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ɺʉʊʋʇ 

ʐʪʫʯʥʠʡ ʽʥʪʝʣʝʢʪ ʚʞʝ ʜʘʚʥʦ ʤʽʮʥʦ ʫʚʽʡʰʦʚ ʚ ʥʘʰʝ ʞʠʪʪʷ. ʅʘʡʯʘʩʪʽʰʝ 

ʤʠ ʥʘʚʽʪʴ ʥʝ ʟʘʤʠʩʣʶʻʤʦʩʷ ʥʘʜ ʮʠʤ ʧʠʪʘʥʥʷʤ, ʢʦʣʠ ʟʚʠʯʥʦ ʢʦʨʠʩʪʫʻʤʦʩʷ 

ʛʦʣʦʩʦʚʠʤ ʧʦʤʽʯʥʠʢʦʤ ʚ ʩʤʘʨʪʬʦʥʽ ʘʙʦ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʦʟʧʽʟʥʘʚʘʥʥʷʤ 

ʟʦʙʨʘʞʝʥʴ ʚ ʧʨʦʛʨʘʤʽ. 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʚʯʝʥʥʷ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʰʘʙʣʦʥʽʚ ʫ 

ʜʘʥʠʭ. ʋ ʢʦʥʪʝʢʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʥʘʚʯʘʶʪʴʩʷ 

ʚʠʟʥʘʯʘʪʠ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʢʪʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʽʜʨʽʟʥʷʪʠ ʾʭ ʦʜʠʥ ʚʽʜ 

ʦʜʥʦʛʦ. ʎʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʦʞʫʪʴ ʚʢʣʶʯʘʪʠ ʢʦʣʽʨ, ʬʦʨʤʫ, ʨʦʟʤʽʨ ʘʙʦ ʙʫʜʴ-ʷʢʫ 

ʽʥʰʫ ʚʽʜʤʽʪʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. ʄʦʞʣʠʚʽʩʪʴ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ çʟʘʩʚʦʾʪʠè ʮʽ 

ʚʣʘʩʪʠʚʦʩʪʽ - ʮʝ ʪʝ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʜʦʙʨʝ ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, 

ʷʢ ʢʣʘʩʠʬʽʢʘʮʽʷ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ. 

ʅʘ ʩʴʦʛʦʜʥʽ ʛʦʣʦʚʥʠʤʠ ʧʨʦʙʣʝʤʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʛʦʨʪʢʦʚʠʭ 

ʥʝʡʨʦʤʝʨʝʞ, ʦʩʦʙʣʠʚʦ ʥʘ ʤʦʙʽʣʴʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʻ ʟʥʘʯʥʽ ʚʠʤʦʛʠ ʜʦ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ɼʣʷ ʮʴʦʛʦ ʦʩʪʘʥʥʽʤ 

ʯʘʩʦʤ ʨʦʟʨʦʙʣʷʶʪʴʩʷ ʧʦʨʪʘʪʠʚʥʽ ʦʙʯʠʩʣʶʚʘʣʴʥʽ ʘʢʩʝʣʝʨʘʪʦʨʠ, ʦʜʥʘʢ ʪʘʢʽ 

ʧʨʠʩʪʨʦʾ ʻ ʚʫʟʴʢʦʩʧʝʮʽʘʣʽʟʦʚʘʥʠʤʠ ʽ ʥʝʦʙʭʽʜʥʦ ʚʠʚʯʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʣʷ ʘʥʘʣʽʟʫ ʨʽʟʥʠʭ ʪʠʧʽʚ ʜʘʥʠʭ, ʪʘʢʠʭ ʷʢ ʨʽʟʥʽ ʤʝʜʠʯʥʽ 

ʜʽʘʛʥʦʩʪʠʯʥʽ ʜʘʥʽ. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ, ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʘʢʩʝʣʝʨʘʪʦʨʘ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʤʝʨʝʞ Intel Neural Compute Stick 2 ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ. ɹʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʧʨʠʢʣʘʜʠ ʢʦʜʫ ʪʘ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʘ ʩʘʤʝ squeezenet1.0, ʷʢʘ ʩʪʚʦʨʝʥʘ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʦʙʨʘʟʽʚ, ʟʘ ʜʦʧʦʤʦʛʦʶ Intel NCS 2. 
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1. ʅɽʁʈʆʅʅɯ ʄɽʈɽɾɯ 

1.1.  ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ï ʮʝ ʤʘʪʝʤʘʪʠʯʥʘ ʧʨʦʛʨʘʤʥʘ ʤʦʜʝʣʴ, 

ʧʦʙʫʜʦʚʘʥʘ ʟʘ ʧʨʠʥʮʠʧʦʤ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʙʽʦʣʦʛʽʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ð 

ʤʝʨʝʞ ʥʝʨʚʦʚʠʭ ʢʣʽʪʠʥ ʞʠʚʦʛʦ ʦʨʛʘʥʽʟʤʫ. 

ʐʪʫʯʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ(ʐʅʄ) ʥʘʚʯʘʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʘʣʴʥʦʛʦ 

ʥʘʙʦʨʫ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠʧʫʩʪʽʤʦ, ʱʦ ʚʠ ʭʦʯʝʪʝ ʥʘʚʯʠʪʠ ANN ʨʦʟʧʽʟʥʘʚʘʪʠ 

ʢʦʪʘ. ʇʦʪʽʤ ʡʦʤʫ ʧʦʢʘʟʫʶʪʴ ʪʠʩʷʯʽ ʨʽʟʥʠʭ ʟʦʙʨʘʞʝʥʴ ʢʽʰʦʢ, ʱʦʙ ʤʝʨʝʞʘ 

ʥʘʚʯʠʣʘʩʷ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʢʦʪʘ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʜʦʩʪʘʪʥʴʦ 

ʥʘʚʯʝʥʘ ʚʠʢʦʨʠʩʪʘʥʥʶ ʟʦʙʨʘʞʝʥʴ ʢʦʪʽʚ, ʥʘʤ ʧʦʪʨʽʙʥʦ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʤʦʞʝ 

ʚʦʥʘ ʧʨʘʚʠʣʴʥʦ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʢʦʪʽʚ. ʎʝ ʨʦʙʠʪʴʩʷ ʰʣʷʭʦʤ ʪʦʛʦ, 

ʱʦ ʐʅʄ ʢʣʘʩʠʬʽʢʫʻ ʥʘʜʘʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʨʽʰʫʶʯʠ, ʯʠ ʻ ʚʦʥʠ ʟʦʙʨʘʞʝʥʥʷʤʠ 

ʢʦʪʽʚ ʯʠ ʥʽ. ɺʠʭʽʜʥʽ ʜʘʥʽ, ʦʪʨʠʤʘʥʽ ʐʅʄ, ʧʽʜʪʚʝʨʜʞʫʶʪʴʩʷ ʥʘʜʘʥʠʤ ʣʶʜʠʥʦʶ 

ʦʧʠʩʦʤ ʪʦʛʦ, ʯʠ ʻ ʟʦʙʨʘʞʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷʤ ʢʦʪʘ ʯʠ ʥʽ. ʗʢʱʦ ʐʅʄ 

ʽʜʝʥʪʠʬʽʢʫʻ ʥʝʧʨʘʚʠʣʴʥʦ, ʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟʚʦʨʦʪʥʝ 

ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʜʣʷ ʢʦʨʠʛʫʚʘʥʥʷ ʚʩʴʦʛʦ, ʱʦ ʚʽʥ ʜʽʟʥʘʚʩʷ ʧʽʜ ʯʘʩ 

ʥʘʚʯʘʥʥʷ. ɿʚʦʨʦʪʥʝ ʧʦʰʠʨʝʥʥʷʚʠʢʦʥʫʻʪʴʩʷ ʰʣʷʭʦʤ ʪʦʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ 

ʚʘʛ ʟôʻʜʥʘʥʴ ʚ ʦʜʠʥʠʮʷʭ ʐʅʄ ʥʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʦʾ ʯʘʩʪʦʪʠ ʧʦʤʠʣʦʢ. ʎʝʡ 

ʧʨʦʮʝʩ ʪʨʠʚʘʻ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʰʪʫʯʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʥʝ ʟʤʦʞʝ ʧʨʘʚʠʣʴʥʦ 

ʨʦʟʧʽʟʥʘʪʠ ʢʦʪʘ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʟ ʤʽʥʽʤʘʣʴʥʦʶ ʤʦʞʣʠʚʽʩʪʶ ʧʦʤʠʣʦʢ. [1] 

ʈʦʟʛʣʷʥʝʤʦ ʪʠʧʠ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʷʢʽ ʥʘʩ ʮʽʢʘʚʣʷʪʴ: 

