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This research aims to develop the effective automatic recyclable waste 
separation system by using convolutional neural network. In this research, there are two 
types of waste, including recyclable waste and non-recyclable waste. A video of throwing 
waste in a garbage bin is fed and proceeded by this system. Then, a notification occurs 
when waste of other types is left in a recyclable garbage bin or recyclable waste is left in 
a non-recyclable garbage bin. In this research, waste used was mainly produced in Thailand 
and a dataset of input video contains litterers' hands in the frame in consistence with actual 
usage. The first step of the system is applying video frame cutting during waste throwing 
and background subtraction to obtain a still image of single waste. Subsequently in the 
second step, six different convolutional neural network models, namely, AlexNet,  VGG16, 
ResNet50, ResNet152, DenseNet121, and SqueezeNet1_1, are used to indentify each type 
of waste. From comparative results, it is found that ResNet152 model was highly accurate 
and provides high efficiency in terms of time and memory consumption. Therefore, 
ResNet152 Model was implemented for the system in this research.  
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บททĊęǰ1ǰ 
บทนĈ 

1.1 คüćöđปŨนöćĒúąđĀตčñúกćøüĉจĆ÷ 

ðŦจจčïĆîðøąđìýĕì÷กĈúĆงกšćüđขšćÿĎŠðŦญĀćข÷ąúšîđöČĂง ǰđîČęĂงจćกกćøข÷ć÷êĆüขĂงชčöชîđöČĂงĒúą
กćøïøĉēõคìĊęđóĉęööćกขċĚî ÿŠงñúĔĀšðøĉöćèข÷ąöĎúòĂ÷ĔîĀúć÷óČĚîìĊęđóĉęööćกขċĚî ĔîðŘǰó.ý. 2561 ðøĉöćè
ข÷ąöĎúòĂ÷đกĉéขċĚîðøąöćèǰ27.8 úšćîêĆîǰซċęงđóĉęöขċĚîøšĂ÷úąǰ1.64 จćกðŘǰó.ý.ǰ2560ǰกćøïøĉĀćøจĆéกćø
ข÷ąöĎúòĂ÷ìĊęëĎกคĆéĒ÷กǰèǰêšîìćงĒúąëĎกîĈกúĆïĕðĔชšðøąē÷ชîŤĕéšöĊđóĊ÷งðøąöćèǰ9.58 úšćîêĆî [1] ÿŠüî
ข÷ąöĎúòĂ÷ìĊęĕöŠëĎกคĆéĒ÷กǰèǰêšîìćงจąîĈÿŠงĕð÷ĆงēøงงćîøĆïซČĚĂข÷ąìĊęคĂ÷คĆéĒ÷กข÷ąĀøČĂìĈกćøìĉĚงĀúčö
òŦงกúïǰจîĕðëċงกćøđñćข÷ąĔîđêćđóČęĂĔĀšĕéšóúĆงงćîĕôôŜćǰกćøจĆéกćøðøĉöćèข÷ąđĀúŠćîĆĚîĕöŠĔชŠìćงĒกšĕข
ðŦญĀćìĊęđĀöćąÿööćกóĂìĊęจąøĆïøĂงðøĉöćèข÷ąìĊęđóĉęöขċĚîǰĂĊกìĆĚง÷ĆงÿŠงñúกøąìïêćööćéšćîöúóĉþìćง
ĂćกćýǰîĚĈĒúąéĉîǰĒĀúŠงóćĀąîĈēøคĒúąìĆýîĊ÷õćóĕöŠÿü÷งćö [2]  จćกกćøýċกþćงćîüĉจĆ÷óùêĉกøøöกćø
จĆéกćøข÷ąöĎúòĂ÷ขĂงðøąชćชîĔîĀúć÷óČĚîìĊęǰ đชŠîǰĂงคŤกćøïøĉĀćøÿŠüîêĈïúüĆéจĆîìøŤǰĂĈđõĂđöČĂงǰ
จĆงĀüĆéóĉþèčēúกǰ[3] ĒúąđìýïćúêĈïúïšćîéŠćîǰĂĈđõĂĂøĆญðøąđìýǰจĆงĀüĆéÿøąĒกšüǰ[4]ǰ ðøąชćกøÿŠüî
ĔĀญŠöĊคüćöđขšćĔจĒúąðฏĉïĆêĉĔîđøČęĂงกćøúéĒúąจĆéกćøข÷ąöĎúòĂ÷öćกìĊęÿčéĂ÷ĎŠĔîøąéĆïðćîกúćงđìŠćîĆĚî 

