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʦʙôʻʢʪʫ ʪʘ ʡʦʛʦ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟ ʤʥʦʞʠʥʠ ʟʘʜʘʥʠʭ 

ʢʣʘʩʽʚ. ʂʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ, ʷʢʽ ʟʦʙʨʘʞʝʥʽ ʥʘ ʬʦʪʦ ʟʘʚʯʘʩʥʦ ʥʝʚʽʜʦʤʘ. ʉʠʩʪʝʤʠ 

ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʢʦʥʩʪʨʫʶʻ ʤʦʜʝʣʴ ʜʣʷ ʢʣʘʩʫ ʦʙôʻʢʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʦʨʢʠ. ʆʙôʻʤ ʥʘʚʯʘʣʴʥʦʾ ʚʠʙʽʨʢʠ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʘʨʽʘʮʽʡ 

ʧʦʟʠʮʽʶʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʟ ʤʥʦʞʠʥʠ ʢʣʘʩʽʚ. ʊʦʙʪʦ, ʫ ʚʠʧʘʜʢʫ ʬʽʢʩʦʚʘʥʦʛʦ 

ʩʪʘʙʽʣʴʥʦʛʦ ʦʙôʻʢʪʫ ʟʥʘʜʦʙʠʪʴʩʷ ʤʘʣʘ ʢʽʣʴʢʽʩʪʴ ʬʦʪʦ ʚ ʜʘʪʘʩʝʪʽ, ʥʘ ʷʢʠʭ 

ʟʦʙʨʘʞʝʥʠʡ ʮʝʡ ʦʙôʻʢʪ, ʘʣʝ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ 

ʥʝʦʙʭʽʜʥʘ ʚʝʣʠʢʘ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ, ʱʦʙ ʦʭʦʧʠʪʠ ʧʝʚʥʽ ʘʩʧʝʢʪʠ ʤʽʥʣʠʚʦʩʪʽ 

ʢʣʘʩʫ. ʆʜʥʘʢ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʩʢʣʘʜʥʦʩʪʽ ʧʨʠ ʚʠʟʥʘʯʝʥʽ ʤʦʜʝʣʽ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ 

ʚʝʣʠʯʝʟʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʦʙôʻʢʪʽʚ, ʟʥʘʡʜʝʥʠʭ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ.  

ɿʦʙʨʘʞʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʧʝʚʥʦʛʦ ʢʣʘʩʫ ʤʘʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʤʽʥʣʠʚʦʩʪʽ. 

ʆʜʥʠʤ ʽʟ ʜʞʝʨʝʣ ʚʘʨʽʘʮʽʡ ʻ ʬʘʢʪʠʯʥʠʡ ʧʨʦʮʝʩ ʟʦʙʨʘʞʝʥʥʷ, ʪʦʙʪʦ ʟʤʽʥʠ ʚ 

ʦʩʚʽʪʣʝʥʥʽ, ʧʦʣʦʞʝʥʥʷ ʢʘʤʝʨʠ, ʘ ʪʘʢʦʞ ʮʠʬʨʦʚʽ ʘʨʪʝʬʘʢʪʠ ð ʚʩʝ ʮʝ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʟʥʘʯʥʠʭ ʟʤʽʥ ʫ ʚʠʛʣʷʜʽ ʟʦʙʨʘʞʝʥʥʷ, ʥʘʚʽʪʴ ʫ ʩʪʘʪʠʯʥʽʡ ʩʮʝʥʽ. ɼʨʫʛʝ ʜʞʝʨʝʣʦ 

ʚʘʨʽʘʮʽʡ ʧʦʚ'ʷʟʘʥʦ ʟ ʨʽʟʥʠʤʠ ʚʘʨʽʘʥʪʘʤʠ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʦʙ'ʻʢʪʽʚ ʫ ʤʝʞʘʭ 

ʢʣʘʩʫ, ʥʘʚʽʪʴ ʷʢʱʦ ʧʨʠʧʫʩʪʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʟʤʽʥ ʫ ʧʨʦʮʝʩʽ ʟʦʙʨʘʞʝʥʥʷ. 

ʅʘʧʨʠʢʣʘʜ, ʣʶʜʠ ʤʘʶʪʴ ʨʽʟʥʫ ʬʽʛʫʨʫ, ʢʦʣʽʨ ʰʢʽʨʠ, ʥʦʩʷʪʴ ʨʽʟʥʠʡ ʦʜʷʛ; 

ʨʫʢʦʧʠʩʥʽ ʮʠʬʨʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʟʘ ʭʘʨʘʢʪʝʨʦʤ ʾʭ ʥʘʧʠʩʘʥʥʷ, ʰʠʨʠʥʦʶ ʰʨʠʬʪʘ. 
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ɿʘʚʜʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʨʦʟʨʦʙʠʪʠ ʽʥʚʘʨʽʘʥʪʥʽ ʘʣʛʦʨʠʪʤʠ ʚʠʷʚʣʝʥʥʷ 

ʚʽʜʥʦʩʥʦ ʮʠʭ ʨʽʟʥʦʚʠʜʽʚ, ʷʢʽ ʻ ʦʙʯʠʩʣʶʚʘʣʴʥʦ ʝʬʝʢʪʠʚʥʠʤʠ.  

ʇʽʜʭʽʜ ʛʨʫʙʦʾ ʩʠʣʠ ʜʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʧʝʨʝʜʙʘʯʘʻ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ ʽ ʧʨʝʜʩʪʘʚʣʷʻ ʚʝʩʴ ʜʽʘʧʘʟʦʥ ʤʦʞʣʠʚʠʭ ʚʘʨʽʘʮʽʡ 

ʦʙôʻʢʪʘ. ɯʥʚʘʨʽʘʥʪʥʽʩʪʴ ʥʝʷʚʥʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʜʘʥʠʭ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ. 

ɺ ʦʩʪʘʥʥʽ ʨʦʢʠ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʨʦʟʤʽʨʫ ʘʥʦʪʦʚʘʥʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʽ 

ʧʨʠʩʢʦʨʝʥʥʷʤ ʦʙʯʠʩʣʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʨʘʬʽʯʥʠʭ ʧʨʦʮʝʩʦʨʽʚ, ʮʝ ʙʫʚ ʧʽʜʭʽʜ 

ʚʠʙʦʨʫ ʙʘʛʘʪʦʨʽʚʥʝʚʦʾ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. ʋ ʚʠʧʘʜʢʘʭ ʤʘʣʦʾ ʚʠʙʦʨʢʠ 

ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʚʘʞʣʠʚʠʤ ʢʨʦʢʦʤ ʻ ʚʙʫʜʦʚʘ ʽʥʚʘʨʽʘʥʪʥʦʩʪʽ ʚ ʤʦʜʝʣ.ɹ ɯʩʥʫʻ 

ʜʚʘ ʤʝʪʦʜʠ ʜʦʩʷʛʥʝʥʥʷ ʮʽʻʾ ʤʝʪʠ. ʆʜʠʥ ʚʢʣʶʯʘʻ ʦʙʯʠʩʣʝʥʥʷ ʽʥʚʘʨʽʘʥʪʥʠʭ 

ʬʫʥʢʮʽʡ ʽ ʦʟʥʘʢ, ʽʥʰʠʡ ʧʝʨʝʜʙʘʯʘʻ ʧʦʰʫʢ ʧʨʠʭʦʚʘʥʠʭ ʟʤʽʥʥʠʭ. ɹʽʣʴʰʽʩʪʴ 

ʘʣʛʦʨʠʪʤʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʢʦʤʙʽʥʘʮʽʶ ʮʠʭ ʧʽʜʭʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, ʙʘʛʘʪʦ 

ʘʣʛʦʨʠʪʤʽʚ ʟʘʩʪʦʩʫʚʘʪʠ ʣʦʢʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʧʝʨʝʪʚʦʨʝʥʽ ʟʥʘʯʝʥʥʷ ʙʫʣʠ ʥʝʟʤʽʥʥʠʤʠ ʜʦ ʫʤʦʚ ʦʩʚʽʪʣʝʥʥʷ ʪʘ 

ʤʘʣʠʭ ʛʝʦʤʝʪʨʠʯʥʠʭ ʚʘʨʽʘʮʽʡ. ʎʽ ʣʦʢʘʣʴʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʟʥʘʢ, ʘ 

ʤʘʩʠʚ ʟʥʘʯʝʥʴ ʦʟʥʘʢ ʻ ʢʘʨʪʦʶ ʦʟʥʘʢ. ɹʽʣʴʰ ʟʥʘʯʫʱʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʯʘʩʪʦ 

ʦʙʨʦʙʣʷʶʪʴʩʷ ʰʣʷʭʦʤ ʷʚʥʦʛʦ ʧʦʰʫʢʫ ʧʨʠʭʦʚʘʥʠʭ ʟʤʽʥʥʠʭ ʘʙʦ ʰʣʷʭʦʤ 

ʚʠʚʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʾ ʤʽʥʣʠʚʦʩʪʽ ʟ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. 

ɿʘʛʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʛʝʥʝʨʘʪʠʚʥʠʭ 

ʤʦʜʝʣʝʡ ʚʢʣʶʯʘʻ ʤʦʜʝʣʶʚʘʥʥʷ ʜʚʦʭ ʨʦʟʧʦʜʽʣʽʚ. ʈʦʟʧʦʜʽʣ ὴ—Ƞ –   

ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʤʦʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʣʘʪʝʥʪʥʦʾ ʧʦʟʠ ɗ ɴ Ū. ʎʝʡ ʨʦʟʧʦʜʽʣ 

ʬʽʢʩʫʻ ʧʨʠʧʫʱʝʥʥʷ ʱʦʜʦ ʪʦʛʦ, ʷʢʽ ʧʦʟʠ ʻ ʙʽʣʴʰ ʯʠ ʤʝʥʰ ʚʽʨʦʛʽʜʥʠʤʠ. ʄʦʜʝʣʴ 

ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʚʠʟʥʘʯʘʻ ʨʦʟʧʦʜʽʣ ʦʟʥʘʢ ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʨʦʙʮʽ, ʱʦ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʟʠ, ὴὢ ȿ έὦὮὩὧὸȟ—Ƞ – , ʜʝ ὢ  ʧʦʟʥʘʯʘʻ ʝʣʝʤʝʥʪʠ 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʢʦʨʦʙʮʽ (ʧʽʜʟʦʙʨʘʞʝʥʥʷ) ʟ ʚʝʨʭʥʽʤ ʣʽʚʠʤ ʢʫʪʦʤ ί ‭ ὒ (ὒ ʩʽʪʢʘ 

ʤʽʩʮʴ ʥʘ ʟʦʙʨʘʞʝʥʥʽ). ʄʦʜʝʣʴ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʤʦʞʝ ʙʫʪʠ ʦʟʥʘʯʝʥʘ  ʟʘ 

ʰʘʙʣʦʥʦʤ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʧʝʚʥʠʭ ʦʟʥʘʢ ʫ ʢʦʞʥʦʤʫ 

ʤʽʩʮʽ ʢʦʨʦʙʢʠ ʟʘ ʢʘʥʦʥʽʯʥʠʤ ʚʠʙʦʨʦʤ ʧʦʟʠ ʦʙôʻʢʪʘ, ʪʦʜʽ ʷʢ ɗ ʚʠʟʥʘʯʘʻ 

ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʟʨʘʟʢʫ.  
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ʊʨʝʥʫʚʘʣʴʥʠʡ ʜʘʪʘʩʝʪ ʟ ʟʦʙʨʘʞʝʥʥʷʤʠ ʦʙôʻʢʪʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʟʥʘʭʦʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ – ʪʘ –. ɿʘʫʚʘʞʠʤʦ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʟʘʟʚʠʯʘʡ ʥʝ 

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʟʤʽʥʥʽ ʧʨʠʭʦʚʘʥʦʾ ʧʦʟʠ ɗ, ʷʢʱʦ ʥʝ ʥʘʜʘʥʦ ʘʥʦʪʘʮʽʶ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʧʦʪʨʽʙʥʽ ʤʝʪʦʜʠ ʧʨʠʧʫʱʝʥʥʷ, ʷʢʽ ʦʙʨʦʙʣʷʶʪʴ 

ʥʝʩʧʦʩʪʝʨʝʞʫʚʘʥʽ ʟʤʽʥʥʽ, ʥʘʧʨʠʢʣʘʜ ʨʽʟʥʽ ʚʘʨʽʘʥʪʠ ʘʣʛʦʨʠʪʤʫ ʤʘʢʩʠʤʽʟʘʮʽʾ 

ʦʯʽʢʫʚʘʥʥʷ. ʋ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʤʦʜʝʣʴ ʡʤʦʚʽʨʥʦʩʪʽ ʜʣʷ ʬʦʥʦʚʠʭ ʟʦʙʨʘʞʝʥʴ 

ʪʘʢʦʞ ʦʮʽʥʶʻʪʴʩʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʥʘʚʯʘʣʴʥʠʭ ʧʨʠʢʣʘʜʽʚ 

ʟʦʙʨʘʞʝʥʴ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʦʙôʻʢʪʘ. ʆʩʥʦʚʥʠʡ ʘʣʛʦʨʠʪʤ ʚʠʷʚʣʝʥʥʷ ʩʢʘʥʫʻ ʢʦʞʥʝ 

ʚʽʢʥʦ-ʢʘʥʜʠʜʘʪ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʦʙʯʠʩʣʶʻ ʥʘʡʙʽʣʴʰ ʚʽʨʦʛʽʜʥʫ ʧʦʟʫ ʧʽʜ ʤʦʜʝʣʣʶ 

ʦʙôʻʢʪʘ ʪʘ ʦʪʨʠʤʫʻ çʧʦʩʪʝʨʽʦʨʥʽ ʰʘʥʩʠè, ʪʦʙʪʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʫʤʦʚʥʦʶ 

ʡʤʦʚʽʨʥʽʩʪʶ ʚʽʢʥʘ ʟʘ ʛʽʧʦʪʝʟʦʶ ʦʙôʻʢʪʘ ʚ ʦʧʪʠʤʘʣʴʥʽʡ ʧʦʟʽ, ʽ ʫʤʦʚʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʚʽʢʥʘ ʟʘ ʛʽʧʦʪʝʟʦʶ ʬʦʥʫ. ʇʦʪʽʤ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ 

ʧʦʨʦʛʦʤ Ű, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʯʠ ʤʽʩʪʠʪʴ ʚʽʢʥʦ ʝʢʟʝʤʧʣʷʨ ʦʙôʻʢʪʘ:  

ὴὢ ȿ έὦὮὩὧὸȟ—Ƞ –  ὴ—Ƞ–  

ὴὢ ȿ ὦὥὧὯὫὶέόὲὨ 
† 

ʗʢʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʚʥʽ ʟʤʽʥʥʽ ʧʨʠʭʦʚʘʥʦʾ ʧʦʟʠ, ʦʩʥʦʚʥʠʤ 

ʧʨʠʧʫʱʝʥʥʷʤ ʻ ʪʝ, ʱʦ ʥʘʚʯʘʣʴʥʽ ʜʘʥʽ ʜʦʩʪʘʪʥʴʦ ʙʘʛʘʪʽ, ʱʦʙ ʥʘʜʘʪʠ ʚʠʙʽʨʢʫ ʚʩʽʻʾ 

ʚʘʨʽʘʮʽʾ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʦʙôʻʢʪʘ. ɼʠʩʢʨʠʤʽʥʘʮʽʡʥʠʡ ʧʽʜʭʽʜ ʥʘʚʯʘʻ 

ʩʪʘʥʜʘʨʪʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʨʦʟʨʽʟʥʷʪʠ ʚʽʢʥʘ ʟʦʙʨʘʞʝʥʴ, ʱʦ ʤʽʩʪʷʪʴ ʮʽʣʴʦʚʽ ʢʣʘʩʠ 

ʦʙôʻʢʪʽʚ, ʽ ʰʠʨʦʢʠʡ ʬʦʥʦʚʠʡ ʢʣʘʩ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚʝʣʠʢʽ ʦʙʩʷʛʠ 

ʜʘʥʠʭ ʟ ʢʣʘʩʽʚ ʦʙôʻʢʪʽʚ ʽ ʬʦʥʫ. ʏʝʨʝʟ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʧʦʧʫʣʷʮʽʾ ʟʦʙʨʘʞʝʥʴ ʬʦʥʫ 

ʪʘ ʾʾ ʩʢʣʘʜʥʽʩʪʴ, ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʽ ʤʝʪʦʜʠ ʯʘʩʪʦ ʦʨʛʘʥʽʟʦʚʫʶʪʴ ʫ ʢʘʩʢʘʜʠ. 

ʇʦʯʘʪʢʦʚʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʘʚʯʝʥʠʡ ʨʦʟʨʽʟʥʷʪʠ ʦʙ'ʻʢʪ ʽ ʢʝʨʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʬʦʥʫ. 