1.2  ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ 

ʅʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʧʨʷʤʦʛʦ ʟʚôʷʟʢʫ ʻ ʦʜʥʽʻʶ ʟ ʥʘʡʧʨʦʩʪʽʰʠʭ ʰʪʫʯʥʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʋ ʮʽʡ ʐʅʄ ʥʘʜʘʥʽ ʜʘʥʽ ʘʙʦ ʚʭʽʜʥʽ ʜʘʥʽ ʧʝʨʝʜʘʶʪʴʩʷ ʚ 

ʦʜʥʦʤʫ ʥʘʧʨʷʤʢʫ ʚʽʜ ʚʭʽʜʥʠʭ ʜʦ ʚʠʭʽʜʥʠʭ ʥʝʡʨʦʥʽʚ.  

https://www.geeksforgeeks.org/deep-neural-net-with-forward-and-back-propagation-from-scratch-python/
https://www.geeksforgeeks.org/deep-neural-net-with-forward-and-back-propagation-from-scratch-python/
https://www.geeksforgeeks.org/backpropagation-in-data-mining/
https://www.geeksforgeeks.org/understanding-multi-layer-feed-forward-networks/
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Рис. 1.1 Модель простої штучної нейромережі 

ʋ ʟʚʠʯʘʡʥʽʡ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ ʻ ʪʨʠ ʪʠʧʠ ʰʘʨʽʚ: 

1. ɺʭʽʜʥʽ ʰʘʨʠ: ʮʝ ʰʘʨ, ʥʘ ʷʢʦʤʫ ʤʠ ʥʘʜʘʻʤʦ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʥʘʰʦʾ 

ʤʦʜʝʣʽ. ʂʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ ʫ ʮʴʦʤʫ ʰʘʨʽ ʥʝ ʤʝʥʰʘ, ʥʽʞ ʟʘʛʘʣʴʥʘ 

ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ ʫ ʥʘʰʠʭ ʜʘʥʠʭ. ʋ ʷʢʦʩʪʽ ʦʟʥʘʢ ʯʘʩʪʦ (ʚʠʩʪʫʧʘʶʪʴ ʚʩʽ 

ʧʽʢʩʝʣʽ ʟʦʙʨʘʞʝʥʥʷ). 

2. ʇʨʠʭʦʚʘʥʠʡ ʰʘʨ ʘʙʦ ʰʘʨʠ: ʜʘʥʽ ʟ ʚʭʽʜʥʦʛʦ ʰʘʨʫ ʧʦʜʘʶʪʴʩʷ ʜʦ 

ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ. ʄʦʞʝ ʙʫʪʠ ʙʘʛʘʪʦ ʧʨʠʭʦʚʘʥʠʭ ʰʘʨʽʚ ʟʘʣʝʞʥʦ ʚʽʜ 

ʤʦʜʝʣʽ ʪʘ ʦʙʩʷʛʫ ʜʘʥʠʭ. ʂʦʞʝʥ ʧʨʠʭʦʚʘʥʠʡ ʰʘʨ ʤʦʞʝ ʤʘʪʠ ʨʽʟʥʫ 

ʢʽʣʴʢʽʩʪʴ ʥʝʡʨʦʥʽʚ, ʷʢʘ, ʷʢ ʧʨʘʚʠʣʦ, ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʦʟʥʘʢ. ɺʠʭʽʜʥʽ 

ʜʘʥʽ ʢʦʞʥʦʛʦ ʰʘʨʫ ʦʙʯʠʩʣʶʶʪʴʩʷ ʰʣʷʭʦʤ ʤʥʦʞʝʥʥʷ ʚʝʢʪʦʨʘ ʚʠʭʽʜʥʠʭ 
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ʜʘʥʠʭ ʧʦʧʝʨʝʜʥʴʦʛʦ ʰʘʨʫ ʥʘ ʤʘʪʨʠʮʶ ʚʘʛʦʚʠʭ ʢʦʝʬʽʮʽʻʥʪʽʚ ʮʴʦʛʦ ʰʘʨʫ. 

ɼʦ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʚʝʢʪʦʨʘ ʜʦʜʘʻʪʴʩʷ ʚʝʢʪʦʨ ʟʤʽʱʝʥʴ, ʽ ʜʦ ʨʝʟʫʣʴʪʘʪʫ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ, ʷʢʘ ʨʦʙʠʪʴ ʤʝʨʝʞʫ ʥʝʣʽʥʽʡʥʦʶ. 

3. ɺʠʭʽʜʥʠʡ ʨʽʚʝʥʴ: ʚʠʭʽʜʥʽ ʜʘʥʽ ʟ ʧʨʠʭʦʚʘʥʦʛʦ ʰʘʨʫ ʧʦʜʘʶʪʴʩʷ ʚ 

ʣʦʛʽʩʪʠʯʥʫ ʬʫʥʢʮʽʶ, ʥʘʧʨʠʢʣʘʜ softmax, ʷʢʘ ʧʝʨʝʪʚʦʨʶʻ ʚʠʭʽʜʥʽ ʜʘʥʽ 

ʢʦʞʥʦʛʦ ʢʣʘʩʫ ʚ ʦʮʽʥʢʫ ʡʤʦʚʽʨʥʦʩʪʽ ʢʦʞʥʦʛʦ ʢʣʘʩʫ. [2] 

ʅʘʡʙʽʣʴʰʦʶ ʧʨʦʙʣʝʤʦʶ ʟʚʠʯʘʡʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (ʅʄ) ʻ ʚʽʜʩʫʪʥʽʩʪʴ 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ. ɼʣʷ ʤʝʥʰʠʭ ʟʦʙʨʘʞʝʥʴ ʽʟ ʤʝʥʰʦʶ ʢʽʣʴʢʽʩʪʶ ʢʦʣʴʦʨʦʚʠʭ 

ʢʘʥʘʣʽʚ ʟʚʠʯʘʡʥʠʡ ʅʄ ʤʦʞʝ ʜʘʪʠ ʟʘʜʦʚʽʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʘʣʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʨʦʟʤʽʨʫ ʪʘ ʩʢʣʘʜʥʦʩʪʽ ʟʦʙʨʘʞʝʥʥʷ ʧʦʪʨʝʙʘ ʚ ʦʙʯʠʩʣʶʚʘʣʴʥʽʡ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʨʝʩʫʨʩʘʭ ʪʘʢʦʞ ʟʨʦʩʪʘʻ, ʱʦ ʚʠʤʘʛʘʻ ʙʽʣʴʰʦʾ ʤʝʨʝʞʽ.[3] 

ʂʨʽʤ ʪʦʛʦ, ʟ ʯʘʩʦʤ ʪʘʢʦʞ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʧʝʨʝʥʘʚʯʘʥʥʷ, ʢʦʣʠ ʥʝʡʨʦʥʥʘ 

ʤʝʨʝʞʘ ʥʘʤʘʛʘʻʪʴʩʷ ʚʠʚʯʠʪʠ ʟʘʥʘʜʪʦ ʙʘʛʘʪʦ ʜʝʪʘʣʝʡ ʫ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ɺʦʥʦ 

ʪʘʢʦʞ ʤʦʞʝ ʟʘʢʽʥʯʠʪʠʩʷ çʚʠʚʯʝʥʥʷʤè ʰʫʤʫ ʚ ʜʘʥʠʭ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ ʡʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʥʘ ʪʝʩʪʦʚʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. ɿʨʝʰʪʦʶ, ʅʄ ʥʝ ʚ ʟʤʦʟʽ 

ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʙʦ ʰʘʙʣʦʥʠ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ ʽ, ʪʘʢʠʤ ʯʠʥʦʤ, 

ʩʘʤ ʦʙôʻʢʪ. [3] 

1.3 ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ 

Convolutional Neural Networks (CNNs) ʘʙʦ ʟʚʠʯʘʡʥʦ ʚʽʜʦʤʽ ʷʢ 

ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ - ʮʝ ʧʦʪʫʞʥʠʡ ʪʠʧ ʰʪʫʯʥʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʱʦ 

ʟʥʘʡʰʦʚ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʦʙʣʘʩʪʷʭ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʪʘ ʙʘʛʘʪʴʦʭ ʽʥʰʠʭ ʩʬʝʨʘʭ. 

ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʙʫʣʠ ʚʧʝʨʰʝ ʚʧʨʦʚʘʜʞʝʥʽ ʚ 1980-ʭ ʨʦʢʘʭ ʽ 

ʚʦʥʠ ʙʫʣʠ ʚʝʣʠʢʠʤ ʢʨʦʢʦʤ ʚʧʝʨʝʜ ʫ ʩʬʝʨʽ ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ. ɰʭʥʽʡ ʫʩʧʽʭ 

ʦʙʫʤʦʚʣʝʥʠʡ ʟʜʘʪʥʽʩʪʶ ʝʬʝʢʪʠʚʥʦ ʨʦʟʧʽʟʥʘʚʘʪʠ ʪʘ ʘʥʘʣʽʟʫʚʘʪʠ ʚʽʟʫʘʣʴʥʫ 
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ʽʥʬʦʨʤʘʮʽʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʩʦʙʣʠʚʽʩʪʴ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʰʣʷʭʦʤ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʽʚ, ʚʽʜʦʤʠʭ ʷʢ ʟʛʦʨʪʢʠ. 

