
ǩȘșȗȇȏȉȇȌȓȢȌ ȘȏȘșȌȓȢ  
ȓȇȟȏȔȔȕȊȕ ȎȗȌȔȏȦ ȔȕȉȕȊȕ ȖȕȑȕȒȌȔȏȦ 
Ȕȇ ȕȘȔȕȉȌ ȊȒȚȈȕȑȏȜ ȔȌȐȗȕȔȔȢȜ ȘȌșȌȐ  

ȉ ȗȌȇȒȣȔȢȜ ȖȗȕȌȑșȇȜ ȋȒȦ ȎȇȋȇȞ 
ȖȗȕȓȢȟȒȌȔȔȕȘșȏ ȏ ȈȌȎȕȖȇȘȔȕȘșȏ 

ǨȕȗȏȘ ǩȏȟȔȦȑȕȉ, ȔȇȞȇȒȣȔȏȑ ȒȇȈȕȗȇșȕȗȏȏ ȇȔȇȒȏȎȇ ȋȏȔȇȓȏȞȌȘȑȏȜ ȘȝȌȔ 

ǻǪǺǶ ǪȕȘǴǯǯǧǸ 
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ǪǲǺǨǵǱǯǬ ǴǬǰǷǵǴǴȂǬ ǸǬǹǯ 
 
 



ǪǲǺǨǵǱǯǬ ǴǬǰǷǵǴǴȂǬ ǸǬǹǯ 

1988 Ȋȕȋ 

ǱȕȔȉȕȒȥȝȏȕȔȔȢȌ (ȘȉȌȗșȕȞȔȢȌ) ȘȌșȏ 

2006 Ȋȕȋ 

ǪȒȚȈȕȑȕȌ ȕȈȚȞȌȔȏȌ 

2011 Ȋȕȋ 

ǷȌȉȕȒȥȝȏȦ ȉ ȓȇȟȏȔȔȕȓ ȎȗȌȔȏȏ – 

ȖȌȗȉȇȦ ȖȚȈȒȏȑȇȝȏȦ ȕ ȊȒȚȈȕȑȏȜ  
ȘȉȌȗșȕȞȔȢȜ ȔȌȐȗȕȔȔȢȜ ȘȌșȦȜ ȉ 
ȗȇȘȖȕȎȔȇȉȇȔȏȏ ȏȎȕȈȗȇȍȌȔȏȐ 

2011: First Superhuman Visual 

Pattern Recognition 

http://people.idsia.ch/~juergen/deeplearning.html 



• ǵȈȚȞȌȔȏȌ ȈȌȎ ȕȊȗȇȔȏȞȌȔȏȐ Ȗȕ 
ȘȒȕȍȔȕȘșȏ Ȕȇ ȘȉȌȗȜȈȕȒȣȟȏȜ ȕȈȡȌȓȇȜ 
ȋȇȔȔȢȜ – Ȏȇ ȘȞȌș ȤșȕȊȕ ȖȗȌȉȕȘȜȕȋȏș ȉȘȌ 
ȓȌșȕȋȢ ȖȗȌȍȔȏȜ ȖȕȑȕȒȌȔȏȐ Ȗȕ ȑȇȞȌȘșȉȚ 

• ǪȒȚȈȕȑȏȌ ȑȕȔȉȕȒȥȝȏȕȔȔȢȌ ȔȌȐȗȕȘȌșȏ 
ȚȞȏșȢȉȇȥș ȘȖȌȝȏțȏȑȚ ȏȎȕȈȗȇȍȌȔȏȐ ȑȇȑ 
ȕȈȡȌȑșȇ ȗȇȘȖȕȎȔȇȉȇȔȏȦ 

• ǩȕȎȓȕȍȔȕȘșȣ ȕȈȚȞȌȔȏȦ ȈȌȎ ȚȞȏșȌȒȦ 

• ǫȒȦ ȕȈȚȞȌȔȏȦ șȗȌȈȚȥșȘȦ ȋȕȉȕȒȣȔȕ 
ȈȕȒȣȟȏȌ ȕȈȡȌȓȢ ȋȇȔȔȢȜ 

• ǫȒȦ ȕȈȚȞȌȔȏȦ șȗȌȈȚȌșȘȦ ȋȕȗȕȊȕȌ 
«ȍȌȒȌȎȕ» Ș ȈȕȒȣȟȏȓ ȑȕȒȏȞȌȘșȉȕȓ 
ȉȏȋȌȕȑȇȗș 

• ǫȒȦ ȗȇȈȕșȢ șȇȑȍȌ șȗȌȈȚȌșȘȦ ȓȕȠȔȢȌ 
ȖȗȕȝȌȘȘȕȗȢ ȏȒȏ ȉȏȋȌȕȑȇȗșȢ 

 