ʂʣʘʩʠʬʽʢʘʪʦʨ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ ʙʫʣʦ ʧʦʤʠʣʢʦʚʠʭ ʭʠʙʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʟʘ ʮʽʥʦʶ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʭʠʙʥʦʧʦʟʠʪʠʚʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʦʪʽʤ 

ʦʮʽʥʶʻʪʴʩʷ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ʬʦʥʫ, ʘ ʥʝʧʨʘʚʠʣʴʥʦ ʢʣʘʩʠʬʽʢʦʚʘʥʽ 

ʟʙʠʨʘʶʪʴʩʷ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʥʦʚʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ ʬʦʥʫ. ʇʽʩʣʷ ʥʘʢʦʧʠʯʝʥʥʷ 

ʜʦʩʪʘʪʥʴʦʾ ʢʽʣʴʢʦʩʪʽ ʪʘʢʠʭ ʭʠʙʥʠʭ ʚʠʷʚʣʝʥʴ ʥʦʚʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʥʘʚʯʘʻʪʴʩʷ 

ʨʦʟʨʽʟʥʷʪʠ ʚʠʭʽʜʥʽ ʜʘʥʽ ʦʙôʻʢʪʘ ʪʘ ʥʦʚʽ çʤʽʮʥʽʰʽè ʬʦʥʦʚʽ ʜʘʥʽ. ɿʥʦʚʫ ʞ ʪʘʢʠ, ʮʝʡ 
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ʢʣʘʩʠʬʽʢʘʪʦʨ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʥʝ ʙʫʣʦ ʧʦʤʠʣʢʦʚʦ ʭʠʙʥʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʎʝʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʧʨʦʜʦʚʞʫʚʘʪʠ ʢʽʣʴʢʘ ʨʘʟʽʚ.  

ʂʣʘʩʠʬʽʢʘʮʽʷ ʚ ʢʘʩʢʘʜʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦʩʣʽʜʦʚʥʦ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʽʢʥʦ 

ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʬʦʥ, ʡʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʚʝʨʰʫʻʪʴʩʷ ʤʽʪʢʦʶ ʬʦʥʫ. ʗʢʱʦ 

ʚʠʙʨʘʥʦ ʤʽʪʢʫ ʦʙôʻʢʪʘ, ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ ʫ ʢʘʩʢʘʜʽ. 

ʊʽʣʴʢʠ ʚʽʢʥʘ, ʷʢʽ ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʷʢ ʦʙ'ʻʢʪʠ ʚʩʽʤʘ ʢʣʘʩʠʬʽʢʘʪʦʨʘʤʠ ʚ ʢʘʩʢʘʜʽ, 

ʧʦʟʥʘʯʘʶʪʴʩʷ ʷʢ ʦʙ'ʻʢʪʠ. 

ɼʝʷʢʽ ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʽ ʤʦʜʝʣʽ ʪʘʢʦʞ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʟ 

ʧʘʨʘʤʝʪʨʘʤʠ ʣʘʪʝʥʪʥʦʾ ʧʦʟʠ. ʇʨʠʧʫʩʪʠʤʦ ʟʘʛʘʣʴʥʠʡ ʢʣʘʩʠʬʽʢʘʪʦʨ, ʚʠʟʥʘʯʝʥʠʡ 

ʫ ʪʝʨʤʽʥʘʭ ʧʨʦʩʪʦʨʫ ʬʫʥʢʮʽʡ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ὪὼȠό,  ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʡ ό. 

ɿʚʠʯʘʡʥʝ ʥʘʚʯʘʥʥʷ ʜʠʩʢʨʠʤʽʥʘʮʽʡʥʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʨʦʟʚ'ʷʟʫʚʘʥʥʷ 

ʨʽʚʥʷʥʥʷ ʚʠʜʫ 

ÍÉÎВ ὈώȠὪὼȠό ὅό,  

ʜʣʷ ʜʝʷʢʦʾ ʫʤʦʚʠ ʨʝʛʫʣʷʮʽʾ ὅό, ʷʢʠʡ ʟʘʧʦʙʽʛʘʻ ʧʝʨʝʥʘʚʯʘʥʥʶ, ʽ ʬʫʥʢʮʽʾ ʚʪʨʘʪ 

Ὀ, ʱʦ ʚʠʤʽʨʶʻ ʚʽʜʩʪʘʥʴ ʤʽʞ ʚʠʭʽʜʥʠʤ ʨʝʟʫʣʴʪʘʪʘʤʠ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ὪὼȠό ʽ 

ʦʩʥʦʚʥʦʶ ʤʽʪʢʦʶ ʽʩʪʠʥʥʦʩʪʽ ώ ρ ʜʣʷ ʦʙôʻʢʪʘ ʽ ώ π ʜʣʷ ʬʦʥʫ. 

ʄʽʥʽʤʽʟʘʮʽʶ, ʱʦ ʚʠʟʥʘʯʝʥʘ ʚʠʱʝ, ʤʦʞʥʘ ʟʘʤʽʥʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ 

ÍÉÎ ÍÉÎ
Q
ὈπȠὪ—ὼȠό  ÍÉÎ ÍÉÎ

Q
ὈρȠὪ—ὼȠό ὅό 

ʊʫʪ —ὼ ʚʠʟʥʘʯʘʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʨʠʢʣʘʜʫ x. ɯʥʪʫʾʪʠʚʥʦ ʜʣʷ ʚʽʨʥʦʛʦ 

ʧʨʠʢʣʘʜʫ ʭʦʪʽʣʦʩʷ ʙ, ʱʦʙ ʙʫʣʦ ʷʢʝʩʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʟʘ ʷʢʠʤ ὼ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ 

ʷʢ ʦʙôʻʢʪ, ʪʦʜʽ ʷʢ ʜʣʷ ʭʠʙʥʦʛʦ ʧʨʠʢʣʘʜʫ ʭʦʪʽʣʦʩʷ ʙ, ʱʦʙ ʥʝ ʙʫʣʦ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʟʘ ʷʢʠʤ ὼ ʢʣʘʩʠʬʽʢʫʻʪʴʩʷ ʷʢ ʦʙôʻʢʪ. 

 

1.2 ʊʠʧʠ ʤʦʜʝʣʝʡ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ 
 

ʏʝʨʝʟ ʦʙʤʝʞʝʥʥʷ ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʣʦʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʩʢʣʘʜʥʽʩʪʴ ʨʫʯʥʦʛʦ 

ʚʢʘʟʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʚʠʱʦʛʦ ʨʽʚʥʷ, ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʩʪʘʶʪʴ ʚʩʝ ʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʤʠ ʷʢ ʤʝʪʦʜ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʴ ʬʫʥʢʮʽʡ, ʚʽʜ 

ʥʠʟʴʢʦʨʽʚʥʝʚʠʭ ʜʦ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʝʣʠʢʠʭ ʘʥʦʪʦʚʘʥʠʭ 



 11 

ʥʘʙʦʨʽʚ ʜʘʥʠʭ. ʎʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʽʻʨʘʨʭʽʾ ʰʘʨʽʚ, ʽʥʜʝʢʩʦʚʘʥʠʭ ʩʽʪʢʘʤʠ ʟʽ 

ʩʧʘʜʥʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʇʝʨʰʠʡ ʰʘʨ ð ʮʝ ʥʝʦʙʨʦʙʣʝʥʽ ʧʽʢʩʝʣʽ 

ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʂʦʞʝʥ ʰʘʨ ʦʙʯʠʩʣʶʻ ʚʝʢʪʦʨʥʠʡ ʚʠʭʽʜ ʫ ʢʦʞʥʽʡ ʪʦʯʮʽ 

ʩʽʪʢʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʧʠʩʦʢ ʣʦʢʘʣʴʥʠʭ ʬʽʣʴʪʨʽʚ, ʟʘʩʪʦʩʦʚʘʥʠʭ ʜʦ ʜʘʥʠʭ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʰʘʨʽ. ɿʘ ʮʽʻʶ ʣʽʥʽʡʥʦʶ ʦʧʝʨʘʮʽʻʶ ʟʘʟʚʠʯʘʡ ʩʣʽʜʫʻ ʥʝʣʽʥʽʡʥʘ 

ʦʧʝʨʘʮʽʷ, ʷʢʘ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʧʦ ʢʦʦʨʜʠʥʘʪʘʤ, ʘ ʥʘ ʧʝʚʥʠʭ ʰʘʨʘʭ ʨʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʩʽʪʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʽʜʚʠʙʽʨʢʠ ʧʽʩʣʷ ʣʦʢʘʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʫ 

ʘʙʦ ʦʧʝʨʘʮʽʾ ʫʩʝʨʝʜʥʝʥʥʷ. ʄʝʨʝʞʘ ʟʘʢʽʥʯʫʻʪʴʩʷ ʦʜʥʠʤ ʘʙʦ ʢʽʣʴʢʦʤʘ ʚʠʭʽʜʥʠʤʠ 

ʨʽʚʥʷʤʠ, ʷʢʽ ʨʦʙʣʷʪʴ ʧʨʦʛʥʦʟʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʠʟʘʡʥʫ ʤʦʜʝʣʽ (ʥʘʧʨʠʢʣʘʜ, 

ʢʣʘʩʠʬʽʢʘʪʦʨ ʢʘʪʝʛʦʨʽʾ ʦʙôʻʢʪʘ ʪʘ ʦʮʽʥʶʚʘʯ ʧʦʟʠ, ʷʢʱʦ ʚʠʭʽʜʥʽ ʜʘʥʽ ʤʦʜʝʣʽ 

ʤʽʩʪʷʪʴ ʽʥʬʦʨʤʘʮʽʶ).  

ʋʩʽ ʢʦʝʬʽʮʽʻʥʪʠ ʬʽʣʴʪʨʘ ʪʘ ʧʘʨʘʤʝʪʨʠ ʚʠʭʽʜʥʠʭ ʰʘʨʽʚ ʧʽʜʜʘʶʪʴʩʷ 

ʥʘʚʯʘʥʥʶ. ʅʘʚʯʘʥʥʷ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ 

ʩʧʫʩʢʫ ʥʘ ʬʫʥʢʮʽʾ ʚʪʨʘʪ, ʚʠʟʥʘʯʝʥʦʾ ʚ ʪʝʨʤʽʥʘʭ ʚʠʭʽʜʥʠʭ ʰʘʨʽʚ ʽ ʤʽʪʦʢ ʫ ʥʘʙʦʨʽ 

ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ ʤʝʨʝʞʘ ʩʧʽʣʴʥʦ ʚʠʚʯʘʻ ʣʽʥʽʡʥʽ ʢʣʘʩʠʬʽʢʘʪʦʨʠ ʪʘ ʩʢʣʘʜʥʫ 

ʽʻʨʘʨʭʽʶ ʥʝʣʽʥʽʡʥʠʭ ʦʟʥʘʢ, ʷʢʽ ʜʘʶʪʴ ʦʩʪʘʪʦʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʟʥʘʢ. ɯʩʥʫʻ ʜʚʽ 

ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ: ʦʜʥʦʨʽʚʥʝʚʽ ʪʘ 

ʜʚʦʨʽʚʥʝʚʽ.  

ɺ ʦʙʦʭ ʮʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ ʜʚʽ ʟʛʦʨʪʢʦʚʽ ʧʽʜʤʝʨʝʞʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʧʘʨʘʣʝʣʴʥʦ. ʋ ʢʦʞʥʦʤʫ ʤʽʩʮʽ ʚʽʜʥʦʩʥʦ ʩʽʪʢʠ ʦʟʥʘʢ ʦʜʥʘ ʟ ʮʠʭ ʧʽʜʤʝʨʝʞ ʜʽʻ ʷʢ 

ʢʣʘʩʠʬʽʢʘʪʦʨ, ʘ ʽʥʰʘ ʷʢ ʧʝʨʝʜʙʘʯʝʥʥʷ ʟʥʘʭʦʜʞʝʥʥʷ. ʄʝʪʦʜ ʦʮʽʥʢʠ ʟʥʘʭʦʜʞʝʥʥʷ 

ʧʨʦʛʥʦʟʫʻ ʚʽʜʥʦʩʥʠʡ ʟʩʫʚ ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʪʦʜʽ ʷʢ 

ʢʣʘʩʠʬʽʢʘʪʦʨ ʧʨʦʛʥʦʟʫʻ, ʯʠ ʻ ʮʝ ʦʙôʻʢʪ ʘʙʦ ʬʦʥ. ʉʪʚʦʨʶʶʯʠ ʢʽʣʴʢʘ ʧʘʨ ʪʘʢʠʭ 

ʰʘʨʽʚ, ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʧʘʨʘ ʩʧʝʮʽʘʣʽʟʫʻʪʴʩʷ ʥʘ ʢʦʨʦʙʮʽ ʧʝʚʥʦʛʦ ʨʦʟʤʽʨʫ ʪʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ, ʥʘʙʽʨ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʝʥʠʭ ʨʦʟʩʫʚʥʠʭ ʢʦʨʜʦʥʽʚ ʤʦʞʝ 

ʢʨʘʱʝ ʥʘʙʣʠʟʠʪʠ ʥʘʙʽʨ ʫʩʽʭ ʤʦʞʣʠʚʠʭ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʟʦʙʨʘʞʝʥʥʷ. 

ɿʘʚʜʘʥʥʷ ʦʮʽʥʶʚʘʯʘ ʨʦʟʪʘʰʫʚʘʥʥʷ ʦʙôʻʢʪʘ - ʧʝʨʝʜʙʘʯʠʪʠ ʟʘʣʠʰʢʦʚʫ ʧʦʭʠʙʢʫ 

ʤʽʞ ʢʚʘʥʪʦʚʘʥʠʤʠ ʚʽʢʥʘʤʠ ʪʘ ʽʩʪʠʥʥʠʤʠ ʦʙʤʝʞʫʶʯʠʤʠ ʨʘʤʢʘʤʠ ʦʙôʻʢʪʘ. ʋ 

ʧʝʨʰʽʡ ʧʘʨʘʜʠʛʤʽ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʷʢʫ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ çʦʜʥʦʝʪʘʧʥʠʤè ʤʝʪʦʜʦʤ, 

ʢʣʘʩʠʬʽʢʘʪʦʨ ʨʦʟʩʫʚʥʦʛʦ ʚʽʢʥʘ ʨʦʙʠʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʢʣʘʩʽʚ ʜʣʷ ʥʘʙʦʨʫ 
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ʚʩʽʭ ʢʘʪʝʛʦʨʽʡ ʦʙôʻʢʪʽʚ ʽ ʬʦʥʫ. ʎʽ ʧʨʦʛʥʦʟʠ ʨʘʟʦʤ ʽʟ ʫʪʦʯʥʝʥʠʤʠ ʚʽʢʥʘʤʠ ʤʽʩʪʷʪʴ 

ʚʠʭʽʜʥʽ ʜʘʥʽ ʤʦʜʝʣʽ.  

ʋ ʜʨʫʛʽʡ ʧʘʨʘʜʠʛʤʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨ ʨʦʟʩʫʚʥʦʛʦ ʚʽʢʥʘ ʚʠʢʦʥʫʻ 

ʢʣʘʩʠʬʽʢʘʮʽʶ ʜʚʦʭ ʢʣʘʩʽʚ ʤʽʞ ʦʙôʻʢʪʦʤ: (ʙʫʜʴ-ʷʢʦʾ ʢʘʪʝʛʦʨʽʾ) ʽ ʬʦʥʦʤ. 

ʋʜʦʩʢʦʥʘʣʝʥʽ ʚʽʢʥʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʢʘʥʜʠʜʘʪʠ ʜʣʷ ʨʦʟʪʘʰʫʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ, ʷʢʽ ʯʘʩʪʦ ʥʘʟʠʚʘʶʪʴ ʨʝʛʽʦʥʘʤʠ ʽʥʪʝʨʝʩʫ (RoIs), ʜʣʷ ʧʦʜʘʣʴʰʦʾ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʝʪʘʧʫ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʢʥʘ. ʎʝʡ ʜʨʫʛʠʡ ʝʪʘʧ, ʷʢ ʮʝ ʻ ʪʠʧʦʚʠʤ 

ʜʣʷ ʢʘʩʢʘʜʥʦʾ ʦʙʨʦʙʢʠ, ʦʪʨʠʤʫʻ ʣʠʰʝ ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ RoI ʚʽʜ ʢʣʘʩʠʬʽʢʘʪʦʨʘ 

ʦʙôʻʢʪʘ ʪʘ ʬʦʥʫ. ɺʭʽʜʥʽ ʦʙôʻʢʪʠ ʜʣʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ, ʷʢ ʧʨʘʚʠʣʦ, ʦʙʯʠʩʣʶʶʪʴʩʷ 

ʰʣʷʭʦʤ ʚʠʣʫʯʝʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʢʦʞʥʦʤʫ RoI ʟ ʢʘʨʪʠ ʦʙôʻʢʪʽʚ. ʇʨʦʮʝʩ ʚʠʜʽʣʝʥʥʷ 

ʦʟʥʘʢ RoI ʤʦʞʝ ʚʢʣʶʯʘʪʠ ʢʚʘʥʪʫʚʘʥʥʷ ʢʦʦʨʜʠʥʘʪ RoI ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʦʙôʻʜʥʘʥʥʷ ʘʙʦ ʙʽʣʽʥʽʡʥʦʾ ʽʥʪʝʨʧʦʣʷʮʽʾ ʢʘʨʪʠ ʦʟʥʘʢ ʙʝʟ 

ʚʠʢʦʥʘʥʥʷ ʢʚʘʥʪʫʚʘʥʥʷ. ɺʠʭʽʜʥʽ ʟʥʘʯʝʥʥʷ ʜʨʫʛʦʛʦ ʝʪʘʧʫ ʻ ʙʘʛʘʪʦʢʣʘʩʦʚʝ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʢʥʘ (ʟʩʫʚ ʽ ʤʘʩʰʪʘʙʫʚʘʥʥʷ) ʜʣʷ 

ʢʦʞʥʦʛʦ RoI. ɺʩʽ ʧʘʨʘʤʝʪʨʠ ʮʠʭ ʤʝʨʝʞ ʥʘʚʯʘʶʪʴʩʷ ʩʧʽʣʴʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʛʨʘʜʽʻʥʪʥʦʛʦ ʩʧʫʩʢʫ ʥʘ ʙʘʛʘʪʦʟʘʜʘʯʥʽʡ ʬʫʥʢʮʽʾ ʚʪʨʘʪ, ʷʢʘ 

ʚʢʣʶʯʘʻ ʪʝʨʤʽʥʠ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʦʮʽʥʢʠ ʧʦʟʠ.  

