
ȽȴȹȾȱȳ ȶȼȴȮɇɁ ȯȴȽ Ƚ ȴȽȻȺȷɈȳȺȮȬȹȴȱȸ 

ȯȱȹȱȼȬȾȴȮȹɇɁ ȶȺȹȶȿȼȴȼȿɊɅȴɁ 

ȯȷȿȭȺȶȴɁ ȶȺȹȮȺȷɊɂȴȺȹȹɇɁ ȹȱȵȼȺȹȹɇɁ ȽȱȾȱȵ 

Ȯ. ȯɚɜɍɌɢɑɎɔɣ, Ɋ. Ȯɔɓɔɗɨɞɑɜ (ɀȯȿȻ çȯɚɝȹȴȴȬȽè), 

Ȭ. ɁɌɕɐɌɜɚɎ, Ȭ. ɋɖɚɎɗɑɎ (ȺȺȺ çȯɌɓɛɜɚɘəɑɠɞɨ ȹȾɂè) 



ȯɑɚɠɔɓɔɣɑɝɖɚɑ  ɔɝɝɗɑɐɚɎɌəɔɑ ɝɖɎɌɒɔə 

ȶɜɔɎɌɫ ȯȴȽ ɛɜɑɐɝɞɌɎɗɫɑɞ ɝɚɍɚɕ ɚɐəɚɘɑɜəɧɕ ɝɔɏəɌɗ, ɛɚɗɟɣɌɑɘɧɕ Ɏ ɜɑɓɟɗɨɞɌɞɑ 

ɔɓɘɑɜɑəɔɫ (ɛɜɔ ɛɚɘɚɥɔ ɐɌɞɣɔɖɌ) ɓəɌɣɑəɔɕ əɑɖɚɞɚɜɚɏɚ ɠɔɓɔɣɑɝɖɚɏɚ ɛɚɗɫ əɌ 

ɜɌɓəɧɡ ɏɗɟɍɔəɌɡ Ɏɐɚɗɨ ɝɞɎɚɗɌ ɝɖɎɌɒɔəɧ 



ȯɑɚɠɔɓɔɣɑɝɖɚɑ  ɔɝɝɗɑɐɚɎɌəɔɑ ɝɖɎɌɒɔə 

ȬəɌɗɔɓ ɖɜɔɎɧɡ ȯȴȽ ɛɜɚɎɚɐɔɞɝɫ Ɏ ɜɟɣəɟɪ ɩɖɝɛɑɜɞɌɘɔ ɏɑɚɗɚɏɌɘɔ. 



˭͊͒͊;͊ ͫ ͙͔ͤͭ͊͘ ͍ͦͭͫͯͭͫͭͯΌ΅͔͎ͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

Ƚɔəɞɑɓ(ɎɚɝɝɞɌəɚɎɗɑəɔɑ) ɓəɌɣɑəɔɕ ɝɔɏəɌɗɌ ȯȴȽ: 

 1. Ƚɔəɞɑɓ ɖɜɔɎɚɕ ɛɚ ɐɜɟɏɔɘ ɔɝɝɗɑɐɚɎɌəɔɫɘ 

 
  



Ƚɔəɞɑɓ(ɎɚɝɝɞɌəɚɎɗɑəɔɑ) ɓəɌɣɑəɔɕ ɝɔɏəɌɗɌ ȯȴȽ: 

 2. Ƚɔəɞɑɓ ɟɣɌɝɞɖɌ ɖɜɔɎɚɕ 

  

˭͊͒͊;͊ ͫ ͙͔ͤͭ͊͘ ͯ;͊ͫͭ͊͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 



Ȼɜɑɐɛɚɝɧɗɖɔ 

ȻɚɫɎɗɑəɔɑ əɚɎɚɏɚ ɖɗɌɝɝɌ ɌɗɏɚɜɔɞɘɚɎ əɌ ɚɝəɚɎɑ ɏɗɟɍɚɖɔɡ ɖɚəɎɚɗɪɢɔɚəəɧɡ 

əɑɕɜɚəəɧɡ ɝɑɞɑɕ 



Convolutional Neural Networks (CNN)  

 

Krizhevsky et al. [NIPS 2012]   

 

7 hidden layers, 650,000 neurons, 60,000,000 parameters  



ResNet 

ȼɑɓɔɐɟɌɗɨəɧɕ ɍɗɚɖ 

ɍɗɚɖ 1 

ɍɗɚɖ 2 

ɍɗɚɖ 3 

ɍɗɚɖ 4 

ɍɗɚɖ 5 

ɝəɔɒɑəɔɑ  

ɜɌɓɘɑɜəɚɝɞɔ 

ɝəɔɒɑəɔɑ  

ɜɌɓɘɑɜəɚɝɞɔ 

ɝəɔɒɑəɔɑ  

ɜɌɓɘɑɜəɚɝɞɔ 

ɝəɔɒɑəɔɑ  

ɜɌɓɘɑɜəɚɝɞɔ 



Ⱥɝɚɍɑəəɚɝɞɔ ɖɌɜɚɞɌɒəɧɡ ɖɜɔɎɧɡ 

Ⱥɝɚɍɑəəɚɝɞɔ ɖɌɜɚɞɌɒəɧɡ ɖɜɔɎɧɡ: 

