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MISS Pitikan KUNTITAN : Framework of Information Storage and Retrieval of 
The Motifs on the Center of Sukhothai Ceramics Thesis advisor : Assistant Professor 
orawan chaowalit, Ph.D. 

The motifs on the center of Sukhothai ceramics are essential elements for 
determining the age of the ceramics. Sukhothai ceramics in each kiln were made with 
different pattern production techniques, and thus one specific pattern appears only in 
a particular kiln. Thus, archaeologists can determine which ceramic was produced from 
which particular kiln site by investigating its motif. Motif identification requires a well-
experienced expert to identify the tracery of the pattern on the center of a ceramic. 
Thus, identifying such archaeological evidence is complex even for general 
archaeologists. The aim of this research was to study the use of deep convolutional 
neural networks for classifying twenty-four motif patterns on the center of Sukhothai 
ceramics for example Thai traditional house pattern, Chrysanthemum pattern, Fish 
pattern, Conch shell, Tibetan Buddhist Vajra, and Puffer fish. The researcher has 
developed a new dataset titled "Silpa Collection of the Motifs on the Center of 
Sukhothai Ceramics Dataset" (SILPA CMC Sukhothai Ceramics Dataset). The dataset 
specifically gathers motifs located at the center of Sukhothai ceramics produced by 
rfcȮQsifmrf_gȮigjlȮepmsnȮ_lbȮrfcȮQpgȮQ_raf_l_j_gȮigjlȮepmsn,ȮC_afȮacp_kgaŲqȮkmrgdȮu_qȮ
labeled by Thai ceramic experts, with a total of 1,877 images. All motif groups can be 
further classified into sub-classes, totaling 82 sub-classes. This is because there are 
motifs with the same name but different characteristics. However, due to differences 
in data distribution, they are divided into 2 groups. The first group consists of classes 
with more than 1 image per class (SILPA CMC_dataset1), comprising 32 sub-classes with 
a total of 1,827 images. These are intended for building deep learning models and 
evaluating the performance of motif classification on Sukhothai ceramic center motifs. 
This evaluation compares learning methods using 6 pre-trained CNN models: 
DenseNet121, DenseNet169, InceptionV3, VGG16, VGG19, and ResNet50. The result 
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shows that DenseNet169 performs the best, with an accuracy of 93.44%. For the 
second group, which consists of 1 image per class (SILPA CMC_dataset2), there are 50 
classes with a total of 50 images. These were utilized with a Siamese Network to create 
a model for motif classification in this dataset. The obtained accuracy is 91.00%. 
              In addition, the researcher experimented with incorporating sentences or 
texts describing archaeological artifacts provided by archaeologists into the model for 
image and text-based retrieval. The researcher believed that doing so would enhance 
the effectiveness of retrieving motifs on the center of Sukhothai ceramics. This was 
achieved by calculating the Weighted Average or using the similarity score of sentences 
from Sent2Vec as weights in conjunction with the results from CNN. The outcome 
showed an accuracy of 95%, which is superior to using images alone in building the 
retrieval model for motifs on the center of Sukhothai ceramics. 
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ĭĪĪňŗȮ1 
ĭĪĬŜŅ 

1.1 ėĺŅĴŏĮƦĬĴŅŐĸŃėĺŅĴĽŜŅėńĠ 
ŏėĶŊŗŀĚĩƟĺĵőĭĶŅĦĩŊŀŏĮƦĬĴĶħĔĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃĺńĥĬīĶĶĴŏĮƦĬľĸńĔģŅĬĪňŗĽŜŅėńĠĽŃĪƟŀĬȮ

ŒľƟŏľŖĬĩŉĚėĺŅĴĽńĴıńĬīƢĪŅĚŏĻĶļģĔŇěĔŅĶėƟŅĶŃľĺƞŅĚĮĶŃŏĪĻȮŀňĔĪńŘĚĵńĚĽŃĪƟŀĬŒľƟŏľŖĬĩŉĚĺŇĺńĥĬŅĔŅĶĕŀĚȮ
ĺŇĪĵŅĔŅĶĔŅĶįĸŇĨŏėĶŊŗŀĚĩƟĺĵȮĞŉŗĚĭƞĚĭŀĔĩŉĚėĺŅĴŏěĶŇĠĶŋƞĚŏĶŊŀĚĪŅĚĻŇĸĮŃȮĺńĥĬīĶĶĴȮĳŌĴŇĮƤĠĠŅȮŐĸŃ
ĔŅĶœħƟĶńĭŀŇĪīŇıĸěŅĔĮĶŃŏĪĻŒĔĸƟŏėňĵĚȮŀŅĵŋŏėĶŊŗŀĚĩƟĺĵőĭĶŅĦěŉĚŏĮƦĬĽŇŗĚĪňŗĽŜŅėńĠĽŜŅľĶńĭĬńĔĮĶŃĺńĨŇĻŅĽĨĶƢ
ŐĸŃĬńĔőĭĶŅĦėħňȮŏıĶŅŃĪŜŅŒľƟĪĶŅĭĩŉĚĵŋėĽĴńĵĕŀĚőĭĶŅĦĺńĨĩŋŏıŊŗŀŏĝŊŗŀĴőĵĚĕƟŀĴŌĸĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢȮ
ĔŅĶĔŜŅľĬħŀŅĵŋŏėĶŊŗŀĚĩƟĺĵĨƟŀĚıŇěŅĶĦŅŀĚėƢĮĶŃĔŀĭľĸŅĵĮĶŃĔŅĶȮŀŅĪŇȮŏĬŊŘŀħŇĬȮĬŘŜŅŏėĸŊŀĭȮĶŌĮĪĶĚȮ
ĸĺħĸŅĵȮŐĸŃĺŇĪĵŅĔŅĶĔŅĶįĸŇĨY/[ȮĞŉŗĚĸĺħĸŅĵŏĮƦĬŀĚėƢĮĶŃĔŀĭĪňŗĽŜŅėńĠĽŜŅľĶńĭĭƞĚĭŀĔĵŋėĽĴńĵĕŀĚ
ŏėĶŊŗŀĚĩƟĺĵŐĨƞĸŃĝŇŘĬȮĴňĔŅĶėƟĬıĭŐľĸƞĚŏĨŅĔĶŃěŅĵŀĵŌƞĭĶŇŏĺĦıŊŘĬĪňŗĨƞŅĚȮŕȮĕŀĚĮĶŃŏĪĻœĪĵŀĵƞŅĚ
ĴŅĔĴŅĵěńħœħƟĽŅĴĔĸŋƞĴŒľĠƞ[2]ȮŐĨƞĔĸŋƞĴŏĨŅĽŋőĕĪńĵŏĮƦĬĪňŗĶŌƟěńĔĔńĬĴŅĔĔĺƞŅŐľĸƞĚįĸŇĨŀŊŗĬȮŕȮŏĬŊŗŀĚěŅĔŏĮƦĬ
ŏėĶŊŗŀĚĩƟĺĵĪňŗĬńĔĺŇĝŅĔŅĶĽŅĕŅĨƞŅĚȮŕȮœħƟŒľƟėĺŅĴĽĬŒěŐĸŃĻŉĔļŅėƟĬėĺƟŅĔńĬĴŅĔĪňŗĽŋħȮĞŉŗĚŐľĸƞĚŏĨŅŒĬ
ěńĚľĺńħĽŋőĕĪńĵĮĶŃĔŀĭħƟĺĵŐľĸƞĚŏĨŅĪňŗĽŜŅėńĠȮœħƟŐĔƞȮŐľĸƞĚŏĨŅŏĴŊŀĚĽŋőĕĪńĵŏĔƞŅȮŐĸŃŐľĸƞĚŏĨŅŏĴŊŀĚ
ĻĶňĽńĝĬŅĸńĵȮŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵŒĬŐĨƞĸŃŐľĸƞĚŏĨŅěŃĴňŏĪėĬŇėĔŅĶįĸŇĨĸĺħĸŅĵĪňŗŐĨĔĨƞŅĚĔńĬĭŅĚ
ĸĺħĸŅĵėƟĬıĭŏĜıŅŃŐĨƞĸŃŐľĸƞĚŏĨŅ  

ĔŅĶėƟŅĕŅĵŒĬĽĴńĵĔƞŀĬĪŜŅŒľƟŏėĶŊŗŀĚĩƟĺĵőĭĶŅĦĔĶŃěŅĵĨńĺěŅĔŐľĸƞĚįĸŇĨœĮĵńĚĭĶŇŏĺĦıŊŘĬĪňŗ

ĨƞŅĚȮŕȮĕŀĚĮĶŃŏĪĻœĪĵY1[ȮȮĞŉŗĚŒĬĮƤěěŋĭńĬěŅĔĔŅĶĽŜŅĶĺěŐĸŃĽńĴĳŅļĦƢĬńĔőĭĶŅĦėħňȮıĭĺƞŅŒĬĔŅĶĕŋħ

ėƟĬŐľĸƞĚőĭĶŅĦėħňĬńŘĬȮľŅĔėƟĬıĭőĭĶŅĦĺńĨĩŋĬńĔőĭĶŅĦėħňĴňľĬƟŅĪňŗĽńĬĬŇļģŅĬŏıŊŗŀıĶĶĦĬŅŐĸŃěńħ

ěŜŅŐĬĔőĭĶŅĦĺńĨĩŋŀŀĔŏĮƦĬľĴĺħľĴŌƞħƟĺĵĸńĔļĦŃĨƞŅĚŕȮĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵŏĮƦĬ

ĸńĔļĦŃľĬŉŗĚĪňŗĭƞĚĭŀĔĩŉĚŐľĸƞĚĪňŗĴŅŐľĸƞĚŏĨŅŏĬŊŗŀĚěŅĔŒĬĭŅĚĸĺħĸŅĵėƟĬıĭŏĜıŅŃŐĨƞĸŃŐľĸƞĚŏĨŅȮěŉĚ

ĽŅĴŅĶĩĭƞĚĭŀĔĵŋėĽĴńĵĕŀĚőĭĶŅĦĺńĨĩŋœħƟěŅĔŀŅĵŋŏĨŅŏįŅȮĔŅĶĶĺĭĶĺĴŐĸŃěŜŅŐĬĔĸĺħĸŅĵĨƞŅĚȮŕȮœħƟ

ěŉĚŏĮƦĬĽŇŗĚĪňŗĽŜŅėńĠȮĪńŘĚĬňŘŒĬĔŅĶĕŋħėƟĬĪŅĚőĭĶŅĦėħňȮľŅĔĕŋħėƟĬěŅĔŐľĸƞĚőĭĶŅĦėħňĪňŗĴňĔŅĶėƟĬıĭ

ĸĺħĸŅĵŏľĴŊŀĬĔńĬȮľĶŊŀėƟĬıĭĸĺħĸŅĵĪňŗŏėĵĶŃĭŋĴŅĔƞŀĬȮŏĝƞĬȮĸŅĵħŀĔĭńĺȮĸŅĵħŀĔőĭĨńŚĬȮĸŅĵĮĸŅȮ

ĸŅĵľŀĵĽńĚĕƢȮŏĮƦĬĨƟĬȮĬńĔőĭĶŅĦėħňěŃĽŅĴŅĶĩěŜŅŐĬĔœħƟĺƞŅŏĮƦĬĸĺħĸŅĵĮĶŃŏĳĪŒħȮŐĨƞŒĬĭŅĚĔĶĦň

ĔŅĶĕŋħėƟĬěŅĔŐľĸƞĚőĭĶŅĦėħňŀŅěěŃıĭĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵěŜŅĬĺĬĬƟŀĵȮĪńŘĚħƟĺĵĸĺħĸŅĵĪňŗœĴƞŏėĵĶŃĭŋ

ĴŅĔƞŀĬȮľĶŊŀŏėĵĶŃĭŋĴŅĔƞŀĬŐĨƞœĴƞĪĶŅĭȮŏıĶŅŃŒĬĮƤěěŋĭńĬĵńĚœĴƞĴňģŅĬĕƟŀĴŌĸĽƞĺĬĔĸŅĚŏĶŊŗŀĚĸĺħĸŅĵĨĶĚ

ĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĪňŗėĶĭĩƟĺĬŏĮƦĬĮƤěěŋĭńĬŒĬĔŅĶĝƞĺĵěŜŅŐĬĔĸĺħĸŅĵȮŏĴŊŗŀĭŅĚŐľĸƞĚœħƟėƟĬıĭĸĺħĸŅĵ

ŐĸŃĴňĔŅĶĶŃĭŋĸĺħĸŅĵŒľĴƞĬńŘĬŐĸƟĺȮœĴƞĴňŀĚėƢėĺŅĴĶŌƟĔĶŃěŅĵœĮŒľƟŐĔƞĬńĔőĭĶŅĦėħňŐľĸƞĚŀŊŗĬȮŕȮĪŜŅŒľƟ
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ħƟĺĵŏľĨŋĬňŘįŌƟĺŇěńĵœħƟŏĸŖĚŏľŖĬĩŉĚĕƟŀěŜŅĔńħŐĸŃėĺŅĴĽŜŅėńĠĕŀĚĔŅĶěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚ

ŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮĞŉŗĚŏĮƦĬĴĶħĔĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢŐĸŃĺńĥĬīĶĶĴŀńĬĪĶĚėŋĦėƞŅȮěŉĚŏĮƦĬĪňŗĴŅĕŀĚ

ĚŅĬĺŇěńĵĬňŘŒĬĔŅĶŒĝƟŏĪėĬŇėőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬŏĝŇĚĸŉĔŏıŊŗŀĶŌƟěŜŅĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚ

ŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮŐĸŃŒĝƟĔŅĶĮĶŃĴĺĸįĸĳŅļŅīĶĶĴĝŅĨŇŏıŊŗŀĺŇŏėĶŅŃľƢŐĸŃĮĶŃĴĺĸįĸĕƟŀėĺŅĴėŜŅ

ĭĶĶĵŅĵȮŏĬŊŗŀĚěŅĔŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸĪŅĚőĭĶŅĦőħĵŏĜıŅŃőĭĶŅĦĺńĨĩŋĴńĔěŃĴňĳŅıőĭĶŅĦĺńĨĩŋıĶƟŀĴĔńĭ

ĕƟŀėĺŅĴĪňŗĭĶĶĵŅĵĳŅıĬńŘĬŕȮĕƟŀėĺŅĴŏľĸƞŅĬńŘĬĽŅĴŅĶĩŏĮƦĬĕƟŀĴŌĸĽŜŅľĶńĭĮĶŃĴĺĸįĸŏıŊŗŀŒľƟįŌƟŒĝƟŏĕƟŅĴŅ

ėƟĬľŅĶŌĮĳŅıőĭĶŅĦĺńĨĩŋĬńŘĬŕœħƟȮőħĵįŌƟĺŇěńĵœħƟŀŀĔŐĭĭĚŅĬĺŇěńĵŒľƟĴňĔŅĶŒĝƟĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶėƟĬ

ėŊĬœħƟŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶėƟĬėŊĬŐĸŃėĺŅĴľĸŅĔľĸŅĵŒĬĔŅĶŏĕƟŅĩŉĚĕƟŀĴŌĸĽŜŅľĶńĭĔŅĶĻŉĔļŅ

ėƟĬėĺƟŅĕƟŀĴŌĸĪŅĚőĭĶŅĦėħňȮőħĵŏĜıŅŃĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵĔńĭĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚŀŊŗĬŕȮ

ĪňŗŏĮƦĬĮĶŃőĵĝĬƢĽŜŅľĶńĭĔŅĶĽŊĭėƟĬĕƟŀĴŌĸȮĞŉŗĚĚŅĬĬňŘŀŅěěŃŏĮƦĬĽƞĺĬľĬŉŗĚŒĬĔŅĶıńĥĬŅĨƞŀĵŀħŏĮƦĬĶŃĭĭ

ŀĚėƢėĺŅĴĶŌƟŏĶŊŗŀĚĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮĽŜŅľĶńĭĬńĔőĭĶŅĦėħňĶŋƞĬŒľĴƞŒĬŀĬŅėĨœħƟ 

1.2 ĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 
1. ŏıŊŗŀıńĥĬŅőĴŏħĸĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵ 

2. ŏıŊŗŀŒĝƟŏĮƦĬŀĚėƢėĺŅĴĶŌƟĽŜŅľĶńĭĬńĔőĭĶŅĦėħňŒĬĔŅĶĽńĬĬŇļģŅĬĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵ

ĽŋőĕĪńĵŏĭŊŘŀĚĨƟĬ 

3. ŏıŊŗŀıńĥĬŅĨƟĬŐĭĭŏėĶŊŗŀĚĴŊŀėƟĬėŊĬĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵħƟĺĵĳŅıŐĸŃĕƟŀėĺŅĴ 

1.3 ĽĴĴĨŇģŅĬĕŀĚĚŅĬĺŇěńĵ 
ĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮŏĮƦĬĸńĔļĦŃŏĜıŅŃĞŉŗĚĬƞŅěŃĽŅĴŅĶĩĬŜŅĸńĔļĦŃ

ħńĚĔĸƞŅĺĴŅĺŇŏėĶŅŃľƢŏıŊŗŀěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵŒĬŏĭŊŘŀĚĨƟĬœħƟȮŐĸŃŏĴŊŗŀěŜŅŐĬĔ

ĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵœħƟěŃĽŅĴŅĶĩĬŜŅœĮĨƞŀĵŀħŏĝŊŗŀĴőĵĚĔńĭŀĚėƢėĺŅĴĶŌƟĪŜŅŒľƟĪĶŅĭ

ŐľĸƞĚįĸŇĨȮŐĸŃĽŅĴŅĶĩĭƞĚĝňŘŀŅĵŋŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵœħƟ 
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1.4 ĕŀĭŏĕĨĔŅĶĺŇěńĵ 
1. ĚŅĬĺŇěńĵĬňŘĻŉĔļŅŏĜıŅŃĳŅıĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮ24ȮĸĺħĸŅĵȮŀŅĪŇŏĝƞĬȮĸŅĵŏĶŊŀĬœĪĵȮ

ĸŅĵħŀĔŏĭĠěĴŅĻȮĸŅĵĮĸŅȮĸŅĵľŀĵĽńĚĕƢȮĸŅĵĺŇĻĺŃĺńĝĶŃȮĸŅĵĮĸŅĮƤĔŏĮƚŅȮŏĮƦĬĨƟĬȮĞŉŗĚŀƟŅĚŀŇĚĝŊŗŀĸĺħĸŅĵ
ĨŅĴȮħĶ,ĮĶŇĺĶĶĨȮīĶĶĴŅĮĶňĝŅĔĶȮŀħňĨįŌƟŀŜŅĬĺĵĔŅĶıŇıŇīĳńĦĤĽĩŅĬŏėĶŊŗŀĚĩƟĺĵŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟȮ
ĴľŅĺŇĪĵŅĸńĵĔĶŋĚŏĪıȮįŌƟŏĝňŗĵĺĝŅĠħƟŅĬŏėĶŊŗŀĚĩƟĺĵœĪĵ 

2. ĳŅıĪňŗŒĝƟİƗĔŐĸŃĪħĽŀĭŐĭĭěŜŅĸŀĚĪńŘĚľĴħŏĮƦĬĳŅıĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚĕŀĚŏėĶŊŗŀĚĩƟĺĵ
ĽŋőĕĪńĵŏĪƞŅĬńŘĬ 

3. ĶŃĭĭĶŌƟěŜŅĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵěŃĽŅĴŅĶĩěŜŅŐĬĔœħƟŏĜıŅŃȮ24 ĸĺħĸŅĵȮ
ŏĪƞŅĬńŘĬ 

1.5 ĮĶŃőĵĝĬƢĪňŗėŅħĺƞŅěŃœħƟĶńĭ 
1. ěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵœħƟ 
2. ĽŅĴŅĶĩėƟĬėŊĬĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵœħƟĪńŘĚĳŅıŐĸŃĕƟŀėĺŅĴ 
3. ŏĮƦĬģŅĬĕƟŀĴŌĸĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĪňŗĶĺĭĶĺĴĸĺħĸŅĵĪňŗľĸŅĔľĸŅĵŏĮƦĬĮƤěěŋĭńĬ 
4. ĽŅĴŅĶĩŏıŇŗĴĕƟŀĴŌĸĭĬģŅĬĕƟŀĴŌĸœħƟ 
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ĭĪĪňŗȮ2 
ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚ 

ŒĬĮƤěěŋĭńĬĮƤĠĠŅĮĶŃħŇļģƢĩŌĔŒĝƟŏıŊŗŀĺŇŏėĶŅŃľƢĕƟŀĴŌĸŒľƟŏĔŇħĮĶŃőĵĝĬƢŒĬľĸŅĔľĸŅĵĺĚĔŅĶĞŉŗĚ

ŏĮƦĬĔŅĶěŜŅĸŀĚėĺŅĴėŇħĕŀĚĴĬŋļĵƢȮŀŅĪŇȮŒĬĪŅĚĔŅĶŐıĪĵƢĔŅĶĶŃĭŋőĶėěŅĔĶŌĮĳŅıȮ[4-6] ŒĬĪŅĚ

ĔŅĶŏĔļĨĶȮĔŅĶĶŌƟěŜŅŐĸŃĔŅĶĶŃĭŋőĶėĕŀĚıŊĝěŅĔĳŅıȮ[7-9] ŏĮƦĬĨƟĬȮŒĬĪŅĚħƟŅĬőĭĶŅĦėħňĚŅĬĺŇěńĵĪňŗ

įƞŅĬĴŅĬńĔĺŇěńĵœħƟĬŜŅĕƟŀĴŌĸŐĸŃŀĚėƢėĺŅĴĶŌƟĪŅĚħƟŅĬőĭĶŅĦėħňĴŅıńĥĬŅŒľƟŏĔŇħėŋĦėƞŅĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢ

ŐĸŃĺńĥĬīĶĶĴĴŅĔĕŉŘĬȮőħĵŒĝƟŏĪėĬŇħĨƞŅĚȮŕȮĪŅĚħƟŅĬŏĪėőĬőĸĵňėŀĴıŇĺŏĨŀĶƢȮŏĝƞĬȮĔŅĶěŜŅŐĬĔĳŅıĺŅħ

őĭĶŅĦȮŀńĔĕĶŃőĭĶŅĦȮŏľĶňĵĠőĭĶŅĦȮľĶŊŀŐĴƟĔĶŃĪńŘĚőĭĶŅĦĺńĨĩŋȮŒĬĝƞĺĚœĴƞĔňŗĮƖĪňŗįƞŅĬĴŅȮChen et al. 

[10] œħƟĻŉĔļŅĔŅĶěŜŅŐĬĔĳŅıĺŅħőĭĶŅĦĨŅĴĸŜŅħńĭŏľĨŋĔŅĶĦƢħƟĺĵĔŅĶĶĺĭĶĺĴėŋĦĽĴĭńĨŇľĸŅĵȮŕȮ

ĴŋĴĴŀĚħƟĺĵȮŏĬŊŗŀĚěŅĔĽœĨĸƢĔŅĶĺŅħĶŌĮĽŅĴŅĶĩĭƞĚĭŀĔĵŋėĽĴńĵĕŀĚĳŅıĺŅħőĭĶŅĦœħƟȮőħĵıńĥĬŅ

ĺŇīňĔŅĶėŜŅĬĺĦŐĭĭŒľĴƞŒĝƟėŋĦĽĴĭńĨŇĽňĪƟŀĚĩŇŗĬŐĸŃĔŅĶěŜŅĸŀĚľĸŅĵŕĴŋĴĴŀĚĪňŗħŉĚĴŅěŅĔĳŅıĺŅħȮŒĝƟŁŇĽ

őĨŐĔĶĴėŋĦĸńĔļĦŃĽŜŅľĶńĭŐĨƞĸŃĳŅıŐĽħĚŒĬĶŌĮŐĭĭĕŀĚȮBag-of-visual words ŐĸŃŒĝƟȮ

Supervised learning ŒĬĔŅĶİƗĔŀĭĶĴĨńĺěŜŅŐĬĔȮįŌƟĺŇěńĵŒĝƟĝŋħĕƟŀĴŌĸĽŀĚĝŋħœħƟŐĔƞȮFlying-Apsaras ħńĚ

ĳŅıĪňŗȮ1ȮĞŉŗĚĴňȮ660ȮĳŅıȮŐĭƞĚĨŅĴĵŋėĽĴńĵĻŇĸĮŃœħƟȮ3ȮĵŋėȮĵŋėĸŃȮ220ȮĳŅıĞŉŗĚŐĭƞĚŏĮƦĬĝŋħĕƟŀĴŌĸİƗĔȮ110Ȯ

ĳŅıȮŐĸŃȮĝŋħĕƟŀĴŌĸĪħĽŀĭȮ110ȮĳŅıȮŐĸŃȮPainting-91ȮħńĚĳŅıĪňŗȮ2ȮŏĮƦĬĝŋħĕƟŀĴŌĸĳŅıĺŅħěńħĪŜŅőħĵȮ

Khan et al., [11] ĞŉŗĚĴňĳŅıĺŅħȮ4,266ȮĳŅıěŅĔĻŇĸĮƕĬĪňŗŐĨĔĨƞŅĚĔńĬȮ91ȮėĬȮ 

 
ĳŅıĪňŗȮ1ȮŐĽħĚĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸ Flying-Apsaras 
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ĳŅıĪňŗȮ2ȮŐĽħĚĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸ Painting-91ȮěńħĪŜŅőħĵȮKhan et al., [11] 

ĳŅıĺŅħŐĨƞĸŃĳŅıĴňĮƚŅĵĭŀĔĽœĨĸƢĻŇĸĮŃŐĸŃĻŇĸĮƕĬĪňŗĽŀħėĸƟŀĚĔńĬȮįŌƟĺŇěńĵŒĝƟȮPainting-91Ȯ

ŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶěńħľĴĺħľĴŌƞĻŇĸĮƕĬŐĸŃĔŅĶěńħľĴĺħľĴŌƞĽœĨĸƢȮįŌƟĺŇěńĵĪħĽŀĭĺŇīňĔŅĶ

ĕŀĚŏĕŅŒĬĔŅĶěńħľĴĺħľĴŌƞĻŇĸĮƕĬħƟĺĵĝŋħĕƟŀĴŌĸȮPainting-91ȮŏĬŊŗŀĚěŅĔĽœĨĸƢĔŅĶĪŅĽňŏĮƦĬĔŅĶĶŃĭŋĩŉĚ

őėĶĚĽĶƟŅĚĽňŐĸŃŏĽƟĬĕŀĚĔŅĶĪŅĽňĞŉŗĚĶńĭĔŅĶıŇĽŌěĬƢŐĸƟĺĺƞŅŏĮƦĬıŊŘĬģŅĬĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŜŅľĶńĭĔŅĶ

ĔŜŅľĬħĵŋėĕŀĚĔŅĶĪŅĽňŒĬȮZou et al., [12]ȮŏıĶŅŃĽœĨĸƢĕŀĚĔŅĶĺŅħĳŅıĴňėĺŅĴĽńĴıńĬīƢŀĵƞŅĚĴŅĔĔńĭ

ĵŋėĪňŗĽĶƟŅĚĕŉŘĬŒĬȮDunhuang ĮĶŃŏĪĻěňĬȮĨƞŀĴŅȮCan et al., [13] œħƟĻŉĔļŅȮCNN ĪńŘĚľĴħȮ3ȮĮĶŃŏĳĪȮ

œħƟŐĔƞȮSketch-a-Net, VGG-16ȮŐĸŃȮResNet-50ȮȮŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĔŅĶěŜŅŐĬĔ

ĽńĠĸńĔļĦƢŀńĔļĶŀňĵŇĮĨƢőĭĶŅĦĕŀĚĝŅĺĴŅĵŅěŅĔĝŋħĕƟŀĴŌĸĕŀĚȮMaya CodicesȮħńĚŐĽħĚĨŅĴĳŅıĪňŗȮ3 

Can et al., [14]ȮĞŉŗĚŏĮƦĬĕƟŀĴŌĸĳŅıŏėĶŊŗŀĚľĴŅĵŐĸŃĽńĠĸńĔļĦƢĪňŗĞńĭĞƟŀĬĞŉŗĚŐĭƞĚœħƟȮ150ȮėĸŅĽȮįŌƟĺŇěńĵ

ŒĝƟȮGradient backpropagation ŐĸŃȮĺŇīňĔŅĶȮGrad-CAM (Gradient backpropagation and Grad-

CAM methods) ŏıŊŗŀŐĵĔŐĵŃĽńĠĸńĔļĦƢŀńĔļĶŀňĵŇĮĨƢőĭĶŅĦěŅĔĳŅıŐĸŃŒĝƟŏĮƦĬĝŋħĕƟŀĴŌĸİƗĔİĬ

ŐĭĭěŜŅĸŀĚȮįĸĔŅĶĻŉĔļŅĽĶŋĮœħƟĺƞŅőħĵĶĺĴŐĸƟĺŒĝƟȮSketch-a-Net œħƟŐĴƞĬĵŜŅŐĸŃĸŉĔĞŉŘĚħňĔĺƞŅȮResNet-

50ȮŐĸŃĴňĻńĔĵĳŅıĪňŗħňĕŉŘĬŏĴŊŗŀŒĝƟĺŇīňĔŅĶȮGrad-CAM ĞŉŗĚĽŅĴŅĶĩěŜŅŐĬĔĽńĠĸńĔļĦƢŀńĔļĶŀňĵŇĮĨƢőĭĶŅĦ

œħƟĨĶĚĔńĭėŜŅŀīŇĭŅĵĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮ 
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ĳŅıĪňŗȮ3ȮŐĽħĚĳŅıĽńĠĸńĔļĦƢŀńĔļĶŀňĵŇĮĨƢőĭĶŅĦĕŀĚĝŅĺĴŅĵŅěŅĔĝŋħĕƟŀĴŌĸĕŀĚȮMaya Codices 

ŏľĶňĵĠőĶĴńĬőĭĶŅĦŏĮƦĬŀňĔőĭĶŅĦĺńĨĩŋĪňŗœħƟĶńĭėĺŅĴĽĬŒěŒĬĔŅĶĬŜŅŏŀŅĴŅěŜŅŐĬĔħƟĺĵȮ

Machine learning ŏĬŊŗŀĚěŅĔĸĺħĸŅĵĭĬŏľĶňĵĠĽŅĴŅĶĩĭŀĔŏĸƞŅŏĶŊŗŀĚĶŅĺĮĶŃĺńĨŇĻŅĽĨĶƢœħƟĴŅĔĴŅĵȮ

Schlag et al.,  [15] œħƟŒĝƟȮDeep convolutional network ŒĬĔŅĶěŜŅŐĬĔŒĭľĬƟŅěńĔĶıĶĶħŇĭĬ

ŏľĶňĵĠőĶĴńĬőĭĶŅĦŒĝƟĽŜŅľĶńĭĔŅĶěńħľĴĺħľĴŌƞŏľĶňĵĠȮĞŉŗĚŐĨĔĨƞŅĚĔńĬȮ83ȮĶŌĮŐĭĭȮħńĚĳŅıĪňŗȮ4 įŌƟĺŇěńĵŒĝƟ

ĝŋħĕƟŀĴŌĸŒľĴƞĪňŗĶĺĭĶĺĴŏŀĚȮ3ȮĝŋħȮœħƟŐĔƞȮȮRIC-Hq ĶŌĮĳŅıŏľĶňĵĠěŜŅĬĺĬȮ29,807ȮĳŅı,  RPC-Scan 

ĶŌĮĳŅıŏľĶňĵĠěŜŅĬĺĬȮ19,164ȮĳŅıȮŐĸŃȮRIC-Cond ĶŌĮĳŅıŏľĶňĵĠěŜŅĬĺĬȮ600ȮĳŅıȮŐĨƞĸŃĝŋħ

ĕƟŀĴŌĸĩŌĔŐĭƞĚŀŀĔŏĮƦĬĝŋħĵƞŀĵĪňŗĴňĕĬŅħŏĪƞŅĔńĬĽŅĴĝŋħ8Ȯtraining, test, and validation ŐĸŃœħƟŒĝƟ

őħŏĴĬĕƟŀĴŌĸőħĵŏĜıŅŃȮĞŉŗĚĚŅĬĺŇěńĵĔƞŀĬľĬƟŅĵńĚœĴƞŏėĵĪŜŅĴŅĔƞŀĬĪŜŅŒľƟĚŅĬĺŇěńĵĬňŘŏĮƦĬĚŅĬĺŇěńĵĪňŗĴňĝŋħ

ĕƟŀĴŌĸĔŅĶĶĺĭĶĺĴŏľĶňĵĠĪňŗŒľĠƞĪňŗĽŋħȮĴňĮĶŃĽŇĪīŇĳŅıŐĸŃėĶĭĩƟĺĬĪŅĚĺĶĶĦĔĶĶĴĴŅĔĪňŗĽŋħȮ 

 
ĳŅıĪňŗȮ4ȮŐĽħĚĨńĺŀĵƞŅĚĳŅıŒĭľĬƟŅěńĔĶıĶĶħŇĭĬŏľĶňĵĠőĶĴńĬőĭĶŅĦ 
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ĞŉŗĚȮAslan et al., [16] œħƟıńĥĬŅĨƞŀĵŀħőħĵĔŅĶĺŇŏėĶŅŃľƢŏľĶňĵĠĪńŘĚĽŀĚħƟŅĬőħĵŒĝƟĺŇīňĔŅĶ

ŏĶňĵĬĶŌƟŐĭĭĔŉŗĚĴňįŌƟħŌŐĸȮŐĸŃœħƟěńħĪŜŅĝŋħĕƟŀĴŌĸŒľĴƞőħĵĨƞŀĵŀħěŅĔĝŋħĕƟŀĴŌĸŏħŇĴĪňŗŏėĵĴňĴŅĔƞŀĬȮĪŜŅŒľƟœħƟ

ėĺŅĴĴńŗĬŒěŒĬĔŅĶěńħľĴĺħľĴŌƞĪňŗĴňĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬȮCooper et al., [17] œħƟŒĝƟĺŇīňĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔ

ĪňŗĴňőėĶĚĽĶƟŅĚŐĭĭȮAlexNet ěŜŅŐĬĔĸĺħĸŅĵĭĬŏľĶňĵĠőĶĴńĬȮ5ȮĶŌĮŐĭĭȮœħƟŐĔƞ' horse', 'cornucopia', 

'patera', 'eagle' ŐĸŃȮ'shield' ħńĚĳŅıĪňŗȮ5 įŌƟĺŇěńĵŒĝƟĳŅıŏľĶňĵĠőĶĴńĬőĭĶŅĦȮ100,000ȮŏľĶňĵĠȮħŉĚĴŅ

ěŅĔĸŖŀĨĔŅĶĮĶŃĴŌĸȮőħĵŐĭƞĚĕƟŀĴŌĸŏĮƦĬĝŋħĕƟŀĴŌĸİƗĔȮ70%ȮĝŋħĕƟŀĴŌĸĪħĽŀĭȮ15%ȮŐĸŃȮĝŋħĕƟŀĴŌĸ

ĨĶĺěĽŀĭȮ15%ȮĞŉŗĚŏĮƦĬĺŇīňĔŅĶŒľĴƞĪňŗĬŜŅĔŅĶŏĶňĵĬĶŌƟħƟĺĵĳŅıőħĵŒĝƟőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŏĝŊŗŀĴőĵĚĔńĭ

ĔŅĶĺŇŏėĶŅŃľƢėĺŅĴľĴŅĵĕŀĚŏľĶňĵĠěŉĚĪŜŅŒľƟĚŅĬĺŇěńĵĬňŘħňĔĺƞŅĚŅĬĺŇěńĵĪňŗŏėĵĴňĴŅȮŐĨƞĽňĞŉŗĚŏĮƦĬ

ŀĚėƢĮĶŃĔŀĭĕŀĚŏľĶňĵĠĩŌĔĴŀĚĕƟŅĴœĮȮMa et al., [18] œħƟŒľƟėĺŅĴĽŜŅėńĠĕŀĚĽňĞŉŗĚŏĮƦĬėŋĦĽĴĭńĨŇĪňŗ

ĽŜŅėńĠŒĬĔŅĶĺŇŏėĶŅŃľƢŏľĶňĵĠőĭĶŅĦĽŅĴŅĶĩěŜŅŐĬĔŏľĶňĵĠőĭĶŅĦĨŅĴĬŇĔŅĵœħƟȮ4ȮĬŇĔŅĵėŊŀȮases, 

dupondii, sestertii ŐĸŃȮdenarii ĞŉŗĚįŌƟĺŇěńĵœħƟěńħĪŜŅĝŋħĕƟŀĴŌĸŒľĴƞȮĬŇĔŅĵĸŃȮ100ȮŏľĶňĵĠȮĪńŘĚľĴħȮ400Ȯ

ŏľĶňĵĠȮőħĵŒĝƟőėĶĚĽĶƟŅĚĔŅĶŏĶňĵĬĶŌƟŐĭĭȮDecision Trees and Random Forest Classifiers ĶƞĺĴĔńĭ

ėŋĦĽĴĭńĨŇĕŀĚĽňœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮĻŇĸĮŃĭĬőĭĶŅĦĺńĨĩŋőħĵŏĜıŅŃĸĺħĸŅĵĽŅĴŅĶĩĭŀĔŏĸƞŅ

ŏĶŊŗŀĚĶŅĺĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢœħƟĴŅĔĴŅĵȮĸĺħĸŅĵĭĬŏėĶŊŗŀĚĩƟĺĵĔŖŏĝƞĬĔńĬ 

 
ĳŅıĪňŗȮ5ȮŐĽħĚĳŅıĸĺħĸŅĵĭĬŏľĶňĵĠőĶĴńĬȮ3ȮĶŌĮŐĭĭ 

ĸĺħĸŅĵŏĮƦĬŀĚėƢĮĶŃĔŀĭľĬŉŗĚŒĬĔŅĶĭƞĚĭŀĔŀŅĵŋœħƟȮĚŅĬĺŇěńĵĪňŗįƞŅĬĴŅœħƟŒĝƟŀńĸĔŀĶŇīŉĴĔŅĶ

ŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚŏıŊŗŀěŜŅŐĬĔŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅěŅĔŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚŏĬŊŘŀħŇĬŐĸŃĬŘŜŅŏėĸŊŀĭȮCui 

et al., [19] , Li-Hua [20] œħƟĻŉĔļŅĺŇīňĔŅĶěŜŅŐĬĔŏĞĶŅĴŇĔěňĬőĭĶŅĦħƟĺĵŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňőħĵŒĝƟȮ

Support Vector Machine  YU et al., [21] œħƟĻŉĔļŅėĺŅĴĽńĴıńĬīƢŒĬŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚ

ŏėĶŊŗŀĚĸŅĵėĶŅĴěŅĔĽŀĚŐľĸƞĚŏĨŅŏįŅőħĵŒĝƟȮĪķļġňėĺŅĴĽńĴıńĬīƢĽňŏĪŅȮ&Grey relational analysis) 
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Sun et al., [22] œħƟŒĝƟŀńĸĔŀĶŇīŉĴĔŅĶŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚĽňŗĝŋħȮėŊŀȮRandom forest, KNN, SVM, 

AdaBoost ŏıŊŗŀŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĔŅĶěŜŅŐĬĔĻŇĸŅħĸőĭĶŅĦĕŀĚěňĬȮ8ȮŐľĸƞĚŏĨŅŏįŅȮőħĵŒĝƟ

ĕƟŀĴŌĸŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňĕŀĚŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅŐĸŃĬŘŜŅŏėĸŊŀĭȮįĸĔŅĶĺŇěńĵıĭĺƞŅŐĭĭěŜŅĸŀĚȮ

Random forest ŏĮƦĬŀńĸĔŀĶŇĪŉĴĪňŗŏľĴŅŃĽĴĪňŗĽŋħĔńĭŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮĽŜŅľĶńĭĔŅĶěŜŅŐĬĔĻŇĸŅħĸ

ĞŉŗĚĴňėĺŅĴĴńŗĬŒěŏĜĸňŗĵĽŌĚĽŋħĪňŗȮ96.41% 

ŏľŖĬœħƟĺƞŅĚŅĬĺŇěńĵĪňŗįƞŅĬĴŅŏĔňŗĵĺĔńĭĔŅĶěŜŅŐĬĔŏĞĶŅĴŇĔĬńŘĬœħƟĴŀĚĕƟŅĴŏĶŊŗŀĚĸĺħĸŅĵœĮȮŐĨƞŒĬ

œĴƞĔňŗĮƖĪňŗįƞŅĬĴŅȮBickler, [23] œħƟŒĝƟœĸĭĶŅĶňŐĸŃŀńĸĔŀĶŇĪŉĴȮMachine learning ŒĬĔŅĶĺŇŏėĶŅŃľƢŐĸŃ

ĶŃĭŋĶŌĮŐĭĭĪňŗıĭĭĬŏĞĶŅĴŇĔőĭĶŅĦěŅĔŐľĸƞĚőĭĶŅĦėħňŒĬĬŇĺĞňŐĸĬħƢȮįĸĸńıīƢėƞŅėĺŅĴĩŌĔĨƟŀĚĵńĚœĴƞħň

ŏĪƞŅĪňŗėĺĶȮħƟĺĵĳŅıŏėĶŊŗŀĚĩƟĺĵĴňěŜŅĬĺĬĬƟŀĵŐĨƞĴňĸĺħĸŅĵĪňŗľĸŅĔľĸŅĵȮŐĸŃŏėĶŊŗŀĚĴŊŀĪňŗŒĝƟœĴƞĴňĔŅĶ

ŀŀĔŐĭĭĴŅŏıŊŗŀŒĝƟĔńĭĝŋħĕƟŀĴŌĸĪŅĚőĭĶŅĦėħňőħĵŏĜıŅŃȮěŉĚėĺĶıńĥĬŅŀńĸĔŀĶŇĪŉĴĽŜŅľĶńĭĔŅĶěŜŅŐĬĔ

ĸĺħĸŅĵĭĬŏėĶŊŗŀĚĩƟĺĵőĭĶŅĦőħĵŏĜıŅŃȮĚŅĬĺŇěńĵĬňŘȮChetouani et al., [24] œħƟŒĝƟȮCNN ŏıŊŗŀěŜŅŐĬĔ

ŏĻļŏĞĶŅĴŇĔĪňŗœħƟĴŅěŅĔĞŅŐĶĬȮ&İĶńŗĚŏĻĽ'ȮĞŉŗĚŏĻļŏĞĶŅĴŇĔĴňĸĺħĸŅĵĪňŗĞŘŜŅȮŕȮĩŌĔĪŜŅĸĺħĸŅĵħƟĺĵĔŅĶŒĝƟĺĚ

ĸƟŀœĴƟŐĔŃĽĸńĔŏĴŊŗŀĩŌĔěŜŅŐĬĔĮĶŃŏĳĪěŃŐĽħĚŒľƟŏľŖĬĩŉĚĔŅĶŐıĶƞĔĶŃěŅĵĕŀĚĔŅĶįĸŇĨŏĞĶŅĴŇĔœħƟȮĝŋħ

ĕƟŀĴŌĸĪňŗįŌƟĺŇěńĵŒĝƟŒĬĔŅĶİƗĔŐĸŃĪħĽŀĭŏĮƦĬĳŅıŏĻļŏĞĶŅĴŇĔĪňŗœħƟěŅĔĔŅĶĽŐĔĬħƟĺĵŏėĶŊŗŀĚĽŐĔĬȮ3ȮĴŇĨŇȮ

&NextEngine) ŏıŊŗŀŒľƟŏľŖĬĩŉĚėĺŅĴĸŉĔĕŀĚĸĺħĸŅĵȮőħĵěŜŅŐĬĔĸńĔļĦŃœħƟȮ4ȮėĸŅĽȮĨŅĴĪňŗĬńĔ

őĭĶŅĦėħňĶŃĭŋœħƟŐĔƞȮĸńĔļĦŃŏıĝĶȮ211ȮĳŅıȮĸńĔļĦŃŐĪƞĚȮ259ȮĳŅıȮĸńĔļĦŃĽňŗŏľĸňŗĵĴȮ274ȮĳŅıȮ

ŐĸŃȮĸńĔļĦŃĭńŘĚȮ144ȮĳŅıȮĶĺĴĪńŘĚľĴħȮ888ȮĳŅıȮįŌƟĺŇěńĵĪħĸŀĚľĸŅĵľĸŅĵĺŇīňĞŉŗĚŏĮĶňĵĭŏĪňĵĭ

ĮĶŃĽŇĪīŇĳŅıŐĸŃœħƟįĸĸńıīƢħňĪňŗĽŋħėŊŀȮĔŅĶŒĝƟȮResNet18ȮĶƞĺĴĔńĭȮSVM ĞŉŗĚėĺŅĴĴńŗĬŒěŀĵŌƞĪňŗȮ87.94%Ȯ

