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İƖĮŅĔĬńŘĬ ĽŅĴŅĶĩĝƞĺĵħƟŅĬĔŅĶĔŌƟĕƟŀĴŌĸėŜŅıŌħěŅĔœĲĸƢĺŇħňőŀĪňŗĴňŏĽňĵĚĶĭĔĺĬěŜŅĬĺĬĴŅĔ ĶĺĴĩŉĚĔŅĶ
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ģŅĬĕƟŀĴŌĸĳŅļŅŀńĚĔķļĪňŗĴňĔŅĶĶĺĭĶĺĴŀŅĽŅĽĴńėĶĪňŗŏĮƦĬŏěƟŅĕŀĚĳŅļŅŐĸŃœĴƞŒĝƞŏěƟŅĕŀĚĳŅļŅĔĺƞŅ 16 
ĽńĠĝŅĨŇ őħĵįĸĸńıīƢĪňœħƟěŅĔĔŅĶĻŉĔļŅĬňŘıĭĺƞŅ ŐĭĭěŜŅĸŀĚĪňŗœħƟĬŜŅŏĽĬŀĶĺĴĩŉĚĕńŘĬĨŀĬĕŀĚĔŅĶŏĸŊŀĔ
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MR. Aekapob JITTAKOTI : Development of Lip Reading Method From Video 
Using Deep Learning Thesis advisor :  SOPON PHUMEECHANYA, Ph.D. 

This thesis presents a method for improving the efficiency of lip reading 
through the analysis of keyframes using CNN and LSTM working together, which 
combines the characteristics of image-based learning with sequential learning 
features. When attempting to enhance lip reading performance using the entire raw 
dataset, satisfactory results cannot be achieved. Thus, the selection of an 
appropriate number of frames and frame selection for learning directly affects the 
model's efficiency. The frame selection method is proposed through the Mediapipe 
face detection library in Python. The study divides experiments into three main 
groups: selecting 3, 5, and 10 frames. Additionally, the frame selection includes full-
Lip image frames and half-Lip image frames options, based on the hypothesis of the 
symmetry of human body parts, both left and right. Furthermore, it demonstrates 
the reduction of input size by half and compares the performance of the obtained 
results. This proposes a lip reading method that has not been conducted before. The 
purpose of lip reading is to aid in speech retrieval from heavily corrupted audio-video 
files and also to facilitate communication for hearing-impaired individuals. In the 
database part, the AVDigits database, an English language database consisting of 
participants who are native and non-native speakers of English from 16 nationalities, 
is used. The results of this study show that the proposed models, including the 
crucial frame selection process, significantly improve lip reading performance for 
both full-Lip image and half-Lip image, achieving high and comparable results. 
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ĭĪĪňŗ 1  

ĭĪĬŜŅ 

/,/ȮėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĮƤĠľŅ 

 
 ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŀƞŅĬĶŇĴİƖĮŅĔ (Lip Reading) ŏĮƦĬĪňŗĶŌƟěńĔĔńĬŀĵƞŅĚŐıĶƞľĸŅĵŒĬĝŊŗŀ

ĕŀĚĔŅĶĶŌƟěŜŅėŜŅıŌħȮ(Speech Recognition)ȮőħĵŏĬŊŘŀĚŅĬĴňėĺŅĴŒĔĸƟŏėňĵĚĔńĬŐĸŃĽŅĴŅĶĩŒĝƟŐĪĬĔńĬœħƟȮ

ŒĬĭŅĚėĶńŘĚĚŅĬĺŇěńĵĪňŗŒĝƟėŜŅĺƞŅĔŅĶĶŌƟěŜŅėŜŅıŌħŀŅěĴňĔŅĶŒĝƟŏĽňĵĚŏĕƟŅĴŅŒĬĔĶŃĭĺĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚ

ŐĨĔĨƞŅĚěŅĔĚŅĬĪňŗŏĮƦĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔĪňŗŏĬƟĬœĮĪňŗĶŌĮĳŅıŏĮƦĬĽƞĺĬŒľĠƞȮĞŉŗĚŏĮƦĬĔŅĶŏĔŖĭĶĺĭĶĺĴĕƟŀĴŌĸ

ĭĶŇŏĺĦĶŀĭŕĶŇĴİƖĮŅĔĕŀĚįŌƟıŌħŏıŊŗŀŒĝƟěŜŅŐĬĔŀŀĔĴŅŏĮƦĬėŜŅıŌħĨƞŅĚŕȮŒĬĕńŘĬĨŀĬŏĶŇŗĴĨƟĬĕŀĚĔŅĶľŅ

ĭĶŇŏĺĦĶŀĭŕĶŇĴİƖĮŅĔȮěŃĨƟŀĚŒĝƟĔŅĶĩƞŅĵĳŅıŏėĸŊŗŀĬœľĺŒĬĔŅĶıŌħĮĶŃőĵėȮėŜŅȮľĶŊŀıĵŅĚėƢĕŀĚĽŇŗĚĪňŗ

ĨƟŀĚĔŅĶěŜŅŐĬĔȮŏıŊŗŀėńħĔĶŀĚĕƟŀĴŌĸėŋĦĸńĔļĦŃĨƞŅĚŕ (Features) ĪňŗěŃŒĝƟŒĬĔŅĶĶŌƟěŜŅĮĶŃőĵėȮėŜŅȮľĶŊŀ

ıĵŅĚėƢȮ(Target) 

 ĔŅĶŀƞŅĬĶŇĴİƖĮŅĔĩŌĔĬŜŅĴŅŒĝƟŒĬĚŅĬĮĶŃŏĳĪĨƞŅĚŕĴŅĔĴŅĵȮŏĝƞĬȮĔŅĶĝƞĺĵŏľĸŊŀįŌƟĭĔıĶƞŀĚ
ĪŅĚĔŅĶœħƟĵŇĬőħĵŀŋĮĔĶĦƢĪňŗŒĝƟŒĬĔŅĶĝƞĺĵŐĮĸĔŅĶŏėĸŊŗŀĬœľĺĕŀĚĶŇĴİƖĮŅĔŀŀĔĴŅŏĮƦĬėŜŅıŌħ Y/[ȮľĶŊŀ
ĔŅĶŐĮĸĚėŜŅıŌħŀŀĔĴŅŏĮƦĬĕƟŀėĺŅĴŒĬĭĶŇŏĺĦĪňŗĴňŏĽňĵĚĶĭĔĺĬŏĮƦĬěŜŅĬĺĬĴŅĔőħĵĔŅĶĽŊŗŀĽŅĶŏĮƦĬ
ėŜŅıŌħĔƞŀŒľƟŏĔŇħėĺŅĴįŇħıĸŅħľĶŊŀėĺŅĴĵŅĔĸŜŅĭŅĔȮŐĨƞŏĬŊŗŀĚěŅĔŒĬĝƞĺĚŐĶĔŏĶŇŗĴĕŀĚĚŅĬĺŇěńĵĔŅĶŀƞŅĬ
ĶŇĴİƖĮŅĔĬńŘĬĴňĮĶŃĽŇĪīŇĳŅıĪňŗėƞŀĬĕƟŅĚœĴƞŏĮƦĬĪňŗĬƞŅıŀŒěȮőħĵŏĮƦĬĔŅĶŒĝƟĺŇīňĔŅĶĕŀĚȮnon-deep 
learningȮĶƞĺĴĔńĭŏĪėĬŇėĔŅĶĽĶƟŅĚħƟĺĵĴŊŀ (Hand-Crafted) ĞŉŗĚŏĮƦĬĵŋėŐĶĔŏĶŇŗĴĕŀĚĚŅĬĪŅĚħƟŅĬĔŅĶ
ŀƞŅĬĶŇĴİƖĮŅĔȮĨńĺŀĵƞŅĚŏĝƞĬȮĺŇīňĕŀĚȮHidden Markov Model (HMMs) [2]ȮľĶŊŀ Support Vector 
Machine (SVM) [3] ŐĸŃĔŅĶėńħĔĶŀĚĕƟŀĴŌĸėŋĦĸńĔļĦŃĨƞŅĚŕȮ(Feature Extraction) ĪňŗĶƞĺĴĔńĬ
ŒĬĝƞĺĚĬńŘĬȮĮĶŃĔŀĭħƟĺĵȮLinearȮDiscriminant AnalysisȮ&LDA', Principal Component Analysis 
&PCA' Y2[, Discrete Cosine Transform &DCT' Y3[, ȮLogicality Discrete Graph (LDG) [6] ŐĸŃȮ
Active Appearance ModelsȮ&AAMs'ȮŏĮƦĬĨƟĬȮŒĬĝƞĺĚĶŃĵŃŏĺĸŅĮĶŃĴŅĦȮ/.ȮĮƖĪňŗįƞŅĬĴŅĚŅĬĺŇěńĵ
ĪŅĚħƟŅĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔĔŖŏĶŇŗĴŏĮƦĬĪňŗĽĬŒěĕŀĚĬńĔĺŇěńĵĴŅĔĕŉŘĬŀĵƞŅĚĨƞŀŏĬŊŗŀĚȮŏĬŊŗŀĚěŅĔėĺŅĴĔƟŅĺľĬƟŅ
ŏıŇŗĴĕŉŘĬŀĵƞŅĚĴŅĔŒĬĔŅĶıńĥĬŅĕŀĚĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮ(Deep Learning) ĞŉŗĚŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚĔŅĶŏĶňĵĬĶŌƟ
ĕŀĚŏėĶŊŗŀĚ (Machine Learning)ȮĪňŗĴňıŊŘĬģŅĬĴŅěŅĔőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴȮ&Artificial neural 
network'Y5[ȮĨńĺėńħĔĶŀĚėŋĦĸńĔļĦŃĕƟŀĴŌĸŐĭĭħńŘĚŏħŇĴĩŌĔŐĪĬĪňŗħƟĺĵȮNeural Network, Feed-
Forward Network, ŐĸŃȮConvolutional Neural Network (CNNs)ȮŒĬĽƞĺĬĕŀĚĨńĺěŜŅŐĬĔ 
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(Classification)ȮĴňĔŅĶŀŀĔŐĭĭ CNN ŒĬĶŌĮŐĭĭĨƞŅĚŕ Y6[ȮŐĸŃĔŅĶĬŜŅŏĽĬŀĪňŗŏĮĶňĵĭŏĪňĵĭȮPre-
trained models [9] ŀňĔĪńŘĚĵńĚĴňĬŜŅŏĽĬŀĔŅĶŒĝƟȮDilated CNN [10]ȮĔŅĶĶŌƟěŜŅėŜŅľĶŊŀĕƟŀėĺŅĴĽƞĺĬŒľĠƞ
ŐĸƟĺěŃŒĝƟőėĶĚĕƞŅĵĔŅĶĮĶŃĴĺĸįĸŐĭĭŏĮƦĬĸŜŅħńĭȮŏĝƞĬȮRecurrent Neural NetworksȮ&RNNs'ȮŒĬ
ĶŌĮŐĭĭĕŀĚȮLong-ShortȮTerm Memory networksȮ&LSTMs' Y//[ȮŐĸŃĚŅĬĺŇěńĵŀňĔĴŅĔĴŅĵĪňŗĨƞŅĚ
ŒľƟėĺŅĴĽĬŒěŐĸŃĬŜŅŏĽĬŀĺŇīňĪňŗŒĝƟŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔőħĵĔŅĶŒĝƟȮCNN ĪŜŅĚŅĬĶƞĺĴĔńĭ LSTM [12], 
[13], [14],ȮY/3[, [16], [17], [18], ŏľŖĬœħƟĝńħĺƞŅĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĴňĭĪĭŅĪĪňŗĽŜŅėńĠŒĬĔŅĶıńĥĬŅ
ĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔŀĵƞŅĚĴŅĔ ĽńĚŏĔĨěŅĔĚŅĬĺŇěńĵĝƞĺĚĮĶŃĴŅĦȮ/.ȮĮƖĪňŗįƞŅĬĴŅĬńŘĬȮ
ĬńĔĺŇěńĵĨƞŅĚĬŜŅŏĽĬŀĺŇīňĪňŗěŜŅŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŅĔĔŅĶŒĝƟĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĔńĬ
ĪńŘĚĽŇŘĬȮĞŉŗĚĔŅĶĬŜŅŏĽĬŀĬńŘĬŏĮƦĬĔŅĶĬŜŅŏĽĬŀŏĪėĬŇėĕŀĚĔŅĶŏĸŊŀĔĕƟŀĴŌĸĕŀĚėŋĦĸńĔļĦŃĪňŗěŃŒĝƟŒĬĔŅĶ
İƗĔĽŀĬĪňŗŏĬƟĬœĮŒĬħƟŅĬĕŀĚĔŅĶĸħĕĬŅħĕŀĚŀŇĬıŋĨ Y/7[, [20]ȮŐĸŃĔŅĶŏĸŊŀĔŒĝƟĨńĺěŜŅŐĬĔĪňŗŏľĴŅŃĽĴ
ĔńĭŐĭĭěŜŅĸŀĚĪňŗĬŜŅŏĽĬŀȮŐĸŃŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢĪňŗœħƟĔńĭĚŅĬĺŇěńĵŀŊŗĬŕĪňŗŒĔĸƟŏėňĵĚ 
 ħńĚĬńŘĬĚŅĬĺŇěńĵĬňŘĴňěŋħĴŋƞĚľĴŅĵŏıŊŗŀĽĶƟŅĚŐĭĭěŜŅĸŀĚĕŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŅĔĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮ
ĮĶŃĔŀĭœĮħƟĺĵȮĔŅĶŒĝƟĚŅĬ Convolutional Neural Network ĶƞĺĴĔńĭȮĔŅĶŒĝƟĚŅĬȮLong ů Shot 
Term Memory ŒĬĔŅĶĶŌƟěŜŅėŜŅıŌħěŅĔĔŅĶŀƞŅĬĶŇĴİƖĮŅĔȮĞŉŗĚĔŅĶŒĝƟĚŅĬĶƞĺĴĔńĬŏĮƦĬĔŅĶŒĝƟĕƟŀħňĕŀĚȮ
CNN ŒĬĔŅĶėńħĔĶŀĚėŋĦĸńĔļĦŃĕƟŀĴŌĸĪňŗĴňėĺŅĴŐĕŖĚŐĶĚĽŌĚȮŐĸŃȮLSTM ĪňŗĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ
ěŜŅŐĬĔĪňŗħňȮěŃĪŜŅŒľƟĮĶŃĽŇĪīŇĳŅıįĸĸńıīƢĕŀĚĔŅĶĶŌƟěŜŅėŜŅıŌħĽŌĚĕŉŘĬȮŐĸŃĔŅĶĻŉĔļŅĽĩŅĮƤĨĵĔĶĶĴŀŊŗĬŕȮĪňŗ
ŏĔňŗĵĺĕƟŀĚȮŀňĔĪńŘĚĵńĚĬŜŅŏĽĬŀĽĩŅĮƤĨĵĔĶĶĴěŅĔŐĭĭěŜŅĸŀĚĪńŘĚĽŀĚĪňŗĪŜŅĚŅĬĶƞĺĴĔńĬŐĸƟĺĵńĚĽŅĴŅĶĩĸħ
ĕĬŅħĕŀĚŀŇĬıŋĨĸĚėĶŉŗĚľĬŉŗĚŐĸƟĺĵńĚėĚœĺƟĞŉŗĚĮĶŃĽŇĪīŇĳŅıĪňŗŏĪňĵĭŏėňĵĚĔńĬœħƟȮŏĬŊŗŀĚěŅĔĽĴĴĨŇģŅĬ
ĪŅĚħƟŅĬĞƟŅĵŐĸŃĕĺŅĪňŗĬŜŅŏĽĬŀőħĵįŌƟĺŇěńĵȮěŅĔĔŅĶĬŜŅŏĽĬŀĔŅĶĸħĕĬŅħĕŀĚŀŇĬıŋĨőħĵįŌƟĺŇěńĵĪŜŅŒľƟŏĮƦĬ
ĔŅĶıŌħĩŉĚĔŅĶŒĝƟĕƟŀĴŌĸĶŇĴİƖĮŅĔĪňŗĽŅĴŅĶĩŒĝƟŐėƞŏıňĵĚėĶŉŗĚŏĲĶĴĕŀĚĳŅıĶŇĴİƖĮŅĔĪňŗœĴƞĴňĚŅĬĺŇěńĵŒħŏėĵ
ĔĸƞŅĺĩŉĚĴŅĔƞŀĬȮŐĸŃĵńĚėĚĴňĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢĕŀĚĔŅĶĶŌƟěŜŅĔńĭģŅĬĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚŐĸŃĴňėĺŅĴ
ĬŇĵĴȮY0/[ ĞŉŗĚŏĮƦĬģŅĬĕƟŀĴŌĸĪňŗĩŌĔĬŜŅĴŅŒĝƟȮĬŀĔěŅĔĬňŘĵńĚĴňģŅĬĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĚŅĬĪŅĚħƟŅĬĔŅĶŀƞŅĬ
ĶŇĴİƖĮŅĔőħĵĬńĔĺŇěńĵĽƞĺĬŒľĠƞŒľƟėĺŅĴĽĬŒě [22], [23], [24] 
 

/,0ȮĺńĨĩŋĮĶŃĽĚėƢĕŀĚĔŅĶĺŇěńĵ 

 1.2./,ȮŏıŊŗŀĻŉĔļŅĽĩŅĮƤĨĵĔĶĶĴĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĪňŗŒĝƟĽŜŅľĶńĭĔŅĶŀƞŅĬĶŇĴİƖĮŅĔȮ 
 1.2.0,ȮŏıŊŗŀĻŉĔļŅĺŇīňĔŅĶŀƞŅĬĶŇĴİƖĮŅĔőħĵŒĝƟȮCNNȮĶƞĺĴĔńĭ LSTMȮ 
 1.2.3. ŏıŊŗŀĻŉĔļŅŐĸŃĺŇŏėĶŅŃľƢėňĵƢŏĲĶĴĽŜŅėńĠĪňŗŒĝƟŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔ 
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 1.2.5,ȮŏıŊŗŀŀŀĔŐĭĭŐĸŃıńĥĬŅĺŇīňĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŅĔĳŅıőħĵŒĝƟĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔŒľƟĴň
ĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬ 
 

/,3ȮĕŀĭŏĕĨĕŀĚĔŅĶĺŇěńĵ 

 1.3./,ȮŀŀĔŐĭĭŐĸŃıńĥĬŅĺŇīňĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŅĔĳŅı 
 1.3.0,ȮŀŀĔŐĭĭĺŇīňĔŅĶŏĨĶňĵĴŐĸŃėńħŏĸŊŀĔĕƟŀĴŌĸĽŜŅľĶńĭĔŅĶİƗĔĽŀĬŐĭĭěŜŅĸŀĚ 
 1.3.1,ȮĪŜŅĔŅĶĪħĸŀĚőħĵĔŅĶĺŇŏėĶŅŃľƢĔŅĶŏıŇŗĴĕŉŘĬľĶŊŀĸħĸĚĕŀĚėňĵƢŏĲĶĴĽŜŅėńĠĶĺĴĩŉĚĔŅĶĸħ
ĕĬŅħĕƟŀĴŌĸĪňŗŒĝƟĸĚėĶŉŗĚľĬŉŗĚ 
 1.3.4. ŒĝƟģŅĬĕƟŀĴŌĸĽŅīŅĶĦŃĝŊŗŀĺƞŅȮAV DigitsȮőħĵŏĸŊŀĔŒĝƟĪňŗőľĴħĔŅĶıŌħŐĭĭľĬƟŅĨĶĚȮŏĽňĵĚ
ĮĔĨŇĝŋħĕƟŀĴŌĸĨńĺŏĸĕĳŅļŅŀńĚĔķļĨńŘĚŐĨƞŏĸĕȮ0 - 9 
 1.3.5 ŀŀĔŐĭĭŐĸŃıńĥĬŅŏĲĶĴŏĺŇĶƢėĪňŗŒĝƟĽŜŅľĶńĭĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŅĔĳŅı 
 
 

/,4ȮĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 

 ŐĭĭěŜŅĸŀĚĪňŗœħƟĶńĭĔŅĶŀŀĔŐĭĭŒľĴƞĶĺĴĩŉĚĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĔŅĶĕƟŀĴŌĸĪňŗĬŜŅŏĽĬŀĽŅĴŅĶĩ
ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔœħƟħňĕŉŘĬȮŀňĔĪńŘĚĔŅĶĸħĕĬŅħĕŀĚĕƟŀĴŌĸěŃĵńĚėĚœĺƟĞŉŗĚĮĶŃĽŇĪīŇĳŅı
ĪňŗŒĔĸƟŏėňĵĚĔńĭĕƟŀĴŌĸŐĭĭħńŘĚŏħŇĴ 
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ĭĪĪňŗ 2  

ĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 
 

 ŒĬľńĺĕƟŀĕŀĚĪķļġňŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚœħƟĬŜŅŏĽĬŀıŊŘĬģŅĬĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅĔŅĶ

ŀƞŅĬĶŇĴİƖĮŅĔěŅĔĳŅıŏėĸŊŗŀĬœľĺȮĮĶŃĔŀĭħƟĺĵȮĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬ

őĺĸŌĝńĬ (Convolutional Neural Network) őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭŏĔŇħĞŜŘŅȮ(Recurrent 

Neural Network) ĞŉŗĚŏĮƦĬėĺŅĴĶŌƟıŊŘĬģŅĬĕŀĚĔŅĶĨƞŀĵŀħŏĮƦĬľĬƞĺĵėĺŅĴěŜŅĽńŘĬĵŅĺ (Long ů Short 

Tearm Memory) ĔŅĶĨĶĺěěńĭŒĭľĬƟŅ (Face Detection) ŐĸŃȮĔŅĶĔŜŅľĬħěŋħĭĶŇŏĺĦŒĭľĬƟŅȮ(Face 

Localization)ȮŐĸŃĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶıńĥĬŅĔŅĶŀƞŅĬĶŇĴİƖŀƞŅĬȮ 

2.1 őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬ (Convolutional Neural Network) 

őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬŏĮƦĬľĬŉŗĚŒĬĶŌĮŐĭĭĕŀĚĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĪňŗĴňěŜŅĬĺĬ

ĝńŘĬĞƞŀĬŀĵŌƞěŜŅĬĺĬĴŅĔěŅĔıŊŘĬģŅĬĕŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭıŊŘĬģŅĬȮŐĸŃŏıŇŗĴĝńŘĬĕŀĚėŀĬőĺĸŌ

ĝńĬŏĕƟŅœĮŏıŊŗŀŏıŇŗĴįĸĸńıīƢĕŀĚĔŅĶěŜŅŐĬĔŒľƟħňĴŅĔĵŇŗĚĕŉŘĬȮěŅĔĔŅĶŏıŇŗĴĝńŘĬėŀĬőĺĸŌĝńĬĽƞĚįĸŒľƟĽŅĴŅĶĩ

ĪŜŅĚŅĬœħƟħňĔńĭĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĶŌĮĳŅıőħĵėĺŅĴĽŅĴŅĶĩŒĬĔŅĶĽĔńħėŋĦĸńĔļĦŃŏħƞĬŀŀĔěŅĔĶŌĮĳŅıȮ

ŏĝƞĬȮŏĽƟĬĕŀĭȮŐĸŃȮĽňȮĔŅĶĪŜŅĚŅĬĕŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬȮĮĶŃĔŀĭœĮħƟĺĵŏĸŏĵŀĶƢ

ĪńŘĚľĴħȮ1ȮĮĶŃŏĳĪ 

0,0,/ȮĝńŘĬėŀĬőĺĸŌĝńĬ (Convolution Layer)  

ĝńŘĬėŀĬőĺĸŌĝńĬĽŅĴŅĶĩŏĶňĵĔŀňĔŀĵƞŅĚœħƟĺƞŅŏĮƦĬ FilterȮľĶŊŀȮKernel ŏĮƦĬĔŅĶĪŜŅĚŅĬĪŅĚ

ėĦŇĨĻŅĽĨĶƢĶŌĮŐĭĭľĬŉŗĚĪňŗĪŜŅľĬƟŅĪňŗŒĬĔŅĶĽĔńħŏŀŅėŋĦĸńĔļĦŃŏħƞĬŀŀĔěŅĔĳŅıĪňŗĶńĭŏĕƟŅĴŅȮŏıŊŗŀĬŜŅ

ėŋĦĸńĔļĦŃŏħƞĬŏľĸƞŅĬňŘŏĮƦĬĕƟŀĴŌĸŀŇĬıŋĨŒľƟĔńĭőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴȮőħĵĔĶŃĭĺĬĔŅĶĕŀĚėŀĬőĺĸŌ

ĝńĬŏĸŏĵŀĶƢěŃĪŜŅŒľƟĕĬŅħĕŀĚŏĸŖĔȮěŉĚĔŅĶĪŜŅ paddingȮŏıŊŗŀŏıŇŗĴėĺŅĴĽŜŅėńĠŒľƟĔńĭĕƟŀĴŌĸĭĶŇŏĺĦĕŀĭ

ĕŀĚĳŅı 

0,0,0ȮĝńŘĬıĸŌĸŇŗĚ (Pooling Layer)  

ıĸŌĸŇŗĚŏĸŏĵŀĶƢőħĵĮĔĨŇěŃŀĵŌƞĩńħěŅĔĝńŘĬĕŀĚėŀĬőĺĸŌĝńĬȮŏĮƦĬĝńŘĬĕŀĚĔŅĶĵƞŀĕĬŅħĕŀĚĳŅıŒľƟ

ŏĸŖĔĸĚĪŜŅŒľƟĔŅĶĮĶŃĴĺĸįĸĪŜŅœħƟŏĶŖĺĴŅĔĕŉŘĬȮŐĪĬĪňŗĔŅĶŒĝƟĕƟŀĴŌĸĕŀĚĳŅıĪńŘĚľĴħŒĬĔŅĶėŜŅĬĺĦȮŏĝƞĬ

ŏħňĵńĭĺĔŅĶĪňŗĨŅĴĬŋļĵƢĽŅĴŅĶĩŐĵĔĶŌĮĳŅıŏħňĵĺĔńĬĪňŗĴňĕĬŅħŏĸŖĔľĶŊŀŒľĠƞĨƞŅĚĔńĬœħƟĬńŗĬŏŀĚȮľĴŅĵėĺŅĴ

ĺƞŅĸŃŏŀňĵħĪňŗĭƞĚĭŀĔĩŉĚĶŌĮĳŅıŏħŇĴœĴƞĩŌĔĨńħŀŀĔœĮľĶŊŀĽƞĚįĸĨƞŀĔŅĶĪŜŅĚŅĬĕŀĚĝńŘĬėŀĬőĺĸŌĝńĬŒĬĸŜŅħńĭ
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ĩńħœĮȮĴňȮ0ȮĮĶŃŏĳĪľĸńĔĪňŗĬŇĵĴŒĝƟĚŅĬėŊŀȮMax poolingȮŏĮƦĬľŅėƞŅĴŅĔĽŋħȮŐĸŃ Average PoolingȮ

ŏĮƦĬĔŅĶľŅėƞŅŏĜĸňŗĵ 

0,0,1ȮĝńŘĬŏĝŊŗŀĴőĵĚĽĴĭŌĶĦƢȮ(Fully Connected Layer)Ȯ 

ŏĮƦĬĝńŘĬĪňŗĶńĭŏŀŅĨƢıŋĨĕŀĚĝńŘĬĔƞŀĬľĬƟŅőħĵĮĔĨŇŐĸƟĺėŊŀĝńŘĬıĸŌĸŇŗĚȮĬŜŅĴŅĪŜŅ Pooling Feature 

map ľĶŊŀ FlatteningȮŏıŊŗŀŏĕƟŅĽŌƞĔĶŃĭĺĬĔŅĶĕŀĚĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮĪňŗŏĪňĵĭœħƟĔńĭőėĶĚĕƞŅĵĮĶŃĽŅĪ

ŏĪňĵĴŐĭĭıŊŘĬģŅĬĪňŗĴňȮMultilayer perceptron (MLP)ȮŒĬĔŅĶĮĶńĭėƞŅĕŀĚ weightȮőħĵ 

Backpropagation ŏıŊŗŀĔŅĶěŜŅŐĬĔįĸĸńıīƢĨƞŅĚŕĨŅĴĪňŗĨƟŀĚĔŅĶ 

ĪňŗĴŅȮhttps://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-

networks-the-eli3-way-1bd0b//42a31 

 

0,0ȮőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭŏĔŇħĞŜŘŅȮ(Recurrent Neural Network) ŐĸŃȮľĬƞĺĵėĺŅĴěŜŅĽńŘĬ
ĵŅĺ (Long ů Short Tearm Memory) 

2.2.1 őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭŏĔŇħĞŜŘŅȮ(Recurrent Neural Network)  

 ŐĬĺėŇħĪňŗĽŜŅėńĠĕŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭŏĔŇħĞŜŘŅėŊŀĔŅĶĬŜŅŏŀŅŏŀŅĨƢıŋĨĪňŗœħƟěŅĔĝńŘĬĞƞŀĬ 

(Hidden State) ĝńŘĬĔƞŀĬľĬƟŅȮĴŅĶĺĴĔńĭŀŇĬıŋĨĪňŗŏĕƟŅĴŅȮĦȮĮƤěěŋĭńĬŏıŊŗŀĪňŗěŃŒĝƟĚŅĬĔńĭĕƟŀĴŌĸĪňŗĴň

ĸńĔļĦŃŏĮƦĬĸŜŅħńĭȮ(Sequence) ŏĝƞĬȮĺŇħňőŀ (Sequen of image)ȮŏĮƦĬĔŅĶĸŜŅħńĭŏľĨŋĔŅĶĦƢĕŉŘĬĴŅěŅĔ

ĶŌĮĪňŗȮ0,/ȮőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬ 
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ĶŌĮĳŅıĪňŗĬŜŅĴŅĨƞŀĔńĬľĸŅĵŕĶŌĮȮŐĸŃȮĕƟŀėĺŅĴ (Sequence of word)ȮŏĮƦĬĸŜŅħńĭĕŀĚĔŅĶĶńĭėŜŅŐĨƞĸŃ

ėŜŅŏĕƟŅĴŅĶĺĴĔńĬŏĮƦĬĕƟŀėĺŅĴľĶŊŀĮĶŃőĵėȮľĶŊŀĔŅĶĪňŗěŃĮĶŃĴĺĸįĸĕƟŀėĺŅĴľĶŊŀĺŇħňőŀŏľĸƞŅĬńŘĬĺƞŅ

ŏĔňŗĵĺĕƟŀĚĔńĭŀŃœĶȮěŜŅŏĮƦĬĪňŗěŃĨƟŀĚŏŀŅėŜŅȮ(ĔĶĦňŏĮƦĬĕƟŀėĺŅĴ)ȮľĶŊŀȮŏĲĶĴĳŅı (ĔĶĦňĕŀĚĺŇħňőŀ)ȮĔƞŀĬ

ľĬƟŅŏĕƟŅĴŅĶƞĺĴŒĬĔŅĶĮĶŃĴĺĸįĸĔńĭėŜŅľĶŊŀŏĲĶĴȮĦȮĮƤěěŋĭńĬħƟĺĵȮĞŉŗĚ RNN œħƟŒĝƟľĸńĔĔŅĶħńĚĔĸƞŅĺŒĬ

ĔŅĶıńĥĬŅĨƞŀěŅĔőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭıŊŘĬģŅĬȮŏıŊŗŀŏŀŅĝńŘĬĞƞŀĬĝńŘĬĔƞŀĬľĬƟŅȮľĶŊŀŏĶňĵĔĺƞŅȮ

ėĺŅĴĶŌƟĔƞŀĬľĬƟŅȮĴŅėŜŅĬĺĦĶƞĺĴĔńĭŀŇĬıŋĨŒľĴƞĪňŗĶńĭŏĕƟŅĴŅ 

 

ĪňŗĴŅȮhttps://medium.com/@sinart.t/long-short-term-memory-lstm-e4cb01b272c4 

 ĮƤĠľŅľĸńĔĕŀĚ RNNȮėŊŀĔŅĶėŜŅĬĺĦėƞŅ weightȮőħĵĔŅĶėŜŅĬĺĦėƞŅ GradientȮĕŀĚ Loss 

functionȮĴňėĺŅĴĵŋƞĚĵŅĔĴŅĔĕŉŘĬĨŅĴĸŜŅħńĭĪňŗĶńĭŏĕƟŅĴŅȮŏĬŊŗŀĚėƞŅŏŀŅĨƢıŋĨĪňŗœħƟĬńŘĬœĴƞœħƟĴŅěŅĔĝƞĺĚŏĺĸŅĪňŗȮ

t=tȮŏıňĵĚŀĵƞŅĚŏħňĵĺȮŐĨƞĶĺĴĩŉĚĝƞĺĚŏĺĸŅĔƞŀĬľĬƟŅĬńŘĬħƟĺĵȮĞŉŗĚėƞŅĕŀĚ GradientȮĪňŗŒĝƟĺƞŅ weight ŏĔŇħ

ěŅĔĔŅĶėŌĦĔńĬĕŀĚėƞŅȮderivative ěŜŅĬĺĬĴŅĔĪŜŅŒľƟŏĔŇħėĺŅĴĸƞŅĝƟŅŐĸŃĩƟŅľŅĔėƞŅľŅĔėƞŅ GradientȮ

ĴňėƞŅĬƟŀĵĔĺƞŅȮ/ȮįĸĕŀĚĔŅĶėŌĦ GradientȮěŃĴňĕĬŅħĬƟŀĵĸĚœĮŏĶŊŗŀĵȮŕȮŏĬŊŗŀĚěŅĔĸŜŅħńĭĪňŗĶńĭŏĕƟŅĴŅĴň

ěŜŅĬĺĬĴŅĔŏĔŇĬœĮȮĪŜŅŒľƟȮLSTMȮŏĕƟŅĴŅŐĔƟĮƤĠľŅĪňŗĔĸƞŅĺœĮ 

0,0,0ȮľĬƞĺĵėĺŅĴěŜŅĽńŘĬĵŅĺ (Long ů Short Tearm Memory) 

ľĬƞĺĵėĺŅĴěŜŅĽńŘĬĵŅĺŏĔŇħĕŉŘĬĴŅŏıŊŗŀŐĔƟĮƤĠľŅĕŀĚ RNNȮŏĴŊŗŀĕƟŀĴŌĸĪňŗĶńĭŏĕƟŅĴŅĴňěŜŅĬĺĬĪňŗĵŅĺŏĔŇĬœĮȮ

ŐĸŃŏĮƦĬĔŅĶıńĥĬŅĨƞŀĵŀħőħĵėĚŐĬĺėŇħŏħŇĴœĺƟȮŐĽħĚĶŌĮĔŅĶĦƢĪŜŅĚŅĬĕŀĚ LSTMȮĨŅĴĶŌĮħƟŅĬĸƞŅĚ 

 

 

ĶŌĮĪňŗȮ0,0ȮRecurrent Neural Network 
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Ȯ 

ĪňŗĴŅȮhttps://medium.com/@sinart.t/long-short-term-memory-lstm-e4cb01b272c4 

 ĔŅĶĪŜŅĚŅĬĕŀĚ LSTM ěŃĴňĽŇŗĚĪňŗŏĶňĵĔĺƞŅȮcell state ŏĮƦĬĨńĺŏĔŖĭ stateȮĕŀĚȮmemoryȮcell 

őħĵĨńĺėĺĭėŋĴĔŅĶĪŜŅĚŅĬĨƞŅĚŕŏĶňĵĔĺƞŅ Gate őħĵĽŇŗĚĪňŗěŃĴŅėĺĭėŋĴ cell stateȮįƞŅĬ gateȮĨƞŅĚȮŕȮĴň

ħńĚĬňŘ 

 /,ȮForgetȮĪŜŅľĬƟŅĪňŗŏĮƦĬŏľĴŊŀĬĨńĺĸƟŅĚ cell stateȮěńħĔŅĶıŊŘĬĪňŗŏıŊŗŀŏĨĶňĵĴıĶƟŀĴĽŜŅľĶńĭĶńĭ

ĕƟŀĴŌĸŒľĴƞȮįƞŅĬ Forger GateȮĔŅĶĽĶƟŅĚ Forget gateȮěŃħŌĕƟŀĴŌĸŀŇĬıŋĨĶƞĺĴĔńĭĝńŘĬĞƞŀĬĔƞŀĬľĬƟŅĨŅĴ

ŐĭĭĕŀĚ RNNȮŐĸŃĔŅĶĨńħĽŇĬŒěěŃŒĝƟ sigmoid function 

 2. Write ŏĴŊŗŀĴňŀŇĬıŋĨŒľĴƞŏĕƟŅĴŅȮŀŇĬıŋĨħńĚĔĸƞŅĺěŃĪŜŅĔŅĶŀńıŏħĪŏĕƟŅœĮŒĬ cell stateȮ

ľĶŊŀœĴƞȮĩƟŅŀńıŏħĪěŃĨƟŀĚŀńıŏħĪħƟĺĵėƞŅŀŃœĶȮĔŅĶĪňŗěŃĮĶŃĴĺĸįĸĺƞŅěŃĪŜŅĔŅĶŀńıŏħĪľĶŊŀœĴƞěŃ

ėĺĭėŋĴįƞŅĬȮInput Gate ĔŅĶĨńħĽŇĬŒěěŃŒĝƟȮSigmoid Function ľŅĔĨƟŀĚĔŅĶŀńıŏħĪĕƟŀĴŌĸȮĔŅĶ

ŏĸŊŀĔėƞŅŀńıŏħĪěŃĮĶŃĴĺĸįĸěŅĔȮInput Modulation Gate őħĵŒĝƟĔŅĶĨńħĽŇĬŒěŐĭĭ Tanh 

Function 

 3. update cell ĔŅĶŀńıŏħĪ cellȮěŃŏŀŅĨƢıŋĨĪňŗœħƟěŅĔȮForget Gate ,Input Gate ŐĸŃ 

Input Modulation Gate ĴŅĶĺĴŏĕƟŅħƟĺĵĔńĬŐĸƟĺěŉĚĨńħĽŇĬŒěĪňŗěŃŀńıŏħĪ cell ľĶŊŀœĴƞ 

ĶŌĮĪňŗȮ0,1ȮĔŅĶĪŜŅĚŅĬĕŀĚ LSTM 
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 2ȮRead ěŅĔĔŅĶėĬĺĦŒĬĸŜŅħńĭĩńħœĮĕŀĚȮRNN ěŃŏľŖĬĺƞŅȮěŃĴňĔŅĶĬŜŅŏŀŅŏŀŅĨƢıŋĨěŅĔĝńŘĬ

ĞƞŀĬĔƞŀĬľĬƟŅĴŅėŜŅĬĺĦħƟĺĵȮĔŅĶ Read ŒĬĪňŗĬňŘľĴŅĵĩŉĚĔŅĶĪňŗĕƟŀĴŌĸĸŜŅħńĭĩńħœĮėŊŀȮt+1 ĽŅĴŅĶĩĪňŗěŃ

ĬŜŅĴŌĸȮĦȮŏĺĸŅ tȮœĮėŜŅĬĺĦœħƟľĶŊŀœĴƞȮĨńħĽŇĬŒěįƞŅĬȮOutput Gate 

0,1ȮĔŅĶĨĶĺěěńĭŒĭľĬƟŅ (Face Detection) ŐĸŃȮĔŅĶĔŜŅľĬħěŋħĭĶŇŏĺĦŒĭľĬƟŅȮ(Face 
Localization) 

2.3.1 ĔŅĶĨĶĺěěńĭŒĭľĬƟŅȮ(Face Detection) 

 ėŜŅĺƞŅ Face Detection ŒĬĭŅĚėĶńŘĚĽŅĴŅĶĩŒĝƟėŜŅĺƞŅȮFacial DetectionȮĔŖœħƟȮŏĮƦĬ

ĮƤĠĠŅĮĶŃħŇļģƢĶŌĮŐĭĭľĬŉŗĚȮŒĝƟĽŜŅľĶńĭėƟĬľŅŒĭľĬƟŅĕŀĚĴĬŋļĵƢěŅĔĕƟŀĴŌĸĶŌĮŐĭĭŒĬĶŃĭĭħŇěŇĨŀĸȮ

ıńĥĬŅĴŅěŅĔĺŇĽńĵĪńĻĬƢėŀĴıŇĺŏĨŀĶƢ (Computer Vision) ŒĬĮƤěěŋĭńĬĴňĭĪĭŅĪĽŜŅėńĠĔńĭĚŅĬ

ľĸŅĵľĸŅĔĮĶŃŏĳĪœĴƞĺƞŅěŃŏĮƦĬȮĔŅĶĨŅĴĶŀĵŒĭľĬƟŅ (Face Tracking)ȮĔŅĶĶŌƟěŜŅŒĭľĬƟŅ (Face 

Recognition) ĔŅĶĺŇŏėĶŅŃľƢŒĭľĬƟŅ (Face Analysis) 