 

1.3 ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ YOLOv5 
 

YOLOv5 ï ʦʜʥʦʨʽʚʥʝʚʘ ʤʦʜʝʣʴ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. ɰʾ ʥʘʟʚʘ ʨʦʟʰʠʬʨʦʚʫʻʪʴʩʷ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: çYou only look once». ʄʦʜʝʣʴ YOLO ʻ ʧʝʨʰʦʶ ʤʦʜʝʣʣʶ 

ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ, ʚ ʷʢʽʡ ʧʨʦʮʝʜʫʨʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʢʣʘʩʫ ʦʙôʻʢʪʘ ʟ ʚʠʟʥʘʯʝʥʥʷʤ 

ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ ʦʙôʻʢʪʘ. ɺʦʥʘ ʤʘʻ ʪʨʠ ʛʦʣʦʚʥʽ ʯʘʩʪʠʥʠ: ʭʨʝʙʝʪ ʤʦʜʝʣʽ, 

ʰʠʷ ʤʦʜʝʣʽ ʪʘ ʛʦʣʦʚʘ ʤʦʜʝʣʽ.  

ʍʨʝʙʝʪ ʤʦʜʝʣʽ ï ʮʝ ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʷʢʘ ʘʛʨʝʛʫʻ ʪʘ ʬʦʨʤʫʻ 

ʝʣʝʤʝʥʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟ ʨʽʟʥʦʶ ʜʝʪʘʣʽʟʘʮʽʻʶ, ʛʦʣʦʚʥʠʤ ʯʠʥʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

ʜʣʷ ʚʠʪʷʛʫʚʘʥʥʷ ʚʘʞʣʠʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʭʽʜʥʦʾ ʢʘʨʪʠʥʢʠ. ʊʫʪ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʝʨʝʭʨʝʩʥʽ ʯʘʩʪʢʦʚʽ ʤʝʨʝʞʽ (CSPNets) ʟ ʤʝʪʦʶ ʝʢʩʪʨʘʢʮʽʾ 

ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʟ ʟʦʙʨʘʞʝʥʥʷ. CSPNets ʧʦʢʘʟʘʣʠ ʟʥʘʯʥʽ ʧʦʢʨʘʱʝʥʥʷ ʯʘʩʫ 

ʦʙʨʦʙʢʠ ʟ ʛʣʠʙʰʠʤʠ ʤʝʨʝʞʘʤʠ.  
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ʐʠʷ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʧʽʨʘʤʽʜ ʦʟʥʘʢ, ʷʢʽ 

ʜʦʧʦʤʘʛʘʶʪʴ ʫʟʘʛʘʣʴʥʠʪʠ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʦʙôʻʢʪʫ. ʊʦʙʪʦ ʮʝʡ ʤʝʪʦʜ ʜʦʧʦʤʘʛʘʻ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʦʜʠʥ ʽ ʪʦʡ ʩʘʤʠʡ ʦʙôʻʢʪ ʚ ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ ʨʦʟʤʽʨʫ ʪʘ 

ʤʘʩʰʪʘʙʫ.  

ɻʦʣʦʚʘ ʤʦʜʝʣʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʬʽʥʘʣʴʥʦʾ ʯʘʩʪʠʥʠ 

ʜʝʪʝʢʮʽʾ, ʟʘʩʪʦʩʦʚʫʻ ʧʨʠʚôʷʟʘʥʽ ʧʦʣʷ ʜʦ ʦʙôʻʢʪʽʚ ʽ ʛʝʥʝʨʫʻ ʢʽʥʮʝʚʽ ʚʠʭʽʜʥʽ 

ʚʝʢʪʦʨʠ ʟ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʢʣʘʩʽʚ, ʦʮʽʥʢʘʤʠ ʦʙôʻʢʪʠʚʥʦʩʪʽ ʪʘ ʦʙʤʝʞʫʚʘʣʴʥʠʤʠ 

ʨʘʤʢʘʤʠ.  

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʘ ʘʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ YOLOv5 

 

ʈʠʩ. 1 ɸʨʭʽʪʝʢʪʫʨʘ ʤʦʜʝʣʽ YOLOv5 

ʆʩʦʙʣʠʚʽʩʪʴ ʤʦʜʝʣʽ YOLO ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʤʝʨʝʞʘ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʟʥʘʢʠ 

ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʱʦʙ ʧʝʨʝʜʙʘʯʠʪʠ ʦʙʤʝʞʫʚʘʣʴʥʫ ʨʘʤʢʫ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ. ʎʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʤʝʨʝʞʘ ʛʣʦʙʘʣʴʥʦ ʤʽʨʢʫʻ ʧʨʦ ʧʦʚʥʝ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʩʽ ʦʙôʻʢʪʠ, ʱʦ 

ʥʘ ʥʴʦʤʫ ʟʦʙʨʘʞʝʥʽ, ʘ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʻ ʚʩʽ ʦʙʤʝʞʫʚʘʣʴʥʽ ʨʘʤʢʠ ʜʣʷ ʚʩʽʭ 

ʦʙôʻʢʪʽʚ ʦʜʥʦʯʘʩʥʦ.  

ʂʦʥʩʪʨʫʢʮʽʷ YOLO ʟʘʙʝʟʧʝʯʫʻ ʢʦʤʧʣʝʢʩʥʝ ʥʘʚʯʘʥʥʷ ʪʘ ʰʚʠʜʢʽʩʪʴ ʚ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʟʙʝʨʽʛʘʶʯʠ ʚʠʩʦʢʫ ʩʝʨʝʜʥʶ ʪʦʯʥʽʩʪʴ. ʉʠʩʪʝʤʘ ʜʽʣʠʪʴ ʚʭʽʜʥʝ 

ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʩʽʪʢʫ S Ĭ S. ʗʢʱʦ ʮʝʥʪʨ ʦʙôʻʢʪʘ ʧʦʪʨʘʧʣʷʻ ʚ ʢʣʽʪʠʥʢʫ ʩʽʪʢʠ, ʮʷ 
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ʢʣʽʪʠʥʢʘ ʩʽʪʢʠ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʚʠʷʚʣʝʥʥʷ ʮʴʦʛʦ ʦʙôʻʢʪʘ. ʂʦʞʥʘ ʢʣʽʪʠʥʢʘ ʩʽʪʢʠ 

ʧʝʨʝʜʙʘʯʘʻ ὄ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ ʪʘ ʧʦʢʘʟʥʠʢʠ ʚʧʝʚʥʝʥʦʩʪʽ ʜʣʷ ʮʠʭ 

ʢʚʘʜʨʘʪʽʚ. ʎʽ ʧʦʢʘʟʥʠʢʠ ʚʽʜʦʙʨʘʞʘʶʪʴ, ʥʘʩʢʽʣʴʢʠ ʤʦʜʝʣʴ ʧʝʨʝʢʦʥʘʥʘ ʫ ʪʦʤʫ, ʱʦ 

ʢʦʨʦʙʢʘ ʤʽʩʪʠʪʴ ʦʙôʻʢʪ, ʘ ʪʘʢʦʞ ʥʘʩʢʽʣʴʢʠ ʪʦʯʥʦ ʚʦʥʘ ʚʚʘʞʘʻ, ʱʦ ʧʨʦʛʥʦʟʫʻ 

ʢʦʨʦʙʢʘ. ʌʦʨʤʘʣʴʥʦ ʚʧʝʚʥʝʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ 0Ò/ÂÊÅÃÔ z )/54ÔÒÕÔÈ ÐÒÅÄ . 

ʗʢʱʦ ʚ ʮʽʡ ʢʦʤʽʨʮʽ ʥʝʤʘʻ ʞʦʜʥʦʛʦ ʦʙôʻʢʪʘ, ʧʦʢʘʟʥʠʢʠ ʚʧʝʚʥʝʥʦʩʪʽ ʤʘʶʪʴ 

ʜʦʨʽʚʥʶʚʘʪʠ ʥʫʣʶ. ɺ ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʦʮʽʥʢʘ ʜʦʚʽʨʠ ʜʦʨʽʚʥʶ ̒ʧʝʨʝʪʠʥʫ 

ʦʙôʻʜʥʘʥʥʷ (IOU) ʤʽʞ ʧʝʨʝʜʙʘʯʝʥʦʶ ʢʦʨʦʙʢʦʶ ʪʘ ʦʩʥʦʚʥʦʶ ʽʩʪʠʥʦʶ. ʂʦʞʥʘ 

ʦʙʤʝʞʫʚʘʣʴʥʘ ʨʘʤʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 5 ʧʝʨʝʜʙʘʯʝʥʴ: ὼȟώȟύȟὬ ʽ ʚʧʝʚʥʝʥʽʩʪʴ. 

ʂʦʦʨʜʠʥʘʪʠ (ὼȟώ) ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʮʝʥʪʨ ʧʦʣʷ ʚʽʜʥʦʩʥʦ ʤʝʞ ʦʩʝʨʝʜʢʫ ʩʽʪʢʠ. 

ʐʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ (ύȟὬ) ʧʨʦʛʥʦʟʫʶʪʴʩʷ ʚʽʜʥʦʩʥʦ ʚʩʴʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ʅʘʨʝʰʪʽ, 

ʧʨʦʛʥʦʟ ʷʚʣʷʻ ʩʦʙʦʶ IOU ʤʽʞ ʧʨʦʛʥʦʟʦʚʘʥʦʶ ʢʦʨʦʙʢʦʶ ʽ ʙʫʜʴ-ʷʢʦʶ ʙʘʟʦʚʦʶ 

ʢʦʨʦʙʢʦʶ ʽʩʪʠʥʠ. 

ʂʦʞʥʘ ʢʣʽʪʠʥʢʘ ʩʽʪʢʠ ʪʘʢʦʞ ʧʨʦʛʥʦʟʫʻ ὅ ʫʤʦʚʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ ʢʣʘʩʫ, 

0Ò#ÌÁÓÓÉ ȿ/ÂÊÅÃÔȢ ʎʽ ʡʤʦʚʽʨʥʦʩʪʽ ʦʙʫʤʦʚʣʝʥʽ ʢʦʤʽʨʢʦʶ ʩʽʪʢʠ, ʱʦ ʤʽʩʪʠʪʴ 

ʦʙôʻʢʪ. ɸʣʛʦʨʠʪʤ ʧʝʨʝʜʙʘʯʘʻ ʣʠʰʝ ʦʜʠʥ ʥʘʙʽʨ ʡʤʦʚʽʨʥʦʩʪʝʡ ʢʣʘʩʽʚ ʥʘ ʢʣʽʪʠʥʢʫ 

ʩʽʪʢʠ, ʥʝʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʙʣʦʢʽʚ ὄ. 

ʇʽʜ ʯʘʩ ʪʝʩʪʫʚʘʥʥʷ ʤʥʦʞʘʪʴʩʷ ʫʤʦʚʥʽ ʡʤʦʚʽʨʥʦʩʪʽ ʢʣʘʩʽʚ ʽ ʧʨʦʛʥʦʟʠ ʜʦʚʽʨʠ 

ʦʢʨʝʤʦʾ ʢʦʨʦʙʢʠ, 

0Ò#ÌÁÓÓȿ/ÂÊÅÃÔ z0Ò/ÂÊÅÃÔ z)/5    0Ò#ÌÁÓÓ z)/5  , 

 

ʱʦ ʜʘʻ ʩʧʝʮʠʬʽʯʥʽ ʜʣʷ ʢʣʘʩʫ ʙʘʣʠ ʚʧʝʚʥʝʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʾ ʢʦʨʦʙʢʠ. ʎʽ ʦʮʽʥʢʠ 

ʢʦʜʫʶʪʴ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʧʦʷʚʠ ʮʴʦʛʦ ʢʣʘʩʫ ʚ ʢʦʨʦʙʮʽ, ʪʘʢ ʽ ʪʝ, ʥʘʩʢʽʣʴʢʠ ʜʦʙʨʝ 

ʧʝʨʝʜʙʘʯʝʥʘ ʢʦʨʦʙʢʘ ʚʽʜʧʦʚʽʜʘʻ ʦʙôʻʢʪʫ.  

 

1.4 ʄʝʪʨʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʘʥʘʣʽʟʫ ʷʢʦʩʪʽ ʤʦʜʝʣʽ. 

 

ɯʩʥʫʶʪʴ ʨʽʟʥʽ ʧʦʢʘʟʥʠʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʯʥʦʩʪʽ 

ʪʘ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. ʋ ʮʽʡ ʯʘʩʪʠʥʽ ʤʠ ʨʦʟʛʣʷʥʝʤʦ 
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ʛʦʣʦʚʥʽ ʟ ʥʠʭ ï precision, recall, IOU ʪʘ mAP. ʈʦʟʛʣʷʥʝʤʦ ʢʦʞʥʫ ʟ ʮʠʭ ʤʝʪʨʠʢ 

ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ.  

Precision (ʚʣʫʯʥʽʩʪʴ) ʚʠʤʽʨʶʻ, ʥʘʩʢʽʣʴʢʠ ʧʨʘʚʠʣʴʥʽ ʚʘʰʽ ʧʨʦʛʥʦʟʠ, ʪʦʙʪʦ 

ʯʘʩʪʢʘ ʨʝʣʝʚʘʥʪʥʠʭ ʟʨʘʟʢʽʚ ʩʝʨʝʜ ʟʥʘʡʜʝʥʠʭ. 

Recall (ʧʦʚʥʦʪʘ) ʚʠʤʽʨʶʻ ʯʘʩʪʢʫ ʟʘʛʘʣʴʥʦʛʦ ʯʠʩʣʘ ʧʦʟʠʪʠʚʥʠʭ ʟʨʘʟʢʽʚ, ʷʢʽ 

ʙʫʣʦ ʟʥʘʡʜʝʥʦ.  

ʎʽ ʤʝʪʨʠʢʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʝ ʤʘʪʝʤʘʪʠʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ:  

ὖὶὩὧὭίὭέὲ ;   ὙὩὧὥὰὰ , 

ʜʝ Ὕὖ ὝὶόὩ ὴέίὭὸὭὺὩȟὝὔ ὝὶόὩ ὲὩὫὥὸὭὺὩȟὊὖ ὊὥὰίὩ ὴέίὭὸὭὺὩȟὊὔ

ὊὥὰίὩ ὲὩὫὥὸὭὺὩȢ 

ʊʫʪ Ὕὖ ʚʠʟʥʘʯʘʻ ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʨʦʟʧʽʟʥʘʥʠʭ ʦʙôʻʢʪʽʚ, Ὕὔ ʚʠʟʥʘʯʘʻ 

ʢʽʣʴʢʽʩʪʴ ʧʨʘʚʠʣʴʥʦ ʚʢʘʟʫʻ, ʱʦ ʦʙʣʘʩʪʴ ʥʝ ʤʽʩʪʠʪʴ ʦʙôʻʢʪʫ, Ὂὖ ï ʚʠʟʥʘʯʘʻ 

ʚʠʧʘʜʢʠ, ʢʦʣʠ ʦʙôʻʢʪʘ ʥʝʤʘʻ ʥʘ ʢʘʨʪʠʥʮʽ, ʘʣʝ ʤʦʜʝʣʴ ʡʦʛʦ ʚʠʷʚʠʣʘ ʽ Ὂὔ ï 

ʚʠʟʥʘʯʘʻ ʚʠʧʘʜʢʠ, ʢʦʣʠ ʦʙôʻʢʪ ʻ ʥʘ ʢʘʨʪʠʥʮʽ, ʘʣʝ ʤʦʜʝʣʴ ʥʝ ʚʠʷʚʠʣʘ ʡʦʛʦ.  

ɼʚʘ ʧʦʢʘʟʥʠʢʘ, ʷʢʽ ʤʠ ʦʧʠʩʘʣʠ, ʤʦʞʥʘ ʦʙôʻʜʥʘʪʠ ʚ ʤʽʨʫ Ὂρ ίὧέὶὩ. ʆʮʽʥʢʘ 

Ὂρ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʝʨʝʜʥʻ ʛʘʨʤʦʥʽʡʥʝ ʟʥʘʯʝʥʥʷ ʚʣʫʯʥʦʩʪʽ ʪʘ ʧʦʚʥʦʪʠ. 