ǶǲȅǸȂ ǯ ǳǯǴǺǸȂ ǪǲǺǨǵǱǯǼ ǴǬǰǷǵǴǴȂǼ ǸǬǹǬǰ 
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ǴǵǩȂǬ ǶǵǫǼǵǫȂ Ǳ ǷǬǿǬǴǯȅ ǸǹǧǷȂǼ ǮǧǫǧǾ 
 
 



ǷȂǩǵǱ ǩ ǱǧǾǬǸǹǩǬ ǷǧǸǶǵǮǴǧǩǧǴǯȆ ǲǯǽ 

ǶȕȦȉȒȌȔȏȌ ȔȕȉȕȊȕ ȑȒȇȘȘȇ ȇȒȊȕȗȏșȓȕȉ Ȕȇ 
ȕȘȔȕȉȌ ȊȒȚȈȕȑȏȜ ȑȕȔȉȕȒȥȝȏȕȔȔȢȜ ȔȌȐȗȕȔȔȢȜ 
ȘȌșȌȐ, ȖȕȎȉȕȒȦȥȠȌȊȕ ȉȖȒȕșȔȚȥ ȖȕȋȕȐșȏ ȑ 
ȘȕȎȋȇȔȏȥ ȘȏȘșȌȓȢ ȇȉșȕȓȇșȏȞȌȘȑȕȊȕ 
ȗȇȘȖȕȎȔȇȉȇȔȏȦ Ȓȏȝ Ș ȑȇȞȌȘșȉȕȓ, ȖȗȌȉȢȟȇȥȠȏȓ 

ȚȗȕȉȌȔȣ șȗȌȔȏȗȕȉȇȔȔȕȊȕ ȞȌȒȕȉȌȑȇ-ȕȖȌȗȇșȕȗȇ 



ǴǵǩǵǬ ǶǵǱǵǲǬǴǯǬ ǸǯǸǹǬǳ ǩǯǫǬǵǧǴǧǲǯǹǯǱǯ 

ǷȇȘȖȕȎȔȇȉȇȔȏȌ ȕȈȡȌȑșȕȉ ȉȓȌȘșȕ ȓȕȋȌȒȏȗȕȉȇȔȏȦ țȕȔȇ (background/foreground) 

ǶȗȕȟȒȕȌ ȖȕȑȕȒȌȔȏȌ ǴȕȉȕȌ ȖȕȑȕȒȌȔȏȌ 



ǷǬǯǫǬǴǹǯǻǯǱǧǽǯȆ Ǹ ǶǵǳǵЩȃȅ ǴǬǰǷǵǴǴȂǼ ǸǬǹǬǰ 

ǪȌȔȌȗȇȝȏȦ ȇȔȇȒȕȊȇ ȈȏȕȓȌșȗȏȞȌȘȑȕȊȕ ȟȇȈȒȕȔȇ ȋȒȦ Ȓȏȝ – Deep ID ȋȒȦ ȕȈȡȌȑșȇ (ȞȌȒȕȉȌȑȇ, 
ȇȉșȕȓȕȈȏȒȦ ȏ Ȗȗ.) Ș ȖȕȘȒȌȋȚȥȠȏȓ ȘȗȇȉȔȌȔȏȌȓ ȟȇȈȒȕȔȇ Ș ȟȇȈȒȕȔȇȓȏ ȋȗȚȊȏȜ ȕȈȡȌȑșȕȉ 



ǱǵǴǹǷǵǲȃ ǹǬǼǴǯǱǯ ǨǬǮǵǶǧǸǴǵǸǹǯ Ǵǧ ǶǷǵǯǮǩǵǫǸǹǩǬ 
ǷȇȘȖȕȎȔȇȉȇȔȏȌ ȘȏȒȚȤșȇ 
ȞȌȒȕȉȌȑȇ Ș ȖȕȓȕȠȣȥ 

ȊȒȚȈȕȑȏȜ ȔȌȐȗȕȔȔȢȜ ȘȌșȌȐ 

ǵȈȚȞȌȔȏȌ Ȕȇ ǸǯǮ Ȗȕ ȉȏȋȌȕ- 
ȏ ȓȕȋȌȒȣȔȢȓ ȋȇȔȔȢȓ 

ǱȒȇȘȘȏțȏȑȇȝȏȦ  
“ȌȘșȣ ǸǯǮ” – “ȔȌș ǸǯǮ” 