 ĔŅĶĨĶĺěěńĭŒĭľĬƟŅŒĝƟŀńĸĔŀĶŇĪŉĴĪŅĚĔŅĶŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚ (Machine Learning) ŏıŊŗŀėƟĬľŅ

ŒĭľĬƟŅĴĬŋļĵƢĳŅĵŒĬĳŅıȮĞŉŗĚĴńĔěŃĶĺĴŏŀŅĺńĨĩŋŀŊŗĬŕȮĪňŗœĴƞŒĝƞŒĭľĬƟŅȮŏĝƞĬȮĺŇĺĪŇĺĪńĻĬƢȮŀŅėŅĶȮŐĸŃĽƞĺĬ

ŀŊŗĬŕȮĕŀĚĶƞŅĚĔŅĵĴĬŋļĵƢȮŏĝƞĬȮŏĪƟŅľĶŊŀĴŊŀȮőħĵĮĔĨŇŐĸƟĺȮŀńĸĔŀĶŇĪŉĴĔŅĶĨĶĺěěńĭŒĭľĬƟŅěŃŏĶŇŗĴĨƟĬħƟĺĵ

ĔŅĶėƟĬľŅħĺĚĨŅĕŀĚĴĬŋļĵƢȮĞŉŗĚŏĮƦĬľĬŉŗĚŒĬėŋĦĽĴĭńĨŇĪňŗĚƞŅĵĪňŗĽŋħŒĬĔŅĶĨĶĺěěńĭȮŀńĸĔŀĶŇĪŉĴŀŅě

ıĵŅĵŅĴĨĶĺěľŅėŇŘĺȮĮŅĔȮěĴŌĔȮĶŌěĴŌĔȮŐĸŃĴƞŅĬĨŅȮŏĴŊŗŀŀńĸĔŀĶŇĪŉĴĽĶŋĮĺƞŅıĭĭĶŇŏĺĦŒĭľĬƟŅŐĸƟĺȮěŃŒĝƟ

ĔŅĶĪħĽŀĭŏıŇŗĴŏĨŇĴŏıŊŗŀĵŊĬĵńĬĺƞŅœħƟĨĶĺěıĭŒĭľĬƟŅŐĸƟĺȮŒĬĔŅĶĵŊĬĵńĬėĺŅĴĩŌĔĨƟŀĚȮŀńĸĔŀĶŇĪŉĴ

ěŜŅŏĮƦĬĨƟŀĚœħƟĶńĭĔŅĶİƗĔĽŀĬŏĔňŗĵĺĔńĭĝŋħĕƟŀĴŌĸĕĬŅħŒľĠƞĪňŗĶĺĴĶŌĮĳŅıľĸŅĵŐĽĬĳŅıȮĔŅĶİƗĔĽŀĬěŃ

ĝƞĺĵĮĶńĭĮĶŋĚėĺŅĴĽŅĴŅĶĩĕŀĚŀńĸĔŀĶŇĪŉĴŒĬĔŅĶĶŃĭŋĺƞŅĴňŒĭľĬƟŅŀĵŌƞŒĬĶŌĮĳŅıľĶŊŀœĴƞŐĸŃŀĵŌƞĪňŗœľĬ 
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ĪňŗĴŅȮhttps://sightcorp.com/knowledge-base/face-detection/ 

 

0,1,0ȮĔŅĶĔŜŅľĬħěŋħĭĶŇŏĺĦŒĭľĬƟŅȮ(Face Localization) 

 ĔŅĶĔŜŅľĬħěŋħĭĶŇŏĺĦŒĭľĬƟŅŏĮƦĬĔŅĶĬŜŅĶŃĭĭĔŅĶĨĶĺěěńĭŒĭľĬƟŅĴŅĨƞŀĵŀħŒĬĔŅĶĶŌƟěŜŅ

ĨŜŅŐľĬƞĚĨƞŅĚŕĭĶŇŏĺĦŒĭľĬƟŅľĶŊŀŏĶňĵĔŀňĔŀĵƞŅĚœħƟĺƞŅȮFace LandmarkȮŏĮƦĬĔŅĶĔŜŅľĬħĨŜŅŐľĬƞĚ

ĽŜŅėńĠĭĬŒĭľĬƟŅœĴƞĺƞŅĶŌĮľĬƟŅĪňŗĮĶŅĔĢŀĵŌƞŒĬĳŅıěŃŏĨŖĴŒĭľĬƟŅľĶŊŀœĴƞĔŖĨŅĴȮŀńĸĔŀĶŇĪŉĴěŃĽŅĴŅĶĩ

ěŜŅĸŀĚŒĭľĬƟŅŒĬĽƞĺĬĪňŗĽŅĴŅĶĩĴŀĚŏľŖĬœħƟŐĸŃœĴƞĽŅĴŅĶĩĴŀĚŏľŖĬĞŉŗĚŒĬĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘœħƟĬŜŅŏĽĬŀ

ĔŅĶŒĝƟ Library ĪňŗĝŊŗŀĺƞŅȮMediapipe [25] ĭĬőĮĶŐĔĶĴĳŅļŅ PythonȮŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŃŒĝƟŏıŊŗŀ

ĔŅĶĨńħĳŅıĭĶŇŏĺĦĪňŗĨƟŀĚĔŅĶĬńŗĬėŊŀĶŇĴİƖĮŅĔŏĪƞŅĬńŘĬȮŐĭĭěŜŅĸŀĚĪňŗŒĝƟŒĬĔŅĔŜŅľĬħěŋħĭĬŒĭľĬƟŅĪňŗĬŇĵĴ

ŒĝƟȮėŊŀȮ46ȮěŋħȮĳŅĵŒĬĺŇĪĵŅĬŇıĬīƢĜĭńĭĬňŘŒĝƟŐĭĭěŜŅĸŀĚĔŅĶĔŜŅľĬħěŋħŀĵŌƞĪňŗȮ246ȮěŋħȮŏıŊŗŀėĺŅĴĸŃŏŀňĵħ

ŒĬĔŅĶĨńħĶŌĮĳŅıĭĶŇŏĺĦĶŇĴİƖĮŅĔȮ 

 

 

 

 

ĶŌĮĪňŗȮ0,2 Face Detection 
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ĪňŗĴŅ https://www.analyticsvidhya.com/blog/2021/07/facial-landmark-detection-

simplified-with-opencv/ 

0,2ȮData Augmentation 

ŒĬĔŅĶİƗĔĽŀĬĕŀĚŐĭĭěŜŅĸŀĚĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĽŇŗĚĪňŗěŜŅŏĮƦĬŀĵƞŅĚľĬŉŗĚėŊŀĝŋħĕƟŀĴŌĸȮŒĬĽĳŅĺŃĪňŗ

œĴƞĽŅĴŅĶĩľŅĝŋħĕƟŀĴŌĸŏıŇŗĴœħƟȮľĶŊŀĔŅĶľŅĝŋħĴŌĸĪŜŅœħƟĸƞŅĝƟŅŐĨƞĨƟŀĚĔŅĶŐĭĭěŜŅĸŀĚĪňŗĴňėĺŅĴėĶŀĭėĸŋĴ

ŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒľƟœħƟĴŅĔĪňŗĽŋħȮĺŇīňĪňŗĽŅĴŅĶĩĝƞĺĵœħƟėŊŀĔŅĶĪŜŅ Data Augmentation ŏĮƦĬĔŅĶĬŜŅ

ĶŌĮĳŅıľĶŊŀĝŋħĕƟŀĴŌĸĪňŗĴňŀĵŌƞĴŅŏıŇŗĴĕĬŅħȮœĴƞĺƞŅěŃŏĮƦĬĔŅĶȮĵƞŀȮĕĵŅĵȮĔŅĶĨńħĴŋĴĕŀĭĕŀĚĳŅıȮĔŅĶŒĽƞ 

noise ĔŅĶĪŜŅŒľƟĳŅıŏĭĸŀȮĔŅĶĪŜŅŒľƟĳŅıŏŀňĵĚȮĪńŘĚľĴħĬňŘĪŜŅŏıŊŗŀŒľƟėĶŀĭėĸŋĴĔńĭĔŅĶĨĶĺěěńĭĶŌĮĳŅı

ŒľƟĴňėĺŅĴĩŌĔĨƟŀĚĔńĭĽĳŅĺŃŐĺħĸƟŀĴĪňŗŏĔŇħĕŉŘĬěĶŇĚȮŏĝƞĬĔŅĶŏĭĸŀĳŅıȮŏıŊŗŀĶŀĚĶńĭŒĬĔĶĦňĕŀĚĔŅĶĶńĭ

ĳŅıĴŅőħĵĪňŗĔĸƟŀĚœĴƞœħƟőĲĔńĽĺńĨĩŋŒħŕŒĬĶŌĮĳŅıĪŜŅŒľƟŏĔŇħĔŅĶŏĭĸŀĕŀĚĳŅıȮľĶŊŀȮĔŅĶŏıŇŗĴȮnoise 

ĶŀĚĶńĭŒĬĽĳŅĺŃĕŀĚĔĸƟŀĚĪňŗĴňėŋĦĳŅıĨŜŗŅĴňėĺŅĴŐĨĔĕŀĚıŇĔŏĞĸȮŏĮƦĬĨƟĬȮŒĬĔĶĦňŏľĸƞŅĬňŘĽŅĴŅĶĩ

ĶŌĮĪňŗȮ0,3ȮFace Localization 
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ŏĔŇħĕŉŘĬœħƟěĶŇĚȮŐĸŃœĴƞěŜŅŏĮƦĬŒĬĔŅĶľŅĝŋħĕƟŀĴŌĸŒľĴƞȮĩƟŅľŅĔĝŋħĴŌĸĬńŘĬĴňěŜŅĔńħȮŐĸŃĽŅĴŅĶĩŏıŇŗĴ

ĮĶŃĽŇĪīŇĳŅıĕŀĚŐĭĭěŜŅĸŀĚœħƟħňĺŇīňľĬŉŗĚ 

 

ĪňŗĴŅȮhttps://nanonets.com/blog/data-augmentation-how-to-use-deep-learning-when-

you-have-limited-data-part-2/ 

 

 

0,3ȮĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

 2.3.1 A novel lip reading algorithm by using localized ACM and HMM8Tested 

for digit recognitionȮ(Sunil S,ȮMoradea , Suprava Patnaik(2014)) [2] 

ĚŅĬĺŇěńĵĬňŘĬŜŅŏĽĬŀĔŅĶŒĝƟĺŇīňĔŅĶŀƞŅĬĶŇĴİƖĮŅĔŐĭĭȮnon-deep learning őħĵĔŅĶŒĝƟ

ŐĭĭěŜŅĸŀĚŐŀėĪňĲėŀĬĪńĺĶƢĽŜŅľĶńĭĔŅĶĶŃĭŋĶŇĴİƖĮŅĔŐĸŃĬŜŅŏĽĬŀĔŅĶŒĝƟĔŅĶŐĵĔėŋĦĸńĔļĦŃĪŅĚ

ŏĶĕŅėĦŇĨŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔȮįĸĕŀĚėŋĦĽĴĭńĨŇŐĨƞĸŃŀĵƞŅĚěŃĩŌĔŏĮĶňĵĭŏĪňĵĭĔńĬȮĮĶŃĔŀĭħƟĺĵėĺŅĴ

ĔĺƟŅĚȮėĺŅĴĵŅĺȮŐĸŃėĺŅĴĽŌĚĕŀĚĶŇĴİƖĮŅĔȮŐĸŃėŋĦĸńĔļĦŃĶƞĺĴĪňŗŒĝƟıŅĶŅĴŇŏĨŀĶƢėĺŅĴĔĺƟŅĚȮėĺŅĴĵŅĺȮ

ŐĸŃȮėĺŅĴĽŌĚĶĺĴĔńĬȮŒĬĔŅĶĬŜŅŏĕƟŅŏĮƦĬŀŇĬıŋĨŒľƟĔńĭŐĭĭěŜŅĸŀĚȮŐĭĭěŜŅĸŀĚȮErgodic Hidden 

markov &HMM'ȮĩŌĔŒĝƟŏĮƦĬĨńĺȮŐĵĔĮĶŃŏĳĪĨńĺŏĸĕȮőħĵĪňŗŐĭĭěŜŅĸŀĚĕŀĚȮMarkovȮĬŜŅĴŅŒĝƟŒĬĔŅĶ

ĪħĸŀĚŐĭĭȮ1ȮĕńŘĬȮŐĸŃȮ3ȮĕńŘĬȮőħĵěŃĴňĺŇħňőŀĨńĺȮŏĸĕĳŅļŅŀńĚĔķļȮĨńŘĚŐĨƞȮŏĸĕȮ.ȮĩŉĚŏĸĕȮ7ȮŒĬ

ĳŅļŅŀńĚĔķļĪňŗœħƟĩŌĔĭńĬĪŉĔœĺƟȮĽŜŅľĶńĭĔŅĶĪħĽŀĭĮĶŃĽŇĪīŇĳŅıĔŅĶĶŌƟěŜŅȮőħĵěŃĪħĽŀĭĪńŘĚģŅĬĕƟŀĴŌĸ

ĶŌĮĪňŗȮ0,4ȮĔŅĶĪŜŅ Data AugmentationȮŒĬĶŌĮĳŅıŐĴĺ 
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ĕŀĚȮCuave ĞŉŗĚŏĮƦĬģŅĬĕƟŀĴŌĸŐĭĭĽŅĔĸȮĔńĭģŅĬĕƟŀĴŌĸĳŅĵŒĬŐĸŃŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢĪňŗœħƟȮŒĬ

ĶŃľĺƞŅĚĔŅĶħŜŅŏĬŇĬĔŅĶěŃĬŜŅœĮėŜŅĬĺĦěŅĔėŋĦĸńĔļĦŃĕŀĚŏĲĶĴĪňŗĴňėĺŅĴĽŜŅėńĠĪňŗœħƟėńħŏĸŊŀĔĴŅȮŏıŊŗŀ

ĸħĔŅĶėŜŅĬĺĦĪňŗȮĴňėĺŅĴĞńĭĞƟŀĬȮįĸĔŅĶĪħĸŀĚĕŀĚĔŅĶŀŀĔŏĽňĵĚĨńĺŏĸĕŐĽħĚŒľƟŏľŖĬėƞŅĴŅĔĪňŗĽŋħĪňŗ

ĶŌƟěŜŅĕŀĚĨńĺŏĸĕŐĨƞĸŃĨńĺ 

Ȯ 

 

Ȯ 

ĶŌĮĪňŗȮ0,5ȮĔŅĶĨŅĴĶŀĵĶŇĴİƖĮŅĔěŅĔŀńĸĔŀĶŇĪŉĴ ACM 

ĶŌĮĪňŗȮ0,6ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢĪňŗœħƟĔńĭģŅĬĕƟŀĴŌĸ CuaveȮĔńĭģŅĬĕƟŀĴŌĸĪňŗ

ĽĶƟŅĚĕŉŘĬ 
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 0,3,0ȮImproving the Recognition Performance of LipȮReading Using the 

Concatenated Three SequenceȮKeyframe Image TechniqueȮ(Lap Poomhiran , Phayung 

Meesad, Sumitra Nuanmeesri (2021)) [20] 

 ŒĬĚŅĬĺŇěńĵĬňŘœħƟĬŜŅŏĽĬŀĺŇīňĔŅĶĪňŗŒĝƟŒĬĔŅĶŀƞŅĬĶŇĴİĮƖĮŅĔěŅĔĔŅĶŒĝƟĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĭĬ

ıŊŘĬģŅĬĕŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴĴŅıńĥĬŅĨƞŀĵŀħȮőħĵĔŅĶĔŜŅľĬħŀŇĬıŋĨĪňŗœħƟĴŅěŅĔĔŅĶĬŜŅŏĲĶĴĪňŗ

ĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĶŌĮĶŇĴİƖĮŅĔĪńŘĚĽŅĴŏĲĶĴĴŅŏĶňĵĚĨƞŀĔńĬĮĶŃĔŀĭœĮħƟĺĵȮ/'ȮĳŅıŏĶŇŗĴĨƟĬĕŀĚĔŅĶ

ŏĮƕħĶŇĴİƖĮŅĔȮ0'ȮĳŅıĶŇĴİƖĮŅĔĪňŗĴňĔŅĶĕĵńĭĴŅĔĪňŗĽŋħȮ1'ȮĳŅıĔŅĶĮƕħĶŇĴİƖĮŅĔĪňŗŏĮƦĬĔŅĶŀŀĔŏĽňĵĚĝƞĺĚ

ĪƟŅĵȮőħĵĨńŘĚĝŊŗŀŏĪėĬŇėĪňŗŒĝƟĬňŘĺƞŅȮC3SKIȮ(Concatenated Three SequenceȮKeyframe Image)Ȯ

ĪŋĔŕĳŅıĪňŗĬŜŅĴŅŏĶňĵĚĨƞŀĔńĬĔŜŅľĬħĴŅěŅĔėƞŅĽŌĚĽŋħĽńĴıńĪīƢŐĸŃėƞŅĨŜŗŅĽŋħĽńĴıńĪīƢȮĴňĔŅĶĸħĕĬŅħĕŀĚ

ŀŇĬıŋĨŒĬĶŌĮĶŇĴİƖĮŅĔŐĨƞĸŃĶŌĮŏľĸŊŀȮ10x32 ıŇĔŏĞĸȮŐĸŃŏĴŊŗŀĬŜŅĴŅĨƞŀĔńĬȮ1ȮĳŅıȮĪŜŅŒľƟĳŅıĴňĕĬŅħȮ

96x32ȮıŇĔŏĞĸȮŏĮƦĬĔŅĶĸħĕĬŅħĕŀĚŀŇĬıŋĨĪňŗĵńĚėĚĴňĮĶŃĽŇĪīŇĳŅıĪňŗħňŒĬĔŅĶĶŌƟěŜŅėŜŅıŌħěŅĔĔŅĶŀƞŅĬĶŇĴ

İƖĮŅĔœħƟħňȮĺŇīňħńĚĔĸƞŅĺœħƟĬŜŅœĮĪħĽŀĭĔńĭģŅĬĕƟŀĴŌĸ AVDigits ĞŉŗĚŏĮƦĬģŅĬĕƟŀĴŌĸĨńĺŏĸĕĽŅĔĸ

ĮĶŃĔŀĭħƟĺĵŏĸĕȮ.ȮůȮ7ȮŒĬĳŅļŅŀńĚĔķļŐĸŃœħƟĽĶƟŅĚģŅĬĕƟŀĴŌĸĕŀĚĨńĺŏŀĚȮŒľƟĝŊŗŀĺƞŅȮTHDigitsȮĪňŗ

ĮĶŃĔŀĭħƟĺĵĨńĺŏĸĕȮ.ȮůȮ7ȮŒĬĳŅļŅœĪĵȮŐĸŃĪŜŅĔŅĶŐĽħĚįĸĸńıīƢŐĸŃŏĮĶňĵĭŏĪňĵĭĔńĭĺŇīňŀŊŗĬŕĪňŗŒĝƟŀƞŅĬ

ĶŇĴİƖĮŅĔ 

ĶŌĮĪňŗȮ0,7ȮŏĪėĬŇė C3-SKIȮĪňŗŒĝƟŒĬĔŅĶľŅėƞŅŀŇĬıŋĨ 
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Ȯ 

0,3,1ȮEnd-To-End Low-Resource Lip-Reading With Maxout CNN And LSTM (Ivan 

Fung, Brian Mak (2018)) [13] 

 ĭĪėĺŅĴĬňŘĬŜŅŏĽĬŀĽĩŅĮƤĨĵĔĶĶĴĪňŗŒĝƟŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔőħĵŒĝƟ CNN ĶƞĺĴĔńĭȮLSTMȮįƞŅĬ 

Activation unit ĪňŗĝŊŗŀȮMAX-OUT ĳŅĵŒĨƟėĸńĚĕƟŀĶŌĮĪňŗĴňĮĶŇĴŅĦĬƟŀĵȮŒĬĽƞĺĬĕŀĚ MAX-OUTȮŏĮƦĬ 

Activation ĪňŗĴňėĺŅĴŏĶňĵĭĚƞŅĵŐĸŃĴňĮĶŃĽŇĪīŇĳŅıȮĪŜŅĚŅĬœħƟħňŏĴŊŗŀŒĝƟĶƞĺĴĔńĭ Dropout ĽŅĴŅĶĩĪňŗěŃ