 

1. ȶɜɌɕəɑ ɎɧɝɚɖɌɫ ɎɌɜɔɌɞɔɎəɚɝɞɨ 

 

2. ȹɌɗɔɣɔɑ ɍɚɗɨɤɚɏɚ ɖɚɗɔɣɑɝɞɎɌ ɔɝɖɌɒɑəɔɕ (ɖɌɖ 

ɞɔɛɔɓɔɜɚɎɌəəɧɡ ɞɌɖ ɔ əɑɞ) 

 

3. ȭɚɗɨɤɚɑ ɖɚɗɔɣɑɝɞɎɚ òɍɔɞɧɡó ɐɌəəɧɡ (ɛɜɚɛɟɝɖɔ) 

Ȱɗɫ ɟɣɬɞɌ ɐɌəəɧɡ ɚɝɚɍɑəəɚɝɞɑɕ ɔɝɛɚɗɨɓɚɎɌɗɔɝɨ ɝɛɑɢɔɌɗɔɓɔɜɚɎɌəəɧɑ 

ɝɗɚɔ ɌɟɏɘɑəɞɌɢɔɔ ɐɌəəɧɡ, Ɍ ɞɌɖɒɑ ɜɌɓɗɔɣəɧɑ ɛɜɑɐɝɞɌɎɗɑəɔɫ ɐɌəəɧɡ 
  

 
  



ȻɜɑɐɝɞɌɎɗɑəɔɑ ɐɌəəɧɡ 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʢʨʠʚʳʭ ʚ ʚʠʜʝ 1D ʩʠʛʥʘʣʦʚ: 

ȱɝɞɑɝɞɎɑəəɧɕ ɠɚɜɘɌɞ ɐɗɫ ȯȶȹȽ - ɞɑəɓɚɜɧ 

 

  



ȼɌɓɜɌɍɚɞɖɌ ɘɑɞɚɐɔɖɔ ɟɣɑɞɌ 

ɚɝɚɍɑəəɚɝɞɑɕ ɖɌɜɚɞɌɒəɧɡ ɖɜɔɎɧɡ 
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ȸɌɝɖɔɜɚɎɌəəɌɫ ɠɟəɖɢɔɫ ɛɚɞɑɜɨ: 

ɏɐɑ  

 kj ð əɚɜɘɔɜɚɎɚɣəɧɕ ɖɚɩɠɠɔɢɔɑəɞ ɔɝɝɗɑɐɚɎɌəɔɫ j 

 g i,j ð i-Ɍɫ ɖɜɔɎɌɫ ȯȴȽ ɚɍɟɣɌɪɥɑɕ Ɏɧɍɚɜɖɑ, ɝɚɚɞɎɑɞɝɞɎɟɪɥɌɫ 

 ɔɝɝɗɑɐɚɎɌəɔɪ m, 

        ð ɘɌɝɖɌ ɝɚɚɞɎɑɞɝɞɎɟɪɥɌɫ ɖɜɔɎɚɕ g i,j, ɘɌɝɖɌ ɛɜɑɐɝɞɌɎɗɫɑɞ 

 ɝɚɍɚɕ ɍɔəɌɜəɧɕ Ɏɑɖɞɚɜ, Ɏ ɖɚɞɚɜɚɘ 0 ɝɚɚɞɎɑɞɝɞɎɟɪɞ 

 ɚɞɝɟɞɝɞɎɟɪɥɔɘ ɓəɌɣɑəɔɫɘ Ɏ ɖɜɔɎɚɕ g i,j(əɌɛɜɔɘɑɜ -999.25) 

     ð ɛɚɩɗɑɘɑəɞəɚɑ ɛɜɚɔɓɎɑɐɑəɔɑ, 

 * ð ɛɜɚɔɓɎɑɐɑəɔɑ ɎɑɖɞɚɜɌ əɌ ɝɖɌɗɫɜ. 