ɼʣʷ ʟʘʜʘʯ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟʦʙʨʘʞʝʥʴ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʽ 

ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ (CV) CNN ʦʩʦʙʣʠʚʦ ʢʦʨʠʩʥʽ, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʚʠʩʦʢʦʪʦʯʥʽ ʨʝʟʫʣʴʪʘʪʠ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʟʘʜʽʷʥʦ ʙʘʛʘʪʦ ʜʘʥʠʭ. CNN ʪʘʢʦʞ 

ʚʠʚʯʘʻ ʦʩʦʙʣʠʚʦʩʪʽ ʦʙôʻʢʪʘ ʚ ʧʦʩʣʽʜʦʚʥʠʭ ʽʪʝʨʘʮʽʷʭ, ʢʦʣʠ ʜʘʥʽ ʦʙôʻʢʪʘ 

ʧʝʨʝʤʽʱʫʶʪʴʩʷ ʯʝʨʝʟ ʯʠʩʣʝʥʥʽ ʰʘʨʠ CNN. ʎʝ ʧʨʷʤʝ (ʽ ʛʣʠʙʦʢʝ) ʥʘʚʯʘʥʥʷ 

ʫʩʫʚʘʻ ʧʦʪʨʝʙʫ ʚ ʨʫʯʥʦʤʫ ʚʠʣʫʯʝʥʥʽ ʦʟʥʘʢ ( ʩʪʚʦʨʝʥʥʷ ʦʟʥʘʢ ). [3] 

ʆʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ CNN ʧʦʣʷʛʘʶʪʴ ʫ ʾʭʥʽʡ ʟʜʘʪʥʦʩʪʽ ʧʨʘʮʶʚʘʪʠ ʟ ʚʝʣʠʢʠʤʠ 

ʦʙʩʷʛʘʤʠ ʜʘʥʠʭ, ʥʘʚʯʘʪʠʩʴ ʟʘʛʘʣʴʥʠʤ ʤʦʜʝʣʷʤ, ʚʠʷʚʣʷʪʠ ʣʦʢʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʻʨʘʨʭʽʯʥʫ ʘʨʭʽʪʝʢʪʫʨʫ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ. 

ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ CNN ʻ ʾʭ ʟʜʘʪʥʽʩʪʴ ʚʠʷʚʣʷʪʠ ʣʦʢʘʣʴʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʠ. ʎʝ ʜʦʟʚʦʣʷʻ ʾʤ 

ʬʦʢʫʩʫʚʘʪʠʩʴ ʥʘ ʥʝʚʝʣʠʢʠʭ ʦʙʣʘʩʪʷʭ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʠʷʚʣʷʪʠ ʚʘʞʣʠʚʽ ʨʠʩʠ. 

ʂʨʽʤ ʪʦʛʦ, CNN ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʜʽʣʴʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʟʥʠʞʫʻ ʨʠʟʠʢ 

ʧʝʨʝʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. 

ɯʻʨʘʨʭʽʯʥʘ ʘʨʭʽʪʝʢʪʫʨʘ CNN ʜʦʟʚʦʣʷʻ ʾʤ ʧʦʩʪʫʧʦʚʦ ʚʠʷʚʣʷʪʠ ʚʩʝ ʙʽʣʴʰ 

ʘʙʩʪʨʘʢʪʥʽ ʪʘ ʩʢʣʘʜʥʽ ʦʟʥʘʢʠ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ. ʇʦʯʠʥʘʶʯʠ ʟ ʥʠʞʥʽʭ ʰʘʨʽʚ, ʷʢʽ 

ʚʠʷʚʣʷʶʪʴ ʧʨʦʩʪʽ ʨʠʩʠ, ʚʦʥʠ ʧʦʩʪʫʧʦʚʦ ʧʝʨʝʭʦʜʷʪʴ ʜʦ ʚʠʱʠʭ ʰʘʨʽʚ, ʷʢʽ 

ʨʦʟʧʽʟʥʘʶʪʴ ʩʢʣʘʜʥʽʰʽ ʦʙ'ʻʢʪʠ ʪʘ ʢʦʥʪʝʢʩʪ. 

CNN ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙ'ʻʢʪʽʚ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ. 

ɺʦʥʠ ʤʦʞʫʪʴ ʚʠʢʦʥʫʚʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʦʙʨʘʞʝʥʴ ʪʘ ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʟ 

ʚʠʩʦʢʦʶ ʪʦʯʥʽʩʪʶ. ʎʝ ʨʦʙʠʪʴ ʾʭ ʢʦʨʠʩʥʠʤʠ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ, ʚʢʣʶʯʘʶʯʠ 

ʢʦʤʧ'ʶʪʝʨʥʝ ʟʦʨʫ, ʤʝʜʠʮʠʥʫ, ʘʚʪʦʥʦʤʥʽ ʘʚʪʦʤʦʙʽʣʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ 

ʟʘʩʪʦʩʫʚʘʥʴ. ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ 

https://www.techtarget.com/searchdatamanagement/definition/feature-engineering
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ʜʦʧʦʤʘʛʘʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙ'ʻʢʪʽʚ. 

ɿʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʢʽʣʴʢʦʭ ʨʽʚʥʽʚ, ʪʘʢʠʭ ʷʢ: ʚʭʽʜʥʠʡ 

ʨʽʚʝʥʴ, ʟʛʦʨʪʢʦʚʠʡ ʨʽʚʝʥʴ, ʪʘ ʧʦʚʥʽʩʪʶ ʟʚôʷʟʘʥʽ ʨʽʚʥʽ.  

 ʈʽʚʝʥʴ ʟʛʦʨʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʻ ʬʽʣʴʪʨʠ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʦʧʝʨʘʮʽʾ ʟʛʦʨʪʢʠ 

ʧʽʜ ʯʘʩ ʩʢʘʥʫʚʘʥʥʷ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦʜʦ ʡʦʛʦ ʨʦʟʤʽʨʽʚ. [4] 

 

ʈʠʩ. 1.2 ʆʧʝʨʘʮʽʷ ʟʛʦʨʪʢʠ 

ʗʜʨʦ CNN ʧʨʘʮʶʻ ʥʘ ʦʩʥʦʚʽ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 

ʈʦʟʤʽʨʠ ʟʦʙʨʘʞʝʥʥʷ  

푅 = 푛 ∗ 푛 ∗ 1, ʜʝ n1 - ʚʠʩʦʪʘ, n2 - ʰʠʨʠʥʘ ʪʘ 1 - ʢʽʣʴʢʽʩʪʴ ʢʘʥʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ 

RGB. 

ʆʪʞʝ, ʷʢ ʧʨʠʢʣʘʜ, ʬʦʨʤʫʣʘ ʤʘʪʠʤʝ ʚʠʛʣʷʜ 푅 = 5 ∗ 5 ∗ 1 [5] 
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ʈʠʩ. 1.2 ɺʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʾ ʟʛʦʨʪʢʠ 

ʅʘ (ʈʠʩ.2) ̫ ʜʨʦ (ʧʦʟʥʘʯʝʥʦ ʞʦʚʪʠʤ ʢʚʘʜʨʘʪʦʤ) ̫ ʱʠʢ ʧʝʨʝʤʽʱʫʻʪʴʩʷ ʚʽʜ ʧʝʨʰʦʾ 

ʢʦʤʽʨʢʠ ʜʦ ʦʩʪʘʥʥʴʦʾ, ʚʠʢʦʥʫʶʯʠ ʦʧʝʨʘʮʽʶ ʟʛʦʨʪʢʠ ʟ ʤʘʪʨʠʮʝʶ 3x3. ʎʷ 

ʦʧʝʨʘʮʽʷ ʥʘʟʠʚʘʻʪʴʩʷ Kernel (K).[5]  

ʗʢʱʦ ʥʘʷʚʥʽ ʜʝʢʽʣʴʢʘ ʢʘʥʘʣʽʚ, ʥʘʧʨʠʢʣʘʜ, ʫ ʟʦʙʨʘʞʝʥʥʷʭ RGB, ʪʦ ʷʜʨʦ ʤʘʻ 

ʪʘʢʫ ʞ ʛʣʠʙʠʥʫ, ʷʢ ʫ ʚʠʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ. ʄʘʪʨʠʯʥʝ ʤʥʦʞʝʥʥʷ ʚʠʢʦʥʫʻʪʴʩʷ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʣʘ Ks, Is. ʎʷ ʧʨʦʮʝʜʫʨʘ ʨʝʘʣʽʟʫʻʪʴʩʷ ʫ ʬʦʨʤʘʪʽ ʩʪʝʢʫ, 

ʥʘʧʨʠʢʣʘʜ, {K1, I1}, {K2, I2} ʽ ʪʘʢ ʜʘʣʽ. ʈʝʟʫʣʴʪʘʪʠ ʛʝʥʝʨʫʶʪʴʩʷ ʰʣʷʭʦʤ 

ʧʽʜʩʫʤʦʚʫʚʘʥʥʷ ʟʤʽʱʝʥʥʷ. ʆʪʨʠʤʘʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʩʪʠʩʥʫʪʦʛʦ "ʢʘʥʘʣʫ ʟ ʦʜʥʽʻʶ ʛʣʠʙʠʥʦʶ", ʷʢʠʡ ʤʽʩʪʠʪʴ ʩʢʦʤʧʦʥʦʚʘʥʽ ʬʫʥʢʮʽʾ.  