ǧǴǧǲǯǮ ǨǵǲȃǿǯǼ ǫǧǴǴȂǼ ǩ ǮǧǫǧǾǧǼ ǶǷǵǳȂǿǲǬǴǴǵǸǹǯ 

ǹȗȇȔȘȖȕȗșȔȢȌ ȏ 
ȒȕȊȏȘșȏȞȌȘȑȏȌ ȎȇȋȇȞȏ 

ǶȕȏȘȑ ȖȕȒȌȎȔȢȜ 
ȏȘȑȕȖȇȌȓȢȜ 

ǶȗȌȋȘȑȇȎȇȔȏȌ 
ȔȌȏȘȖȗȇȉȔȕȘșȌȐ 
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ǹǬǱǺЩǯǬ ǷǬǿǬǴǯȆ SoC 
 
 



ǱǲǧǸǸǯǾǬǸǱǯǬ ǷǬǿǬǴǯȆ 

TI DM388 Ambarella S2 HiSilicon 3519 

 ARM 2 Cores A7+A17  
 FPU 
 Neon 
 ISP 
 Max 1 GB RAM 

 ARM 1 Cores A8 
 FPU 
 Neon 
× ISP 
 Max 1 GB RAM 

 ARM 2 Cores A9 
 FPU 
 Neon 
 ISP 
 Max 1-4(?) GB RAM 

• ǫȕȘșȇșȕȞȔȕȌ ȑȕȒȏȞȌȘșȉȕ 
ȕȖȌȗȇșȏȉȔȕȐ ȖȇȓȦșȏ ȋȒȦ ȎȇȊȗȚȎȑȏ 
ȉ ȖȇȓȦșȣ ȔȌȐȗȕȔȔȕȐ ȘȌșȏ 

• FPU, Neon 

• ǵȞȌȔȣ ȔȌȈȕȒȣȟȇȦ shared-ȖȇȓȦșȣ 
ȓȌȍȋȚ ISP ȏ CPU 

• ȄȑȕȔȕȓȏȦ ȖȗȕȏȎȉȕȋȏșȌȒȌȐ ȑȇȓȌȗ 
Ȕȇ FLASH ȏ RAM 

• ǮȇȑȗȢșȢȐ ISP ȉ șȚȒȞȌȐȔȇȜ 
ȖȗȕȏȎȉȕȋȏșȌȒȌȐ ȑȇȓȌȗ 

• ǵȞȌȔȣ ȘȒȇȈȢȐ CPU (2012-2014 ȊȊ.) 



ǶǲǯǸ (FPGA) 

NVIDIA Tegra Jetson TX2 Intel (Altera) Stratix 10 

 ARM 4 Cores A53  
 FPGA Ș ȈȕȒȌȌ 5.5ǳ 

ȤȒȌȓȌȔșȇȓȏ 
 Neon 
 Max 16 GB DRAM 

 ARM 4 Cores A57 
 NVIDIA Pascal, 256 ȦȋȌȗ 

CUDA 
 Neon 
 8 GB RAM 

• ǫȕȘșȇșȕȞȔȕȌ ȑȕȒȏȞȌȘșȉȕ 
ȕȖȌȗȇșȏȉȔȕȐ ȖȇȓȦșȏ ȋȒȦ ȎȇȊȗȚȎȑȏ 
ȉ ȖȇȓȦșȣ ȔȌȐȗȕȔȔȕȐ ȘȌșȏ 

• ǫȕȘșȇșȕȞȔȇȦ ȓȕȠȔȕȘșȣ 
ȉȏȋȌȕȖȗȕȝȌȘȘȕȗȇ 

• ǫȕȘșȇșȕȞȔȇȦ ȓȕȠȔȕȘșȣ 
ȖȗȕȝȌȘȘȕȗȇ 

• ǸșȕȏȓȕȘșȣ 
• Ƕȕȑȇ ȔȌ ȖȗȏȓȌȔȦȥșȘȦ ȉ ȑȇȓȌȗȇȜ 
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ǱǧǱǯǬ ǮǧǫǧǾǯ ǳǵǭǴǵ ǷǬǿǧǹȃ Ǵǧ ǨǵǷǹǺ ǱǧǳǬǷ? 
 
 