ŐĸŃȮChetouani et al., [25] œħƟıńĥĬŅĨƞŀőħĵĔŅĶĶĺĴŏĺĔŏĨŀĶƢėŋĦĸńĔļĦŃĪňŗŒĝƟőĴŏħĸȮCNN ĞŉŗĚįƞŅĬ

ĔŅĶŏĶňĵĬĶŌƟĴŅŐĸƟĺȮŐĸŃĬŜŅĺŇīňĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĮĶńĭŐĨƞĚŐĸŃŏĮĶňĵĭŏĪňĵĭěĬœħƟėƞŅėĺŅĴĴńŗĬŒěȮ95.23%Ȯ

ħƟĺĵĔŅĶŒĝƟȮCBP (VGG19, ResNet50) + FC ĨƞŀĴŅȮAlby et al., [26] œħƟĽĶƟŅĚĝŋħĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴ

ŏĜıŅŃĽŜŅľĶńĭĺńĨĩŋőĭĶŅĦŐĨƞĸŃĮĶŃŏĳĪȮőħĵŒĝƟĕƟŀĴŌĸěŅĔĶŅĵĚŅĬĔŅĶĕŋħėƟĬĮĶŃĔŀĭħƟĺĵėĺŅĴľĴŅĵ

ŐĸŃĳŅıĪňŗœħƟĴŅěŅĔĺŇħňőŀĪňŗĭńĬĪŉĔĺńĨĩŋőĭĶŅĦŐĭĭȮ3ȮĴŇĨŇȮŐĸŃŒĝƟȮCNN ŒĬĔŅĶĶŌƟěŜŅĺńĨĩŋĪŅĚőĭĶŅĦėħňȮ

ľŅĔĴňģŅĬĕƟŀĴŌĸĪňŗŒľĠƞěŃĪŜŅŒľƟĔŅĶĶŃĭŋőĭĶŅĦĺńĨĩŋŀĵƞŅĚŀńĨőĬĴńĨŇĪňŗŐľĸƞĚĕŋħėƟĬĽĴĭŌĶĦƢĴŅĔĕŉŘĬȮMu 

et al., [27] œħƟħŉĚŀĚėƢĮĶŃĔŀĭĪňŗĽŜŅėńĠȮ3ȮŀĚėƢĮĶŃĔŀĭŒĬĔŅĶĶŃĭŋŏĞĶŅĴŇĔěňĬőĭĶŅĦœħƟŐĔƞȮĶŌĮĶƞŅĚ, 

ĺńĽħŋĨĔŐĨƞĚıŊŘĬįŇĺ, ŀńĔĕĶŃĳŅļŅěňĬȮ&shape, ornamentation, inscription) ŐĸŃĻŉĔļŅĚŅĬĺŇěńĵĔƞŀĬ

ľĬƟŅŐĽħĚŒľƟŏľŖĬĩŉĚėĺŅĴŏĮƦĬœĮœħƟŒĬĔŅĶŒĝƟȮMachine learning ŒĬĔŅĶĶŃĭŋŏĞĶŅĴŇĔěňĬőĭĶŅĦœħƟ 
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ĚŅĬĺŇěńĵĪňŗŏĔňŗĵĺĕƟŀĚĪňŗœħƟĔĸƞŅĺĴŅĕƟŅĚĨƟĬȮœħƟĬŜŅĺŇīňĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔœĮŒĝƟĔńĭĔŅĶěŜŅŐĬĔĳŅıĺŅħőĭĶŅĦȮ
ŀńĔĕĶŃőĭĶŅĦȮŏľĶňĵĠőĭĶŅĦȮľĶŊŀŐĴƟĔĶŃĪńŘĚőĭĶŅĦĺńĨĩŋȮĞŉŗĚĚŅĬĺŇěńĵŏėĶŊŗŀĚĩƟĺĵĨƞŅĚŕĪňŗįƞŅĬĴŅŒĝƟ
ŀĚėƢĮĶŃĔŀĭĪŅĚŏėĴňȮŒĬĔŅĶŐĭƞĚŐĵĔĮĶŃŏĳĪĺńĨĩŋőĭĶŅĦħƟĺĵȮMachine learning ĞŉŗĚœħƟĴŀĚĕƟŅĴ
ĸĺħĸŅĵĭĬĺńĨĩŋőĭĶŅĦȮŐĸŃĵńĚœĴƞĴňĚŅĬĺŇěńĵĪňŗĴŋƞĚŏĬƟĬœĮĵńĚĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵőĭĶŅĦ
őħĵŏĜıŅŃĞŉŗĚĽŅĴŅĶĩĭƞĚĭŀĔĵŋėĽĴńĵœħƟȮĚŅĬĺŇěńĵĬňŘěŉĚœħƟĻŉĔļŅȮCNN ŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĕŀĚȮ
five pre-trained CNN models ŏıŊŗŀľŅȮmodel ĪňŗŏľĴŅŃĽĴĔńĭĝŋħĕƟŀĴŌĸĕŀĚįŌƟĺŇěńĵĴŅĔĪňŗĽŋħĞŉŗĚ
ĮĶŃĔŀĭħƟĺĵȮ6 őėĶĚĕƞŅĵȮœħƟŐĔƞȮDenseNet121, DenseNet169, InceptionV3, VGG16, VGG19 
ŐĸŃȮResNet50 ěŅĔĬńŘĬŏĸŊŀĔȮmodels ĪňŗĴňĮĶŃĽŇĪīŇĳŅıħňĪňŗĽŋħŏľĴŅŃĽŜŅľĶńĭĝŋħĕƟŀĴŌĸĕŀĚįŌƟĺŇěńĵŐĸŃ
ĬŜŅœĮİƗĔĨƞŀħƟĺĵĔŅĶĪŜŅȮFine tuning ŐĸŃĝŋħĕƟŀĴŌĸĽŜŅľĶńĭİƗĔħńĚĔĸƞŅĺįŌƟĺŇěńĵěńħĪŜŅĝŋħĕƟŀĴŌĸŒľĴƞĪňŗ
ĶĺĭĶĺĴĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮ24 ĮĶŃŏĳĪĸĺħĸŅĵȮĪňŗĶŃĭŋőħĵįŌƟŏĝňŗĵĺĝŅĠħƟŅĬŏėĶŊŗŀĚ
ĩƟĺĵœĪĵȮĞŉŗĚįŌƟĺŇěńĵŐĭƞĚĵƞŀĵŀŀĔœħƟŏĮƦĬȮ60ȮėĸŅĽȮŐĸŃœħƟĽńĚŏĔĨŋŒĬŐĨƞĸŃėĸŅĽŐĸƟĺıĭĺƞŅĸńĔļĦŃĕŀĚ
ĕƟŀĴŌĸĴňȮ0ȮŐĭĭœħƟŐĔƞȮĔĸŋƞĴŐĶĔŒľƟĝŊŗŀĺƞŅȮSILPA CMC_dataset/ȮėŊŀĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽȮĴŅĔĔĺƞŅȮ/Ȯ
ĳŅıȮěńħėĸŅĽĵƞŀĵœħƟȮ10ȮėĸŅĽěŜŅĬĺĬĳŅıĪńŘĚľĴħȮ/*605ȮĳŅıȮŐĸŃĔĸŋƞĴĪňŗĽŀĚŒľƟĝŊŗŀĺƞŅȮSILPA 
CMC_dataset0ȮėŊŀȮĴň/ȮĳŅıĨƞŀ/ȮėĸŅĽȮěńħėĸŅĽĵƞŀĵœħƟȮ3.ȮėĸŅĽȮěŉĚĴňěŜŅĬĺĬĳŅıĪńŘĚľĴħȮ3.ȮĳŅı
ŏıŊŗŀĬŜŅĴŅŒĝƟĽŜŅľĶńĭĔŅĶĶŌƟěŜŅĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵőħĵŒĝƟŏĪėĬŇėĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮěŃŏľŖĬ
œħƟĺƞŅ SILPA CMC_dataset0ȮĴňĕƟŀĴŌĸĽŜŅľĶńĭĔŅĶŏĶňĵĬĶŌƟĬƟŀĵĴŅĔĞŉŗĚĕƟŀěŜŅĔńħĬňŘȮŒĬĚŅĬĺŇěńĵĕŀĚȮ
AbeysingheȮet al.,[28]ȮŒĝƟ Siamese NetworksȮŒĬĔŅĶěŜŅŐĬĔĶŌĮĳŅıĚŌıŇļŐĨƞĸŃĝĬŇħȮőħĵŏĮƦĬĔŅĶ
ŏĶňĵĬĶŌƟŐĭĭȮOne Shot Learning ĞŉŗĚĶŌĮĳŅıĬŜŅĴŅěŅĔģŅĬĕƟŀĴŌĸĕŀĚŀĚėƢĔŅĶŀĬŅĴńĵőĸĔȮ&WHO) Īňŗ
ĶĺĴĕƟŀĴŌĸĪŅĚĝňĺĳŅıŐĸŃĶŌĮĳŅıĚŌıŇļȮĴňĕƟŀĴŌĸĚŌȮ015ȮĝĬŇħȮőħĵěŜŅĬĺĬĳŅıĕŀĚŐĨƞĸŃĝĬŇħĴňěŜŅĬĺĬ
ĳŅıĬƟŀĵėŊŀȮ.ȮĩŉĚȮ/4ȮĳŅıȮŐĸŃŒĬĚŅĬĺŇěńĵĬňŘěŃŒĝƟŏĜıŅŃėĸŅĽĪňŗĴňĶŌĮĳŅıĴŅĔĔĺƞŅȮ1ȮĶŌĮŏĪƞŅĬńŘĬȮĪňŗ
ĽŅĴŅĶĩŒĝƟœħƟĔńĭȮőĴŏħĸȮěŉĚĪŜŅŒľƟŏľĸŊŀĝŋħĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴőĴŏħĸȮ62ȮėĸŅĽȮĴňĳŅıĪńŘĚľĴħĮĶŃĴŅĦȮ
200ȮĶŌĮĳŅıĪňŗŐĨƞĸŃėĸŅĽĴňĶŌĮĳŅıŀĵƞŅĚĬƟŀĵȮ1ȮĶŌĮȮěŅĔȮ015ȮėĸŅĽȮœħƟėƞŅėĺŅĴĴńŗĬŒěȮ70% ĨƞŀĴŅ 
Xu et al., [29]ȮœħƟŒĝƟ Siamese Networks ŒĬĔŅĶĶŃĭŋŒĭľĬƟŅĺńĺěŅĔĶŌĮĳŅıĪňŗĴňěŜŅĬĺĬĬƟŀĵȮŒĬĔŅĶ
ĝƞĺĵŒľƟĽŅĴŅĶĩĨŇħĨŅĴĽŋĕĳŅıŐĸŃıķĨŇĔĶĶĴĕŀĚĺńĺœħƟħňĵŇŗĚĕŉŘĬȮĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶĮĶŃĴĺĸįĸĬŜŅĴŅěŅĔ
ĲŅĶƢĴŏıŅŃıńĬīŋƢĺńĺȮőħĵĩƞŅĵŒĭľĬƟŅĕŀĚĺńĺȮ41ȮĨńĺȮĨńĺĸŃȮ15ȮĳŅıȮĳŅıľĬƟŅĺńĺĪńŘĚľĴħȮ723ȮĳŅıĩŊŀ
ŏĮƦĬĝŋħĕƟŀĴŌĸĨńĺŀĵƞŅĚĕĬŅħŏĸŖĔȮĺńĺ/ȮĨńĺĩŊŀŏĮƦĬȮ/ȮėĸŅĽȮěŅĔĝŋħĕƟŀĴŌĸŒĭľĬƟŅĕŀĚĺńĺȮ41ȮĨńĺȮŐĭƞĚŏĮƦĬȮ
50ȮėĸŅĽ ĽŜŅľĶńĭĔŅĶİƗĔŀĭĶĴ ŐĸŃĪňŗŏľĸŊŀŀňĔȮ13ȮėĸŅĽ ŒĝƟĽŜŅľĶńĭĔŅĶĪħĽŀĭȮĳŅıĩƞŅĵ/.ȮĳŅıŒĬ
ŐĨƞĸŃėĸŅĽĽŜŅľĶńĭĔŅĶİƗĔŀĭĶĴěŃĩŌĔĽŋƞĴŏĸŊŀĔŏıŊŗŀĽĶƟŅĚĝŋħĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴȮŐĸŃĶŌĮĳŅıĪňŗŏľĸŊŀŀňĔȮ
3ȮĳŅıěŃĮĶŃĔŀĭŏĮƦĬĝŋħĕƟŀĴŌĸĔŅĶĨĶĺěĽŀĭ œħƟėƞŅėĺŅĴĴńŗĬŒěŒĬĔŅĶěħěŜŅŒĭľĬƟŅĺńĺĪňŗ 96.87%  
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ĔŅĶŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚœħƟĬŜŅœĮŒĝƟĔńĭĔŅĶĨĶĺěěńĭŐĸŃěŜŅŐĬĔĴńĸŐĺĶƢŐĨƞĨƟŀĚĔŅĶĨńĺŀĵƞŅĚĔŅĶİƗĔŀĭĶĴ
ěŜŅĬĺĬĴŅĔĞŉŗĚŏĮƦĬœĮœĴƞœħƟĪňŗěŃŒĝƟĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴĪňŗŏıňĵĚıŀŏĬŊŗŀĚěŅĔĴńĸŐĺĶƢĽŅĵıńĬīŋƢŒľĴƞĽŅĴŅĶĩ
ĮĶŅĔĢĕŉŘĬœħƟŏĶŊŗŀĵŕȮěŉĚŏĮƦĬŏĶŊŗŀĚĽŜŅėńĠĪňŗįŌƟĶńĔļŅėĺŅĴĮĸŀħĳńĵěŃĨƟŀĚİƗĔőĴŏħĸħƟĺĵĝŋħĕƟŀĴŌĸĕĬŅħŏĸŖĔ 
ĮƖȮ2019ȮĚŅĬĺŇěńĵĕŀĚȮHsiaoȮet al.,[30]ȮœħƟĬŜŅŏĽĬŀĺŇīňĔŅĶŒĝƟőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭȮSiamese 
ŒĬĔŅĶěħěŜŅĳŅıĴńĸŐĺĶƢĽŅĵıńĬīŋƢŒľĴƞŕȮěŅĔĳŅıĝŖŀĨŏħňĵĺȮőħĵŒĝƟĝŋħĕƟŀĴŌĸĶŌĮĳŅıĴńĸŐĺĶƢĕĬŅħŏĸŖĔȮ
ŒĬĕńŘĬĨŀĬĔƞŀĬĔŅĶĮĶŃĴĺĸįĸĶŃĭĭěŃŏĮĸňŗĵĬĨńĺŀĵƞŅĚĴńĸŐĺĶƢŏĮƦĬĶŌĮĳŅıĶŃħńĭĽňŏĪŅĪňŗĮĶńĭĕĬŅħŐĸƟĺȮ
ėŊŀěŃĩŌĔŐĮĸĚŏĮƦĬĳŅıŏĺĔŏĨŀĶƢȮ6ȮĭŇĨȮőħĵĪňŗĶŃĭĭěŃěńĭėŌƞĨńĺŀĵƞŅĚĴńĸŐĺĶƢŐĨƞĸŃĶŅĵĔŅĶĔńĭŏĴĪĶŇĔĞƢĪňŗ
ĽŅĴŅĶĩĴŀĚŏľŖĬœħƟŏĮƦĬĳŅıĶŃħńĭĽňŏĪŅȮėƞŅĕŀĚŏĺĔŏĨŀĶƢȮ6ȮĭŇĨŀĵŌƞŒĬĝƞĺĚȮY., 033[ȮőħĵĪňŗȮ.ȮľĴŅĵĩŉĚĽň
ħŜŅȮŐĸŃȮ/ȮľĴŅĵĩŉĚĽňĕŅĺŏĬŊŗŀĚěŅĔĨńĺŀĵƞŅĚĴńĸŐĺĶƢĴňėĺŅĴĵŅĺœĲĸƢĨƞŅĚĔńĬȮěŉĚĮĶńĭĕĬŅħŏĮƦĬȮ/.3Ȯ× 
/.3ȮıŇĔŏĞĸȮőħĵėĚŀńĨĶŅĽƞĺĬŏħŇĴœĺƟŐĸŃŏĨŇĴıŊŘĬľĸńĚħƟĺĵĽňħŜŅȮȮĽƞĺĬŒĬĕńŘĬĨŀĬĔŅĶİƗĔŀĭĶĴŐĸŃĔŅĶ
ĪħĽŀĭȮŏėĶŊŀĕƞŅĵĽĵŅĴœħƟĶńĭĔŅĶİƗĔŀĭĶĴŏıŊŗŀěńħŀńĬħńĭėĺŅĴėĸƟŅĵėĸŉĚĔńĬĶŃľĺƞŅĚĨńĺŀĵƞŅĚȮŐĸŃėĺŅĴ
ĴńŗĬŒěěŃėŜŅĬĺĦįƞŅĬĚŅĬŐĭĭĝŖŀĨŏħňĵĺŐĭĭȮN-wayȮėŃŐĬĬėĺŅĴėĸƟŅĵėĸŉĚěŃĩŌĔĽĶƟŅĚĕŉŘĬŒĬĝƞĺĚȮ
Y.,/[ȮőħĵĪňŗȮ.ȮľĴŅĵĩŉĚœĴƞĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĬȮŐĸŃȮ/ȮľĴŅĵĩŉĚėĺŅĴėĸƟŅĵėĸŉĚĔńĬőħĵĽĴĭŌĶĦƢȮŒĬĽƞĺĬ
ĝŋħĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶİƗĔŀĭĶĴĴńĸŐĺĶƢĽƞĺĬŒľĠƞĶĺĭĶĺĴěŅĔȮVirus ShareȮĝŋħĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴ
ĮĶŃĔŀĭħƟĺĵĨĶŃĔŌĸĴńĸŐĺĶƢȮ35 ĨĶŃĔŌĸȮŐĸŃĝŋħĕƟŀĴŌĸĔŅĶĪħĽŀĭĮĶŃĔŀĭħƟĺĵĨĶŃĔŌĸĴńĸŐĺĶƢȮ17 
ĨĶŃĔŌĸȮĨŅĴėƞŅȮaHash ŒĬĕńŘĬĨŀĬȮpre-processingȮĴńĸŐĺĶƢŐĨƞĸŃĨĶŃĔŌĸœħƟĶńĭĔŅĶěŜŅŐĬĔŏıŇŗĴŏĨŇĴ
ŀŀĔŏĮƦĬĮĶŃŏĳĪĵƞŀĵȮȮěŉĚœħƟȮsub-types ŒĬĝŋħĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴěŜŅĬĺĬȮ116 ŐĸŃĝŋħĕƟŀĴŌĸĔŅĶ
ĪħĽŀĭěŜŅĬĺĬȮ63ȮįĸĔŅĶĪħĽŀĭŐĽħĚŒľƟŏľŖĬĺƞŅĚŅĬĺŇěńĵĬňŘĴňĮĶŃĽŇĪīŇĳŅıŏľĬŊŀĔĺƞŅĺŇīňıŊŘĬģŅĬ ħƟĺĵ
ėƞŅėĺŅĴĴńŗĬŒěȮ43,21%ȮŐĸŃĶŃĭŋĺƞŅŏėĶŊŀĕƞŅĵŏľĴŅŃĽŜŅľĶńĭĔŅĶŏĶňĵĬĶŌƟŐĭĭĝŖŀĨŏħňĵĺħƟĺĵĶŌĮĳŅı
ĴńĸŐĺĶƢĴŅĔĔĺƞŅőĴŏħĸĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĪńŗĺœĮȮŐĨƞĨƞŀĴŅŒĬĮƖȮ2023 őĴŏħĸȮSiamese Shot ĕŀĚȮ
Almarshad et al.,[31] ĴňėĺŅĴĴńŗĬŒěȮ98.9%ȮŒĬĔŅĶĶŃĭŋĔŅĶőěĴĨňĕŀĚĴńĸŐĺĶƢŐĸŃěńħľĴĺħľĴŌƞ
ĴńĸŐĺĶƢŀŀĔŏĮƦĬľĸŅĵĮĶŃŏĳĪȮőħĵŒĝƟĝŋħĕƟŀĴŌĸȮDrebin ĞŉŗĚŐĭƞĚŀŀĔŏĮƦĬĽƞĺĬĮĶŃĔŀĭĪňŗœĴƞŏĮƦĬŀńĬĨĶŅĵȮ
7254ȮĶŅĵĔŅĶŐĸŃŏĮƦĬŀńĬĨĶŅĵȮŐŀĮĴńĸŐĺĶƢȮAndroid 334.ȮĶŅĵĔŅĶȮŒĬĔŅĶİƗĔőĴŏħĸ 
ȮŒĬĮƖȮ0.0.ȮKurekȮet al.,[32]ȮĬŜŅ Siamese networkȮŒĝƟěŜŅŐĬĔĔŅĶĽŉĔľĶŀĕŀĚħŀĔĽĺƞŅĬĽŜŅľĶńĭ
ĭĶŇļńĪŏĲŀĶƢĬŇŏěŀĶƢȮŏĴŊŗŀħŀĔĽĺƞŅĬŏěŅŃœĴƞėĴŏıňĵĚıŀěŃĪŜŅŒľƟĽŇĬėƟŅĴňėŋĦĳŅıĨŗŜŅĪŜŅŒľƟŏĔŇħėĺŅĴĽŌĠŏĽňĵ
ĪŅĚĔŅĶŏĚŇĬŐĔƞĭĶŇļńĪœħƟȮőħĵœħƟŐĭƞĚħŀĔĽĺƞŅĬŏĮƦĬȮ3ȮĮĶŃŏĳĪȮĨŅĴĳŅıĪňŗȮ6ȮœħƟŐĔƞĽňŏĕňĵĺĽŜŅľĶńĭĽĺƞŅĬ
ĪňŗėĴȮĽňŐħĚĽŜŅľĶńĭĨĶĚĔńĬĕƟŅĴȮŐĸŃĽňŏľĸŊŀĚĽŜŅľĶńĭŏėĶŊŗŀĚĴŊŀĪňŗĽĚĽńĵĺƞŅĝŜŅĶŋħȮĳŅıĶŀĵŏěŅŃĕŀĚħŀĔ
ĽĺƞŅĬěŃĩŌĔĬŜŅĴŅŒĝƟŏĮƦĬĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴħƟĺĵȮSiamese networkȮĳŅıĩƞŅĵĪňŗŒĝƟŒĬĔŅĶİƗĔĪńŘĚľĴħȮ
6,304ȮĳŅıȮőħĵȮ1,56.ȮĳŅıŏĮƦĬĕŀĚėĸŅĽĽňŏĕňĵĺȮ0,6..ȮĳŅıėŊŀėĸŅĽĽňŏľĸŊŀĚȮŐĸŃȮ/724ȮėŊŀėĸŅĽ
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ĽňŐħĚȮĕńŘĬĨŀĬŒĬĔŅĶŏĨĶňĵĴĕƟŀĴŌĸŏĕƟŅœħƟŐĭƞĚĝŋħĕƟŀĴŌĸĪńŘĚľĴħŀŀĔŏĮƦĬėŌƞĪňŗŏĮƦĬĭĺĔŐĸŃĸĭȮĶŌĮĳŅı
ŏĶŇŗĴĨƟĬŐĨƞĸŃĳŅıěŃĽĶƟŅĚėŌƞĪňŗŒĝƟĽŜŅľĶńĭĔŅĶİƗĔĽŀĚėŌƞ8ȮėŌƞľĬŉŗĚŏĮƦĬėƞŅĭĺĔȮőħĵĪňŗěŃěńĭėŌƞĔńĭĶŌĮĳŅıĕŀĚ
ėĸŅĽŏħňĵĺĔńĬȮŐĸŃŀňĔėŌƞľĬŉŗĚŏĮƦĬėƞŅĸĭȮŒĬĔĶĦňĕŀĚĨńĺŀĵƞŅĚŏĝŇĚĸĭĬňŘȮŏıŊŗŀŏıŇŗĴėĺŅĴľĸŅĔľĸŅĵĕŀĚĝŋħ
ĔŅĶİƗĔȮěŃěńĭėŌƞĔńĭĨńĺŀĵƞŅĚěŅĔėĸŅĽŀŊŗĬĞŉŗĚĩŌĔĽŋƞĴŏĸŊŀĔěŅĔĽŀĚėĸŅĽĪňŗŐĨĔĨƞŅĚěŅĔėĸŅĽŏľĴŊŀĬȮŐĸŃ
œħƟŏĮĶňĵĭŏĪňĵĭȮSiamese networkȮĔńĭ VGG/6,ȮVGG/7Ȯpretrained network ŐĸŃŏĮĶňĵĭŏĪňĵĭ 
window sizesȮœħƟŐĔƞȮ0, 3, /., /3, 0.ȮĞŉŗĚįĸĮĶŅĔġĺƞŅȮwindow sizesȮĪňŗȮ20ȮħƟĺĵ Siamese 
networkȮŒĝƟěŜŅŐĬĔĔŅĶĽŉĔľĶŀĕŀĚħŀĔĽĺƞŅĬœħƟėƞŅėĺŅĴĴńŗĬŒěħňĪňŗĽŋħĪňŗȮ82% 

 
ĳŅıĪňŗȮ6ȮŐĽħĚĳŅıĶŌŏěŅŃħŀĔĽĺƞŅĬȮ1ȮĮĶŃŏĳĪ 

ŒĬĝƞĺĚŏĺĸŅŏħňĵĺĔńĬĬńŘĬŏŀĚ Alqasir et al.,[33] ŒĝƟŏėĶŊŀĕƞŅĵĽĵŅĴŏıŊŗŀĶńĔļŅėĺŅĴĮĸŀħĳńĵŒĬĔŅĶĕŉŘĬ
ĔĶŃŏĝƟŅĽĔňȮěŜŅŐĬĔĳŅıĔĶŃŏĝƟŅĽĔňőħĵĔŅĶĨĶĺěĽŀĭĺƞŅŐĩĭĬŇĶĳńĵĕŀĚĔĶĚŏĮƕħľĶŊŀĮƕħŀĵŌƞȮĸŇĲĨƢŏĔƟŅŀňŘ
ŐĨƞĸŃĨńĺĴňĴŅĽĔƢŐĩĭĬŇĶĳńĵĕŀĚĨńĺŏŀĚȮ&ŐĽħĚĽĩŅĬŃŏĮƕħŐĸŃĮƕħ'ȮįŌƟĺŇěńĵœħƟĶŃĭŋĽĩŅĬŃĕŀĚŐĩĭĬŇĶĳńĵ
ŏĕƟŅœĮŒĬŏėĶŊŀĕƞŅĵħƟĺĵȮĝŋħĕƟŀĴŌĸŒĬĔŅĶİƗĔĽŀĬĮĶŃĔŀĭħƟĺĵĶŌĮĳŅıěŅĔĸŇĲĨƢŏĔƟŅŀňŘĪňŗŐĨĔĨƞŅĚĔńĬȮ20 
ŐĭĭȮ&ŏĶňĵĔĺƞŅȮS1, S2, S3, ..., S20)ȮŐĭĭĸŃȮ100 ĳŅıȮĶĺĴĪńŘĚĽŇŘĬȮ2000ȮĳŅıȮĨńĺŀĵƞŅĚĶŌĮĳŅıŒĬĝŋħ
ĕƟŀĴŋĸĮĶŅĔġĨŅĴĳŅıĪňŗȮ7ȮįĸĔŅĶĪħĸŀĚĮĶŅĔġĺƞŅŒľƟėĺŅĴĴńŗĬŒěőħĵŏĜĸňŗĵĪňŗȮ7.,72#ȮĞŉŗĚŏĪňĵĭĔńĭ
ĔŅĶœĴƞĶŃĭŋĽĩŅĬŃĕŀĚŐĩĭĬŇĶĳńĵȮ65,54#ȮĴňĽĩŅĮƤĨĵĔĶĶĴŐĸŃěŜŅĬĺĬıŅĶŅĴŇŏĨŀĶƢŏľĴŊŀĬĔńĬŏľŖĬ
ŀĵƞŅĚĝńħŏěĬĺƞŅĔŅĶŐĪĶĔĨŜŅŐľĬƞĚĕŀĚŐĩĭĬŇĶĳńĵĝƞĺĵħŉĚėŋĦĽĴĭńĨŇĪňŗŐĴƞĬĵŜŅĵŇŗĚĕŉŘĬ 
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ĳŅıĪňŗȮ7ȮŐĽħĚĨńĺŀĵƞŅĚĳŅıěŅĔĸŇĲĨƢŏĔƟŅŀňŘŐĽħĚĽĩŅĬŃŏĮƕħŐĸŃĮƕħ 

ĚŅĬĺŇěńĵĨƞŅĚŕĪňŗœħƟĔĸƞŅĺĴŅĬňŘŏľŖĬœħƟĺƞŅŏĴŊŗŀĴňĕƟŀĴŌĸĽŜŅľĶńĭĔŅĶŏĶňĵĬĶŌƟĮĶŇĴŅĦĪňŗĬƟŀĵȮįŌƟĺŇěńĵŏĕŅ
œħƟŏĸŊŀĔŒĝƟŏėĶŊŀĕƞŅĵĮĶŃĽŅĴŏĪňĵĴŐĭĭȮSiamese network ŒĬĔŅĶěŜŅŐĬĔĕƟŀĴŌĸĨƞŅĚŕœħƟŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅıȮSiamese network ěŉĚĬƞŅĽĬŒěĪňŗěŃĬŜŅĴŅŒĝƟĪħĸŀĚĔńĭĝŋħĕƟŀĴŌĸȮSILPA 
CMC_dataset0ȮȮŒĬĔŅĶŏĔŖĭĕƟŀĴŌĸĪŅĚőĭĶŅĦőħĵŏĜıŅŃőĭĶŅĦĺńĨĩŋĴńĔěŃĴňĳŅıőĭĶŅĦĺńĨĩŋıĶƟŀĴĔńĭ
ĕƟŀėĺŅĴĪňŗĭĶĶĵŅĵĳŅıĬńŘĬŕȮĕƟŀėĺŅĴŏľĸƞŅĬńŘĬĽŅĴŅĶĩŏĮƦĬĕƟŀĴŌĸŒľƟįŌƟŒĝƟŏĕƟŅĴŅėƟĬľŅĶŌĮĳŅı
őĭĶŅĦĺńĨĩŋĬńŘĬŕœħƟȮĪńŘĚĽŅĴŅĶĩĪĶŅĭĶŅĵĸŃŏŀňĵħŏĔňŗĵĺĔńĭőĭĶŅĦĺńĨĩŋœħƟĴŅĔĕŉŘĬȮħňĔĺƞŅĔŅĶŏľŖĬŏĜıŅŃ
ĶŌĮĳŅıȮħńĚĬńŘĬĔŅĶĬŜŅĕƟŀĴŌĸĶńĭŏĕƟŅĪňŗŏĮƦĬĨńĺŀńĔļĶĴŅŏĶňĵĬĶŌƟĶƞĺĴĔńĭĕƟŀĴŌĸĝĬŇħĶŌĮĳŅıŀŅěŏĮƦĬŐĬĺĪŅĚ
ĪňŗŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵœħƟȮőħĵŒĬĚŅĬĺŇěńĵĕŀĚ Pan et 
al.,[34] œħƟĬŜŅŏĽĬŀ Knowledge-CLIPȮȮĞŉŗĚıńĥĬŅőėĶĚĽĶƟŅĚőħĵŒĝƟ CLIP modelsȮŏĮƦĬ pre-trainingȮ 
ŏĕƟŅĶľńĽĶŌĮĳŅıŐĸŃĕƟŀėĺŅĴŏıŊŗŀĶĺĴėŋĦĽĴĭńĨŇěŅĔĶŌĮŐĭĭĪňŗŐĨĔĨƞŅĚĔńĬȮĮĔĨŇŒĬőĴŏħĸ CLIPȮěŃŒĝƟėŌƞ
ĶŌĮĳŅıŐĸŃĕƟŀėĺŅĴŏĮƦĬĕƟŀĴŌĸŏĕƟŅȮŐĨƞĽŜŅľĶńĭĚŅĬĺŇěńĵĬňŘœħƟŒĝƟŒĝƟĔĶŅĲėĺŅĴĶŌƟŏĮƦĬĕƟŀĴŌĸŏĕƟŅȮĽŜŅľĶńĭȮ
multi-modal knowledge graph ŀĚėƢĮĶŃĔŀĭĮĶŃĔŀĭħƟĺĵĳŅıĨńĺŀĵƞŅĚŐĸŃėŜŅŀīŇĭŅĵĕŀĚĳŅļŅ
ŏĝŊŗŀĴőĵĚŀĚėƢĮĶŃĔŀĭħƟĺĵėĺŅĴĽńĴıńĬīƢĴňĶŌĮŐĭĭĨƞŅĚȮŕȮœħƟŐĔƞȮėĺŅĴĽńĴıńĬīƢĶŌĮĳŅıĔńĭĶŌĮĳŅı&Img, 
Rel, Img), ėĺŅĴĽńĴıńĬīƢĶŌĮĳŅıĕƟŀėĺŅĴȮ(Img, Rel, Text), ŐĸŃėĺŅĴĽńĴıńĬīƢĕƟŀėĺŅĴĔńĭĕƟŀėĺŅĴȮ
&Text, Rel, Text)ȮĞŉŗĚŒľƟĕƟŀĴŌĸĪňŗĴňėŋĦĸńĔļĦŃĪňŗľĸŅĔľĸŅĵĕƟŅĴőľĴħıĶƟŀĴĔńĬȮĝƞĺĵŏıŇŗĴĕƟŀĴŌĸĪňŗĴň
ėŋĦĳŅıŐĸŃľĸŅĔľĸŅĵĴŅĔĕŉŘĬȮŒĬĕĦŃŏħňĵĺĔńĬĵńĚĝƞĺĵŏĽĶŇĴėĺŅĴŏĕƟŅŒěŐĸŃŒĝƟĕƟŀĴŌĸŀĵƞŅĚĴň
ĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬŒĬŐĨƞĸŃőľĴħȮĔŅĶŏĨĶňĵĴĝŋħĕƟŀĴŌĸĔƞŀĬİƗĔȮThree knowledge graph 
datasetsȮPre-train DatasetȮĕŀĚĚŅĬĬňŘœħƟŐĔƞȮVisu alSemȮėŊŀĝŋħĕƟŀĴŌĸĔĶŅĲėĺŅĴĶŌƟľĸŅĵĶŌĮŐĭĭ
ėŋĦĳŅıĽŌĚĽŜŅľĶńĭĔŅĶŏĶňĵĬĶŌƟħƟĺĵĳŅıŐĸŃĳŅļŅȮVisualSem ŏĝŊŗŀĴőĵĚĔńĭĭĪėĺŅĴȮWikipedia, 
WordNet ŐĸŃĶŌĮĳŅıėŋĦĳŅıĽŌĚěŅĔȮImageNet* Visual Genome ŏĮƦĬĝŋħĕƟŀĴŌĸĔĶŅĲĜŅĔĨŅĴ
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ėĺŅĴĶŌƟĪňŗŏĝŊŗŀĴőĵĚŐĬĺėŇħŏĔňŗĵĺĔńĭĳŅıĪňŗĴňőėĶĚĽĶƟŅĚıĶƟŀĴėĺŅĴĽńĴıńĬīƢŏĝŇĚėĺŅĴľĴŅĵȮVisual 
Genome ĪŜŅľĬƟŅĪňŗŏĮƦĬŏĔĦĤƢĴŅĨĶģŅĬĽŜŅľĶńĭĚŅĬħƟŅĬĔŅĶĴŀĚŏľŖĬĨƞŅĚŕȮConceptNetȮėŊŀĔĶŅĲ
ėĺŅĴĶŌƟĪňŗŏĝŊŗŀĴőĵĚėŜŅŐĸŃĺĸňŒĬĳŅļŅīĶĶĴĝŅĨŇȮĪňŗĴňĮƚŅĵĔŜŅĔńĭȮėĺŅĴĶŌƟĩŌĔĶĺĭĶĺĴěŅĔľĸŅĵŐľĸƞĚȮ
ĶĺĴĩŉĚŐľĸƞĚĕƟŀĴŌĸĪňŗįŌƟŏĝňŗĵĺĝŅĠĽĶƟŅĚĕŉŘĬȮěŅĔĬńŘĬĬŜŅĝŋħĕƟŀĴŌĸİƗĔŀĭĶĴȮKnowledge-CLIP ħƟĺĵĔŅĶ
ŏĶŇŗĴĨƟĬŀńĨĶŅĔŅĶŏĶňĵĬĶŌƟȮ/e-3ȮĽŜŅľĶńĭĨńĺŏĕƟŅĶľńĽĶŌĮĳŅıŐĸŃĕƟŀėĺŅĴȮ ĪňĴįŌƟĺŇěńĵĪħĸŀĚĮĶŃĽŇĪīŇĳŅı
ĕŀĚőĴŏħĸĭĬĝŋħĕƟŀĴŌĸȮFlickr30k ŐĸŃȮCOCO Caption ŏıŊŗŀĮĶŃŏĴŇĬĔŅĶėƟĬľŅĶŌĮĳŅıŐĸŃĕƟŀėĺŅĴ 
ĔŜŅľĬħĝŋħĕƟŀĴŌĸȮX ŐĸŃȮy ĕŀĚĶŌĮĳŅıŐĸŃĕƟŀėĺŅĴȮŒĝƟȮKnowledge-CLIP ŐĵĔĲƖŏěŀĶƢĽŜŅľĶńĭĕƟŀĴŌĸ
ŐĨƞĸŃŀŇĬıŋĨȮŐĸŃĽĶƟŅĚŐĭĭěŜŅĸŀĚėĺŅĴĬƞŅěŃŏĮƦĬĶƞĺĴőħĵŒĝƟėĺŅĴėĸƟŅĵėĸŉĚĕŀĚőėœĞĬƢĶŃľĺƞŅĚėŌƞ
ĶŌĮĳŅıŐĸŃĕƟŀėĺŅĴȮįĸĔŅĶŏĮĶňĵĭŏĪňĵĭĕŀĚȮKnowledge-CLIP ĔńĭőĴŏħĸıŊŘĬģŅĬŀŊŗĬŕȮĪňŗĴň
ĮĶŃĽŇĪīŇĳŅıĽŌĚȮȮőĴŏħĸĕŀĚĪňŗĚŅĬĬňŘĬŜŅŏĽĬŀĮĶŃĽĭėĺŅĴĽŜŅŏĶŖěħňĔĺƞŅȮCLIP ŏħŇĴŀĵƞŅĚĽĴŗŜŅŏĽĴŀŒĬĪńŘĚ
ĽŀĚĝŋħĕƟŀĴŌĸ  ĨƞŀĴŅŒĬĮƖȮ2023ȮȮBianchi et al.,[35]ȮĬŜŅŏĽĬŀőĴŏħĸȮCLIP ĽŜŅľĶńĭĳŅļŅŀŇĨŅĸňŏĮƦĬ
ėĶńŘĚŐĶĔĞŉŗĚİƗĔİĬĔńĭėŌƞĕƟŀėĺŅĴŐĸŃĶŌĮĳŅıĴŅĔĔĺƞŅȮ/,2ȮĸƟŅĬėŌƞȮĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶİƗĔŀĭĶĴőĴŏħĸ CLIP-
ItalianȮȮĬŜŅĴŅěŅĔȮ4ȮģŅĬĕƟŀĴŌĸœħƟŐĔƞȮWITȮŏĮƦĬĝŋħĕƟŀĴŌĸėŜŅĭĶĶĵŅĵĳŅıĪňŗĶĺĭĶĺĴěŅĔȮWikipedia 
ŏĮƦĬĝŋħĕƟŀĴŌĸľĸŅĵĳŅļŅȮŐĨƞĮĶŃĴĺĸįĸŐĸŃŐĵĔĝŋħĵƞŀĵĳŅļŅŀŇĨŅĸňœĺƟĸƞĺĚľĬƟŅ 525,950 ĝŋħ* 
MSCOCO-ITȮĝŋħĕƟŀĴŌĸėŜŅĭĶĶĵŅĵĳŅıĬňŘĴŅěŅĔĝŋħĕƟŀĴŌĸȮMSCOCO ħńŘĚŏħŇĴŐĮĸħƟĺĵȮMicrosoft 
Trans lator ĝŋħĔŅĶİƗĔŀĭĶĴȮMSCOCO ŏĺŀĶƢĝńĬĮƖȮ0./5ȮĴňĶŌĮĳŅıĴŅĔĔĺƞŅȮ/..,...ȮĳŅıȮĴňėŜŅ
ĭĶĶĵŅĵĴŅĔĔĺƞŅľĬŉŗĚėŜŅŀīŇĭŅĵĽŜŅľĶńĭŐĨƞĸŃĳŅı* Conceptual Captions (CC)ȮĝŋħĕƟŀĴŌĸĬňŘĴňėŌƞ
ėŜŅŀīŇĭŅĵĳŅıĴŅĔĔĺƞŅȮ3 ĸƟŅĬėŌƞȮĞŉŗĚĶĺĭĶĺĴěŅĔŏĺŖĭŐĸŃħŅĺĬƢőľĸħĶŌĮĳŅıħƟĺĵȮURL ĪňŗœħƟĶńĭěŅĔĝŋħ
ĕƟŀĴŌĸȮŐĨƞĭŅĚĳŅıĔŖœĴƞĽŅĴŅĶĩŒĝƟĚŅĬœħƟȮĽŋħĪƟŅĵěŉĚŐĮĸėŜŅĭĶĶĵŅĵĮĶŃĴŅĦȮ710,000 ĶŅĵĔŅĶŏĮƦĬ
ĳŅļŅŀŇĨŅĸň* La Foto del Giorno (ILPOST)ȮĝŋħĕƟŀĴŌĸėŜŅĭĶĶĵŅĵĳŅıĬňŘĶĺĭĶĺĴěŅĔȮIl Post 
ľĬńĚĽŊŀıŇĴıƢŀŀĬœĸĬƢĝŊŗŀħńĚĕŀĚŀŇĨŅĸňȮŏĶŇŗĴĨńŘĚŐĨƞĨƟĬĮƖȮ2011 ĪŋĔĺńĬȮĭĶĶĦŅīŇĔŅĶĕŀĚȮIl Post œħƟŏĸŊŀĔ
ĳŅıľĸŅĵĳŅıĞŉŗĚŏĮƦĬŏľĨŋĔŅĶĦƢĽŜŅėńĠĪňŗĽŋħŒĬőĸĔȮŐĨƞĸŃĳŅıĴŅıĶƟŀĴĔńĭėŜŅĭĶĶĵŅĵĳŅļŅŀŇĨŅĸňȮ
ėŀĸŏĸĔĝńĬįĸĸńıīƢĮĶŃĔŀĭħƟĺĵėŜŅŀīŇĭŅĵĶŌĮĳŅıŏĔŊŀĭȮ30,000 ėŌƞ CLIP-Italian model ȮŒĝƟȮVision 
Transformer (ViT)ȮŐĸŃBERTȮŏĮƦĬ pre-trained state-of-the-art modelsȮĽŜŅľĶńĭĳŅıŐĸŃ
ĕƟŀėĺŅĴȮĔŅĶĮĶŃŏĴŇĬĔŅĶėƟĬėŊĬĶŌĮĳŅıŐĸŃėŜŅĭĶĶĵŅĵŒĝƟĝŋħĕƟŀĴŌĸĔŅĶĨĶĺěĽŀĭȮMSCOCO-IT (Īňŗ
œĴƞœħƟŒĝƟŒĬĝŋħĔŅĶİƗĔŀĭĶĴ'ȮĝŋħĕƟŀĴŌĸĮĶŃĔŀĭħƟĺĵĶŌĮĳŅıȮ0,...ȮĳŅıĪňŗŏĔňŗĵĺĕƟŀĚĔńĭėŜŅŀīŇĭŅĵĳŅıĪňŗ
ŏĔňŗĵĺĕƟŀĚȮįĸĸńıīƢŐĽħĚŒľƟŏľŖĬĺƞŅȮCLIP-Italian ĴňĮĶŃĽŇĪīŇĳŅıŏľĬŊŀĔĺƞŅőĴŏħĸȮCLIPȮĳŅļŅŀŊŗĬŕȮŐĨƞ
ĚŅĬĺŇěńĵĬňŘěŜŅĔńħĕƟŀėĺŅĴľĶŊŀėŜŅĭĶĶĵŅĵŒĬĔŅĶİƗĔőĴŏħĸĽŌĚĽŋħœĺƟĪňŗȮ96ȮėŜŅ ŐĸŃĴňėĺŅĴŐĴƞĬĵŜŅŏıňĵĚ
ĳŅļŅŀŇĨŅĸň 
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ŒĬĔŅĶĮĶŃĴĺĸįĸĳŅļŅīĶĶĴĝŅĨŇȮ&NLP)Ȯword embedding ŏĮƦĬőėĶĚĽĶƟŅĚľĸńĔĽŜŅľĶńĭĚŅĬȮ
NLP ľĸŅĵĚŅĬŒĬĔŅĶŐĮĸĚėŜŅľĶŊŀĕƟŀėĺŅĴŏĮƦĬŏĺĔŏĨŀĶƢĪňŗĴňĴŇĨŇŏıŊŗŀŒľƟĚƞŅĵĨƞŀĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸ
ĕƟŀėĺŅĴȮőħĵĪňŗŐĨƞĸŃĴŇĨŇŒĬŏĺĔŏĨŀĶƢěŃŐĪĬėŋĦĸńĔļĦŃľĶŊŀėĺŅĴľĴŅĵĪňŗĨƞŅĚĔńĬĕŀĚėŜŅľĶŊŀĕƟŀėĺŅĴ
ĨƞŅĚȮŕȮŒĬĝƞĺĚĕƟŀĴŌĸĪňŗĔĺƟŅĚĴŅĔȮŕȮőħĵĴńĔěŃŒĝƟŏĪėĬŇėĔŅĶŏĶňĵĬĶŌƟĕŀĚŏėĶŊŗŀĚȮ&Machine Learning)Ȯ
ŏıŊŗŀĽĶƟŅĚȮword embedding ĪňŗĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŐĽħĚėĺŅĴľĴŅĵĕŀĚėŜŅľĶŊŀĕƟŀėĺŅĴŒĬ
ĸńĔļĦŃĪňŗŏĮƦĬĮĶŃőĵĝĬƢĽŜŅľĶńĭĚŅĬȮNLP ĨƞŅĚȮŕȮŏĝƞĬȮĔŅĶėƟĬľŅĕƟŀĴŌĸȮMoghadasi et al.,[36]ȮœħƟ
ŏĽĬŀŏėĶŊŀĕƞŅĵĮĶŃĽŅĪŏĪňĵĴȮSent0Vec ŏĮƦĬőĴŏħĸĔŅĶİƤĚėŜŅĪňŗĴňŀŅĶĴĦƢȮĞŉŗĚĪŜŅŒľƟĔŅĶİƤĚĕƟŀĴŌĸěŅĔȮ
GloVe embedding ŏĮƦĬĶŌĮŐĭĭĕŀĚİƤĚĕƟŀĴŌĸĪňŗŏĮƦĬ sentence embeddingȮŐĭĭ one-shot 
ŒĬĕĦŃĪňŗĺŇīňĔŅĶŒĬĚŅĬĔƞŀĬľĬƟŅĚŅĬĺŇěńĵĬňŘĽƞĺĬŒľĠƞěŃĕŉŘĬŀĵŌƞĔńĭȮword embeddings ŐĸŃĨƟŀĚĴňĺŇīň
ĔĸŅĚŏıŊŗŀŐĮĸĚȮword embedding ŏĮƦĬȮsentence embedding "ĔŅĶİƤĚĮĶŃőĵė Ȯ(Sentence 
embedding)ȮėŊŀ ĔŅĶŐĽħĚėĺŅĴľĴŅĵĕŀĚĮĶŃőĵėŒĬĶŌĮŐĭĭĕŀĚŏĺĔŏĨŀĶƢĨńĺŏĸĕŏħňĵĺȮĞŉŗĚĝƞĺĵŒĬ
ĔŅĶŏĕƟŅŒěěŋħĮĶŃĽĚėƢĕŀĚĮĶŃőĵėőħĵœĴƞĨƟŀĚėŜŅĬĺĦŏĺĔŏĨŀĶƢĕŀĚėŜŅŐĨƞĸŃėŜŅŀĵƞŅĚŐĵĔĨƞŅĚľŅĔ ĝŋħ
ĕƟŀĴŌĸĔŅĶİƗĔŀĭĶĴŒĝƟĝŋħĕƟŀĴŌĸĶňĺŇĺĕŀĚȮAmazonȮŏĮƦĬĝŋħĕƟŀĴŌĸĪňŗŒĝƟĴŅĔĪňŗĽŋħȮĪňŗĴňĮĶŃŏĳĪĕƟŀĴŌĸ
ĽŜŅľĶńĭĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĮĶŃĔŀĭħƟĺĵĶňĺŇĺȮ3 ĸƟŅĬĶŅĵĔŅĶĽŜŅľĶńĭĔŅĶİƗĔŀĭĶĴŐĸŃȮ650,000 
ĶŅĵĔŅĶĽŜŅľĶńĭĔŅĶĪħĽŀĭȮŏıŊŗŀħŌĶŅĵĸŃŏŀňĵħŏıŇŗĴŏĨŇĴŏĔňŗĵĺĔńĭĔŅĶĽĶƟŅĚĝŋħĕƟŀĴŌĸĕŀĚȮAmazon ŒĬ
ĚŅĬĺŇěńĵȮįŌƟĺŇěńĵĽĶƟŅĚőĴŏħĸȮSent0Vec ĽŀĚĶŌĮŐĭĭĞŉŗĚĨƞŅĚĔńĬħƟĺĵĕĬŅħĕƟŀĴŌĸĔŅĶİƗĔȮSent0Vec-/M 
ŐĸŃȮSent0Vec1..K ŏĮƦĬőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴĪňŗŏľĴŊŀĬĔńĬŐĨƞĩŌĔİƗĔħƟĺĵĨńĺŀĵƞŅĚĕƟŀĴŌĸĪňŗȮ
/,...,...ȮŐĸŃȮ1..,...ȮįĸĸńıīƢěŅĔŏĴĨĶŇĔĮĶŃĽŇĪīŇĳŅıĽŜŅľĶńĭȮlogistic regression ĪňŗŒĝƟȮuSIF 
ĽńĚŏĔĨœħƟĺƞŅĔŅĶŐĪĬėŜŅħƟĺĵȮSent0Vec œħƟĶńĭėĺŅĴĴńŗĬŒěĽŌĚĽŋħŒĬľĴĺħľĴŌƞĪŋĔĮĶŃŏĳĪȮőħĵȮ
Sent0Vec-/M ĴňėĺŅĴĴńŗĬŒěĽŌĚĽŋħħńĚĳŅıĪňŗȮ8 