ʄʝʪʦʶ ʦʧʠʩʘʥʦʾ ʦʧʝʨʘʮʽʾ ʟʛʦʨʪʢʠ ʻ ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʚʠʩʦʢʦʨʽʚʥʝʚʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʦʙʨʘʞʝʥʥʷ. ʇʨʦʪʝ, ʚʦʥʘ ʥʝ ʦʙʤʝʞʫʻʪʴʩʷ ʣʠʰʝ 

ʚʠʩʦʢʦʨʽʚʥʝʚʠʤʠ ʬʫʥʢʮʽʷʤʠ, ʘ ʪʘʢʦʞ ʚʠʢʦʥʫʻ ʦʧʝʨʘʮʽʾ ʥʘʜ ʥʠʟʴʢʦʨʽʚʥʝʚʠʤʠ 

ʬʫʥʢʮʽʷʤʠ, ʪʘʢʠʤʠ ʷʢ ʢʦʣʽʨ ʽ ʦʨʽʻʥʪʘʮʽʷ ʛʨʘʜʽʻʥʪʘ.  
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ʄʝʪʘ ʮʴʦʛʦ ʨʽʚʥʷ ð ʟʤʝʥʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʟʦʙʨʘʞʝʥʥʷ, ʷʢʝ ʤʽʩʪʠʪʴʩʷ ʫ 

ʚʭʽʜʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʽ ʟʙʽʣʴʰʠʪʠ ʨʦʟʤʽʨʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ, ʫ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ, 

ʟʘʣʠʰʠʪʠ ʾʾ ʥʝʟʤʽʥʥʦʶ, ʟʘʣʝʞʥʦ ʚʽʜ ʥʝʦʙʭʽʜʥʦʛʦ ʨʝʟʫʣʴʪʘʪʫ. [5] 

 

ʈʠʩ. 1.3 ʈʝʟʫʣʴʪʘʪ ʟʛʦʨʪʢʠ 

ɸʛʨʝʛʫʚʘʣʴʥʽ ʰʘʨʠ - ʻ ʦʜʥʠʤ ʽʟ ʙʫʜʽʚʝʣʴʥʠʭ ʙʣʦʢʽʚ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ. ʊʘʤ, ʜʝ ʟʛʦʨʪʢʦʚʽ ʰʘʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʫʥʢʮʽʾ ʜʦ ʟʦʙʨʘʞʝʥʴ, ʰʘʨʠ 

ʦʙôʻʜʥʘʥʥʷ ʦʙôʻʜʥʫʶʪʴ ʦʟʥʘʢʠ, ʦʪʨʠʤʘʥʽ CNN. ʁʦʛʦ ʤʝʪʦʶ ʻ ʧʦʩʪʫʧʦʚʝ 

ʩʢʦʨʦʯʝʥʥʷ ʧʨʦʩʪʦʨʦʚʦʛʦ ʚʠʤʽʨʫ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʱʦʙ ʤʽʥʽʤʽʟʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʽ ʦʙʯʠʩʣʝʥʴ ʫ ʤʝʨʝʞʽ. 

ʂʘʨʪʘ ʬʫʥʢʮʽʡ, ʩʪʚʦʨʝʥʘ ʬʽʣʴʪʨʘʤʠ ʟʛʦʨʪʢʦʚʠʭ ʰʘʨʽʚ, ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʨʦʟʪʘʰʫʚʘʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʷʢʱʦ ʦʙôʻʢʪ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʜʝʱʦ ʟʤʽʩʪʠʚʩʷ, ʚʽʥ 

ʤʦʞʝ ʙʫʪʠ ʥʝʨʦʟʧʽʟʥʘʥʠʤ ʟʛʦʨʪʢʦʚʠʤ ʰʘʨʦʤ. ʆʪʞʝ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʘʨʪʘ 

ʦʙôʻʢʪʽʚ ʟʘʧʠʩʫʻ ʪʦʯʥʽ ʧʦʟʠʮʽʾ ʦʙôʻʢʪʽʚ ʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. ʈʽʚʥʽ ʦʙôʻʜʥʘʥʥʷ 

ʟʘʙʝʟʧʝʯʫʶʪʴ çʪʨʘʥʩʣʷʮʽʡʥʫ ʽʥʚʘʨʽʘʥʪʥʽʩʪʴè, ̫ ʢʘ ʨʦʙʠʪʴ CNN ʽʥʚʘʨʽʘʥʪʥʠʤ ʜʦ 

ʟʤʽʱʝʥʴ, ʪʦʙʪʦ ʥʘʚʽʪʴ ʷʢʱʦ ʚʭʽʜʥʽ ʜʘʥʽ CNN ʟʤʽʱʝʥʽ, CNN ʚʩʝ ʦʜʥʦ ʟʤʦʞʝ 

ʨʦʟʧʽʟʥʘʚʘʪʠ ʬʫʥʢʮʽʾ ʚʭʽʜʥʠʭ ʜʘʥʠʭ. [6] 
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ɺʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʚʘ ʪʠʧʠ ʦʙôʻʜʥʘʥʴ: ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʩʝʨʝʜʥʻ ð ʮʝ ʩʧʝʮʽʘʣʴʥʽ 

ʚʠʜʠ ʦʙôʻʜʥʘʥʥʷ, ʜʝ ʙʝʨʝʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʪʘ ʩʝʨʝʜʥʻ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦ. 

1. ʄʘʢʩʠʤʽʟʘʮʽʡʥʝ ʘʛʨʝʛʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻ ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʟ 

ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ ʥʝʡʨʦʥʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʰʘʨʫ 

 

ʈʠʩ. 1.4 ʄʘʢʩʠʤʘʣʴʥʝ ʘʛʨʝʛʫʚʘʥʥʷ 

2. ʋʩʝʨʝʜʥʶʚʘʣʴʥʝ ʘʛʨʝʛʫʚʘʥʥʷ - ʚʠʢʦʨʠʩʪʦʚʫʻ ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʟ 

ʢʦʞʥʦʛʦ ʟ ʢʣʘʩʪʝʨʽʚ ʥʝʡʨʦʥʽʚ ʧʦʧʝʨʝʜʥʴʦʛʦ ʰʘʨʫ. ʎʝ ʟʛʣʘʜʞʫʻ 

ʟʦʙʨʘʞʝʥʥʷ, ʟʙʝʨʽʛʘʶʯʠ ʩʫʪʴ ʟʦʙʨʘʞʝʥʥʷ.[6] 

 

ʈʠʩ. 1.5 ɸʛʨʝʛʫʚʘʥʥʷ ʩʝʨʝʜʥʽʭ ʟʥʘʯʝʥʴ 

3. ʇʦʚʥʦʟ'ʻʜʥʘʥʽ ʰʘʨʠ 

ʅʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʥʝʣʽʥʽʡʥʠʭ ʬʫʥʢʮʽʡ, ʢʦʞʥʘ ʟ ʷʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʝʡʨʦʥʦʤ ʘʙʦ ʧʝʨʮʝʧʪʨʦʥʦʤ. ʋ ʰʘʨʘʭ ʧʦʚʥʦʛʦ ʟʚ'ʷʟʢʫ, 

ʥʝʡʨʦʥ ʟʘʩʪʦʩʦʚʫʻ ʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʜʦ ʚʭʽʜʥʦʛʦ ʚʝʢʪʦʨʘ ʰʣʷʭʦʤ 

ʤʥʦʞʝʥʥʷ ʥʘ ʤʘʪʨʠʮʶ ʚʘʛ. ʇʽʩʣʷ ʮʴʦʛʦ ʜʦ ʦʪʨʠʤʘʥʦʛʦ ʜʦʙʫʪʢʫ 
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ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʥʝʣʽʥʽʡʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ 

f. 