ʌʦʨʤʫʣʘ ʨʦʟʨʘʭʫʥʢʫ Ὂρ ίὧέὶὩ:  

Ὂρ ίὧέὶὩςz
ᶻ

, 

ʆʩʢʽʣʴʢʠ ʦʮʽʥʢʘ F1 ʻ ʩʝʨʝʜʥʽʤ ʧʦʢʘʟʥʠʢʦʤ ʚʣʫʯʥʦʩʪʽ ʪʘ ʚʣʫʯʥʦʩʪʽ, ʮʝ 

ʦʟʥʘʯʘʻ, ʱʦ ʦʮʽʥʢʘ F1 ʥʘʜʘʻ ʦʜʥʘʢʦʚʫ ʚʘʛʫ ʚʣʫʯʥʦʩʪʽ ʪʘ ʚʣʫʯʥʦʩʪʽ:  

¶ ʄʦʜʝʣʴ ʦʪʨʠʤʘʻ ʚʠʩʦʢʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ Ὂρ, ʷʢʱʦ ʽ ὖὶὩὧὭίὭέὲ, ʽ 

ὙὩὧὥὰὰ ʚʠʩʦʢʽ 

¶ ʄʦʜʝʣʴ ʦʪʨʠʤʘʻ ʥʠʟʴʢʝ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ Ὂρ, ʷʢʱʦ ʽ ὖὶὩὧὭίὭέὲ, ʽ 

ὙὩὧὥὰὰ ʥʠʟʴʢʽ 

¶ ʄʦʜʝʣʴ ʦʪʨʠʤʘʻ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʦʮʽʥʢʠ Ὂρ, ʷʢʱʦ ʦʜʠʥ ʽʟ 

ʧʘʨʘʤʝʪʨʽʚ ὖὶὩὧὭίὭέὲ ʘʙʦ ὙὩὧὥὰὰ ʥʠʟʴʢʠʡ, ʘ ʽʥʰʠʡ ʚʠʩʦʢʠʡ.  

ɼʘʣʽ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʤʝʪʨʠʢʫ ὍέὟ (Intersection over union).  ὍέὟ ʚʠʤʽʨʶʻ 

ʧʝʨʝʢʨʠʪʪʷ ʤʽʞ ʜʚʦʤʘ ʤʝʞʘʤʠ. ʎʷ ʤʝʪʨʠʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ 

ʧʣʦʱʽ ʧʝʨʝʢʨʠʪʪʷ ʧʝʨʝʜʙʘʯʝʥʦʾ ʤʝʞʽ ʟ ʽʩʪʠʥʥʦʶ ʤʝʞʝʶ (ʤʝʞʝʶ ʨʝʘʣʴʥʦʛʦ 



 16 

ʦʙôʻʢʪʫ). ʋ ʜʝʷʢʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ ʧʦʧʝʨʝʜʥʴʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʨʽʛ ὍέὟ 

(ʥʘʧʨʠʢʣʘʜ, 0.5), ʱʦʙ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʯʠ ʻ ʧʨʦʛʥʦʟ ʽʩʪʠʥʥʦ ʧʦʟʠʪʠʚʥʠʤ ʯʠ ʭʠʙʥʦ 

ʧʦʟʠʪʠʚʥʠʤ.  ὍέὟ ʧʨʠʡʤʘʻ ʟʥʘʯʝʥʥʷ ʚʽʜ 0 ʜʦ 1. ʅʘ ʨʠʩ. 2 ʧʦʢʘʟʘʥʦ ʧʨʠʢʣʘʜ 

ʚʠʟʥʘʯʝʥʥʷ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ ὍέὟ.   

 

ʈʠʩ. 2 ʇʨʠʢʣʘʜ ʟʥʘʭʦʜʞʝʥʥʷ ʤʝʪʨʠʢʠ ὍέὟ 

ʇʽʩʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʤʝʪʨʠʢ ὖὶὩὧὭίὭέὲ ʪʘ ὙὩὧὥὰὰ, ʘ ʪʘʢʦʞ ʚʠʟʥʘʯʝʥʥʷ ʧʦʨʦʛʫ 

ὍέὟ, ʙʫʜʫʻʪʴʩʷ ʢʨʠʚʘ  ὖὶὩὧὭίὭέὲ ὙὩὧὥὰὰ ὧόὶὺὩ ὖὙ ὧόὶὺὩ, ʟʘ ʷʢʦʶ ʤʠ ʤʦʞʝʤʦ 

ʚʠʟʥʘʯʠʪʠ ʥʘʩʪʫʧʥʫ ʤʝʪʨʠʢʫ - ὃὺὩὶὥὫὩ ὖὶὩὧὭίὭέὲ (ʩʝʨʝʜʥʷ ʚʣʫʯʥʽʩʪʴ).  

ɿʘʛʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʩʝʨʝʜʥʴʦʾ ʪʦʯʥʦʩʪʽ (ὃὖ) ð ʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʧʣʦʱʽ ʧʽʜ 

ʢʨʠʚʦʶ ὖὙ ὧόὶὺὩ. ɺʦʥʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ὃὖͽ‌  ᷿ ὴὶὨὶ,  

ʜʝ ‌ ï ʧʦʨʦʛʦʚʝ ʟʥʘʯʝʥʥʷ ὍέὟ, ὴ ï ʚʣʫʯʥʽʩʪʴ, ὶ ï ʧʦʚʥʦʪʘ.  

ʇʨʠ ʨʦʟʛʣʷʜʽ ʙʘʛʘʪʦʢʣʘʩʦʚʦʛʦ ʜʝʪʝʢʪʦʨʘ ʦʙôʻʢʪʽʚ ʤʝʪʨʠʢʘ άὃὖ ʜʘʻ ʥʘʤ 

ʩʝʨʝʜʥʶ ὃὖ ʜʣʷ ʚʩʽʭ ʢʣʘʩʽʚ. ʄʝʪʨʠʢʘ άὃὖ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ:  

άὃὖ 
В

, 

ʜʝ ὃὖὃὖή ï ʩʝʨʝʜʥʷ ʪʦʯʥʽʩʪʴ ʜʣʷ ʢʣʘʩʘ ή, ὗ ï ʢʽʣʴʢʽʩʪʴ ʢʣʘʩʽʚ.  

ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ ʦʩʥʦʚʥʽ ʤʝʪʨʠʢʠ ʜʣʷ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʤʦʜʝʣʽ, ʘʣʝ ʪʨʝʙʘ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʞʦʜʝʥ ʟ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʥʝ ʦʭʦʧʣʶʻ ʚʩʽʻʾ 

ʢʘʨʪʠʥʠ, ʦʩʢʽʣʴʢʠ ʦʮʽʥʢʘ ʝʬʝʢʪʠʚʥʦʩʪʽ ʻ ʩʫʙôʻʢʪʠʚʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

  ʊʘʢʦʞ ʨʦʟʛʣʷʥʝʤʦ ʬʫʥʢʮʽʶ ʚʪʨʘʪ ʫ ʤʦʜʝʣʷʭ ʘʨʭʽʪʝʢʪʫʨʠ YOLOv5. ɺʦʥʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪ: box loss, class loss, object loss.  



 17 

Box loss ï ʮʝ ʚʪʨʘʪʘ ʨʝʛʨʝʩʽʾ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʦʙôʻʢʪʫ. 

ʆʙʯʠʩʣʶʻʪʴʩʷ box loss ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

‗ В В Љ ὼ ὼ ώ ώ

 ‗ В В Љ ύ ύ Ὤ Ὤ ,  

ʜʝ Љ  ʦʟʥʘʯʘʻ, ʱʦ  Ὦ ʧʝʨʝʜʙʘʯʝʥʘ ʦʙʤʝʞʫʚʘʣʴʥʘ ʢʦʨʦʙʢʘ ʚ Ὥ-ʪʽʡ ʢʦʤʽʨʮʽ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʜʙʘʯʝʥʥʷ (ʧʝʨʝʜʙʘʯʝʥʦ ʦʙôʻʢʪ),  ‗  ï ʧʘʨʘʤʝʪʨ, ʱʦ 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʙʽʣʴʰʝʥʥʷ ʚʪʨʘʪ ʟʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, 

ὼȟώȟύȟὬ ï ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʜʘʥʦʾ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ὼȟώȟύȟὬ ï 

ʮʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʷʢʫ ʧʝʨʝʜʙʘʯʠʣʘ ʤʦʜʝʣʴ.  

Class loss ï ʮʝ ʢʣʘʩʠʬʽʢʘʮʽʡʥʘ ʚʪʨʘʪʘ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʧʝʨʝʭʨʝʩʥʦʾ ʝʥʪʨʦʧʽʾ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

В В Љ ὅ ὅ ‗ В В Љ ὅ ὅ , 

ʜʝ ‗  ï ʧʘʨʘʤʝʪʨ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʟʤʝʥʰʝʥʥʷ ʚʪʨʘʪ ʚʽʜ ʧʨʦʛʥʦʟʽʚ ʜʦʚʽʨʠ 

ʜʣʷ ʙʣʦʢʽʚ, ʷʢʽ ʥʝ ʤʽʩʪʷʪʴ ʦʙôʻʢʪʽʚ, ὅ ʪʘ ὅ ï ʫʤʦʚʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʢʣʘʩʫ ʦʙôʻʢʪʫ 

(ʟʘʜʘʥʦʛʦ ʢʣʘʩʫ ʪʘ ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʢʣʘʩʫ), Љ  ʦʟʥʘʯʘʻ, ʱʦ  Ὦ ʧʝʨʝʜʙʘʯʝʥʘ 

ʦʙʤʝʞʫʚʘʣʴʥʘ ʢʦʨʦʙʢʘ ʚ Ὥ-ʪʽʡ ʢʦʤʽʨʮʽ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʝʜʙʘʯʝʥʥʷ (ʧʝʨʝʜʙʘʯʝʥʦ 

ʬʦʥ ʟʦʙʨʘʞʝʥʥʷ). 

Object loss ï ʮʝ ʚʧʝʚʥʝʥʽʩʪʴ ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʦʙôʻʢʪʫ, ʙʦ ʦʙʯʠʩʣʶʻʪʴʩʷ ʟʘ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʽʥʘʨʥʦʶ ʧʝʨʝʭʨʝʩʥʦʶ ʝʥʪʨʦʧʽʻʶ ʪʘ ʦʙʯʠʩʣʶʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ:  

В Љ В ὴὧ  ὴǶὧ  , 

ʜʝ Љ  ʦʟʥʘʯʘʻ, ʱʦ ʚ ʢʦʤʽʨʮʽ Ὥ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙôʻʢʪ, ὴὧ ʪʘ ὴǶὧ ï ʡʤʦʚʽʨʥʽʩʪʴ 

ʪʦʛʦ, ʱʦ ʚ ʢʦʤʽʨʮʽ Ὥ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙôʻʢʪ ʢʣʘʩʫ ὧ (ʟʘʜʘʥʘ ʪʘ ʧʝʨʝʜʙʘʯʝʥʘ 

ʢʦʨʦʙʢʘ).  
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ʈʆɿɼɯʃ 2. ʐʋʄ ɺ ɼɸʅʀʍ 
 

2.1 ɺʠʟʥʘʯʝʥʥʷ ʜʘʥʠʭ ʟ ʰʫʤʦʤ 
 

ɼʘʥʽ ʟ ʰʫʤʦʤ ï ʮʝ ʜʘʥʽ ʟ ʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʜʘʪʢʦʚʦʾ ʙʝʟʮʽʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʧʦʰʢʦʜʞʝʥʥʷ ʜʘʥʠʭ, ʷʢʘ ʥʘʟʠʚʘʻʪʴʩʷ ʰʫʤʦʤ. ɺʽʥ ʪʘʢʦʞ ʚʢʣʶʯʘʻ 

ʙʫʜʴ-ʷʢʽ ʜʘʥʽ, ʷʢʽ ʩʠʩʪʝʤʘ ʢʦʨʠʩʪʫʚʘʯʘ ʥʝ ʤʦʞʝ ʟʨʦʟʫʤʽʪʠ ʪʘ ʧʨʘʚʠʣʴʥʦ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ. ɼʘʥʽ ʟ ʰʫʤʦʤ ʤʦʞʫʪʴ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ 

ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʽ ʩʧʦʪʚʦʨʠʪʠ ʚʠʩʥʦʚʢʠ.  

ɼʣʷ ʟʘʜʘʯʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʜʘʥʽ ʟ ʰʫʤʦʤ ʤʦʞʝʤʦ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʜʘʥʽ ʟ ʰʫʤʦʤ ï ʮʝ ʜʘʥʽ, ʚ ʷʢʠʭ ʰʫʤ ʤʦʞʝ ʟʥʘʭʦʜʠʪʠʩʴ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ (ʪʦʙʪʦ, ʬʦʪʦ ʧʦʛʘʥʦʾ ʷʢʦʩʪʽ, ʥʝʯʽʪʢʦ ʚʠʜʥʦ ʦʙôʻʢʪ, ʪʦʱʦ) ʪʘ/ʘʙʦ ʚ 

ʨʦʟʤʽʪʮʽ ʦʙôʻʢʪʽʚ (ʥʝʚʽʨʥʦ ʚʠʟʥʘʯʝʥʠʡ ʢʣʘʩ ʦʙôʻʢʪʫ, ʥʝʢʦʨʝʢʪʥʦ ʟʘʜʘʥʘ 

ʦʙʤʝʞʫʚʘʣʴʥʘ ʢʦʨʦʙʢʘ ʜʣʷ ʦʙôʻʢʪʫ ʪʦʱʦ).  

ɼʘʣʽ ʤʠ ʙʫʜʝʤʦ ʨʦʟʛʣʷʜʘʪʠ ʰʫʤ ʚ ʜʘʥʠʭ, ʷʢʠʡ ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʢʦʨʝʢʪʥʦʶ 

ʨʦʟʤʽʪʢʦʶ ʜʘʥʠʭ. ʎʷ ʧʨʦʙʣʝʤʘ ʜʫʞʝ ʯʘʩʪʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ. 

ɻʦʣʦʚʥʘ ʧʨʠʯʠʥʘ ʚʠʥʠʢʥʝʥʥʷ ʰʫʤʫ ʚ ʨʦʟʤʽʪʮʽ ʜʘʥʠʭ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦ 

ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʢʽ 

ʥʘʙʦʨʠ ʜʘʥʠʭ. ʈʦʟʤʽʪʢʘ ʚʝʣʠʢʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʤʦʞʝ ʟʜʽʡʩʥʶʚʘʪʠʩʷ ʜʚʦʤʘ 

ʤʝʪʦʜʘʤʠ:  

1) ʈʫʯʥʘ ʨʦʟʤʽʪʢʘ ʜʘʥʠʭ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʤʽʪʢʠ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʠʡ ʚʨʫʯʥʫ 

ʨʦʙʣʷʪʴ ʥʘʡʤʘʥʽ ʩʧʽʚʨʦʙʽʪʥʠʢʠ (ʤʦʜʝʨʘʪʦʨʠ)  

2) ɸʚʪʦʤʘʪʠʯʥʘ ʨʦʟʤʽʪʢʘ ʜʘʥʠʭ ï ʮʝ ʧʨʦʮʝʩ ʨʦʟʤʽʪʢʠ ʟʦʙʨʘʞʝʥʴ, ʟʘ 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʶʪʴ ʘʣʛʦʨʠʪʤʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ.  

ʈʦʟʛʣʷʥʝʤʦ ʧʣʶʩʠ ʽ ʤʽʥʫʩʠ ʢʦʞʥʦʛʦ ʧʽʜʭʦʜʫ. ʈʫʯʥʘ ʨʦʟʤʽʪʢʘ ʜʘʥʠʭ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʷʢʽʩʪʴ ʨʦʟʤʽʯʝʥʠʭ ʝʢʟʝʤʧʣʷʨʽʚ, ʙʦ ʨʦʟʤʽʪʢʘ ʦʙôʻʢʪʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʻ ʩʫʙôʻʢʪʠʚʥʦʶ ʟʘʜʘʯʝʶ ʽ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʝʥ ʤʦʜʝʨʘʪʦʨ ʻ 

ʦʩʦʙʦʶ, ʱʦ ʧʨʠʡʤʘʻ ʨʽʰʝʥʥʷ. ʗʢ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʨʘʥʽʰʝ, ʜʣʷ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ 

ʦʙôʻʢʪʽʚ ʜʫʞʝ ʚʘʞʣʠʚʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚʝʣʠʢʠʡ ʪʨʝʥʫʚʘʣʴʥʠʡ ʜʘʪʘʩʝʪ, ʪʦʤʫ 

ʚʘʞʣʠʚʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʨʫʯʥʘ ʨʦʟʤʽʪʢʘ ʜʘʥʠʭ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘʢʦʛʦ ʜʘʪʘʩʝʪʫ 

ʙʫʜʝ ʚʧʣʠʚʘʪʠ ʥʘ ʮʽʥʫ ʩʪʚʦʨʶʚʘʥʦʾ ʤʦʜʝʣʽ. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʷʢʽʩʪʴ 
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ʨʦʙʦʪʠ ʤʦʜʝʨʘʪʦʨʽʚ ʤʦʞʝ ʧʘʜʘʪʠ ʯʝʨʝʟ ʦʙʨʦʙʢʫ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʤʦʥʦʪʦʥʥʠʭ 

ʩʭʦʞʠʭ ʤʽʞ ʩʦʙʦʶ ʟʦʙʨʘʞʝʥʴ.  