 
ĳŅıĪňŗȮ8ȮŐĽħĚėƞŅėĺŅĴĴńŗĬŒěŒĬŐĨƞĸŃȮRepresentation 
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ŏıŊŗŀĔŅĶĽŜŅĶĺěĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶŐĪĬėŜŅĪńŘĚľĴħĬŀĔŏľĬŊŀěŅĔĝŋħĕƟŀĴŌĸĕŀĚȮAmazon 
ĚŅĬĬňŘœħƟŏĸŊŀĔĝŋħĕƟŀĴŌĸĪňŗŐĨĔĨƞŅĚĔńĬœħƟŐĔƞȮĝŋħĕƟŀĴŌĸȮDBPediaȮŐĸŃĝŋħĕƟŀĴŌĸYahooȮŏĮƦĬĝŋħĕƟŀĴŌĸĔŅĶ
İƗĔőĴŏħĸȮSent0Vec ŐĸŃİƗĔĨńĺŐĵĔĮĶŃŏĳĪȮlogistic regression ħƟĺĵĔŅĶŐĪĬėŜŅĪňŗŐĨĔĨƞŅĚĔńĬȮ
įĸĸńıīƢĕŀĚĚŅĬĬňŘŐĽħĚŒľƟŏľŖĬĺƞŅĔŅĶŐĪĬėŜŅħƟĺĵȮSent2Vec ĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħŒĬĝŋħĕƟŀĴŌĸĪńŘĚȮ2 
ħńĚĔĸƞŅĺħƟĺĵȮħńĚĳŅıĪňŗȮ9 

 
ĳŅıĪňŗȮ9 ŐĽħĚėƞŅėĺŅĴŐĴƞĵŜŅŒĬĝŋħĕƟŀĴŌĸȮDBPedia ŐĸŃĝŋħĕƟŀĴŌĸYahoo 
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ĭĪĪňŗȮ3 
ĪķļġňĪňŗŏĔňŗĵĺĕƟŀĚ 

3.1 őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴ (Neural Network) 
Neural Network (NN) ėŊŀőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴȮĮĶŃĔŀĭħƟĺĵŏĞĸĸƢĮĶŃĽŅĪ &Node) 

ŐĸŃŏĽƟĬĮĶŃĽŅĬĮĶŃĽŅĪȮ&Dense) ŏĮƦĬĔŅĶěŜŅĸŀĚőėĶĚĽĶƟŅĚĨŅĴĶŌĮŐĭĭĕŀĚŏĞĸĸƢĽĴŀĚĴĬŋļĵƢȮĪňŗ

ĴĬŋļĵƢœħƟŏĶňĵĬĶŌƟȮİƗĔİĬŐĸŃĮĶŃĴĺĸįĸœħƟħƟĺĵĨĬŏŀĚȮőħĵĔŅĶĪŜŅĚŅĬĕŀĚȮNeural Networks ĴňȮInput 

Layer /ȮĝńŘĬȮȮȮĪňŗĪŜŅľĬƟŅĪňŗĶńĭĕƟŀĴŌĸȮŏĕƟŅĴŅŒĬőėĶĚĕƞŅĵĮĶŃĽŅĪȮŐĸŃĽƞĚĕƟŀĴŌĸįƞŅĬ Dense Őĭĭ feed-

forward ěŅĔ Input LayerȮįƞŅĬȮHidden Layer œĮĵńĚȮOutput LayerȮħńĚĳŅıĪňŗȮ10 ĞŉŗĚĔŅĶĽƞĚŐĭĭ

Feed-ForwardȮŏĮƦĬĔŅĶŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚ Node ĪňŗĽƞĚĨƞŀĕƟŀĴŌĸįƞŅĬȮDense œĮĵńĚ Node ĩńħœĮŒĬ

ĪŇĻĪŅĚŏħňĵĺœĴƞĵƟŀĬĔĸńĭĪŜŅŒľƟœĴƞŏĔŇħĺńĢěńĔĶ ŒĬĽƞĺĬĕŀĚȮHidden Layer ĬńŘĬĽŅĴŅĶĩĴňĝńŘĬœħƟĴŅĔĔĺƞŅȮ

/ȮĝńŘĬȮĔŅĶŏıŇŗĴěŜŅĬĺĬĝńŘĬĪňŗĴŅĔĕŉŘĬĽƞĚįĸŒľƟȮĬŇĺĶŀĸȮ&Neuron) ĴňěŜŅĬĺĬĴŅĔȮĪŜŅŒľƟĴňőŀĔŅĽœħƟėĺŅĴ

ĴńŗĬŒěĪňŗĽŌĚĕŉŘĬȮĞŉŗĚĩƟŅĴňěŜŅĬĺĬ Hidden LayerȮĨńŘĚŐĨƞȮ3ȮĝńŘĬĕŉŘĬœĮěŃŏĶňĵĔĺƞŅȮĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔ Deep 

LearningȮ[37] ĽƞĺĬĽŋħĪƟŅĵ Output LayerȮőħĵěŃĶńĭėƞŅěŅĔ Hidden LayerȮĪňŗĮĶŃĴĺĸįĸŏĽĶŖěŐĸƟĺ

ĴŅŏĔŖĭŏĮƦĬėƞŅėŜŅĨŀĭŀĵŌƞŒĬȮNeuronȮĞŉŗĚěŜŅĬĺĬĕŀĚȮNeuron ŒĬȮOutput Layer ěŃŏĪƞŅĔńĭěŜŅĬĺĬ

ĕŀĚėĸŅĽĪňŗĨƟŀĚĔŅĶěńħĔĸŋƞĴȮŏĴŊŗŀȮNeuron  ŒħĴňėƞŅėŜŅĨŀĭĴŅĔĔĺƞŅŐĽħĚĺƞŅĽŇŗĚĪňŗȮInput ŏĕƟŅĴŅěŃŏĮƦĬ

ėĸŅĽĬńŘĬ 

 
ĳŅıĪňŗȮ10ȮőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴ 
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3.2 ĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮ&Deep Learning) 
 ĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮ&Deep Learning) ŏĮƦĬĔĶŃĭĺĬĔŅĶŏĶňĵĬĶŌƟĪňŗĴňĔŅĶĮĶŃĴĺĸįĸŒĬĶŌĮŐĭĭ

ĕŀĚĽĴŀĚĴĬŋļĵƢőħĵĔŅĶěŜŅĸŀĚĔŅĶŏĶňĵĬĶŌƟĕŀĚĽĴŀĚĴĬŋļĵƢĕŉŘĬĴŅȮőħĵĴňŏĞĸĸƢĮĶŃĽŅĪ ŏĽƟĬĮĶŃĽŅĪȮĪňŗ

ŏĝŊŗŀĴőĵĚĔńĬŏĮƦĬőėĶĚĕƞŅĵ ĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔœĴƞŒĝƞŏıňĵĚĔŅĶĮĶŃĴĺĸįĸěŅĔĕƟŀĴŌĸĪňŗĶńĭŏĕƟŅĴŅȮŐĨƞŏĮƦĬ

ĔŅĶŏĶňĵĬĶŌƟŐĸŃİƗĔİĬĨńĺŏŀĚŒľƟĮĶŃĴĺĸįĸȮěŉĚŀŅěĔĸƞŅĺœħƟĺƞŅľŅĔœĴƞĴňőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴ (Neural 

Network)ȮĔŖěŃœĴƞĴňĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔ ŏıĶŅŃĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔėŊŀőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴĪňŗĴňĝńŘĬȮ

Hidden Layer ĨńŘĚŐĨƞȮ1ȮĝńŘĬĕŉŘĬœĮĬńŘĬŏŀĚȮŐĽħĚħńĚĳŅıĪňŗȮ11ȮĪŜŅŒľƟőėĶĚĕƞŅĵĴňėĺŅĴĞńĭĞƟŀĬŐĸŃŏĶňĵĬĶŌƟȮ

İƗĔİĬŐĸŃĮĶŃĴĺĸįĸœħƟħƟĺĵĨĬŏŀĚȮȮœħƟĸŉĔĵŇŗĚĕŉŘĬȮŐĸŃĴňĮĶŃĽŇĪīŇĳŅıĪňŗħňĕŉŘĬ 

 
ĳŅıĪňŗȮ11ȮőėĶĚĕƞŅĵĮĶŃĽŅĪŏĝŇĚĸŉĔ (Deep Neural Network) 

3.3 őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬȮ&Convolutional Neural Network - CNN) 
őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬȮ(Convolutional Neural Network - CNN) ŏĮƦĬ

ĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔ Deep LearningȮĪňŗĴňěŜŅĬĺĬȮHidden Layer ĨńŘĚŐĨƞȮ3 ĝńŘĬĕŉŘĬœĮȮħńĚĳŅıĪňŗȮ12ȮĞŉŗĚȮ

CNN ŏĮƦĬĔŅĶŏıŇŗĴĝńŘĬĔŅĶĮĶŃĴĺĸįĸŐĭĭŐĭĭėŀĬőĺĸŌĝńĬȮ&Convolutional) ŏĕƟŅœĮŒĬȮNeural 

Network ĞŉŗĚĔŅĶĪŜŅĚŅĬŒĬȮConvolution layer ěŃĪŜŅĔŅĶľŅėĺŅĴĽńĴıńĬīƢȮőħĵħŉĚėŋĦĸńĔļĦŃŏħƞĬ

ĕŀĚĕƟŀĴŌĸŏıŊŗŀŒĝƟŒĬĔŅĶŏĶňĵĬĶŌƟȮCNN ĮĶŃĔŀĭħƟĺĵĔŅĶĪŜŅĚŅĬȮ0ȮĽƞĺĬȮėŊŀȮFeature Extraction ŐĸŃȮ

Classification ŒĬĽƞĺĬŐĶĔĬńŘĬȮFeature Extraction ŏĮƦĬĔŅĶĬŜŅĽƞĺĬĵƞŀĵȮ&Local Region) ĕŀĚĕƟŀĴŌĸ

ĽƞĺĬľĬŉŗĚĴŅėƞŀĵŕŏĶňĵĬĶŌƟȮőħĵĴňĨńĺĔĶŀĚȮ&Filter) ľĶŊŀȮŏėŀĶƢŏĬĸȮ&Kernel)  ĪŜŅľĬƟŅĪňŗĽĔńħėŋĦĸńĔļĦŃ

ıŇŏĻļĽŜŅľĶńĭĔŅĶĬŜŅœĮŒĝƟŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪŒĬĕńŘĬĨŀĬȮClassification ŏĝƞĬȮĩƟŅĽƞĺĬĵƞŀĵȮ&Local 

Region) ĕŀĚĕƟŀĴŌĸȮInput (Feature Size ) 3x3ȮĴŅĪŅĭĔńĭȮFilter Size 1x1ȮȮėŊŀĔŅĶĪňŗȮFilter ěŃ
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ŏĸŊŗŀĬĪŅĭœĮŏĶŊŗŀĵŕȮĭĬĕƟŀĴŌĸĕĬŅħȮ3x3ȮŐĸŃěŃœħƟįńĚėŋĦĸńĔļĦŃȮ&Feature Map) ĕŀĚĽƞĺĬĵƞŀĵȮ

&Local Region) ĕŀĚĕƟŀĴŌĸȮěŅĔĬńŘĬĔŖĬŜŅĽƞĺĬĵƞŀĵ&Local Region) ĕŀĚĕƟŀĴŌĸĩńħœĮĴŅėŌĦĔńĭȮFilter 

ŏĸŊŗŀĬŏĮĸňŗĵĬœĮŏĶŊŗŀĵŕěĬĔĺƞŅěŃėĶĭĪńŘĚĕƟŀĴŌĸȮěŅĔĬńŘĬŏĴŊŗŀœħƟĝŋħėŋĦĸńĔļĦŃĕŉŘĬĴŅŒľĴƞŐĸƟĺȮěŃŏĕƟŅĽŌƞĝńŘĬ

ıŌĸĸŇŗĚȮ&Pooling Layer) ĞŉŗĚŏĮƦĬĝńŘĬĪňŗėńŗĬĔĸŅĚĶŃľĺƞŅĚĝńŘĬėŀĬőĺĸŌĝńĬȮěŃĪŜŅĔŅĶĸħĕĬŅħȮ

&Downsample) ĕŀĚȮFeature Map ŒľƟŏĸŖĔĸĚȮŐĨƞėĚėĺŅĴĽńĴıńĬīƢĕŀĚĕƟŀĴŌĸŀĵƞŅĚėĶĭĩƟĺĬȮőħĵĴň

ŀńĸĔŀĶŇĪŉĴľĸŅĵĮĶŃŏĳĪȮœħƟŐĔƞȮMax Pooling, Average Pooling ŐĸŃȮSum Pooling ĨƞŀĴŅĔŅĶ

ĪŜŅĚŅĬŒĬĽƞĺĬĕŀĚClassification ěŃŏĮƦĬĝńŘĬĪňŗĪŜŅľĬƟŅĪňŗŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĕƟŀĴŌĸȮĞŉŗĚŏĝŊŗŀĴőĵĚ

ŐĭĭĽĴĭŌĶĦƢȮ&Fully-Connected Layer)  ĔńĭőėĶĚĽĶƟŅĚĕŀĚȮNeural Network őħĵĪŜŅĔŅĶŏĝŊŗŀĴőĵĚ

ŒĬĝńŘĬėŀĬőĺĸŌĝńĬȮ&Convolution) ŐĸŃĝńŘĬıŌĸĸŇŗĚȮ&Pooling) ĕŀĚȮConvolution layerȮĨńĺŀĵƞŅĚ

ĽĩŅĮƤĨĵĔĶĶĴĪňŗıńĥĬŅĭĬıŊŘĬģŅĬȮCNN model œħƟŐĔƞȮDenseNet121, DenseNet169, 

InceptionV3, VGG16, VGG19 ŐĸŃȮResNet50 

 
ĳŅıĪňŗȮ12ȮŐĽħĚėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚȮAI, ML, NN, Deep Learning, CNN 

3.3.1 DenseNet  
DenseNet (Densely Connected Convolutional Networks) [38]ȮŏĮƦĬőĴŏħĸĔŅĶŏĶňĵĬĶŌƟ

ŏĝŇĚĸŉĔĪňŗĩŌĔıńĥĬŅőħĵĪňĴĺŇěńĵĕŀĚȮCornell University ĳŅĵŒĨƟĚŅĬĺŇěńĵĪňŗĝŊŗŀĺƞŅȮ Densely 

Connected Convolutional Networks" ŐĸŃœħƟĶńĭėĺŅĴĬŇĵĴŀĵƞŅĚĴŅĔŒĬĳŅėĺŇĝŅĔŅĶŐĸŃ

ŀŋĨĽŅľĔĶĶĴħƟĺĵėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŒľƟĮĶŃĽŇĪīŇĳŅıĽŌĚŒĬĚŅĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĳŅıȮŏĮƦĬ

ĽĩŅĮƤĨĵĔĶĶĴĪňŗĴŋƞĚŏĬƟĬĔŅĶıńĥĬŅőėĶĚĕƞŅĵĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔ (deep learning networks) ŒľƟĴňėĺŅĴ



 19 
 
 

ĞńĭĞƟŀĬĴŅĔĕŉŘĬœĮŀňĔ ŏĮƦĬȮCNNȮĪňŗŐĨƞĸŃĝńŘĬŏĝŊŗŀĴĨƞŀĔńĭĪŋĔŕȮĝńŘĬĔƞŀĬľĬƟŅĞŉŗĚĪŜŅŒľƟŏĮƦĬĔŅĶŏĶňĵĬĶŌƟŏĝŇĚ

ĸŉĔĪňŗĸŉĔĔĺƞŅŏħŇĴȮĽƞĚįĸŒľƟŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĔŅĶİƗĔŀĭĶĴĴŅĔĕŉŘĬȮĔŅĶŏĝŊŗŀĴĨƞŀĶŃľĺƞŅĚŏĸŏĵŀĶƢĽńŘĬĸĚȮ

DenseNet ŏĮƦĬőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴĪňŗŐĨƞĸŃ layerȮŏĝŊŗŀĴĨƞŀĔńĭĝńŘĬŀŊŗĬȮŕȮőħĵŐĨƞĸŃ layerȮěŃœħƟĶńĭȮ

inputȮěŅĔĪŋĔŕ layerȮĔƞŀĬľĬƟŅĪńŘĚľĴħŐĸŃĽƞĚĨƞŀȮfeature-maps ĕŀĚĨńĺŏŀĚœĮĵńĚȮlayerȮĩńħœĮ

ĪńŘĚľĴħȮŒĬŐĨƞĸŃȮlayerȮěŉĚœħƟĶńĭȮ ĝŋħėĺŅĴĶŌƟĶƞĺĴ ȮěŅĔĪŋĔ layerȮĔƞŀĬľĬƟŅ layerȮĨńĺŏŀĚȮħńĚĳŅıĪňŗȮ13 

DenseNet ěŉĚĨƞŅĚěŅĔȮResNets ĨĶĚĪňŗœĴƞĴňĔŅĶĶĺĴėŋĦĽĴĭńĨŇĨƞŅĚŕȮįƞŅĬĔŅĶĭĺĔȮŐĨƞĶĺĴėŋĦĽĴĭńĨŇ

ĨƞŅĚŕȮŏĕƟŅħƟĺĵĔńĬőħĵĔŅĶĨƞŀŏĕƟŅħƟĺĵĔńĬȮ 

 
ĳŅıĪňŗȮ13ȮĽĩŅĮƤĨĵĔĶĶĴȮDenseNet121 

&ĪňŗĴŅĕŀĚĳŅıȮhttps://towardsdatascience.com/review-densenet-image-classification-

b441/a6ef6.1' 

DenseNet/0/ȮŏĮƦĬőĴŏħĸŏĶňĵĬĶŌƟŏĝŇĚĸŉĔȮ&deep learning model) ŏĮƦĬŏĺŀĶƢĝńĬĕĬŅħŏĸŖĔ

ĕŀĚȮDenseNet ĴňőėĶĚĽĶƟŅĚĪňŗŒľƟėĺŅĴĸŃŏŀňĵħŐĸŃĮĶŃĽŇĪīŇĳŅıĽŌĚŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪȮ

&classification) ĕŀĚĳŅıȮĞŉŗĚŏĮƦĬőĴŏħĸĪňŗœħƟĶńĭėĺŅĴĬŇĵĴĽŌĚŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĳŅıȮőĴŏħĸȮ

DenseNet/0/ȮĴňĸńĔļĦŃĔŅĶŏĝŊŗŀĴĨƞŀĪňŗŏĶňĵĔĺƞŅȮ Dense Connectivity" ĪňŗĝƞĺĵĸħĮƤĠľŅĕŀĚĔŅĶ

ľŅĵœĮĕŀĚĽńĠĠŅĦŒĬĔŅĶİƗĔĽŀĬȮ&vanishing gradients) ŐĸŃĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĶňĵĬĶŌƟ

ĕŀĚőĴŏħĸœħƟȮĔŅĶŏĝŊŗŀĴĨƞŀŐĭĭĬňŘĝƞĺĵŒľƟĕƟŀĴŌĸĽŅĴŅĶĩœľĸįƞŅĬőĴŏħĸœħƟőħĵĨĶĚȮŐĸŃĝƞĺĵŒľƟőĴŏħĸ

ŏĶňĵĬĶŌƟėĺŅĴŏĝŊŗŀĴőĵĚĶŃľĺƞŅĚėŋĦĸńĔļĦŃȮ&features) œħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅı 

DenseNet/0/ȮĴňėĺŅĴĸŉĔĪńŘĚľĴħȮ/0/ ĝńŘĬȮ(layers'ȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮDense Blocks ľĸŅĵȮ

ŕȮĝńŘĬȮĪňŗĴňĔŅĶŏĝŊŗŀĴĨƞŀĔńĬȮĞŉŗĚĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĶňĵĬĶŌƟŐĸŃĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶěŜŅŐĬĔ

ĮĶŃŏĳĪĕŀĚĶŌĮĳŅıœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮĔŅĶŒĝƟȮDenseNet/0/ȮĽŅĴŅĶĩĝƞĺĵŒľƟěŜŅŐĬĔĮĶŃŏĳĪ
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ĕŀĚĳŅıĩƞŅĵœħƟħƟĺĵėĺŅĴĴńŗĬŒěĽŌĚȮĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĶňĵĬĶŌƟěŅĔĕƟŀĴŌĸĴŅĔȮŐĸŃŒĝƟıŊŘĬĪňŗĔŅĶŏĔŖĭ

ĕƟŀĴŌĸĬƟŀĵĸĚőħĵŏĮĶňĵĭŏĪňĵĭĔńĭőĴŏħĸĪňŗĴňėĺŅĴĸŉĔĴŅĔĔĺƞŅħƟĺĵĔŅĶŒĝƟŏĪėĬŇėĔŅĶŏĝŊŗŀĴĨƞŀ Dense 

Connectivity ŒĬȮDense Block ĪňŗĝƞĺĵŒľƟĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĶňĵĬĶŌƟŐĸŃĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶ

ěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĶŌĮĳŅıœħƟħňĕŉŘĬȮĽĩŅĮƤĨĵĔĶĶĴȮDenseNet ėŊŀ ĝŋħĕŀĚȮDenseBlocks ĪňŗŐĨƞĸŃ

ĽĩŅĮƤĨĵĔĶĶĴȮŏĝƞĬȮDenseNet-121, DenseNet-169 ŏĮƦĬĨƟĬȮĞŉŗĚĮĶŃĔŀĭħƟĺĵȮ4 DenseBlocks ĪňŗĴň

ěŜŅĬĺĬĝńŘĬĨƞŅĚĔńĬȮŒĬȮDenseNet121 ĴňȮDenseBlocks 4 ĭĸŖŀĔ ĮĶŃĔŀĭħƟĺĵȮY6,12,24,16] ŐĸŃĴňȮ

5x5ȮConvolutionȮ1ȮĝńŘĬ, 3x3 Convolution 58 ĝńŘĬ, Ȯ/x/ȮConvolution 61 ĝńŘĬ,ȮAverage PoolȮ

4 ĝńŘĬ, ŐĸŃȮFully Connected LayerȮ1 ĝńŘĬ ħńĚĨŅĶŅĚĪňŗȮ1 

ĨŅĶŅĚĪňŗȮ1ȮŐĽħĚŏĸŏĵŀĶƢĕŀĚĽĩŅĮƤĨĵĔĶĶĴȮDenseNet121 
Layers Output Size DenseNet-121 

Convolution 112x112 7x7 conv, stride 2 
Pooling 56x56 7x7 max pool, stride 2 

Dense Block (1) 56x56 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

φ 

Transition Layer (1) 
56x56 1x1 conv 
28x28 2x2 average pool, stride 2 

Dense Block (2) 28x28 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

ρς 

Transition Layer (2) 
28x28 1x1 conv 
14x14 2x2 average pool, stride 2 

Dense Block (3) 14x14 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

ςτ 

Transition Layer (3) 
14x14 1x1 conv 
7x7 2x2 average pool, stride 2 

Dense Block (4) 7x7 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

ρφ 

Classification Layer 
1x1 2x2 global 
 1000D fully-connected, softmax 
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DenseNet169[38] ŏĮƦĬőĴŏħĸĽŜŅľĶńĭĔŅĶěŜŅŐĬĔĮĶŃŏĳĪȮ&classification) ŒĬĳŅıĩƞŅĵȮ

őħĵĴňėĺŅĴĸŉĔĕŀĚŏėĶŊŀĕƞŅĵȮ&network depth) ĪňŗĴŅĔĔĺƞŅȮDenseNet121 ĞŉŗĚĩŊŀŏĮƦĬĔŅĶıńĥĬŅĕŀĚ

őĴŏħĸȮDenseNet őħĵĴňěŜŅĬĺĬıŅĶŅĴŇŏĨŀĶƢĪňŗĴŅĔĕŉŘĬŏıŊŗŀŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĶňĵĬĶŌƟŐĸŃ

ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĶŌĮĳŅıŒľƟĴŅĔĕŉŘĬ DenseNet/47ȮĴňőėĶĚĽĶƟŅĚĪňŗĮĶŃĔŀĭħƟĺĵȮ

Dense Blocks ĪňŗĴňĔŅĶŏĝŊŗŀĴĨƞŀĔńĬȮ&dense connectivity) ĞŉŗĚĝƞĺĵŏıŇŗĴĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶİƗĔĽŀĬ

ŐĸŃĝƞĺĵĸħĮƤĠľŅĔŅĶľŅĵœĮĕŀĚŐĬĺĪŅĚŏĶňĵĬĶŌƟŒĬŏėĶŊŀĕƞŅĵȮ&vanishing gradients) ŐĸŃĝƞĺĵŒľƟ

őĴŏħĸĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶěŜŅŐĬĔĳŅıĪňŗĞńĭĞƟŀĬœħƟħňĕŉŘĬ ĞŉŗĚĴňĔŅĶŏĝŊŗŀĴĨƞŀŒĬŐĨƞĸŃȮDense Block Īňŗ

ĴŅĔĔĺƞŅȮDenseNet121 ĞŉŗĚĪŜŅŒľƟĴňĮĶŇĴŅĦĔŅĶŏĝŊŗŀĴĨƞŀĴŅĔĕŉŘĬȮŐĸŃŀŅěěŃĝƞĺĵŏıŇŗĴėĺŅĴĽŅĴŅĶĩŒĬ

ĔŅĶŏĶňĵĬĶŌƟŐĸŃĮĶŃĽŇĪīŇĳŅıĕŀĚőĴŏħĸœħƟȮĔŅĶŒĝƟȮDenseNet/47ȮĽŅĴŅĶĩĝƞĺĵŒľƟěŜŅŐĬĔĮĶŃŏĳĪĕŀĚ

ĳŅıĩƞŅĵœħƟħƟĺĵėĺŅĴĴńŗĬŒěĽŌĚȮőħĵĴňėĺŅĴĸŃŏŀňĵħŐĸŃėĺŅĴĴńŗĬŒěŒĬĔŅĶěŜŅŐĬĔĪňŗĽŌĚĔĺƞŅȮ

DenseNet/0/ȮŐĸŃŒĝƟıŊŘĬĪňŗĔŅĶŏĔŖĭĕƟŀĴŌĸĬƟŀĵĔĺƞŅőĴŏħĸĪňŗĴňėĺŅĴĸŉĔĴŅĔĔĺƞŅŏĝƞĬȮResNet/30ȮħƟĺĵ

ĔŅĶŒĝƟŏĪėĬŇėĔŅĶŏĝŊŗŀĴĨƞŀŐĬĭŏĬŊŘŀŏĝŊŗŀĴŒĬȮDense Block ĪňŗĝƞĺĵŒľƟĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĶňĵĬĶŌƟŐĸŃ

ĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĶŌĮĳŅıœħƟħňĵŇŗĚĕŉŘĬ 

ĽĩŅĮƤĨĵĔĶĶĴ DenseNetȮŒĬȮDenseNet-169 ĴňȮDenseBlocks 4 ĭĸŖŀĔȮĮĶŃĔŀĭħƟĺĵȮ

Y6,12,32,32] ŐĸŃĴňȮ7x7 Convolution 1 ĝńŘĬ, 3x3 Convolution 82 ĝńŘĬ  1x1 Convolution 85 

ĝńŘĬ, Average Pool 4 ĝńŘĬ ŐĸŃȮFully Connected Layer 1 ĝńŘĬȮħńĚĨŅĶŅĚĪňŗȮ2 

ĨŅĶŅĚĪňŗȮ2 ŐĽħĚŏĸŏĵŀĶƢĕŀĚĽĩŅĮƤĨĵĔĶĶĴȮDenseNet169 
Layers Output Size DenseNet-169 

Convolution 112x112 7x7 conv, stride 2 
Pooling 56x56 7x7 max pool, stride 2 

Dense Block (1) 56x56 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

φ 

Transition Layer (1) 
56x56 1x1 conv 
28x28 2x2 average pool, stride 2 

Dense Block (2) 28x28 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

ρς 

Transition Layer (2) 
28x28 1x1 conv 
14x14 2x2 average pool, stride 2 
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Dense Block (3) 14x14 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

σς 

Transition Layer (3) 
14x14 1x1 conv 
7x7 2x2 average pool, stride 2 

Dense Block (4) 7x7 ρ ρ ὧέὲὺ
σ σ ὧέὲὺ

σς 

Classification Layer 
1x1 2x2 global 
 1000D fully-connected, softmax 

ėĺŅĴŐĨĔĨƞŅĚĽŜŅėńĠĶŃľĺƞŅĚȮDenseNet/0/ȮŐĸŃȮDenseNet/47ȮėŊŀĕĬŅħĕŀĚőĴŏħĸŐĸŃ

ėĺŅĴĽŅĴŅĶĩŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĳŅıȮőħĵȮDenseNet/47ȮĴňėĺŅĴĸŉĔŐĸŃĮĶŃĽŇĪīŇĳŅıŒĬ

ĔŅĶŏĶňĵĬĶŌƟĪňŗĴŅĔĔĺƞŅȮDenseNet/0/ȮĪŜŅŒľƟĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĳŅıĪňŗĞńĭĞƟŀĬœħƟ

ħňĕŉŘĬȮŐĨƞĔŖĴňĔŅĶŒĝƟĪĶńıĵŅĔĶĔŅĶėŜŅĬĺĦŐĸŃıŊŘĬĪňŗĔŅĶŏĔŖĭĕƟŀĴŌĸĪňŗĴŅĔĔĺƞŅħƟĺĵěŜŅĬĺĬıŅĶŅĴŇŏĨŀĶƢĪňŗ

ĴŅĔĔĺƞŅĴňėĺŅĴĞńĭĞƟŀĬŐĸŃĔŅĶİƗĔĽŀĬĪňŗŒĝƟŏĺĸŅĬŅĬĕŉŘĬħƟĺĵ 

3.3.2 InceptionV3  
Inception-v1Ȯ[39]ȮĩŌĔĔĸƞŅĺĩŉĚŒĬĚŅĬĺŇěńĵȮĞŉŗĚŏĮƦĬőĴŏħĸĪňŗœħƟĶńĭĔŅĶıńĥĬŅőħĵȮGoogle ĞŉŗĚ

ĩŌĔĨƞŀĵŀħěŅĔȮInception0,/Ȯ&ĞŉŗĚıńĥĬŅĴŅěŅĔȮGoogLeNet - 0./0'ȮőħĵŐĬĺėŇħľĸńĔėŊŀȮĔŅĶĸħ

ĕĬŅħŐĭĭěŜŅĸŀĚŒľƟĴňĕĬŅħŏĸŖĔĸĚȮěŅĔŐĭĭěŜŅĸŀĚĪňŗĴňĕĬŅħŒľĠƞľĶŊŀĪňŗĴňėĺŅĴĸŉĔőħĵĸħĝńŘĬěŜŅĬĺĬ

ĕŀĚıŅĶŅĴŇŏĨŀĶƢľĶŊŀĸħĝńŘĬĕŀĚŏĬŖĨŏĺŇĶƢėȮĪńŘĚĬňŘœĴƞœħƟĪŜŅŒľƟĮĶŃĽŇĪīŇĳŅıĕŀĚŐĭĭěŜŅĸŀĚĸħĸĚĨŅĴȮŐĨƞĵńĚ

ĽŅĴŅĶĩĸħŏĺĸŅŒĬĔŅĶėŜŅĬĺĦĸĚȮőħĵĺŇīňĔŅĶħńĚĔĸƞŅĺėŊŀĔŅĶŐĵĔĨńĺĮĶŃĔŀĭ&Factorization) 

őėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴȮInceptionV3 ĮĶŅĔĢĨŅĴĳŅıĪňŗȮ14 
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ĳŅıĪňŗȮ14 őėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴȮInceptionV3 
&ĪňŗĴŅĕŀĚĳŅıȮhttps://medium.com/@sh.tsang/review-inception-v1+/st-runner-up-

imageclassification-in-ilsvrc-0./3+/57/320/f55c/ Accessed: July 9, 0.23' 

őėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴĳŅĵŒĬȮInception-v1ȮŐĭƞĚŀŀĔŏĮƦĬȮ3 Step ėŊŀȮ 

+ȮStep /8ȮInception Module A ěŜŅĬĺĬȮ3 Module 

+ȮStep 08ȮGrid Size of Reduction Step/ȮěŜŅĬĺĬȮ/ Module  

+ȮStep 18ȮInception Module B ěŜŅĬĺĬȮ2 Module  

+ȮStep 28ȮGrid Size of Reduction Step0ȮěŜŅĬĺĬȮ/ Module  

+ȮStep 38ȮInception Module C ěŜŅĬĺĬȮ0 Module   

ŐĸŃĴňȮHead (6x6x0.26'ȮĽŅĴŅĶĩŐĵĔȮoutput œħƟȮ/,...Ȯclasses 

ĔŅĶŐĵĔĨńĺĮĶŃĔŀĭȮConvolutions ėŊŀĔŅĶĸħıŅĶŅĴŇŏĨŀĶƢľĶŊŀĔŅĶĸħěŜŅĬĺĬĔŅĶŏĝŊŗŀĴĨƞŀ(Ȯ

ĸħĝńŘĬĕŀĚŏĬŖĨŏĺŇĶƢėȮ) őħĵœĴƞĪŜŅŒľƟĮĶŃĽŇĪīŇĳŅıĕŀĚŏėĶŊŀĕƞŅĵĸħĸĚ ĺŇīňĔŅĶŐĵĔĨńĺĮĶŃĔŀĭȮĽŅĴŅĶĩ

ŐĭƞĚĵƞŀĵŀŀĔŏĮƦĬĽŀĚĺŇīňȮħńĚĬňŘ 

1. ĔŅĶŐĵĔĨńĺĮĶŃĔŀĭŏĮƦĬȮConvolutions ĪňŗŏĸŖĔĸĚ 

ĔŅĶĪŜŅŒľƟĔĸŅĵŏĮƦĬ Convolutions ĪňŗŏĸŖĔĸĚȮėŊŀĔŅĶŒĝƟĨńĺĔĶŀĚ (filter)ȮľĶŊŀȮŏėŀĶƢŏĬĸ

(kernel) ĪňŗĝƞĺĵħŉĚėŋĦĸńĔļĦŃĪňŗŒĝƟŒĬĔŅĶĶŌƟěŜŅĺńĨĩŋŀŀĔȮŏĝƞĬ ĨńĺĔĶŀĚĕĬŅħȮ3x3 ıŇĔŏĞĸȮœĮĪŅĭĸĚŒĬ

ıŇĔŏĞĸĕŀĚĳŅıĕƟŀĴŌĸȮĕĬŅħȮ5x5ȮıŇĔŏĞĸ ěŅĔĬńŘĬěŃĩŌĔŏĸŊŗŀĬœĮĪŅĭĭĬıŇĔŏĞĸŀŊŗĬŒĬĳŅıĪňĸŃıŇĔŏĞĸ

ěĬėĶĭĪŋĔıŇĔŏĞĸŒĬĳŅıȮěŃœħƟįńĚėŋĦĸńĔļĦŃȮ&feature map) ĕĬŅħȮ3×3 ıŇĔŏĞĸ ěŜŅĬĺĬȮ2 ŀńĬȮ
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ħńĚĬńŘĬěŅĔ Convolutions ĪňŗĴňĨńĺĔĶŀĚĕĬŅħȮ5×5ȮıŇĔŏĞĸȮěŜŅĬĺĬ 1ȮĝńŘĬȮĴňıŅĶŅĴŇŏĨŀĶƢȮ;Ȯ5×5=25Ȯ

ħńĚĳŅıĪňŗȮ15ȮĴŅŏĮƦĬĕĬŅħȮ3×3 ıŇĔŏĞĸȮěŜŅĬĺĬȮ2ȮĝńŘĬěŜŅĬĺĬıŅĶŅĴŇŏĨŀĶƢȮ;Ȯ3×3+3×3=18ȮĪŜŅŒľƟœħƟ

įńĚėŋĦĸńĔļĦŃĪňŗĴňĕĬŅħŏĸŖĔĸĚ ěŜŅĬĺĬıŅĶŅĴŇŏĨŀĶƢĸħĸĚĩŉĚȮ28%ȮŐĽħĚħńĚĳŅıĪňŗȮ16  

 

ĳŅıĪňŗȮ15ȮŐĽħĚĔŅĶĪŜŅĚŅĬĕŀĚĨńĺĔĶŀĚĕĬŅħȮ3x3ȮıŇĔŏĞĸĪňŗĩŌĔĪŅĭĸĚĳŅıĕƟŀĴŌĸĕĬŅħȮ3x3ȮıŇĔŏĞĸ 
&ĪňŗĴŅĕŀĚĳŅıȮhttps://medium.com/@sh.tsang/review-inception-v1+/st-runner-up-

imageclassification-in-ilsvrc-0./3+/57/320/f55c/ Accessed: July 9, 0.23' 

 

ĳŅıĪňŗȮ16 ŐĽħĚĔŅĶŐĵĔĨńĺĮĶŃĔŀĭŏĮƦĬȮConvolutions ĪňŗŏĸŖĔĸĚĕŀĚȮInception Module A 
&ĪňŗĴŅĕŀĚĳŅıȮhttps://medium.com/@sh.tsang/review-inception-v1+/st-runner-up-

imageclassification-in-ilsvrc-0./3+/57/320/f55c/ Accessed: July 9, 0.23' 

0,ȮĔŅĶŐĵĔĨńĺĮĶŃĔŀĭŏĮƦĬŀĽĴĴŅĨĶȮConvolutions 

ĔŅĶĪŜŅŒľƟĔĸŅĵŏĮƦĬŀĽĴĴŅĨĶȮConvolutions őħĵĔŅĶŐĵĔĨńĺĮĶŃĔŀĭėŊŀĔŅĶŒĝƟĨńĺĔĶŀĚȮ

&filter)ȮľĶŊŀȮŏėŀĶƢŏĬĸȮ&kernel) ĪňŗĝƞĺĵħŉĚėŋĦĸńĔļĦŃĪňŗŒĝƟŒĬĔŅĶĶŌƟěŜŅĺńĨĩŋŀŀĔȮŏĝƞĬ Convolutions 
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ĕĬŅħȮ3x3ȮıŇĔŏĞĸ ĪŅĭħƟĺĵĨńĺĔĶŀĚĕĬŅħȮ1x1ȮıŇĔŏĞĸ ěŜŅĬĺĬ 1ȮŀńĬȮŐĸŃĪŅĭħƟĺĵĨńĺĔĶŀĚĕĬŅħȮ