푦 (푥) =  푓( 푤 푥 +  푤  

 [7] 

ʌʫʥʢʮʽʷ ʘʢʪʠʚʘʮʽʾ "f" ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʜʦ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʤʽʞ ʚʭʽʜʥʠʤʠ 

ʜʘʥʠʤʠ ʰʘʨʫ ʪʘ ʤʘʪʨʠʮʝʶ ʚʘʛ ʮʴʦʛʦ ʰʘʨʫ. ʂʦʞʝʥ ʩʪʦʚʧʝʮʴ ʚ ʤʘʪʨʠʮʽ ʚʘʛ ʤʘʻ 

ʚʣʘʩʥʠʡ ʥʦʤʝʨ ʪʘ ʦʧʪʠʤʽʟʫʻʪʴʩʷ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. 

ʋ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ, ʚʭʽʜʥʽ ʜʘʥʽ ʻ ʚʝʢʪʦʨʦʤ ʨʦʟʤʽʨʥʽʩʪʶ 1x9, ʘ ʤʘʪʨʠʮʷ ʚʘʛ ʤʘʻ 

ʨʦʟʤʽʨʥʽʩʪʴ 9x4. ʐʣʷʭʦʤ ʟʥʘʭʦʜʞʝʥʥʷ ʩʢʘʣʷʨʥʦʛʦ ʜʦʙʫʪʢʫ ʪʘ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʥʝʣʽʥʽʡʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʬʫʥʢʮʽʻʶ ʘʢʪʠʚʘʮʽʾ, ʦʪʨʠʤʫʻʤʦ ʚʠʭʽʜʥʠʡ ʚʝʢʪʦʨ 

ʨʦʟʤʽʨʥʽʩʪʶ 1x4. 

ʗʢʱʦ ʤʠ ʨʦʟʛʣʷʥʝʤʦ ʰʘʨ ʫ ʧʦʚʥʽʩʪʶ ʟʚôʷʟʘʥʽʡ ʥʝʡʨʦʥʥʽʡ ʤʝʨʝʞʽ ʟ ʚʭʽʜʥʠʤ 

ʨʦʟʤʽʨʦʤ ʜʝʚôʷʪʴ ʽ ʚʠʭʽʜʥʠʤ ʨʦʟʤʽʨʦʤ ʯʦʪʠʨʠ, ʦʧʝʨʘʮʽʶ ʤʦʞʥʘ ʫʷʚʠʪʠ 
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ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:

 

ʈʠʩ. 1.6 ɯʣʶʩʪʨʘʮʽʷ ʨʝʟʫʣʴʪʘʪʫ ʰʘʨʫ ʟ'ʻʜʥʘʥʥʷ 

ɿʘʩʪʦʩʫʚʘʥʥʷ: 

 ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʟʘʜʘʯʘʭ 

ʢʦʤʧ'ʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʪʘʢʠʭ ʷʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯ, ʢʣʘʩʠʬʽʢʘʮʽʷ 

ʟʦʙʨʘʞʝʥʴ, ʚʠʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʽʚ, ʩʝʛʤʝʥʪʘʮʽʷ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. ɺʦʥʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʨʘʞʘʶʯʽ ʨʝʟʫʣʴʪʘʪʠ ʫ ʙʘʛʘʪʴʦʭ ʢʦʥʢʫʨʩʘʭ ʪʘ ʨʝʘʣʴʥʠʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷʭ. 

 CNN ʟʥʘʡʰʣʠ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʬʝʨʽ ʤʝʜʠʮʠʥʠ, ʜʝ ʚʦʥʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʜʽʘʛʥʦʩʪʠʢʠ ʟʘʭʚʦʨʶʚʘʥʴ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ, 

ʚʠʷʚʣʝʥʥʷ ʧʘʪʦʣʦʛʽʡ ʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʟʥʽʤʢʘʭ, ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ ʟ 

ʤʘʛʥʽʪʥʦ-ʨʝʟʦʥʘʥʩʥʦʾ ʪʦʤʦʛʨʘʬʽʾ ʪʦʱʦ. 

 ɯʥʰʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʢʣʶʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ CNN ʚ ʘʚʪʦʥʦʤʥʠʭ 

ʘʚʪʦʤʦʙʽʣʷʭ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʜʦʨʦʞʥʽʭ ʟʥʘʢʽʚ ʪʘ ʦʙ'ʻʢʪʽʚ, ʚ ʦʙʨʦʙʮʽ 
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ʚʽʜʝʦʟʘʧʠʩʽʚ, ʚ ʩʠʩʪʝʤʘʭ ʙʝʟʧʝʢʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʚʪʦʨʛʥʝʥʴ ʘʙʦ 

ʥʝʙʝʟʧʝʯʥʠʭ ʩʠʪʫʘʮʽʡ. 

 ʆʢʨʽʤ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, CNN ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʙʨʦʙʢʠ 

ʽʥʰʠʭ ʪʠʧʽʚ ʜʘʥʠʭ, ʥʘʧʨʠʢʣʘʜ, ʫ ʟʘʜʘʯʘʭ ʦʙʨʦʙʢʠ ʧʨʠʨʦʜʥʠʭ ʤʦʚ, 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʤʦʚʣʝʥʥʷ ʘʙʦ ʘʥʘʣʽʟʫ ʯʘʩʦʚʠʭ ʨʷʜʽʚ. 

ɿʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ, ʷʢʠʡ ʟʤʽʥʶʻ ʧʽʜʭʽʜ ʜʦ 

ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʪʘ ʘʥʘʣʽʟʫ ʜʘʥʠʭ. ɺʦʥʠ ʧʨʦʧʦʥʫʶʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ 

ʟʘʩʪʦʩʫʚʘʥʴ ʪʘ ʤʦʞʫʪʴ ʜʦʩʷʛʘʪʠ ʚʨʘʞʘʶʯʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʫ ʙʘʛʘʪʴʦʭ ʚʘʞʣʠʚʠʭ 

ʩʬʝʨʘʭ. 
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2. ʅʘʣʘʰʪʫʚʘʥʥʷ ʘʧʘʨʪʥʦʛʦ ʘʢʩʝʣʝʨʘʪʦʨʘ 

ɸʢʩʝʣʝʨʘʪʦʨ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ Intel Neural Compute Stick 2 

Intel Neural Compute Stick 2 (NCS2) - ʮʝ ʧʨʠʩʪʨʽʡ ʜʣʷ ʘʧʘʨʘʪʥʦʛʦ ʧʨʠʩʢʦʨʝʥʥʷ 

ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʨʦʟʨʦʙʣʝʥʠʡ ʢʦʤʧʘʥʽʻʶ Intel. ɺʽʥ ʻ ʥʝʚʝʣʠʢʠʤ, 

ʧʦʨʪʘʪʠʚʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʷʢʠʡ ʧʨʘʮʶʻ ʷʢ ʘʧʘʨʘʪʥʠʡ ʧʨʠʩʢʦʨʶʚʘʯ ʥʝʡʨʦʥʥʠʭ 

ʤʝʨʝʞ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʥʘ ʧʨʠʩʪʨʦʾ ʟʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ. 

 

ʈʠʩ. 2.1 Intel Neural Compute Stick 2 

2.1 ʆʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ Intel Neural Compute Stick 2: 

1. ɸʨʭʽʪʝʢʪʫʨʘ: ɺʥʫʪʨʽʰʥʴʦ NCS2 ʙʘʟʫʻʪʴʩʷ ʥʘ ʘʨʭʽʪʝʢʪʫʨʽ Intel Movidius 

Myriad X Vision Processing Unit (VPU), ʷʢʘ ʻ ʩʧʝʮʽʘʣʽʟʦʚʘʥʦʶ ʜʣʷ 

ʚʠʢʦʥʘʥʥʷ ʦʧʝʨʘʮʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ɺʦʥʘ ʤʘʻ ʚʠʩʦʢʫ 

ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʽʩʪʴ ʽ ʧʽʜʪʨʠʤʫʻ ʧʨʠʩʢʦʨʝʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʪʘ 

ʽʥʬʝʨʝʥʩʫ ʤʦʜʝʣʝʡ. 

2. ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ: NCS2 ʤʘʻ ʚʠʩʦʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ (4 TOPS (ʪʨʠʣʴʡʦʥʠ 

ʦʧʝʨʘʮʽʡ ʥʝʡʨʦʤʝʨʝʞʽ ʚ ʩʝʢʫʥʜʫ) ʪʘ ʜʦ 10 ʤʽʣʴʡʦʥʽʚ ʚʝʢʪʦʨʥʠʭ ʦʧʝʨʘʮʽʡ 

ʫ ʩʝʢʫʥʜʫ (VPU GFLOPS)) ʽ ʤʦʞʝ ʚʠʢʦʥʫʚʘʪʠ ʽʥʪʝʥʩʠʚʥʽ ʦʙʯʠʩʣʝʥʥʷ 
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ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʽʥ ʟʜʘʪʥʠʡ ʦʙʨʦʙʣʷʪʠ ʚʝʣʠʢʫ 

ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʮʽʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʪʘʢʠʭ ʷʢ ʢʦʥʚʦʣʶʮʽʾ, ʧʫʣʽʥʛ, 

ʘʢʪʠʚʘʮʽʾ ʪʘ ̔ ʥʰʽ. ʉʝʨʮʝʤ Intel NCS 2 ̒  Intel Movidius Myriad X VPU, ʥʦʚʝ 

ʧʦʢʦʣʽʥʥʷ ʤʘʣʦʧʦʪʫʞʥʦʛʦ ʧʨʦʮʝʩʦʨʘ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʩʧʝʮʽʘʣʴʥʦ ʜʣʷ ʨʦʙʦʪʠ ʛʣʠʙʦʢʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (DNN) ʽʟ ʚʠʩʦʢʦʶ 

ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ. ɺʽʥ ʦʩʥʘʱʝʥʠʡ Neural Compute Engine, ʩʧʝʮʽʘʣʴʥʠʤ 

ʚʙʫʜʦʚʘʥʠʤ ʘʧʘʨʘʪʥʠʤ ʧʨʠʩʢʦʨʶʚʘʯʝʤ. ʄʘʩʠʚ ̔ ʟ 16 ʧʨʦʛʨʘʤʦʚʘʥʠʭ ̫ ʜʝʨ 

SHAVE (Streaming Hybrid Architecture Vector Engine) ʥʘ 33 ʚʽʜʩʦʪʢʠ 

ʙʽʣʴʰʝ, ʥʽʞ ʫ ʤʠʥʫʣʦʤʫ ʧʦʢʦʣʽʥʥʽ, ʱʦ ʧʽʜʪʨʠʤʫʻʪʴʩʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʧʘʤôʷʪʽ ʥʘʜʚʠʩʦʢʦʾ ʧʨʦʧʫʩʢʥʦʾ ʟʜʘʪʥʦʩʪʽ. [8] 

3. ɿ'ʻʜʥʘʥʥʷ: NCS2 ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʢʦʤʧ'ʶʪʝʨʘ ʘʙʦ ʧʨʠʩʪʨʦʶ ʟʘ 

ʜʦʧʦʤʦʛʦʶ USB 3.0 ʘʙʦ USB 3.1 Gen 1 Type-A ʧʦʨʪʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽ ʧʦʨʪʘʪʠʚʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʧʨʠʩʪʨʽʡ ʤʦʞʥʘ 

ʧʽʜʢʣʶʯʠʪʠ ʜʦ ʨʽʟʥʠʭ ʩʠʩʪʝʤ. 

4. ʇʽʜʪʨʠʤʢʘ ʬʨʝʡʤʚʦʨʢʽʚ: NCS2 ʧʽʜʪʨʠʤʫʻ ʨʽʟʥʽ ʬʨʝʡʤʚʦʨʢʠ ʪʘ 

ʙʽʙʣʽʦʪʝʢʠ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ TensorFlow, Caffe, MXNet, 

OpenVINO ʪʘ ʽʥʰʽ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʾʭ 

ʫʣʶʙʣʝʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʾ ʤʦʜʝʣʝʡ. 

5. ɯʥʪʝʛʨʘʮʽʷ ʟ OpenVINO: NCS2 ʱʽʣʴʥʦ ʽʥʪʝʛʨʦʚʘʥʠʡ ʟ Intel OpenVINO 

Toolkit, ʷʢʠʡ ʥʘʜʘʻ ʥʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʨʦʟʨʦʙʢʠ, ʦʧʪʠʤʽʟʘʮʽʾ ʪʘ 

ʚʠʢʦʥʘʥʥʷ ʤʦʜʝʣʝʡ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. ʅʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ IntelÈ 

Distribution of OpenVINOÊ ʜʦʟʚʦʣʷʻ ʰʚʠʜʰʝ ʪʘ ʣʝʛʰʝ ʩʪʚʦʨʶʚʘʪʠ 

ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʝ ʝʤʫʣʶʻ ʣʶʜʩʴʢʠʡ ʟʽʨ. ɹʽʙʣʽʦʪʝʢʠ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʠʭ ʤʦʜʝʣʝʡ, ʦʧʪʠʤʽʟʦʚʘʥʽ ʘʣʛʦʨʠʪʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʟʦʨʫ ʪʘ ʟʨʘʟʢʠ ʢʦʜʫ ʧʦʟʙʘʚʣʷʪʴ ʚʘʩ ʚʽʜ ʥʝʦʙʭʽʜʥʦʩʪʽ ʙʫʜʫʚʘʪʠ ʦʩʥʦʚʫ 

ʨʽʰʝʥʥʷ ʟ ʥʫʣʷ. ʅʘʙʽʨ ʽʥʩʪʨʫʤʝʥʪʽʚ ʪʘʢʦʞ ʻ ʢʣʶʯʦʚʠʤ ʜʣʷ ʨʦʟʨʦʙʢʠ ʟʘ 

ʧʨʠʥʮʠʧʦʤ çʥʘʧʠʰʠ ʦʜʠʥ ʨʘʟ, ʨʦʟʛʦʨʥʠ ʚʩʶʜʠè ʟʘ ʜʦʧʦʤʦʛʦʶ Intel NCS 

2. ɿʘʛʘʣʴʥʠʡ API ʚʠʢʦʥʫʻ ʨʦʙʦʯʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʩʽʭ ʪʠʧʘʭ ʧʣʘʪʬʦʨʤ 
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ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ ʪʘ ʧʨʠʩʢʦʨʶʚʘʯʽʚ ʚʽʜ Intel, ʚʢʣʶʯʘʶʯʠ ʎʇ, 

ʽʥʪʝʛʨʦʚʘʥʫ ʛʨʘʬʽʢʫ, FPGA ʪʘ VPU ʚʩʝʨʝʜʠʥʽ Intel NSC 2.[8] 

6. ʇʽʜʪʨʠʤʢʘ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ: NCS2 ʧʽʜʪʨʠʤʫʻ ʚʠʢʦʥʘʥʥʷ ʨʽʟʥʠʭ ʟʘʚʜʘʥʴ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʚʢʣʶʯʘʶʯʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʟʦʙʨʘʞʝʥʴ, ʜʝʪʝʢʮʽʶ 

ʦʙ'ʻʢʪʽʚ, ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ, ʚʽʟʫʘʣʴʥʝ ʚʽʜʩʪʝʞʝʥʥʷ ʪʦʱʦ. ɺʽʥ 

ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʙʘʛʘʪʴʦʭ ʩʬʝʨʘʭ, ʪʘʢʠʭ ʷʢ ʢʦʤʧ'ʶʪʝʨʥʝ 

ʟʦʨʦʚʝ ʚʽʜʩʪʝʞʝʥʥʷ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʨʘʟʽʚ ʪʘ ʘʚʪʦʥʦʤʥʘ ʥʘʚʽʛʘʮʽʷ. 

Intel Neural Compute Stick 2 ʻ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʘʧʘʨʘʪʥʦʛʦ 

ʧʨʠʩʢʦʨʝʥʥʷ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʩʠʩʪʝʤ, ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʥʫʚʘʪʠ ʦʙʯʠʩʣʝʥʥʷ ʥʘ 

ʧʨʠʩʪʨʦʾ ʟʘʤʽʩʪʴ ʮʝʥʪʨʘʣʴʥʦʛʦ ʧʨʦʮʝʩʦʨʘ. ɺʽʥ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʨʦʟʨʦʙʢʠ ʪʘ 

ʨʦʟʛʦʨʪʘʥʥʷ ʨʽʟʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʚʠʩʦʢʦʾ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʥʠʟʴʢʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

 

 

ʈʠʩ. 2.2 ʉʭʝʤʘ ʇʨʠʩʪʨʦʶ Intel NCS 2 

2.2 ɸʨʭʽʪʝʢʪʫʨʘ 
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 Intel Movidius NCS 2 ʤʽʩʪʠʪʴ ʧʨʦʮʝʩʦʨ Intel Movidius Myriad 2 vision, 

ʚʢʣʶʯʘʶʯʠ 4 ɻʙʽʪ LPDDR 

 Intel Movidius NCS 2  ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʧʨʠʢʣʘʜʥʦʛʦ ʧʨʦʮʝʩʦʨʘ (AP), 