ʉʪʦʩʦʚʥʦ ʤʝʪʦʜʫ ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʦʟʤʽʪʢʠ ʜʘʥʠʭ, ʡʦʛʦ ʧʣʶʩʠ ʟʘʢʣʶʯʘʶʪʴʩʷ 

ʚ ʪʦʤʫ, ʱʦ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʜʘʪʘʩʝʪʫ ʥʝ ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʮʽʥʘ ʡʦʛʦ 

ʩʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦ ʥʠʞʯʘ ʚʽʜ ʨʫʯʥʦʾ ʨʦʟʤʽʪʢʠ ʟʦʙʨʘʞʝʥʴ ʤʦʜʝʨʘʪʦʨʘʤʠ. ʇʨʦʪʝ 

ʚʝʣʠʢʠʡ ʤʽʥʫʩ ʮʴʦʛʦ ʤʝʪʦʜʫ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʚʠʩʦʢʦʤʫ ʨʽʚʥʶ ʥʝʪʦʯʥʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʨʘʤʦʢ ʘʙʦ ʭʠʙʥʦʤʫ ʚʠʟʥʘʯʝʥʥʽ ʢʣʘʩʫ ʦʙôʻʢʪʫ.  

ʅʘ ʨʠʩ 3 ʟʦʙʨʘʞʝʥʘ ʩʭʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʦʟʤʽʪʢʠ ʜʘʥʠʭ ʽʥʩʪʨʫʤʝʥʪʦʤ Amazon 

SageMaker Ground Truth.  

 

ʈʠʩ. 3 ʉʭʝʤʘ ʘʚʪʦʤʘʪʠʯʥʦʾ ʨʦʟʤʽʪʢʠ Amazon SageMaker Ground Truth 

 

2.2 ʄʝʪʦʜʠ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ 

ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʟ ʰʫʤʦʤ. 
 

ʇʽʩʣʷ ʧʝʨʰʠʭ ʝʪʘʧʽʚ ʥʘʚʯʘʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʥʘ ʨʦʟʤʽʯʝʥʠʭ ʜʘʥʠʭ 

ʯʘʩʪʦ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʯʽʢʫʚʘʥʠʤ. ʋ ʮʽʡ ʨʦʙʦʪʠ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘʚʯʘʣʴʥʽ ʚʠʙʦʨʢʠ ʟ 

ʰʫʤʦʤ, ʱʦ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʚʠʧʘʜʢʫ ʩʧʨʠʯʠʥʷʶʪʴ ʧʦʛʽʨʰʝʥʥʷ ʷʢʦʩʪʽ 
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ʨʦʟʧʽʟʥʘʚʘʥʥʷ. ɺ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʽ ʜʚʘ ʤʝʪʦʜʠ ʧʦʢʨʘʱʝʥʥʷ ʦʩʥʦʚʥʠʭ 

ʤʝʪʨʠʢ, ʱʦ ʦʮʽʥʶʶʪʴ ʷʢʽʩʪʴ ʤʦʜʝʣʽ, ʙʝʟ ʟʤʽʥʠ ʜʘʥʠʭ ʚ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʽʨʮʽ.   

 

2.2.1 ʄʝʪʦʜ ʘʥʩʘʤʙʣʶ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. 

 

ʄʝʪʦʜ ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ ï ʧʨʦʮʝʩ ʢʦʤʙʽʥʘʮʽʾ ʧʝʨʝʜʙʘʯʝʥʴ, ʷʢʽ ʻ 

ʚʠʨʦʙʣʷʶʪʴʩʷ ʢʽʣʴʢʦʤʘ ʤʦʜʝʣʷʤʠ, ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. 

ʄʝʪʘ ʮʴʦʛʦ ʤʝʪʦʜʫ ï ʮʝ ʧʽʜʚʠʱʝʥʥʷ ʪʦʯʥʦʩʪʽ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʝʥʥʷ. ɼʘʣʽ 

ʨʦʟʛʣʷʜʘʻʤʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʜʣʷ ʟʘʜʘʯʽ ʚʠʷʚʣʝʥʥʷ 

ʦʙôʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ.  

ɼʣʷ ʟʘʜʘʯʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʘ ʚʠʜʠ ʤʝʪʦʜʽʚ ʘʥʩʘʤʙʣʶ 

ʤʦʜʝʣʝʡ:  

1) ʪʽ, ʷʢʽ ʟʘʩʥʦʚʘʥʽ ʥʘ ʧʨʠʨʦʜʽ ʘʣʛʦʨʠʪʤʽʚ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ 

ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ  

2) ʪʽ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʧʝʨʝʜʙʘʯʝʥʥʷʤʠ ʤʦʜʝʣʝʡ. 

 ʇʝʨʰʠʡ ʚʠʜ ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ ʟʘʧʨʦʚʘʜʞʫʻ ʜʝʢʽʣʴʢʘ ʚʠʜʽʚ ʤʦʜʠʬʽʢʘʮʽʡ 

ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ: ʦʙôʻʜʥʘʥʥʷ ʬʫʥʢʮʽʡ ʟ ʨʽʟʥʠʭ ʜʞʝʨʝʣ ʧʝʨʝʜ ʧʦʜʘʯʝʶ ʾʭ ʚ 

ʘʣʛʦʨʠʪʤ ʧʨʦʧʦʟʠʮʽʾ ʦʙʣʘʩʪʽ ʦʙôʻʢʪʫ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ ʥʘ ʝʪʘʧʽ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʘʙʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʥʩʘʤʙʣʶ ʥʘ ʦʙʦʭ ʮʠʭ ʩʪʘʜʽʷʭ. ɼʨʫʛʠʡ ʚʠʜ 

ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦʙ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʦʜʘʪʢʦʚʦʾ ʤʦʜʝʣʽ ʚ 

ʘʥʩʘʤʙʣʶ ʢʦʨʝʛʫʚʘʪʠ ʧʨʦʛʥʦʟʠ ʧʝʨʚʠʥʥʦʾ  ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. ʑʝ ʦʜʥʘ 

ʤʦʞʣʠʚʘ ʤʦʜʠʬʽʢʘʮʽʷ ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ, ʱʦ ʧʨʘʮʶʻ ʟ ʧʝʨʝʜʙʘʯʝʥʥʷʤʠ, 

ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʤʝʪʦʜʽʚ ʫʩʫʥʝʥʥʷ ʟʘʡʚʠʭ ʢʦʨʦʙʦʢ. ʆʜʥʘʢ ʮʽ ʤʝʪʦʜʠ ʥʝ 

ʚʨʘʭʦʚʫʶʪʴ ʢʣʘʩʠ ʚʠʷʚʣʝʥʠʭ ʦʙ'ʻʢʪʽʚ ʘʙʦ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ, ʷʢʽ ʚʠʷʚʠʣʠ 

ʢʦʥʢʨʝʪʥʠʡ ʦʙ'ʻʢʪ; ʽ, ʦʪʞʝ, ʷʢʱʦ ʾʭ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʥʘʦʩʣʽʧ, ʚʦʥʠ, ʷʢ ʧʨʘʚʠʣʦ, 

ʜʘʶʪʴ ʙʘʛʘʪʦ ʧʦʤʠʣʢʦʚʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʦʜʥʦʾ ʟ ʤʦʜʠʬʽʢʘʮʽʡ 

ʤʝʪʦʜʫ ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ: ʙʫʜʝ ʦʙôʻʜʥʘʥʦ ʚ ʘʥʩʘʤʙʣʴ ʧʝʨʚʠʥʥʫ ʤʦʜʝʣʴ, ʱʦ 

ʥʘʚʯʝʥʘ ʥʘ ʚʠʙʽʨʮʽ ʜʘʥʠʭ train ʪʘ ʚʪʦʨʠʥʥʘ ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʚʠʙʽʨʮʽ test. 

ɸʨʭʽʪʝʢʪʫʨʠ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʤʦʜʝʣʽ ʙʫʜʫʪʴ ʦʜʥʘʢʦʚʠʤʠ.  



 21 

 

2.2.2 ʄʝʪʦʜ çtest-time augmentation» 
 

ʅʘʨʦʱʫʚʘʥʥʷ ʜʘʥʠʭ (data augmentation) ð ʮʝ ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ ʫ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʥʘʚʯʘʣʴʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʚʠʭʽʜʥʦʛʦ ʥʘʙʦʨʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ 

ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʝʨʝʪʚʦʨʝʥʴ, ʷʢʽ ʥʝ ʟʤʽʥʶʶʪʴ ʢʣʘʩ ʜʘʥʠʭ (ʧʝʨʝʚʝʨʥʝʥʥʷ 

ʟʦʙʨʘʞʝʥʥʷ, ʥʘʙʣʠʞʝʥʥʷ, ʟʤʽʥʘ ʢʫʪʘ, ʚʽʜʟʝʨʢʘʣʝʥʥʷ, ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʦʙʨʽʟʘʥʥʷ 

ʪʦʱʦ). Test-time augmentation ï ʚʠʜ ʥʘʨʦʱʫʚʘʥʥʷ ʜʘʥʠʭ ʜʣʷ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ. 

ʎʝʡ ʧʽʜʭʽʜ ʩʪʚʦʨʶʻ ʚʠʧʘʜʢʦʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʟ ʪʝʩʪʦʚʦʾ ʚʠʙʽʨʢʠ, ʥʘ 

ʷʢʦʤʫ ʤʦʜʝʣʴ ʧʝʨʝʜʙʘʯʘʻ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙôʻʢʪʽʚ (ʾʭ ʢʣʘʩ ʪʘ ʢʦʦʨʜʠʥʘʪʠ 

ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʮʴʦʛʦ ʦʙôʻʢʪʫ), ʽ ʚʠʭʽʜʥʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʩʪʘʻ ʘʥʩʘʤʙʣʴ ʟ 

ʮʠʭ ʧʝʨʝʜʙʘʯʝʥʴ. ʊʘʢʘ ʩʪʨʘʪʝʛʽʷ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʠʭ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʷʢ 

ʤʝʪʦʜ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʯʝʨʝʟ ʚʠʩʦʢʽ ʚʠʪʨʘʪʠ ʥʘ ʟʙʽʨ ʜʘʥʠʭ 

ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ ʮʴʦʛʦ ʪʠʧʫ.  

ʅʘʚʧʘʢʠ, ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʛʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʧʦʻʜʥʘʥʥʷ ʧʨʦʛʥʦʟʽʚ 

ʜʝʪʝʢʪʦʨʽʚ ʦʙôʻʢʪʽʚ, ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ ʪʝʩʪʫʚʘʥʥʷ ʚ ʦʩʥʦʚʥʦʤʫ ʟʘʩʪʦʩʦʚʫʚʘʣʦʩʷ ʚ 

ʢʦʥʪʝʢʩʪʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. ʋ ʤʦʜʝʣʷʭ ʜʝʪʝʢʮʽʾ ʤʦʜʝʣʝʡ ʤʝʪʦʜ test-time 

augmentation ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʽʣʴʢʠ ʜʣʷ ʟʤʽʥʠ ʢʦʣʴʦʨʽʚ ʟʦʙʨʘʞʝʥʥʷ. ɯʥʰʽ ʤʝʪʦʜʠ 

data augmentation ʥʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʤʦʜʝʣʝʡ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʯʝʨʝʟ 

ʪʝ, ʱʦ ʚʦʥʠ ʟʤʽʥʶʶʪʴ ʧʦʟʠʮʽʶ ʦʙôʻʢʪʘ, ʱʦ ʟʦʙʨʘʞʝʥʦ, ʽ ʮʝ ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ 

ʥʘ ʝʪʘʧʽ ʦʙôʻʜʥʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʚ ʚʠʭʽʜʥʠʡ. 
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ʈʆɿɼɯʃ 3. ɸʅɸʃɯɿ ɺʇʃʀɺʋ ɼɸʅʀʍ ɿ ʐʋʄʆʄ ʅɸ ʊʈɽʅʋɺɸʅʅʗ 

ʄʆɼɽʃɯ ɼɽʊɽʂʎɯɰ ʆɹôɭʂʊɯɺ 
 

3.1 ʇʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʽ 
 

ʋ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʰʫʤʫ ʚ ʜʘʥʠʭ ʥʘ 

ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. ɹʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ 

ʜʘʪʘʩʝʪ PASCAL VOC 2007 ʨʦʢʫ ï ʮʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʥʘʙʽʨ ʟʦʙʨʘʞʝʥʴ, ʥʘ 

ʷʢʠʭ ʦʙôʻʢʪʠ ʨʦʟʤʽʯʝʥʽ ʰʣʷʭʦʤ ʚʠʜʽʣʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ (bounding 

box). ʋ ʮʽʡ ʟʘʜʘʯʽ ʤʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʨʦʟʛʣʷʥʫʪʠʡ ʥʘʙʽʨ ʜʘʥʠʭ ʥʝʤʘʻ ʰʫʤʫ.  

ʄʝʪʘ ʮʴʦʛʦ ʘʥʘʣʽʟʫ ʟʘʢʣʶʯʘʻʪʴʩʷ ʚ ʪʦʤʫ, ʱʦʙ ʰʣʷʭʦʤ ʨʝʜʘʛʫʚʘʥʥʷ ʥʘʙʦʨʫ 

ʜʘʥʠʭ (ʜʦʜʘʚʘʥʥʷ ʰʫʤʫ ʚ ʜʘʥʽ), ʚʠʷʚʠʪʠ ʚʧʣʠʚ ʰʫʤʫ ʥʘ ʷʢʽʩʪʴ ʤʦʜʝʣʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʴʩʷ ʥʘ ʥʘʩʪʫʧʥʠʭ ʪʠʧʘʭ ʰʫʤʫ ʚ ʜʘʥʠʭ:  

¶ ʆʙôʻʢʪ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʬʦʪʦ, ʘʣʝ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʝʤʘʻ.  

¶ ʆʙôʻʢʪ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʬʦʪʦ, ʢʦʦʨʜʠʥʘʪʠ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ 

ʢʦʨʝʢʪʥʽ, ʘʣʝ ʡʦʛʦ ʢʘʪʝʛʦʨʽʷ ʥʝʧʨʘʚʠʣʴʥʘ 

¶ ʆʙôʻʢʪ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʬʦʪʦ, ʡʦʛʦ ʢʘʪʝʛʦʨʽʷ ʦʙʨʘʥʘ ʚʽʨʥʦ, ʧʨʦʪʝ 

ʢʦʦʨʜʠʥʘʪʠ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʝ ʚʽʜʧʦʚʽʜʘʶʪʴ ʜʽʡʩʥʠʤ 

ʨʦʟʤʽʨʘʤ ʦʙôʻʢʪʘ (ʦʙʤʝʞʫʚʘʣʴʥʘ ʢʦʨʦʙʢʘ ʤʦʞʝ ʙʫʪʠ ʤʝʥʰʦʶ ʘʙʦ 

ʙʽʣʴʰʦʶ ʟʘ ʦʙôʻʢʪ)  

ɼʣʷ ʢʦʞʥʦʛʦ ʪʠʧʫ ʰʫʤʫ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠ:  

1) ʐʫʤ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ ʩʢʣʘʜʘʻ 10% ʚʽʜ ʫʩʽʭ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ 

2) ʐʫʤ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ ʩʢʣʘʜʘʻ 30% ʚʽʜ ʫʩʽʭ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ 

3) ʐʫʤ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ ʩʢʣʘʜʘʻ 50% ʚʽʜ ʫʩʽʭ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ. 

ɺ ʫʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ, ʷʢʽ ʤʘʶʪʴ 

ʘʨʭʽʪʝʢʪʫʨʫ YOLOv5 ʪʘ ʧʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʽ ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ COCO. 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷʢʦʩʪʽ ʥʘʪʨʝʥʦʚʘʥʦʾ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʙʫʜʝ 

ʨʦʟʛʣʷʥʫʪʦ ʥʘʩʪʫʧʥʽ ʤʝʪʨʠʢʠ: train/validation box loss, train/validation class loss, 

train/validation object loss, precision, recall, mAP 0.5, mAP 0.5:0.95, F1 curve.  
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3.2 ɼʦʩʣʽʜʞʝʥʥʷ ʥʘʙʦʨʫ ʜʘʥʠʭ, ʷʢʠʡ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ 

ʤʦʜʝʣʝʡ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. 
 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʷ ʦʙʨʘʣʘ ʥʘʙʽʨ ʜʘʥʠʭ PASCAL VOC 2007 ʨʦʢʫ. ʎʝʡ 

ʜʘʪʘʩʝʪ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʬʦʪʦʛʨʘʬʽʾ, ʥʘ ʷʢʠʭ ʨʦʟʤʽʯʝʥʦ ʦʙôʻʢʪʠ 20 ʢʘʪʝʛʦʨʽʡ: 

¶ ʃʶʜʠ: çperson» 

¶ ʊʚʘʨʠʥʠ: çhorse», «bird», «cow», «dog», «cat», «sheep» 

¶ ʊʨʘʥʩʧʦʨʪʥʽ ʟʘʩʦʙʠ: çaeroplane», «car», «bicycle», «boat», «train», 

«motorbike», «bus» 

¶ ʇʨʝʜʤʝʪʠ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʢʽʤʥʘʪʽ: çdiningtable», «chair», 

«tvmonitor», «bottle», «pottedplant», «sofa».  

 ɺ ʮʴʦʤʫ ʜʘʪʘʩʝʪʽ ʟʥʘʭʦʜʠʪʴʩʷ 5011 ʬʦʪʦʛʨʘʬʽʡ ʽ ʨʦʟʤʽʯʝʥʦ 15662 ʦʙôʻʢʪʘ. 

ɼʘʣʽ ʤʠ ʜʝʪʘʣʴʥʦ ʧʦʜʠʚʠʤʦʩʴ ʥʘ ʨʦʟʧʦʜʽʣ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ.  

ʈʦʟʙʠʪʪʷ ʜʘʥʠʭ ʥʘ ʚʠʙʽʨʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ʪʘʙʣʠʮʽ 1. 