1x3ȮıŇĔŏĞĸ ŀňĔěŜŅĬĺĬ 1ȮŀńĬȮĪŜŅŒľƟœħƟįńĚėŋĦĸńĔļĦŃĪňŗĴňĕĬŅħŏĸŖĔĸĚȮěŜŅĬĺĬıŅĶŅĴŇŏĨŀĶƢĸħĸĚĩŉĚȮ

33# ŐĽħĚħńĚĳŅıĪňŗȮ17 

 

ĳŅıĪňŗȮ17 ŐĽħĚĔŅĶĪŜŅĚŅĬĕŀĚĨńĺĔĶŀĚĕĬŅħȮ3x1ȮıŇĔŏĞĸĪňŗĩŌĔĪŅĭĸĚĳŅıĕƟŀĴŌĸĕĬŅħȮ3x3ȮıŇĔŏĞĸ 
&ĪňŗĴŅĕŀĚĳŅıȮhttps://medium.com/@sh.tsang/review-inception-v1+/st-runner-up-

imageclassification-in-ilsvrc-0./3+/57/320/f55c/ Accessed: July 9, 0.23' 

 

 

ĳŅıĪňŗȮ18 ŐĽħĚȮInception Module B őħĵŒĝƟĔŅĶŐĵĔĨńĺĮĶŃĔŀĭŐĭĭŀĽĴĴŅĨĶ 
&ĪňŗĴŅĕŀĚĳŅıȮhttps://medium.com/@sh.tsang/review-inception-v1+/st-runner-up-

imageclassification-in-ilsvrc-0./3+/57/320/f55c/ Accessed: July 9, 0.23' 
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ĳŅıĪňŗȮ19ȮŐĽħĚ Inception Module C őħĵŒĝƟĔŅĶŐĵĔĨńĺĮĶŃĔŀĭŐĭĭŀĽĴĴŅĨĶ 
&ĪňŗĴŅĕŀĚĳŅıȮhttps://medium.com/@sh.tsang/review-inception-v1+/st-runner-up-

imageclassification-in-ilsvrc-0./3+/57/320/f55c/ Accessed: July 9, 0.23' 

ěŃŏľŖĬœħƟĺƞŅěŅĔőėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴȮInceptionV3ȮěŃĮĶŃĔŀĭħƟĺĵ Inception 

Module A, Inception Module BȮŐĽħĚħńĚĳŅıĪňŗȮ18ȮŐĸŃ Inception Module C ŐĽħĚħńĚĳŅıĪňŗȮ

19ȮĞŉŗĚŒĝƟĺŇīňĔŅĶŐĵĔĨńĺĮĶŃĔŀĭħńĚĔĸƞŅĺĪńŘĚȮ2ȮĺŇīňŒĬĔŅĶĸħĕĬŅħŐĭĭěŜŅĸŀĚȮĪŜŅŒľƟĽĩŅĮƤĨĵĔĶĶĴĬňŘĴň

ĕĬŅħŏĸŖĔĸĚ ĸħŏĺĸŅŒĬĔŅĶėŜŅĬĺĦĸĚȮŐĨƞĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶĪŜŅĚŅĬĕŀĚŐĭĭěŜŅĸŀĚœĴƞĸħĸĚĨŅĴ 

3.3.3 Visual Geometry Group (VGG) 
VGG/4ȮŏĮƦĬĽĩŅĮƤĨĵĔĶĶĴőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬȮ(CNN)ȮĪňŗœħƟĶńĭĔŅĶ

ıńĥĬŅĪňĴĺŇěńĵȮVisual Geometry Group (VGG) őħĵȮKaren Simonyan ŐĸŃȮAndrew Zisserman 

ěŅĔȮUniversity of Oxford ŒĬĮƖȮ0./2Ȯ[40]ȮVGG16 ĴňėĺŅĴľĴŅĵĺƞŅĴňĪńŘĚľĴħȮ16 ĝńŘĬȮȮ&layers)ŏĮƦĬ

ĺŇīňĔŅĶĪňŗŒĝƟĔńĬŀĵƞŅĚŐıĶƞľĸŅĵŒĬıńĥĬŅĶŃĭĭĔŅĶĶŌƟěŜŅĺńĨĩŋħƟĺĵĳŅıȮĴňĔŅĶŒĝƟĚŅĬĴŅĔĴŅĵŒĬŏĪėĬŇėĔŅĶ

ŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĽŜŅľĶńĭĔŅĶěŜŅŐĬĔĳŅıĞŉŗĚĽŅĴŅĶĩĬŜŅœĮŒĝƟĚŅĬœħƟŀĵƞŅĚĚƞŅĵ 
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ĳŅıĪňŗȮ20ȮĽĩŅĮƤĨĵĔĶĶĴȮVGGNet/4 

(ĪňŗĴŅĕŀĚĳŅıȮhttps://ichi.pro/th/vgg/4+khux-xari-bthna-su-vgg/4+045../66/072135) 

őėĶĚĽĶƟŅĚĕŀĚȮVGGNet/4ȮĨŅĴĳŅıĪňŗȮ20ȮĮĶŃĔŀĭħƟĺĵȮĝńŘĬėŀĬőĺĸŌĝńĬěŜŅĬĺĬȮ3ȮĝŋħȮőħĵĝŋħ

ŐĶĔȮľĶŊŀȮConv/ȮĮĶŃĔŀĭħƟĺĵȮ(Conv+ReLU) 2 ėŀĬőĺĸŌĝńĬ ŐĸŃĴňěŜŅĬĺĬŏėŀĶƢĬŀĸĝńŘĬĸŃȮ42Ȯ

ŏėŀĶƢĬŀĸȮĨƞŀĴŅŒĬĝŋħĪňŗȮ2 ľĶŊŀȮConv0ȮĮĶŃĔŀĭħƟĺĵȮ(Conv+ReLU) 2 ėŀĬőĺĸŌĝńĬĴňěŜŅĬĺĬŏėŀĶƢ

ĬŀĸĝńŘĬĸŃȮ/06ȮŏėŀĶƢĬŀĸȮŒĬȮConv1Ȯ(ĝŋħĪňŗ 3)ȮĮĶŃĔŀĭħƟĺĵȮ(Conv+ReLU) 1 ŐĸŃĴňěŜŅĬĺĬŏėŀĶƢ

ĬŀĸĝńŘĬĸŃȮ034ȮŏėŀĶƢĬŀĸȮŒĬȮConv2Ȯ(ĝŋħĪňŗ 4)ȮĮĶŃĔŀĭħƟĺĵȮ(Conv+ReLU) 1 ŐĸŃĴňěŜŅĬĺĬȮŏėŀĶƢ

ĬŀĸȮĝńŘĬĸŃȮ3/0ȮŏėŀĶƢĬŀĸȮŐĸŃĝŋħĽŋħĪƟŅĵȮConv3ȮĮĶŃĔŀĭħƟĺĵȮ(Conv+ReLU) 1  ĪňŗŐĨƞĸŃĝńŘĬĴň

ěŜŅĬĺĬŏėŀĶƢĬŀĸĝńŘĬĸŃȮ3/0ȮŏėŀĶƢĬŀĸȮőħĵĪňŗŒĬȮConv/+3ȮěŃĨŅĴħƟĺĵĝńŘĬŐĴĔĞƢıŌĸĸŇŗĚȮ&Max 

Pooling) ěŅĔĬńŘĬȮĕƟŀĴŌĸěŃĽƞĚœĮĵńĚȮĝńŘĬŏĝŊŗŀĴőĵĚŐĭĭĽĴĭŌĶĦƢȮ(Fully Connected Layer)ȮĪňŗĴňěŜŅĬĺĬ

őľĬħȮ2,.74 ĽŀĚĝńŘĬĨŇħĔńĬȮŐĸŃŒĬĝńŘĬĽŋħĪƟŅĵĕŀĚĝńŘĬŏĝŊŗŀĴőĵĚŐĭĭĽĴĭŌĶĦƢȮĩŌĔĔŜŅľĬħŒľƟĴňěŜŅĬĺĬȮ

/,...ȮőľĬħȮěŅĔĬńŘĬėŜŅĬĺĦľŅįĸĸńıīƢħƟĺĵȮSoftmax 

VGG19 ŏĮƦĬŏĺŀĶƢĝńĬĮĶńĭĮĶŋĚĕŀĚȮVGG16 ĩŌĔŀŀĔŐĭĭĴŅŏıŊŗŀŏıŇŗĴėĺŅĴĸŉĔŐĸŃėĺŅĴ

ĞńĭĞƟŀĬŒĬĔŅĶŏĶňĵĬĶŌƟĸŉĔȮĞŉŗĚŏĮƦĬĽŀĚőĴŏħĸĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔĪňŗĩŌĔıńĥĬŅőħĵĺŇěńĵĪňŗĝŊŗŀĺƞŅȮVisual 

Geometry Group (VGG) ĪňŗĴňĪňĴĺŇěńĵĪňŗĽńĚĔńħĔńĭĴľŅĺŇĪĵŅĸńĵȮOxford ŒĬĮƖȮ2014 ĪńŘĚĽŀĚőĴŏħĸĬňŘĴň

őėĶĚĽĶƟŅĚĪňŗėĸƟŅĵėĸŉĚĔńĬŐĨƞĴňėĺŅĴŐĨĔĨƞŅĚŒĬěŜŅĬĺĬĕŀĚŏĸŏĵŀĶƢĪňŗŒĝƟŒĬĔŅĶĽĶƟŅĚőĴŏħĸ 

ľĸńĔĔŅĶĪŜŅĚŅĬĕŀĚȮVGG/7ȮȮȮĴňħńĚĬňŘ 

1. ĔŅĶĮƚŀĬĕƟŀĴŌĸ8ȮőĴŏħĸȮVGG/7ȮĶńĭĳŅıĕĬŅħȮ002x002ȮŏĮƦĬȮinput 

2. Convolutional layer: őĴŏħĸĴňȮconvolutional layer ĪńŘĚľĴħȮ/7ȮĝńŘĬȮŐĨƞĸŃĝńŘĬŒĝƟȮ

convolutional filter ĕĬŅħȮ1x1ȮŏıŊŗŀħŉĚėŋĦĽĴĭńĨŇěŅĔĳŅı 
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3. Pooling layer: őĴŏħĸĴňȮpooling layer ŐĪĶĔŀĵŌƞĶŃľĺƞŅĚȮconvolutional layer ŏıŊŗŀ

ĸħĕĬŅħĕŀĚȮfeature map ŐĸŃŏıŇŗĴĮĶŃĽŇĪīŇĳŅı 

4. Fully connected layer: őĴŏħĸĴňȮfully connected layer 1ȮĝńŘĬȮĪŜŅľĬƟŅĪňŗŐĮĸĚȮ

feature map ŏĮƦĬȮoutput 

5. Output: őĴŏħĸȮVGG/7ȮĽŅĴŅĶĩěŜŅŐĬĔĮĶŃŏĳĪĕŀĚĳŅıœħƟȮ/...ȮĮĶŃŏĳĪ 

ėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚȮVGG16ȮŐĸŃȮVGG19ȮŒĬĽƞĺĬĕŀĚěŜŅĬĺĬĝńŘĬȮconvolutional layer 

VGG19ȮĴňȮ19ȮĝńŘĬȮŐĽħĚŒĬĳŅıĪňŗȮ21ȮĞŉŗĚ VGG16ȮĴňȮ16ȮŒĬĽƞĺĬĕŀĚĕĬŅħĕŀĚȮconvolutional filterȮ

VGG19ȮŒĝƟȮconvolutional filter ĕĬŅħȮ3x3ȮĨĸŀħĪńŘĚőĴŏħĸȮŐĨƞ VGG16ȮŒĝƟȮconvolutional filter 

ĕĬŅħȮ2x2ȮŒĬĭŅĚĝńŘĬȮŐĸŃěŜŅĬĺĬȮfully connected layerȮĬńŘĬ VGG19ȮĴňȮ3 fully connected 

layer ŐĨƞ VGG16ȮĴňȮ2ȮĪŜŅŒľƟĮĶŃĽŇĪīŇĳŅıĕŀĚȮVGG19 ĴňėĺŅĴĴńŗĬŒěĽŌĚĔĺƞŅȮVGG16 ŏĸŖĔĬƟŀĵȮ 

 
ĳŅıĪňŗȮ21 ĽĩŅĮƤĨĵĔĶĶĴȮVGGNet/9 

3.3.4 ResNet50  
ResNet ėŊŀȮDeep Residual Network œħƟĶńĭĔŅĶĬŜŅŏĽĬŀėĶńŘĚŐĶĔőħĵȮKaiming He, 

Xiangyu Zhang, Shaoqing Ren, ŐĸŃȮJian Sun ĮƖȮ2016 ŒĬĚŅĬĺŇěńĵ "Deep Residual Learning 
for Image Recognition"[41] ĬŜŅŏĽĬŀĺŇīňĔŅĶŐĔƟĮƤĠľŅŏĶŊŗŀĚȮVanishing gradient ĞŉŗĚŏĔŇħĕŉŘĬĔńĭ
őėĶĚĕƞŅĵĪňŗĴňėĺŅĴĸŉĔėƞŀĬĕƟŅĚĴŅĔȮħƟĺĵĔŅĶŒĽƞĪŅĚĸńħȮ&shortcut) ĸĚŒĬőėĶĚĕƞŅĵ 

"Vanishing gradient" ŏĮƦĬĮƤĠľŅĪňŗŏĔŇħĕŉŘĬŒĬĔŅĶİƗĔȮ&training) ĕŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴȮ
&neural networks) ĪňŗĴňėĺŅĴĸŉĔĴŅĔȮĪňŗĪŜŅŒľƟőĴŏħĸȮDeep Learning ŏĶňĵĬĶŌƟœħƟĵŅĔĕŉŘĬŏĴŊŗŀőĴŏħĸĴň
ěŜŅĬĺĬŏĸŏĵŀĶƢŏĵŀŃȮŕȮŏĔŇħĕŉŘĬŏıĶŅŃĺƞŅėƞŅȮGradient ĞŉŗĚŒĝƟŒĬĔŅĶĮĶńĭŐĨƞĚőĴŏħĸĬńŘĬȮĴńĔěŃĸħĬƟŀĵĸĚ
ěĬŏĔŊŀĭŏĮƦĬĻŌĬĵƢȮŏĴŊŗŀįƞŅĬŏĸŏĵŀĶƢĨƞŅĚȮŕȮœĮĴŅĔȮŕȮőĴŏħĸĪňŗĴňŏĸŏĵŀĶƢėĺŅĴĸŉĔĴŅĔĴńĔěŃıĭĮƤĠľŅŒĬ
ĔŅĶĩƞŅĵĪŀħ&propagate) gradient  ěŅĔĔŅĶėŜŅĬĺĦȮgradient ŒĬŏĺĸŅȮbackpropagation œĮĵńĚŏĸ
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ŏĵŀĶƢĪňŗĨŗŜŅĸĚȮ ŏĬŊŗŀĚěŅĔėƞŅȮgradient ĴňŐĬĺőĬƟĴĪňŗěŃĸħĸĚĴŅĔŏĴŊŗŀĩƞŅĵĪŀħįƞŅĬľĸŅĵŏĸŏĵŀĶƢȮ ŏĴŊŗŀȮ
gradient ĸħĸĚĴŅĔĩŉĚĶŃħńĭĪňŗĬƟŀĵĴŅĔȮ&ėƞŅŏĕƟŅĽŌƞėƞŅŏĮƦĬĻŌĬĵƢ'ȮĬńŘĬľĴŅĵĩŉĚĔŅĶĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŀńĮ
ŏħĨĬŘŜŅľĬńĔĕŀĚŏĸŏĵŀĶƢĪňŗĨŗŜŅĸĚĔŖěŃĸħĸĚœĮħƟĺĵȮ ĞŉŗĚĪŜŅŒľƟŏĸŏĵŀĶƢĬńŘĬŕȮ œĴƞœħƟĶńĭĔŅĶŀńĮŏħĨĬŘŜŅľĬńĔĪňŗĴň
ĮĶŃĽŇĪīŇĳŅıȮĬŀĔěŅĔĬňŘĽƞĚįĸŒľƟŏĸŏĵŀĶƢĪňŗĨŗŜŅĸĚŏĶňĵĬĶŌƟœĴƞħňȮŏĬŊŗŀĚěŅĔœĴƞĽŅĴŅĶĩħŉĚŏŀŅėŋĦĸńĔļĦŃĪňŗĴň
ĮĶŃőĵĝĬƢŒĬĔŅĶĪŜŅĬŅĵĴŅŏĶňĵĬĶŌƟœħƟĩŌĔĨƟŀĚ  

ResNet ŐĔƟĮƤĠľŅĬňŘħƟĺĵĔŅĶȮŏıŇŗĴĪŅĚĸńħȮ&Shortcut) ŒľƟĔńĭőĴŏħĸȮĪŅĚĸńħĬňŘĝƞĺĵŒľƟėƞŅȮ

Gradient œľĸįƞŅĬőĴŏħĸœħƟĽŃħĺĔĕŉŘĬȮőħĵœĴƞĨƟŀĚįƞŅĬŏĸŏĵŀĶƢĪńŘĚľĴħȮĽĴĴĨŇĺƞŅįĸĸńıīƢěŅĔŏĸŏĵŀĶƢ

ŐĭĭėŀĬőĺĸŌĝńĬŀńĬŐĶĔŀĵŌƞŒĬŀŅŏĶĵƢȮx ĨƞŀĴŅĴňȮconvalution layer ĽŀĚŀńĬŏıŇŗĴŏĨŇĴĨŅĴĴŅĨŅĴĮĔĨŇȮ

įĸĔĶŃĪĭěŅĔȮx ėŊŀ gradient ėƞŅŏĕƟŅĽŌƞĻŌĬĵƢ ĨŇħĨŅĴœħƟĵŅĔĺƞŅĔŅĶŏĮĸňŗĵĬėƞŅıŅĶŅĴŇŏĨŀĶƢŒĬŏĸŏĵŀĶƢ

ŐĶĔįĸėŊŀŀŃœĶȮŏıĶŅŃĩŌĔįĽĴœĮĔńĭŏĸŏĵŀĶƢĩńħĴŅ ResNetȮŐĔƟĮƤĠľŅĬňŘœħƟħƟĺĵĔŅĶĽƞĚįƞŅĬėƞŅȮx Őĭĭĸńħ

ĝńŘĬĕŉŘĬĴŅ (shortcut) ŐĸƟĺŏŀŅœĮĭĺĔĔńĭįĸȮěŅĔŏĸŏĵŀĶƢĪňŗĽŅĴȮħńĚŕŧœŌŪŹ 00ȮĪńŘĚĬňŘĔŅĶĬŜŅŏĸŏĵŀĶƢĴŅ

ĭĺĔĔńĬĬńŘĬĕĬŅħĨƟŀĚŏĪƞŅĔńĬȮGradient œľĸįƞŅĬőĴŏħĸœħƟĽŃħĺĔĕŉŘĬőĴŏħĸŏĶňĵĬĶŌƟœħƟħňĕŉŘĬőĴŏħĸĴň

ĮĶŃĽŇĪīŇĳŅıĴŅĔĕŉŘĬ 

 
ŕŧœŌŪŹ 00 ŐĽħĚĺŇīňĔŅĶŐĔƟĮƤĠľŅȮVanishing GradientȮőħĵŏıŇŗĴĪŅĚĸńħŒľƟĔńĭőĴŏħĸ 

ĪňŗĴŅ  https://arxiv.org/pdf/1512.03385.pdf 

ŐĨƞĩƟŅľŅĔőėĶĚĽĶƟŅĚĕĬŅħœĴƞŏĪƞŅĔńĬĨƟŀĚĮĶńĭĕĬŅħ feature map ĳŅıĪŅĚħƟŅĬĞƟŅĵĕŀĚĳŅı
ĪňŗȮ01ȮĬńŘĬěŜŅĬĺĬ feature map ĴňĕĬŅħȮ64 ŏĪƞŅĔńĬȮĨĸŀħĽŅĵĪŜŅŒľƟĭĺĔĔńĬœħƟŏĸĵȮŐĨƞĳŅıĪŅĚĕĺŅȮ
ĕŀĚĳŅıĪňŗȮ01ȮěŜŅĬĺĬ feature map ĴňĕĬŅħŏĶŇŗĴĪňŗȮ256 ŐĸƟĺĸħŏĮƦĬĕĬŅħȮ64 ĳŅıĪŅĚĕĺŅĮĶńĭ
ěŜŅĬĺĬ feature map ħƟĺĵĔŅĶŒĝƟĲƕĸŏĨŀĶƢĕĬŅħȮ1x1 őėĶĚĽĶƟŅĚħńĚĔĸƞŅĺŏĶňĵĔĺƞŅȮbottleneck 
building block  
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ŕŧœŌŪŹ 01 ŐĽħĚěŜŅĬĺĬ feature mapȮĴňĕĬŅħĪňŗŐĨĔĨƞŅĚĔńĬ 
ĪňŗĴŅ  https://arxiv.org/pdf/1512.03385.pdf 

Gradient ŏĮƦĬĔŅĶŐĽħĚĩŉĚĔŅĶŏĮĸňŗĵĬŐĮĸĚĕŀĚĲƤĚĔƢĝńĬĨƞŀľĬŉŗĚľĬƞĺĵĔŅĶŏĮĸňŗĵĬŐĮĸĚŒĬ
ĕƟŀĴŌĸȮinput ŒĬĭĪėĺŅĴĪŅĚėĦŇĨĻŅĽĨĶƢ gradient ĕŀĚĲƤĚĔƢĝńĬȮf(x) ĪňŗĽŅĴŅĶĩŏĕňĵĬœħƟħńĚĽĴĔŅĶĪňŗ 1 

Ὢɳὼ ȟ ȟȣȟ ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ                ĽĴĔŅĶĪňŗ 1 

őħĵĪňŗȮȮ  ŐĪĬĔŅĶŀĬŋıńĬīƢĕŀĚȮὪ ĨƞŀȮὼ ŐĸŃ ὲ ėŊŀěŜŅĬĺĬĨńĺŐĮĶŒĬĲƤĚĔƢĝńŗĬ 

ĬńŗĬľĴŅĵėĺŅĴĺƞŅ gradient ĴňĪńŘĚĕĬŅħŐĸŃĪŇĻĪŅĚĪňŗĭƞĚĝňŘĪŇĻĪŅĚĪňŗĲƤĚĔƢĝńĬĴňĔŅĶŏĮĸňŗĵĬŐĮĸĚ
ĴŅĔĪňŗĽŋħȮGradient ŒĬěŋħĪňŗĬńŘĬĴňėƞŅŏĮƦĬĻŌĬĵƢȮ ĩƟŅĲƤĚĔƢĝńĬĴňėƞŅĽŌĚĽŋħľĶŊŀĨŗŜŅĽŋħŒĬěŋħĬńŘĬȮ &local 
maximum ľĶŊŀȮlocal minimum) ŒĬĔŅĶİƗĔőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴȮ&neural networks) gradient 
ĴňĭĪĭŅĪĽŜŅėńĠŒĬĔĶŃĭĺĬĔŅĶȮbackpropagation ĪňŗŒĝƟŒĬĔŅĶĮĶńĭĬŘŜŅľĬńĔĕŀĚőėĶĚĕƞŅĵŏıŊŗŀĸħėƞŅ
ĕŀĚĲƤĚĔƢĝńĬėĺŅĴįŇħıĸŅħȮ&loss function) ľĶŊŀȮcost function ĔŅĶŒĝƟȮgradient ŒĬĔŅĶĮĶńĭĬŘŜŅľĬńĔ
ĝƞĺĵŒľƟőĴŏħĸĽŅĴŅĶĩŏĶňĵĬĶŌƟŐĸŃĮĶńĭĨńĺœħƟĨŅĴĕƟŀĴŌĸĪňŗĴňŀĵŌƞ 

Backpropagation ĵƞŀĴŅěŅĔ "backward propagation of errors" ŏĮƦĬĺŇīňĔŅĶŒĬĔŅĶİƗĔȮ
&training) őėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴȮ&neural networks) ĪňŗŒĝƟĔńĭĔŅĶĮĶńĭĬŘŜŅľĬńĔĕŀĚőėĶĚĕƞŅĵŏıŊŗŀĸħ
ėƞŅĕŀĚĲƤĚĔƢĝńĬėĺŅĴįŇħıĸŅħȮ&loss function) ľĶŊŀȮcost function ĔŅĶȮbackpropagation ĝƞĺĵŒľƟ
őėĶĚĕƞŅĵĮĶńĭĬŘŜŅľĬńĔœħƟĨŅĴĕƟŀĴŌĸĔŅĶİƗĔőħĵŒĝƟȮgradient descent ľĶŊŀĺŇīňĔŅĶŀŊŗĬȮŕȮŏıŊŗŀĸħėƞŅėĺŅĴ
įŇħıĸŅħĕŀĚőĴŏħĸ   

ĽĩŅĮƤĨĵĔĶĶĴResNet34  ěŅĔĚŅĬĺŇěńĵ "Deep Residual Learning for Image 
Recognition" ĨŅĴĳŅıĪňŗȮ02ȮĬńŘĬȮŐĽħĚŒľƟŏľŖĬĺƞŅĴňěŜŅĬĺĬŏĸŏĵŀĶƢŒĬĭĸŖŀĔŒľĠƞȮ32 ĝńŘĬȮ)ȮĝńŘĬėŀĬőĺĸŌ
ĝńĬĪňŗĨŇħĔńĭĝńŘĬŀŇĬıŋĨȮ)ȮĝńŘĬȮDense ĪňŗĨŇħĝńŘĬŏŀŅĨƢıŋĨȮőėĶĚĕƞŅĵĬňŘěŃĮĶŃĔŀĭħƟĺĵȮ4 ĭĸŖŀĔŒľĠƞȮ
&stage) ěŜŅĬĺĬŏĸŏĵŀĶƢĪňŗĴňȮıŅĶŅĴŇŏĨŀĶƢĽŜŅľĶńĭĔŅĶİƗĔĪńŘĚľĴħěŃĔĸŅĵŏĮƦĬěŜŅĬĺĬĝńŘĬĪňŗįŌƟĺŇěńĵŒĝƟ
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ŏĶňĵĔĝŊŗŀȮĔŖėŊŀȮResNet34 ħńĚĳŅıĪňŗȮ03ȮŏĮƦĬĭĸŖŀĔŒľĠƞŐĶĔŒĬȮResNet34 ĞŉŗĚŀīŇĭŅĵĕĬŅħĕŀĚĭĸŖŀĔ
ĬňŘħƟĺĵėƞŅȮ3 

ResNet34 ěŉĚĩŌĔŀīŇĭŅĵĕĬŅħŏĮƦĬȮY3, 4, 6, 3] ĞŉŗĚľĴŅĵĩŉĚěŜŅĬĺĬėŌƞŒĬĭĸŖŀĔĪńŘĚȮ4 ŒĬȮ
ResNet50 ŐĭĭȮbottleneck architecture ĔĸƞŅĺėŊŀĔŅĶŒĝƟŐĭĭȮbottleneck ěŃĝƞĺĵĸħĮĶŇĴŅĦĔŅĶ
ĪŜŅĚŅĬĪňŗĨƟŀĚĪŜŅŒĬŐĨƞĸŃȮresidual block ŒĬĔŅĶĸħĔŅĶėŜŅĬĺĦŐĸŃĔŅĶŒĝƟĪĶńıĵŅĔĶȮőħĵĪńŗĺœĮĔŅĶŒĝƟȮ
bottleneck architecture ěŃĴňĽŅĴŏĸŏĵŀĶƢŒĬŐĨƞĸŃȮresidual block: 1x1 convolution (ĝńŘĬŏĸŏĵŀĶƢ
ĪňŗĸħĕĬŅħ' 3x3 convolution (ĝńŘĬŏĸŏĵŀĶƢľĸńĔ' ŐĸŃŀňĔȮ1x1 convolution (ĝńŘĬŏĸŏĵŀĶƢĪňŗĕĵŅĵĕĬŅħ'Ȯ
ĔŅĶŀīŇĭŅĵĕĬŅħĕŀĚȮResNet-50 ħƟĺĵȮY3, 4, 6, 3] ľĴŅĵĩŉĚĔŅĶŒĝƟȮbottleneck architecture ŒĬȮ
residual blocks ŒĬŐĨƞĸŃĽƞĺĬĕŀĚőėĶĚĽĶƟŅĚőħĵĴňěŜŅĬĺĬȮresidual blocks ħńĚĬňŘ8 
ĽƞĺĬĪňŗȮ1: ĴňȮ3 residual blocks 
ĽƞĺĬĪňŗȮ2: ĴňȮ4 residual blocks 
ĽƞĺĬĪňŗȮ3: ĴňȮ6 residual blocks 
ĽƞĺĬĪňŗȮ4: ĴňȮ3 residual blocks 
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ŕŧœŌŪŹ 02 ŐĽħĚőėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴȮResNet34 
ĪňŗĴŅ  https://arxiv.org/pdf/1512.03385.pdf 
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ŕŧœŌŪŹ 03ȮĭĸŖŀĔŒľĠƞŀńĬŐĶĔŒĬȮResNet34 
ĪňŗĴŅ  https://arxiv.org/pdf/1512.03385.pdf 

ĞŉŗĚĪńŘĚľĴħĶĺĴĔńĬŏĮƦĬȮ3 + 4 + 6 + 3 = 16 residual blocks ŐĨƞĸŃȮresidual block 
ĮĶŃĔŀĭħƟĺĵȮbottleneck architecture ĪňŗŀīŇĭŅĵœĺƟĕƟŅĚĨƟĬ ŒĬŐĨƞĸŃĽƞĺĬěŜŅĬĺĬĝńŘĬĪńŘĚľĴħĕŀĚȮ
ResNet50 ěŃŏĮƦĬȮ&3 + 4 + 6 + 3) * 3 = 48 ĝńŘĬ, ŏĬŊŗŀĚěŅĔŐĨƞĸŃȮresidual block ĴňȮ3 ĝńŘĬȮ&1x1 
convolution, 3x3 convolution, ŐĸŃȮ1x1 convolution ŀňĔėĶńŘĚ'ȮħńĚĨŅĶŅĚĪňŗȮ1  

ŊŧŘŧļŌŪŹ 1ȮŐĽħĚĽĩŅĮƤĨĵĔĶĶĴ ResNet50Ȯ 

Layer name Output size 50-layer 
conv1 112x112 7x7, 64, stride 2 

conv2_x 56x56 
3x3 max pool, stride 2 
ρὼρȟ φτ
σὼσȟ φτ
ρὼρȟςυφ

 x3 

conv3_x 28x28 
ρὼρȟρςψ
σὼσȟρςψ
ρὼρȟυρς

 x4 

conv4_x 14x14 
ρὼρȟ ςυφ
σὼσȟ ςυφ
ρὼρȟρπςτ

 x6 

conv5_x 7x7 
ρὼρȟ υρς
σὼσȟ υρς
ρὼρȟςπτψ

 x3 

 1x1 average pool, 1000-d fc, softmax 
FLOPs 3.8xρπ 
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ResNet-50 ŏĮƦĬőĴŏħĸȮconvolutional neural network (CNN) ĪňŗŀĵŌƞŒĬĨĶŃĔŌĸĕŀĚȮ
ResNet (Residual Networks) ħńĚĔĸƞŅĺȮ őĴŏħĸĬňŘĩŌĔŀŀĔŐĭĭĴŅŏıŊŗŀŒľƟŒĝƟŒĬĚŅĬĔŅĶěŜŅŐĬĔĳŅıȮ
&image classification) ResNet ĬńŘĬĴňĬĺńĨĔĶĶĴĽŜŅėńĠėŊŀĔŅĶŒĝƟȮresidual learning ľĶŊŀĔŅĶŒĝƟȮ
residual blocks ĞŉŗĚŐĨĔĨƞŅĚěŅĔőĴŏħĸĮĔĨŇĪňŗĴńĔěŃĴňŐĨƞĸŜŅħńĭĕŀĚŏĸŏĵŀĶƢȮőĴŏħĸȮResNet ĴňĔŅĶŒĽƞ
ŏĽƟĬĪŅĚĪňŗĝŊŗŀĺƞŅȮshortcut ľĶŊŀȮskip connection ĪňŗįƞŅĬĪňŗĸŃŏĸŏĵŀĶƢľĶŊŀľĸŅĵŏĸŏĵŀĶƢȮĝƞĺĵŒĬĔŅĶ
ŐĔƟĮƤĠľŅĔŅĶľŅĵœĮĕŀĚȮgradient ŐĸŃĝƞĺĵŒľƟĽŅĴŅĶĩİƗĔőĴŏħĸĪňŗĴňėĺŅĴĸŉĔĴŅĔĕŉŘĬœħƟ 

ResNet50 ĴňĸńĔļĦŃĔĸƞŅĺėŊŀőėĶĚĽĶƟŅĚȮResNet50 ĮĶŃĔŀĭħƟĺĵĸŜŅħńĭĕŀĚȮresidual 
blocks ĪňŗŒĝƟŐĸŃĴňŏĸŏĵŀĶƢȮconvolutional, batch normalization, ReLU activations ŐĸŃȮfully 
connected layers ĪňŗĪƟŅĵĽŋħĽŜŅľĶńĭĔŅĶěŜŅŐĬĔľĴĺħľĴŌƞ 

Shortcut Connections: ĔŅĶŒĝƟȮskip connection ľĶŊŀȮshortcut connections ŒĬȮ

ResNet50 ĝƞĺĵŒľƟȮgradient œľĸįƞŅĬœħƟĽŃħĺĔĕŉŘĬŒĬĔŅĶȮbackpropagation ŐĔƟĮƤĠľŅĕŀĚĔŅĶ

ľŅĵœĮĕŀĚȮgradient ŒĬőĴŏħĸĪňŗĴňėĺŅĴĸŉĔĴŅĔĔŅĶȮPre-training: ResNet50 ĴńĔĩŌĔȮpre-train Ĕńĭ

ĝŋħĕƟŀĴŌĸĕĬŅħŒľĠƞȮŏĝƞĬȮImageNet ŐĸŃĩŌĔȮfine-tuned ĽŜŅľĶńĭĚŅĬĪňŗŏĜıŅŃŏěŅŃěĚȮĔŅĶȮpre-

training ĝƞĺĵőĴŏħĸŏĶňĵĬĶŌƟĔŅĶŐĽħĚĳŅıĪňŗĴňĮĶŃőĵĝĬƢěŅĔĝŋħĕƟŀĴŌĸĪňŗľĸŅĔľĸŅĵ 

3.4 ĪķļġňĔŅĶȮTransfer Learning 
3.4.1 ėĺŅĴľĴŅĵ 
ĔŅĶĩƞŅĵĪŀħĔŅĶŏĶňĵĬĶŌƟȮTransfer LearningȮėŊŀĔŅĶĩƞŅĵőŀĬėĺŅĴĶŌƟĪňŗœħƟěŅĔȮModelȮĪňŗĩŌĔ

İƗĔĽŀĬȮ(Train) ĴŅŐĸƟĺħƟĺĵȮDataset ĕĬŅħŒľĠƞ ŏĶňĵĔĺƞŅȮPre-trained ModelȮŐĸƟĺĬŜŅȮWeight ĕŀĚȮ

Model ĬńŘĬĴŅĮĶŃĵŋĔĨƢŒĝƟĔńĭĝŋħĕƟŀĴŌĸŒľĴƞȮőħĵĪňŗœĴƞĨƟŀĚŏĶŇŗĴİƗĔĽŀĬ Model ŏŀĚĨńŘĚŐĨƞĨƟĬȮModelȮěŃ

ĽŅĴŅĶĩŏĕƟŅŒěȮDatasetȮľĶŊŀěŜŅŐĬĔ Dataset őħĵĪňŗœĴƞĨƟŀĚŏĶňĵĬĶŌƟĨńŘĚŐĨƞŏĶŇŗĴĨƟĬěŅĔ 0 ĞŉŗĚőħĵĮĔĨŇĬńŘĬȮ

ModelȮěŃĴň Parameter (Weight)  ŏĮƦĬěŜŅĬĺĬĴŅĔȮĞŉŗĚěŜŅŏĮƦĬĨƟŀĚŒĝƟĝŋħĕƟŀĴŌĸĕĬŅħŒľĠƞŒĬĔŅĶ

ŏĶňĵĬĶŌƟŏıŊŗŀĽĶƟŅĚĲƖŏěŀĶƢĕŀĚȮModel ĽŜŅľĶńĭȮěŜŅŐĬĔĕƟŀĴŌĸŒĬĝŋħĕƟŀĴŌĸȮĪňŗ Input ŏĕƟŅĴŅőħĵŀŅěŒĝƟŏĺĸŅ

ľĸŅĵĝńŗĺőĴĚȮľĸŅĵĺńĬȮľĶŊŀľĸŅĵĽńĮħŅľƢȮŒĬĔŅĶŏĶňĵĬĶŌƟȮŏıŊŗŀŒľƟŐĭĭěŜŅĸŀĚĽŅĴŅĶĩıĵŅĔĶĦƢĽŇŗĚĨƞŅĚȮŕȮ

œħƟŐĴƞĬĵŜŅĕŉŘĬȮĔŅĶĪŜŅȮTransfer LearningȮĽŅĴŅĶĩŐĭƞĚœħƟŏĮƦĬȮ3 ŐĭĭŒľĠƞŕħńĚĬňŘ 

1. ĔŅĶŒĝƟȮConvolutional Neural NetworkȮŏĮƦĬ Fixed Feature ExtractorȮőħĵĔŅĶŏŀŅȮ

head model ĕŀĚȮConvNetȮŀŀĔœĮȮĞŉŗĚŏĮƦĬ layer ĽŋħĪƟŅĵĪňŗŏĮƦĬĽƞĺĬȮȮClassifierȮĕŀĚőĴŏħĸŏħŇĴȮ
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ŐĸŃĬŜŅĝńŘĬȮClassifierȮŒľĴƞĽŜŅľĶńĭĔŅĶěŜŅŐĬĔȮDataset ĝŋħŒľĴƞŏĕƟŅœĮŐĪĬȮlayer ŏħŇĴȮěŅĔĬńŘĬŏĪĶĬ

őĴŏħĸŏıŊŗŀŒľƟœħƟőĴŏħĸĪňŗŏľĴŅŃĽŜŅľĶńĭěŜŅŐĬĔĕƟŀĴŌĸŒĬ Dataset ĝŋħŒľĴƞ 

2. ĔŅĶĪŜŅ Fine-tuning ŒĬőĴŏħĸȮConvNetȮěŅĔŐĭĭŐĶĔĪňŗŏĪĶĬŏĜıŅŃ head modelȮŒĬ

ĔŅĶĪŜŅ Fine-tuningȮěŃĽŅĴŅĶĩĮĶńĭőĴŏħĸœħƟĪŋĔȮlayer ŏıŊŗŀŒľƟŏľĴŅŃĽĴĔńĭĝŋħĕƟŀĴŌĸŐĸŃĴň

ĮĶŃĽŇĪīŇĳŅıĪňŗħňĕŉŘĬȮĔńĭ dataset ŒľĴƞŒĬĚŅĬŒľĴƞ 

3. ĔŅĶŒĝƟ Pretrained modelsȮĞŉŗĚŏĮƦĬĔŅĶŒĝƟőĴŏħĸĪňŗĩŌĔŏĪĶĬĴŅŐĸƟĺŐĸŃĬŜŅĴŅŒĝƟĔńĭĝŋħ

ĕƟŀĴŌĸŒľĴƞŏĸĵȮĞŉŗĚŏľĴŅŃĽŜŅľĶńĭDataset ŒľĴƞĪňŗĴňėĺŅĴŒĔĸƟŏėňĵĚĔńĭDatasetŏħŇĴĪňŗŏĪĶĬőĴŏħĸĬńŘĬŕȮĞŉŗĚ

ŏĶňĵĔĺƞŅ Model Zoo 

Deep Learning Model ĬńŘĬĴňěŜŅĬĺĬȮLayer ĪňŗĴŅĔĽƞĚįĸŒľƟĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶŏĶňĵĬĶŌƟĪňŗ

ĞńĭĞƟŀĬȮŐĸŃĴňěŜŅĬĺĬȮParameter (Weight)  ěŜŅĬĺĬĴŅĔȮŒĬĔŅĶĪňŗŏĪĶĬĕƟŀĴŌĸŒĬȮDeep Learning 

Model ĨńŘĚŐĨƞŏĶŇŗĴŀŅěĨƟŀĚŒĝƟȮDataset ĪňŗĴňĕĬŅħŒľĠƞŀňĔĪńŘĚĨƟŀĚŒĝƟĪĶńıĵŅĔĶŒĬĔŅĶĮĶŃĴĺĸįĸĪňŗĴň

ĮĶŃĽŇĪīŇĳŅıĽŌĚȮŐĸŃŒĝƟĶŃĵŃŏĺĸŅĪňŗĵŅĺĬŅĬȮTransfer Learning ŏĮƦĬŏĪėĬŇėĪňŗŒĝƟĝƞĺĵĸħŏĺĸŅŒĬĔŅĶ

ŏĪĶĬőĴŏħĸȮDeep Learning ħƟĺĵĔŅĶĬŜŅĭŅĚĽƞĺĬĕŀĚőĴŏħĸĪňŗŏĪĶĬŏĶňĵĭĶƟŀĵŐĸƟĺȮĔńĭĚŅĬĪňŗŒĔĸƟŏėňĵĚ

ĔńĬȮĴŅŒĝƟŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚőĴŏħĸŒľĴƞȮTransfer LearningȮěŉĚŏĮƦĬĺŇīňĔŅĶĪňŗĝƞĺĵĸħĶŃĵŃŏĺĸŅŒĬĔŅĶ 

Train Deep Learning Model 

3.4.2 ĪķļġňĔŅĶĮĶńĭŐĨƞĚȮFine-tuning 
Transfer Learning ėŊŀȮĺŇīňĔŅĶĪňŗĝƞĺĵĸħŏĺĸŅĔŅĶŏĪĶĬőĴŏħĸȮDeep Learning ħƟĺĵĔŅĶĬŜŅ

ĭŅĚĽƞĺĬĕŀĚőĴŏħĸĪňŗŏĪĶĬŏĶňĵĭĶƟŀĵŐĸƟĺȮĴŅŒĝƟŏĮƦĬĽƞĺĬľĬŉŗĚĕŀĚőĴŏħĸŒľĴƞȮŏıŊŗŀŏĪĶĬĨƞŀŒĬĝŋħĕƟŀĴŌĸ

ŏĜıŅŃĪŅĚŐĸŃĽĔńħ FeatureȮĪňŗĽŜŅėńĠŒĬĝŋħĕƟŀĴŌĸĬńŘĬŀŀĔĴŅȮħńĚĪňŗŏėĵĔĸƞŅĺĴŅŐĸƟĺĔŅĶȮTransfer 

learning őħĵŒĝƟȮmodelȮĪňŗĩŌĔİƗĔĽŀĬĴŅĔƞŀĬěŃĮĶŃĔŀĭħƟĺĵȮ0ȮĽƞĺĬėŊŀȮbase model ŐĸŃȮhead 

model ĞŉŗĚĔŅĶĪŜŅȮFine-tuning ŏĮƦĬŐĭĭľĬŉŗĚŒĬĔŅĶĪŜŅȮTransfer Learning őħĵĔŅĶŏŀŅȮhead 

model ĕŀĚȮConvNet ŀŀĔœĮȮĞŉŗĚŏĮƦĬȮlayer ĽŋħĪƟŅĵĪňŗŏĮƦĬĽƞĺĬȮȮClassifier ĕŀĚőĴŏħĸŏħŇĴȮŐĸŃĬŜŅ

ĝńŘĬȮClassifier ŒľĴƞĽŜŅľĶńĭĔŅĶěŜŅŐĬĔȮDataset ĝŋħŒľĴƞŏĕƟŅœĮŐĪĬȮlayer ŏħŇĴȮŐĸŃĮĶńĭĮĶŋĚőĴŏħĸŒĬ

ĽƞĺĬ base modelȮŀŅěěŃĮĶńĭĮĶŋĚĪńŘĚľĴħľĶŊŀĭŅĚĽƞĺĬĔŖœħƟȮŐĸŃŏĪĶĬőĴŏħĸĪńŘĚľĴħŒľĴƞŐĭĭȮend-

to-end ĞŉŗĚőĴŏħĸěŃŏĶňĵĬĶŌƟĔŅĶŏĮĸňŗĵĬŐĮĸĚŒĬȮfeatureȮŏĔƞŅȮŐĸŃ predictions ŒĬȮdataset ĝŋħŒľĴƞȮ

ħƟĺĵŀńĨĶŅĔŅĶŏĶňĵĬĶŌƟĪňŗĨŗŜŅŐĸŃėƞŀĵŕĮĶńĭėŋĦĸńĔļĦŃĪňŗœħƟĶńĭĔŅĶİƗĔĴŅĸƞĺĚľĬƟŅŒľƟŏĕƟŅĔńĭĕƟŀĴŌĸŒľĴƞĪňĸŃ