ʥʘʧʨʠʢʣʘʜ, Rasberry PI ʘʙʦ ʧʣʘʪʠ UP Squared 

 ɺʠʢʦʥʘʥʥʷ ʢʦʥʪʨʦʣʶʻʪʴʩʷ ʤʽʢʨʦʧʨʦʮʝʩʦʨʦʤ LEON, ʘ ʦʙʯʠʩʣʝʥʥʷ 

ʚʠʢʦʥʫʶʪʴʩʷ ʥʘ ʧʨʦʮʝʩʦʨʘʭ SHAVE 
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ʈʠʩ. 2.3 ɸʨʭʽʪʝʢʪʫʨʘ Intel NCS 2 
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OpenVINO 
OpenVINO ð ʮʝ ʢʨʦʩʧʣʘʪʬʦʨʤʥʠʡ ʽʥʩʪʨʫʤʝʥʪʘʨʽʡ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʠʡ Intel. OpenVINO ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʩʥʦʚʢʽʚ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʽʜʭʦʜʫ ʦʜʥʦʨʘʟʦʚʦʛʦ ʟʘʧʠʩʫ ʪʘ ʨʦʟʛʦʨʪʘʥʥʷ 

ʙʫʜʴ-ʜʝ ʜʣʷ ʘʧʘʨʘʪʥʠʭ ʧʣʘʪʬʦʨʤ Intel [9] 

ʆʩʦʙʣʠʚʦʩʪʽ OpenVINO: 

 ʇʝʨʝʪʚʦʨʝʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ ʤʦʜʝʣʝʡ: OpenVINO ʥʘʜʘʻ ̔ ʥʩʪʨʫʤʝʥʪʠ ʜʣʷ 

ʢʦʥʚʝʨʪʘʮʽʾ ʤʦʜʝʣʝʡ ʟ ʧʦʧʫʣʷʨʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, 

ʪʘʢʠʭ ʷʢ TensorFlow, Caffe, MXNet, PyTorch, ʚ ʦʧʪʠʤʽʟʦʚʘʥʠʡ ʬʦʨʤʘʪ, 

ʷʢʠʡ ʤʦʞʝ ʙʫʪʠ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʥʘʥʠʡ ʥʘ ʘʧʘʨʘʪʥʠʭ ʧʨʠʩʢʦʨʶʚʘʯʘʭ 

Intel. ʎʝ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʦʧʪʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʜʣʷ ʤʦʜʝʣʝʡ 

ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ. 

 ʄʠ ʤʦʞʝʤʦ ʚʠʢʦʥʫʚʘʪʠ ʪʫ ʩʘʤʫ ʧʨʦʛʨʘʤʫ ʥʘ ʢʽʣʴʢʦʭ ʧʨʠʩʪʨʦʷʭ. ʅʘʤ 

ʧʨʦʩʪʦ ʧʦʪʨʽʙʥʦ ʧʝʨʝʜʘʪʠ ʮʽʣʴʦʚʠʡ ʧʨʠʩʪʨʽʡ ʷʢ ʘʨʛʫʤʝʥʪ ʢʦʤʘʥʜʥʦʛʦ 

ʨʷʜʢʘ, ʘ Inference Engine ʧʦʜʙʘʻ ʧʨʦ ʨʝʰʪʫ, ʪʦʙʪʦ ʤʠ ʤʦʞʝʤʦ ʟʘʧʫʩʪʠʪʠ 

ʪʦʡ ʩʘʤʠʡ ʬʨʘʛʤʝʥʪ ʢʦʜʫ ʥʘ ʮʝʥʪʨʘʣʴʥʦʤʫ ʧʨʦʮʝʩʦʨʽ, ʛʨʘʬʽʯʥʦʤʫ 

ʧʨʦʮʝʩʦʨʽ, ʚʽʜʝʦʧʨʦʮʝʩʦʨʽ ʯʠ ʙʫʜʴ-ʷʢʦʤʫ ʽʥʰʦʤʫ ʧʨʠʩʪʨʦʾ, ʩʫʤʽʩʥʦʤʫ ʟ 

ʥʘʙʦʨʦʤ ʽʥʩʪʨʫʤʝʥʪʽʚ OpenVINO [10] 

 ʆʧʪʠʤʽʟʘʮʽʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ: OpenVINO ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʽʨ 

ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʪʝʭʥʽʢ, ʪʘʢʠʭ ʷʢ ʢʚʘʥʪʠʟʘʮʽʷ, ʦʙʨʽʟʢʘ ʤʦʜʝʣʝʡ, 

ʦʙ'ʻʜʥʘʥʥʷ ʰʘʨʽʚ, ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʤʦʜʝʣʽ ʪʘ ʟʙʽʣʴʰʝʥʥʷ 

ʰʚʠʜʢʦʜʽʾ. ʎʝ ʜʦʟʚʦʣʷʻ ʜʦʩʷʛʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʝʩʫʨʩʽʚ ʧʨʠʩʪʨʦʶ ʪʘ ʟʥʠʟʠʪʠ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ. 

 ʍʤʘʨʥʘ ʽʥʪʝʛʨʘʮʽʷ: OpenVINO ʧʽʜʪʨʠʤʫʻ ʭʤʘʨʥʫ ʽʥʪʝʛʨʘʮʽʶ, 

ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʥʫʚʘʪʠ ʽʥʬʝʨʝʥʩ ʤʦʜʝʣʝʡ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʩʝʨʚʝʨʘʭ ʘʙʦ 

ʭʤʘʨʥʠʭ ʧʣʘʪʬʦʨʤʘʭ. ʎʝ ʜʦʟʚʦʣʷʻ ʨʦʟʛʦʨʪʘʪʠ ʪʘ ʤʘʩʰʪʘʙʫʚʘʪʠ ʤʦʜʝʣʽ ʚ 

ʨʦʟʧʦʜʽʣʝʥʠʭ ʩʝʨʝʜʦʚʠʱʘʭ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʚʝʣʠʢʦʾ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʧʦʪʫʞʥʦʩʪʽ. 
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 ʇʽʜʪʨʠʤʫʶʯʠ ʯʠʩʣʝʥʥʽ ʤʦʜʝʣʽ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ ʟ ʢʦʨʦʙʢʠ, ʥʘʙʽʨ 

ʽʥʩʪʨʫʤʝʥʪʽʚ ʧʨʠʩʢʦʨʶʻ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ 

ʙʘʯʝʥʥʷ, ʩʢʦʨʦʯʫʶʯʠ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʪʘ ʥʘʣʘʰʪʫʚʘʥʥʷ. ʇʦʧʝʨʝʜʥʴʦ 

ʧʽʜʛʦʪʦʚʣʝʥʽ ʤʦʜʝʣʽ, ʷʢʽ ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʬʨʝʡʤʚʦʨʢʽʚ ʛʣʠʙʦʢʦʛʦ 

ʥʘʚʯʘʥʥʷ, ʪʘʢʠʭ ʷʢ YOLO (You Only Look Once) ʜʦ R-CNN ʽ ResNet, 

ʜʦʟʚʦʣʷʶʪʴ ʨʦʟʨʦʙʥʠʢʘʤ ʩʪʚʦʨʶʚʘʪʠ ʤʦʜʝʣʽ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʩʢʣʘʜʥʽ 

ʧʨʦʛʨʘʤʠ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʙʘʯʝʥʥʷ, ʪʘʢʽ ʷʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ, 

ʚʠʷʚʣʝʥʥʷ ʣʶʜʝʡ, ʚʠʷʚʣʝʥʥʷ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʽ ʣʶʜʠ 

ʧʽʜʨʘʭʦʚʫʶʪʴ. ʅʘʙʽʨ Myriad Development Kit (MDK) ʪʘʢʦʞ ʤʽʩʪʠʪʴ 

ʥʝʦʙʭʽʜʥʽ ʽʥʩʪʨʫʤʝʥʪʠ ʨʦʟʨʦʙʢʠ, ʬʨʝʡʤʚʦʨʢʠ ʪʘ API ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘ 

ʯʽʧʽ ʩʧʝʮʽʘʣʴʥʦʛʦ ʙʘʯʝʥʥʷ, ʟʦʙʨʘʞʝʥʴ ʽ ʛʣʠʙʦʢʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. [11] 

3 ɺʠʤʽʨʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʧʘʨʘʪʥʦʛʦ ʘʢʩʝʣʝʨʘʪʦʨʘ 

3.1 ɿʥʘʭʦʜʞʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʇʝʨʰʠʤ ʝʪʘʧʦʤ ʪʝʩʪʫʚʘʥʥʷ ʙʫʚ ʩʪʘʥʜʘʪʥʠʡ ʪʝʩʪ ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʻ ʥʘ ʟʦʙʨʘʞʝʥʽ 

ʢʽʰʢʘ ʽ, ʷʢʱʦ ʻ ï ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʾʾ. 