 

ʥʘʟʚʘ ʥʘʙʦʨʫ 

ʜʘʥʠʭ 

ʚʽʜʩʦʪʢʦʚʘ ʯʘʩʪʢʘ ʚʽʜ ʟʘʛʘʣʴʥʦʛʦ 

ʜʘʪʘʩʝʪʫ 

ʢʽʣʴʢʽʩʪʴ 

ʝʣʝʤʝʥʪʽʚ 

train 80% 4009 

validation 10% 501 

test 10% 501 

 

ʊʘʙʣʠʮʷ 1. ʈʦʟʙʠʪʪʷ ʥʘʙʦʨʫ ʜʘʥʠʭ ʥʘ ʚʠʙʽʨʢʠ 

 

ʅʘ ʤʘʣʶʥʢʘʭ 4, 5 ʪʘ 6 ʟʦʙʨʘʞʝʥʽ ʜʽʘʛʨʘʤʠ ʨʦʟʧʦʜʽʣʫ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʘʭ 

ʥʘ ʬʦʪʦ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʚʠʙʽʨʢʘʭ train, validation ʪʘ test ʚʽʜʧʦʚʽʜʥʦ. ʗʢ ʤʦʞʥʘ 

ʧʦʙʘʯʠʪʠ ʟ ʮʠʭ ʜʽʘʛʨʘʤ, ʢʽʣʴʢʽʩʪʴ ʦʙôʻʢʪʽʚ ʢʘʪʝʛʦʨʽʡ çperson», «car» ʪʘ çchair» 

ʩʠʣʴʥʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʩʝʨʝʜʥʴʦʛʦ ʟʥʘʯʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʢʘʪʝʛʦʨʽʡ 

ʽʥʰʠʭ ʢʣʘʩʽʚ. ʇʨʦʪʝ ʦʙôʻʢʪʠ ʢʘʪʝʛʦʨʽʡ çperson», «car» ʪʘ çchairè ʤʘʶʪʴ ʥʘʙʘʛʘʪʦ 

ʚʠʱʠʡ ʨʽʚʝʥʴ ʚʘʨʽʘʪʠʚʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʢʣʘʩʘʤʠ, ʪʦʤʫ 
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ʥʝʟʙʘʣʘʥʩʦʚʘʥʽʩʪʴ ʢʽʣʴʢʦʩʪʽ ʦʙôʻʢʪʽʚ ʮʠʭ ʢʘʪʝʛʦʨʽʡ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʥʝ 

ʧʨʠʟʚʝʜʝ ʜʦ ʟʤʽʱʝʥʥʷ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʜʦ ʮʠʭ ʢʣʘʩʽʚ.  

 

 
ʈʠʩ. 4. ɼʽʘʛʨʘʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ ʜʦ ʾʭ ʢʣʘʩʽʚ ʫ 

ʚʠʙʽʨʮʽ train 

 

 
ʈʠʩ. 5. ɼʽʘʛʨʘʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ ʜʦ ʾʭ ʢʣʘʩʽʚ ʫ 

ʚʠʙʽʨʮʽ validation 
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ʈʠʩ. 5. ɼʽʘʛʨʘʤʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ ʜʦ ʾʭ ʢʣʘʩʽʚ ʫ 

ʚʠʙʽʨʮʽ test 

ʋ ʜʘʪʘʩʝʪʽ PASCAL VOC ʦʙʤʝʞʫʚʘʣʴʥʽ ʢʦʨʦʙʢʠ ʦʙôʻʢʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʚʠʛʣʷʜʽ (ὼ ȟώ ȟὼ ȟώ , ʜʝ ὼ  ʪʘ ώ  ï ʢʦʦʨʜʠʥʘʪʠ ʚʝʨʭʥʴʦʾ ʣʽʚʦʾ 

ʚʝʨʰʠʥʠ ʢʦʨʦʙʢʠ, ʚ ὼ  ʪʘ ώ  ï ʢʦʦʨʜʠʥʘʪʠ ʥʠʞʥʴʦʾ ʧʨʘʚʦʾ ʚʝʨʰʠʥʠ 

ʢʦʨʦʙʢʠ. ʆʙʨʘʥʘ ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʤʦʜʝʣʴ YOLOv5 ʧʨʠʡʤʘʻ ʚʭʽʜʥʽ ʟʥʘʯʝʥʥʷ 

ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʦʙôʻʢʪʫ ʥʘʩʪʫʧʥʦʛʦ ʚʠʛʣʷʜʫ: ὼȟώȟύȟὬ, ʜʝ ὼ ʪʘ ώ ï 

ʢʦʦʨʜʠʥʘʪʠ ʮʝʥʪʨʫ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʘ ύ ʪʘ Ὤ - ʰʠʨʠʥʘ ʪʘ ʚʠʩʦʪʘ 

ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʚʽʜʧʦʚʽʜʥʦ. ʋ ʧʨʦʮʝʩʽ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ ʜʦ ʥʘʚʯʘʥʥʷ 

ʬʘʡʣʠ, ʚ ʷʢʠʭ ʚʢʘʟʘʥʦ ʧʝʨʝʣʽʢ ʦʙôʻʢʪʽʚ ʪʘ ʢʦʦʨʜʠʥʘʪʠ ʾʭ ʦʙʤʝʞʫʚʘʣʴʥʠʭ 

ʢʦʨʦʙʦʢ, ʙʫʣʠ ʟʤʽʥʝʥʽ ʚʽʜʧʦʚʽʜʥʠʤ ʯʠʥʦʤ.  

ʈʝʜʘʛʫʚʘʥʥʷ ʜʘʥʠʭ ʪʘ ʜʦʜʘʚʘʥʥʷ ʚ ʥʠʭ ʰʫʤʫ ʙʫʜʝ ʟʜʽʡʩʥʶʚʘʪʠʩʴ ʪʽʣʴʢʠ 

ʜʣʷ ʚʠʙʽʨʢʠ train ʟ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʦʤʠʣʦʢ ʚ ʨʦʟʤʽʪʮʽ ʩʘʤʝ ʥʘ 

ʧʨʦʮʝʩ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ. ɺʠʙʽʨʢʠ validation ʪʘ test ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ.  

 

3.3 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʚʽʜʩʫʪʥʦʩʪʽ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʘ ʦʙôʻʢʪʽ, 

ʷʢʠʡ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʬʦʪʦ 

 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʨʘʥʽʰʝ, ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʰʫʤʫ ʢʦʞʥʦʛʦ ʪʠʧʫ 

ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘ - ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ 

ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʽʨʮʽ, ʚ ʷʢʽʡ ʚʤʽʩʪ ʰʫʤʫ ʩʪʘʥʦʚʠʪʴ: ʘ) 10%; ʙ) 30%; ʚ) 50%.  
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ʆʙôʻʢʪʠ, ʱʦ ʧʽʜʜʘʚʘʣʠʩʷ ʚʽʜʧʦʚʽʜʥʠʤ ʟʤʽʥʘʤ, ʙʫʣʦ ʦʙʨʘʥʦ ʚʠʧʘʜʢʦʚʠʤ 

ʯʠʥʦʤ, ʢʽʣʴʢʽʩʪʴ ʷʢʠʭ ʜʦʨʽʚʥʶʻ ὲϷ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʚʩʽʭ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ ʫ 

ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʝ ὲ ρπȟσπȟυπ. ʋ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʜʘʚʘʥʥʷ 

ʰʫʤʫ ʚʽʜʙʫʚʘʣʦʩʴ ʰʣʷʭʦʤ ʚʠʜʘʣʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʢʦʨʦʙʦʢ ʚʠʙʨʘʥʠʭ 

ʦʙôʻʢʪʽʚ.  

ʅʘ ʤʘʣʶʥʢʘʭ 6-10 ʚʽʜʦʙʨʘʞʝʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʤʝʪʨʠʢ ʚʧʨʦʜʦʚʞ 

ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟ ʰʫʤʦʤ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: 1) ʚʤʽʩʪ ʰʫʤʫ ï 0%; 2) ʚʤʽʩʪ 

ʰʫʤʫ ï 10%; 3) ʚʤʽʩʪ ʰʫʤʫ ï 30%; 4) ʚʤʽʩʪ ʰʫʤʫ ï 50%.  

ʅʘ ʤʘʣʶʥʢʫ 11 ʟʦʙʨʘʞʝʥʦ F1-ʢʨʠʚʫ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: 1) ʚʤʽʩʪ ʰʫʤʫ ï 

0%; 2) ʚʤʽʩʪ ʰʫʤʫ ï 10%; 3) ʚʤʽʩʪ ʰʫʤʫ ï 30%; 4) ʚʤʽʩʪ ʰʫʤʫ ï 50%. 

 

ʘ)                                                                     ʙ) 

ʈʠʩ. 6. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ box loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ.  

 

ʘ)                                                                     ʙ) 

ʈʠʩ. 7. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ class loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ.  
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ʘ)                                                                     ʙ) 

ʈʠʩ. 8. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ object loss ʜʣ̫ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ.   

 

ʘ)                                                                     ʙ) 

ʈʠʩ. 9. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʚʣʫʯʥʽʩʪʴ (precision); ʙ) ʧʦʚʥʦʪʘ (recall).  

 

ʘ)                                                                     ʙ) 

ʈʠʩ. 10. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ mAP ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ: ʘ) ʧʦʨʽʛ ὍέὟ πȟυ;  ʙ) ʧʦʨʽʛ ὍέὟ ‭ πȟυȠ πȟωυ.  
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ʈʠʩ. 11. ʂʨʠʚʘ F1, ʢʦʣʠ ʥʘʚʯʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʴ ʥʘ ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʟ ʚʤʽʩʪʦʤ 

ʰʫʤʫ: ʘ) 0%; ʙ) 10%; ʚ) 30%; ʛ) 50%. 

ɿ ʤʘʣʶʥʢʽʚ 6-8 ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʬʫʥʢʮʽʾ ʚʪʨʘʪ box loss ʪʘ 

class loss ʟʤʽʥʶʶʪʴʩʷ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʘ ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʧʨʦʪʝ object 

loss ʽ ʥʘ ʝʪʘʧʽ ʪʨʝʥʫʚʘʥʥʷ, ʽ ʥʘ ʝʪʘʧʽ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ. ɺʝʣʠʯʠʥʘ object loss ʥʘ ʝʪʘʧʽ ʪʨʝʥʫʚʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʥʠʞʫʻʪʴʩʷ, ʘ ʥʘ ʝʪʘʧʽ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʚʪʨʘʪʠ ʧʨʦʧʦʨʮʽʡʥʽ 

ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʜʘʥʠʭ.  

ʄʝʪʨʠʢʘ recall ʤʘʡʞʝ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʟʥʘʣʘ ʟʤʽʥ ʟ ʧʽʜʚʠʱʝʥʥʷʤ ʚʤʽʩʪʫ 

ʰʫʤʫ. ʅʘ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʤʝʪʨʠʢʠ precision ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ 

precision ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʰʫʤʫ ʥʘ 50% ʦʙôʻʢʪʽʚ ʥʘ ʢʦʞʥʦʤʫ ʝʪʘʧʽ ʪʨʝʥʫʚʘʥʥʷ 

ʧʨʠʡʤʘʻ ʥʠʞʯʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʽʞ ʚ ʽʥʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ.  
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ʄʝʪʨʠʢʘ mAP ʟʘ ʫʤʦʚʠ ʱʦ ʧʦʨʽʛ ὍέὟ πȟυ ʪʘ ὍέὟ ‭ πȟυȠ πȟωυ ʟʥʠʞʫʻʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ.  

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʨʠʚʫ F1, ʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʝʤʦ 

ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 2.   

 ɿʥʘʯʝʥʥʷ F1 Confidence 

0% ʰʫʤʫ 0,71 0,372 

10% ʰʫʤʫ 0,72 0,325 

30% ʰʫʤʫ 0,70 0,254 

50% ʰʫʤʫ 0,67 0,170 

ʊʘʙʣ. 2 ɿʥʘʯʝʥʥʷ F1 ʪʘ confidence ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ F1 ʪʘ confidence ʤʠ ʤʦʞʝʤʦ ʧʦʤʽʪʠʪʠ, ʱʦ 

ʪʽʣʴʢʠ 50% ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʜʘʥʠʭ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʜʝʪʝʢʮʽʶ ʦʙôʻʢʪʽʚ ʤʦʜʝʣʣʶ. 

ʎʽ ʚʠʩʥʦʚʢʠ ʤʠ ʤʦʞʝʤʦ ʧʽʜʪʚʝʨʜʠʪʠ ʽ ʟʘ ʤʘʪʨʠʮʝʶ ʧʦʤʠʣʦʢ (ɼʦʜʘʪʦʢ ɸ).  

ʊʦʙʪʦ, ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʛʣʷʥʫʪʠʡ ʪʠʧ 

ʰʫʤʫ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʫ ʚʠʧʘʜʢʫ 

ʥʘʷʚʥʦʩʪʽ 50% h ʫʤʫ ʚ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ.  

 

3.4 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʧʨʠʩʚʦʻʥʥʷ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʢʣʘʩʫ ʦʙôʻʢʪʘ, ʷʢʠʡ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʬʦʪʦ 
 

ʇʨʦʚʝʜʝʥʦ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚ ʷʢʠʭ ʙʫʣʦ ʜʦʜʘʥʦ: 1) 10% h ʫʤʫ ʚ 

ʪʨʝʥʫʚʘʣʴʥʫ ʚʠʙʽʨʢʫ; 2) 30% h ʫʤʫ ʚ ʪʨʝʥʫʚʘʣʴʥʫ ʚʠʙʽʨʢʫ; 3) 50% h ʫʤʫ ʚ 

ʪʨʝʥʫʚʘʣʴʥʫ ʚʠʙʽʨʢʫ.  

ɸʣʛʦʨʠʪʤ ʜʦʜʘʚʘʥʥʷ ʰʫʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ. ʋ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʜʘʚʘʥʥʷ ʰʫʤʫ ʚʽʜʙʫʚʘʣʦʩʴ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʢʣʘʩʫ ʦʙôʻʢʪʫ.  

ʅʘ ʤʘʣʶʥʢʘʭ 12-16 ʚʽʜʦʙʨʘʞʝʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʤʝʪʨʠʢ ʚʧʨʦʜʦʚʞ 

ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟ ʰʫʤʦʤ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: 1) ʚʤʽʩʪ ʰʫʤʫ ï 0%; 2) ʚʤʽʩʪ 

ʰʫʤʫ ï 10%; 3) ʚʤʽʩʪ ʰʫʤʫ ï 30%; 4) ʚʤʽʩʪ ʰʫʤʫ ï 50%.  

ʅʘ ʤʘʣʶʥʢʫ 17 ʟʦʙʨʘʞʝʥʦ F1-ʢʨʠʚʫ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: 1) ʚʤʽʩʪ ʰʫʤʫ ï 

0%; 2) ʚʤʽʩʪ ʰʫʤʫ ï 10%; 3) ʚʤʽʩʪ ʰʫʤʫ ï 30%; 4) ʚʤʽʩʪ ʰʫʤʫ ï 50%. 
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ʈʠʩ. 12. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ box loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ.  

 

ʈʠʩ. 13. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ obj loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ. 

 

ʈʠʩ. 14. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ class loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ. 
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ʈʠʩ. 15. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʚʣʫʯʥʽʩʪʴ (precision); ʙ) ʧʦʚʥʦʪʘ (recall).  

 

ʈʠʩ. 16. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ mAP ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ: ʘ) ʧʦʨʽʛ ὍέὟ πȟυ;  ʙ) ʧʦʨʽʛ ὍέὟ ‭ πȟυȠ πȟωυ.  
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ʈʠʩ. 17. ʂʨʠʚʘ F1, ʢʦʣʠ ʥʘʚʯʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʴ ʥʘ ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʟ ʚʤʽʩʪʦʤ 

ʰʫʤʫ: ʘ) 0%; ʙ) 10%; ʚ) 30%; ʛ) 50%. 

ɿ ʤʘʣʶʥʢʽʚ 12-14 ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʢʦʤʧʦʥʝʥʪʠ ʬʫʥʢʮʽʾ ʚʪʨʘʪ box loss 

ʪʘ object loss ʟʤʽʥʶʶʪʴʩʷ ʥʝʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʘ ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʧʨʦʪʝ 

class loss ʽ ʥʘ ʝʪʘʧʽ ʪʨʝʥʫʚʘʥʥʷ, ʽ ʥʘ ʝʪʘʧʽ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʚʠʜʠʤʦ ʟʤʽʥʶʻʪʴʩʷ ʥʘ 

ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. ɺʝʣʠʯʠʥʘ class loss ʥʘ ʝʪʘʧʽ ʪʨʝʥʫʚʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦ 

ʟʥʠʞʫʻʪʴʩʷ, ʘ ʧʨʦʪʷʛʦʤ ʚʩʴʦʛʦ ʝʪʘʧʫ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ 

ʧʨʦʧʦʨʮʽʡʥʽ ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʜʘʥʠʭ.  