ŒĝƟŐĪĬ ActivationȮReLuȮœħƟȮŐĸŃģŅĬĕƟŀĴŌĸĪňŗĬŜŅĴŅıŇěŅĶĦŅĴňĝŊŗŀĺƞŅ OULUVS2 ĳŅĵŒĬĮĶŃĔŀĭœĮ

ħƟĺĵįŌƟıŌħȮ30ȮėĬȮĝŅĵȮ17ȮľĠŇĚȮ/1ȮŐĭƞĚŀŀĔŏĮƦĬȮ1ȮĽƞĺĬȮĽƞĺĬĪňŗȮ/ȮĨńĺŏĸĕȮ.ȮůȮ7ȮĽƞĺĬĪňŗȮ0ȮĺĸňĪňŗŒĝƟĭƞŀĵȮ

/.ȮėŜŅȮĽƞĺĬĪňŗȮ1ȮĮĶŃőĵėĪňŗŒĝƟŏŀŅĴŅěŅĔģŅĬĕƟŀĴŌĸȮTIMITȮĩŊŀŏĮƦĬĴňĮĶŇĴŅĦĪňĬƟŀĵŏĴŊŗŀŏĪňĵĭĔńĭȮ

ģŅĬĕƟŀĴŌĸŀĵƞŅĚ LRWȮŒĬĽƞĺĬĕŀĚĽĩŅĮƤĨĵĔĶĶĴŏĮƦĬĔŅĶŒĝƟĚŅĬĕŀĚ CNNȮĔńĭ LSTMȮĮĶŃĔŀĭħƟĺĵȮ

ConV 8 layer ŐĸŃ BLSTM 1 layer œĴƞĴňĝńŘĬĕŀĚ pooling layer įĸĔŅĶĪħĸŀĚŏĮƦĬħńĚĬňŘȮ

ŐĭĭěŜŅĸŀĚ MAX-OUT ĪńŘĚĽƞĺĬĕŀĚ CNNȮŐĸŃ LSTM ŒľƟĮĶŃĽŇĪīŇĳŅıĽŌĚĔĺƞŅŐĭĭěŜŅĸŀĚŀŊŗĬŀĵŌƞĪňŗȮ

65,4 %ȮŐĨƞĔŖŏıŇŗĴĴŅħƟĺĵĶŃĵŃŏĺĸŅĔŅĶİƗĔĽŀĬĽŌĚĪňŗĽŋħĪňŗȮ5,6ȮĝńŗĺőĴĚĞŉŗĚĴŅĔĔĺƞŅœĴƞŒĝƟĩŉĚȮ1ȮŏĪƞŅȮŐĸŃ

ĶŌĮĪňŗȮ0,/.ȮĔĶŅĲŐĽħĚĮĶŃĽŇĪīŇĳŅıĕŀĚĺŇīňĪňŗĬŜŅŏĽĬŀĔńĭĺŇīňĔŅĶĔƞŀĬľĬƟŅ 
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ĔŅĶŏıŇŗĴěŜŅĬĺĬĝńŘĬĕŀĚ MAX-OUTȮĬńŘĬĽŅĴŅĶĩŏıŇŗĴĮĶŃĽŇĪīŇĳŅıœħƟȮŐĨƞěŜŅĬĺĬĝńŘĬĪňŗĴŅĔŏĔŇĬœĮœĴƞ

ĽŅĴŅĶĩěŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅıœħƟĽŌĚĕŉŘĬŐĸŃĔŇĬŏĺĸŅĬŅĬȮŒĬĔŅĶĪħĸŀĚĔŅĶŏıŇŗĴěŜŅĬĺĬĝńŘĬȮĮĶŃĽŇĪīŇĳŅı

ĪňŗħňĪňŗĽŋħŀĵŌƞĪňŗȮ2ȮĝńŘĬȮ65,4%ȮĔŅĶŏıŇŗĴŏĮƦĬȮ3ȮĝńŘĬȮœĴƞĽŅĴŅĶĩŏıŇŗĴĮĶŃĽŇĪīŇĳŅıœħƟĴŅĕŉŘĬȮ86.3%ȮŐĸŃŒĝƟ

ŏĺĸŅŒĬĔŅĶİƗĔĽŀĬĴŅĔĩŉĚȮ10 ĝńŗĺőĴĚ 

 

 

  

ĶŌĮĪňŗȮ0,//ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭŏĪňĵĭėĺŅĴŐĴƞĬĵŜŅĕŀĚĨńĺěŜŅŐĬĔŒĬŐĨƞĸŃŐĭĭěŜŅĸŀĚ 

ĶŌĮĪňŗȮ0,/0ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭŏĪňĵĭĶŃĵŃŏĺĸŅĪňŗŒĝƟİƗĔĽŀĬŒĬŐĨƞĸŃŐĭĭěŜŅĸŀĚ 

ĶŌĮĪňŗȮ0,/1ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭŏĪňĵĭĔŅĶŏıŇŗĴěŜŅĬĺĬ Feature maps (Maxout) 
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 2.3.4 End-To-End Visual Speech Recognition With LSTMSȮ(Stavros Petridis, 

Zuwei Li, Maja Pantic (2017)) [11] 

 ĭĪėĺŅĴĬňŘĬŜŅŏĽĬŀĽĩŅĮƤĨĵĔĶĶĴĪňŗŒĝƟŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔőħĵŒĝƟ Deep Learning ŒĬĽƞĺĬ

ĕŀĚ LSTMȮŏĬŊŗŀĚěŅĔŒĬĝƞĺĚŏĺĸŅĬńŘĬĚŅĬĺŇěńĵŒĬŏĶŊŗŀĚĕŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔĴňĔŅĶŒĝƟĚŅĬ LSTM 

ėƞŀĬĕƟŅĚĬƟŀĵȮŐĭĭěŜŅĸŀĚĬňŘŏĮƦĬŐĭĭěŜŅĸŀĚŐĶĔĪňŗĽŅĴŅĶĩŏĶňĵĬĶŌƟĪňŗěŃĽĔńħėŋĦĸńĔļĦŃŀŀĔĴŅěŅĔ

ıŇĔŏĞĸœħƟőħĵĨĶĚŐĸŃĽŅĴŅĶĩĪŜŅĔŅĶěŜŅŐĬĔœħƟıĶƟŀĴŕĔńĬȮĞŉŗĚŏĮƦĬĔŅĶĪŜŅĚŅĬĪňŗĴňėĺŅĴĔƟŅĺľĬƟŅŒĬĔŅĶ

ŀƞŅĬĶŇĴİƖĮŅĔŒĬĝƞĺĚŏĺĸŅĬńŘĬȮőħĵŐĭĭěŜŅĸŀĚěŃĩŌĔŐĭƞĚŀŀĔŏĮƦĬĽŀĚĽƞĺĬĪňŗěŃĪŜŅĚŅĬœĮıĶƟŀĴŕĔńĬŒĬ

ĔŅĶĽĔńħėŋĦĸńĔļĦŃěŅĔĶŌĮĳŅıĕŀĚĮŅĔŐĸŃĶŌĮĳŅıĪňŗįƞŅĬĔŅĶ DiffȮőħĵĪńŘĚĽŀĚĽƞĺĬĬňŘĽĶƟŅĚěŅĔȮ

LSTM ŏĶňĵĔĺƞŅȮBidireactional LSTM (BLSTM)ȮĳŅıĶĺĴĕŀĚŀńĸĔŀĶŇĪŉĴŐĽħĚœħƟȮħńĚĶŌĮȮŒĬĽƞĺĬ

ħƟŅĬĞƟŅĵěŃŏĮƦĬĔŅĶĽĔńħėŋĦĸńĔļĦŃěŅĔĳŅıĭĶŇŏĺĦĶŇĴİƖĮŅĔőħĵĨĶĚŏĮƦĬĕƟŀĴŌĸŐĭĭ staticȮŒĬĽƞĺĬ

ħƟŅĬĕĺŅěŃŏĮƦĬĔŅĶĽĔńħėŋĦĸńĔļĦŃěŅĔĳŅıĪňŗįƞŅĬĔŅĶ DiffȮŏıŊŗŀŏĔŖĭėŋĦĸńĔļĦŃĔŅĶŏėĸŊŗŀĬœľĺŒĬ

ĕĦŃĬńŘĬŏĮƦĬĕƟŀĴŌĸŐĭĭ DynamicȮőħĵģŅĬĕƟŀĴŌĸĪňŗŒĝƟěŃĴňĽŀĚģŅĬĕƟŀĴŌĸȮ/'ȮOuluVS2 2) CUAVEȮ

ģŅĬĕƟŀĴŌĸ OulUVS2ȮĮĶŃĔŀĭħƟĺĵįŌƟıŌħȮ30ȮıŌħȮ/.ȮėŜŅȮ1ȮėĶńŘĚĪńŘĚľĴħȮ/34ȮėĶńŘĚŒĬĔŅĶıŌħȮ/ȮėŜŅȮĨƞŀȮ

/ȮėĬȮŏĮƦĬėŜŅĳŅļŅŀńĚĔķļȮŐĸŃģŅĬĕƟŀĴŌĸ CUAVEȮĴňėĬıŌħȮ14ȮėĬȮıŋħŏĸĕȮ.ȮůȮ7ȮěŜŅĬĺĬȮ3ȮėĶńŘĚȮŒĬ

ŐĨƞĸŃėĬȮĪńŘĚľĴħěŃĴňȮ/6.ȮėĶńŘĚŒĬĔŅĶıŌħȮ/ȮŏĸĕȮĨƞŀȮ/ȮėĬȮĶŌĮĳŅıĶŇĴİƖĮŅĔĪňŗĩŌĔĨńħŀŀĔĴŅěŃĩŌĔĸħ

ĕĬŅħŏľĸŊŀȮ1.x50ȮıŇĔŏĞĸȮŒĬĔŅĶĪħĸŀĚěŃĪħĸŀĚĪńŘĚĽŀĚģŅĬĕƟŀĴŌĸŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢŒĬŐĨƞĸŃ

ģŅĬĕƟŀĴŌĸ 

ĶŌĮĪňŗȮ0,/2ȮĽĩŅĮƤĨĵĔĶĶĴĪňŗĬŜŅŏĽĬŀ 
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ĶŌĮĪňŗȮ0,/4ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭĮĶŃĽŇĪīŇĳŅıėĺŅĴŐĴƞĬĵŜŅĕŀĚĔŅĶěŜŅŐĬĔŒĬŐĨƞĸŃŐĭĭěŜŅĸŀĚĕŀĚ

ģŅĬĕƟŀĴŌĸOuluVS2 

 

ĶŌĮĪňŗȮ0,/3ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıėĺŅĴŐĴƞĬĵŜŅĕŀĚĔŅĶěŜŅŐĬĔŒĬŐĨƞĸŃŐĭĭěŜŅĸŀĚĕŀĚ

ģŅĬĕƟŀĴŌĸȮCUAVE 
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 2.3.5 Lip Reading Word Classification (Abiel Gutierrez, Zoe-Alanah Robert 

(2016)) [12] 

 ĭĪėĺŅĴĬňŘĬŜŅŏĽĬŀĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŅĔĔŅĶĻŉĔļŅĔŅĶĪŜŅĚŅĬĶƞĺĴĔńĬĕŀĚĽĩŅĮƤĨĵĔĶĶĴȮ

CNNȮŐĸŃ LSTM ŒĬĶŌĮŐĭĭĨƞŅĚŕȮŐĸŃĬŜŅĴŅŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢĕŀĚĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶěŜŅŐĬĔŒĬ

ŐĨƞĸŃŐĭĭěŜŅĸŀĚĪňŗĽĶƟŅĚĕŉŘĬȮĮĶŃĔŀĭħƟĺĵȮŐĭĭěŜŅĸŀĚĪňŗĽĶƟŅĚěŅĔȮ/'ȮCNN+LSTMȮŐĭĭıŊŘĬģŅĬȮ0'Ȯ

Deep layered CNN + LSTM 3) ImageNet Pretrained VGG-16 Features + LSTM 4) Fine-

tuned VGG-16 + LSTM ĝŋħĕƟŀĴŌĸĪňŗŒĝƟĴňĝŊŗŀĺƞŅȮMIRACL-CV1 őħĵĳŅĵŒĬĮĶŃĔŀĭœĮħƟĺĵȮĳŅıĽňĪňŗĴň

ėĺŅĴĨŊŘĬĸŉĔĕŀĚįŌƟıŌħĪńŘĚľĴħȮ/3ȮėĬȮőħĵĪňŗŐĨƞėĬĸŃěŃĪŜŅĔŅĶŀŀĔŏĽňĵĚėŜŅıŌħȮ/.ȮėŜŅȮŐĸŃȮ/.ȮĺĸňȮ/.Ȯ

ėĶńŘĚŒĬŐĨƞĸŃĶŀĭȮėĺŅĴĸŃŏŀňĵħȮ42.x480 ıŇĔŏĞĸȮĺŇħňőŀĴňŏĲĶĴŏĶĪĪňŗȮ/3ȮŏĲĶĴĨƞŀĺŇĬŅĪňȮĴňĔŅĶŒĝƟŏĲĶĴ

ĨńŘĚŐĨƞȮ2ȮůȮ05ȮŏĲĶĴȮĨńĺŀĵƞŅĚȮėŜŅȮŐĸŃȮĺĸňĪňŗŒĝƟĴňħńĚĬňŘȮI am sorry, start, begin, Nice to meet you 

ŏĮƦĬĨƟĬȮĳŅĵŒĬĝŋħĕƟŀĴŌĸĴňĔŅĶŏıŇŗĴěŜŅĬĺĬŀŇĬıŋĨőħĵĔŅĶĪŜŅ Data Augmentation ĮĶŃĔŀĭœĮħƟĺĵ

ĔŅĶĪŜŅȮĔŅĶŏıŇŗĴĕĬŅħĕŀĚĶŌĮĳŅıŏĮƦĬȮ1ȮŏĪƞŅŒĬŐĬĺĨńŘĚȮĴňĔŅĶĔĸńĭħƟŅĬĶŌĮĳŅıȮŐĸŃĽŋƞĴĔŅĶŏıŇŗĴ noiseȮ

ŒĬŐĨƞĸŃĶŌĮȮĔŅĶıŌħŒĬŐĨƞĸŃėŜŅěŃĬŜŅŒĬŐĨƞĸŃŏĲĶĴŏĮƦĬŀŇĬıŋĨŐĭĭŀĬŋĔĶĴőħĵĪňŗœĴƞĴňĔŅĶŏĸŊŀĔŏĲĶĴ

ŐĸŃĬŜŅŏĕƟŅŐĭĭěŜŅĸŀĚŏıŊŗŀĪŜŅĔŅĶİƗĔĽŀĬŐĸŃœħƟįĸĸńıīƢħńĚĬňŘȮ 

  

ĶŌĮĪňŗȮ0,/5ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭėĺŅĴĮĶŃĽŇĪīŇĳŅıėĺŅĴŐĴƞĬĵŜŅĔŅĶěŜŅŐĬĔŒĬĶŌĮŐĭĭĕŀĚĔŅĶİƗĔĽŀĬȮ

ĔŅĶĨĶĺěĽŀĭŐĸŃĔŅĶĪħĽŀĭĕŀĚŐĭĭěŜŅĸŀĚŒĬŐĨƞĸŃŐĭĭěŜŅĸŀĚ 
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0,3,4ȮTowards Pose-Invariant Lip-Reading (Shiyang Cheng, Pingchuan Ma, 
GeorgiosȮTzimiropoulos, Stavros Petridis, Adrian Bulat, Jie Shen, Maja Pantic (2020)) 
[15] 
 ĭĪėĺŅĴĬŜŅŏĽĬŀŐĭĭěŜŅĸŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔěŅĔĔŅĶİƗĔĽŀĬĕŀĚĪƞŅĪŅĚŒĬĶŌĮŐĭĭĨƞŅĚŕȮ
ěŅĔĕƟŀĴŌĸĪňŗĽńĚŏėĶŅŃľƢĕŉŘĬĴŅŏŀĚŐĪĬĔŅĶŏĔŖĭĶĺĭĶĺĴȮŐĭĭěŜŅĸŀĚĪňŗĬŜŅŏĽĬŀĴňĮĶŃĽŇĪīŇĳŅıŏıŇŗĴĕŉŘĬ
ŀĵƞŅĚĴŅĔěŅĔĚŅĬĪňŗĬŜŅŏĽĬŀĴŅĔƞŀĬľĬƟŅŒĬħƟŅĬĕŀĚĴŋĴĴŀĚľĬƟŅĪňŗœĴƞľńĬĨĶĚȮŐĸŃĵńĚėĚĴňĮĶŃĽŇĪīŇĳŅı
ĪňŗŏľĬŊŀĔĺƞŅĔńĭĚŅĬĪňŗŒĝƟŒĬĴŋĴĴŀĚĪňŗľńĬĨĶĚľĶŊŀĴŋĴĴŀĚĪňŗŒĝƟĭĶŇŏĺĦĶŀĭŕĶŇĴİƖĮŅĔȮőħĵĔŅĶŒĝƟȮ
ŐĭĭěŜŅĸŀĚĝŊŗŀĺƞŅȮ3D Morphable Model (3DMM) ĔńĭģŅĬĕƟŀĴŌĸȮLRW ŐĸŃģŅĬĕƟŀĴŌĸ LRS2 

 
ŒĬĽƞĺĬĕŀĚĔŅĶĪŜŅȮPose AugmentationȮŏĮƦĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚȮ3DȮŏıŊŗŀĕĵńĭőėĶĚľĬƟŅŐĭĭĽŅĴ
ĴŇĨŇěŅĔģŅĬĕƟŀĴŌĸ LRWȮŐĸŃĔŅĶĪŜŅȮAugmentationȮŒĬŐĭĭ 2DȮėŊŀĔŅĶȮ/'ȮĔŅĶŏıŇŗĴľĶŊŀĸħĕĬŅħ
ěŅĔȮ.,6x -Ȯ/,0x 2) ĔŅĶĪŜŅ downsamplingȮĕŀĚĳŅıĭĶŇŏĺĦĮŅĔȮ.,2-.,6ȮĕŀĚĕĬŅħŒĬŐĨƞĸŃĳŅı
ěŅĔĬńŘĬĔŖȮupsampling ĔĸńĭĴŅŒĬĕĬŅħĕŀĚĶŌĮħńĚŏħŇĴȮ1'ȮĽŋƞĴĔŅĶŏıŇŗĴ noiseȮĭĶŇŏĺĦĶŀĭĮŅĔ 

  

ĶŌĮĪňŗȮ0,/6ȮĔŅĶĪŜŅ Data Augmentation ěŅĔ 3DMM 

ĶŌĮĪňŗȮ0,/7ȮĽĩŅĮƤĨĵĔĶĶĴĪňŗĬŜŅŏĽĬŀ 
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ģŅĬĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶŏĮĶňĵĭŏĪňĵĭĔŅĶĪħĸŀĚĮĶŃĔŀĭœĮħƟĺĵȮ0ȮģŅĬĕƟŀĴŌĸ 
 /) LRW ŏĮƦĬģŅĬĕƟŀĴŌĸĪňŗĴňĕƟŀĴŌĸĪńŘĚĳŅıŐĸŃŏĽňĵĚĪňŗĴňȮ3..ȮėŜŅĪňŗŐĨĔĨƞŅĚĔńĬȮĳŅĵŒĬ
ĮĶŃĔŀĭħƟĺĵįŌƟıŌħȮ/...ȮėĬȮŒĬŐĨƞĸŃĔŅĶŀŀĔŏĽňĵĚěŃĴňȮ07ȮŏĲĶĴȮģŅĬĕƟŀĴŌĸĩŌĔŐĭƞĚŀŀĔŏĮƦĬȮĔŅĶ
İƗĔĽŀĬȮ6..ȮėŜŅŒĬŐĨƞĸŃėĸŅĽȮŐĸŃĔŅĶĨĶĺěĽŀĭŐĸŃĔŅĶĪħĽŀĭŐĭƞĚŀŀĔŏĮƦĬȮ3.ȮėŜŅŒĬŐĨƞĸŃėĸŅĽ 
 0'ȮLRS2 ŏĮƦĬģŅĬĕƟŀĴŌĸŐĭĭĳŅıŐĸŃŏĽňĵĚŐĸŃĕƟŀėĺŅĴěŅĔŒĭľĬƟŅįŌƟıŌħŏĔŖĭĶĺĴĶĺĭěŅĔȮ
BBC TVȮĴňėĺŅĴŐĮĶĮĶĺĬĕŀĚėĺŅĴĵŅĺŒĬĔŅĶıŌħĴŅĔȮŐĸŃĪƞŅĪŅĚĨŜŅŐľĬƞĚĻňĶļŃĕŀĚįŌƟıŌħȮĴňĔŅĶŐĭƞĚ
ŀŀĔĴŅŏĮƦĬėŜŅĪňŗŒĝƟŒĬĔŅĶİƗĔĽŀĬ 
įĸĔŅĶĪħĸŀĚŏĮƦĬœĮħńĚĬňŘ 