ɼʣʷ ʧʨʠʢʣʘʜʽʚ ʙʫʣʦ ʚʟʷʪʽ ʪʘʢʽ ʟʦʙʨʘʞʝʥʥʷ: 

 

ʈʠʩ. 3.1 ɿʦʙʨʘʞʝʥʥʷ ˉ1    ʈʠʩ. 3.27 ɿʦʙʨʘʞʝʥʥʷ ˉ2   ʈʠʩ. 3.38 ɿʦʙʨʘʞʝʥʥʷ ˉ3 

ɼʣʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʘʨʭʽʪʝʢʪʫʨʘ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ 

ʤʝʨʝʞʽ squeezenet1.0 

3.2 SqueezeNet 
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SqueezeNet ð ʮʝ ʟʛʦʨʪʢʦʚʘʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʟ 18 ʨʽʚʥʷʤʠ. ʇʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʘ 

ʤʝʨʝʞʘ ʤʦʞʝ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʟʦʙʨʘʞʝʥʥʷ ʟʘ 1000 ʢʘʪʝʛʦʨʽʷʤʠ ʦʙôʻʢʪʽʚ, 

ʥʘʧʨʠʢʣʘʜ ʢʣʘʚʽʘʪʫʨʘ, ʤʠʰʘ, ʦʣʽʚʝʮʴ ʽ ʙʘʛʘʪʦ ʪʚʘʨʠʥ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʤʝʨʝʞʘ 

ʥʘʚʯʠʣʘʩʷ ʙʘʛʘʪʠʤ ʧʨʝʜʩʪʘʚʣʝʥʥʷʤ ʬʫʥʢʮʽʡ ʜʣʷ ʰʠʨʦʢʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʟʦʙʨʘʞʝʥʴ.[12] 

ʄʦʜʝʣʴ squeezenet1.0 ̒  ʦʜʥʽʻʶ ʟ ʤʦʜʝʣʝʡ ʪʦʧʦʣʦʛʽʾ SqueezeNet, ʧʨʠʟʥʘʯʝʥʘ ʜʣʷ 

ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ. ʄʦʜʝʣʽ SqueezeNet ʙʫʣʠ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʽ ʥʘ ʙʘʟʽ 

ʜʘʥʠʭ ʟʦʙʨʘʞʝʥʴ ImageNet.[13] 

ɺʭʽʜʥʽ ʜʘʥʽ ʤʦʜʝʣʽ ð ʮʝ ʦʙôʻʢʪ, ʷʢʠʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ BGR. 

ɺʠʭʽʜ ʤʦʜʝʣʽ ʜʣʷ squeezenet1.0 ʻ ʪʠʧʦʚʠʤ ʚʠʭʦʜʦʤ ʢʣʘʩʠʬʽʢʘʪʦʨʘ ʦʙôʻʢʪʽʚ ʜʣʷ 

1000 ʨʽʟʥʠʭ ʢʣʘʩʠʬʽʢʘʮʽʡ, ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʣʘʩʠʬʽʢʘʮʽʷʤ ʫ ʙʘʟʽ ʜʘʥʠʭ 

ImageNet. [13] 

ʅʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʴ, ʟʛʦʨʪʢʦʚʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ ʨʦʙʠʪʴ ʧʨʠʧʫʱʝʥʥʷ: 
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ʈʠʩ. 3.4 ʈʝʟʫʣʴʪʘʪ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʝʨʰʦʾ ʢʘʨʪʠʥʢʠ 
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ʈʠʩ. 3.5 ʈʝʟʫʣʴʪʘʪ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʜʨʫʛʦʾ  ʢʘʨʪʠʥʢʠ 
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ʈʠʩ. 3.6 ʈʝʟʫʣʴʪʘʪ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʨʝʪʴʦʾ  ʢʘʨʪʠʥʢʠ 

ɺʟʘʛʘʣʦʤ, ʙʫʣʦ ʦʧʨʘʮʴʦʚʘʥʦ 55 ʢʘʨʪʠʥʦʢ, ʟ ʨʽʟʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʥʦ ʥʘ (ʈʠʩ 16): 
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Рис. 3.7 Якість класифікації зображень 

3.2 ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ 

ʊʘʢʦʞ ʤʦʞʝʤʦ ʦʪʨʠʤʘʪʠ ʯʘʩ, ʟʘ ʷʢʠʡ ʚʠʢʦʥʫʶʪʴʩʷ ʫʩʽ ʝʪʘʧʠ ʦʙʨʦʙʢʠ 

ʟʦʙʨʘʞʝʥʥʷ. 

 

ʈʠʩ. 3.8 ʏʘʩ ʚʠʢʦʥʘʥʥʷ 

ɼʝ real ï ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ, user ï ʯʘʩ, ʷʢʠʡ ʧʨʦʛʨʘʤʘ ʚʠʪʨʘʪʠʣʘ ʥʘ 

ʦʙʯʠʩʣʝʥʥʷ, ʪʘ sys ï ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʩʠʩʪʝʤʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʋ ʚʠʧʘʜʢʫ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʴ ʯʘʩ ʙʫʜʝ ʟʘʣʝʞʘʪʠ ʥʘʧʨʷʤʫ ʚʽʜ ʨʦʟʤʽʨʫ 

ʥʘʰʦʛʦ ʟʦʙʨʘʞʝʥʥʷ, ʥʘ ʧʨʠʢʣʘʜ, ʤʘʻʤʦ ʜʚʘ ʟʦʙʨʘʞʝʥʥʷ ʟ ʪʘʢʠʤʠ 
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ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ:

 

ʈʠʩ. 3.9 ɿʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ: 800ʭ712ʨ 
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ʈʠʩ. 3.10 ɿʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ 7952ʭ5304ʨ 
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Рис. 3.11 Графік залежності часу розпізнавання  від  розміру зображення 

ɯʟ ʥʘʚʝʜʝʥʦʛʦ ʛʨʘʬʽʢʫ (ʈʠʩ.19) ʙʘʯʠʤʦ, ʱʦ ʯʘʩ ʢʣʘʩʠʬʽʢʘʮʽʾ ʟʦʙʨʘʞʝʥʥʷ  

ʨʦʟʤʽʨʦʤ 800ʭ712 ʧʽʢʩʝʣʽʚ ʫ 30 ʨʘʟʽʚ ʰʚʠʜʰʠʡ ʚʽʜ ʟʦʙʨʘʞʝʥʥʷ ʨʦʟʤʽʨʦʤ 

7952ʭ5304. ʇʨʦʪʝ ʚʘʨʪʦ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʟʦʙʨʘʞʝʥʥʷ ʟ ʙʽʣʴʰʦʶ ʨʦʟʜʽʣʴʥʦʶ 

ʟʜʘʪʥʽʩʪʶ ʢʣʘʩʠʬʽʢʫʚʘʣʦʩʴ ʚʩʴʦʛʦ ʟʘ 1.2 ʩʝʢʫʥʜʠ 
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ɺʠʩʥʦʚʢʠ 
1. ʈʝʟʫʣʴʪʘʪʠ ʪʝʩʪʫʚʘʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʘʧʘʨʘʪʥʠʡ ʘʢʩʝʣʝʨʘʪʦʨ 

ʥʝʡʨʦʤʝʨʝʞ Intel NCS 2 ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʢʣʘʩʠʬʽʢʘʮʽʶ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʟʦʙʨʘʞʝʥʴ ʟ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʴ ʫ ʜʽʘʧʘʟʦʥʽ ʟʥʘʯʝʥʴ 

ʚʢʘʞʽʪʴ ʜʽʘʧʘʟʦʥ. ʏʘʩ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘʢʠʭ ʟʦʙʨʘʞʝʥʴ ʣʝʞʠʪʴ ʫ ʜʽʘʧʘʟʦʥʽ 

ʚʽʜ 0.04 ʩ ʜʦ 1.2 ʩ. ɿʦʙʨʘʞʝʥʥʷ ʟ ʚʝʣʠʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ 

7952ʭ5304 ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʜʦ 30 ʨʘʟʽʚ ʧʦʚʽʣʴʥʽʰʝ. 

2. ʈʝʟʫʣʴʪʘʪ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʠʣʴʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʦʜʝʣʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʽ 

ʫ ʚʘʧʘʜʢʫ ʤʦʜʝʣʽ squeezenet1.0 ʩʪʘʥʜʘʨʪʥʠʡ ʪʝʢʩʪ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʪʘ ʜʘʻ 

100% ʷʢʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʦʙôʻʢʪʽʚ. ʗʢʽʩʪʴ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʦʨʽʜ ʢʦʪʽʚ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 50%. 

3. Intel Neural Compute Stick 2 ʤʦʞʝ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʠʡ ʜʣʷ ʢʣʘʩʠʬʽʢʘʮʽʾ 

ʽʥʰʠʭ ʜʘʥʠʭ, ʟʦʢʨʝʤʘ ʽ ʤʝʜʠʯʥʠʭ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʟʦʙʨʘʞʝʥʴ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ.  
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