 

 

,i jM



ȽȴȹȾȱȳ(ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ) ȳȹȬɃȱȹȴȵ ȽȴȯȹȬȷȬ ȯȴȽ: 

 Ƚɔəɞɑɓ ɖɜɔɎɚɕ ɛɚ ɐɜɟɏɔɘ ɔɝɝɗɑɐɚɎɌəɔɫɘ  Ƚɔəɞɑɓ ɟɣɌɝɞɖɌ ɖɜɔɎɚɕ 



ȽȴȹȾȱȳ(ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ) ȳȹȬɃȱȹȴȵ ȽȴȯȹȬȷȬ ȯȴȽ: 

Ƚɡɚɒɔɑ ɓɌɐɌɣɔ ɞɑɡəɔɣɑɝɖɚɏɚ ɓɜɑəɔɫ: 

image to image translation inpainting 



ȽȴȹȾȱȳ(ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ) ȳȹȬɃȱȹȴȵ ȽȴȯȹȬȷȬ ȯȴȽ: 

ȯɑəɑɜɌɞɔɎəɧɑ ɝɚɜɑɎəɟɪɥɔɑɝɫ ɝɑɞɔ: (G,D) (G)GAN RECL L L= +l

log(D(x,y)) log(1 D(x,G(x,z))GANL = + -

 y  - ʧʨʠʤʝʨ, ʦʪʥʦʩʷʱʠʡʩʷ ʢ ʨʝʘʣʴʥʦʤʫ ʩʠʛʥʘʣʫ 

 x ï ʚʭʦʜʥʦʡ ʩʠʛʥʘʣ 

 z ï ʩʣʫʯʘʡʥʳʡ ʩʠʛʥʘʣ 

 D ï ɼʠʩʢʨʠʤʠʥʘʪʦʨ 

 G ï ɻʝʥʝʨʘʪʦʨ 

LREC ï ʬʫʥʢʮʠʷ ʧʦʪʝʨʴ ñʨʝʢʦʥʩʪʨʫʢʮʠʠò 

* argmin max (G,D) (G)GAN REC
G D

G L L= +l



ȬȼɁȴȾȱȶȾȿȼȬ RESNET-RESNET 

ȽɡɑɘɌ Ɍɜɡɔɞɑɖɞɟɜɧ ResNet-ResNet 

ȬɜɡɔɞɑɖɞɟɜɌ ɚɤɔɍɖɌ 

ɎɚɝɝɞɌəɚɎɗɑəɔɫ 

ɖɜɔɎɚɕ 

ResNet50 + 3ɡDecv  25100 

ResNet50-ResNet18 7300 

ResNet18-ResNet18 15000 

Unet 34000 

ʉʨʘʚʥʝʥʠʝ ʘʨʭʠʪʝʢʪʫʨʳ ResNet + Deconv ʩ ʨʘʟʨʘʙʦʪʘʥʥʦʡ 

ResNet-Res-Net ʥʘ ʧʨʠʤʝʨʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚʳʯʠʩʣʝʥʠʷ 

ʜʠʩʧʘʨʘʪʥʦʩʪʠ ʢʨʠʚʳʭ ɻʀʉ ʠ ʟʘʜʘʯʠ ʩʠʥʪʝʟʘ ɻʀʉ. 

ʆʙʫʯʝʥʠʝ ɻʂʅʉ ʧʨʦʚʦʜʠʣʦʩʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ 

ʥʘʩʪʨʦʡʢʘʭ. ʈʘʟʤʝʨ ʚʭʦʜʥʦʛʦ ʩʠʛʥʘʣʘ 2048 ʦʪʩʯʸʪʦʚ. 

Ⱥɍɧɣəɚ ɐɗɫ ɝɔəɞɑɓɌ ɔɓɚɍɜɌɒɑəɔɕ ɔɝɛɚɗɨɓɟɑɞɝɫ ɝɡɑɘɌ ɩəɖɚɐɑɜ-ɐɑɖɚɐɑɜ.Ȼɜɔ ɩɞɚɘ ɐɑɖɚɐɑɜ 

ɚɍɗɌɐɌɑɞ ɚɞəɚɝɔɞɑɗɨəɚ ɛɜɚɝɞɚɕ Ɍɜɡɔɞɑɖɞɟɜɚɕ(əɌɛɜɔɘɑɜ ResNet50 + 3ɡDecv ). Ȯ ɐɌəəɚɕ ɜɌɍɚɞɑ 

ɛɜɑɐɗɌɏɌɑɞɝɫ ɌɜɡɔɞɑɖɞɟɜɌ ResNet-ResNet, ɖɚɐɑɜɚɘ Ɏ ɐɌəəɚɘ ɝɗɟɣɌɑ ɎɧɝɞɟɛɌɑɞ ɝɑɞɨ ResNet 

ɐɑɖɚɐɑɜɚɘ ɞɌɖɒɑ ɝɑɞɨ ResNet ɝ ɝɗɚɫɘɔ ɐɑɖɚəɎɚɗɪɢɔɔ. 