 

 
 

ĶŌĮĪňŗȮ0,0.ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭĮĶŃĽŇĪīŇĳŅıėĺŅĴŐĴƞĬĵŜŅěŅĔĝŋħĪħĽŀĭŒĬŐĨƞĸŃĝŋħŒĬŐĨƞĸŃ

ŐĭĭěŜŅĸŀĚ 

ĶŌĮĪňŗȮ0,0/ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıěŅĔėĸŇĮĕƟŀĴŌĸĪħĽŀĭȮLRS2-BaȮŒĬŐĨƞĸŃĴŋĴĕŀĚĔŅĶ

ľńĬ 
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ĶŌĮĪňŗȮ0,00ȮĨŅĶŅĚĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıěŅĔėĸŇĮĕƟŀĴŌĸĪħĽŀĭȮLRS2-BaȮŒĬŐĨƞĸŃ

ĴŋĴĕŀĚĔŅĶĔƟĴľĬƟŅ 
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0,3,5ȮĔŅĶŏĮĶňĵĭŏĪňĵĭĕƟŀħňŐĸŃĕƟŀěŜŅĔńħĕŀĚĚŅĬĺŇěńĵĕƟŅĚĨƟĬ 

ĨŅĶŅĚĪňŗȮ0,/ȮĔŅĶŏĮĶňĵĭŏĪňĵĭĕƟŀħňŐĸŃĕƟŀěŜŅĔńħĕŀĚĚŅĬĺŇěńĵĕƟŅĚĨƟĬ 

 

 

ĝŊŗŀĭĪėĺŅĴĺŇěńĵ ĕƟŀħň ĕƟŀěŜŅĔńħ 
A novel lip reading algorithm 
by using localized ACM and 

HMM8Tested for digit 
recognition (2014) 

ŏĮƦĬĺŇīňĔŅĶŒľĴƞŒĬĝƞĺĚŏĺĸŅĬńŘĬ
őħĵĔŅĶŒĝƟ HMM model 

ŏĮƦĬĺŇīňĔŅĶŏĔƞŅȮőħĵŒĬ
ĮƤěěŋĭńĬŒĝƟ Deep 

LearningȮŒľƟĮĶŃĽŇĪīŇĳŅı
ħňĔĺƞŅ 

Improving the Recognition 
Performance of LipȮReading 
Using the Concatenated 

Three SequenceȮKeyframe 
Image (2021) 

ŒĝƟ CNNȮŐĸŃĬŜŅŏĽĬŀŏĪėĬŇė
ĔŅĶŏĸŊŀĔŏĲĶĴĽŜŅėńĠŏıŊŗŀĸħ
ěŜŅĬĺĬĶŌĮĳŅı 

- 

End-To-End Low-Resource 
Lip-Reading With Maxout 
CNN And LSTM (2018) 

Activation Unit Max-out 
ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıœħƟĽŌĚ 

ŒĝƟŏĺĸŅŒĬĔŅĶİƗĔĽŀĬĬŅĬ 

End-To-End Visual Speech 
Recognition With LSTMS 

(2017) 

ŏıŇŗĴĮĶŃĽŇĪīŇĳŅıőħĵŒĝƟ LSTMȮ
įƞŅĬ Raw and diff image 

- 

Lip Reading Word 
Classification (2016) 

ĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŒĝƟȮpre-
train model ėƞŀĬĕƟŅĚĽŌĚ 

ŏĔŇħȮoverfiting ĔńĭĶŌĮĳŅı
ŒľĴƞĪňŗœĴƞŏėĵŏľŖĬȮĪŜŅŒľƟ
ĮĶŃĽŇĪīŇĳŅıĪňŗœħƟěŅĔĔŅĶ
ĪħĽŀĭĬƟŀĵ 

Towards Pose-Invariant Lip-
Reading (2020) 

ŏĮĸňŗĵĬģŅĬĴŌĸĪňŗŏĮƦĬŐĭĭ 
frontal ŒľƟŏŀňĵĚŒĬĸńĔļĦŃ
ĨƞŅĚŕȮŐĸŃĬŜŅœĮĪħĽŀĭĔńĭ
ĕƟŀĴŌĸŐĭĭŏŀňĵĚľĬƟŅ 

- 
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ĭĪĪňŗ 3  

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
 

ŒĬĽƞĺĬĕŀĚĺŇīňĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵŒĬĺŇĪĵŅĬŇıĬīƢŏĸƞĴĬňŘœħƟŀŀĔŐĭĭŐĸŃıńĥĬŅŐĭĭěŜŅĸŀĚĔŅĶ

ŀƞŅĬĶŇĴİƖĮŅĔȮőħĵœħƟĻŉĔļŅėƟĬėĺƟŅĕƟŀĴŌĸıĭĺƞŅȮĕƟŀĴŌĸĽƞĺĬŒľĠƞĪňŗŒĝƟŏĮƦĬģŅĬĕƟŀĴŌĸĳŅļŅŀńĚĔķļĪňŗœħƟĶńĭ

ėĺŅĴĬŇĵĴŐĸŃĴňėĺŅĴŏĮƦĬĽŅĔĸȮőħĵĕƟŀĴŌĸħńĚĔĸƞŅĺŀĵŌƞŒĬĶŌĮŐĭĭĕŀĚėĸŇĮĺŇħňőŀȮľĶŊŀĸŜŅħńĭĕŀĚĶŌĮĳŅı

ĪňŗŏĶňĵĚĨƞŀĔńĬŒĬŏĝŇĚŏĺĸŅȮ&Temporal Keyframe Sequence) ŐĸŃĴňėĺŅĴľĸŅĔľĸŅĵĨŅĴėĺŅĴ

ĨƟŀĚĔŅĶĕŀĚįŌƟĺŇěńĵĪňŗĨƟŀĚĔŅĶěŃĔŜŅľĬħĕŀĭŏĕĨĕŀĚĚŅĬȮŏĝƞĬȮĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŏĸĕȮĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬėŜŅ

ľĶŊŀĺĸňȮĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŀńĔļĶȮĨĸŀħěĬĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĮĶŃőĵėȮŐĸŃŒĬĚŅĬĺŇěńĵĬňŘœħƟĔŜŅľĬħĕŀĭŏĕĨ

ĕŀĚĔŅĶĺŇěńĵőħĵŒĝƟĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŏĸĕŒĬĳŅļŅŀńĚĔķļĨńŘĚŐĨƞŏĸĕȮ.ȮĩŉĚŏĸĕȮ7ȮěŅĔģŅĬĕƟŀĴŌĸ

ĳŅļŅŀńĚĔķļĪňŗĴňėĺŅĴŏĮƦĬĽŅĔĸĝŊŗŀĺƞŅȮAV Digits őħĵŒĬĮƤěěŋĭńĬĴňĔŅĶĬŜŅŏĽĬŀĚŅĬĺŇěńĵěŜŅĬĺĬĴŅĔĪňŗ

ŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶĻŉĔļŅĔŅĶŀƞŅĬĶŇĴİƖĮŅĔŐĸŃěŅĔĔŅĶėƟĬėĺƟŅıĭĺƞŅȮĴňėĺŅĴĬƞŅĽĬŒěŏĔňŗĵĺĔńĭĔŅĶŒĝƟĚŅĬ

ĽĩŅĮƤĨĵĔĶĶĴŐĭĭȮCNN ĪňŗŒĝƟĚŅĬĶƞĺĴĔńĭȮLSTM őħĵĽĩŅĮƤĨĵĔĶĶĴĪńŘĚĽŀĚĴňěŋħŏħƞĬĕŀĚĔŅĶĽĶƟŅĚ

ŐĭĭěŜŅĸŀĚĪňŗĬŜŅĴŅŒĝƟĚŅĬĶƞĺĴĔńĬœħƟėŊŀȮĔŅĶŏĶňĵĬĶŌƟĕŀĚĳŅıŐĸŃĔŅĶŏĶňĵĬĶŌƟĕŀĚėĺŅĴĽńĴıńĬīƢĕŀĚĕƟŀĴŌĸ

ĪňŗŏĮĸňŗĵĬĨŅĴŏĺĸŅȮŒĬĚŅĬĺŇěńĵĬňŘěŉĚŏĸŊŀĔŒĝƟȮCNN ĪňŗĪŜŅĚŅĬĶƞĺĴĔńĭȮLSTM ŏĮƦĬĽƞĺĬĽŜŅėńĠĕŀĚĔŅĶĽĶƟŅĚ

ŐĭĭěŜŅĸŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔȮ 

ŏĬŊŗŀĚěŅĔĔŅĶĪħĸŀĚıĭĺƞŅĕƟŀĴŌĸěŅĔģŅĬĕƟŀĴŌĸĬńŘĬĴňėĺŅĴľĸŅĔľĸŅĵĕŀĚįŌƟıŌħěŜŅĬĺĬĴŅĔĪňŗ

ĶĺĴĩŉĚĺŇīňĔŅĶıŌħĕŀĚŐĨƞĸŃįŌƟıŌħĪňŗĴňėĺŅĴŐĨĔĨƞŅĚĔńĬȮĭŅĚįŌƟıŌħĴňĔŅĶŏĮƕħĮŅĔėƟŅĚŏŀŅœĺƟŐĪĭěŃ

ĨĸŀħŏĺĸŅȮĭŅĚįŌƟıŌħĽŅĴŅĶĩŏĮĸƞĚŏĽňĵĚŀŀĔĴŅœħƟőħĵŐĪĭěŃœĴƞŏľŖĬĔŅĶĕĵńĭĕŀĚĶŇĴİƖĮŅĔȮħƟĺĵŏľĨŋįĸ

ĬňŘȮĪŜŅŒľƟŐĭĭěŜŅĸŀĚœĴƞĽŅĴŅĶĩĪňŗěŃŏĶňĵĬĶŌƟĕƟŀĴŌĸĪňŗĴňěŜŅĬĺĬĴŅĔŏĔŇĬœĮŐĸŃĽƞĚįĸĔĶŃĪĭĨƞŀĔŅĶŏĶňĵĬĶŌƟ

ĪŜŅŒľƟœĴƞĽŅĴŅĶĩĽĶƟŅĚŐĭĭěŜŅĸŀĚœħƟȮőħĵŒĬĭĪĬňŘěŃĔĸƞŅĺĩŉĚĕńŘĬĨŀĬĕŀĚĔŅĶħŜŅŏĬŇĬĔŅĶĺŇěńĵŐĸŃŀīŇĭŅĵ

őėĶĚĽĶƟŅĚĕŀĚŐĭĭěŜŅĸŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔȮőħĵŏĶŇŗĴěŅĔĳŅıĶĺĴĕŀĚĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĔŅĶŀƞŅĬĶŇĴ

İƖĮŅĔȮĺŇīňĔŅĶĪňŗœħƟĴŅĞŉŗĚĕƟŀĴŌĸĶŇĴİƖĮŅĔĪňŗıĶƟŀĴĽŜŅľĶńĭĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚȮĶĺĴĩŉĚŐĭĭěŜŅĸŀĚĪňŗĽĶƟŅĚ

ŏıŊŗŀŒĝƟŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔĕŀĚĚŅĬĺŇěńĵŏĸƞĴĬňŘ 
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3.1 ĳŅıĶĺĴĕŀĚĺŇīňĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔ 

 

 ħńĚĪňŗœħƟĔĸƞŅĺœĮŐĸƟĺŒĬĚŅĬĺŇěńĵĬňŘœħƟĬŜŅģŅĬĕƟŀĴŌĸĪňŗĝŊŗŀĺƞŅȮAV Digits ĴŅŒĝƟȮőħĵœħƟĔŜŅľĬħ

ĕŀĭŏĕĨĕŀĚĚŅĬėŊŀĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŏĸĕȮ.ȮĩŉĚȮ7ȮŒĬĳŅļŅőħĵĴňĨńĺŏĸŊŀĔŏıŇŗĴŏĨŇĴėŊŀŒĝƟĕƟŀĴŌĸěŅĔįŌƟıŌħ

ŐĭĭľĬƟŅĨĶĚĳŅĵŒĬģŅĬĕƟŀĴŌĸħńĚĔĸƞŅĺŏĪƞŅĬńŘĬȮőħĵĕƟŀĴŌĸħńĚĔĸƞŅĺĴŅěŅĔįŌƟŏĕƟŅĶƞĺĴĔŅĶĪħĸŀĚĪńŘĚľĴħȮ

31ȮėĬȮ/4ȮĽńĠĝŅĨŇĪňŗĴňĪńŘĚŏěƟŅĕŀĚĳŅļŅŐĸŃœĴƞŒĝƞŏěƟŅĕŀĚĳŅļŅȮĞŉŗĚĩŊŀĺƞŅŏĮƦĬĕƟŀĴŌĸĪňŗĴňėĺŅĴľĸŅĔľĸŅĵȮ

ŏĴŊŗŀŏĶŅœħƟģŅĬĕƟŀĴŌĸıĶƟŀĴĪńŘĚĕŀĭŏĕĨĕŀĚĔŅĶĪħĸŀĚĕŀĚŏĶŅŐĸƟĺȮĕƟŀĴŌĸĪńŘĚľĴħěŃĨƟŀĚįƞŅĬĔŅĶ

ėńħŏĸŊŀĔěŜŅĬĺĬŏĲĶĴŒĬĕńŘĬĨŀĬĕŀĚĔŅĶŏĨĶňĵĴĔŅĶĕŀĚĕƟŀĴŌĸŒĬȮblock ĪňŗĝŊŗŀĺƞŅȮData preparation 

ľĸńĚěŅĔĬńŘĬĕƟŀĴŌĸěŃŐĭƞĚŀŀĔŏĮƦĬȮ0ȮĔĸŋƞĴȮėŊŀȮĔĸŋƞĴĕŀĚȮTraining ŏıŊŗŀĽĶƟŅĚŐĭĭěŜŅĸŀĚȮŐĸŃĔĸŋƞĴĕŀĚ

ĔŅĶȮTesting ŏıŊŗŀĮĶŃŏĴŇĬėĺŅĴĽŅĴŅĶĩĪňŗŐĭĭěŜŅĸŀĚŏĶŅŏĶňĵĬĶŌƟœħƟȮŏĴŊŗŀœħƟȮ0ȮĽƞĺĬĬňŘŐĸƟĺĕƟŀĴŌĸěŃĽƞĚŏĕƟŅ

ŐĭĭěŜŅĸŀĚŒĬȮblock ĪňŗĝŊŗŀĺƞŅȮModel CNN and LSTM őħĵĕƟŀĴŌĸĪňŗěŃĽƞĚŏĕƟŅŐĭĭěŜŅĸŀĚěŃĩŌĔ

ŏĶňĵĚĸŜŅħńĭŏĲĶĴŀĵƞŅĚĩŌĔĨƟŀĚŏŀŅœĺƟŐĸƟĺĨŅĴěŜŅĬĺĬŏĲĶĴĪňŗĴňĔŅĶĪħĸŀĚȮŐĭĭěŜŅĸŀĚěŃĪŜŅĔŅĶŏĶňĵĬĶŌƟ

ĕƟŀĴŌĸĪňŗŏĮƦĬĶŌĮĳŅıœĮıĶƟŀĴŕĔńĭŏĶňĵĬĶŌƟėĺŅĴĽńĴıńĬīƢĕŀĚĔŅĶŏĮĸňŗĵĬŐĮĸĚŒĬŐĨƞĸŃĶŌĮĳŅıĪňŗĽƞĚŏĕƟŅĴŅȮ

ŐĸŃįĸĸńıīƢĽŋħĪƟŅĵŀĵŌƞĪňŗȮblock ĪňŗĝŊŗŀĺƞŅȮClassification ĪňŗěŃĭŀĔėƞŅĔŅĶŏĶňĵĬĶŌƟĨƞŅĚŕȮĕŀĚŐĭĭěŜŅĸŀĚ

ħńĚĬňŘȮAccuracy Val Accuracy Loss Val Loss őħĵĳŅıĶĺĴĕŀĚĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĔŅĶŀƞŅĬĶŇĴ

İƖĮŅĔŐĽħĚœħƟħńĚĶŌĮȮ1,/ 

 

 

 

ĶŌĮĪňŗȮ1,/ȮĳŅıĶĺĴĕŀĚĕńŘĬĨŀĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĔŅĶŀƞŅĬĶŇĴİƖĮŅĔ 
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3.2ȮĔŅĶŏĨĶňĵĴĔŅĶĕƟŀĴŌĸ 

3.2.1ȮģŅĬĕƟŀĴŌĸȮAv Digits 

 ĳŅĵŒĬģŅĬĕƟŀĴŌĸĪňŗĝŊŗŀĺƞŅȮAV Digits ĬńŘĬŏĮƦĬģŅĬĕƟŀĴŌĸĪňŗĽĶƟŅĚĕŉŘĬŏıŊŗŀĔŅĶĻŉĔļŅŏĔňŗĵĺĔńĭĔŅĶ

ŀƞŅĬĶŇĴİƖĮŅĔőħĵŏĜıŅŃőħĵĳŅĵŒĬĮĶŃĔŀĭœĮħƟĺĵĕƟŀĴŌĸĪňŗĽŅĴŅĶĩĬŜŅĴŅŒĝƟŏıŊŗŀĔŅĶŀƞŅĬĶŇĴİƖĮŅĔ

ěŜŅĬĺĬőħĵœħƟĶĺĭĶĺĴĕƟŀĴŌĸŏŀŅœĺƟȮ0ȮĝŋħȮėŊŀȮĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŏĸĕŒĬĳŅļŅŀńĚĔķļȮ.ȮůȮ7ȮŐĸŃĝŋħ

ĕƟŀĴŌĸĪňŗŏĮƦĬĺĸňĽńŘĬŕȮ/.ȮĺĸňŒĬĳŅļŅŀńĚĔķļŀňĔĪńŘĚĵńĚĴňőľĴħĔŅĶıŌħŒľƟŏĸŊŀĔŀňĔȮ1ȮőľĴħĬńŗĬėŊŀȮőľĴħ

ĮĔĨŇȮőľĴħŏĽňĵĚĔĶŃĞŇĭȮŐĸŃőľĴħœĴƞĴňŏĽňĵĚȮĶĺĴœĮĩŉĚĴŋĴĔĸƟŀĚĕŀĚĔŅĶĩƞŅĵĪŜŅĪńŘĚľĴħȮ1ȮĴŋĴȮėŊŀȮľĬƟŅ

ĨĶĚȮŏŀňĵĚȮ23ȮŀĚĻŅȮŐĸŃħƟŅĬĕƟŅĚȮőħĵĴňįŌƟŏĕƟŅĶƞĺĴĔŅĶĪħĸŀĚĽĶƟŅĚģŅĬĕƟŀĴŌĸĬňŘĪńŘĚľĴħȮ31ȮėĬȮěŅĔȮ/4Ȯ

ĽńĠĠŅĨŇȮįŌƟŏĕƟŅĶƞĺĴěŃĪŜŅĔŅĶĭńĬĪŉĔĔŅĶıŌħĕŀĚĨńĺŏŀĚĪňŗœħƟĶńĭĴŀĭľĴŅĵĪńŘĚľĴħȮ3ȮėĶńŘĚȮőħĵŒĬŐĨƞĸŃ

ėĶńŘĚěŃœĴƞĴňėĶńŘĚœľĬĪňŗĸŜŅħńĭĔŅĶıŌħěŃĞŜŘŅĔńĬȮŐĸŃŒĝƟĮŋƙĴȮspace bar ŏıŊŗŀŐĵĔŐĨƞĸŃėŜŅıŌħĭŀĔŏıŊŗŀĭŀĔ

ŏĺĸŅŐĸŃĭńĬĪŉĔĸĚœĲĸƢȮexcel ħńĚĬńŘĬȮŏĴŊŗŀŏĶŅĨƟŀĚĔŅĶŒĝƟĕƟŀĴŌĸěŅĔĪńŘĚȮ31ȮįŌƟŏĕƟŅĶƞĺĴȮŐĸŃŒĝƟľĬƟŅĨĶĚȮ