ĬƟŀĵȮőħĵĺŇīňĔŅĶĪŜŅȮFine-tuning ŐĽħĚħńĚĨƞŀœĮĬňŘ 
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őħĵěŃĵĔĨńĺŀĵƞŅĚőĴŏħĸĪňŗĩŌĔİƗĔĽŀĬĴŅĔƞŀĬľĬƟŅĬňŘȮŏĝƞĬȮResNet50ȮĞŉŗĚŏĮƦĬőĴŏħĸĪňŗŒĝƟŒĬĔŅĶ

ěŜŅŐĬĔĶŌĮĳŅıȮĞŉŗĚĽŅĴŅĶĩĪŜŅĔŅĶĮĶńĭŐĨƞĚőĴŏħĸĬňŘŏıŊŗŀŒĝƟĔńĭĚŅĬŒľĴƞȮŏĝƞĬȮĔŅĶěŜŅŐĬĔĝĬŇħĕŀĚħŀĔœĴƟ

őħĵĔŅĶĪŜŅħńĚĬňŘ 

1.ȮĬŜŅőĴŏħĸĪňŗİƗĔĽŀĬŐĸƟĺĴŅŒĝƟȮ&Load Pre-trained Model) 

ŒĬĕńŘĬĨŀĬĬňŘěŃőľĸħőĴŏħĸȮResNet50 ĪňŗĩŌĔİƗĔĽŀĬĴŅŐĸƟĺŐĸŃĬŜŅĽƞĺĬģŅĬȮ&base model) 

ĴŅŒĝƟȮőħĵœĴƞĶĺĴĝńŘĬĽŋħĪƟŅĵĪňŗŏĮƦĬȮClassifier ħńĚŐĽħĚŒĬĳŅıĪňŗȮ26 

 
ĳŅıĪňŗȮ26ȮŐĽħĚĔŅĶĬŜŅőĴŏħĸĪňŗİƗĔĽŀĬŐĸƟĺĴŅŒĝƟ 

0,ȮŏıŇŗĴĝńŘĬŒľĴƞŏĕƟŅœĮŒĬőĴŏħĸȮ&Add New Layers) 

ŒĬĕńŘĬĨŀĬĬňŘěŃŏıŇŗĴĝńŘĬŒľĴƞĪňŗŏľĴŅŃĽĴĔńĭĚŅĬŒľĴƞŏĕƟŅœĮȮŏĝƞĬȮŏıŇŗĴĝńŘĬŐĭĭȮFully 

Connected ĪňŗĴňěŜŅĬĺĬľĬƞĺĵŏĪƞŅĔńĭěŜŅĬĺĬėĸŅĽĕŀĚĚŅĬŒľĴƞȮŏĝƞĬȮ3ȮėĸŅĽĽŜŅľĶńĭĝĬŇħĕŀĚħŀĔœĴƟȮȮ

ħńĚŐĽħĚŒĬĳŅıĪňŗȮ27 

 
ĳŅıĪňŗȮ27ȮŐĽħĚĔŅĶŏıŇŗĴĝńŘĬŒľĴƞŏĕƟŅœĮŒĬőĴŏħĸ 

1,ȮĸŖŀėĝńŘĬĕŀĚȮbase model (Freeze Base Model Layers) 

ĪŜŅĔŅĶĸŖŀėĝńŘĬĕŀĚȮbase model ŏıŊŗŀŒľƟœĴƞĨƟŀĚĮĶńĭĬŘŜŅľĬńĔŒĬĕńŘĬĨŀĬŐĶĔĕŀĚĔŅĶŏĪĶĬŒľĴƞȮ

ħńĚŐĽħĚŒĬĳŅıĪňŗȮ28 
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ĳŅıĪňŗȮ28ȮŐĽħĚĔŅĶĸŖŀėĝńŘĬĕŀĚȮbase model 

2,ȮėŀĴœıĸƢŐĸŃŏĪĶĬőĴŏħĸȮ&Compile and Train the Model) 

ėŀĴœıĸƢŐĸŃŏĪĶĬőĴŏħĸħƟĺĵȮlearning rate ĪňŗĨŗŜŅȮŏıŊŗŀŒľƟőĴŏħĸĮĶńĭĨńĺŏĕƟŅĔńĭĕƟŀĴŌĸŒľĴƞœħƟ

ŀĵƞŅĚĝƟŅŕȮŐĽħĚħńĚĳŅıĪňŗȮ29 

 
ĳŅıĪňŗȮ29ȮŐĽħĚĔŅĶėŀĴœıĸƢŐĸŃŏĪĶĬőĴŏħĸ 

3,ȮĮĸħĸŖŀėĭŅĚĝńŘĬĕŀĚȮbase model ŐĸŃĪŜŅĔŅĶȮFine-tuning ĨƞŀȮ&Unfreeze Some 

Layers and Fine-tune) 

ĮĸħĸŖŀėĭŅĚĝńŘĬĕŀĚȮbase model ŐĸŃŏĪĶĬőĴŏħĸŒľĴƞŀňĔėĶńŘĚħƟĺĵȮlearning rate ĪňŗĨŗŜŅĸĚȮ

ŏıŊŗŀŒľƟĔŅĶĮĶńĭĮĶŋĚőĴŏħĸĸŃŏŀňĵħĕŉŘĬħńĚŐĽħĚŒĬĳŅıĪňŗȮ30 

 
ĳŅıĪňŗȮ30ȮŐĽħĚĔŅĶĮĸħĸŖŀėĭŅĚĝńŘĬĕŀĚȮbase model ŐĸŃĪŜŅĔŅĶȮFine-tuning ĨƞŀœĮ 

ĔŅĶĪŜŅȮFine-tuning ŏĝƞĬĬňŘěŃĝƞĺĵŒľƟőĴŏħĸĽŅĴŅĶĩŏĶňĵĬĶŌƟȮfeature ŒľĴƞěŅĔȮdataset Īňŗ

ŏěŅŃěĚĴŅĔĕŉŘĬȮŒĬĕĦŃĪňŗĵńĚėĚĶńĔļŅėĺŅĴĶŌƟŏħŇĴěŅĔȮbase model ĞŉŗĚĝƞĺĵŒľƟĔŅĶŏĪĶĬĴňĮĶŃĽŇĪīŇĳŅı

ŐĸŃĶĺħŏĶŖĺĵŇŗĚĕŉŘĬ 
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3.5 Siamese Network  
őħĵĪńŗĺœĮŒĬĔŅĶİƗĔĽŀĬőĴŏħĸ Deep LearningȮĨƟŀĚŒĝƟĕƟŀĴŌĸŒĬĔŅĶŏĶňĵĬĶŌƟěŜŅĬĺĬĴŅĔȮŐĨƞĴň 

Deep Learning ĞŉŗĚĽĩŅĮƤĨĵĔĶĶĴĕŀĚőĴŏħĸĴňȮsub-network ĽŀĚĨńĺĪňŗĸńĔļĦŃĽĩŅĮƤĨĵĔĶĶĴ

ŏĮĶňĵĭŏĽĴŊŀĬŀŀĔĴŅěŅĔŐĴƞıŇĴıƢŏħňĵĺĔńĬȮŀŅěěŃŏĶňĵĔŀĵƞŅĚĚƞŅĵĺƞŅŏĮƦĬȮŴėŌƞŐİħŵȮĔńĬėŊŀĴňȮ

configuration ĪňŗŏľĴŊŀĬĔńĬĬńŗĬėŊŀȮSiameseȮNetwork [42] ȮĞŉŗĚĝŊŗŀĬńŘĬĴňĪňŗĴŅěŅĔȮSiamese twins 

ŐİħĽĵŅĴȮŀŇĬ+ěńĬȮŏĮƦĬĔŅĶŏĶňĵĬĶŌƟŐĭĭ OneȮShotȮLearning ŏĝƞĬȮľŅĔĨƟŀĚĔŅĶŏĶňĵĬĶŌƟŒĭľĬƟŅĬńĔŏĶňĵĬ

ěŃœĴƞěŜŅŏĮƦĬĨƟŀĚĶĺĭĶĺĴĳŅıŒĭľĬƟŅľĸŅĵŕĳŅıľĸŅĵŕĴŋĴȮŏıŊŗŀŒľƟĴňĳŅıŒĭľĬƟŅěŜŅĬĺĬĴŅĔŒĬĔŅĶ

ŏĶňĵĬĶŌƟȮŏıňĵĚŐėƞĴňĳŅıŒĭľĬƟŅȮ1ȮĳŅıȮĨƞŀĬńĔŏĶňĵĬȮ1ȮėĬȮĔŖĽŅĴŅĶĩĬŜŅĴŅİƗĔĽŀĬőĴŏħĸőħĵŒĝƟȮ

Siamese NetworkȮŏıŊŗŀĽĶƟŅĚĶŃĭĭȮFace Recognition ĪňŗĽŅĴŅĶĩĭŀĔœħƟĺƞŅĳŅıŒĭľĬƟŅĬňŘȮėŊŀȮ

ŒĭľĬƟŅĕŀĚĬńĔŏĶňĵĬėĬŒħœħƟȮ 

 
ĳŅıĪňŗȮ1/ȮőėĶĚĽĶƟŅĚȮSiamese Network 

 ěŅĔĳŅıĪňŗȮ1/ȮŐĽħĚőėĶĚĽĶƟŅĚȮSiamese Network ĞŉŗĚĮĶŃĔŀĭħƟĺĵȮDeep Learning ĽŀĚ
ĨńĺĪňŗőėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴŏľĴŊŀĬĔńĬȮħńŗĚŐİħȮŀŇĬ+ěńĬȮħńĚĬńŘĬįŌƟĺŇěńĵěŉĚŏĶňĵĔ Deep LearningȮĨńĺŐĶĔ
ĺƞŅȮDeep Learning ŀŇĬȮŐĸŃȮDeep Learning ĨńĺĪňŗĽŀĚĺƞŅȮDeep Learning ěńĬȮőħĵȮDeep 
LearningȮĪńŘĚĽŀĚĨńĺħńĚĔĸƞŅĺěŃĬŜŅĴŅŒĝƟĞŘŜŅĞƟŀĬĨƞŀĔńĬŐĭĭĕĬŅĬĔńĬȮŏıŊŗŀĪŜŅĔŅĶėŜŅĬĺĦľŅėƞŅėĺŅĴ
ŏľĴŊŀĬȮ&Similarity Score) ĶŃľĺƞŅĚĳŅıŒĭľĬƟŅȮĪňŗįƞŅĬȮDeep Learning ŀŇĬȮĔńĭĳŅıŒĭľĬƟŅĪňŗįƞŅĬȮ
Deep Learning ěńĬȮĞŉŗĚĕƟŀħňėŊŀȮDeep Learning 2ȮĨńĺĬňŘŒĝƟȮparameters ĕƟŅĚŒĬŏħňĵĺĔńĬĶƞĺĴĔńĬĪŜŅ
ŒľƟĮĶŃľĵńħŏĺĸŅŒĬĔŅĶİƗĔĽŀĬőĴŏħĸȮŐĸŃŏĴŊŗŀœħƟ Input ĳŅı1Ȯ(A) ŏĕƟŅœĮĽŌƞ Deep Learning ŀŇĬȮŐĸŃ 
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Input ĳŅı2Ȯ(B)ȮŏĕƟŅœĮĽŌƞȮDeep LearningȮěńĬȮĔŅĶĪňŗȮDeep Learning ŀŇĬȮĔńĭȮDeep LearningȮěńĬ 
ĞŉŗĚŏĮƦĬİŅŐİħĪňŗĴňőėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴőėĶĚĕƞŅĵŏĝŇĚĸŉĔŏľĴŊŀĬĔńĬŀĵƞŅĚœĴƞĴňėĺŅĴĨƞŅĚȮĳŅıĪňŗĩŌĔ 
InputȮĪńŘĚĽŀĚĳŅıȮ&AȮŐĸŃȮB'ȮěŃĩŌĔĽƞĚįƞŅĬȮConvolutional Neural Networks ŏıŊŗŀĽĶƟŅĚŏĺĔŏĨŀĶƢ
ėŋĦĸńĔļĦŃĪňŗĴňėĺŅĴĵŅĺėĚĪňŗĽŜŅľĶńĭŐĨƞĸŃĳŅıȮ&h(A'ȮŐĸŃȮh(B''ȮĽĴĴĨŇĺƞŅŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵ
ĮĶŃĽŅĪŏĪňĵĴœħƟĶńĭĔŅĶİƗĔİĬŀĵƞŅĚŏľĴŅŃĽĴȮĪŜŅŒľƟĽŅĴŅĶĩĨńŘĚĽĴĴĨŇģŅĬœħƟĺƞŅĩƟŅĳŅıȮA ŐĸŃȮB 
ħńĚĔĸƞŅĺŏĮƦĬľĬƟŅĕŀĚĬńĔŏĶňĵĬėĬŏħňĵĺĔńĬȮįĸĸńıīƢȮfeature vector ĪňŗŀŀĔěŅĔȮDeep Learning ŀŇĬȮ
ŐĸŃȮDeep Learning ěńĬȮĔŖėĺĶěŃĨƟŀĚŏľĴŊŀĬľĶŊŀėĸƟŅĵĔńĬŏĮƦĬŀĵƞŅĚĴŅĔħƟĺĵȮŒĬĕĦŃĪňŗľŅĔĳŅı 
Input ĽŀĚĳŅıŏĮƦĬĕŀĚŒĭľĬƟŅĪňŗŐĨĔĨƞŅĚĔńĬȮfeature vector ěŃŐĨĔĨƞŅĚĔńĬħƟĺĵȮĞŉŗĚěŅĔŐĬĺėŇħĬňŘěŉĚ
ŏĮƦĬĪňŗĴŅĕŀĚĔŅĶĬŜŅŏŀŅįĸĸńıīƢȮfeature vector ĪňŗœħƟěŅĔȮDeep Learning ŀŇĬȮŐĸŃȮDeep Learning 
ěńĬȮĴŅŏĪňĵĭĔńĬħƟĺĵȮȮįĸĨƞŅĚėƞŅĽńĴĭŌĶĦƢ ėŊŀȮĔŅĶĬŜŅėƞŅĕŀĚŐĨƞĸŃĝƞŀĚȮĬŜŅĴŅĸĭĔńĬŐĸƟĺŒĽƞȮėƞŅĽńĴĭŌĶĦƢ 
(absolute) ĞŉŗĚįĸĸńıīƢĪňŗœħƟŀŀĔĴŅĬńŘĬȮĬŜŅĴŅŏĕƟŅȮSigmoid function ħńĚĽĴĔŅĶĪňŗ 2ȮŏıŊŗŀĭňĭėƞŅŒľƟŀĵŌƞ
ŒĬĝƞĺĚȮ.,.+/,.ȮĪŜŅŒľƟœħƟėƞŅėĺŅĴėĸƟŅĵėĸŉĚȮ&Similarity Score) ĶŃľĺƞŅĚĳŅıŒĭľĬƟŅ ŒĬĳŅı1Ȯ(A) 
ŐĸŃĳŅı2Ȯ(B)ȮŒĝƟŏĪėĬŇėȮN-way one shot learning őħĵĪŜŅĞŘŜŅŕĔńĬȮk ėĶńŘĚȮ 

Model Siamese ŏĮƦĬŐĭĭěŜŅĸŀĚȮ&model) ĪňŗŒĝƟŒĬĔŅĶěńħĔŅĶĔńĭĚŅĬĪňŗŏĔňŗĵĺĔńĭĔŅĶľŅėĺŅĴ
ėĸƟŅĵėĸŉĚĶŃľĺƞŅĚĕƟŀĴŌĸȮőħĵĪńŗĺœĮŐĸƟĺŒĬĔŅĶĪŜŅĬŅĵȮ&prediction) ħƟĺĵȮmodel Siamese ěŃœħƟ
įĸĸńıīƢŏĮƦĬėƞŅėĺŅĴėĸƟŅĵėĸŉĚĶŃľĺƞŅĚĕƟŀĴŌĸĪňŗĩŌĔĮƚŀĬŏĕƟŅĴŅȮĞŉŗĚįĸĸńıīƢĪňŗœħƟěŃŏĮƦĬėƞŅėĺŅĴėĸƟŅĵėĸŉĚ
ĶŃľĺƞŅĚĕƟŀĴŌĸŒĬĝƞĺĚȮ.ȮĩŉĚȮ/ȮőħĵĪňŗ8 ėƞŅȮ.ȮŐĽħĚĩŉĚĕƟŀĴŌĸĪňŗœĴƞėĸƟŅĵėĸŉĚĔńĬŏĸĵ ŐĸŃėƞŅȮ/ȮŐĽħĚĩŉĚ
ĕƟŀĴŌĸĪňŗėĸƟŅĵėĸŉĚĔńĬĴŅĔĪňŗĽŋħȮĨńĺŀĵƞŅĚŒĬĔŅĶĔŜŅľĬħėŃŐĬĬėĺŅĴėĸƟŅĵėĸŉĚ Similarity ScoreȮŏıŊŗŀ
ŐĽħĚĩŉĚőŀĔŅĽĪňŗĶŌĮĳŅıěŃŏĮƦĬĕŀĚėĬŏħňĵĺĔńĬȮėŃŐĬĬŏĪƞŅœĶĩŉĚŏĶňĵĔĺƞŅĶŃĭĭĪŅĵĩŌĔľĶŊŀįŇħȮŏĮƦĬĔŅĶȮ
validate Siamese networkȮľŅĔŒľƟěŜŅĬĺĬĳŅıŒĭľĬƟŅŏĪƞŅĔńĭȮ3ȮĬńŗĬėŊŀȮĬŜŅĳŅıŒĭľĬƟŅĪňŗĨƟŀĚĔŅĶ
ĨĶĺěĽŀĭȮA ĴŅŏĪňĵĭĔńĭĳŅıŒĭľĬƟŅȮ3ȮĳŅıĪňŗŏĸŊŀĔĴŅȮėŊŀȮX Y ZȮŒľƟȮSiamese network ėŜŅĬĺĦľŅ
ėƞŅėĺŅĴėĸƟŅĵėĸŉĚȮ&Similarity Score) Ȯ3ȮėŌƞȮĶŃľĺƞŅĚȮA Ĕńĭ X, A Ĕńĭ Y ŐĸŃȮA Ĕńĭ ZȮľŅĔŒľƟȮA ĔńĭȮ
ZȮėŊŀĳŅıŒĭľĬƟŅėĬŕŏħňĵĺĔńĬȮĪňŗĳŅıŒĭľĬƟŅĬńŘĬŏĮƦĬėĬĸŃĳŅıĔńĬȮėƞŅėŃŐĬĬěŅĔėŌƞȮA ĔńĭȮZȮĔŖĴŅĔĽŋħȮ
ĩƟŅőĴŏħĸŒľƟėƞŅŀŀĔĴŅĨŅĴĬňŘěŃĩŊŀĺƞŅőĴŏħĸȮŴĪŅĵĩŌĔŵȮŐĨƞĩƟŅœĴƞŒĝƞŐĽħĚĺƞŅȮŴĪŅĵįŇħŵȮĪŜŅŒľƟĮĶŃŏĴŇĬœħƟ
ĺƞŅőĴŏħĸĪňŗĽĶƟŅĚĴŅŏĝŊŗŀĩŊŀœħƟĴŅĔĬƟŀĵŐėƞœľĬŏĮƦĬĔňŗŏĮŀĶƢŏĞŖĬĨƢȮSiamese Network ŏĮƦĬŏĪėĬŇėĪňŗŒĝƟ
ŏıňĵĚȮ/ȮĨńĺŀĵƞŅĚ ľĶŊŀŒĝƟ ĨńĺŀĵƞŅĚĕƟŀĴŌĸȮĬƟŀĵŕȮœĴƞŒĝƟȮĨńĺŀĵƞŅĚĕƟŀĴŌĸěŜŅĬĺĬĴŅĔŏľĴŊŀĬĮĔĨŇȮěŉĚŏĮƦĬ
ĔŅĶŏĶňĵĬĶŌƟĪňŗŏĶňĵĔĺƞŅȮOne Shot Learning ľĶŊŀȮFew Shot Learning 

 ὛὭάὭὰὥὶὭὸώ ὛὧέὶὩὛὼ  ȮȮȮȮ                     ĽĴĔŅĶĪňŗȮ2 
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3.6 Contrastive Learning 
Contrastive Learning [43] ėŊŀȮĔŅĶŏĶňĵĬĶŌƟĔŅĶŐĪĬŐĭĭĨƞŅĚŕȮőħĵĪňŗĨńĺŀĵƞŅĚėĸƟŅĵŕĔńĬěŃ

ŀĵŌƞŒĔĸƟĔńĬȮŒĬĕĦŃĪňŗĨńĺŀĵƞŅĚĪňŗœĴƞŏľĴŊŀĬĔńĬěŃŀĵŌƞľƞŅĚĔńĬȮContrastive learning ĽŅĴŅĶĩĬŜŅœĮŒĝƟ

ŏĶňĵĬĶŌƟĕƟŀĴŌĸĪńŘĚŐĭĭȮSupervised ŐĸŃȮUnsupervised ĞŉŗĚĽŅĴŅĶĩŏĶňĵĬĶŌƟœħƟħňĪńŘĚĚŅĬĪŅĚħƟŅĬĳŅıȮ

ŐĸŃĳŅļŅ ĔŅĶŏĶňĵĬĶŌƟŐĭĭėŀĬĪĶŅĽĨƢȮ&Contrastive learning) ŏĴŊŗŀŒĝƟĔńĭĕƟŀĴŌĸĪňŗœĴƞœħƟĶńĭĔŅĶħŌŐĸȮ

&Unsupervised Data) ŏĮƦĬŐĬĺĪŅĚľĬŉŗĚĪňŗĴňĮĶŃĽŇĪīŇĳŅıŒĬĔŅĶŏĶňĵĬĶŌƟħƟĺĵĨĬŏŀĚȮ(Self-Supervised 

Learning)  

ĔŅĶŏĶňĵĬĶŌƟŐĭĭȮSelf-supervised ľĶŊŀȮĔŅĶŏĶňĵĬĶŌƟőħĵĽĶƟŅĚȮLearning Task ěŅĔĕƟŀĴŌĸĪňŗĴňȮ

őħĵœħƟĨƟŀĚĪŜŅȮHand Labeling ĕƟŀĴŌĸ Self-supervised learning ŒĬȮComputer Vision ĴňľĸńĔĔŅĶ

ĪŜŅĚŅĬŀĵŌƞĽŀĚŐĭĭȮŐĭĭŐĶĔėŊŀȮGenerative ľĶŊŀȮAuto Encoder ėŊŀȮĔŅĶıĵŅĵŅĴŏĶňĵĬĶŌƟȮ

representation/embedding vector ĕŀĚĶŌĮĳŅıȮħƟĺĵȮencoder (Feature Extractor'ȮŐĸŃȮŒĝƟȮ

representation ěŅĔȮencoder ŒĬĔŅĶȮgenerate ĶŌĮĳŅıȮŒľƟŏľĴŊŀĬĔńĭȮinput ħƟĺĵȮdecoderȮ

ĨƞŀĴŅŒĬŐĭĭĪňŗĽŀĚėŊŀ Discriminative ľĶŊŀȮŏĶňĵĬĶŌƟěŅĔĔŅĶŐĵĔŐĵŃȮŏĮƦĬĔŅĶěŜŅŐĬĔĺƞŅĳŅıĽŀĚĳŅı

ĬńŘĬŏĮƦĬĳŅıŏħňĵĺĔńĬȮľĶŊŀœĴƞȮĪŜŅŒľƟœĴƞĨƟŀĚŒĝƟȮlabel ŏıŊŗŀŒľƟėŜŅĨŀĭőĴŏħĸŏıŊŗŀŏĶňĵĬĶŌƟŐĭĭ Supervised 

Learning ĞŉŗĚ Contrastive learningȮŏĮƦĬ Self-supervised learningȮŐĭĭ DiscriminativeȮŒĬ

ĚŅĬĺŇěńĵĕŀĚ Chen et al.,Ȯ[43]ȮŒĝƟĺŇīňŐĭĭȮDiscriminative őħĵĔŅĶŒĝƟȮImage Augmentation ŐĭĭȮ

Non-linear ŏıŊŗŀĴŅȮGenerate ĶŌĮĳŅıŒĬĴŋĴĴŀĚĪňŗŐĨĔĨƞŅĚĔńĬĕŉŘĬĴŅŏĮƦĬȮěŋħĴŋƞĚľĴŅĵŒĬĔŅĶĪŜŅȮ

Classification ŒĬĽƞĺĬĕŀĚȮAlgorithm őħĵĴňĕńŘĬĨŀĬħńĚĬňŘȮ 

1. ĽŋƞĴĔĸŋƞĴĨńĺŀĵƞŅĚĴŅěŜŅĬĺĬȮN ĳŅıȮ 

2. ĪŜŅĔŅĶĽŋƞĴ augmentation ŐĨƞĸŃĳŅıȮĳŅıĸŃȮ0ȮĝŋħȮŐĸŃěŃœħƟěŜŅĬĺĬȮ0ȮŏĪƞŅĕŀĚȮN ĳŅıȮ

ĪňŗȮtransform ŐĸƟĺěŅĔȮN ĳŅıŏĶŇŗĴĨƟĬȮŐĸŃħŉĚȮrepresentation ĕŀĚŐĨƞĸŃĳŅıŀŀĔĴŅħƟĺĵȮencoder 

ěŅĔĬńŘĬěŉĚŏĕƟŅȮFully Connected layer ŀňĔėĶńŘĚȮĔƞŀĬěŃœħƟŏĮƦĬȮrepresentation ĽŋħĪƟŅĵŀňĔĪňȮőħĵ

ĔŅĶĪŜŅȮAugmentation œħƟŐĔƞȮrandom crop, color distortion, random rotationȮľĶŊŀȮrandom 

cutout ŏĮƦĬĨƟĬ 

3. ėŜŅĬĺĦėĺŅĴėĸƟŅĵėĸŉĚĔńĬŏĮƦĬėŌƞȮ(Pairwise Similarity) ĶŃľĺƞŅĚȮRepresentation ŒĬĪŋĔ

ĳŅıȮ&ςὲ)ȮĞŉŗĚŒĬĔŅĶĪŜŅȮContrastive Learning ĽŇŗĚĽŜŅėńĠėŊŀĔŅĶėŜŅĬĺĦėĺŅĴėĸƟŅĵėĸŉĚĔńĬĶŃľĺƞŅĚ

ŏĺĔŏĨŀĶƢĕŀĚĨńĺŀĵƞŅĚȮ&ŏĝƞĬȮĳŅı, ĕƟŀėĺŅĴ'ȮĪňŗŏĮƦĬĭĺĔȮ&ėĸƟŅĵĔńĬ'ȮŐĸŃĨńĺŀĵƞŅĚĪňŗŏĮƦĬĸĭȮ&œĴƞėĸƟŅĵĔńĬ' 
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ĵĔĨńĺŀĵƞŅĚľŅĔĴňŏĺĔŏĨŀĶƢȮ0ȮŏĺĔŏĨŀĶƢěŅĔĨńĺŀĵƞŅĚĳŅıĪňŗĩŌĔŐĮĸĚŏĮƦĬŏĺĔŏĨŀĶƢőħĵŒĝƟőĴŏħĸȮ

Encoders ŏĝƞĬȮResNet ľĶŊŀȮBERTȮŒľƟȮŏĺĔŏĨŀĶƢĕŀĚĳŅıȮA ėŊŀ [.,3*.,/*.,1[ȮŐĸŃŒľƟȮŏĺĔŏĨŀĶƢĕŀĚ

ĳŅıȮB ėŊŀȮ[.,0*.,2*.,/[ȮěŃĪŜŅŒľƟĽŅĴŅĶĩėŜŅĬĺĦėĺŅĴėĸƟŅĵėĸŉĚĔńĬȮ&Similarity) ĶŃľĺƞŅĚŏĺĔŏĨŀĶƢ

ŏľĸƞŅĬňŘœħƟľĸŅĵĺŇīňȮŏĝƞĬĔŅĶŒĝƟȮCosine Similarity ĞŉŗĚŏĮƦĬĺŇīňĪňŗĬŇĵĴŒĝƟħńĚĽĴĔŅĶĪňŗȮ3 

ὅέίὭὲὩ ὛὭάὭὰὥὶὭὸώ 
Ͻ

ᴁ ᴁᴁ ᴁ
                                     ĽĴĔŅĶĪňŗȮ3 

őħĵĪňŗ 

ὠϽὠȮėŊŀȮĔŅĶėŌĦěŋħȮ(dot product) ĕŀĚŏĺĔŏĨŀĶƢȮὠ ŐĸŃ ὠ 

ᴁὠᴁ ŐĸŃ ᴁὠᴁȮėŊŀȮėĺŅĴĵŅĺĕŀĚŏĺĔŏĨŀĶƢȮὠ ŐĸŃ ὠ 

ĞŉŗĚŏĴŊŗŀĬŜŅŏĺĔŏĨŀĶƢĕŀĚĳŅıȮA ŐĸŃȮB ĴŅėŜŅĬĺĦěŃœħƟėƞŅȮCosine Similarity ŃľĺƞŅĚŏĺĔŏĨŀĶƢ

ĕŀĚĳŅıĪńŘĚĽŀĚȮŏĪƞŅĔńĭȮ.,41ȮĞŉŗĚĭƞĚĝňŘĩŉĚėĺŅĴėĸƟŅĵėĸŉĚĔńĬĶŃľĺƞŅĚĳŅıĪńŘĚĽŀĚȮőħĵėƞŅȮ/ȮľĴŅĵĩŉĚ

ėĺŅĴėĸƟŅĵėĸŉĚĔńĬĽŌĚĽŋħŐĸŃėƞŅȮ.ȮľĴŅĵĩŉĚėĺŅĴŐĨĔĨƞŅĚĔńĬĽŌĚĽŋħ 

4. ĬŜŅėƞŅȮSimilarity ĪňŗœħƟěŅĔĕńŘĬĨŀĬĔƞŀĬľĬƟŅĴŅŒĝƟŏĮƦĬȮscore/logit ĽŜŅľĶńĭȮCross 
Entropy Loss ŏĮƦĬȮLoss Function ĪňŗŏĮƦĬĪňŗĬŇĵĴĴŅĔĪňŗĽŋħĽŜŅľĶńĭĚŅĬȮClassification (Discrete ėƞŅ
œĴƞĨƞŀŏĬŊŗŀĚ'ȮĞŉŗĚȮLoss FunctionȮȮėŊŀȮĔŅĶėŜŅĬĺĬȮError ĺƞŅȮyhat ĪňŗőĴŏħĸĪŜŅĬŅĵŀŀĔĴŅȮĨƞŅĚěŅĔȮy 
ĕŀĚěĶŇĚȮŀĵŌƞŏĪƞŅœĶȮŐĸƟĺľŅėƞŅŏĜĸňŗĵȮŏıŊŗŀĪňŗěŃĬŜŅĴŅľŅȮGradient ĕŀĚȮLoss ĕŉŘĬĔńĭȮWeight ĨƞŅĚȮŕȮħƟĺĵȮ
Backpropagation ŐĸƟĺŒĝƟŀńĸĔŀĶŇĪŉĴȮGradient Descent ĪŜŅŒľƟȮLoss ĬƟŀĵĸĚȮŒĬĔŅĶŏĪĶĬĶŀĭĩńħœĮȮ
yhat ŏĮƦĬȮProbability ĪňŗŀŀĔĴŅěŅĔőĴŏħĸĪňŗȮLayer ĽŋħĪƟŅĵŏĮƦĬȮSoftmax Function, y ŏĮƦĬĕƟŀĴŌĸ
ĪňŗŀĵŌƞŒĬĶŌĮŐĭĭȮOne Hot Encoding ĽŜŅľĶńĭĔŅĶĮĶŃĴĺĸįĸŐĨƞĸŃĳŅıŒĬȮ0N ĳŅıȮěŃĪŜŅĬŅĵĺƞŅŒĬȮ
0N-/ȮĳŅıĪňŗŏľĸŊŀȮĳŅıŒħŏĮƦĬĶŌĮĳŅıŏħňĵĺĔńĬ 

1,5 Sent2Vec 
Sent0Vec[44] ŏĮƦĬŏĪėĬŇėŒĬĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢĽŜŅľĶńĭĮĶŃőĵėȮ&sentence embedding) 

őħĵŒĝƟĕƟŀĴŌĸěŅĔŏĺĔŏĨŀĶƢĕŀĚėŜŅĳŅĵŒĬĮĶŃőĵėŏıŊŗŀŐĪĬėĺŅĴľĴŅĵĕŀĚĮĶŃőĵėŒĬĶŌĮĕŀĚŏĺĔŏĨŀĶƢĪňŗ

ĴňĴŇĨŇĽŌĚȮĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢĕŀĚĮĶŃőĵėĪňŗĴňĴŇĨŇĽŌĚĬńŘĬĝƞĺĵŒľƟĽŅĴŅĶĩěńħŏĔŖĭŐĸŃĮĶŃĴĺĸįĸĕƟŀĴŌĸŏĝŇĚ

ĕƟŀėĺŅĴœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃŏĕƟŅŒěėĺŅĴľĴŅĵĕŀĚĮĶŃőĵėŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮSent0Vec 

œĴƞŒĝƞŐĭĭěŜŅĸŀĚȮ&model) ŒĬĪŅĚŏĪėĬŇėĪňŗŐĵĔŀŀĔĴŅŏĮƦĬĨńĺŐĵĔŏŀĚŏľĴŊŀĬȮWord0Vec ľĶŊŀȮ

GloVe ŐĨƞŏĮƦĬĺŇīňĔŅĶŒĬĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢȮ&vector) ĽŜŅľĶńĭĮĶŃőĵėľĶŊŀĕƟŀėĺŅĴȮħńĚĬńŘĬœĴƞĴňȮ
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 parameters" ĪňŗĽŅĴŅĶĩŏĶňĵĔħŌľĶŊŀĮĶńĭŏĮĸňŗĵĬœħƟőħĵĨĶĚȮŏĬŊŗŀĚěŅĔĺƞŅŏĮƦĬĔŅĶĬŜŅŏĪėĬŇėĔŅĶĽĶƟŅĚ

ŏĺĔŏĨŀĶƢěŅĔėŜŅȮ&word embeddings) ĴŅŒĝƟĶƞĺĴĔńĭĔŅĶŏĕƟŅŒěőėĶĚĽĶƟŅĚŐĸŃėĺŅĴľĴŅĵĕŀĚĮĶŃőĵė

ĪńŘĚľĴħŒĬĶŃħńĭĮĶŃőĵėȮľĶŊŀĕƟŀėĺŅĴȮĔŅĶĽĶƟŅĚȮSent0Vec ĴńĔŒĝƟőĴŏħĸĪňŗĩŌĔİƗĔŀĭĶĴŏıŊŗŀŏĕƟŅŒě

ėĺŅĴľĴŅĵĕŀĚĮĶŃőĵėȮĞŉŗĚĭƞĚĭŀĔĩŉĚėĺŅĴĽŜŅėńĠŐĸŃėĺŅĴľĴŅĵĕŀĚŐĨƞĸŃėŜŅŒĬĮĶŃőĵėőħĵĶĺĴȮ

ŐĸŃĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢĕŀĚĮĶŃőĵėěŅĔŏĺĔŏĨŀĶƢĕŀĚėŜŅĪňŗĮĶŅĔĢŒĬĮĶŃőĵėĬńŘĬŕȮŀŅěĴňĔŅĶĮĶńĭŏĮĸňŗĵĬ

ĨŅĴĺŇīňĔŅĶŐĸŃőĴŏħĸĪňŗŒĝƟŒĬĔŅĶİƗĔŀĭĶĴŏĜıŅŃĕŀĚŐĨƞĸŃĶŃĭĭœħƟ 

ĔĶŃĭĺĬĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢĽŜŅľĶńĭĮĶŃőĵėħƟĺĵȮSent0Vec ĬńŘĬŏĶŇŗĴĨƟĬħƟĺĵĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢ

ĽŜŅľĶńĭŐĨƞĸŃėŜŅŒĬĮĶŃőĵėőħĵŒĝƟőĴŏħĸĪňŗİƗĔŀĭĶĴŐĸƟĺȮŏĝƞĬȮWord0Vec ľĶŊŀȮFastText ěŅĔĬńŘĬŒĬ

ĔŅĶĽĶƟŅĚŏĺėŏĨŀĶƢĽŜŅľĶńĭĮĶŃőĵėħƟĺĵȮWord0Vec ľĶŊŀȮBERT ěŃĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ 

1. ĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢħƟĺĵȮWord2Vec 

Word2Vec ŏĮƦĬĺŇīňĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢĽŜŅľĶńĭėŜŅȮ&word embedding) őħĵĴňĺńĨĩŋĮĶŃĽĚėƢ

ŏıŊŗŀŒľƟŏĺĔŏĨŀĶƢĪňŗĴňĴŇĨŇĨŗŜŅĽŅĴŅĶĩěńĭėĺŅĴľĴŅĵĕŀĚėŜŅŐĸŃėĺŅĴĽńĴıńĬīƢĶŃľĺƞŅĚėŜŅœħƟȮĺŇīňĬňŘĴňĽŀĚ

ĶŌĮŐĭĭľĸńĔėŊŀȮContinuous Bag of Words (CBOW) ĽŜŅľĶńĭĪŜŅĬŅĵėŜŅĔĸŅĚěŅĔĭĶŇĭĪĕŀĚėŜŅ

ĶŀĭŕȮŐĸŃȮSkip-gram ĽŜŅľĶńĭĪŜŅĬŅĵĭĶŇĭĪĕŀĚėŜŅĶŀĭŕȮěŅĔėŜŅĔĸŅĚĨńĺŀĵƞŅĚĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢħƟĺĵȮ

Word2Vec ĵĔĨńĺŀĵƞŅĚĮĶŃőĵėȮ įĸŇĨěŅĔŏĨŅĽŋőĕĪńĵ ȮěŃĽĶƟŅĚŏĺĔŏĨŀĶƢĕŀĚėŜŅŒĬĮĶŃőĵėĬňŘħƟĺĵȮ

Word2Vec ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ4 ěŅĔĬńŘĬĶĺĴŏĺĔŏĨŀĶƢĕŀĚėŜŅŒĬĮĶŃőĵėŏıŊŗŀĽĶƟŅĚŏĺĔŏĨŀĶƢĕŀĚĮĶŃőĵė

őħĵĔŅĶŏĜĸňŗĵŏĺĔŏĨŀĶƢĕŀĚėŜŅȮY&.,/).,1).,3+.,/).,0'-3, (.,0+.,0).,.).,2+.,/'-3, ...]  ěŃœħƟ

ŏĺėŏĨŀĶƢĕŀĚĮĶŃőĵėŏĪƞŅĔńĭȮȮY.,0, .,.4, ...] 

ĨŅĶŅĚĪňŗȮ4 ŐĽħĚĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢħƟĺĵȮWord2Vec ĕŀĚėŜŅŒĬĮĶŃőĵė 
ĮĶŃőĵė ŏĺĔŏĨŀĶƢ 

įĸŇĨ 0.1 0.2 -0.1 ź 
ěŅĔ 0.3 -0.2 0.4 ... 
ĔĸŋƞĴ 0.5 0.0 -0.3 ... 
ŏĨŅ -0.1 0.4 0.1 ... 
ĽŋőĕĪńĵ 0.2 -0.1 0.3 ... 

0,ȮĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢħƟĺĵȮBERT 
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BERT (Bidirectional Encoder Representations from Transformers) ŏĮƦĬőĴŏħĸĪňŗŒĝƟ

őėĶĚĽĶƟŅĚȮTransformer ŏıŊŗŀĽĶƟŅĚŏĺĔŏĨŀĶƢĽŜŅľĶńĭėŜŅŒĬĭĶŇĭĪĕŀĚĮĶŃőĵėȮBERT ĴňĸńĔļĦŃıŇŏĻļėŊŀ

ıŇěŅĶĦŅėĺŅĴĽńĴıńĬīƢĕŀĚėŜŅĪńŘĚľĴħŒĬĮĶŃőĵėĪńŘĚěŅĔĞƟŅĵœĮĕĺŅŐĸŃĕĺŅœĮĞƟŅĵıĶƟŀĴĔńĬȮĨńĺŀĵƞŅĚ

ĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢħƟĺĵȮBERT ĵĔĨńĺŀĵƞŅĚĮĶŃőĵėȮ įĸŇĨěŅĔŏĨŅĽŋőĕĪńĵ ȮȮěŃŏĶŇŗĴħƟĺĵĔŅĶŒĽƞĮĶŃőĵėŏĕƟŅ

œĮŒĬȮBERT Tokenizer:  ["[CLS]", "įĸŇĨ , "ěŅĔ , "ĔĸŋƞĴ , "ŏĨŅ , "ĽŋőĕĪńĵ , "[SEP]"] őħĵȮCLS 

(Classification) ŏĮƦĬőĪŏėŖĬıŇŏĻļĪňŗĩŌĔŏıŇŗĴŏĕƟŅœĮĪňŗěŋħŏĶŇŗĴĨƟĬĕŀĚĪŋĔŀŇĬıŋĨĮĶŃőĵėľĶŊŀĕƟŀėĺŅĴȮŐĸŃȮ

SEP (Separator) ėŊŀőĪŏėŖĬıŇŏĻļĪňŗŒĝƟŒĬĔŅĶŐĵĔĕƟŀėĺŅĴľĶŊŀĮĶŃőĵėĨƞŅĚŕȮĳŅĵŒĬŀŇĬıŋĨŏħňĵĺĔńĬȮ

ěŅĔĬńŘĬěŃĬŜŅȮTokenizer Sentence ŏĕƟŅœĮŒĬȮBERT Model ĞŉŗĚěŃĽĶƟŅĚŏĺĔŏĨŀĶƢĽŜŅľĶńĭŐĨƞĸŃȮ

Token ħńĚĨŅĶŅĚĪňŗȮ5ȮĞŉŗĚȮBERT ěŃŒĝƟŏĺĔŏĨŀĶƢĕŀĚȮYCLS] ŏĮƦĬŏĺĔŏĨŀĶƢŐĪĬĕŀĚĮĶŃőĵėĪńŘĚľĴħěŉĚĴň

ėƞŅŏĺĔŏĨŀĶƢĮĶŃőĵėŏĪƞŅĔńĭȮȮY.,/, .,1, -.,0, ...] 

ĨŅĶŅĚĪňŗȮ5ȮŐĽħĚĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢħƟĺĵȮBERT ĕŀĚėŜŅŒĬĮĶŃőĵė 
ĮĶŃőĵė ŏĺĔŏĨŀĶƢ 

[CLS] 0.2 -0.1 0.3 ź 
įĸŇĨ 0.1 0.2 -0.1 ź 
ěŅĔ 0.3 -0.2 0.4 ... 
ĔĸŋƞĴ 0.5 0.0 -0.3 ... 
ŏĨŅ -0.1 0.4 0.1 ... 
ĽŋőĕĪńĵ 0.2 -0.1 0.3 ... 
YSEP] 0.3 -0.2 0.4 ... 

ĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢĽŜŅľĶńĭĮĶŃőĵėĬńŘĬĪŜŅőħĵĔŅĶĶĺĴŏĺĔŏĨŀĶƢĕŀĚėŜŅĳŅĵŒĬĮĶŃőĵėŒľƟŏĮƦĬ

ŏĺĔŏĨŀĶƢĕŀĚĮĶŃőĵėȮŐĽħĚħńĚĨŅĶŅĚĪňŗȮ6Ȯ 

ĨŅĶŅĚĪňŗȮ6ȮŐĽħĚĔŅĶĽĶƟŅĚŏĺĔŏĨŀĶƢĽŜŅľĶńĭĮĶŃőĵė 
ĮĶŃőĵė ŏĺĔŏĨŀĶƢ 

ĔŅĶŏĕňĵĬĸŅĵĽňħŜŅŒĨƟŏėĸŊŀĭŒĽ 0.323 0.075 ,,, -0.106 
įĸŇĨěŅĔĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵ 0.024 0.146 ,,, -0.151 
įĸŇĨěŅĔĔĸŋƞĴŏĨŅĽŋőĕĪńĵ 0.160 0.087 ,,, -0.072 
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ŏĴŊŗŀœħƟŏĺĔŏĨŀĶƢĽŜŅľĶńĭŐĨƞĸŃĮĶŃőĵėŐĸƟĺȮĽŅĴŅĶĩĬŜŅĴŅŒĝƟŒĬľĸŅĵĚŅĬȮŏĝƞĬȮĔŅĶěńħĔĸŋƞĴ

ĮĶŃőĵėĪňŗĴňėĺŅĴľĴŅĵėĸƟŅĵĔńĬ ĔŅĶėƟĬľŅĮĶŃőĵėĪňŗĴňėĺŅĴĽńĴıńĬīƢĔńĬőħĵĔŅĶľŅėƞŅėĺŅĴėĸƟŅĵėĸŉĚ

ħńĚĳŅıĪňŗȮ32 

 
ĳŅıĪňŗȮ32ȮĔŅĶľŅėƞŅėĺŅĴėĸƟŅĵėĸŉĚĶŃľĺƞŅĚĮĶŃőĵė 

3.8 ĔĸŋƞĴŏĨŅįĸŇĨŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĽŋőĕĪńĵŐĸŃĻĶňĽńĝĬŅĸńĵȮĔńĭĔŅĶĔŜŅľĬħŀŅĵŋ 
ŐľĸƞĚŏĨŅŒĬěńĚľĺńħĽŋőĕĪńĵĮĶŃĔŀĭħƟĺĵŐľĸƞĚŏĨŅĪňŗĽŜŅėńĠȮ0ȮŐľƞĚȮœħƟŐĔƞȮĔĸŋƞĴŏĨŅįĸŇĨ

ŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĽŋőĕĪńĵŐĸŃĻĶňĽńĝĬŅĸńĵŐĭƞĚŀŀĔŏĮƦĬȮ 

/,ȮĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵȮ&ĭƟŅĬŏĔŅŃĬƟŀĵ'ȮŀŜŅŏĳŀĻĶňĽńĝĬŅĸńĵȮȮěńĚľĺńħĽŋőĕĪńĵ 

0,ȮĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵȮ&ĭƟŅĬĮƙŅĵŅĚ'ȮŀŜŅŏĳŀĻĶňĽńĝĬŅĸńĵěńĚľĺńħĽŋőĕĪńĵ 

1,ȮĔĸŋƞĴŏĨŅĽŋőĕĪńĵȮŀŜŅŏĳŀŏĴŊŀĚȮěńĚľĺńħĽŋőĕĪńĵ 
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3.8.1 ĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵȮŐĭƞĚŀŅĵŋœħƟħńĚĬňŘ 

/,ȮĶŃĵŃĨƟĬĕŀĚĔŅĶįĸŇĨŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅěŅĔĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵ 

ȮȮȮȮȮȮȮȮ ĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵľĶŊŀĭƟŅĬŏĔŅŃĬƟŀĵŏĮƦĬľĬŉŗĚŒĬĔĸŋƞĴĔĸŋƞĴŏĨŅĮƤƨĬħŇĬŏįŅĪňŗĴňėĺŅĴ

ŏĜıŅŃŏěŅŃěĚŒĬĮĶŃŏĪĻœĪĵŒĬĝƞĺĚĶńĝĽĴńĵĕŀĚĽĴŏħŖěıĶŃĴľŅīĶĶĴĶŅĝŅĪňŗȮ/Ȯ&ıĠŅĸŇœĪ'ȮĩŉĚĶńĝĽĴńĵ

ĕŀĚĽĴŏħŖěıĶŃĴľŅīĶĶĴŅīŇĶŅĝĪňŗȮ0Ȯ&ıĠŅĸŊŀœĪĵ'ȮĞŉŗĚĴňŀŅĵŋĶŅĺĨƟĬıŋĪīĻĨĺĶĶļĪňŗȮ0.ȮľĶŊŀĶŃľĺƞŅĚ

ŀŅĦŅěńĔĶĽŋőĕĪńĵĩŉĚŀŅĦŅěńĔĶŀĵŋīĵŅ 

ȮȮȮȮȮȮȮȮ įĸŇĨĳńĦĤƢľĸńĔĕŀĚĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵėŊŀŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĪňŗŏėĸŊŀĭĽňŏĕňĵĺŏĕƟĴȮħŇĬĪňŗŒĝƟįĸŇĨĴň

ĸńĔļĦŃľĵŅĭȮŐĸŃĴńĔĴňĔŅĶŏĨŇĴŐĶƞŏľĸŖĔŏĕƟŅœĮĪŜŅŒľƟħŇĬĴňĽňĬŘŜŅĨŅĸŀĴĽňŐħĚľĶŊŀĽňŏĪŅŀƞŀĬȮĶŌĮĶƞŅĚĕŀĚ

ĳŅĝĬŃĴńĔěŃŏĮƦĬŐĭĭěŅĬėĸƟŅĵĔńĭěŅĬĭŇĬȮőħĵĽƞĺĬŒľĠƞěŃĴňĔŅĶŏėĸŊŀĭĽňŏĕňĵĺĭŅĚľĶŊŀœĴƞĴňĔŅĶ

ŏėĸŊŀĭŏĸĵȮĕŀĭĳŅĝĬŃĴńĔěŃœĴƞĨĔŐĨƞĚħƟĺĵĸĺħĸŅĵŐĨƞĴňĔŅĶĪŜŅŏĮƦĬĽńĬĕŀĭĝńħŏěĬȮŀŅěĴňĭŅĚĳŅĝĬŃ

ĪňŗĴňĔŅĶĨĔŐĨƞĚħƟĺĵĸŅĵėĸŊŗĬĭŅĚĝŇŘĬ 

0,ȮĶŃĵŃľńĺŏĸňŘĵĺľńĺĨƞŀȮĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵȮ&ĭƟŅĬŏĔŅŃĬƟŀĵ'ȮĽńĬĬŇļģŅĬĺƞŅŀŅĵŋĶŅĺĨƟĬĩŉĚĔĸŅĚ

ıŋĪīĻĨĺĶĶļĪňŗȮ0.ȮĸńĔļĦŃĕŀĚŏĬŊŘŀħŇĬŏĶŇŗĴĴňėĺŅĴĸŃŏŀňĵħĴŅĔĕŉŘĬȮŐĸŃĴňĔŅĶŒĝƟŏĪėĬŇėĔŅĶĪŜŅĸŅĵħƟĺĵ

ĺŇīňĔŅĶ 

ĕŌħĕňħĸĺħĸŅĵŏĞŅŃĶƞŀĚĸŉĔȮĬŘŜŅŏėĸŊŀĭŀŀĔĽňŏĕňĵĺŒĽȮĴňĔŅĶŏėĸŊŀĭœĴƞěĶħŏĝŇĚȮĕŀĭěŅĬĭŅĚŒĭ

ŏĮƦĬĶŌĮĮƖĔĔŅľĶŊŀĔĸňĭħŀĔœĴƟŐĸŃĽƞĺĬŒľĠƞŏĮƦĬĕŀĭĔĸĴȮĴňĔŅĶĨĔŐĨƞĚĸĺħĸŅĵŏĞŅŃĶƞŀĚȮŐĸŃĽƞĺĬĬƟŀĵȮ

ĪňŗĨĔŐĨƞĚħƟĺĵĸĺħĸŅĵŏĶĕŅėĦŇĨ 

1,ȮĶŃĵŃĔĸŅĚȮľĶŊŀĶŃĵŃĶŋƞĚŏĶŊŀĚĕŀĚĔŅĶįĸŇĨȮĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵȮ&ĭƟŅĬŏĔŅŃĬƟŀĵ'ȮŀŜŅŏĳŀȮ

ĻĶňĽńĝĬŅĸńĵȮěńĚľĺńħĽŋőĕĪńĵȮĞŉŗĚĨĶĚĔńĭĶńĝĽĴńĵĽĴŏħŖěıĶŃĴľŅīĶĶĴŅīŇĶŅĝĪňŗȮ1Ȯ&ıĠŅœĽĵĸŊŀœĪĵ'ȮĩŉĚŒĬ

ĶńĝĽĴńĵıĠŅĭĶĴĮŅĸŐľƞĚŀŅĦŅěńĔĶĽŋőĕĪńĵľĶŊŀĶńĝĽĴńĵĽĴŏħŖěıĶŃĶŅĴĶŅĝŅĩŉĚĨƟĬȮĶńĝĽĴńĵĽĴŏħŖěıĶŃ

ĭĶĴœĨĶőĸĔĬŅĩŐľƞĚŀŅĦŅěńĔĶŀĵŋīĵŅŀŅĵŋĶŅĺĔĸŅĚıŋĪīĻĨĺĶĶļĪňŗȮ0.ȮĩŉĚĨƟĬıŋĪīĻĨĺĶĶļĪňŗȮ0/ 

ŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅŒĬĶŃĵŃĬňŘŏĮƦĬěŋħĽŌĚĽŋħĕŀĚėĺŅĴĽĺĵĚŅĴȮŏĬŊŗŀĚěŅĔĴňĔŅĶıńĥĬŅŏĪėĬŇėĔŅĶ

įĸŇĨĪňŗĪńĬĽĴńĵŐĸŃėĺŅĴėŇħĽĶƟŅĚĽĶĶėƢŒĬĔŅĶĽĶƟŅĚĚŅĬĻŇĸĮŃĪŅĚħƟŅĬŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅŒľƟĴňĬŘŜŅŏėĸŊŀĭĽň

ŏĕňĵĺŀĴĲƚŅľĶŊŀĽňĲƚŅȮ&Classic Celadon) ŏĬŊŘŀħŇĬěŃĴňėĺŅĴĸŃŏŀňĵħĴňĽňŏĪŅľĶŊŀĽňŏľĸŊŀĚŀƞŀĬȮĴň

ĸĺħĸŅĵĮĶŃĔŀĭĪňŗŒĝƟŏĪėĬŇėĔŅĶĪŜŅĸŅĵħƟĺĵĔŅĶĕŌħĽĸńĔħƟĺĵĝńŘĬŏĝŇĚİƖĴŊŀĝƞŅĚħňŏĵňŗĵĴȮĬŀĔěŅĔĬňŘŒĬĶŃĵŃ

ĬňŘĴňĔŅĶįĸŇĨŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅŏĕňĵĬĸŅĵĽňħŜŅŒĨƟŏėĸŊŀĭħƟĺĵȮŒĬĽƞĺĬĕŀĚĸĺħĸŅĵĪňŗıĭĽƞĺĬŒľĠƞėŊŀȮĸŅĵ

ħŀĔĭńĺȮĸŅĵħŀĔőĭĨńŘĬȮĸŅĵĮĸŅĮĶŃŏĳĪĨƞŅĚȮŕȮĸŅĵĔƟŅĬĕħĮĶŃħŇļģƢȮŐĸŃĸŅĵħŀĔŏĭĠěĴŅĻ 
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2,ȮŒĬĶŃĵŃĮĸŅĵĕŀĚĔŅĶįĸŇĨŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅěŅĔĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵȮŏĮƦĬĔŅĶįĸŇĨěŅĔĔĸŋƞĴ

ŏĨŅĻĶňĽńĝĬŅĸńĵ&ĭƟŅĬĮƙŅĵŅĚ'ȮŀŜŅŏĳŀĻĶňĽńĝĬŅĸńĵȮěńĚľĺńħĽŋőĕĪńĵȮĳŅĵŒĨƟĝƞĺĚĔĸŅĚĶńĝĽĴńĵĽĴŏħŖěıĶŃ

ĭĶĴœĨĶőĸĔĬŅĩȮěĬĩŉĚĽĴŏħŖěıĶŃĴľŅěńĔĶıĶĶħŇŐľƞĚŀŅĦŅěńĔĶŀĵŋīĵŅȮĶŃĵŃĮĸŅĵŀŅĵŋĶŅĺĨƟĬıŋĪī

ĻĨĺĶĶļĪňŗȮ0/ȮĩŉĚĨƟĬıŋĪīĻĨĺĶĶļĪňŗȮ00 

ȮȮȮȮȮȮȮȮȮȮȮȮŚŦĶŞňťĶŧŘőŚũŊŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĽťŋŮĶűĹŚŬŢŏŉƢŜŗĽňŏĕňĵĺŐĸŃŏĕňĵĬĸŅĵĽňħŜŅŒĨƟŏėĸŊŀĭȮĴň

ĔŅĶĬŜŅħŇĬŏĬŊŘŀĽňŏĪŅŏĬŊŘŀħŇĬėƞŀĬĕƟŅĚĸŃŏŀňĵħľĶŊŀŀŅěěŃĽňŏĪŅŀŀĔŀƞŀĬľĶŊŀĽňĕŅĺĬĺĸȮŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅ

ŒĬĶŃĵŃĬňŘĴňĔŅĶĽƞĚŀŀĔœĮĵńĚĨƞŅĚĮĶŃŏĪĻĪńŘĚĮĶŃŏĪĻėŌƞėƟŅŏħŇĴŐĸŃĽƞĚœĮĕŅĵĵńĚĮĶŃŏĪĻĠňŗĮŋƙĬŀňĔħƟĺĵȮĝƞŅĚ

įŌƟįĸŇĨŒĬĶŃĵŃĬňŘěŃĴňėĺŅĴıĵŅĵŅĴĪŜŅĽŇĬėƟŅŒľƟėĸƟŅĵėĸŉĚĔńĭŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅŏĺňĵħĬŅĴȮĪńŘĚĬňŘŏıĶŅŃŒĬ

ĽĴńĵĶŅĝĺĚĻƢŏĸȮĮĶŃŏĪĻŏĺňĵħĬŅĴĔŜŅĸńĚŏĔŇħėĺŅĴĺŋƞĬĺŅĵĔńĬĳŅĵŒĬȮĽƞĚŀŀĔĕŀĚŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅ

ŏĺňĵħĬŅĴœĴƞœħƟȮĪŜŅŒľƟŏıŇŗĴĽƞĺĬŐĭƞĚĪŅĚĔŅĶĨĸŅħŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅœħƟĴŅĔĕŉŘĬȮħƟĺĵĔŅĶĪħŐĪĬĔŅĶ

ĽƞĚŀŀĔĕŀĚŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅŏĺňĵħĬŅĴĪňŗĕŅħĝƞĺĚœĮ 

3.8.2 ĔĸŋƞĴŏĨŅĽŋőĕĪńĵȮŐĭƞĚŀŅĵŋœħƟħńĚĬňŘ 

/,ȮĶŃĵŃĔĸŅĚľĶŊŀŏĶňĵĔœħƟĺƞŅŏĮƦĬĶŃĵŃĶŋƞĚŏĶŊŀĚĕŀĚĔŅĶįĸŇĨŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅěŅĔĔĸŋƞĴŏĨŅ

ĽŋőĕĪńĵȮŀŜŅŏĳŀŏĴŊŀĚȮěńĚľĺńħĽŋőĕĪńĵȮĞŉŗĚĨĶĚĔńĭĶńĝĽĴńĵıĠŅœĽĵĸŊŀœĪĵĩŉĚŒĬĶńĝĽĴńĵıĠŅĭĶĴĮŅĸŐľƞĚ

ŀŅĦŅěńĔĶĽŋőĕĪńĵȮŀŅĵŋĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ0.ȮĩŉĚĨƟĬıŋĪīĻĨĺĶĶļĪňŗȮ0/ 

0,ȮĶŃĵŃĮĸŅĵĕŀĚĔŅĶįĸŇĨŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅěŅĔĔĸŋƞĴŏĨŅĽŋőĕĪńĵȮŀŜŅŏĳŀŏĴŊŀĚȮěńĚľĺńħĽŋőĕĪńĵȮ

ŀŅĵŋĶŅĺıŋĪīĻĨĺĶĶļĪňŗȮ0/ȮĩŉĚĨƟĬıŋĪīĻĨĺĶĶļĪňŗȮ00ȮĨĶĚĔńĭĔĸŅĚĶńĝĽĴńĵĽĴŏħŖěıĶŃĭĶĴœĨĶőĸĔĬŅĩȮ

ěĬĩŉĚĽĴŏħŖěıĶŃĴľŅěńĔĶıĶĶħŇȮŐľƞĚŀŅĦŅěńĔĶŀĵŋīĵŅĔŅĶįĸŇĨŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĶŃĵŃĬňŘėĺĭėŌƞĔńĭĔĸŋƞĴ

ŏĨŅĻĶňĽńĝĬŅĸńĵȮ&ĭƟŅĬĮƙŅĵŅĚ' 

ĸńĔļĦŃĪňŗĽńĚŏĔĨŋœħƟĕŀĚŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅėŊŀȮĶŌĮŐĭĭĔŅĶįĸŇĨħńŘĚŏħŇĴőħĵŒĝƟĪňŗĶŀĚŏįŅĳŅĝĬŃ

ĺĚĔĸĴĴňĮŋƙĴěŜŅĬĺĬľƟŅĩŉĚľĔĮŋƙĴŐĸŃĔŅĶŏįŅěŃŏĶňĵĚĞƟŀĬĳŅĝĬŃȮŒĬŏĶŊŗŀĚĸĺħĸŅĵěŃŏĮĸňŗĵĬŐĮĸĚěŅĔ

ĸĺħĸŅĵĮĸŅŏĮƦĬĸŅĵħŀĔœĴƟĭŅĚėĶńŘĚŏĶňĵĔĸŅĵĔĚěńĔĶȮŐĨƞŐĪƟěĶŇĚėŊŀĸŅĵħŀĔŏĭĠěĴŅĻĮĶŃħŇļģƢȮ

ĭŅĚėĶńŘĚĮĶŃĪńĭĸŅĵħŀĔıŇĔŋĸȮŐĨƞŐĪƟĪňŗěĶŇĚŐĸƟĺėŊŀĸŅĵħŀĔŏĭĠěĴŅĻŏĝƞĬŏħňĵĺĔńĬȮįŌƟŏĝňŗĵĺĝŅĠħƟŅĬ

ŏėĶŊŗŀĚĩƟĺĵœĪĵĽńĬĬŇļģŅĬĺƞŅœħƟĶńĭŀŇĪīŇıĸěŅĔŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅŏĔŅľĸňŐĸŃĠňŗĮŋƙĬȮ&ĶŇĺĔŇĺ'ȮŒĬĝƞĺĚĶŅĺıŋĪī

ĻĨĺĶĶļĪňŗȮ0/ȮŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĪňŗıĭĭĬŏĪŊŀĔŏĕŅĩĬĬīĚĝńĵĽƞĺĬŒľĠƞŏĮƦĬĝŅĴĕĬŅħŏĸŖĔŐĸŃŒľĠƞŏĕňĵĬ

ĸĺħĸŅĵħƟĺĵĽňħŜŅĶŌĮħŀĔœĴƟŐĸŃĸŅĵŒĭœĴƟĔƟŅĬĕħȮĶŃĵŃĬňŘėŊŀěŋħĽŇŘĬĽŋħĕŀĚĔŅĶįĸŇĨőħĵĵŋĨŇıĶƟŀĴĔńĬĔńĭ

ĔĸŋƞĴŏĨŅĻĶňĽńĝĬŅĸńĵȮ&ĭƟŅĬĮƙŅĵŅĚ'ȮěŅĔįĸĕŀĚĽĚėĶŅĴĝƟŅĚŏįŊŀĔĶŅĺĮƖȮı,Ļ,Ȯ0//0  
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ĭĪĪňŗȮ4  
ĺŇīňĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

ŒĬĭĪĬňŘěŃĔĸƞŅĺĩŉĚĔŅĶŏĨĶňĵĴĕƟŀĴŌĸĪňŗŒĝƟŒĬĚŅĬĺŇěńĵȮŐĸŃĕńŘĬĨŀĬĔŅĶĪħĸŀĚȮŐĽħĚĳŅıĶĺĴ

ĔĶŃĭĺĦĔŅĶĪŜŅĚŅĬĕŀĚĶŃĭĭħńĚĳŅıĪňŗȮ33 

 
ĳŅıĪňŗȮ33ȮĔĶŃĭĺĦĔŅĶĪŜŅĚŅĬĕŀĚĶŃĭĭ 

4.1ȮĔŅĶŏĨĶňĵĴĕƟŀĴŌĸĪňŗŒĝƟŒĬĚŅĬĺŇěńĵ 
4.1.1 Data collection 

ŒĬľńĺĕƟŀĬňŘěŃĔĸƞŅĺĩŉĚĕƟŀĴŌĸĪňŗŒĝƟŏĮƦĬĕƟŀĴŌĸĶńĭŏĕƟŅŐĭĭěŜŅĸŀĚĕŀĚĚŅĬĺŇěńĵĬňŘȮŒĬĮƤěěŋĭńĬĵńĚœĴƞĴň
ĝŋħĕƟŀĴŌĸĪňŗĶĺĭĶĺĴĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵőĭĶŅĦȮ ĞŉŗĚĸĺħĸŅĵĬńŘĬŏĮƦĬŀĚėƢĮĶŃĔŀĭĪňŗ
ĽŜŅėńĠŒĬĔŅĶĔŜŅľĬħĵŋėĽĴńĵĕŀĚŏėĶŊŗŀĚĩƟĺĵŐĨƞĸŃĝŇŘĬœħƟȮ ĪŅĚįŌƟĺŇěńĵěŉĚěńħĪŜŅĝŋħĕƟŀĴŌĸĶŌĮĳŅıĸĺħĸŅĵĪňŗ
ĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮ&Silpa Collection of the Motifs on the Center of Sukhothai 
Ceramics Dataset: SILPA CMC Sukhothai Ceramics Dataset) ķūźŎŖŧ ųŉŗőŮƢŜũĽŦŗŘŜŏŘŜŖűľœŧť

ŚŜŉŚŧŗŌŪŹŊŘļĶŚŧļűĹŘŬŹŢļŋƢŜŗşŭųķŌŦŗŀūŹļŋŮĶőŚũŊĽŧĶŲŠŚơļĶŚŭơŖűŊŧűőŧŝŘŪşŦĿŎŧŚŦŗŲŚťĶŚŭơŖ



 48 
 
 

űŊŧűőŧşŭųķŌŦŗ űœŬŹŢŒĝƟŏĮƦĬĝŋħĕƟŀĴŌĸŒĬĔŅĶŏĶňĵĬĶŌƟĽŜŅľĶńĭĔŅĶĶŌƟěŜŅĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮ
őħĵŒĝƟŏĪėĬŇėőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬŏĝŇĚĸŉĔȮ ĝŋħĕƟŀĴŌĸĪňŗŒĝƟŒĬĚŅĬĺŇěńĵĬňŘŏĮƦĬĔŅĶ
ĬŜŅŏĽĬŀĝŋħĕƟŀĴŌĸŒľĴƞĪňŗĶĺĭĶĺĴĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮ őħĵĶŌĮĳŅıŒĬĕƟŀĴŌĸĝŋħĬňŘœħƟĴŅ
ěŅĔĶŅĵĚŅĬĔŅĶĕŋħėƟĬŐľĸƞĚŏĨŅŏįŅĨƞŅĚȮ ŕȮ ĳŅĵŒĨƟĽŜŅĬńĔĻŇĸĮŅĔĶĪňŗȮ6 ĽŋőĕĪńĵ, ěŅĔĔŅĶĩƞŅĵĳŅı
őĭĶŅĦĺńĨĩŋĕŀĚŐľĸƞĚŏĨŅŏįŅĽŋőĕĪńĵĞŉŗĚĩŌĔěńħŐĽħĚŒĬıŇıŇīĳńĦĤƢŏŀĔĝĬľĸŅĵŐľƞĚȮ ŐĸŃěŅĔĕŀĚĽŃĽĴ
ĽƞĺĬĨńĺĕŀĚĬńĔĽŃĽĴĨƞŅĚŕȮľĸŅĔľĸŅĵěńĚľĺńħȮŀŅĪŇŏĝƞĬȮĔĶŋĚŏĪıĴľŅĬėĶȮŏĝňĵĚŒľĴƞȮĽŇĚľƢĭŋĶňȮŏĮƦĬĨƟĬȮ
ĕńŘĬĨŀĬĨƞŀœĮįŌƟĺŇěńĵĬŜŅĳŅıěŅĔĔŅĶĪňŗįŌƟĺŇěńĵĶĺĭĶĺĴħńĚĔĸƞŅĺȮŏĕƟŅĔĶŃĭĺĦĔŅĶ Data cleaning ėŊŀȮėńħ
ĶŌĮĳŅıĪňŗŏĭĸŀŀŀĔȮŐĸŃėńħĶŌĮĪňŗœĴƞŏĔňŗĵĺĕƟŀĚŀŀĔȮŐĸŃĸĭıŊŘĬľĸńĚĽňħŜŅĕŀĚĶŌĮŀŀĔȮěŅĔĬńŘĬĬŜŅĶŌĮĳŅı
ěńħŏĔŖĭŏĕƟŅģŅĬĕƟŀĴŌĸȮĞŉŗĚģŅĬĕƟŀĴŌĸĴňĳŅıěŜŅĬĺĬĪńŘĚľĴħȮ1,877 ĳŅıȮŏıŊŗŀŏĨĶňĵĴŒľƟįŌƟŏĝňŗĵĺĝŅĠěŜŅŐĬĔ
ĶŌĮĳŅıĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮ&Data Lebel) ĨƞŀœĮ 

4.1.2 Image Preparation 

 4.1.2.1 Data label 

ĕńŘĬĨŀĬĬňŘŏĮƦĬĔŅĶĬŜŅģŅĬĕƟŀĴŌĸĪňŗįŌƟĺŇěńĵěńħŏĔŖĭěŅĔĕńŘĬĨŀĬĔƞŀĬľĬƟŅĬŜŅĴŅŒľƟįŌƟŏĝňŗĵĺĝŅĠ

ěŜŅŐĬĔĶŌĮĳŅıȮőħĵŒĬĚŅĬĺŇěńĵĬňŘœħƟĶńĭėĺŅĴĶƞĺĴĴŊŀŐĸŃŀĬŋŏėĶŅŃľƢěŅĔȮħĶ,ĮĶŇĺĶĶĨȮīĶĶĴŅĮĶňĝŅĔĶȮ

ŀħňĨįŌƟŀŜŅĬĺĵĔŅĶıŇıŇīĳńĦĤĽĩŅĬŏėĶŊŗŀĚĩƟĺĵŏŀŏĝňĵĨŃĺńĬŀŀĔŏĜňĵĚŒĨƟȮĴľŅĺŇĪĵŅĸńĵĔĶŋĚŏĪıȮ

įŌƟŏĝňŗĵĺĝŅĠħƟŅĬŏėĶŊŗŀĚĩƟĺĵœĪĵ ŐĸŃěŅĔľĬńĚĽŊŀŏĸƞŅĕŅĬĨŜŅĬŅĬŏėĶŊŗŀĚĩƟĺĵěŅĔĽŋĽŅĬőĭĶŅĦĮĶŇĻĬŅĭĬ

ŏĪŊŀĔŏĕŅĩĬĬīĚĝńĵY23[ őħĵěŜŅŐĬĔœħƟȮ24 ĮĶŃŏĳĪȮĨŅĴĨŅĶŅĚĪňŗȮ9 ŀŅĪŇŏĝƞĬ ĸŅĵŏĶŊŀĬœĪĵȮĸŅĵħŀĔ

ŏĭĠěĴŅĻȮĸŅĵĮĸŅȮĸŅĵľŀĵĽńĚĕƢȮĸŅĵĺŇĻĺŃĺńĝĶŃȮĸŅĵĮĸŅĮƤĔŏĮƚŅȮŏĮƦĬĨƟĬȮĞŉŗĚŀŅěĴňĭŅĚĮĶŃŏĳĪȮĪňŗ

įŌƟŏĝňŗĵĺĝŅĠĔŜŅľĬħĝŊŗŀĸĺħĸŅĵŏħňĵĺĔńĬŐĨƞĸŅĵĴňĸńĔļĦŃĸĺħĸŅĵĪňŗœĴƞŏľĴŊŀĬĔńĬȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ34 

 

ŚŧŗŉŢĶűŏłĽŖŧŝ 

ĳŅıĪňŗȮ34 ŲşŉļŊŦŜŢŗơŧļŕŧœŴŎĹŚŧşŌŪŹŚŜŉŚŧŗŖŪŚŦĶŞňťŲŊĶŊơŧļĶŦŎ ŲŊơŴĿƢĿŬŹŢűŘŪŗĶűŉŪŗŜĶŦŎ 

įŌƟĺŇěńĵěŉĚěŜŅŐĬĔĶŌĮĳŅıŀŀĔĴŅŏĮƦĬėĸŅĽĵƞŀĵȮ&Subclass) ěŅĔĬńŘĬŏĴŊŗŀěńħĔĸŋƞĴėĸŅĽŏĶňĵĭĶƟŀĵ

ŐĸƟĺěŃœħƟěŜŅĬĺĬėĸŅĽĪńŘĚľĴħȮ82 ėĸŅĽĵƞŀĵȮĪŜŅŒľƟįŌƟĺŇěńĵıĭĸńĔļĦŃěŜŅĬĺĬĕƟŀĴŌĸȮ2 ŐĭĭěŉĚŐĭƞĚ

ĸńĔļĦŃěŜŅĬĺĬĕƟŀĴŌĸŏĮƦĬȮ2 ĔĸŋƞĴȮėŊŀȮĔĸŋƞĴŐĶĔȮėŊŀĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽĴŅĔĔĺƞŅȮ1 ĳŅıȮ&SILPA 
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CMC_dataset1) ĴňėĸŅĽĵƞŀȮ32 ėĸŅĽěŜŅĬĺĬĳŅıĪńŘĚľĴħȮ1,827 ĳŅıȮŐĸŃĔĸŋƞĴĪňŗĽŀĚȮėŊŀȮĴňěŜŅĬĺĬ

ĳŅıĨƞŀėĸŅĽȮ1 ĳŅıȮ&SILPA CMC_dataset2) ĴňėĸŅĽĵƞŀȮ50 ėĸŅĽěŜŅĬĺĬĳŅıĪńŘĚľĴħȮ50 ĳŅı ĝŋħ

ĕƟŀĴŌĸĕŀĚȮSILPA CMC Sukhothai Ceramics Dataset ěŉĚĮĶŃĔŀĭħƟĺĵȮSILPA CMC_dataset1 ĴňȮ

1827 ĳŅıȮŐĸŃȮSILPA CMC_dataset2 ĴňȮ50 ĳŅıȮĶŅĵĸŃŏŀňĵħħńĚĬňŘ 

SILPA CMC_dataset1 ĴňȮ1827 ĳŅıȮėŊŀȮĔĸŋƞĴĶŌĮĳŅıĪňŗĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽĴŅĔĔĺƞŅȮ1 

ĳŅıȮįŌƟĺŇěńĵŐĭƞĚĕƟŀĴŌĸĽŜŅľĶńĭŒĝƟŒĬĔŅĶĽĶƟŅĚőĴŏħĸĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔőħĵŐĭƞĚĕƟŀĴŌĸĪňŗĴňĪńŘĚľĴħŒĬ

ģŅĬĕƟŀĴŌĸȮ1827 ĶŌĮȮħńĚĳŅıĪňŗȮ35ȮįŌƟĺŇěńĵŐĭƞĚĕƟŀĴŌĸŀŀĔŏĮƦĬȮ2 ĝŋħȮœħƟŐĔƞȮĝŋħĕƟŀĴŌĸĽŜŅľĶńĭİƗĔĽŀĬėŇħ

ŏĮƦĬȮ90% ĕŀĚĝŋħĕƟŀĴŌĸȮŐĸŃŀňĔȮ10% ŏĮƦĬĝŋħĕƟŀĴŌĸĽŜŅľĶńĭĪħĽŀĭȮ&Test) ěŅĔĬńŘĬĬŜŅĝŋħĕƟŀĴŌĸ

ĽŜŅľĶńĭİƗĔĽŀĬȮĴŅŐĭƞĚĵƞŀŀňĔėĶńŘĚŏĮƦĬȮ75% ĽŜŅľĶńĭİƗĔĽŀĬȮ&Train)  ŐĸŃȮ25% ĽŜŅľĶńĭĨĶĺěĽŀĭȮ

&Validation) ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ7  

SILPA CMC_dataset2 ĴňȮ50 ĳŅıȮėŊŀĔĸŋƞĴĶŌĮĳŅıĪňŗĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽȮ1 ĳŅıȮĔĸŋƞĴĬňŘ

įŌƟĺŇěńĵĪŜŅȮOver sampling ŒľƟŐĨƞĸŃėĸŅĽĴňȮ10 ĶŌĮȮŏıŊŗŀŒĬœĮŒĝƟĔńĭȮSiamese Network ŏĬŊŗŀĚěŅĔ

ěŜŅĬĺĬĕƟŀĴŌĸĬƟŀĵĴŅĔěŉĚŏľĴŅŃĔńĭĔŅĶŒĝƟĔŅĶŏĶňĵĬĶŌƟŐĭĭȮOne Shot Learning ŒĬĔŅĶĽĶƟŅĚőĴŏħĸ

ěŜŅŐĬĔĸĺħĸŅĵĕŀĚĔĸŋƞĴĕƟŀĴŌĸĬňŘ ŐĽħĚħńĚĨŅĶŅĚĪňŗȮ8 

 

ĳŅıĪňŗȮ35 ĔĶŅĲŐĪƞĚŐĽħĚěŜŅĬĺĬĳŅıȮSILPA CMC_dataset1 ĕŀĚȮSILPA CMC  
Sukhothai Ceramics Dataset 
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ĨŅĶŅĚĪňŗȮ7  ŐĽħĚĨńĺŀĵƞŅĚĳŅıĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵĕŀĚȮSILPA CMC_dataset1 
ĶľńĽ
ėĸŅĽ 

ĨńĺŀĵƞŅĚĳŅıȮdataset1 ĶľńĽ
ėĸŅĽ 

ĨńĺŀĵƞŅĚĳŅıȮdataset1 

a 

 

b 

 

c 

 

d1 

 

d2 

 

d3 

 

d4 

 

f1 

 

f2 

 

f3 

 

f4 

 

g1 

 

h 

 

i 

 

j1 

 

j2 
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k 

 

l1 

 

l2 

 

l3 

 

m 

 

n1 

 

n2 

 

n3 

 

n4 

 

n5 

 

n6 

 

o1 

 

o2 

 

o3 

 

p1 

 

p2 
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ĨŅĶŅĚĪňŗȮ8ȮŐĽħĚĨńĺŀĵƞŅĚĳŅıĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵĕŀĚȮSILPA CMC_dataset2 

ĶľńĽėĸŅĽ ĨńĺŀĵƞŅĚĳŅı ĶľńĽėĸŅĽ ĨńĺŀĵƞŅĚĳŅı 
d5 

 

d6 

 

f5 

 

f6 

 

f7 

 

f8 

 

f9 

 

f10 

 

f 11 

 

f 12 

 

f 13 

 

f 14 

 

f 15 

 

f 16 

 

f 17 

 

f 18 
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f 19 

 

g2 

 

g3 

 

g4 

 

g5 

 

o4 

 

q 

 

r1 

 

r2 

 

r3 

 

s 

 

t1 

 

t2 

 

t3 

 

t4 

 

t5 

 

t6 

 

t7 
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t8 

 

t9 

 

t10 

 

t11 

 

t12 

 

t13 

 

t14 

 

t15 

 

t16 

 

t17 

 

u 

 

v 

 

w 

 

x1 

 

x2 

 

y 

 

įŌƟĺŇěńĵĨńŘĚĶľńĽėĸŅĽħƟĺĵŏľĨŋįĸĺƞŅĝŊŗŀĸĺħĸŅĵŀŅěĩŌĔŏıŇŗĴ ŐĸŃŏĮĸňŗĵĬŐĮĸĚŐĔƟœĕœħƟľŅĔ

ŀĬŅėĨœħƟėƟĬıĭŀĚėƢėĺŅĴĶŌƟŒľĴƞŕŒĬĔŅĶĔŜŅľĬħĝŊŗŀĸĺħĸŅĵȮĔŅĶĪňŗĳŅıŐĪĬħƟĺĵĶľńĽľŅĔŀĬŅėĨĴňĔŅĶ

ŏĮĸňŗĵĬŐĮĸĚĝŊŗŀĸĺħĸŅĵȮĔŖŏıňĵĚŐėƞĔŜŅľĬħėƞŅĨńĺŐĮĶŒľĴƞŏĮƦĬĝŊŗŀĸĺħĸŅĵŀŊŗĬŒľƟĔńĭĶľńĽėĸŅĽĬńŘĬŕ 
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ĨŅĶŅĚĪňŗȮ9 ŲşŉļŐŘťűŕŌķŢļŚŜŉŚŧŗŊŘļĶŚŧļűĹŘŬŹŢļŋƢŜŗşŭųķŌŦŗ  

ėĸŅĽ ĝŊŗŀĸĺħĸŅĵ ėŜŅĬŇĵŅĴ 
a ĸŅĵŏĶŊŀĬœĪĵ ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵŏĶŊŀĬœĪĵ 
b ĸŅĵŏľĶňĵĠ
ĔļŅĮĦƢěňĬ 

ŏľĶňĵĠĔļŅĮĦƢĪňŗĳŅĵŒĬĴňĔŅĶŏĕňĵĬĸŅĵħŀĔœĴƟėĶŉŗĚħŀĔȮ4 ħŀĔ 

c ĸŅĵĔƟŅĬ
ħŀĔĭńĺ 

ħŀĔĭńĺĪňŗĴňĔƟŅĬȮœĴƞĴňŏıňĵĚħŀĔŀĵƞŅĚŏħňĵĺȮĔĸňĭħŀĔĴňĸńĔļĦŃĮĸŅĵ
ŐľĸĴ 

d1-d6 ĸŅĵħŀĔ
ŏĭĠěĴŅĻ 

ĔĸňĭħŀĔĴňĸńĔļĦŃőėƟĚȮĔĸĴȮĴňĔƟŅĬȮĴňŒĭȮŀĵƞŅĚœĶĔŖĨŅĴŀŅěĴňĔŅĶĺŅħ
ĸĺħĸŅĵŀŊŗĬŕĮĶŃĔŀĭ  

f1-f5 ĸŅĵĔŇŗĚħŀĔœĴƟ ĔŇŗĚħŀĔœĴƟȮĸĺħĸŅĵĪňŗĴňħŀĔŐĨƞœĴƞĽŅĴŅĶĩĶŃĭŋœħƟĺƞŅŏĮƦĬħŀĔĭńĺȮħŀĔ
őĭĨńŚĬȮħŀĔŏĭĠěĴŅĻȮŏĬŊŗŀĚěŅĔħŀĔœĴƟ 3 ĝĬŇħĬňŘŏĮƦĬĔĸŋƞĴħŀĔœĴƟ
ĴĚėĸĪňŗĴńĔěŃŏĮƦĬŐĶĚĭńĬħŅĸŒěŒľƟĔńĭŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĽŋőĕĪńĵȮħńĚĬńŘĬ
ĸŅĵĔŇŗĚħŀĔœĴƟěŃĮĶŃĔŀĭħƟĺĵħŀĔĔŇŗĚȮŐĸŃŒĭȮĶŅĵĸŃŏŀňĵħĕŀĚ
ĸĺħĸŅĵĭŅĚėĶńŘĚŀŅěĴňŏıňĵĚħŀĔŐĸŃŒĭľĶŊŀŏıňĵĚŒĭŏĪƞŅĬńŘĬ 

g1-g5 ĸŅĵħŀĔœĴƟĔƟŅĬ
ĕħ 

ħŀĔœĴƟĪňŗĴňĔƟŅĬĕħȮĪňŗœĴƞĽŅĴŅĶĩĨňėĺŅĴœħƟĺƞŅŏĮƦĬħŀĔœĴƟĝĬŇħŒħ 

h ĸŅĵħŀĔĭńĺŏĮƕħȮ
ŏėĸŊŀĭŏĕňĵĺ 

ĔĸňĭħŀĔĴňĸńĔļĦŃĮĸŅĵŐľĸĴȮœĴƞĴňĔƟŅĬȮœĴƞĴňĔŇŗĚ 

i ĸŅĵĭŋėėĸĬńŗĚŒĨƟ
ĨƟĬœĴƟ 

ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵĭŋėėĸĬńŗĚŒĨƟĨƟĬœĴƟ 

j1-j2 ĸŅĵĮĸŅ
ĨŃŏıňĵĬ 

ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵĮĸŅ 

k ĸŅĵĮĸŅ
ĨŃŏıňĵĬĔŇĬıŊĝ
ĬŘŜŅ 

ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵĮĸŅȮĪňŗĴňĔŅĶŏĕňĵĬĸŅĵıńĬīŋƢœĴƟĬŘŜŅĮĶŃĔŀĭ 

l1-l3 ĸŅĵĺŇĻĺŃĺńĝĶŃ ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵĺŇĻĺŃĺńĝĶŃ 
m ĸŅĵľŀĵĽńĚĕƢ ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵľŀĵĽńĚĕƢ 

n1-n4 ĸŅĵľńĺħŀĔ
ŏĭĠěĴŅĻ  

ĔĸňĭħŀĔĴňĸńĔļĦŃőėƟĚȮœĴƞĴňĔƟŅĬȮœĴƞĴňĔŇŗĚ 
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o1-o4 ĸŅĵľńĺħŀĔœĴƟ ľńĺħŀĔœĴƟȮĸĺħĸŅĵĪňŗĴňħŀĔȮĔĸňĭħŀĔĴňĴŅĔĺƞŅ 4 ĔĸňĭȮŐĨƞœĴƞĽŅĴŅĶĩ
ĶŃĭŋœħƟĺƞŅŏĮƦĬħŀĔĭńĺȮħŀĔőĭĨńŚĬȮħŀĔŏĭĠěĴŅĻȮŏĬŊŗŀĚěŅĔħŀĔœĴƟ 3 
ĝĬŇħĬňŘŏĮƦĬĔĸŋƞĴħŀĔœĴƟĴĚėĸĪňŗĴńĔěŃŏĮƦĬŐĶĚĭńĬħŅĸŒěŒľƟĔńĭ
ŏėĶŊŗŀĚĮƤƨĬħŇĬŏįŅĽŋőĕĪńĵȮħńĚĬńŘĬĸŅĵľńĺħŀĔœĴƟěŃœĴƞĮĶŃĔŀĭħƟĺĵĔŇŗĚȮ
ŐĸŃŒĭȮĶŅĵĸŃŏŀňĵħĕŀĚĸĺħĸŅĵěŃĴňŏıňĵĚĽƞĺĬħŀĔŏĪƞŅĬńŘĬ 

p1-p2 ĸŅĵħŀĔĭńĺ ħŀĔĭńĺĪňŗœĴƞĴňĔƟŅĬȮĴňŏıňĵĚħŀĔŀĵƞŅĚŏħňĵĺȮĔĸňĭħŀĔĴňĸńĔļĦŃĮĸŅĵ
ŐľĸĴ 

q ĸŅĵĔŇŗĚħŀĔ
ŏĭĠěĴŅĻŒĬ
ĔĶŀĭĶŌĮĪńĭ
ĪĶĺĚ 

ĔĸňĭħŀĔĴňĸńĔļĦŃőėƟĚȮĔĸĴȮĴňĔƟŅĬȮĴňŒĭȮŀĵƞŅĚœĶĔŖĨŅĴŀŅěĴňĔŅĶĺŅħ
ĸĺħĸŅĵŀŊŗĬŕĮĶŃĔŀĭȮĞŉŗĚĺŅħŀĵŌƞĳŅĵŒĬĔĶŀĭĶŌĮĪńĭĪĶĺĚ 

r1-r3 ĸŅĵĔŇŗĚħŀĔ
őĭĨńŚĬ 

ĔĸňĭħŀĔĴňĸńĔļĦŃľĵńĔȮĔĸĴȮĴňĔƟŅĬȮĴňŒĭȮŀĵƞŅĚœĶĔŖĨŅĴŀŅěĴňĔŅĶ
ĺŅħĸĺħĸŅĵŀŊŗĬŕĮĶŃĔŀĭ 

s ĸŅĵĬńĔŏĨƟĬĶŜŅ
ľĠŇĚ 

ĳŅıĺŅħįŌƟľĠŇĚŐĨƞĚĨńĺĸńĔļĦŃĬŋƟĚĬƟŀĵȮľƞĴĬƟŀĵĴńħĴĺĵįĴ 

t1-t12 ĸŅĵĮĸŅ ĸŅĵĮĸŅŀŊŗĬŕĪňŗœĴƞŒĝƞĸŅĵĨŃŏıňĵĬȮĶĺĴĩŉĚĸŅĵĮĸŅĽŅĵıńĬīŋƢŀŊŗĬŕȮŏĝƞĬȮ
ĮĸŅĽĶƟŀĵȮĮĸŅĝƞŀĬȮĮĸŅĝŃőħȮŐĸŃȮĸŅĵĮĸŅĪňŗŏĕňĵĬĶƞĺĴĔńĭĸŅĵŀŊŗĬŕ 

u ĸŅĵĮĸŅĮƤĔŏĮƚŅ ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵĮĸŅĮƤĔŏĮƚŅ 
v ĸŅĵĶŅĴĽŌĶĔńĭ
ĬŅĚŏĴęĸŅ 

ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵĶŅĴĽŌĶĔńĭĬŅĚŏĴęĸŅ 

w ĸŅĵĽŇĚľƢ ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵĽŇĚľƢ 
x ĸŅĵľĚĽƢĔńĭ
ħŀĔœĴƟ 

ĳŅĝĬŃĪňŗŏĕňĵĬĸŅĵľĚĽƢȮĪňŗĴňĔŅĶŏĕňĵĬĸŅĵħŀĔœĴƟĞŉŗĚœĴƞĪĶŅĭĺƞŅħŀĔ
ŀŃœĶȮĮĶŃĔŀĭ 

y ĸŅĵľńĺħŀĔ
őĭĨńŚĬ 

ĔĸňĭħŀĔĴňĸńĔļĦŃľĵńĔ 

4.1.2.2 Resize image ĮĶńĭĕĬŅħĶŌĮĳŅıȮŐĸŃėĺŅĴĸŃŏŀňĵħĕŀĚĶŌĮĳŅı 

ĔŅĶĮĶńĭĕĬŅħĶŌĮĳŅıŒľƟŏĸŖĔĸĚȮ&resize image) įŌƟĺŇěńĵĪŜŅĔƞŀĬĔŅĶŏĪĶĬĶŌĮĳŅıěŅĔŒĬ
ģŅĬĕƟŀĴŌĸȮSILPA CMC Sukhothai Ceramics Dataset ĞŉŗĚĴňĳŅıĪňŗĕĬŅħľĸŅĔľĸŅĵȮįŌƟĺŇěńĵěŉĚŒĝƟ
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ĺŇīňĔŅĶĮĶńĭĳŅıŒľƟĴňĕĬŅħȮ224x224 ıŇĔŏĞĸȮŏĬŊŗŀĚěŅĔįŌƟĺŇěńĵœħƟĪħĸŀĚĮĶńĭĕĬŅħĳŅıŒľƟŏĮƦĬĕĬŅħĪňŗ
ŏĸŖĔĸĚėŊŀȮ150x150 ıŇĔŏĞĸȮŏıŊŗŀŒľƟĶŃĵŃŏĺĸŅŒĬĔŅĶŏĶňĵĬĶŌƟĸħĬƟŀĵĸĚȮŐĨƞĔĸńĭĪŜŅŒľƟĮĶŃĽŇĪīŇĳŅıœĴƞħňȮ
ŐĨƞĔŅĶŒĝƟĶŌĮĳŅıĕĬŅħȮ224x224 ıŇĔŏĞĸȮŏĮƦĬĨńĺŏĸŊŀĔĪńŗĺœĮĪňŗŐĬŃĬŜŅĽŜŅľĶńĭĔŅĶİƗĔőĴŏħĸĔŅĶŏĶňĵĬĶŌƟ
ŏĝŇĚĸŉĔȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚŏĴŊŗŀĪŜŅĚŅĬĔńĭĽĩŅĮƤĨĵĔĶĶĴĪňŗŏĮƦĬĪňŗĬŇĵĴȮŏĝƞĬȮVGG, ResNet ľĶŊŀȮ
Inception ĴňĮƤěěńĵľĸŅĵĮĶŃĔŅĶĪňŗĽƞĚįĸĨƞŀėĺŅĴĬŇĵĴĕŀĚĕĬŅħĳŅıȮ224x224: 

1. ėĺŅĴŏĕƟŅĔńĬœħƟĔńĭőĴŏħĸĪňŗįƞŅĬĔŅĶİƗĔŀĭĶĴĸƞĺĚľĬƟŅȮ&pre-trained models): pre-
trained models ěŜŅĬĺĬĴŅĔĪňŗĴňŀĵŌƞŒĬŏĲĶĴŏĺŇĶƢĔȮŏĝƞĬȮTensorFlow ŐĸŃȮPyTorch œħƟĶńĭĔŅĶ
İƗĔŀĭĶĴőħĵŒĝƟĕĬŅħĕƟŀĴŌĸȮinput 224x224 ıŇĔŏĞĸȮĔŅĶĮĶńĭĕĬŅħĶŌĮĳŅıĕŀĚĚŅĬĺŇěńĵŏĮƦĬĕĬŅħĬňŘȮ
ěŃĪŜŅŒľƟĽŅĴŅĶĩŒĝƟĮĶŃőĵĝĬƢěŅĔȮpre-trained model ŐĸŃŒĝƟĺŇīňĔŅĶĩƞŅĵőŀĬėĺŅĴĶŌƟȮ&Transfer 
Learning) œħƟȮĞŉŗĚěŃŏĮƦĬĮĶŃőĵĝĬƢĨƞŀĕƟŀĴŌĸĔŅĶİƗĔĪňŗĴňěŜŅĔńħ 

2. ĮĶŃĽŇĪīŇĳŅıĔŅĶėŜŅĬĺĦ8ȮőĴŏħĸĔŅĶİƗĔŀĭĶĴĪňŗĴňĕĬŅħĳŅıŒľĠƞĕŉŘĬŀŅěĨƟŀĚŒĝƟĪĶńıĵŅĔĶ
ŒĬĔŅĶėŜŅĬĺĦĴŅĔĕŉŘĬŒĬŐĚƞĕŀĚľĬƞĺĵėĺŅĴěŜŅŐĸŃĪĶńıĵŅĔĶŒĬĔŅĶĮĶŃĴĺĸįĸȮĔŅĶŒĝƟĕĬŅħĳŅıĪňŗ
ŏĸŖĔĔĺƞŅȮŏĝƞĬȮ224x224 ĪŜŅŒľƟŏĔŇħėĺŅĴĽĴħŋĸĶŃľĺƞŅĚĔŅĶĭńĬĪŉĔĶŅĵĸŃŏŀňĵħĪňŗŏĔňŗĵĺĕƟŀĚŐĸŃĔŅĶ
İƗĔŀĭĶĴĪňŗĴňĮĶŃĽŇĪīŇĳŅıȮőħĵŏĜıŅŃŀĵƞŅĚĵŇŗĚľŅĔėŋĦĴňĪĶńıĵŅĔĶħƟŅĬĔŅĶėŜŅĬĺĦěŜŅĔńħ 

3. ėĺŅĴıĶƟŀĴŒĝƟĚŅĬĕŀĚĝŋħĕƟŀĴŌĸ8ȮĝŋħĕƟŀĴŌĸĶŌĮĳŅıĵŀħĬŇĵĴľĸŅĵĝŋħȮŏĝƞĬȮImageNet Ĵň
ĶŌĮĳŅıĪňŗĴňėĺŅĴĸŃŏŀňĵħĮĶŃĴŅĦȮ224x224 ıŇĔŏĞĸȮ 

ħńĚĬńŘĬȮĔŅĶŒĝƟĕĬŅħȮ002x002ȮıŇĔŏĞĸĬňŘĝƞĺĵŒľƟĽŅĴŅĶĩŒĝƟĚŅĬĶƞĺĴȮĔńĭĝŋħĕƟŀĴŌĸħńĚĔĸƞŅĺœħƟĚƞŅĵ
ĕŉŘĬȮŐĸŃŏĮƕħŒĝƟĚŅĬĔŅĶŏĮĶňĵĭŏĪňĵĭŐĸŃĔŅĶŏĮĶňĵĭŏĪňĵĭŏĪňĵĭĔńĭĶŋƞĬĪňŗĴňŀĵŌƞ 

4.1.2.3 ĔŅĶŐĭƞĚĝŋħĕƟŀĴŌĸĽŜŅľĶńĭĔŅĶİƗĔĽŀĬ 

ĔŅĶŐĭƞĚĝŋħĕƟŀĴŌĸĕŀĚȮSILPA CMC Sukhothai Ceramics Dataset ĞŉŗĚĮĶŃĔŀĭħƟĺĵȮSILPA 
CMC_dataset1 ĴňȮ1827 ĳŅıȮŐĸŃȮSILPA CMC_dataset2 ĴňȮ50 ĳŅı  

SILPA CMC_dataset1 ĴňȮ1827 ĳŅıȮėŊŀȮĔĸŋƞĴĶŌĮĳŅıĪňŗĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽĴŅĔĔĺƞŅȮ1 
ĳŅıȮįŌƟĺŇěńĵŐĭƞĚĕƟŀĴŌĸĽŜŅľĶńĭŒĝƟŒĬĔŅĶĽĶƟŅĚőĴŏħĸĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔőħĵŐĭƞĚĕƟŀĴŌĸĪňŗĴňĪńŘĚľĴħŒĬ
ģŅĬĕƟŀĴŌĸȮ1827 ĳŅıȮŀŀĔŏĮƦĬȮ2 ĝŋħȮœħƟŐĔƞȮĝŋħĕƟŀĴŌĸĽŜŅľĶńĭİƗĔĽŀĬėŇħŏĮƦĬȮ90% ĕŀĚĝŋħĕƟŀĴŌĸȮŐĸŃ
ŀňĔȮ10% ŏĮƦĬĝŋħĕƟŀĴŌĸĽŜŅľĶńĭĪħĽŀĭȮ&Test) ěŅĔĬńŘĬĬŜŅĝŋħĕƟŀĴŌĸĽŜŅľĶńĭİƗĔĽŀĬȮĴŅŐĭƞĚĵƞŀŀňĔėĶńŘĚ
ŏĮƦĬȮ75% ĽŜŅľĶńĭİƗĔĽŀĬȮ&Train) ŐĸŃȮ25% ĽŜŅľĶńĭĨĶĺěĽŀĭȮ&Validation) 

SILPA CMC_dataset2 ĴňȮ50 ĳŅıȮėŊŀĔĸŋƞĴĶŌĮĳŅıĪňŗĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽȮ1 ĳŅıȮĔĸŋƞĴĬňŘ
įŌƟĺŇěńĵĪŜŅȮOver sampling ŒľƟŐĨƞĸŃėĸŅĽĴňȮ10 ĳŅıȮŏıŊŗŀĬŜŅœĮŒĝƟĔńĭȮSiamese Network ŏĬŊŗŀĚěŅĔ
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ěŜŅĬĺĬĕƟŀĴŌĸĬƟŀĵĴŅĔěŉĚŏľĴŅŃĔńĭĔŅĶŒĝƟĔŅĶŏĶňĵĬĶŌƟŐĭĭȮOne Shot Learning ŒĬĔŅĶĽĶƟŅĚőĴŏħĸ
ěŜŅŐĬĔĸĺħĸŅĵĕŀĚĔĸŋƞĴĕƟŀĴŌĸĬňŘ 

4.1.2.4 ĔŅĶěńħĔŅĶĝŋħĕƟŀĴŌĸĪňŗœĴƞĽĴħŋĸ 

ĔŅĶěńħĔŅĶĝŋħĕƟŀĴŌĸĪňŗœĴƞĽĴħŋĸȮ&data imbalance) ŏĴŊŗŀĴňėĺŅĴŐĨĔĨƞŅĚŒĬěŜŅĬĺĬĕƟŀĴŌĸŒĬŐĨƞ
ĸŃĔĸŋƞĴľĶŊŀėĸŅĽĪňŗĨƟŀĚĔŅĶěŃěŜŅŐĬĔȮŒĬĚŅĬĬňŘįŌƟĺŇěńĵœħƟŒĝƟĺŇīňĔŅĶŐĔƟĮƤĠľŅőħĵĔŅĶĪŜŅȮOver 
sampling ŏĮƦĬĔĶŃĭĺĬĔŅĶĪňŗŏıŇŗĴěŜŅĬĺĬĨńĺŀĵƞŅĚĕƟŀĴŌĸŒĬėĸŅĽĪňŗĬƟŀĵŒľƟĴŅĔĕŉŘĬȮőħĵĔŅĶĽĶƟŅĚ
ĨńĺŀĵƞŅĚĕƟŀĴŌĸŒľĴƞěŅĔĔŅĶĪŜŅĞŘŜŅĕƟŀĴŌĸĪňŗĴňŀĵŌƞŒĬėĸŅĽĬńŘĬľĸŅĵėĶńŘĚħƟĺĵĔŅĶĪŜŅȮData Augmentation 

Data Augmentation ėŊŀĔĶŃĭĺĬĔŅĶĪňŗŒĝƟŒĬĔŅĶĮĶńĭĮĶŋĚĕƟŀĴŌĸŏıŊŗŀŏıŇŗĴėĺŅĴľĸŅĔľĸŅĵ
ŒĬĝŋħĕƟŀĴŌĸȮSILPA CMC_dataset1 ĕŀĚȮSILPA CMC Sukhothai Ceramics Dataset ĴňĕƟŀĴŌĸ
ĪńŘĚľĴħȮ1,827 ĳŅıȮĪňŗįƞŅĬĔŅĶěŜŅŐĬĔĸĺħĸŅĵőħĵįŌƟŏĝňŗĵĺĝŅĠĞŉŗĚŏĮƦĬģŅĬĕƟŀĴŌĸĪňŗĴňĕĬŅħŏĸŖĔȮŐĴƟ
őĭĶŅĦĺńĨĩŋĕŀĚĽŋőĕĪńĵĴňěŜŅĬĺĬĴŅĔȮŐĨƞĩŌĔĔĶŃěŅĵœĮľĸŅĔľĸŅĵŐľƞĚĞŉŗĚĵŅĔŒĬĔŅĶĶĺĭĶĺĴŒľƟŏĮƦĬ
ģŅĬĕƟŀĴŌĸĪňŗĴňĕĬŅħŒľĠƞȮĺŇīňĔŅĶŏĶňĵĬĶŌƟŏĝŇĚĸŉĔŏıŊŗŀěŜŅŐĬĔĸĺħĸŅĵĬńŘĬĨƟŀĚŒĝƟĕƟŀĴŌĸěŜŅĬĺĬĴŅĔŒĬĔŅĶ
ŏĶňĵĬĶŌƟȮŐĸŃĕƟŀĴŌĸŐĨƞĸŃclass ėĺĶĽĴħŋĸĔńĬȮŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅıĕŀĚĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚ
ŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵ  

ĶŌĮĳŅıěŅĔȮSILPA CMC_dataset1 ĕŀĚȮSILPA CMC Sukhothai Ceramics Dataset ŐĨƞ

ĸŃėĸŅĽĴňĕƟŀĴŌĸœĴƞĽĴħŋĸĔńĬȮįŌƟĺŇěńĵěŉĚŏıŇŗĴĕƟŀĴŌĸĕŀĚĝŋħĕƟŀĴŌĸĽŜŅľĶńĭİƗĔĽŀĬėŇħŏĮƦĬȮ90% ĕŀĚĝŋħ

ĕƟŀĴŌĸȮőħĵĔŅĶŒĝƟĺŇīňĔŅĶȮOver-sampling ĽŋƞĴŏıŇŗĴěŜŅĬĺĬĶŌĮĳŅıĔĸŋƞĴĬƟŀĵ őħĵĔŅĶĪŜŅȮData 

Augmentation ħƟĺĵĺŇīňĔŅĶĮĶŃĴĺĸįĸĳŅıȮ&Image Processing)  ĨńĺŀĵƞŅĚŒĬĔŅĶħńħŐĮĸĚĳŅıŏħŇĴ

ŏıŊŗŀŏıŇŗĴěŜŅĬĺĬĶŌĮĳŅıőħĵœĴƞĨƟŀĚŏıŇŗĴĕƟŀĴŌĸŒľĴƞěĶŇĚȮŕȮœħƟŐĔƞ ľĴŋĬĳŅıŐĭĭĽŋƞĴȮ&rotation), ıĸŇĔŐĸŃ

ĭŇħŏĭŊŀĬĳŅıħƟĺĵĔŅĶĽŋƞĴȮ&width shift), ĞŌĴĳŅıŐĭĭĽŋƞĴȮ&zoom) ŐĸŃĺŇīňŏĸŊŗŀĬĳŅıŒĬŐĬĺĬŀĬŐĸŃ

ŐĬĺĨńŘĚ ŐĨƞĔŅĶħńħŐĮĸĚĳŅıħńĚĔĸƞŅĺįŌƟĺŇěńĵıĭĺƞŅěŃĪŜŅŒľƟŏĔŇħĝƞŀĚĺƞŅĚŒĬĳŅıȮĞŉŗĚĽƞĚįĸĨƞŀĔŅĶŏĶňĵĬĶŌƟ

ĕŀĚŐĭĭěŜŅĸŀĚȮįŌƟĺŇěńĵěŉĚĪħĸŀĚŐĔƟĮƤĠľŅőħĵĔŅĶŏĨŇĴħƟĺĵĽňĪňŗŒĔĸƟŏėňĵĚĔńĬȮħńĚĳŅıĪňŗȮ36 ŐĨƞĔĸńĭĪŜŅŒľƟ

œħƟĶŌĮĳŅıĪňŗįŇħŏıňŘĵĬœĮěŅĔŏħŇĴȮŀŅěĪŜŅŒľƟŐĭĭěŜŅĸŀĚěħěŜŅėŋĦĸńĔļĦŃĕŀĚĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚ

ĩƟĺĵĽŋőĕĪńĵįŇħŕȮœĮȮŐĸŃŏĮƦĬŐĭĭěŜŅĸŀĚĪňŗœĴƞŐĴƞĬĵŜŅȮįŌƟĺŇěńĵěŉĚŏĮĸňŗĵĬĴŅŏĸŊŀĔŒĝƟĺŇīňĔŅĶŏĨŇĴĝƞŀĚĺƞŅĚŒĬ

ĳŅıħƟĺĵĽňĕŅĺŒĬĔŅĶŐĔƟĮƤĠľŅȮŏĬŊŗŀĚěŅĔĶŌĮĳŅıĕŀĚģŅĬĕƟŀĴŌĸĴňıŊŘĬģŅĬľĸńĚĽňĕŅĺ 
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ĳŅıĪňŗȮ36ȮŐĽħĚĮƤĠľŅŐĸŃĺŇīňŐĔƟěŅĔĔŅĶĪŜŅ Image Processing 

įŌƟĺŇěńĵœħƟĬŜŅĝŋħĕƟŀĴŌĸĽŜŅľĶńĭİƗĔĽŀĬȮ&Train set) 90% ĕŀĚĝŋħĕƟŀĴŌĸȮĴŅŐĭƞĚĵƞŀŀňĔėĶńŘĚŏĮƦĬȮ
75% ĽŜŅľĶńĭİƗĔĽŀĬȮ &Train)  ŐĸŃȮ25% ĽŜŅľĶńĭĨĶĺěĽŀĭȮ &Validation) ĨƞŅĚĪŜŅȮData 
Augmentation ěŃœħƟĶŌĮĳŅıĕŀĚȮTrain ŏıŇŗĴĕŉŘĬŏĮƦĬȮ4,352 ĶŌĮĳŅıȮŐĸŃȮValidation ŏıŇŗĴĕŉŘĬŏĮƦĬȮ
411 ĶŌĮĳŅı  

4.1.2.5 ŐĮĸĚĳŅıŒľƟěńħŏĔŖĭŒĬĶŌĮŏĺĔŏĨŀĶƢĬńĴıŅĵ 

ĬŜŅĝŋħĕƟŀĴŌĸĕŀĚȮSILPA CMC Sukhothai Ceramics Dataset ĪńŘĚľĴħŐĮĸĚĳŅıŒľƟŏĮƦĬĶŌĮ
ŏĺĔŏĨŀĶƢĔƞŀĬŏĕƟŅőĴŏħĸĨƞŅĚŕȮĔŅĶŐĮĸĚĳŅıħńĚĔĸƞŅĺȮėŊŀĔĶŃĭĺĬĔŅĶĪňŗŏŀŅĕƟŀĴŌĸŒĬĶŌĮĳŅıŐĨƞĸŃ
ıŇĔŏĞĸŐĸŃŐĮĸĚŒľƟŀĵŌƞŒĬĶŌĮĕŀĚŏĺĔŏĨŀĶƢľĶŊŀĸŇĽĨƢĕƟŀĴŌĸȮĞŉŗĚĪŜŅŒľƟĕƟŀĴŌĸĬńŘĬĽŅĴŅĶĩŒĝƟŒĬĔŅĶ
ĮĶŃĴĺĸįĸŏĝŇĚĨńĺŏĸĕœħƟĚƞŅĵĕŉŘĬȮĔŅĶŐĮĸĚĝŋħĕƟŀĴŌĸĶŌĮĳŅıĕŀĚĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵŒľƟ
ŀĵŌƞŒĬĶŌĮŐĭĭĕŀĚŏĺĔŏĨŀĶƢŐĭĭȮNumPy őħĵŒĝƟœĸĭĶŅĶňľĶŊŀŏėĶŊŗŀĚĴŊŀĪŅĚėĦŇĨĻŅĽĨĶƢŒĬĳŅļŅœıīŀĬ
ŏıŊŗŀěńħĔŅĶĕƟŀĴŌĸĕŀĚĶŌĮĳŅıĬńŘĬȮĺńĨĩŋĮĶŃĽĚėƢľĸńĔėŊŀĔŅĶĪŜŅŒľƟĔĶŃĭĺĬĔŅĶŏĮƕħœĲĸƢĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶ
İƗĔĽŀĬĶŃĭĭĮĶŃĽŅĪŏĪňĵĴľĶŊŀŏėĶŊŀĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŏĮƦĬœĮŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıŐĸŃĶĺħŏĶŖĺȮħńĚ
ŐĽħĚŒĬĳŅıĪňŗȮ15 

 
ĳŅıĪňŗȮ15ȮĨńĺŀĵƞŅĚĔŅĶŐĮĸĚĳŅıŒľƟŀĵŌƞŒĬĶŌĮŏĺĔŏĨŀĶƢĬńĴıŅĵ 
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4.1.2.6 ĔŅĶŏĕƟŅĶľńĽįĸŏĜĸĵħƟĺĵĺŇīňȮOne-Hot Encoding 

ŏĕƟŅĶľńĽįĸŏĜĸĵħƟĺĵĺŇīňȮOne-Hot Encoding ĔĶĦňĕƟŀĴŌĸĪňŗĴňĸńĔļĦŃŏĮƦĬĕƟŀĴŌĸľĴĺħľĴŌƞȮ

&categorical data) ľĶŊŀĕƟŀĴŌĸĪňŗœĴƞŒĝƞĨńĺŏĸĕȮĔŅĶŒĝƟȮOne-Hot Encoding ĝƞĺĵŐĮĸĚĕƟŀĴŌĸĪňŗŏĮƦĬ

ĕƟŀėĺŅĴľĶŊŀŏĮƦĬėƞŅľĴĺħľĴŌƞŒľƟŏĮƦĬĨńĺŏĸĕĪňŗĽŅĴŅĶĩĬŜŅĴŅŒĝƟŒĬĔŅĶİƗĔőĴŏħĸȮľĸńĔĔŅĶėŊŀĔŅĶŐĮĸĚ

ėƞŅŒĬĕƟŀĴŌĸľĴĺħľĴŌƞŒľƟĔĸŅĵŏĮƦĬŏĺĔŏĨŀĶƢĪňŗĴňĕĬŅħŏĪƞŅĔńĭěŜŅĬĺĬėĸŅĽľĶŊŀľĴĺħľĴŌƞĪńŘĚľĴħȮŐĨƞĸŃ

ĨŜŅŐľĬƞĚŒĬŏĺĔŏĨŀĶƢěŃĩŌĔĔŜŅľĬħŒľƟĴňėƞŅȮ.ȮľĶŊŀȮ/ȮőħĵėƞŅȮ/ȮěŃŐĪĬĩŉĚľĴĺħľĴŌƞĪňŗĕƟŀĴŌĸĬńŘĬŀĵŌƞŒĬ

ĨŜŅŐľĬƞĚĬńŘĬȮĽƞĺĬėƞŅĪňŗŏĮƦĬȮ.ȮěŃŐĪĬĩŉĚľĴĺħľĴŌƞĪňŗœĴƞœħƟŀĵŌƞŒĬĨŜŅŐľĬƞĚĬńŘĬȮħńĚĬńŘĬŐĨƞĸŃľĴĺħľĴŌƞěŃĩŌĔ

ŐĪĬħƟĺĵŏĺĔŏĨŀĶƢĪňŗĴňėƞŅȮ/ȮŀĵŌƞŒĬĨŜŅŐľĬƞĚĕŀĚľĴĺħľĴŌƞĬńŘĬȮŐĸŃėƞŅȮ.ȮĪňŗĨŜŅŐľĬƞĚĕŀĚľĴĺħľĴŌƞŀŊŗĬȮŕ 

4.1.3 Text Preparation 
įŌƟĺŇěńĵĶĺĭĶĺĴėŜŅŀīŇĭŅĵŒĨƟĶŌĮĳŅıĞŉŗĚĩŌĔĶŃĭŋőħĵĬńĔőĭĶŅĦėħňȮőħĵŏĮƦĬĕƟŀėĺŅĴĳŅļŅœĪĵ

ěŅĔĶŅĵĚŅĬĔŅĶħŜŅŏĬŇĬĚŅĬĪŅĚőĭĶŅĦėħňŐľĸƞĚŏĨŅĪŋŏĶňĵĚŏĴŊŀĚŏĔƞŅĽŋőĕĪńĵȮĮƖĚĭĮĶŃĴŅĦȮ0337+034.Ȯ

&ŏįĵŐıĶƞ'ȮĪňŗĬńĔőĭĶŅĦėħňœħƟĭĶĶĵŅĵőĭĶŅĦĺńĨĩŋœĺƟȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ38-ĳŅıĪňŗȮ40ȮĶƞĺĴĔńĭėŜŅĬŇĵŅĴ

ŒĬĔŅĶĔŜŅľĬħĝŊŗŀĸĺħĸŅĵĪňŗœħƟĴŅěŅĔįŌƟŏĝňŗĵĺĝŅĠħƟŅĬŏėĶŊŗŀĚĩƟĺĵœĪĵįŌƟĺŇěńĵĔĸƞŅĺœĺƟŐĸƟĺŒĬľńĺĕƟŀȮ

4.1.2.1ȮĽĶƟŅĚėŜŅŀīŇĭŅĵĶŌĮĳŅıĨŅĴŐĭĭĕŀĚĪŅĚőĭĶŅĦėħňĶĺĴĔńĬŏĮƦĬĝŋħĕƟŀĴŌĸŒľĴƞĝŊŗŀĺƞŅȮSILPA 

CMCtext_datasetȮĽŜŅľĶńĭİƗĔĽŀĬŐĭĭěŜŅĸŀĚȮőħĵĕƟŀėĺŅĴėŜŅŀīŇĭŅĵŒĬĝŋħĕƟŀĴŌĸİƗĔĽŀĬĴňěŜŅĬĺĬȮ

32 ĭĪėĺŅĴĨĶĚĔńĭěŜŅĬĺĬėĸŅĽŒĬĝŋħĕƟŀĴŌĸȮSILPA CMC_dataset/ȮėŊŀĴňėĸŅĽĸŃȮ1 ĭĪėĺŅĴȮŐĨƞ

ĸŃėĸŅĽĴňěŜŅĬĺĬėŜŅĽŌĚĽŋħȮ87 ėŜŅȮŐĸŃĬƟŀĵĽŋħȮ16 ėŜŅȮŒĬ 1 ėĸŅĽŐĴƟĸĺħĸŅĵŏľĴŊŀĬĔńĬŐĨƞŀŅěĩŌĔ

ŏĶňĵĔħƟĺĵėŜŅĪňŗŐĨĔĨƞŅĚĔńĬŏĬŊŗŀĚěŅĔŒĬĮƤěěŋĭńĬĵńĚœĴƞĴňģŅĬĕƟŀĴŌĸĽƞĺĬĔĸŅĚŏĶŊŗŀĚĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚ

ŏėĶŊŗŀĚĩƟĺĵĪňŗėĶĭĩƟĺĬŏĮƦĬĮƤěěŋĭńĬȮįŌƟĺŇěńĵĔŖĬŜŅĝŊŗŀŏĶňĵĔŏħŇĴœĮŒĽƞŒĬĝŋħĕƟŀĴŌĸħƟĺĵ ħńĚŐĽħĚŒĬĳŅıĪňŗȮ39

ĳŅıĪňŗȮ40ȮŒĬĔĶĦňĪňŗįŌƟŒĝƟĚŅĬėƟĬėŊĬħƟĺĵĝŊŗŀŏĶňĵĔŏħŇĴĔŖěŃĪŜŅŒľƟœħƟėŜŅĨŀĭĪňŗŏĮƦĬĮƤěěŋĭńĬȮŐĸŃįŌƟĺŇěńĵœħƟ

ĽĶƟŅĚĝŋħĕƟŀĴŌĸĪħĽŀĭėĸŅĽĸŃȮ2ȮĮĶŃőĵėȮŏĮƦĬĪńŘĚľĴħȮ64 ĮĶŃőĵėȮĽŜŅľĶńĭŒĝƟŒĬĔŅĶĮĶŃŏĴŇĬ

ĮĶŃĽŇĪīŇĳŅıĕŀĚŐĭĭěŜŅĸŀĚ 
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ĳŅıĪňŗȮ38ȮŐĽħĚĨńĺŀĵƞŅĚėŜŅĭĶĶĵŅĵőĭĶŅĦĺńĨĩŋ 

 
ĳŅıĪňŗȮ39ȮŐĽħĚĨńĺŀĵƞŅĚėŜŅĭĶĶĵŅĵőĭĶŅĦĺńĨĩŋ 
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ĳŅıĪňŗȮ40ȮŐĽħĚĨńĺŀĵƞŅĚėŜŅĭĶĶĵŅĵőĭĶŅĦĺńĨĩŋ 

4.2 ĕńŘĬĨŀĬĔŅĶĪħĸŀĚ 
ĽŜŅľĶńĭĶŃĭĭĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵőħĵŒĝƟŏĪėĬŇėőėĶĚĕƞŅĵĮĶŃĽŅĪ

ŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬŏĝŇĚĸŉĔȮįŌƟĺŇěńĵœħƟŐĭƞĚĚŅĬŏĮƦĬȮ3 ĽƞĺĬȮőħĵĴňĶŅĵĸŃŏŀňĵħħńĚĬňŘ  
1.ȮĽĶƟŅĚŐĭĭěŜŅĸŀĚĔŅĶěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵĽŜŅľĶńĭĝŋħĕƟŀĴŌĸĴň

ěŜŅĬĺĬĳŅıĨƞŀėĸŅĽĴŅĔĔĺƞŅȮ/ȮĳŅıȮěŅĔĝŋħĕƟŀĴŌĸȮSILPA CMC_dataset1 őħĵŏĮĶňĵĭŏĪňĵĭ
ĮĶŃĽŇĪīŇĳŅıĕŀĚĽĩŅĮƤĨĵĔĶĶĴȮCNN 6 ŐĭĭȮœħƟŐĔƞȮDenseNet121, DenseNet169, InceptionV3, 
VGG16, VGG19 ŐĸŃȮResNet50 ĞŉŗĚŏĮƦĬĔŅĶľŅŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴĪňŗĴňĮĶŃĽŇĪīŇĳŅı
ĽŌĚĽŋħŏľĴŅŃĽŜŅľĶńĭěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵ  

2. ĽĶƟŅĚŐĭĭěŜŅĸŀĚĔŅĶěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵőħĵŒĝƟ Siamese 
Network ŒĬĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮĞŉŗĚŏľĴŅŃĽŜŅľĶńĭĝŋħĕƟŀĴŌĸĪňŗĴňěŜŅĬĺĬ
ĕƟŀĴŌĸĬƟŀĵőħĵŒĝƟĝŋħĕƟŀĴŌĸĕĬŅħŏĸŖĔȮSILPA CMC_dataset2 ĞŉŗĚĴňȮ50 ĶŌĮȮŏĮƦĬĔĸŋƞĴĶŌĮĳŅıĪňŗĴňěŜŅĬĺĬ
ĳŅıĨƞŀėĸŅĽȮ1 ĳŅı  

3. ĽĶƟŅĚŐĭĭěŜŅĸŀĚĽŜŅľĶńĭĔŅĶŒĝƟĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶėƟĬėŊĬĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵ
ĽŋőĕĪńĵőħĵŒĝƟ sent0vecȮĪňŗĽŅĴŅĶĩĽŊĭėƟĬœħƟȮĞŉŗĚĴňĸńĔļĦŃŏĮƦĬȮmultimodal learning ŏıĶŅŃŒĝƟĪńŘĚ
ĕƟŀėĺŅĴŐĸŃĳŅıŒĬĔŅĶŏĶňĵĬĶŌƟ 

4. ĽĶƟŅĚĶŃĭĭĔŅĶėƟĬėŊĬĝŋħĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵ ŏĮƦĬĔŅĶĬŜŅŐĭĭěŜŅĸŀĚĪňŗĴň
ĮĶŃĽŇĪīŇĳŅıħňĪňŗĽŋħȮĴŅĮĶŃĵŋĔĨƢŒĝƟŏĮƦĬ webservice ĽŜŅľĶńĭŒĝƟœħƟŒĬĪŋĔȮplatform 
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4.2.1 ĽĶƟŅĚŐĭĭěŜŅĸŀĚĔŅĶěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵĽŜŅľĶńĭĝŋħĕƟŀĴŌĸĴň
ěŜŅĬĺĬĳŅıĨƞŀėĸŅĽĴŅĔĔĺƞŅȮ/ȮĳŅı őħĵŒĝƟȮCNN 
ĕńŘĬĨŀĬĔŅĶĪħĸŀĚĬňŘĮĶŃĔŀĭħƟĺĵȮ3 ĔĶŃĭĺĦĔŅĶľĸńĔȮœħƟŐĔƞȮData collection, Image 

Preparation ŐĸŃȮModel Training and evaluation ŐĽħĚŒĬĳŅıĪňŗ 2/ 

 
ĳŅıĪňŗ 2/ȮĽĩŅĮƤĨĵĔĶĶĴĶŃĭĭȮ&Systems architecture)ȮŒĬĚŅĬĺŇěńĵĬňŘ 

SILPA CMC Sukhothai 
Ceramics Dataset 
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ĽŜŅľĶńĭĚŅĬĺŇěńĵĽƞĺĬĬňŘįŌƟĺŇěńĵŒĝƟĶŌĮĳŅıěŅĔ SILPA CMC_dataset1 ĴňĪńŘĚľĴħȮ1,827 ĳŅıȮ
ĕŀĚģŅĬĕƟŀĴŌĸȮSILPA CMC Sukhothai Ceramics Dataset ŐĸŃŒĝƟŏĪėĬŇėȮdata augmentation 
ĞŉŗĚœħƟĔĸƞŅĺœĺƟŒĬĕńŘĬĨŀĬȮImage Preparation ĴŅŐĸƟĺŏıŇŗĴěŜŅĬĺĬĳŅıĽŜŅľĶńĭĔŅĶİƗĔŏĮƦĬ 4,352 ĳŅıȮ
őħĵŒĝƟĶŌĮĳŅıĕĬŅħȮ002x002ȮıŇĔŏĞĸȮŏıŊŗŀľŅŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴıŊŘĬģŅĬȮ&CNN) ĪňŗĴň
ĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħȮįŌƟĺŇěńĵěŉĚŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĕŀĚĽĩŅĮƤĨĵĔĶĶĴȮCNN 6 ŐĭĭȮœħƟŐĔƞȮ
DenseNet121, DenseNet169, InceptionV3, VGG16, VGG19 ŐĸŃȮResNet50 ŏıŊŗŀŒĝƟŒĬĔŅĶĪŜŅȮ
transfer learning 

4.2.1.1 Model Training 

ĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŏıŊŗŀěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵ
œĴƞĴňĕńŘĬĨŀĬŐĸŃŐĭĭěŜŅĸŀĚŏĜıŅŃȮįŌƟĺŇěńĵĨƟŀĚĪŜŅĔŅĶĪħĸŀĚŐĸŃĮĶńĭŏĮĸňŗĵĬőėĶĚĽĶƟŅĚĨŅĴėĺŅĴ
ŏľĴŅŃĽĴȮĮĶńĭėŋĦĸńĔļĦŃĨŅĴĽĴĴĨŇģŅĬŏıŊŗŀėĺŅĴĴńŗĬŒě 

ĚŅĬĺŇěńĵĬňŘœħƟŒĝƟĶŌĮĳŅıěŅĔȮSILPA CMC Sukhothai Ceramics Dataset ĞŉŗĚĴňĸĺħĸŅĵĨĶĚ
ĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵěŜŅŐĬĔœħƟȮ24 ĮĶŃŏĳĪȮĴňĳŅıěŜŅĬĺĬĪńŘĚĽŇŘĬȮ1,877 ĳŅıȮĔĸŋƞĴĸĺħĸŅĵĪńŘĚľĴħ
ĽŅĴŅĶĩěŜŅŐĬĔŏĮƦĬėĸŅĽĵƞŀĵœħƟȮĪńŘĚľĴħȮ82 ėĸŅĽĵƞŀĵȮ&sub-class) ŏĬŊŗŀĚěŅĔĴňĝŊŗŀĸĺħĸŅĵŏħňĵĺĔńĬ
ŐĨƞĴňĸńĔļĦŃĸĺħĸŅĵĪňŗœĴƞŏľĴŊŀĬĔńĬĨŅĴĔŅĶěńħěŜŅŐĬĔĕŀĚįŌƟŏĝňŗĵĺĝŅĠȮŐĸŃįŌƟĺŇěńĵŏľŖĬĺƞŅĸńĔļĦŃ
ĕƟŀĴŌĸŒĬģŅĬĕƟŀĴŌĸĕŀĚĚŅĬĺŇěńĵȮŐĨƞĸŃėĸŅĽĬńŘĬĴňěŜŅĬĺĬĪňŗĨƞŅĚĔńĬŀĵƞŅĚĴŅĔȮŏıŊŗŀŏĮƦĬĮĶŃőĵĝĬƢĽŜŅľĶńĭ
ŒĬĔŅĶŏĶňĵĬĶŌƟĕŀĚőĴŏħĸȮĬňŘįŌƟĺŇěńĵœħƟŐĭƞĚĸńĔļĦŃĕƟŀĴŌĸŏĮƦĬȮ2 ĔĸŋƞĴȮėŊŀȮĔĸŋƞĴŐĶĔȮėŊŀĴňěŜŅĬĺĬĳŅıĨƞŀ
ėĸŅĽĴŅĔĔĺƞŅȮ1 ĳŅıȮĴňėĸŅĽĵƞŀȮ32 ėĸŅĽěŜŅĬĺĬĳŅıĪńŘĚľĴħȮ1,827 ĳŅıȮ&SILPA CMC_dataset1) 
ŐĸŃĔĸŋƞĴĪňŗĽŀĚȮėŊŀȮĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽȮ1 ĳŅı  ĴňėĸŅĽĵƞŀȮ50 ėĸŅĽěŜŅĬĺĬĳŅıĪńŘĚľĴħȮ50 ĳŅı 
(SILPA CMC_dataset2) 

ŏıŊŗŀľŅŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚĽŋħŏľĴŅŃĽŜŅľĶńĭěŜŅŐĬĔ

ĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮįŌƟĺŇěńĵěŉĚœħƟŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĕŀĚĽĩŅĮƤĨĵĔĶĶĴȮCNN 6 

Őĭĭ œħƟŐĔƞ DenseNet121, DenseNet169, InceptionV3, VGG16, VGG19 ŐĸŃȮResNet50Ȯőħĵ

ŒĝƟĝŋħĕƟŀĴŌĸ SILPA CMC_dataset1 ĪňŗĴňĶŌĮĳŅıĕĬŅħȮ002x002ȮıŇĔŏĞĸŒĬĔŅĶİƗĔĽŀĬŒľƟĔńĭ

ŐĭĭěŜŅĸŀĚŐĭƞĚĕƟŀĴŌĸħńĚĨŅĶŅĚĪňŗȮ10 ŏĬŊŗŀĚěŅĔȮSILPA CMC_dataset2 ĴňěŜŅĬĺĬĕƟŀĴŌĸœĴƞŏľĴŅŃĽĴ

ĔńĭĔŅĶİƗĔħƟĺĵĽĩŅĮƤĨĵĔĶĶĴȮCNN 6 ŐĭĭȮħńĚĔĸƞŅĺ 
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ĨŅĶŅĚĪňŗȮ10ȮŐĽħĚĔŅĶŐĭƞĚĕƟŀĴŌĸȮSILPA CMC_dataset/ 
ĝŋħĕƟŀĴŌĸSILPA 
CMC_dataset1 

ěŜŅĬĺĬĮĶŃŏĳĪ
ĸĺħĸŅĵ 

ěŜŅĬĺĬ  
sub-class 

% 
ěŜŅĬĺĬĶŌĮĳŅıŏĴŊŗŀĪŜŅȮ

Oversampling 

Train 

24 32 
90 

75 4352 

Validation 25 411 

Test 10 - 183 

 ŒĬĔŅĶŏĮĶňĵĭŏĪňĵĭĮĶŃĽŇĪīŇĳŅıĶŃľĺƞŅĚŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬ
ŏĝŇĚĸŉĔĪňŗĴňĮĶŃĽŇĪīŇĳŅıŐĸŃŏľĴŅŃĽĴĔńĭĝŋħĕƟŀĴŌĸȮSILPA CMC_dataset1 ŏıŊŗŀŒľƟœħƟŐĭĭěŜŅĸŀĚŒĬ
ĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵœħƟŀĵƞŅĚŐĴƞĬĵŜŅȮįŌƟĺŇěńĵŒĝƟȮ6 pre-trained CNN models 
œħƟŐĔƞȮDenseNet121, DenseNet169, InceptionV3, VGG16, VGG19 ŐĸŃȮResNet50őħĵŒĬŐĨƞĸŃȮ
model ŒĝƟěŜŅĬĺĬĶŀĭŒĬĔŅĶŏĶňĵĬĶŌƟȮ0..ȮĶŀĭ 

ŒĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚįŌƟĺŇěńĵŒĝƟȮTensorFlow ŐĸŃȮKeras ŏĮƦĬŏĲĶĴŏĺŇĶƢėŒĬĔŅĶĽĶƟŅĚ
ŐĭĭěŜŅĸŀĚ  őħĵȮ6 ŐĭĭěŜŅĸŀĚėŊŀȮDenseNet121, DenseNet169, InceptionV3, VGG16, VGG19 
ŐĸŃȮResNet50  ŐĸŃŒĝƟĺŇīňĔŅĶĩƞŅĵőŀĬėĺŅĴĶŌƟȮ&Transfer Learning) ĞŉŗĚěŃĝƞĺĵĸħĶŃĵŃŏĺĸŅŒĬĔŅĶ
ŏĶňĵĬĶŌƟȮħńĚĬńŘĬįŌƟĺŇěńĵěŉĚŒĝƟĺŇīňĔŅĶĩƞŅĵőŀĬėĺŅĴĶŌƟŐĔƞȮpre-trained CNN models őħĵŏĶŇŗĴĨƟĬĪħĸŀĚŒĝƟȮ
pre-trained CNN models ĪńŘĚȮ4ȮŐĸŃŒĝƟėƞŅĬŘŜŅľĬńĔěŅĔőĴŏħĸĪňŗİƗĔĴŅĸƞĺĚľĬƟŅȮ&weight) 
Initialization ĕŀĚȮImageNet őħĵěŃœĴƞĴňĔŅĶȮFreeze Layer ĝńŘĬŒħŕȮĞŉŗĚěŃĔŜŅľĬħȮȮ
include_top=False ŏıŊŗŀĨńħĝńŘĬȮFully Connected (FC) ĪňŗŏĮƦĬĝńŘĬěŜŅŐĬĔĮĶŃŏĳĪŀŀĔȮŐĸŃŏıŇŗĴĝńŘĬ
ĪňŗĔŜŅľĬħŏŀĚħƟŅĬĭĬĕŀĚȮbase model ŏıŊŗŀĮĶńĭŐĨƞĚŐĭĭěŜŅĸŀĚȮőħĵĬŜŅĴŅİƗĔŀĭĶĴĝŋħĕƟŀĴŌĸȮSILPA 
CMC_dataset1 ĕŀĚȮSILPA CMC Sukhothai Ceramics Dataset ĞŉŗĚŒĬĔŅĶŏıŇŗĴĝńŘĬĪňŗĔŜŅľĬħŏŀĚěŃ
ŏĶŇŗĴěŅĔĔŅĶŒĝƟȮGlobalAveragePooling2D ĽŜŅľĶńĭĸħĕĬŅħĴŇĨŇĕŀĚȮfeature map ŏıŊŗŀĽĶŋĮȮ
information ěŅĔĝńŘĬ  CNN ĕŀĚȮImageNet  őħĵĪŋĔŐĭĭěŜŅĸŀĚěŃĩŌĔŏĝŊŗŀĴĨƞŀĝńŘĬȮImage 
classification layer ŏıŊŗŀŒĝƟěŜŅŐĬĔĶŌĮĳŅıȮěŜŅĬĺĬȮ32 neurons 