ɿ ʛʨʘʬʽʢʫ ʥʘ ʤʘʣʶʥʢʫ 25 ʚʠʜʥʦ, ʱʦ ʤʝʪʨʠʢʘ precision ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ 

ʫ ʚʩʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ, ʧʨʦʪʝ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, ʱʦ 

ʥʘʡʢʨʘʱʝ ʟʥʘʯʝʥʥʷ precision ʫ ʝʢʩʧʝʨʠʤʝʥʪʽ, ʜʝ ʥʝʤʘʻ ʰʫʤʫ ʚʠʱʝ, ʥʽʞ ʚ ʫʩʽʭ 

ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʷʢʠʭ ʰʫʤ ʥʘʷʚʥʠʡ. ʅʘ ʛʨʘʬʽʢʫ ʟʤʽʥʠ ʤʝʪʨʠʢʠ recall ʤʦʞʥʘ 
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ʧʦʤʽʪʠʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ recall ʥʘ ʢʽʥʮʝʚʦʤʫ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ ʧʨʦʧʦʨʮʽʡʥʦ ʚʤʽʩʪʫ 

ʰʫʤʫ ʚ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ.  

ʄʝʪʨʠʢʘ mAP ʟʘ ʫʤʦʚʠ ʱʦ ʧʦʨʽʛ ὍέὟ πȟυ ʪʘ ὍέὟ ‭ πȟυȠ πȟωυ ʟʥʠʞʫʻʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ.  

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʨʠʚʫ F1, ʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʝʤʦ 

ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 3.   

 ɿʥʘʯʝʥʥʷ F1 Confidence 

0% ʰʫʤʫ 0,71 0,372 

10% h ʫʤʫ 0,70 0,391 

30% ʰʫʤʫ 0,70 0,354 

50% ʰʫʤʫ 0,67 0,279 

ʊʘʙʣ. 3 ɿʥʘʯʝʥʥʷ F1 ʪʘ confidence ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ F1 ʪʘ confidence ʤʠ ʤʦʞʝʤʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʜʘʥʠʭ ʟ ʰʫʤʦʤ ʮʽ ʟʥʘʯʝʥʥʷ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʶʪʴʩʷ. ʎʽ 

ʚʠʩʥʦʚʢʠ ʤʠ ʤʦʞʝʤʦ ʧʽʜʪʚʝʨʜʠʪʠ ʽ ʟʘ ʤʘʪʨʠʮʝʶ ʧʦʤʠʣʦʢ (ɼʦʜʘʪʦʢ ɹ).  

ʊʦʙʪʦ, ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʛʣʷʥʫʪʠʡ ʪʠʧ 

ʰʫʤʫ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ recall ʧʨʠ ʙʫʜʴ-ʷʢʦʤʫ ʚʤʽʩʪʽ ʰʫʤʫ, 

ʧʨʦʪʝ ʷʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ.  

3.5 ɼʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʥʝʧʨʘʚʠʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʦʾ 

ʢʦʨʦʙʢʠ ʦʙôʻʢʪʫ 
 

ʇʨʦʚʝʜʝʥʦ ʪʨʠ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʚ ʷʢʠʭ ʙʫʣʦ ʜʦʜʘʥʦ: 1) 10% h ʫʤʫ ʚ 

ʪʨʝʥʫʚʘʣʴʥʫ ʚʠʙʽʨʢʫ; 2) 30% h ʫʤʫ ʚ ʪʨʝʥʫʚʘʣʴʥʫ ʚʠʙʽʨʢʫ; 3) 50% h ʫʤʫ ʚ 

ʪʨʝʥʫʚʘʣʴʥʫ ʚʠʙʽʨʢʫ.  

ɸʣʛʦʨʠʪʤ ʜʦʜʘʚʘʥʥʷ ʰʫʤʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘʢʠʤ ʩʘʤʠʤ, ʷʢ ʽ ʚ ʧʦʧʝʨʝʜʥʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʥʽ. ʋ ʮʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʦʜʘʚʘʥʥʷ ʰʫʤʫ ʚʽʜʙʫʚʘʣʦʩʴ ʰʣʷʭʦʤ ʟʤʽʥʠ 

ʢʦʦʨʜʠʥʘʪ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ï ʟʤʝʥʰʝʥʥʷ ʾʾ ʨʦʟʤʽʨʽʚ ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ.  

ʅʘ ʤʘʣʶʥʢʘʭ 18-22 ʚʽʜʦʙʨʘʞʝʥʽ ʛʨʘʬʽʢʠ ʟʤʽʥʠ ʟʥʘʯʝʥʴ ʤʝʪʨʠʢ ʚʧʨʦʜʦʚʞ 

ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʟ ʰʫʤʦʤ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: 1) ʚʤʽʩʪ ʰʫʤʫ ï 0%; 2) ʚʤʽʩʪ 

ʰʫʤʫ ï 10%; 3) ʚʤʽʩʪ ʰʫʤʫ ï 30%; 4) ʚʤʽʩʪ ʰʫʤʫ ï 50%.  
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ʅʘ ʤʘʣʶʥʢʫ 23 ʟʦʙʨʘʞʝʥʦ F1-ʢʨʠʚʫ ʜʣʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ: 1) ʚʤʽʩʪ ʰʫʤʫ ï 

0%; 2) ʚʤʽʩʪ ʰʫʤʫ ï 10%; 3) ʚʤʽʩʪ ʰʫʤʫ ï 30%; 4) ʚʤʽʩʪ ʰʫʤʫ ï 50%. 

 

ʈʠʩ. 18. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ box loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ.  

 

ʈʠʩ. 19. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ obj loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ. 

 

ʈʠʩ. 20. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ class loss ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʝʪʘʧ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ; ʙ) ʝʪʘʧ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ. 
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ʈʠʩ. 21. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ: ʘ) 

ʚʣʫʯʥʽʩʪʴ (precision); ʙ) ʧʦʚʥʦʪʘ (recall).  

 

ʈʠʩ. 22. ɻʨʘʬʽʢ ʟʤʽʥʠ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ mAP ʜʣʷ ʢʦʞʥʦʾ ʝʧʦʭʠ ʥʘʚʯʘʥʥʷ 

ʤʦʜʝʣʽ: ʘ) ʧʦʨʽʛ ὍέὟ πȟυ;  ʙ) ʧʦʨʽʛ ὍέὟ ‭ πȟυȠ πȟωυ.  
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ʈʠʩ. 23. ʂʨʠʚʘ F1, ʢʦʣʠ ʥʘʚʯʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʴ ʥʘ ʪʨʝʥʫʚʘʣʴʥʽʡ ʚʠʙʽʨʮʽ ʟ ʚʤʽʩʪʦʤ 

ʰʫʤʫ: ʘ) 0%; ʙ) 10%; ʚ) 30%; ʛ) 50%. 

ɿ ʤʘʣʶʥʢʽʚ 18-20 ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʚʩʽ ʢʦʤʧʦʥʝʥʪʠ ʬʫʥʢʮʽʾ ʚʪʨʘʪ (box 

loss, object loss ʪʘ class loss) ʟʤʽʥʶʶʪʴʩʷ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʥʘ ʢʦʞʥʦʤʫ 

ʝʢʩʧʝʨʠʤʝʥʪʽ, ʧʨʠ ʯʦʤʫ ʟʥʘʯʝʥʥʷ ʚʪʨʘʪ ʥʘ ʝʪʘʧʽ ʚʘʣʽʜʘʮʽʾ ʤʦʜʝʣʽ ʚʠʜʠʤʦ 

ʟʤʽʥʶʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʧʨʦʧʦʨʮʽʡʥʦ ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʜʘʥʠʭ.  

ʊʘʢʦʞ ʟ ʛʨʘʬʽʢʘ ʥʘ ʤʘʣʶʥʢʫ 21 ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʪʠʧ 

ʰʫʤʫ ʚʧʣʠʚʘʻ ʽ ʥʘ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ precision, ̔  ʥʘ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ recall. 

ɿʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ precision ʽ ʥʘ ʥʘʡʢʨʘʱʦʤʫ ʝʪʘʧʽ ʥʘʚʯʘʥʥʷ, ʽ ʥʘ ʦʩʪʘʥʥʴʦʤʫ 

ʝʪʘʧʽ ʟʤʽʥʶʻʪʴʩʷ ʧʨʦʧʦʨʮʽʡʥʦ ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʥʘʚʯʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ.   
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ʄʝʪʨʠʢʘ mAP ʟʘ ʫʤʦʚʠ ʱʦ ʧʦʨʽʛ ὍέὟ πȟυ ʪʘ ὍέὟ ‭ πȟυȠ πȟωυ ʟʥʠʞʫʻʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʰʫʤʫ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ, ʧʨʦʪʝ ʟʥʠʞʫʻʪʴʩʷ ʥʝ ʟʥʘʯʫʱʠʤ 

ʯʠʥʦʤ.  

ʗʢʱʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʢʨʠʚʫ F1, ʪʦ ʜʣʷ ʢʦʞʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʤʦʞʝʤʦ 

ʦʪʨʠʤʘʪʠ ʟʥʘʯʝʥʥʷ, ʱʦ ʚʢʘʟʘʥʽ ʚ ʪʘʙʣʠʮʽ 4.   

 ɿʥʘʯʝʥʥʷ F1 Confidence 

0% ʰʫʤʫ 0,71 0,372 

10% ʰʫʤʫ 0,68 0,203 

30% ʰʫʤʫ 0,71 0,261 

50% ʰʫʤʫ 0,69 0,252 

ʊʘʙʣ. 4 ɿʥʘʯʝʥʥʷ F1 ʪʘ confidence ʜʣʷ ʨʦʟʛʣʷʥʫʪʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ F1 ʪʘ confidence ʤʠ ʤʦʞʝʤʦ ʧʦʤʽʪʠʪʠ, ʱʦ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʜʘʥʠʭ ʟ ʰʫʤʦʤ ʮʽ ʟʥʘʯʝʥʥʷ F1 ʤʘʡʞʝ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʧʨʦʪʝ 

ʟʥʘʯʝʥʥʷ confidence ʨʽʟʢʦ ʟʥʠʞʫʻʪʴʩʷ. ʇʨʦʛʣʷʥʫʚʰʠ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ (ɼʦʜʘʪʦʢ 

ɺ) ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ, ʱʦ ʮʝʡ ʪʠʧ ʰʫʤʫ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʢʣʘʩʠʬʽʢʘʪʦʨ ʤʦʜʝʣʽ 

ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ.  

ʊʦʙʪʦ, ʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʧʨʠʧʫʩʪʠʪʠ, ʱʦ ʦʛʣʷʥʫʪʠʡ ʪʠʧ 

ʰʫʤʫ ʧʦʤʽʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢʠ precision, recall ʪʘ F1 ʧʨʠ ʙʫʜʴ-

ʷʢʦʤʫ ʚʤʽʩʪʽ ʰʫʤʫ, ʧʨʦʪʝ ʥʘ ʝʪʘʧ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʤʘʡʞʝ ʥʝ ʚʧʣʠʚʘʻ.  

 

3.6 ɺʠʩʥʦʚʢʠ ʟ ʘʥʘʣʽʟʫ ʚʧʣʠʚʫ ʜʘʥʠʭ ʟ ʰʫʤʦʤ ʥʘ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ 

ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. 

 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ʧʨʦʚʝʜʝʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʜʴ-ʷʢʠʡ 

ʰʫʤ ʚ ʜʘʥʠʭ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ.  

ʅʘʡʤʝʥʰʠʤ ʯʠʥʦʤ ʥʘ ʷʢʽʩʪʴ ʪʨʝʥʫʚʘʥʥʷ ʤʦʜʝʣʽ ʚʧʣʠʚʘʻ ʰʫʤ, ʷʢʠʡ 

ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʢʦʨʝʢʪʥʦ ʦʙʨʘʥʠʤ ʢʣʘʩʦʤ ʦʙôʻʢʪʫ. ʎʝʡ ʪʠʧ ʰʫʤʫ ʚʠʜʠʤʦ 

ʚʧʣʠʚʘʻ ʪʽʣʴʢʠ ʥʘ ʟʥʘʯʝʥʥʷ ʧʦʚʥʦʪʠ, ʧʨʦʪʝ ʥʘʚʽʪʴ ʮʝʡ ʚʧʣʠʚ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʥʝʟʥʘʯʥʠʤ. 

ʐʫʤ, ʱʦ ʩʧʨʠʯʠʥʝʥʠʡ ʥʝʚʽʜʤʽʯʝʥʠʤʠ ʦʙôʻʢʪʘʤʠ, ʱʦ ʟʦʙʨʘʞʝʥʽ ʥʘ ʬʦʪʦ, 

ʙʽʣʴʰ ʚʠʜʠʤʦ ʚʧʣʠʚʘʻ ʥʘ ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ. ɺʧʣʠʚ ʮʴʦʛʦ 



 38 

ʰʫʤʫ ʥʘ ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʤʦʞʥʘ ʦʮʽʥʠʪʠ ʟʽ ʟʥʘʯʝʥʴ ʤʝʪʨʠʢ precision ʪʘ ʟʤʽʥʠ 

ʢʨʠʚʦʾ F1 ʥʘ ʢʦʞʥʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ. ʆʩʦʙʣʠʚʦ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʟʘʟʥʘʻʪʴʩʷ ʧʨʠ 

50% ʚʤʽʩʪʫ ʜʘʥʠʭ ʟ ʰʫʤʦʤ.  

ʇʦʤʠʣʢʠ ʫ ʢʦʦʨʜʠʥʘʪʘʭ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʚʧʣʠʚʘʶʪʴ ʥʘ ʷʢʽʩʪʴ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʥʘʡʙʽʣʴʰʝ. ʐʫʤ ʟʘʜʘʥʦʛʦ ʪʠʧʫ ʥʝ ʟʤʽʥʶʻ ʷʢʽʩʪʴ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ, ʧʨʦʪʝ ʥʘ ʧʝʨʝʜʙʘʯʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʨʘʤʢʠ ʩʠʣʴʥʦ 

ʚʧʣʠʚʘʻ. ɿ ʜʘʥʠʭ, ʱʦ ʚ ʤʠʥʫʣʦʤʫ ʨʦʟʜʽʣʽ ʦʧʠʩʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʠ ʟʽ ʟʤʽʥʦʶ 

ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʦʙôʻʢʪʽʚ, ʚʠʜʥʦ, ʱʦ ʚʠʜʠʤʠʡ ʚʧʣʠʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘ 

ʢʦʞʥʫ ʤʝʪʨʠʢʫ, ʷʢʘ ʙʫʣʘ ʨʦʟʛʣʷʥʫʪʘ.  

ɿ ʮʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʰʫʤ, ʷʢʠʡ 

ʦʙʫʤʦʚʣʝʥʠʡ ʟʤʽʥʦʶ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ, ʥʘʡʙʽʣʴʰʝ ʚʨʘʞʘʻ ʷʢʽʩʪʴ ʤʦʜʝʣʝʡ 

ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʽ ʡʦʛʦ ʚʘʨʪʦ ʫʥʠʢʘʪʠ.  
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ʈʆɿɼɯʃ 4. ʄɽʊʆɼʀ ʇʆʂʈɸʑɽʅʅʗ ʗʂʆʉʊɯ ʄʆɼɽʃɯ ɼɽʊɽʂʎɯɰ 

ʆɹôɭʂʊɯɺ ɿɸ ʋʄʆɺʀ ʅɸɺʏɸʅʅʗ ɰɰ ʅɸ ɼɸʅʀʍ ɿ ʐʋʄʆʄ. 
 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʙʫʜʝ ʨʦʟʛʣʷʥʫʪʦ ʥʘʚʯʘʣʴʥʽ ʚʠʙʽʨʢʠ, ʚ ʷʢʠʭ ʜʘʥʽ ʟ ʰʫʤʦʤ 

ʢʦʞʥʦʛʦ ʪʠʧʫ ʩʢʣʘʜʘʶʪʴ 50%.  

 

4.1 ɺʠʢʦʨʠʩʪʘʥʥʷ ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʽ 

ʜʝʪʝʢʮʽʾ. 
 

4.1.1 ʊʨʝʥʫʚʘʥʥʷ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ 

ʜʘʥʠʭ ʥʝʤʘʻ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʘ ʥʘʷʚʥʠʭ ʥʘ ʬʦʪʦ ʦʙôʻʢʪʘʭ. 
 

ɼʣʷ ʪʨʝʥʫʚʘʥʥʷ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ 

ʥʘ ʚʠʙʽʨʮʽ, ʚ ʷʢʽʡ 50% ʬʦʪʦ, ʥʘ ʷʢʠʭ ʟʦʙʨʘʞʝʥʽ ʦʙôʻʢʪʠ ʥʝ ʤʘʶʪʴ ʥʝʦʙʭʽʜʥʦʾ 

ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʘ ʮʽ ʦʙôʻʢʪʠ.  

ɼʨʫʛʠʤ ʝʪʘʧʦʤ ʩʪʚʦʨʝʥʥʷ ʘʥʩʘʤʙʣʶ ʙʫʣʦ ʪʨʝʥʫʚʘʥʥʷ ʥʦʚʦʾ ʤʦʜʝʣʽ ʟ ʪʘʢʦʶ 

ʩʘʤʦʶ ʘʨʭʽʪʝʢʪʫʨʦʶ, ʧʨʦʪʝ ʷʢ ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʪʝʩʪʫʚʘʣʴʥʘ 

ʚʠʙʽʨʢʘ (test).  

ʅʘ ʤʘʣʶʥʢʫ 24 ʚʽʜʦʙʨʘʞʝʥʦ ʢʨʠʚʫ F1 ʜʣʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ ʤʦʜʝʣʽ.  

 

ʈʠʩ. 24. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ, 

ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ.  