ěŅĔĝŋħĕƟŀĴŌĸĪňŗŏĮƦĬĨńĺŏĸĕȮ.ȮůȮ7ȮŒĬĳŅļŅŀńĚĔķļȮŏĶŅěŃĴňĕƟŀĴŌĸĪńŘĚľĴħȮ0,43.ȮĨńĺŀĵƞŅĚĪňŗěŃĬŜŅĴŅŒĝƟ

ŒĬĔŅĶŏĨĶňĵĴĕƟŀĴŌĸĽŜŅľĶńĭĽĶƟŅĚŐĭĭěŜŅĸŀĚĬňŘ 

 

ŏĴŊŗŀħŅĺĬƢőľĸħĕƟŀĴŌĸĪňŗĨƟŀĚĔŅĶĴŅŐĸƟĺȮŏĶŅěŃœħƟĕƟŀĴŌĸħńĚĶŌĮĪňŗȮ1,0ȮőħĵĝŊŗŀĕŀĚőĲĸŏħŀĶƢěŃ

ĶŃĭŋĸńĔļĦŃŏĜıŅŃĕŀĚĝŋħĕƟŀĴŌĸĬńŘĬȮőħĵĪňŗȮS ĵƞŀĴŅěŅĔȮSubject ĞŉŗĚľĴŅĵĩŉĚĸŜŅħńĭĪňŗĕŀĚįŌƟıŌħȮT ĵƞŀ

ĴŅěŅĔȮTask ľĴŅĵĩŉĚȮĚŅĬĪňŗœħƟĶńĭĴŀĭľĴŅĵŏĝƞĬȮ./ȮľĴŅĵĩŉĚĝŋħĕƟŀĴŌĸĨńĺŏĸĕŏĮƦĬĨƟĬȮL ĵƞŀĴŅěŅĔȮ

Language ľĴŅĵĩŉĚĳŅļŅȮģŅĬĕƟŀĴŌĸĬňŘĴňĳŅļŅŏħňĵĺĞŉŗĚĔŖėŊŀĳŅļŅŀńĚĔķļőħĵěŃŐĪĬħƟĺĵȮL.2ȮC ĵƞŀ

ĶŌĮĪňŗȮ1,0ȮőĲĸŏħŀĶƢĪňŗœħƟľĸńĚěŅĔħŅĺĬƢőľĸħĕƟŀĴŌĸěŅĔģŅĬĕƟŀĴŌĸȮAV Digits 
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ĴŅěŅĔȮCondition ľĴŅĵĩŉĚőľĴħŒĬĔŅĶıŌħĝŋħĕƟŀĴŌĸĬńŘĬȮC./ȮľĴŅĵĩŉĚőľĴħĮĔĨŇȮŐĸŃȮR ĵƞŀĴŅěŅĔȮ

Repetition ľĴŅĵĩŉĚěŜŅĬĺĬĶŀĭĪňŗĪŜŅĔŅĶıŌħĴňĨńŘĚŐĨƞȮR./ȮĩŉĚȮR.3ȮŒĬŐĨƞĸŃįŌƟıŌħĕŀĚŐĨƞĸŃőľĴħĔŅĶ

ıŌħȮŒĬŐĨƞĸŃőĲĸŏħŀĶƢĽŇŗĚĪňŗŒľƟĴŅėŊŀœĲĸƢȮ,CSV ĪňŗĭŀĔĩŉĚĝƞĺĚŏĺĸŅĕŀĚĨńĺŏĸĕĪňŗıŌħŐĸŃĸŜŅħńĭĕŀĚŏĸĕĪňŗįŌƟ

ıŌħĬńŘĬŕıŌħľĶŊŀŏĶňĵĔĺƞŅȮtimestamp file őħĵĝŊŗŀĨƞŅĚŕȮěŜŅŏĮƦĬĨƟŀĚĶŌƟŏıŊŗŀĪŜŅĔŅĶŏĕƟŅĩŉĚĪňŗŀĵŌƞŀƟŅĚŀŇĚĕŀĚ

őĲĸŏħŀĶƢĨƟĬĜĭńĭĔńĭőĲĸŏħŀĶƢĮĸŅĵĪŅĚŏıŊŗŀėĺŅĴĩŌĔĨƟŀĚĕŀĚĕƟŀĴŌĸĨńĺŀĵƞŅĚĕŀĚœĲĸƢȮ,CSV ŒĝƟŏıŊŗŀ

ŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚĝƞĺĚŏĺĸŅĔńĭĸŜŅħńĭĔŅĶıŌħĕŀĚŐĨƞĸŃŏĸĕĳŅĵŒĬėĸŇĮĺŇħňőŀŐĽħĚœħƟħńĚĶŌĮĪňŗȮ1,1 

 

 

 

ĶŌĮĪňŗȮ1,2 ĳŅıĶĺĴĕŀĚĕńŘĬĨŀĬĔŅĶĨńħĶŇĴİƖĮŅĔ 

ĶŌĮĪňŗȮ1,1 Time stamp file ĽŜŅľĶńĭŐĽħĚėĺŅĴĽńĴıńĬīƢĕŀĚŏĺĸŅĔńĭĸŜŅħńĭĔŅĶıŌħĕŀĚĔŅĶıŌħ

ĨńĺŏĸĕĳŅĵŒĬėĸŇĮĺŇħňőŀ 
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3.3.2 Face Detection and Face Localization ĭĬ Mediapipe 

 ŒĬŐĨƞĸŃőĲĸŏħŀĶƢĕŀĚĝŋħĕƟŀĴŌĸěŃĮĶŃĔŀĭœĮħƟĺĵėĸŇĮĺŇħňőŀĽŜŅľĶńĭĔŅĶŀƞŅĬĶŇĴİƖĮŅĔıĶƟŀĴ

ĔńĭœĲĸƢȮtime stamp ŏıŊŗŀĶŃĭŋĝƞĺĚŏĺĸŅħńĚĔĸƞŅĺȮŒĬĕńŘĬĨŀĬĔŅĶĽĔńħŏŀŅĶŌĮĶŇĴİƖĮŅĔȮőĲĸŏħŀĶƢĪŋĔ

őĲĸŏħŀĶƢěŃĩŌĔĽĶƟŅĚĕŉŘĬőħĵĴňěŜŅĬĺĬŏĪƞŅĔńĭőĲĸŏħŀĶƢĪňŗħŅĺĬƢőľĸħĴŅěŅĔģŅĬĕƟŀĴŌĸȮľĸńĚěŅĔĬńŘĬěŃ

ŏĮƦĬĕńŘĬĨŀĬĕŀĚĔŅĶŏĕňĵĬőĮĶŐĔĶĴŏıŊŗŀŏĝŊŗŀĴĶŃľĺƞŅĚœĲĸƢȮtime stamp ĔńĭȮėĸŇĮħŇőŀȮőħĵĴňœĸĭĶŅĶňŗĪňŗ

ĴňěŜŅŏĮƦĬĬńŗĬĔŖėŊŀȮMediapipe ĞŉŗĚŏĮƦĬœĸĭĶŅĶňŗĪňŗĴňĪńŘĚȮFace Detection ŐĸŃȮFace Localization ĪňŗŒĝƟ

ŏıŊŗŀĨĶĺěěńĭŒĭľĬƟŅıĶƟŀĴŕȮĔńĭĔŅĶĔŜŅľĬħěŋħĭĶŇŏĺĦŒĭľĬƟŅȮőħĵĽŅĴŅĶĩĶŃĭŋėĺŅĴŐĴƞĬĵŜŅĕŀĚěŋħœħƟ

ĪńŗĺĪńŘĚŒĭľĬƟŅȮ468 ěŋħȮĳŅĵŒĬĚŅĬĺŇěńĵĬňŘœħƟėńħŏĸŊŀĔěŋħĪňŗŏľĴŅŃĽĴĽŜŅľĶńĭĬŜŅĴŅŒĝƟŏıŊŗŀĔŅĶĽĔńħĶŌĮĳŅı

ĶŇĴİƖĮŅĔĴňĪńŘĚľĴħȮ4 ěŋħȮħńĚĬňŘȮ57 164 200 ŐĸŃȮ287 őħĵĪńŘĚȮ4 ěŋħĪňŗŏĸŊŀĔĴŅĬńŗĬěŃĪŜŅĔŅĶĺŅħĔĶŀĭ

ĽňŗŏľĸňŗĵĴŏĮƦĬĭĶŇŏĺĦĪňŗĴňėĺŅĴŏľĴŅŃĽĴĽŅĴŅĶĩĴŀĚŏľŖĬĔŅĶŏėĸŊŗŀĬœľĺĕŀĚĶŇĴİƖĮŅĔœħƟĝńħŏěĬŒĬ

ĶŃľĺƞŅĚĪňŗįŌƟıŌħĪŜŅĔŅĶıŌħȮĶŌĮĳŅıĕŀĚĶŇĴİƖĮŅĔĪňŗœħƟĴŅĬńŘĬěŃœĴƞĔĺƟŅĚěĬĸħĶŅĵĸŃŏŀňĵħĕŀĚĶŇĴİƖĮŅĔ

ĴŅĔŏĔŇĬœĮŐĸŃœĴƞŐėĭěĬĴŀĚœĴƞŏľŖĬĔŅĶŏėĸŊŗŀĬœľĺĽƞĺĬŀŊŗĬŕȮĭĶŇŏĺĦĶŀĭŕĶŇĴİƖĮŅĔȮĨńĺŀĵƞŅĚĔŅĶŒĝƟ

œĸĭĶŅĶňŗȮMediapipe ŒĬĕńŘĬĨŀĬĕŀĚĔŅĶĽĔńħĶŌĮĳŅıĶŇĴİƖĮŅĔŐĽħĚœħƟħńĚĶŌĮĪňŗȮ3.4 

3.2.3ȮĕńŘĬĨŀĬĪňŗœħƟĴŅĞŉŗĚĕƟŀĴŌĸĶŇĴİƖĮŅĔȮ10 ŏĲĶĴĽŋħĪƟŅĵ 

ľĸńĚěŅĔĪňŗĔĶŃĭĺĬĔŅĶĕŀĚȮMediapipe ĩŌĔĬŜŅĴŅŒĝƟĚŅĬĔńĭģŅĬĕƟŀĴŌĸȮAV Digits őħĵ

ĶŅĵĸŃŏŀňĵħĕŀĚĔŅĶŏĕňĵĬőĮĶŐĔĶĴŏıŊŗŀĽĶƟŅĚĝŋħĕƟŀĴŌĸĪňŗįƞŅĬĔŅĶŏĨĶňĵĴŐĸƟĺĴňĕńŘĬĨŀĬħńĚĬňŘȮ 

ŏĶŅěŃĪŜŅĔŅĶŀƞŅĬĝŊŗŀĕŀĚőĲĸŏħŀĶƢěŅĔģŅĬĕƟŀĴŌĸȮAV Digits ĪňŗŏĶŅħŅĺĬƢőľĸħĴŅȮŏıŊŗŀĪŜŅĔŅ

ĶĺĬĸŌĮĔŅĶŏĕƟŅĩŉĚĕƟŀĴŌĸĳŅĵŒĬőħĵĕƟŀĴŌĸĳŅĵŒĬĮĶŃĔŀĭœĮħƟĺĵȮ2 œĲĸƢĪňŗĴňėĺŅĴĽŜŅėńĠĬńŗĬėŊŀȮœĲĸƢ

ĺŇħňőŀŐĸŃœĲĸƢȮtime tamp ŏĶŅěŃŀƞŅĬĕƟŀĴŌĸĪŋĔŀĵƞŅĚĴŅěŅĔœĲĸƢȮtime stamp ŐĸŃĶŌƟĝƞĺĚŏĺĸŅĪňŗįŌƟıŌħ

ıŌħĨńĺŏĸĕĨƞŅĚŕȮěŅĔĶŌĮĪňŗȮ3.3 ŏĶŅěŃœħƟȮcolumn ĪňŗĝŊŗŀȮRelative_Start_time ŐĸŃȮ

Relative_Stop_Time ėƞŅĪńŘĚĽŀĚĬňŘěŃĩŌĔŐĮĸĚěŅĔĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚĔńĭŏĺĸŅŏĮƦĬĔŅĶĶŃĭŋĝƞĺĚĶŃĵŃ

ĕŀĚŏĲĶĴėŊŀĔŅĶĬŜŅėƞŅħńĚĔĸƞŅĺœĮľŅĶħƟĺĵȮ107 ŐĸŃėŌĦħƟĺĵȮ30 ĪňŗŏĮƦĬėƞŅĕŀĚŏĲĶĴŏĶĪĕŀĚėĸŇĮĺŇħňőŀ

ŐĸŃŏĮƦĬėŀĸńĴĪňŗŐĽħĚĩŉĚĸŜŅħńĭŏĲĶĴĪňŗĴňĔŅĶŏĶŇŗĴĨƟĬĔŅĶıŌħĨńĺŏĸĕĬńŘĬŐĸŃĸŜŅħńĭŏĲĶĴĽŋħĪƟŅĵĪňŗĨńĺŏĸĕ

ĬńŘĬĩŌĔıŌħȮŐĸŃŀňĔȮ1 column ĝŊŗŀȮUtterance ŏĮƦĬėŀĸńĴĭŀĔĩŉĚĨńĺŏĸĕĪňŗĔŜŅĸńĚıŌħŒĬĕĦŃĬńŘĬőħĵŒĬȮ1 

ĨńĺŏĸĕĪňŗıŌħĴňěŜŅĬĺĬŏĲĶĴĴŅĔĴŅĵĨńŘĚŐĨƞľĸńĔĽŇĭěĬĩŉĚľĸńĔĶƟŀĵŏĲĶĴȮŏĴŊŗŀœħƟĕƟŀĴŌĸĨńĺŏĸĕĪńŘĚȮ10 ěŅĔ

œĲĸƢȮtime stamp ŐĸŃȮŏĶŅěŃŀƞŅĬĕƟŀĴŌĸěŅĔėĸŇĮĺŇħňőŀȮŐĸŃĪŜŅĔŅĶĺĬĸŌĮœĮĨŅĴĝŋħĕƟŀĴŌĸĕŀĚœĲĸƢȮ

time stamp ĪňŗŀƞŅĬĴŅĬńŗĬėŊŀȮ10 ĶŀĭȮŒĬŐĨƞĸŃĶŀĭěŃĪŜŅĔŅĶŏĝŊŗŀĴĕƟŀĴŌĸȮUtterance ĔńĭĸŜŅħńĭŏĲĶĴ

ŐĶĔĕŀĚŏĸĕĬńŘĬŐĸŃĸŜŅħńĭŏĲĶĴĽŋħĪƟŅĵĕŀĚŐĶĔĬńŘĬȮľĸńĚěŅĔĬńŘĬŏĶŅěŃĪŜŅĔŅĶŏĕňĵĬŏĲĶĴŐĶĔħƟĺĵŏĲĶĴ



  28 

ĪňŗŀĵŌƞĩńħěŅĔŏĲĶĴŐĶĔěĶŇĚŕȮœĮȮ2 ŏĲĶĴȮŐĸŃŏĲĶĴĽŋħĪƟŅĵħƟĺĵŏĲĶĴĪňŗŀĵŌƞĔƞŀĬŏĲĶĴĽŋħĪƟŅĵěĶŇĚŕȮ2 

ŏĲĶĴȮľĸńĚěŅĔĬńŘĬŏĶŅěŃŏĸŊŀĔĕƟŀĴŌĸĪňŗŀĵŌƞĶŃľĺƞŅĚĔĸŅĚħƟĺĵĔŅĶŏĸŊŀĔŏĲĶĴĪňŗĴňĔŅĶľŅĶȮ2 ĸĚĨńĺȮŐĸŃĪŜŅ

ĔŅĶĭńĬĪŉĔŏĲĶĴĪńŘĚĸĚőĲĸŏħŀĶƢĪňŗĩŌĔěńħŏĶňĵĚŐĸŃĨĶĺěĽŀĭėĺŅĴĩŌĔĨƟŀĚŐĸƟĺȮľĸńĚěŅĔĬńŘĬĔŖěŃ

ĨĶĺěĽŀĭĕƟŀĴŌĸĪńŘĚľĴħıĶƟŀĴĪńŘĚŏĸŊŀĔŀŀĔĴŅȮ10 ŏĲĶĴĽŋħĪƟŅĵěŅĔĪńŘĚľĴħȮŐĸŃĪŜŅĔŅĶŏĮĸňŗĵĬĝŊŗŀœĲĸƢ

ŒľƟĴňĔŅĶŏĶňĵĚĸŜŅħńĭĪňŗĩŌĔĨƟŀĚŏľĴŊŀĬŏħŇĴȮĳŅıĶĺĴĕŀĚĕńŘĬĨŀĬĔŅĶŏĸŊŀĔŏĲĶĴŐĽħĚœħƟħńĚȮflowchart ŒĬ

ĶŌĮĪňŗȮ3.5 
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ĶŌĮĪňŗȮ1,3 flowchart ŐĽħĚĔŅĶĪŜŅĚŅĬĕŀĚĕńŘĬĨŀĬĔŅĶŏĕňĵĬőĮĶŐĔĶĴĕŀĚĔŅĶŏĸŊŀĔŏĲĶĴ 
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ĶŌĮĪňŗȮ1,4ȮĽĩŅĮƤĨĵĔĶĶĴĕŀĚŐĭĭěŜŅĸŀĚȮCNN ŐĸŃȮLSTM ĪňŗĬŜŅŏĽĬŀŏıŊŗŀŒĝƟŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔ 
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3.3 ŐĭĭěŜŅĸŀĚȮCNN ŐĸŃȮLSTM 

ŐĭĭěŜŅĸŀĚ CNN ŐĸŃȮLSTM ĪŜŅĚŅĬĶƞĺĴĔńĬįƞŅĬĝńŘĬĪňŗĝŊŗŀĺƞŅȮtime-distributed őħĵŒĬ

ĚŅĬĺŇěńĵŏĸƞĴĬňŘĨƟŀĚĔŅĶĪňŗěŃĬŜŅŏĽĬŀĔŅĶĺŇŏėĶŅŃľƢĕŀĚĕƟŀĴŌĸĔŅĶŀƞŅĬĶŇĴİƖĮŅĔĪňŗŏĶňĵĔĺƞŅȮkeyframe őħĵ

ĴňėĺŅĴľĴŅĵĩŉĚŏĲĶĴĪňŗĴňėĺŅĴĽŜŅėńĠĨƞŀĔŅĶŏĶňĵĬĶŌƟĕŀĚŐĭĭěŜŅĸŀĚȮőħĵĔŅĶĺŇŏėĶŅŃľƢŏěŅŃěĚœĮĪňŗėňĵƢ

ŏĲĶĴħńĚĔĸƞŅĺĪňŗĴňėĺŅĴŏĔňŗĵĺĕƟŀĚĔńĭĔŅĶŏĮĸňŗĵĬŐĮĸĚĨŅĴŏĺĸŅĪňŗŏĶňĵĔĺƞŅȮTemporal ĞŉŗĚĬŜŅėĺŅĴľĴŅĵ

ĕŀĚĪńŘĚĽŀĚėŜŅĴŅĶĺĴĔńĬěŃľĴŅĵĩŉĚȮėňĵƢŏĲĶĴĪňŗĴňėĺŅĴĽŜŅėńĠĕŀĚĔŅĶŏĶňĵĬĶŌƟĕŀĚŐĭĭěŜŅĸŀĚőħĵěŃ

ŏĮĸňŗĵĬŐĮĸĚœĮĨŅĴĝƞĺĚŏĺĸŅȮħƟĺĵŏľĨŋĬňŘěŉĚĴňĔŅĶŏĸŊŀĔěŜŅĬĺĬŏĲĶĴŐĸŃĕĬŅħĕŀĚėňĵƢŏĲĶĴŒĬĔŅĶ

ĪħĸŀĚȮħńĚĬńŘĬŒĬĕńŘĬĨŀĬĕŀĚĔŅĶĬŜŅĕƟŀĴŌĸŏĕƟŅŐĭĭěŜŅĸŀĚȮĨƟŀĚĴňĔŅĶĶŃĭŋĩŉĚĕĬŅħĕŀĚėňĵƢŏĲĶĴŐĸŃ