ȽȴȹȾȱȳ(ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ) ȳȹȬɃȱȹȴȵ ȽȴȯȹȬȷȬ ȯȴȽ: 

ȽɡɑɘɌ ɚɍɟɣɑəɔɫ 

CNN 

ȺɍɗɌɝɞɔ ɛɚɐɗɑɒɌɥɔɑ ɎɚɝɝɞɌəɚɎɗɑəɔɪ ɛɚɘɑɣɌɪɞɝɫ ɖɚəɝɞɌəɞəɧɘ ɓəɌɣɑəɔɑɘ 0 

ȱɝɗɔ ɞɜɑɍɟɑɞɝɫ ɎɚɝɝɞɌəɚɎɔɞɨ ɔɝɝɗɑɐɚɎɌəɔɑ ɢɑɗɔɖɚɘ əɌ Ɏɡɚɐ ɛɚɐɌɬɞɝɫ əɟɗɑɎɚɕ ɝɔɏəɌɗ 



ȽȴȹȾȱȳ(ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ) ȳȹȬɃȱȹȴȵ ȽȴȯȹȬȷȬ ȯȴȽ: 

Ȭɗɏɚɜɔɞɘ ɌɟɏɘɑəɞɌɢɔɔ 

ɸʣʛʦʨʠʪʤ ʘʫʛʤʝʥʪʘʮʠʠ : 

1. ˮ͘ ͦ͋ͯ;͊Ό΅͔͚ ͍·͙͋ͦͪ͟ ͫͯ͡;͚͊ͤ·ͣ ͦ͋ͪ͊ͦͣ͘ ͍·͙͔͋ͪ͊ͭͫΎ 

b Ή͔͔͍ͣͤͭͦ͡Φ 

2. ˨͡Ύ ͎͊͗͒ͦͦ͟ ͙͘ b Ή͔͔͍ͣͤͭͦ͡ ͫͯ͡;͚͊ͤ·ͣ ͦ͋ͪ͊ͦͣ͘ 

͍·͔͔ͪ͊ͭͫ͘Ύ ͎͔ͣͤͦͦͫͨͭͪ͊͟͡Έͤ·͚ ͙͎ͫͤ͊͡ ͫ n=2048 

ͦͭͫ;͖͙ͭ͊ͣΦ ͙͔̅ͦͪͣͪͯͭͫΎ ͍͒͊ ͔ͭͤͦͪ͊͘ AUG ͙  RES ͫ  

͔ͪ͊ͣͪͤͦͫͭ͘ΈΌ ώb  m  м  нлпуϐΦ 

3. ˿ ͍͔ͪͦΎͭͤͦͫͭΈΌ pZ Ґ лΦп ͒͡Ύ ͎͊͗͒ͦͦ͟ ͙͘ b Ή͔͔͍ͣͤͭͦ͡ 

͔ͭͤͦͪ͊͘ AUG ͨ ͍͙ͪͦͦ͒ͭͫΎ ͔͙͔ͦ͋ͤͯͤ͡ ͎ͦ͒ͤͦͦ ͙͘ ͙͎͍ͫͤ͊ͦ͡ 

˥ˮ˿ό͙͎ͫͤ͊͡ ͔ͨͦ͒͗͊͡΅͙͚ ͍͍͔͙ͦͫͫͭ͊ͤͦͤ͡ΌύΦ 

4. ˤ·ͻͦ͒ͦͣ ͎͙͊ͦͪͭͣ͊͡ Ύ͍͡ΎΌͭͫΎ ͍͒͊ ͔ͭͤͦͪ͊͘ AUG Σͦͭͦͪ͟·͚ 

Ύ͍͡Ύ͔ͭͫΎ ͍ͻͦ͒ͯ ͔͙ͫͭ ͙ ͔ͭͤͦͪ͘ RES, ͟ ͦͭͦͪ·͚ Ύ͍͡Ύ͔ͭͫΎ 

͍͔ͦͭͭͦͣ ͯ;͙͔ͭ͡ΎΦ 



ȽȴȹȾȱȳ(ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ) ȳȹȬɃȱȹȴȵ ȽȴȯȹȬȷȬ ȯȴȽ: 

Ƚɗɚɕ ɟɝɔɗɑəɔɫ ɏɜɌɐɔɑəɞɚɎ: 

CNN 

Loss 

gradK  

dx ,dx ,dx  

dx ,dx ,Ȁ*dx  

ȭɑɓ ɝɗɚɫ ɟɝɔɗɑəɔɫ ɏɜɌɐɔɑəɞɚɎ 

Ƚɚ ɝɗɚɑɘ ɟɝɔɗɑəɔɫ ɏɜɌɐɔɑəɞɚɎ 



ȽȴȹȾȱȳ(ȮȺȽȽȾȬȹȺȮȷȱȹȴȱ) ȳȹȬɃȱȹȴȵ ȽȴȯȹȬȷȬ ȯȴȽ: 

ɉɖɝɛɑɜɔɘɑəɞɧ: 