ʗʢ ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ, ʱʦ ʜʨʫʛʘ ʤʦʜʝʣʴ ʤʘʻ ʥʠʞʯʽ ʟʥʘʯʝʥʥʷ F1, ʧʨʦʪʝ 

ʟʚʘʞʘʶʯʠ ʥʘ ʨʽʟʥʠʮʶ ʤʽʞ ʦʙôʻʤʦʤ ʥʘʚʯʘʣʴʥʠʭ ʜʘʪʘʩʝʪʽʚ ʜʣʷ ʧʝʨʰʦʾ ʪʘ ʜʨʫʛʦʾ 

ʤʦʜʝʣʽ (ʜʣʷ ʧʝʨʰʦʾ ʤʦʜʝʣʽ ʦʙôʻʤ ʚʠʙʽʨʢʠ ʩʢʣʘʜʘʻ 4001 ʟʦʙʨʘʞʝʥʥʷ, ʘ ʜʣʷ ʜʨʫʛʦʾ 

ï 501 ʟʦʙʨʘʞʝʥʥʷ).  
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ɹʫʣʦ ʩʚʽʜʦʤʦ ʦʙʨʘʥʦ ʪʘʢʫ ʤʘʣʝʥʴʢʫ ʚʠʙʽʨʢʫ ʜʣʷ ʥʘʚʯʘʥʥʷ ʜʨʫʛʦʾ ʤʦʜʝʣʽ ʚ 

ʘʥʩʘʤʙʣʽ, ʟ ʤʝʪʦʶ ʧʦʢʘʟʘʪʠ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʜʝʣʽ ʥʝ ʛʝʥʝʨʫʶʯʠ 

ʜʦʜʘʪʢʦʚʦ ʚʝʣʠʢʠʡ ʥʘʙʽʨ ʨʦʟʤʽʯʝʥʠʭ ʜʘʥʠʭ.  

ɼʘʣʽ ʚʘʣʽʜʫʻʤʦ ʘʥʩʘʤʙʣʴ ʟ ʮʠʭ ʜʚʦʭ ʤʦʜʝʣʝʡ ʪʘ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʘʥʩʘʤʙʣʶ ʮʠʭ ʤʦʜʝʣʝʡ.  

 

ʈʠʩ. 25. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ, 

ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʜʚʦʭ ʤʦʜʝʣʝʡ.   
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ʈʠʩ. 26. ʂʨʠʚʘ Precision-recall ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; 

ʙ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʜʚʦʭ ʤʦʜʝʣʝʡ. 

 

ʈʠʩ. 27. ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; ʙ) 

ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʜʚʦʭ ʤʦʜʝʣʝʡ. 
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ʗʢ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʥʝ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʤʦʜʝʣʽ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ 

ʚʠʙʽʨʮʽ ʟ ʰʫʤʦʤ. ɭ ʚʠʩʦʢʘ ʡʤʦʚʽʨʥʽʩʪʴ, ʱʦ ʤʝʪʦʜ ʘʥʩʘʤʙʣʶ ʤʦʜʝʣʝʡ ʧʦʢʨʘʱʠʪʴ 

ʷʢʽʩʪʴ ʧʝʨʰʦʾ ʤʦʜʝʣʽ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ʜʘʪʘʩʝʪʫ, ʥʘ ʷʢʦʤʫ 

ʥʘʚʯʘʻʪʴʩʷ ʜʨʫʛʘ ʤʦʜʝʣʴ ʟ ʘʥʩʘʤʣʶ. ʇʨʦʪʝ ʮʝ ʧʨʠʟʚʝʜʝ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʯʘʩʫ, ʱʦ 

ʥʝʦʙʭʽʜʥʝ ʜʣʷ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʪʘ ʟʙʽʣʴʰʠʪʴ ʡʦʛʦ ʮʽʥʫ.  

 

4.1.2 ʊʨʝʥʫʚʘʥʥʷ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ 

ʜʘʥʠʭ ʢʣʘʩ ʦʙôʻʢʪʫ ʚʢʘʟʘʥʦ ʥʝʢʦʨʝʢʪʥʦ. 
 

 ʋ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʙʫʣʦ 

ʚʠʢʦʨʠʩʪʘʥʦ ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʚʠʙʽʨʮʽ, ʚ ʷʢʽʡ 50% ʬʦʪʦ, ʥʘ ʷʢʠʭ ʟʦʙʨʘʞʝʥʽ 

ʦʙôʻʢʪʠ ʤʘʶʪʴ ʥʝʢʦʨʝʢʪʥʠʡ ʢʣʘʩ.  

ɼʨʫʛʘ ʤʦʜʝʣʴ ʜʣʷ ʘʥʩʘʤʙʣʶ ʙʫʣʘ ʥʘʚʯʝʥʘ ʥʘ ʪʝʩʪʦʚʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ, 

ʧʨʦʪʝ ʚ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʩʢʣʘʜʥʽʰʘ ʘʨʭʽʪʝʢʪʫʨʘ ʩʘʤʦʾ ʤʦʜʝʣʽ.  

ʅʘ ʤʘʣʶʥʢʫ 28 ʤʦʞʝʤʦ ʧʦʨʽʚʥʷʪʠ ʢʨʠʚʫ F1 ʜʣʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʘʥʩʘʤʙʣʽ.  

 

ʈʠʩ. 28. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ, 

ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ. 

ɼʘʣʽ ʚʘʣʽʜʫʻʤʦ ʘʥʩʘʤʙʣʴ ʟ ʮʠʭ ʜʚʦʭ ʤʦʜʝʣʝʡ ʪʘ ʦʪʨʠʤʫʻʤʦ ʥʘʩʪʫʧʥʽ 

ʧʦʢʘʟʥʠʢʠ ʷʢʦʩʪʽ ʘʥʩʘʤʙʣʶ ʮʠʭ ʤʦʜʝʣʝʡ.  

ʗʢ ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʟ ʛʨʘʬʽʢʽʚ, ʱʦ ʟʦʙʨʘʞʝʥʽ ʥʘ ʤʘʣʶʥʢʘʭ 28-31, ʱʦ ʫ 

ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʽʜʙʫʣʦʩʴ ʪʽʣʴʢʠ ʧʦʢʨʘʱʝʥʥʷ ʢʣʘʩʠʬʽʢʘʪʦʨʘ, ʥʘ ʱʦ ʥʘʤ 



 43 

ʚʢʘʟʫʻ ʤʘʪʨʠʮʷ ʧʦʤʠʣʦʢ. ɸ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ F1 ʪʘ precision-recall, ʪʽʣʴʢʠ 

ʟʤʝʥʰʠʣʠʩʴ.  

ɺ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ ʪʝʞ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ 

ʰʫʤʦʤ.  

 

 

ʈʠʩ. 29. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ, 

ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ.  
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ʈʠʩ. 30. ʂʨʠʚʘ Precision-recall ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; 

ʙ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ.  

 

 

ʈʠʩ. 31. ʄʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ ʰʫʤʦʤ; ʙ) 

ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʨʝʥʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ.  
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4.1.2 ʊʨʝʥʫʚʘʥʥʷ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʥʘ ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ 

ʜʘʥʠʭ ʦʙʤʝʞʫʚʘʣʴʥʘ ʢʦʨʦʙʢʘ ʦʙôʻʢʪʫ ʟʤʽʥʝʥʘ. 
 

ʋ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʜʣʷ ʪʨʝʥʫʚʘʥʥʷ ʘʥʩʘʤʙʣʷ ʤʦʜʝʣʝʡ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʚʠʙʽʨʮʽ, ʚ ʷʢʽʡ 50% ʬʦʪʦ, ʥʘ ʷʢʠʭ ʟʦʙʨʘʞʝʥʽ ʦʙôʻʢʪʠ 

ʤʘʶʪʴ ʥʝʢʦʨʝʢʪʥʽ ʢʦʦʨʜʠʥʘʪʠ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ.  

ɼʨʫʛʘ ʤʦʜʝʣʴ ʜʣʷ ʘʥʩʘʤʙʣʶ ʙʫʣʘ ʥʘʚʯʝʥʘ ʥʘ ʪʝʩʪʦʚʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ.  

ʅʘ ʤʘʣʶʥʢʫ 32 ʤʦʞʝʤʦ ʧʦʨʽʚʥʷʪʠ ʢʨʠʚʫ F1 ʜʣʷ ʢʦʞʥʦʾ ʤʦʜʝʣʽ, ʱʦ ʙʫʜʝʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ ʘʥʩʘʤʙʣʽ.  

 

ʈʠʩ. 32. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ, ʱʦ 

ʥʘʚʯʝʥʘ ʥʘ ʪʝʩʪʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ.  

 

ʈʠʩ. 33. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ, ʱʦ 

ʥʘʚʯʝʥʘ ʥʘ ʪʝʩʪʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ. 
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ʈʠʩ. 34. ʂʨʠʚʘ Precision-recall ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) 

ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʝʩʪʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ. 

 

ʈʠʩ. 35. ʄʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) 

ʤʦʜʝʣʴ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʪʝʩʪʫʚʘʣʴʥʦʤʫ ʜʘʪʘʩʝʪʽ; ʚ) ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ. 
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ʗʢ ʤʠ ʤʦʞʝʤʦ ʧʦʙʘʯʠʪʠ ʟ ʛʨʘʬʽʢʽʚ, ʱʦ ʟʦʙʨʘʞʝʥʽ ʥʘ ʤʘʣʶʥʢʘʭ 32-35, ʱʦ ʫ 

ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʥʝ ʚʽʜʙʫʣʦʩʴ ʧʦʢʨʘʱʝʥʥʷ. ɸ ʟʥʘʯʝʥʥʷ ʤʝʪʨʠʢ F1 ʪʘ 

precision-recall, ʪʽʣʴʢʠ ʟʤʝʥʰʠʣʠʩʴ.  

ɺ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʘʥʩʘʤʙʣʴ ʤʦʜʝʣʝʡ ʪʝʞ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʜʘʪʘʩʝʪʽ ʟ 

ʰʫʤʦʤ.  

4.2 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ TTA  ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ. 
 

4.2.1 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ TTA  ʧʨʠ ʪʨʝʥʫʚʘʥʥʽ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ 

ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ ʜʘʥʠʭ ʥʝʤʘʻ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʘ 

ʥʘʷʚʥʠʭ ʥʘ ʬʦʪʦ ʦʙôʻʢʪʘ 
 

ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʪʨʝʥʦʚʘʥʫ ʤʦʜʝʣʴ ʥʘ ʥʘʚʯʘʣʴʥʽʡ 

ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ ʜʘʥʠʭ ʥʝʤʘʻ ʦʙʤʝʞʫʚʘʣʴʥʦʾ ʢʦʨʦʙʢʠ ʥʘ ʥʘʷʚʥʠʭ ʥʘ ʬʦʪʦ 

ʦʙôʻʢʪʘʭ. ʊʘʢʠʡ ʰʫʤ ʚ ʜʘʥʠʭ ʩʢʣʘʜʘʻ 50% ʚʽʜ ʫʩʽʭ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ.  

ʅʘ ʤʘʣʶʥʢʘʭ 36-38 ʨʦʟʛʣʷʥʝʤʦ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ. 

 

ʈʠʩ. 36. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA.  

 

ʈʠʩ. 37. ʂʨʠʚʘ Precision-recall ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ 

ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. 
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ʈʠʩ. 38. ʄʘʪʨʠʮʽ ʧʦʤʠʣʦʢ ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) 

ʤʦʜʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. 

ʗʢ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʮʝʡ ʤʝʪʦʜ ʧʦʢʨʘʱʠʚ ʚʩʽ ʤʝʪʨʠʢʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ: ʽ 

ʧʝʨʝʜʙʘʯʝʥʥʷ ʦʙʤʝʞʫʚʘʣʴʥʠʭ ʨʘʤʦʢ ʦʙôʻʢʪʫ, ʽ ʢʣʘʩʠʬʽʢʘʮʽʶ ʦʙôʻʢʪʫ. ʄʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ TTA ʫʩʧʽʰʥʦ ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʤʦʜʝʣʽ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʷʢʦʾ ʤʽʩʪʠʪʴ 50% ʦʙôʻʢʪʽʚ ʟ ʰʫʤʦʤ 

ʟʘʜʘʥʦʛʦ ʪʠʧʫ.  

 

4.2.2 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ TTA  ʧʨʠ ʪʨʝʥʫʚʘʥʥʽ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ 

ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ ʜʘʥʠʭ ʢʣʘʩ ʦʙôʻʢʪʫ ʥʝʢʦʨʝʢʪʥʦ 

ʚʠʟʥʘʯʝʥʠʡ. 
 

ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʪʨʝʥʦʚʘʥʫ ʤʦʜʝʣʴ ʥʘ ʥʘʚʯʘʣʴʥʽʡ 

ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ ʜʘʥʠʭ ʢʣʘʩ ʦʙôʻʢʪʫ ʚʠʟʥʘʯʝʥʠʡ ʥʝʢʦʨʝʢʪʥʦ. ʊʘʢʠʡ ʰʫʤ ʚ 

ʜʘʥʠʭ ʩʢʣʘʜʘʻ 50% ʚʽʜ ʫʩʽʭ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ.  

ʅʘ ʤʘʣʶʥʢʘʭ 39-41 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʨʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ 

ʜʝʪʝʢʮʽʡ ʦʙôʻʢʪʽʚ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʚʠʙʽʨʮʽ ʟ ʚʤʽʩʪʦʤ ʰʫʤʫ, ʪʘ ʤʦʜʝʣʽ, ʱʦ 

ʟʘʚʘʣʽʜʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. ɺ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʽʜʙʫʣʦʩʴ 

ʥʝʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʢʦʞʥʦʾ ʟ ʤʝʪʨʠʢ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ 

TTA ʥʝʟʥʘʯʥʠʤ ʯʠʥʦʤ ʧʦʢʨʘʱʫʶ ʷʢʽʩʪʴ ʤʦʜʝʣʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ, 

ʥʘʚʯʘʣʴʥʘ ʚʠʙʽʨʢʘ ʷʢʦʾ ʤʽʩʪʠʪʴ 50% ʦʙôʻʢʪʽʚ ʟ ʰʫʤʦʤ ʟʘʜʘʥʦʛʦ ʪʠʧʫ.  
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ʈʠʩ. 39. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. 

 

ʈʠʩ. 40. ʂʨʠʚʘ Precision-recall ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ 

ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. 

 

ʈʠʩ. 41. ʄʘʪʨʠʮʷ ʧʦʤʠʣʦʢ ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) 

ʤʦʜʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. 
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4.2.3 ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʫ TTA  ʧʨʠ ʪʨʝʥʫʚʘʥʥʽ ʤʦʜʝʣʽ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ 

ʥʘʚʯʘʣʴʥʽʡ ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ ʜʘʥʠʭ ʦʙʤʝʞʫʚʘʣʴʥʘ ʨʘʤʢʘ ʥʝ ʚʽʜʧʦʚʽʜʘʻ 

ʨʦʟʤʽʨʘʤ ʟʘʜʘʥʦʛʦ ʦʙôʻʢʪʫ. 
 

ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘʪʨʝʥʦʚʘʥʫ ʤʦʜʝʣʴ ʥʘ ʥʘʚʯʘʣʴʥʽʡ 

ʚʠʙʦʨʮʽ, ʜʝ ʚ ʯʘʩʪʠʥʽ ʜʘʥʠʭ ʢʣʘʩ ʦʙôʻʢʪʫ ʚʠʟʥʘʯʝʥʠʡ ʥʝʢʦʨʝʢʪʥʦ. ʊʘʢʠʡ ʰʫʤ ʚ 

ʜʘʥʠʭ ʩʢʣʘʜʘʻ 50% ʚʽʜ ʫʩʽʭ ʨʦʟʤʽʯʝʥʠʭ ʦʙôʻʢʪʽʚ.  

ʅʘ ʤʘʣʶʥʢʘʭ 42-44 ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʝʪʨʠʢʠ ʚʠʤʽʨʶʚʘʥʥʷ ʷʢʦʩʪʽ ʤʦʜʝʣʝʡ 

ʜʝʪʝʢʮʽʡ ʦʙôʻʢʪʽʚ, ʱʦ ʥʘʚʯʝʥʘ ʥʘ ʚʠʙʽʨʮʽ ʟ ʚʤʽʩʪʦʤ ʰʫʤʫ, ʪʘ ʤʦʜʝʣʽ, ʱʦ 

ʟʘʚʘʣʽʜʦʚʘʥʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. ɺ ʮʴʦʤʫ ʝʢʩʧʝʨʠʤʝʥʪʽ ʚʽʜʙʫʣʦʩʴ 

ʥʝʟʥʘʯʥʝ ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʨʠʢ F1 ʪʘ precision-recall. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʟʥʘʯʥʦ 

ʧʽʜʚʠʱʠʚʩʷ ʨʽʚʝʥʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ. ʄʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʤʝʪʦʜ 

TTA ʧʦʢʨʘʱʫʻ ʷʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʦʙôʻʢʪʽʚ ʫ ʚʠʧʘʜʢʫ ʥʘʚʯʘʥʥʷ ʥʘ ʚʠʙʽʨʮʽ ʟ 

ʨʦʟʛʣʷʥʫʪʠʤ ʪʠʧʦʤ ʰʫʤʫ. 

 

ʈʠʩ. 42. ʂʨʠʚʘ F1 ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. 

 

ʈʠʩ. 43. ʂʨʠʚʘ Precision-recall ʜʣʷ: ʘ) ʤʦʜʝʣʴ, ʱʦ ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʜʘʥʠʭ ʟ 

ʰʫʤʦʤ; ʙ) ʤʦʜʝʣʴ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʦʜʫ TTA. 
