ěŜŅĬĺĬĕŀĚėňĵƢŏĲĶĴȮőħĵĴňħńĚĬňŘȮĕĬŅħĕŀĚėňĵƢŏĲĶĴĴňĪńŘĚŐĭĭŏĨŖĴĮŅĔėŊŀȮ64×64 ıŇĔŏĞĸŐĸŃėĶŉŗĚĮŅĔĴň

ĕĬŅħŏĮƦĬȮ64×32ȮıŇĔŏĞĸŐĸŃěŜŅĬĺĬŏĲĶĴĪňŗŏĸŊŀĔėŊŀȮ3ȮŏĲĶĴȮ5 ŏĲĶĴȮŐĸŃȮ10 ŏĲĶĴȮőħĵĕƟŀĴŌĸĪńŘĚ

ĽŀĚŀĵƞŅĚěŃĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚĨńĺŏĸĕĳŅĵŒĬĕŀĚŐĭĭěŜŅĸŀĚȮįƞŅĬĝńŘĬĕŀĚȮtime-distributed 

ĨńĺŀĵƞŅĚŏĝƞĬȮĔŅĶĶńĭĕƟŀĴŌĸŏĕƟŅĴŅŐĭĭȮ/.ȮŏĲĶĴŐĸŃŏĨŖĴĮŅĔěŃŐĽħĚœħƟħńĚĶŌĮĪňŗȮ3.6 

  

ĶŌĮĪňŗȮ1,5ȮĔŅĶĪŜŅĚŅĬĕŀĚĝńŘĬȮtime-distributed 
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ěŅĔĶŌĮĪňŗȮ3.7 ěŃŐĽħĚĔŅĶĪŜŅĚŅĬĕŀĚĝńŘĬȮtime-distributed ĞŉŗĚŏĮƦĬľńĺŒěĽŜŅėńĠĕŀĚĔŅĶ

ĪŜŅĚŅĬĶƞĺĴĔńĬĶŃľĺƞŅĚȮCNN ŐĸŃȮLSTM ŏĬŊŗŀĚěŅĔĝńŘĬħńĚĔĸƞŅĺěŃěńħĔŅĶĕƟŀĴŌĸĪňŗĴňėĺŅĴŏĮƦĬĸŜŅħńĭ

ŏĔňŗĵĺŏĬŊŗŀĚĔńĭŏĺĸŅĕŉŘĬŀĵŌƞĔńĭȮtime step ĪňŗŏĸŊŀĔŒĬĔĶĦňĬňŘėŊŀȮ10 ŏĲĶĴȮĶŌĮĳŅıĕŀĚĶŇĴİƖĮŅĔĨńŘĚŐĨƞ

ŏĲĶĴĪňŗȮ1 ĩŉĚȮ10 ěŃįƞŅĬĔŅĶĮĶŃĴĺĸįĸĕŀĚŐĭĭěŜŅĸŀĚĕŀĚȮCNN ŐĭĭŀŇĽĶŃěŅĔĔńĬȮĞŉŗĚŏĮƦĬĔŅĶ

ĮĶŃĴĺĸįĸŐĭĭ CNN ĪńŗĺœĮėŊŀĶŌĮĳŅıěŃĩŌĔĬŜŅįƞŅĬĽŇŗĚĪňŗŏĶňĵĔĺƞŅȮkernel ŏıŊŗŀĽĔńħŏŀŅėŋĦĸńĔļĦŃ

ĨƞŅĚŕȮŏĝƞĬȮĳŅıĕŀĭȮŏĽƟĬŒĬŐĬĺĨńŘĚľĶŊŀŐĬĺħŇŗĚȮŏĽƟĬŒĬŐĬĺĬŀĬľĶŊŀŐĬĺĕĺŅĚȮŏĮƦĬĨƟĬȮĽŇŗĚŏľĸƞŅĬńŘĬěŃ

ĩŌĔİƗĔĽŀĬŐĸŃĬŜŅĴŅĮĶńĭėƞŅ weightȮŒĬĽƞĺĬĕŀĚĔŅĶİƗĔĽŀĬĕŀĚȮCNNȮľĸńĚěŅĔĬńŘĬěŃĴŅĶƞĺĴĔńĬŒĬĝńŘĬ

ĬĕŀĚȮtime-distributed ŏĬŊŗŀĚěŅĔıŅĶŅĴŇŏĨŀĶƢĽŋħĪƟŅĵĕŀĚŐĭĭěŜŅĸŀĚȮCNN ėŊŀȮ1024 ŏĴŊŗŀŏĕƟŅĽŌƞĝńŘĬȮ

time-distributed ěŃĴňŏŀŅĨƢıŋĨŀĵŌƞĪňŗȮ10,1024 őħĵŏŀŅĨƢıŋĨĨńŘĚŐĨƞĸŜŅħńĭĪňŗȮ1 ěŃŏĕƟŅœĮŀńıŏħĪėƞŅŒĬȮ

LSTM ĪńŘĚȮ256 Hidden State ĺĬœĮěĬėĶĭȮ10 ĶŀĭȮőħĵĔŅĶŏĶňĵĬĶŌƟĕŀĚĝńŘĬȮLSTM ŏĮƦĬĔŅĶŏĶňĵĬĶŌƟ

įƞŅĬĝŋħĕƟŀĴŌĸĪňŗœħƟěŅĔĔŅĶĽĔńħŏŀŅėŋĦĸńĔļĦŃŀŀĔĴŅŐĸƟĺĕŀĚĶŌĮĳŅıŐĸŃėƟĬľŅĽŇŗĚĪňŗĴňėĺŅĴĽńĴıńĬīƢ

ŐĸŃŏĮĸňŗĵĬŐĮĸĚœĮŒĬŐĨƞĸŃŏĲĶĴĶŌĮĳŅıĪňŗŏĕƟŅĴŅĮĶŃĴĺĸįĸȮŏıŊŗŀĽĶƟŅĚėĺŅĴĽńĴıńĬīƢĕŀĚĕƟŀĴŌĸŒĬŐĨƞ

ĸŃĸŜŅħńĭŐĸŃĪŜŅĔŅĶěŜŅŐĬĔŏĮƦĬȮ10 ĮĶŃŏĳĪĕŀĚĝŋħĕƟŀĴŌĸĨńĺŏĸĕŒĬĳŅļŅŀńĚĔķļĨƞŀœĮ 
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ĭĪĪňŗ 4  

įĸĔŅĶĪħĸŀĚĕŀĚĚŅĬĺŇěńĵ 

ĔŅĶĪħĸŀĚėĶńŘĚĬňŘœħƟŏĕňĵĬŒĬĶŌĮŐĭĭĕŀĚőĮĶŐĔĶĴĳŅļŅȮPython ĞŉŗĚĴňėĺŅĴĽŅĴŅĶĩĪňŗőħħŏħƞĬ

ĕŀĚħƟŅĬĕŀĚĔŅĶĮĶŃĴĺĸȮAI ŐĸŃœħƟŒĝƟĭĶŇĔŅĶȮCloud Computing ěŅĔȮGoogle ĪňŗĝŊŗŀȮGoogle 

Collaboratory őħĵĴňĔŅĶĽĴńėĶĔŅĶŒĝƟĭĶŇĔŅĶȮCollab Pro ĞŉŗĚĽŅĴŅĶĩŏĕƟŅĩŉĚĔŅĶŒĝƟĮĶŃĽŇĪīŇĳŅıĕŀĚȮ

GPU A/..ȮĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĔĺƞŅėŀĴıŇĺŏĨŀĶƢĪňŗŒĝƟŒĬŏĝŇĚıŅĦŇĝĵƢŒĬĮƤěěŋĭńĬ 

2,/ȮĝŋħĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚ 

4.1.1 ĝŋħĕƟŀĴŌĸěŅĔĶŌĮĳŅıĨŅĴŐĭĭĨƟĬĜĭńĭĪňŗĨńħėĶŀĭĴŅ 

 ŒĬĔŅĶĪħĸŀĚĽĶƟŅĚŐĭĭěŜŅĸŀĚŒĬĔŅĶŀƞŅĬĶŇĴİƖĮŅĔŒĬĚŅĬĺŇěńĵĬňŘŒĝƟģŅĬĕƟŀĴŌĸĪňŗĝŊŗŀĺƞŅȮAVDIgit 

ĴňįŌƟŏĕƟŅĶƞĺĴĔŅĶĪħĸŀĚĪńŘĚľĴħȮ31ȮėĬȮőħĵŐĭƞĚĔŅĶĪħĸŀĚŀŀĔĴŅŏĮƦĬȮ0ȮĔĸŋƞĴľĸńĔĬńŗĬėŊŀȮĔŅĶĪħĸŀĚ

ĔńĭĶŌĮĳŅıŐĭĭŏĨŖĴĮŅĔĴňĕĬŅħĕŀĚĶŌĮĳŅıŀĵŌƞĪňŗȮ42x42ȮıŇĔŏĞĸŐĸŃĔŅĶĪħĸŀĚĔńĭĶŌĮĳŅıŐĭĭėĶŉŗĚ

ĮŅĔĴňĕĬŅħňĶŌĮĳŅıŀĵŌƞĪňŗȮ42x10ȮıŇĔŏĞĸȮĝŋħĕƟŀĴŌĸĪńŘĚȮ0ȮĔĸŋƞĴĬňŘŏĮƦĬĝŋħĕƟŀĴŌĸŏħňĵĺĔńĬŐĨĔĨƞŅĚĔńĬĪňŗ

ĕĬŅħĕŀĚĶŌĮĳŅıĞŉŗĚĽƞĚįĸőħĵĨĶĚĨƞŀĔŅĶŏĶňĵĬĶŌƟĕŀĚŐĭĭěŜŅĸŀĚĪňŗĕĬŅħĕŀĚĶŌĮĳŅıŀŇĬıŋĨľŅĵœĮ

ėĶŉŗĚľĬŉŗĚįĸĸńıīƢĪňŗœħƟěŅĔŐĭĭěŜŅĸŀĚĴňėĺŅĴŐĨĔĨƞŅĚĔńĬĴŅĔĬƟŀĵŏıňĵĚŒħȮŐĨƞĸŜŅħńĭĔŅĶŏĶňĵĚĕŀĚŏĲĶĴ

ŏľĴŊŀĬŏħŇĴĪŋĔĮĶŃĔŅĶȮőħĵĝŋħĕƟŀĴŌĸĮĶŃĔŀĭħƟĺĵȮ/.ȮėĸŅĽĪňŗŏĮƦĬĨńĺŏĸĕĳŅļŅŀńĚĔķļȮ.ȮůȮ7ȮěŜŅĬĺĬ

ĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶİƗĔĽŀĬĪńŘĚľĴħŀĵŌƞĪňŗȮ0/0.ȮĨńĺŀĵƞŅĚŐĭƞĚŏĮƦĬėĸŅĽĸŃȮ0/0ȮĨńĺŀĵƞŅĚȮŐĸŃĕƟŀĴŌĸ

ĽŜŅľĶńĭĔŅĶĪħĽŀĭŀĵŌƞĪňŗȮ31.ȮĨńĺŀĵƞŅĚŐĭƞĚŏĮƦĬėĸŅĽĸŃȮ31ȮĨńĺŀĵƞŅĚȮĨńĺŀĵƞŅĚĕŀĚĝŋħĕƟŀĴŌĸŒĬŐĨƞĸŃ

ėĸŅĽľĸńĚěŅĔĪňŗįƞŅĬĕńŘĬĨŀĬĔŅĶŏĨĶňĵĴĕƟŀĴŌĸŐĸƟĺĽŅĴŅĶĩŐĽħĚœħƟħńĚĶŌĮĪňŗȮ2,/ȮĩŉĚȮ2,/.ȮěŅĔĝŋħĕƟŀĴŌĸ

ĨńĺŀĵƞŅĚħńĚĔĸƞŅĺěŃĽńĚŏĔĨŏľŖĬœħƟĺƞŅȮĨƞŀŒľƟĕƟŀĴŌĸĬńŘĬĴŅěŅĔįŌƟıŌħėĬŏħňĵĺĔńĬȮŐĨƞėĺŅĴĔĺƟŅĚĕŀĚĶŌĮĮŅĔ

ľĶŊŀĸńĔļĦŃĕŀĚĶŇĴİƖĮŅĔŒĬĔŅĶıŌħŏĸĕĬńŘĬœĴƞĴňėĺŅĴŏľĴŊŀĬĔńĬŐĨƞŀĵƞŅĚŒħȮŐĸŃĶĺĴœĮĩŉĚĔŅĶıŌħĕŀĚ

įŌƟŏĕƟŅĶƞĺĴĔŅĶĪħĸŀĚĴňŀŋĮĬŇĽńĵĕŀĚĔŅĶıŌħĪňŗœĴƞėƞŀĵĕĵńĭĶŇĴİƖĮŅĔľĶŊŀœĴƞĔŅĶĕĵńĭĪňŗĬƟŀĵĔŖĨŅĴȮĽŇŗĚŏľĸƞŅĬňŘ

ėŊŀėĺŅĴĪƟŅĪŅĵŒĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĪňŗœħƟĔĸƞŅĺœĮĕƟŅĚĨƟĬ 
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ĶŌĮĪňŗȮ2,/ȮĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕĻŌĬĵƢĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ1 ů 5 

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 
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ĶŌĮĪňŗȮ2,0ȮĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕľĬŉŗĚĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ/ȮůȮ3Ȯ

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ4ȮůȮ/. 
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ĶŌĮĪňŗȮ2,1ȮĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕĽŀĚĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ/ȮůȮ3Ȯ

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ4ȮůȮ/. 



  37 

  

ĶŌĮĪňŗȮ2,2ȮĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕĽŅĴĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗ 1 ů 5 

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 
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ĶŌĮĪňŗȮ2,3 ĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕĽňŗĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗ 1 ů 5 

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 



  39 

 

  

ĶŌĮĪňŗȮ2,4 ĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕľƟŅĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ1 ů 5 

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 
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ĶŌĮĪňŗȮ2,5 ĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕľĔĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ1 ů 5 

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 
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ĶŌĮĪňŗȮ2,6 ĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕŏěŖħĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ1 ů 5 

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 
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ĶŌĮĪňŗȮ2,7 ĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕŐĮħĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ1 ů 5 

ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 
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ĶŌĮĪňŗȮ2,/. ĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĕŀĚĔŅĶıŌħŏĸĕŏĔƟŅĪńŘĚĽŇĭŏĲĶĴŐĩĺĭĬĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ1 ů 

5 ŐĩĺĸƞŅĚĞƟŅĵœĮĕĺŅŏĶňĵĚĸŜŅħńĭŏĲĶĴĪňŗȮ6 ů 10 
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4.1.2 ĝŋħĕƟŀĴŌĸěŅĔĶŌĮĳŅıŐĭĭŏĽƟĬĶŀĭĶŇĴİƖĮŅĔ 

 ĝŋħĕƟŀĴŌĸěŅĔĶŌĮĳŅıŐĭĭŏĽƟĬĶŀĭĶŇĴİƖĮŅĔŏĮƦĬĝŋħĕƟŀĴŌĸĪňŗĬŜŅĴŅħńħŐĮĸĚĸńĔļĦŃĪňŗĮĶŅĔĢ

ĳŅĵŒĬĶŌĮĳŅıőħĵĔŅĶŒĝƟěŋħěŅĔœĸĭĶŅĶňŗȮMediapipe ĔƞŀĬľĬƟŅĬňŘőħĵĔŅĶŏıŇŗĴěŜŅĬĺĬěŋħĪňŗĨńħĭĶŇŏĺĦ

őħĵĶŀĭĶŇĴİƖĮŅĔŏĕƟŅœĮĪńŘĚľĴħȮ40 ěŋħȮŐĭƞĚŀŀĔŏĮƦĬĶŇĴİƖĮŅĔħƟŅĬĬŀĔĪňŗĭŀĔĩŉĚĶŃĵŃĕŀĭĕŀĚĶŇĴ

İƖĮŅĔ 20 ěŋħŐĸŃĶŇĴİƖĮŅĔħƟŅĬŒĬĪňŗĭŀĔĩŉĚėĺŅĴĔĺƟŅĚĕŀĚĔŅĶĕĵńĭŏıŊŗŀıŌħĕŀĚĶŇĴİƖĮŅĔŀňĔ 20 ěŋħȮ

ĶŅĵĸŃŏŀňĵħĕŀĚĨŜŅŐľĬƞĚĕŀĚěŋħĪňŗŏĸŊŀĔĪńŘĚľĴħĴňħńĚĬňŘȮ[185, 40, 39, 37, 0, 267, 269, 270, 409, 

291, 375, 321, 405, 314, 17, 84 181, 91, 146, 61] ĽŜŅľĶńĭĶŇĴİƖĮŅĔħƟŅĬĬŀĔŐĸŃȮY56, /7/, 6., 

6/ , 60, /1, 1/0, 1//, 1/., 2/3, 1.6, 102 , 1/6, 2.0, 1/5, /2, 65, /56, 66, 73[ȮĽŜŅľĶńĭĶŇĴ

İƖĮŅĔħƟŅĬŒĬȮěŋħŐĸŃĨŜŅŐľĬƞĚĪňŗŒĝƟĨńħĭĶŇŏĺĦĶŇĴİƖĮŅĔŐĽħĚœħƟħńĚĶŌĮĪňŗȮ4.11ȮĪńŘĚĬňŘŏıŊŗŀĔŅĶĻŉĔļŅĔŅĶ

ĪŜŅĚŅĬĕŀĚĔŅĶŏĶňĵĬĶŌƟŐĭĭěŜŅĸŀĚȮCNN ŐĸŃȮLSTM įƞŅĬĶŌĮĳŅıĪňŗħńħŐĮĸĚŒľƟŏľĸŊŀŐėƞėŋĦĸńĔļĦŃ

ĕŀĚŏĽƟĬĶŀĭŕȮĶŇĴİƖĮŅĔĺƞŅȮĴňĮĶŃĽŇĪīŇĳŅıĴŅĔıŀĨƞŀĔŅĶŏĶňĵĬĶŌƟĕŀĚŐĭĭěŜŅĸŀĚľĶŊŀœĴƞȮŐĨƞŏĬŊŀĚěŅĔ

ĶŌĮĳŅıĪňŗœħƟŏĮƦĬĔŅĶĬŜŅěŋħĨƞŅĚŕȮĴŅĺŅĚŒĬĸńĔļĦŃŏħňĵĺĔńĬŐĸƟĺĸŅĔŏĽƟĬŏĝŊŗŀĴŒľĴƞȮĞŉŗĚľĴŅĵĩŉĚŏĮƦĬĔŅĶ

ĺŅħĕŉŘĬŒľĴƞĪňŗĪŜŅŒľƟĶŌĮĪňŗœħƟĴňĕĬŅħĪňŗŏĮĸňŗĵĬŐĮĸĚĕŉŘĬŀĵŌƞĔńĭĔŅĶĕĵńĭĕŀĚĶŇĴİƖĮŅĔőħĵĪňŗěŋħĻŌĬĵƢĔĸŅĚĕŀĚ

ĶŌĮœĴƞŏĮĸňŗĵĬŐĮĸĚœĮȮŏıŊŗŀŏĬƟĬœĮĪňŗĔŅĶĻŉĔļŅŏĶŊŗŀĚĕŀĚĔŅĶĕĵńĭŐĸŃĔŅĶŏĮĸňŗĵĬŐĮĸĚœĮĕŀĚĶŇĴİƖĮŅĔŒĬ

ŐĨƞĸŃŏĲĶĴĪňŗĴňĔŅĶŀŀĔŏĽňĵĚȮőħĵĶŌĮĳŅıħńĚĔĸƞŅĺĽŅĴŅĶĩŐĽħĚœħƟħńĚĶŌĮĪňŗȮ4.12 

ĶŌĮĪňŗȮ2,//ĶŌĮĳŅıŐĽħĚěŋħŐĸŃĨŜŅŐľĬƞĚĪňŗŒĝƟŒĬĔŅĶĨńħĭĶŇŏĺĦĶŀĭĶŇĴİƖĮŅĔȮĶŌĮħƟŅĬĞƟŅĵŐĽħĚ

ĳŅıĶĺĴĕŀĚěŋħĨƞŅĚŕȮĶŌĮħƟŅĬĕĺŅŐĽħĚĳŅıĶĺĴĕŀĚěŋħĪňŗŒĝƟĨńħŏĜıŅŃĭĶŇŏĺĦĶŇĴİƖĮŅĔ 
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ĶŌĮĪňŗȮ2,/0 ĶŌĮĳŅıŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭŏĲĶĴĨƞŀŏĲĶĴĕŀĚĔŅĶıŌħŏĸĕĽňŗĶŃľĺƞŅĚĝŋħĕƟŀĴŌĸĶŇĴİƖĮŅĔ