ěŅĔĬńŘĬįŌƟĺŇěńĵœħƟĪŜŅĔŅĶĪħĸŀĚŏıŇŗĴŏĨŇĴȮőħĵŏıŇŗĴŒĬĽƞĺĬĕŀĚĝńŘĬȮLayer ĪňŗĔŜŅľĬħĕŉŘĬŏŀĚĨŅĴ
ĽĴĴĨŇģŅĬȮľĶŊŀ ŴOur classification layersŵȮŒĬĪŋĔŐĭĭěŜŅĸŀĚőħĵŀŀĔĝńŘĬŐĭĭȮĝńŘĬȮLayer ħńĚĬňŘ 

ŏıŇŗĴȮBatchNormalization ľĸńĚȮGlobalAveragePooling2D ŏıŊŗŀĮĶńĭĮĶŋĚĔŅĶİƗĔőĴŏħĸ 

ěŅĔĬńŘĬŏıŇŗĴȮDense Layer ŏıŊŗŀŏıŇŗĴĝńŘĬĪňŗŏĝŊŗŀĴĨƞŀĔńĬŏĨŖĴȮ&fully connected layer) 

ŐĸƟĺĨŅĴħƟĺĵĝńŘĬȮActivation('relu') ŏĮƦĬĝńŘĬĪňŗŒĝƟĲƤĚĔƢĝńĬĔŅĶĔĶŃĨŋƟĬȮReLU 
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ŐĸŃĽŋħĪƟŅĵŏıŇŗĴȮDropout(0.3) ŒĝƟŏıŊŗŀĸħĔŅĶŏĔŇħȮoverfitting ĔƞŀĬĝńŘĬȮImage classification layer 

ŒĬŐĨƞĸŃĔŅĶĪħĸŀĚĕŀĚŐĭĭěŜŅĸŀĚȮěŃĴňĔŅĶĔŜŅľĬħıŅĶŅĴŇŏĨŀĶƢĪňŗěŜŅŏĮƦĬĽŜŅľĶńĭĔŅĶİƗĔĽŀĬȮ
őħĵĔŅĶĨńŘĚėƞŅĲƤĚĔƢĝńĬȮLoss įŌƟĺŇěńĵŒĝƟĺŇīňěŜŅŐĬĔľĸŅĵėĸŅĽȮ&multi-class classification) ėŊŀȮ
Categorical Crossentropy ŐĸŃĔŅĶİƗĔěŃŒĝƟėƞŅėĺŅĴĴńŗĬŒěȮ&accuracy) ŏĮƦĬĨńĺĝňŘĺńħĮĶŃĽŇĪīŇĳŅı
ĕŀĚŐĭĭěŜŅĸŀĚȮĔŅĶĔŜŅľĬħĨńĺĮĶńĭėƞŅĬŘŜŅľĬńĔȮ&Optimizer) ŐĭĭȮAdam  ŒĬĽƞĺĬĕŀĚȮlearning rate 
ěŃĩŌĔĔŜŅľĬħėƞŅŏĶŇŗĴĨƟĬœĺƟĪňŗȮ0.00001 ŐĸŃŏĴŊŗŀįƞŅĬœĮȮ10 ĶŀĭĔŅĶİƗĔȮěŃĴňĔŅĶĮĶńĭĸħȮlearing rate 
ĸĚŀňĔȮ10 ŏĪƞŅȮ&ėŌĦħƟĺĵȮ0.1) ĞŉŗĚįŌƟĺŇěńĵėŅħĺƞŅĔŅĶĸħȮlearning rate ĶŃľĺƞŅĚĪŜŅĔŅĶİƗĔĽŅĴŅĶĩĝƞĺĵŒľƟ
őĴŏħĸĪŜŅĔŅĶĮĶńĭĬŘŜŅľĬńĔȮ&weights) œħƟŐĴƞĬĵŜŅĕŉŘĬŒĬĝƞĺĚĪƟŅĵĕŀĚĔŅĶİƗĔ  

ľĸńĚěŅĔĪŜŅĔŅĶȮCompile ŐĭĭěŜŅĸŀĚŏĽĶŖěȮěŃĪŜŅĔŅĶȮFit ŐĭĭěŜŅĸŀĚőħĵĔŜŅľĬħȮBatch 
Size = 32 ŐĸŃĪŜŅĔŅĶĭńĬĪŉĔŏĜıŅŃėƞŅĬŘŜŅľĬńĔĪňŗħňĪňŗĽŋħĶŃľĺƞŅĚĔŅĶİƗĔŐĭĭěŜŅĸŀĚőħĵŒĝƟȮ
ModelCheckpoint őħĵěŃŏĸŊŀĔĭńĬĪŉĔěŅĔėƞŅȮValidate Loss ĪňŗĨŗŜŅĪňŗĽŋħ  ŒĬĔŅĶİƗĔŐĭĭěŜŅĸŀĚĪńŘĚȮ6 
ŐĭĭěŃĪŜŅĔŅĶİƗĔĽŀĬŏĪƞŅĔńĬĪňŗȮ200 Epoch ĭĬȮNVIDIA GeForce GTX 1080Ti ħƟĺĵȮRAM 8 GB 

4.2.1.2 Model Evaluation 
ĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıőĴŏħĸŒĬĔŅĶěŜŅŐĬĔŐĭĭľĸŅĵėĸŅĽȮ&Multi-class 

Classification) ĺńħįĸœħƟħƟĺĵĺŇīňħńĚĬňŘ 
1. ėŀĬĲƕĺĝńĬŏĴĪĶŇĔĞƢȮ&Confusion Matrix)  
True Positives (TP): ěŜŅĬĺĬĕƟŀĴŌĸĪňŗĩŌĔěŜŅŐĬĔĩŌĔĨŅĴėĸŅĽŏĮƚŅľĴŅĵȮľĴŅĵĩŉĚȮĶŃĭĭ

ěŜŅŐĬĔĩŌĔŐĸŃėĸŅĽŏĮƚŅľĴŅĵĔŖĩŌĔ 
True Negatives (TN): ěŜŅĬĺĬĕƟŀĴŌĸĪňŗĩŌĔěŜŅŐĬĔĩŌĔĨŅĴėĸŅĽĪňŗœĴƞŒĝƞŏĮƚŅľĴŅĵȮľĴŅĵĩŉĚȮ

ĶŃĭĭěŜŅŐĬĔĩŌĔŐĸŃėĸŅĽĪňŗœĴƞŒĝƞŏĮƚŅľĴŅĵĔŖĩŌĔ 
False Positives (FP): ěŜŅĬĺĬĕƟŀĴŌĸĪňŗĩŌĔěŜŅŐĬĔįŇħĨŅĴėĸŅĽŏĮƚŅľĴŅĵȮľĴŅĵĩŉĚȮĶŃĭĭ

ěŜŅŐĬĔįŇħŐĸŃėĸŅĽĪňŗœĴƞŒĝƞŏĮƚŅľĴŅĵĔŖĩŌĔ 
False Negatives (FN): ěŜŅĬĺĬĕƟŀĴŌĸĪňŗĩŌĔěŜŅŐĬĔįŇħĨŅĴėĸŅĽĪňŗœĴƞŒĝƞŏĮƚŅľĴŅĵȮľĴŅĵĩŉĚȮ

ĶŃĭĭěŜŅŐĬĔĩŌĔŐĨƞėĸŅĽŏĮƚŅľĴŅĵĔŖįŇħ 
2. ėƞŅĽĩŇĨŇ 4 ĨńĺĝňŘĺńħĪňŗŒĝƟŒĬĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭěŜŅŐĬĔĽŜŅľĶńĭŒĝƟĺńħėĺŅĴ

ĩŌĔĨƟŀĚőĴŏħĸ Machine Learning  

Precision: P                          0ÒÅÃÉÓÉÏÎ 

Recall: R                                2ÅÃÁÌÌ  

F/ score: F/                         &ρ  
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Accuracy: Acc                      !ÃÃÕÒÁÃÙ  

4.2.2 ĽĶƟŅĚŐĭĭěŜŅĸŀĚőħĵŒĝƟȮSiamese Network  
ĮĔĨŇŒĬĔŅĶŏĪĶĬőĴŏħĸȮClassification ħƟĺĵŏĪėĬŇėȮDeep learning ĨƟŀĚŀŅĻńĵĕƟŀĴŌĸ

ĨńĺŀĵƞŅĚĮĶŇĴŅĦĴŅĔŒĬŐĨƞĸŃėĸŅĽĴŅŏĪĶĬĕƟŀĴŌĸȮŏıŊŗŀŒľƟœħƟőĴŏħĸĪňŗŐĴƞĬĵŜŅȮĞŉŗĚœĴƞŒĝƞĪŋĔŕĕƟŀĴŌĸĨńĺŀĵƞŅĚ
ĪňŗěŃĴňĕƟŀĴŌĸĴŅĔŏıňĵĚıŀȮŒĬĔŅĶĽĶƟŅĚŐĭĭěŜŅĸŀĚĽŜŅľĶńĭĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵ
ĽŋőĕĪńĵěŅĔĝŋħĕƟŀĴŌĸĕŀĚįŌƟĺŇěńĵȮħƟĺĵĸńĔļĦŃĕƟŀĴŌĸȮSILPA CMC_dataset2 ĕŀĚȮSILPA CMC 
Sukhothai Ceramics Dataset ĞŉŗĚĴňȮ50 ĳŅıȮĔĸƞŅĺėŊŀȮĴňȮ1 ĳŅıĨƞŀȮ1 ėĸŅĽȮŏĮƦĬĕƟŀĴŌĸĪňŗĴňěŜŅĬĺĬ
ĬƟŀĵȮěŉĚŏľĴŅŃĔńĭĔŅĶŒĝƟȮSiamese Network ŒĬĔŅĶĽĶƟŅĚőĴŏħĸ 

 őėĶĚĽĶƟŅĚȮSiamese Network ĞŉŗĚĮĶŃĔŀĭħƟĺĵȮDeep Learning ŏĶňĵĔœħƟĺƞŅŏĮƦĬ sub-
network 2 Ĩńĺ ĪňŗőėĶĚĽĶƟŅĚĽĩŅĮƤĨĵĔĶĶĴŏľĴŊŀĬĔńĬěŉĚĪŜŅŒľƟĨƟŀĚĔŅĶĮĶŇĴŅĦĕƟŀĴŌĸĨńĺŀĵƞŅĚĪňŗĬƟŀĵĸĚ
ŐĸŃĴňŐĬĺőĬƟĴĪňŗěŃŏĔŇħȮoverfitting ĪňŗĬƟŀĵȮľĬƟŅĪňŗľĸńĔĕŀĚȮsub-network ĬńŘĬĴňœĺƟĽŜŅľĶńĭĽĔńħ
ėŋĦĸńĔļĦŃŏĺĔŏĨŀĶƢȮŏĴŊŗŀœħƟįĸĸńıīƢŐĸƟĺěŃĬŜŅȮĴŅŏĮĶňĵĭŏĪňĵĭėĺŅĴėĸƟŅĵėĸŉĚĕŀĚėŋĦĸńĔļĦŃ
ŏĺĔŏĨŀĶƢĪńŘĚĽŀĚȮ&ĵŇŗĚėĸƟŅĵėĸŉĚĔńĬĶŃĵŃľƞŅĚĔŖĵŇŗĚŒĔĸƟȮ0) ĔŅĶĻŉĔļŅĬňŘįŌƟĺŇěńĵœħƟŒĝƟȮSiamese Network Īňŗ
İƗĔİĬħƟĺĵŏĪėĬŇėĔŅĶŏĶňĵĬĶŌƟŐĭĭȮContrastive ŏıŊŗŀěŜŅŐĬĔĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮőħĵ
őĴŏħĸȮSiamese ĩŌĔŀŀĔŐĭĭĴŅŏıŊŗŀŏĶňĵĬĶŌƟėĺŅĴėĸƟŅĵėĸŉĚĕŀĚėŌƞĳŅıȮőħĵĮĶŃŏĴŇĬĺƞŅėŌƞĳŅıĬńŘĬŏĮƦĬ
ĳŅıŏħňĵĺĔńĬľĶŊŀĨƞŅĚĔńĬĳŅıĶĺĴĽĩŅĮƤĨĵĔĶĶĴȮSiamese networks ŒĬĚŅĬĺŇěńĵĬňŘŐĽħĚħńĚĳŅıĪňŗȮ42 

ĔŅĶĪħĸŀĚȮSiamese Network ĕńŘĬĨŀĬıŊŘĬģŅĬĽŜŅľĶńĭĔŅĶĪħĸŀĚȮSiamese Network 
įŌƟĺŇěńĵŐĭƞĚĕńŘĬĨŀĬħńĚĬňŘ8 

1. ĶĺĭĶĺĴĕƟŀĴŌĸ8ȮěńħľŅĕƟŀĴŌĸĪňŗĨƟŀĚĔŅĶŒĝƟŒĬĔŅĶĪħĸŀĚőħĵįŌƟĺŇěńĵœħƟĔĸƞŅĺœĺƟŒĬľńĺĕƟŀȮ2,/,/Ȯ

Data collectionȮŐĸƟĺĞŉŗĚŏĮƦĬĝŋħĕƟŀĴŌĸĶŌĮĳŅıĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮ&ȮCollection of 

the Motifs on the Center of Sukhothai Ceramics Dataset: SILPA CMC Sukhothai Ceramics 

Dataset'ȮőħĵŒĬĔŅĶĪħĸŀĚȮSiamese NetworkȮįŌƟĺŇěńĵŒĝƟȮSILPA CMC_dataset0ȮŒĬģŅĬĕƟŀĴŌĸ

ħńĚĔĸƞŅĺĞŉŗĚȮĴňȮ3.ȮĶŌĮȮėŊŀĔĸŋƞĴĶŌĮĳŅıĪňŗĴňěŜŅĬĺĬĳŅıĨƞŀėĸŅĽȮ/ȮĳŅıȮĔĸŋƞĴĬňŘįŌƟĺŇěńĵĪŜŅȮOver sampling 

ŒľƟŐĨƞĸŃėĸŅĽĴňȮ/.ȮĶŌĮȮŏĬŊŗŀĚěŅĔěŜŅĬĺĬĕƟŀĴŌĸĬƟŀĵĴŅĔěŉĚŏľĴŅŃĔńĭĔŅĶŒĝƟĔŅĶŏĶňĵĬĶŌƟŐĭĭȮOne Shot 

Learning ŒĬĔŅĶĽĶƟŅĚőĴŏħĸěŜŅŐĬĔĸĺħĸŅĵĕŀĚĔĸŋƞĴĕƟŀĴŌĸĬňŘ 
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ĳŅıĪňŗȮ42ȮŐĽħĚĳŅıĶĺĴĽĩŅĮƤĨĵĔĶĶĴȮSiamese networksȮŒĬĚŅĬĺŇěńĵĬňŘ 
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 2. ĔŅĶŏĨĶňĵĴĕƟŀĴŌĸ8ȮĝŋħĕƟŀĴŌĸĪňŗŒĝƟŒĬĔŅĶİƗĔȮ&training)ȮĩŌĔĽĶƟŅĚőħĵĔŅĶŏĸŊŀĔėŌƞĳŅıĕŀĚ
ĕƟŀĴŌĸěŅĔĝŋħĕƟŀĴŌĸŏħŇĴėŊŀȮSILPA CMC_dataset0 őħĵŒĝƟȮpositive pairs ŐĸŃȮnegative pairsȮĞŉŗĚ
ŐĨƞĸŃėŌƞĮĶŃĔŀĭħƟĺĵĳŅıĽŀĚĳŅıĪňŗĴňĔŅĶȮlabel ĺƞŅŏľĴŊŀĬĔńĬľĶŊŀĨƞŅĚĔńĬȮħńĚĳŅıĪňŗȮ43ȮĔƞŀĬĪŜŅĔŅĶ
ĪħĸŀĚ Siamese NetworkȮĴňĔŅĶŏĨĶňĵĴĕƟŀĴŌĸȮĔŅĶĮĶŃĴĺĸįĸĕƟŀĴŌĸŏĭŊŘŀĚĨƟĬȮħńĚŏĝƞĬĔŅĶĽĶƟŅĚ
ŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴĪńŗĺœĮȮĞŉŗĚœħƟĔĸƞŅĺœĺƟŒĬľńĺĕƟŀȮImage Preparation ĴŅŐĸƟĺȮŏĝƞĬȮ
ĔŅĶĮĶńĭĕĬŅħ, ĔŅĶĨńħ&cropping), ŐĸŃĔŅĶŏıŇŗĴĕƟŀĴŌĸ&data augmentation) ŏıŊŗŀŏıŇŗĴėĺŅĴ
ľĸŅĔľĸŅĵŒĬĝŋħĕƟŀĴŌĸŐĸŃĸħĔŅĶŏĔŇħȮoverfitting 

 
ĳŅıĪňŗȮ43ȮŐĽħĚĨńĺŀĵƞŅĚĔŅĶěńĭėŌƞĳŅıȮĪňŗŏľĴŊŀĬĔńĬ&Label 0.0) ŐĸŃĳŅıĪňŗĨƞŅĚĔńĬȮ&Label 1.0) 

3. ĔŅĶİƗĔŐĭĭěŜŅĸŀĚħƟĺĵȮSiamese Network: ĬŜŅėŌƞĕŀĚĕƟŀĴŌĸĪňŗĽĶƟŅĚĕŉŘĬĴŅŒĝƟŒĬĔŅĶİƗĔ

őĴŏħĸȮSiamese Network ŒĬĕńŘĬĨŀĬĔŅĶİƗĔĬňŘ őĴŏħĸěŃĩŌĔĮĶńĭĮĶŋĚŒľƟĽŅĴŅĶĩŐĵĔŐĵŃėĺŅĴ

ėĸƟŅĵėĸŉĚŐĸŃėĺŅĴœĴƞėĸƟŅĵėĸŉĚœħƟȮőĴŏħĸĪňŗŒĝƟŒĬĔŅĶĪħĸŀĚĬňŘĴňĽŀĚĽƞĺĬľĸńĔȮœħƟŐĔƞȮŏėĶŊŀĕƞŅĵĵƞŀĵŏıŊŗŀ

ĽĔńħėŋĦĸńĔļĦŃȮ&feature extraction network) ŐĸŃĝńŘĬĺńħĶŃĵŃľƞŅĚȮ&distance layer) 

ŏėĶŊŀĕƞŅĵĵƞŀĵĽŜŅľĶńĭĽĔńħėŋĦĸńĔļĦŃȮ&Feature Extraction Network): ŏėĶŊŀĕƞŅĵĵƞŀĵĪňŗ

ĔŜŅľĬħœĺƟŒĝƟĝńŘĬȮConvolutional 0D ĴňȮkernel ĕĬŅħȮ3x3ȮěŜŅĬĺĬȮFilters: 2ȮĨŅĴħƟĺĵĝńŘĬȮ

MaxPooling ĕĬŅħȮ0x0ȮĪňŗĴňȮstrides ŏĪƞŅĔńĭȮ0ȮStride ŏĮƦĬĨńĺĔŜŅľĬħĺƞŅěŃŏĸŊŗŀĬĨńĺĔĶŀĚȮ&filter) œĮ

ħƟĺĵȮStep ŏĪƞŅœĶŏıŊŗŀĸħĴŇĨŇĕŀĚĳŅıȮŒĬĝńŘĬȮDropout Layer ĴňĕĬŅħȮ.,1ȮĝƞĺĵĸħȮOverfitting őħĵ

ĔŅĶĽŋƞĴĮƕħĭŅĚĽƞĺĬĕŀĚőėĶĚĕƞŅĵŒĬŐĨƞĸŃĶŀĭĔŅĶİƗĔȮĨŅĴħƟĺĵĝńŘĬȮconvolutional ĪňŗĴňȮkernel ĕĬŅħ

3x3ȮěŜŅĬĺĬȮFilters: /4ȮĨŅĴħƟĺĵĝńŘĬȮMaxPooling ŏĝƞĬŏħŇĴȮŐĸŃŏıŇŗĴȮDropout(.,1'ȮŀňĔėĶńŘĚȮĨŅĴ

ħƟĺĵȮBatch Normalization Layer ĝƞĺĵŒĬĔŅĶĮĶńĭėƞŅĕńŘĬĽŋħĪƟŅĵĔƞŀĬŏĕƟŅĝńŘĬȮoutput layer ŐĸŃĝńŘĬȮ
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Activation Function: Tanh ŒĝƟŒĬĔŅĶĶĺĴėŋĦĸńĔļĦŃĪňŗœħƟěŅĔĳŅıŏĕƟŅħƟĺĵĔńĬȮĞŉŗĚȮsub-network 

ŀňĔĨńĺőėĶĚĽĩŅĮƤĨĵĔĶĶĴĔŖŏľĴŊŀĬĔńĬĨŅĴĪňŗŀīŇĭŅĵĕƟŅĚĨƟĬȮěŅĔĬńŘĬĬŜŅȮsub-network 0ȮĨńĺȮėŜŅĬĺĦ

ĶŃĵŃľƞŅĚȮĨƞŀœĮ 

ĝńŘĬĺńħĶŃĵŃľƞŅĚȮ&Distance Layer): ľĸńĚěŅĔĪňŗŏėĶŊŀĕƞŅĵĵƞŀĵĽĔńħėŋĦĸńĔļĦŃěŅĔȮsub-

network 0ȮĨńĺȮsub-network ĨńĺŐĶĔȮ/ȮĳŅıȮĨńĺȮ0ȮŀňĔȮ/ȮĳŅıȮĴŅėŌƞĔńĬėŋĦĸńĔļĦŃĪňŗœħƟěŃĩŌĔĬŜŅœĮŒĝƟ

ŒĬĔŅĶėŜŅĬĺĦĶŃĵŃľƞŅĚȮĚŅĬĺŇěńĵĬňŘĴňĔŅĶŒĝƟŏĪėĬŇėĔŅĶĺńħĶŃĵŃľƞŅĚŐĭĭȮEuclidean ĞŉŗĚŏĮƦĬĲƤĚĔƢĝńĬ

ŏıŊŗŀėŜŅĬĺĦĶŃĵŃľƞŅĚĶŃľĺƞŅĚŏĺĔŏĨŀĶƢėŋĦĸńĔļĦŃĕŀĚĳŅıěŅĔŏėĶŊŀĕƞŅĵĵƞŀĵĪňŗŐĭƞĚĮƤĬĬŘŜŅľĬńĔĔńĬȮ

őħĵĝńŘĬĽŋħĪƟŅĵȮDense Layer (Output Layer) ĕŀĚŐĭĭěŜŅĸŀĚěŃĴňȮ/Ȯneurons ŐĸŃŒĝƟȮactivate 

function  ėŊŀȮȮsigmoild ŏıŊŗŀĽĶŋĮėƞŅĶŃĵŃľƞŅĚŏĺĔŏĨŀĶƢŒľƟĴňėƞŅĶŃľĺƞŅĚȮ.ȮůȮ/ȮŒĬĔŅĶĶĺĴĕƟŀĴŌĸŐĸŃ

ĪŜŅĔŅĶĨńħĽŇĬŒěĺƞŅĳŅıĪńŘĚĽŀĚĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĬĴŅĔĬƟŀĵŐėƞœľĬȮĪŜŅŒľƟŏėĶŊŀĕƞŅĵĽŅĴŅĶĩŐĵĔŐĵŃ

ėĺŅĴėĸƟŅĵėĸŉĚŐĸŃėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚėŌƞĳŅıȮĞŉŗĚŏĮƦĬĔŋĠŐěĽŜŅėńĠŒĬĚŅĬěŜŅŐĬĔŐĸŃĔŅĶĨĶĺěěńĭ

ėĺŅĴŏľĴŊŀĬ 

4. ĽĶƟŅĚőĴŏħĸ8 őĴŏħĸȮSiamese įŌƟĺŇěńĵĽĶƟŅĚĕŉŘĬőħĵĔŅĶŒĝƟȮAPI ĕŀĚȮKeras ĪňŗŏĮƦĬȮ

Functional API ĞŉŗĚĝƞĺĵŒľƟĽŅĴŅĶĩĔŜŅľĬħőĴŏħĸĪňŗĴňŏĽƟĬĪŅĚĔŅĶŏĶňĵĬĶŌƟľĸŅĵŏĽƟĬĪŅĚœħƟȮĔŅĶĔŜŅľĬħ

őĴŏħĸħƟĺĵĺŇīňĬňŘĝƞĺĵŒľƟĽŅĴŅĶĩĽĶƟŅĚŏėĶŊŀĕƞŅĵĪňŗĴňĔŅĶŐĭƞĚĮƤĬĬŘŜŅľĬńĔŀĵƞŅĚŏĮƦĬĶŃĭĭŐĸŃĔŜŅľĬħĝńŘĬĺńħ

ĶŃĵŃľƞŅĚĪňŗŏĝŊŗŀĴĨƞŀėŋĦĸńĔļĦŃĕŀĚėŌƞĳŅıŏĕƟŅħƟĺĵĔńĬ 

5. ĔĶŃĭĺĬĔŅĶİƗĔŀĭĶĴ: őĴŏħĸœħƟĶńĭĔŅĶİƗĔİĬħƟĺĵĝŋħĕƟŀĴŌĸĪňŗĴňĳŅıėŌƞŐĸŃȮlabel Īňŗ

ĽŀħėĸƟŀĚĔńĬȮŒĬĶŃľĺƞŅĚĔŅĶİƗĔŀĭĶĴőĴŏħĸœħƟŏĶňĵĬĶŌƟŏıŊŗŀĸħĶŃĵŃľƞŅĚȮ&feature distance) ĕŀĚėŌƞ

ĳŅıĪňŗŏľĴŊŀĬĔńĬŐĸŃŏıŇŗĴĶŃĵŃľƞŅĚĕŀĚėŌƞĳŅıĪňŗĨƞŅĚĔńĬȮİƗĔĽŀĬŐĭĭěŜŅĸŀĚħƟĺĵȮ200 epoch őħĵŒĝƟȮ

Adam optimizer ŏĮƦĬŏėĶŊŗŀĚĴŊŀŒĬĔŅĶĮĶńĭĮĶŋĚĬŘŜŅľĬńĔőĴŏħĸ 

6. ĔŅĶĮĶŃŏĴŇĬįĸ: ľĸńĚěŅĔĔĶŃĭĺĬĔŅĶİƗĔŀĭĶĴ őĴŏħĸĩŌĔĪħĽŀĭħƟĺĵĝŋħĕƟŀĴŌĸĪħĽŀĭĪňŗ

œĴƞœħƟŒĝƟŒĬĕńŘĬĨŀĬĔŅĶİƗĔŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĔŅĶěŜŅŐĬĔȮĮĶŃĽŇĪīŇĳŅıĕŀĚőĴŏħĸĩŌĔĺńħěŅĔȮ

metrics ľĸńĔŕȮŀĵƞŅĚ Accuracy, Precision, Recall ŐĸŃȮF1-Score įĸĸńıīƢŏľĸƞŅĬňŘĴňĭĪĭŅĪĽŜŅėńĠ

ŒĬĔŅĶŏĕƟŅŒěėĺŅĴĽŅĴŅĶĩĕŀĚőĴŏħĸŒĬĔŅĶěŜŅŐĬĔĸĺħĸŅĵŐĸŃĶŌĮĪĶĚĪňŗĞńĭĞƟŀĬĕŀĚĔƟĬĩƟĺĵőĭĶŅĦ 

ĮĶńĭŐĨƞĚőĴŏħĸľĶŊŀĕƟŀĴŌĸİƗĔŏıŊŗŀŏıŇŗĴĮĶŃĽŇĪīŇĳŅı ĪŜŅĞŘŜŅĕńŘĬĨŀĬĪħĸŀĚŐĸŃĮĶŃŏĴŇĬŏıŊŗŀŒľƟœħƟőĴŏħĸ

ĪňŗĴňĮĶŃĽŇĪīŇĳŅıĽŌĚ 
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4.2.3 ĔŅĶŒĝƟĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶėƟĬėŊĬ 
 ĚŅĬĺŇěńĵĬňŘœħƟĪŜŅĔŅĶĪħĸŀĚĽĶƟŅĚŐĭĭěŜŅĸŀĚĽŜŅľĶńĭĔŅĶŒĝƟĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶėƟĬėŊĬőħĵ
ĬŜŅŐĭĭěŜŅĸŀĚőėĶĚĕƞŅĵĮĶŃĽŅĪŏĪňĵĴŐĭĭėŀĬőĺĸŌĝńĬŏĝŇĚĸŉĔĪňŗĴňĮĶŃĽŇĪīŇĳŅıħňĪňŗĽŋħŐĸŃŏľĴŅŃĽĴĔńĭ
ĝŋħĕƟŀĴŌĸĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮSILPA CMC_dataset/ȮěŅĔĔŅĶĪħĸŀĚȮ4.2.1 ĴŅŒĝƟ
őħĵěŃœħƟįĸĸńıīƢěŅĔȮCNN ėŊŀėƞŅėĺŅĴĬƞŅěŃŏĮƦĬĕŀĚŐĭĭěŜŅĸŀĚĳŅıĴŅľŅ Weighted AverageȮĔńĭ
ėƞŅėĺŅĴėĸƟŅĵėĸŉĚĕŀĚĮĶŃőĵėľĶŊŀĕƟŀėĺŅĴěŅĔŏĪėĬŇėȮSent0VecȮĞŉŗĚěŃœħƟėƞŅėĺŅĴĬƞŅěŃŏĮƦĬŏĜĸňŗĵ
ĕŀĚĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶėƟĬėŊĬ ĔĶŃĭĺĦĔŅĶĽĶƟŅĚPototype  Multisearch ħńĚĔĸƞŅĺĬňŘěŃ
ŐĭƞĚŏĮƦĬȮ0ȮĽƞĺĬȮœħƟŐĔƞĽƞĺĬĕŀĚĶŌĮĳŅıȮŐĸŃĽƞĺĬĕŀĚĕƟŀėĺŅĴȮĔƞŀĬĪňŗěŃĬŜŅĪńŘĚȮ0ȮĽƞĺĬȮĴŅľŅȮ

Weighted Average ĔńĬ ŐĽħĚħńĚ 

ĳŅıĪňŗȮ45Ȯ 

 ŒĬĽƞĺĬĕŀĚĶŌĮĳŅıȮImage input ŒĝƟĝŋħĕƟŀĴŌĸȮtest ĕŀĚȮSILPA CMC_dataset/ȮĪŜŅȮ

Prepare Data ŏĝƞĬŏħňĵĺĔńĬĔńĭĨŀĬŏĪĶĬĕƟŀĴŌĸŒĬĔŅĶĪħĸŀĚ 2,0,/ȮȮŐĸƟĺĬŜŅŏĕƟŅĪŜŅĬŅĵőħĵȮmodel 

ĪňŗħňĪňŗĽŋħěŅĔĔŅĶĪħĸŀĚĪňŗ 2,0,/ȮȮėŊŀȮȮDensenet/47ȮěŅĔĬńŘĬěŃœħƟėƞŅėĺŅĴĬƞŅěŃŏĮƦĬĕŀĚĳŅıȮŒĬŐĨƞ

ĸŃėĸŅĽĴŅȮŏĨĶňĵĴľŅȮWeighted Average ĔńĭĽƞĺĬĕŀĚĕƟŀėĺŅĴĨƞŀœĮ 

ŒĬĽƞĺĬĕŀĚĕƟŀėĺŅĴ Text input ĴňȮ2 input ėŊŀŒĝƟĝŋħĕƟŀĴŌĸȮSILPA CMCtext_dataset ŐĸŃȮ

ĝŋħĕƟŀĴŌĸĪħĽŀĭȮěŅĔĬńŘĬĪŜŅȮprepare data őħĵĔŅĶĪŜŅȮdata cleansing ŐĸŃŒĝƟȮpythainlp ŒĬĔŅĶ

ĨńħėŜŅȮěŅĔĬńŘĬĬŜŅĪńŘĚȮ0Ȯinput ĴŅľŅėƞŅėĺŅĴėĸƟŅĵėĸŉĚĕŀĚĕƟŀėĺŅĴĔńĬȮőħĵĔŅĶŒĝƟȮsent0vec ĪŜŅȮ

sentense ŒľƟŏĮƦĬŏĺĔŏĨŀĶƢőħĵŒĝƟȮBert Embedding ŏĮƦĬȮPretrained őħĵŒĝƟȮpretrainedȮweight 

ěŅĔȮdistilbert-base-multilingual-cased ŏĮƦĬĔŅĶėŜŅĬĺĦľŅėƞŅėĺŅĴėĸƟŅĵėĸŉĚĔńĬĕŀĚĕƟŀėĺŅĴĪňŗ

įŌƟŒĝƟĶŃĭŋŏĕƟŅĴŅȮĔńĭĝŋħĕƟŀĴŌĸȮSILPA CMCtext_dataset ĪňŗįŌƟĺŇěńĵŏĔŖĭĶĺĭĶĺĴĴŅŒľĴƞȮȮĞŉŗĚŏŀŅėŜŅĴŅěŅĔ

ĶŅĵĚŅĬĔŅĶħŜŅŏĬŇĬĚŅĬĪŅĚőĭĶŅĦėħňŐľĸƞĚŏĨŅĪŋŏĶňĵĚŏĴŊŀĚŏĔƞŅĽŋőĕĪńĵȮĮƖĚĭĮĶŃĴŅĦȮ0337+034.Ȯ

&ŏįĵŐıĶƞ'ȮĪňŗĬńĔőĭĶŅĦėħňœħƟĭĶĶĵŅĵőĭĶŅĦĺńĨĩŋœĺƟĶƞĺĴĔńĭėŜŅĬŇĵŅĴŒĬĔŅĶĔŜŅľĬħĝŊŗŀĸĺħĸŅĵȮħńĚĪňŗ

ĔĸƞŅĺĴŅŐĸƟĺŒĬľńĺĕƟŀȮ4.1.3ȮěŅĔĬńŘĬĔŖěŃœħƟŏĺĔŏĨŀĶƢėĺŅĴėĸƟŅĵėĸŉĚĴŅĞŉŗĚėƞŅĬƟŀĵŐĽħĚĺƞŅĶŃĵŃŒĔĸƟĔńĬȮ

ěŉĚĨƟŀĚŐĮĸĚŒľƟŏĮƦĬėƞŅėĺŅĴĬƞŅěŃŏĮƦĬőħĵĔŅĶĬŜŅœĮĸĭĔńĭȮ/ȮŏĝƞĬȮĩƟŅŏĮƦĬėƞŅĪňŗĴňėĺŅĴėĸƟŅĵėĸŉĚĪňŗĽŋħėŊŀ

ľƞŅĚĔńĬŐėƞȮ.,.0ȮĔŖěŃœħƟėƞŅėĺŅĴĬƞŅěŃŏĮƦĬȮ.,76ȮŒĬĔŅĶĨŀĭėĸŅĽĬňŘ 

ľĸńĚěŅĔœħƟėƞŅėĺŅĴėĸƟŅĵėĸŉĚŐĸƟĺıĭĺƞŅȮĝŋħĕƟŀĴŌĸėŜŅĭĶĶĵŅĵĪňŗŏĔŖĭĶĺĭĶĺĴĴŅĬńŘĬĴňėƞŅ

ŒĔĸƟŏėňĵĚĔńĬȮŏĬŊŗŀĚěŅĔŏĮƦĬėŜŅĭĶĶĵŅĵĪŅĚőĭĶŅĦėħňŏľĴŊŀĬĔńĬȮĴňĶŌĮŐĭĭŒĬĔŅĶĭĶĶĵŅĵėĸƟŅĵŕĔńĬȮ
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ŏĝƞĬȮĪŋĔėĸŅĽĨƟŀĚĭŀĔŐľĸƞĚŏĨŅȮĭŀĔŀŅĵŋȮĭŀĔĸńĔļĦŃȮĪŜŅŒľƟįĸĸńıīƢĔŅĶėƟĬľŅĪŜŅœħƟœĴƞħň 

įŌƟĺŇěńĵěŉĚĨƟŀĚĔŅĶŏıŇŗĴėƞŅȮWeight ŒľƟĔńĭįĸĸńıīƢěŅĔȮSent0Vec őħĵěŅĔįĸĔŅĶĻŉĔļŅĚŅĬĺŇěńĵĕŀĚ Allot 

et al., [46] ŒĝƟŏĪėĬŇėľĸŅĵŀĵƞŅĚŒĬĔŅĶėƟĬľŅŐĸŃħŉĚĕƟŀĴŌĸĶŃħńĭĮĶŃőĵėěŅĔŏŀĔĽŅĶĪŅĚĔŅĶŐıĪĵƢȮĞŉŗĚ

įĸĔŅĶĪħĸŀĚĮĶŅĔġĺƞŅĔŅĶŒĝƟȮsent0vec + IDF ĴňĮĶŃĽŇĪīŇĳŅıħňĪňŗĽŋħŒĬĔŅĶėƟĬľŅĕƟŀĴŌĸȮįŌƟĺŇěńĵěŉĚŏıŇŗĴȮ

IDF (Inverse  Document Frequency)  ěŅĔĝŋħĕƟŀĴŌĸȮSILPA CMC_dataset/ȮħńĚĽĴĔŅĶĪňŗȮ4ȮȮŐĸŃ

ĶĺĴįĸĸńıīƢŏĕƟŅĔńĭȮsent0vec ħƟĺĵĺŇīňĔŅĶėŌĦįĸĸńıīƢĪńŘĚĽŀĚȮħńĚĽĴĔŅĶĪňŗȮ5ȮěŅĔĬńŘĬěŃĪŜŅŒľƟėƞŅŏĺĔŏĨŀĶƢ

œĴƞŏĔŇĬȮ/ȮŏıŊŗŀŒľƟĽŅĴŅĶĩĬŜŅœĮėŜŅĬĺĦȮWeighted Average ĔńĭįĸĸńıīƢȮCNN œħƟ 

ὍὈὊὸ ÌÏÇ                                                        ĽĴĔŅĶĪňŗȮ4 

őħĵĪňŗ 8 

ὍὈὊὸ  ėƞŅȮIDF ĕŀĚėŜŅȮt 

ὔȮ           ěŜŅĬĺĬŏŀĔĽŅĶĪńŘĚľĴħŒĬĝŋħĕƟŀĴŌĸ 

ὨὪὸ     ěŜŅĬĺĬŏŀĔĽŅĶĪňŗĴňėŜŅȮŷȮĮĶŅĔĢŒĬĝŋħĕƟŀĴŌĸ 

ὡὩὭὫὬὸὩᾨὠὩὧὸέὶὛὩὲὸςὠὩὧ ὍὈὊ                   ĽĴĔŅĶĪňŗ 5 

őħĵĪňŗ 8 

ὡὩὭὫὬὸὩᾨὠὩὧὸέὶȮ  ŏĺĔŏĨŀĶƢĪňŗœħƟĶńĭĔŅĶĮĶńĭĬŘŜŅľĬńĔħƟĺĵȮIDF 

ὛὩὲὸςὠὩὧȮ                   ŏĺĔŏĨŀĶƢĪňŗœħƟěŅĔȮSent2Vec 

ὍὈὊȮ                              ėƞŅȮIDF ĪňŗĩŌĔėŌĦĔńĭȮSent2Vec ŏıŊŗŀĮĶńĭĬŘŜŅľĬńĔĕŀĚėŜŅŒĬŏĺĔŏĨŀĶƢ 

ŒĬĔŅĶėŜŅĬĺĦȮWeighted Average ěŃĪŜŅőħĵĔŅĶĪŜŅȮMultiplicative Fusion ĞŉŗĚěŃĬŜŅŏĴĪ

ĶŇĔĞƢįĸĸńıīƢȮĔŅĶěŜŅŐĬĔĶŌĮĳŅıěŅĔȮCNN ĴŅėŌĦħƟĺĵŏĴĪĶŇĔĞƢėƞŅėĺŅĴėĸƟŅĵėĸŉĚĪňŗœħƟěŅĔȮSent0Vec 

ħńĚĽĴĔŅĶĪňŗȮ6ȮĞŉŗĚĺŇīňħńĚĔĸƞŅĺŏĮƦĬĔŅĶĶĺĴįĸĸńıīƢĪňŗĬŜŅŏĽĬŀȮŒĬĚŅĬĺŇěńĵĕŀĚ JayaLakshmi et al.,ȮY25[ 

ĞŉŗĚĴňĔŅĶŒĝƟĕƟŀĴŌĸĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶĺŇŏėĶŅŃľƢŐĸŃĪŜŅĬŅĵĔŅĶěŜŅŐĬĔĕƟŀĴŌĸĪňŗŏĔňŗĵĺĕƟŀĚĔńĭĳńĵıŇĭńĨŇ

ĭĬŐıĸĨĲŀĶƢĴőĞŏĝňĵĸĴňŏħňĵĪĺŇĨŏĨŀĶƢȮőħĵľĸńĚěŅĔĪŜŅȮMultiplicative Fusion ŐĸƟĺěŉĚœħƟŏĴĪĶŇĔĞƢ

įĸĸńıīƢĶĺĴĕŀĚĔŅĶěŜŅŐĬĔĸĺħĸŅĵĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵħƟĺĵĝŋħĕƟŀĴŌĸĶŌĮĳŅıŐĸŃĕƟŀėĺŅĴȮŏıŊŗŀ

ĽĶŋĮįĸĸńıīƢĔŅĶĪŜŅĬŅĵĨƞŀœĮ  

Ὢ Ὢ ἄ ὪȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ      Ȯ                                              ĽĴĔŅĶĪňŗ 6  
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őħĵĪňŗ  

Ὢ   ŏĮƦĬŏĺĔŏĨŀĶƢĲƖŏěŀĶƢěŅĔŐľĸƞĚĕƟŀĴŌĸĪňŗľĬŉŗĚȮ&ŏĝƞĬȮőĴŏħĸȮCNN ĽŜŅľĶńĭĶŌĮĳŅı' 

Ὢ   ŏĮƦĬŏĺĔŏĨŀĶƢĲƕŏěŀĶƢěŅĔŐľĸƞĚĕƟŀĴŌĸĪňŗĽŀĚȮ&ŏĝƞĬȮőĴŏħĸİƤĚĕƟŀėĺŅĴŏĝƞĬȮword0vec) 

 ἄ   ľĴŅĵĩŉĚĔŅĶėŌĦŏĝŇĚŀĚėƢĮĶŃĔŀĭȮ&element-wise multiplication) 

ŒĬĽƞĺĬĕŀĚĔŅĶĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıŐĭĭěŜŅĸŀĚĽŜŅľĶńĭĔŅĶŒĝƟĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶėƟĬ

ėŊĬĸĺħĸŅĵĪňŗĨĶĚĔĸŅĚŏėĶŊŗŀĚĩƟĺĵĽŋőĕĪńĵȮįŌƟĺŇěńĵœħƟĽĶƟŅĚĝŋħĕƟŀĴŌĸĪħĽŀĭĕĬŅħŏĸŖĔŏıŊŗŀĪħĽŀĭ

ĮĶŃĽŇĪīŇĳŅıĶŃĭĭħńĚĔĸƞŅĺȮőħĵŏĮƦĬĝŋħĕƟŀĴŌĸĪňŗĬŜŅĶŌĮĳŅıĴŅěŅĔĝŋħĕƟŀĴŌĸĪħĽŀĭȮ&Test Set) ěŅĔ

ĝŋħĕƟŀĴŌĸȮSILPA CMC_dataset/ȮőħĵĽŋƞĴľĵŇĭĶŌĮĳŅıŐĨƞĸŃėĸŅĽĴŅȮėĸŅĽĸŃȮ0ȮĶŌĮȮĪŜŅŒľƟĝŋħĕƟŀĴŌĸ

ĽŜŅľĶńĭĪŜŅĔŅĶĪħĸŀĚĬňŘĴňĪńŘĚľĴħȮ44ȮĶŌĮȮőħĵŐĨƞĸŃĶŌĮįŌƟĺŇěńĵěŃŒĽƞĕƟŀėĺŅĴĪňŗŏĮƦĬėŜŅėƟĬŏĕƟŅœĮħƟĺĵȮ

ĶƞĺĴĔńĭįĸŏĜĸĵŏıŊŗŀĮĶŃŏĴŇĬĮĶŃĽŇĪīŇĳŅıĕŀĚĶŃĭĭĔŅĶėƟĬėŊĬħńĚĔĸƞŅĺȮħńĚŐĽħĚŒĬĳŅıĪňŗȮ44 

 
ĳŅıĪňŗȮ44ȮŐĽħĚĨńĺŀĵƞŅĚĝŋħĕƟŀĴŌĸĪħĽŀĭŐĭĭěŜŅĸŀĚĽŜŅľĶńĭĔŅĶŒĝƟĳŅıŐĸŃĕƟŀėĺŅĴŒĬĔŅĶėƟĬėŊĬ 



 