ǴǬǰǷǵǴǴȂǬ ǸǬǹǯ Ǵǧ ǨǵǷǹǺ ǱǧǳǬǷ 

ǷȇȘȖȕȎȔȇȉȇȔȏȌ Ȓȏȝ 

× ǴȌȐȗȕȘȌșȌȉȕȐ ȋȌșȌȑșȕȗ Ȓȏȝ 
• ǫȌșȌȑșȕȗ Ȓȏȝ Ȕȇ ȈȇȎȌ  

ǩȏȕȒȢ-ǫȍȕȔȘȇ 
× ǷȇȘȖȕȎȔȇȉȇȔȏȌ ȉ ȗȌȇȒȣȔȕȓ 

ȉȗȌȓȌȔȏ 
 ǷȇȘȖȕȎȔȇȉȇȔȏȌ ȉ ȈȒȏȎȑȕȓ ȑ 

ȗȌȇȒȣȔȕȓȚ ȉȗȌȓȌȔȏ 

ǩȏȋȌȕȇȔȇȒȏșȏȑȇ 

× ǴȌȐȗȕȘȌșȌȉȕȐ ȋȌșȌȑșȕȗ 
ȒȥȋȌȐ ȏ ȓȇȟȏȔ 

× ǴȌȐȗȕȘȌșȌȉȕȐ șȗȌȑȌȗ 
ȋȉȏȍȚȠȏȜȘȦ ȕȈȡȌȑșȕȉ 

× ǷȌȏȋȌȔșȏțȏȑȇȝȏȦ 
 ǴȌȐȗȕȘȌșȌȉȕȐ ȋȌșȌȑșȕȗ  

(ȑȇȑ ȗȇȘȖȕȎȔȇȉȇșȌȒȣ) 
ȕȘșȇȉȒȌȔȔȢȜ ȖȗȌȋȓȌșȕȉ  

ОȈȔȇȗȚȍȌȔȏȌ ǸǯǮ 

× ǴȌȐȗȕȘȌșȌȉȕȐ ȋȌșȌȑșȕȗ 
ȒȥȋȌȐ ȏ ȓȇȟȏȔ 

• ǫȌșȌȑșȕȗ Ȕȇ ȈȇȎȌ ȓȕȋȌȒȌȐ 
țȕȔȇ 

 ǴȌȐȗȕȘȌșȌȉȕȐ 
ȑȒȇȘȘȏțȏȑȇșȕȗ ǸǯǮ 

ǩȢȉȕȋȢ: 
1. ǴȌȐȗȕȘȌșȌȉȢȌ ȋȌșȌȑșȕȗȢ ȔȌ ȋȕȘșȚȖȔȢ Ȕȇ șȌȑȚȠȌȓ ȚȗȕȉȔȌ ȗȇȎȉȏșȏȦ  

ȓȕȈȏȒȣȔȢȜ ȖȗȕȝȌȘȘȕȗȕȉ 
2. ǴȌȐȗȕȘȌșȌȉȢȌ ȑȒȇȘȘȏțȏȑȇșȕȗȢ/ȗȇȘȖȕȎȔȇȉȇșȌȒȏ ȓȕȊȚș ȈȢșȣ ȏȘȖȕȒȣȎȕȉȇȔȢ ȚȍȌ 

ȘȌȐȞȇȘ 
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ǨǵǴǺǸ: ǩǹǵǷǵǰ ǩǯǹǵǱ ǴǬǰǷǵǸǬǹǬǩǵǰ ǷǬǩǵǲȅǽǯǯ 
 
 



ǹǬǱǺЩǬǬ ǶǵǲǵǭǬǴǯǬ ǫǬǲ 

• ǪȒȚȈȕȑȏȌ ȘȕȗȌȉȔȚȥщȏȌȘȦ ȘȌșȏ ȋȒȦ ȏȓȏșȇȝȏȏ ȋȇȔȔȢȜ 
GAN, Domain Transfer Learning, Zero-Shot Learning 

• ǯȔșȌȗȖȗȌșȇȝȏȦ ȋȏȔȇȓȏȞȌȘȑȕȐ ȉȏȎȚȇȒȣȔȕȐ ȏȔțȕȗȓȇȝȏȏ Ȕȇ 
ȌȘșȌȘșȉȌȔȔȕȓ ȦȎȢȑȌ 
Action Detection and Prediction, Video Annotation, Video and Language 
Understanding, Text-to-Video, VQA 

• ОȈȚȞȌȔȏȌ ȊȒȚȈȕȑȏȜ ȘȌșȌȐ ȑȇȑ ȇȑșȏȉȔȢȜ ȇȊȌȔșȕȉ 
Reinforsement Learning, Lifelong Learning 

• ǪȒȚȈȕȑȕȌ ȕȈȚȞȌȔȏȌ Ș ȏȘȖȕȒȣȎȕȉȇȔȏȌȓ ȘșȗȚȑșȚȗȔȢȜ ȓȕȋȌȒȌȐ, ȈȇȎ 
ȎȔȇȔȏȐ ȏ ȖȗȕȊȗȇȓȓ ȒȕȊȏȞȌȘȑȕȊȕ ȉȢȉȕȋȇ 
Graph Structured CNN, Deep Visual Reasoning 



ǶǵǴǯǳǧǴǯǬ ǶǵǩǬǫǬǴǯȆ 



ǶǵǴǯǳǧǴǯǬ ǸǽǬǴȂ 



GANS – GENERATIVE ADVERSARIAL NETWORKS 