ŐĭĭĨƟĬĜĭńĭĔńĭĝŋħĕƟŀĴŌĸĶŌĮĳŅıĶŇĴİƖĮŅĔŐĭĭŏĽƟĬĶŀĭĶŇĴİƖĮŅĔ 
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4.1.3 ĝŋħĕƟŀĴŌĸěŅĔĶŌĮĳŅıŐĭĭĴňĽňŏĜıŅŃĭĶŇŏĺĦĪňŗŏĮƦĬĶŇĴİƖĮŅĔ 

ĝŋħĕƟŀĴŌĸĶŌĮĳŅıĬňŘœħƟĴŅěŅĔĝŋħĕƟŀĴŌĸĨƟĬĜĭńĭĪňŗĬŜŅĴŅħńħŐĮĸĚŒĽƞĽňŏĜıŅŃĭĶŇŏĺĦĪňŗĴňĶŇĴİƖĮŅĔ

ŏĪƞŅĬńŘĬȮĺŇīňĔŅĶĪňŗœħƟĴŅŐĨĔĨƞŅĚěŅĔĝŋħĕƟŀĴŌĸĶŌĮĳŅıŐĭĭŏĽƟĬĶŀĭĶŇĴİƖĮŅĔȮŏĬŊŗŀĚěŅĔĝŋħĕƟŀĴŌĸĬňŘŏĮƦĬ

ĔŅĶŒĝƟĺŇīňĪňŗŏĸŊŀĔĺƞŅȮMask ĞŉŗĚŏĮƦĬľĬƟŅĔŅĔĽŜŅľĶńĭėńħĔĶŀĚĽňȮőħĵŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭĔńĭĶŌĮŐĭĭĨƟĬĜĭńĭ

ŐĸƟĺıĭĺƞŅĶŃĵŃėĺŅĴĔĺƟŅĚėĺŅĴĵŅĺĕŀĚĶŌĮĳŅıȮœĴƞĴňėĺŅĴŏĮĸňŗĵĬŐĮĸĚȮĔŅĶŒĽƞĽňŏĜıŅŃĭĶŇŏĺĦĪňŗŏĮƦĬ

ĶŇĴİƖĮŅĔŏĪƞŅĬńŘĬŏĮƦĬĔŅĶŏĬƟĬĔŅĶĻŉĔļŅœĮĪňŗĔŅĶŒľƟėĺŅĴĽŜŅėńĠĔńĭĭĶŇŏĺĦĪňŗŏĮƦĬĶŇĴİƖĮŅĔěĶŇĚŕȮőħĵ

ŀĚėƢĮĶŃĔŀĭĶŀĭŕȮĬŀĔĪňŗħĺĚĨŅěĶŇĚŕȮěŃĽŅĴŅĶĩĴŀĚŏľŖĬěŃĩŌĔĨńħŀŀĔȮŏıŊŗŀŏĬƟĬĵŜŅŀňĔėĶńŘĚĺƞŅŏĜıŅŃ

ĭĶŇŏĺĦĪňŗŏĮƦĬĶŇĴİƖĮŅĔěĶŇĚŕȮĽƞĚįĸŀĵƞŅĚœĶĔńĭĔŅĶŏĶňĵĬĶŌƟĕŀĚŐĭĭěŜŅĸŀĚȮőħĵĝŋħĕƟŀĴŌĸĶŌĮĳŅıŐĭĭâöĽň

ŏĜıŅŃĭĶŇŏĺĦĪňŗŏĮƦĬĶŇĴİƖĮŅĔŐĽħĚœħƟħńĚĶŌĮ 4.13  
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ĶŌĮĪňŗȮ2,/1 ĶŌĮĳŅıŐĽħĚĔŅĶŏĮĶňĵĭŏĪňĵĭŏĲĶĴĨƞŀŏĲĶĴĕŀĚĔŅĶıŌħŏĸĕĻŌĬĵƢĶŃľĺƞŅĚĝŋħĕƟŀĴŌĸĶŇĴİƖĮŅĔ

ŐĭĭĨƟĬĜĭńĭĔńĭĝŋħĕƟŀĴŌĸĶŌĮĳŅıĶŇĴİƖĮŅĔŐĭĭĴňĽňŏĜıŅŃĭĶŇŏĺĦĪňŗŏĮƦĬĶŇĴİƖĮŅĔ 
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4.2 ĔŅĶĪħĸŀĚľŅŐĭĭěŜŅĸŀĚĪňŗħňĪňŗĽŋħěŅĔĔŅĶŏĸŊŀĔȮ3 ŏĲĶĴ 

 ŒĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĕŀĚĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮĽŇŗĚĪňŗĽŜŅėńĠŐĸŃěŜŅŏĮƦĬĪňŗěŃĨƟŀĚĔŜŅľĬħŏıŊŗŀŒĝƟŒĬ

ĔŅĶėŜŅĬĺĦĔŅĶĮĶńĭėƞŅĬŜŘŅľĬńĔĕŀĚıŅĶŅĴŇŏĨŀĶƢŏıŊŗŀŒľƟőĴŏħĸŏĔŇħĔŅĶŏĶňĵĬĶŌƟĬńŗĬėŊŀĔŅĶŏĸŊŀĔĲƤĚĔƢĝńĬ

ĕŀĚȮoptimizer ŐĸŃȮloss ĨńĺŏĸŊŀĔĪňŗħňĪňŗĽŋħěŃĝƞĺĵŒľƟŐĭĭěŜŅĸŀĚŐĽħĚĮĶŃĽŇĪīŇĳŅıŀŀĔĴŅœħƟĴŅĔ

ĪňŗĽŋħŏĝƞĬĔńĬȮőħĵŒĬŐĨƞĸŃĚŅĬœĴƞĴňėĺŅĴĨŅĵĨńĺĺƞŅĲƤĚĔƢĝńĬœľĬŏľĴŅŃĔńĭĚŅĬĮĶŃŏĳĪœľĬȮħńĚĬńŘĬŐĸƟĺȮ

ĔŅĶŏĸŊŀĔȮoptimizer ŐĸŃȮloss ĕŉŘĬŀĵŌƞĔńĭĚŅĬŐĸŃŒĬĕĦŃŏħňĵĺĔńĬĔŖĕŉŘĬŀĵŌƞĔńĭŐĭĭěŜŅĸŀĚĪňŗŒĝƟȮŒĬ

ĭŅĚėĶńŘĚěŜŅŏĮƦĬĨƟŀĚĪħĸŀĚŏĸŊŀĔĨńĺŏĸŊŀĔľĸŅĵŕȮĨńĺȮŏıŊŗŀľŅėƞŅĪňŗħňĪňŗĽŋħĽŜŅľĶńĭĚŅĬĬńŘĬŕȮŒĬĔŅĶĪħĸŀĚ

ĕŀĚĚŅĬĺŇěńĵŏĸƞĴĬňŘœħƟĔŜŅľĬħȮoptimizer ĽŜŅľĶńĭĔŅĶľŅėƞŅĪňŗħňĪňŗĽŋħħńĚĬňŘȮAdadelta Adagrad Adam 

Adamax FTRL Nadam RMSprop ŐĸŃȮSGDȮıĶƟŀĴĔńĬĬňŘœħƟĴňĔŅĶĔŜŅľĬħȮloss ŒĬĔŅĶľŅėƞŅĪňŗħňĪňŗĽŋħ

ħńĚĬňŘȮBinaryCrossentropyȮCategoricalCrossentropyȮCategoricalHingeȮMeanAbsoluteErrorȮ

MeanSquaredErrorȮŐĸŃȮSparseCategoricalCrossentropyȮŒĬĔŅĶĪħĸŀĚĬňŘŒĝƟĕƟŀĴŌĸěŅĔĝŋħ

ĕƟŀĴŌĸĨƟĬĜĭńĭőħĵĴňĔŅĶŒĝƟĕƟŀĴŌĸĪńŘĚľĴħĽŜŅľĶńĭĔŅĶȮtrain őħĵĴňĔŅĶŐĭƞĚȮ80% ĽŜŅľĶńĭȮtrain 

process ŐĸŃȮ20%ȮĽŜŅľĶńĭȮvalidation process ĞŉŗĚĔŜŅľĬħěŜŅĬĺĬŏĲĶĴĪńŘĚľĴħĪňŗŒĝƟľŅėƞŅħńĚ

ĔĸƞŅĺėŊŀȮ3 ŏĲĶĴŐĭĭŏĨŖĴĮŅĔŏıŊŗŀėĺŅĴŏĶŖĺĕŀĚĔŅĶĪħĸŀĚȮŏĲĶĴĪňŗŒĝƟėŊŀȮ2 5 ŐĸŃȮ8 őħĵĴňĔŅĶĮĶńĭ

ėƞŅŒĬěŜŅĬĺĬĝńŘĬĕŀĚȮCNN ŐĸŃ LSTM ĶƞĺĴħƟĺĵőħĵĪňŗőĮĶŐĔĶĴĽŜŅľĶńĭŒĝƟĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴĪňŗŒĝƟŒĬ

ĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚŒĬĔŅĶĪħĽŀĭŐĽħĚœħƟħńĚĶŌĮĪňŗ 4.14ȮěŅĔĶŌĮėƞŅŒĬŐĨƞĸŃĝńŘĬěŃŏĮĸňŗĵĬĨŅĴĨńĺŐĮĶȮ

cnnlayer1 cnnlayer2 cnnlayer3 ŐĸŃȮlstmlayerȮįĸĸńıīƢĪňŗěŃĬŜŅĴŅŐĽħĚĨƞŀœĮĬňŘȮŏĮƦĬįĸĸńıīƢĪňŗ

ŏĔŇħŏĮƦĬĶŌĮĶƞŅĚŐĸŃĴňĮĶŃĽŇĪīŇĳŅıĪňŗħňěŅĔĔŅĶŏĸŊŀĔĨńĺŏĸŊŀĔĬńŘĬŕȮįĸĸńıīƢĪňŗœĴƞĪŜŅŒľƟŐĭĭěŜŅĸŀĚŏĔŇħĔŅĶ

ŏĶňĵĬĶŌƟěŃœĴƞĬŜŅĴŅŐĽħĚ 

 

ĶŌĮĪňŗȮ2,/2 ŐĽħĚĨńĺŀĵƞŅĚőĮĶŐĔĶĴĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚ 
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ĶŌĮĪňŗȮ2,/3 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical Hinge őħĵĴň CNNȮ2ȮĝńŘĬȮĪňŗĔŜŅľĬħ

ĝńŘĬŐĶĔŏĮƦĬȮ64 

4.2.1 Optimizer Adagrad ŐĸŃȮLoss Categorical Hinge 2 ŏĸŏĵŀĶƢ 

 ľĸńĚěŅĔĔŅĶĪħĸŀĚħńĚĔĸƞŅĺįĸĸńıīƢĨńĺľĬŉŗĚĪňŗĽŅĴŅĶĩĪŜŅŒľƟŐĭĭěŜŅĸŀĚŏĔŇħĔŅĶŏĶňĵĬĶŌƟœħƟėŊŀȮ

ĔŅĶŏĸŊŀĔȮoptimizer ŏĮƦĬȮAdagrad ěńĭėŌƞĔńĭȮloss ŏĮƦĬȮCategoricalHinge őħĵŒĬĝƞĺĚŐĶĔ

ĔŜŅľĬħŒľƟĴňĔŅĶŏĶňĵĔĔŅĶĮĶŃĴĺĸįĸĪňŗĝńŘĬĕŀĚȮCNN 2 ĝńŘĬȮŐĸŃĴňĔŅĶĔŜŅľĬħŏĸŊŀĔȮkernelȮĨńŘĚŐĨƞȮ64 

128 ŐĸŃȮ256 ĶĺĴĩŉĚĔŅĶĮĶńĭĨńŘĚėƞŅĕŀĚȮLSTM ĪňŗĴň Units ĪńŘĚȮ64 128 ŐĸŃȮ256 ħƟĺĵŏĝƞĬĔńĬȮĔŅĶěńħ

ĔĸŋƞĴĕŀĚĶŌĮĳŅıĪňŗĬŜŅŏĽĬŀěŃŏĶňĵĚěŅĔĔŅĶĔŜŅľĬħĪňŗĝńŘĬȮCNN ĝńŘĬŐĶĔȮőħĵĔĶŅĲĕŀĚĔŅĶŏĶňĵĬĶŌƟĕŀĚ

ŐĭĭěŜŅĸŀĚŐĽħĚœħƟħńĚĶŌĮȮ4.15 ů 4.18 
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ĶŌĮĪňŗȮ2,/4 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical Hinge őħĵĴň CNNȮ2ȮĝńŘĬȮĪňŗĔŜŅľĬħ

ĝńŘĬŐĶĔŏĮƦĬȮ128 
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ĶŌĮĪňŗȮ2,/5 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical Hinge őħĵĴň CNNȮ2ȮĝńŘĬȮĪňŗĔŜŅľĬħ

ĝńŘĬŐĶĔŏĮƦĬȮ256ȮĝŋħĪňŗȮ1 
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ĶŌĮĪňŗȮ2,/6 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss CategoricalHinge őħĵĴň CNNȮ2ȮĝńŘĬȮĪňŗĔŜŅľĬħ

ĝńŘĬŐĶĔŏĮƦĬȮ256ȮĝŋħĪňŗȮ2 

 

 

 

 

 

 

 

4.2.2 Optimizer Adagrad ŐĸŃȮLoss Binary Cross-Entropy 2 ŏĸŏĵŀĶƢ 

 ľĸńĚěŅĔĔŅĶĪħĸŀĚħńĚĔĸƞŅĺįĸĸńıīƢŀňĔĨńĺľĬŉŗĚĪňŗĽŅĴŅĶĩĪŜŅŒľƟŐĭĭěŜŅĸŀĚŏĔŇħĔŅĶŏĶňĵĬĶŌƟœħƟ

ėŊŀȮĔŅĶŏĸŊŀĔȮoptimizer ŏĮƦĬȮAdagrad ěńĭėŌƞĔńĭȮloss ŏĮƦĬ Binary Cross-Entropy ŏĝƞĬŏħňĵĺĔńĬŒĬ

ĔŅĶĨńŘĚėƞŅĨńĺŐĮĶĨƞŅĚŕȮőħĵĴňĔŅĶŏĶňĵĔĔŅĶĮĶŃĴĺĸįĸĪňŗĝńŘĬĕŀĚȮCNN 2 ĝńŘĬȮŐĸŃĴňĔŅĶĔŜŅľĬħŏĸŊŀĔȮ

kernelȮĨńŘĚŐĨƞȮ64 128 ŐĸŃȮ256 ĶĺĴĩŉĚĔŅĶĮĶńĭĨńŘĚėƞŅĕŀĚȮLSTM ĪňŗĴň Units ĪńŘĚȮ64 128 ŐĸŃȮ256 

ħƟĺĵŏĝƞĬĔńĬȮŐĸŃŏĴŊŗŀŏĮĶňĵĭŏĪňĵĭįĸĸńıīƢĪňŗĴŀĚœħƟħƟĺĵĨŅŏĮĸƞŅěŃŏľŖĬĺƞŅȮĔĶŅĲĔŅĶŏĶňĵĬĶŌƟĕŀĚ

ŐĭĭěŜŅĸŀĚĪňŗĬŜŅŏĽĬŀħƟĺĵĔŅĶŏĸŊŀĔ CNN 2 ĝńŘĬȮĔŅĶŏĸŊŀĔȮLoss Binary Cross-EntropyȮĽŅĴŅĶĩŒľƟ

įĸĸńıīƢœħƟħňĔĺƞŅȮŐĴƟĺƞŅěŃĴňĔĶŅĲĪňŗŐĽħĚĔŅĶŏĶňĵĬĶŌƟœħƟĬƟŀĵĔĺƞŅȮőħĵĔĶŅĲĕŀĚĔŅĶŏĶňĵĬĶŌƟĕŀĚ

ŐĭĭěŜŅĸŀĚŐĽħĚœħƟħńĚĶŌĮȮ4.19 ů 4.21 
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ĶŌĮĪňŗȮ2,/7 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Binary Cross-EntropyȮőħĵĴňȮCNN 2 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ64 

 

ĶŌĮĪňŗȮ2,0. ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Binary Cross-EntropyȮőħĵĴňȮCNN 2 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ128 

ĶŌĮĪňŗȮ2,0/ ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Binary Cross-EntropyȮőħĵĴňȮCNN 2 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ256 
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2,0,3ȮOptimizer Adagrad ŐĸŃȮLoss Categorical Hinge 3ȮŏĸŏĵŀĶƢ 

 ľĸńĚěŅĔĮĶńĭěŜŅĬĺĬĝńŘĬĕŀĚ CNN ĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚŏĮƦĬȮ2 ĝńŘĬŐĸƟĺȮĨƞŀœĮŏĮƦĬĮĶńĭĔŅĶĨńŘĚėƞŅ

ĕŀĚěŜŅĬĺĬĝńŘĬĕŀĚȮCNN ŏĮƦĬ 3 ĝńŘĬȮŏıŊŗŀĽńĚŏĔĨĔŅĶĦƢŏĮĸňŗĵĬŐĮĸĚĔĶŅĲĕŀĚĔŅĶŏĶňĵĬĶŌƟĕŀĚ

ŐĭĭěŜŅĸŀĚȮŒĬĪŅĚĪķļġňŐĸƟĺĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĝńŘĬ CNN ěŃĽƞĚįĸŒľƟŐĭĭěŜŅĸŀĚĴňėĺŅĴĞńĭĞƟŀĬĴŅĔĕŉŘĬ

ŐĨƞěŃĴňėĺŅĴŏĶŖĺĪňŗĬƟŀĵĸĚȮŒĬĚŅĬĪňŗĨƟŀĚĔŅĶėĺŅĴĞńĭĞƟŀĬĴŅĔĕŉŘĬȮĔŅĶŏıŇŗĴĕŉŘĬĕŀĚĝńŘĬȮCNN ŀŅěĽƞĚįĸħň

ĨƞŀŐĭĭěŜŅĸŀĚŐĸŃŒľƟĮĶŃĽŇĪīŇĳŅıĔŅĶĶŌƟěŜŅĪňŗħňĕŉŘĬȮħńĚĬńŘĬŐĸƟĺĔŅĶĨńŘĚėƞŅěŃŏĮƦĬœĮĨŅĴĔŅĶĪħĸŀĚĔƞŀĬ

ľĬƟŅȮŏıňĵĚŐĨƞŏıŇŗĴĝńŘĬĽƞĺĬĔŅĶĮĶŃĴĺĸįĸĕŀĚ CNNȮŀňĔ 1 ĝńŘĬȮĶƞĺĴĔńĭĔŅĶĮĶńĭŏĮĸňŗĵĬėƞŅĕŀĚȮLSTM 

ĨŅĴĸŜŅħńĭȮĞŉŗĚĔŅĶěńĭėŌƞȮOptimizer ŏĮƦĬ Adagrad ŐĸŃ LossȮŏĮƦĬȮCategorical HingeȮĵńĚėĚĽƞĚįĸ

ŒľƟŐĭĭěŜŅĸŀĚŏĔŇħĔŅĶŏĶňĵĬĶŌƟœħƟȮőħĵĔĶŅĲĔŅĶŏĶňĵĬĶŌƟĕŀĚŐĭĭěŜŅĸŀĚŐĽħĚœħƟħńĚĶŌĮĪňŗȮ4.22 ů 4.27 
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  ĶŌĮĪňŗȮ2,00 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical HingeȮőħĵĴňȮCNN 3 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ64 ĝŋħĪňŗȮ1 
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ĶŌĮĪňŗȮ2,01 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical HingeȮőħĵĴňȮCNN 3 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ64 ĝŋħĪňŗȮ2 

ĶŌĮĪňŗȮ2,02 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical HingeȮőħĵĴňȮCNN 3 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ128 ĝŋħĪňŗȮ1 
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  ĶŌĮĪňŗȮ2,03 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical HingeȮőħĵĴňȮCNN 3 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ128 ĝŋħĪňŗȮ2 
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ĶŌĮĪňŗȮ2,04 ĔŅĶěńĭėŌƞȮoptimizer Adagrad ŐĸŃȮLoss Categorical HingeȮőħĵĴňȮCNN 3 ĝńŘĬȮĪňŗ

ĔŜŅľĬħĝńŘĬŐĶĔŏĮƦĬȮ256 ĝŋħĪňŗȮ1 