กćøคĆéĒ÷กข÷ąöĎúòĂ÷đðŨîกćøจĆéกćøข÷ąǰèǰêšîìćงìĊęìĈĕéšงŠć÷ǰēé÷ĒïŠงข÷ąöĎúòĂ÷ĂĂกđðŨîǰ4ǰ

ðøąđõìǰĕéšĒกŠǰ[2] 
1) ข÷ą÷ŠĂ÷ÿúć÷ĀøČĂöĎúòĂ÷÷ŠĂ÷ÿúć÷ǰคČĂǰข÷ąìĊęđîŠćđÿĊ÷Ēúą÷ŠĂ÷ÿúć÷ĕéšđøĘüǰđชŠîǰđýþñĆกǰ

đðúČĂกñúĕöšǰđýþĂćĀćøǰĔïĕöšǰđýþđîČĚĂÿĆêüŤǰ 
2) ข÷ąøĊĕซđคĉúĀøČĂöĎúòĂ÷ทĊę÷ĆงĔชšĕดšǰคČĂǰขĂงđÿĊ÷ïøøจčõĆèæŤǰĀøČĂüĆÿéčđĀúČĂĔชšǰซċęงÿćöćøëîĈ

กúĆïöćĔชšðøąē÷ชîŤĔĀöŠĕéšǰđชŠîǰĒกšüǰกøąéćþǰกøąðŞĂงđคøČęĂงéČęöǰđýþóúćÿêĉกǰđýþēúĀąǰĂúĎöĉđîĊ÷öǰ÷ćง

øë÷îêŤǰกúŠĂงđคøČęĂงéČęöĒïïǰUHT  
3) ข÷ąĂĆนตøć÷ĀøČĂöĎúòĂ÷ĂĆนตøć÷ǰคČĂǰöĎúòĂ÷ìĊęðîđðŚ ŪĂîĀøČĂöĊĂงคŤðøąกĂïขĂงüĆêëčìĊę

กŠĂĔĀšđกĉéñúกøąìïêŠĂคčèõćóÿĉęงĒüéúšĂöǰĀøČĂĂćจìĈĔĀšđกĉéĂĆîêøć÷ĒกŠïčคคúǰÿĆêüŤǰóČชǰĀøČĂìøĆó÷ŤǰđชŠîǰ

ĀúĂéôúĎĂĂđøÿđซîêŤǰëŠćîĕôฉć÷ǰüĆêëčøąđïĉéĕéšǰüĆêëčĕüĕôǰüĆêëčìĊęìĈĔĀšđกĉéēøคǰ 
4) ข÷ąทĆęüĕปĀøČĂöĎúòĂ÷ทĆęüĕปǰคČĂǰข÷ąðøąđõìĂČęîîĂกđĀîČĂจćกข÷ą÷ŠĂ÷ÿúć÷ǰข÷ąøĊĕซđคĉúǰ

Ēúąข÷ąĂĆîêøć÷ǰđชŠîǰĀŠĂóúćÿêĉกĔÿŠขîöǰëčงóúćÿêĉกïøøจčñงซĆกôĂก 
จćกìĊęกúŠćüöćขšćงêšîǰñĎšóĆçîćจċงÿîĔจข÷ąðøąđõìøĊĕซđคĉúĀøČĂข÷ąöĎúòĂ÷ìĊę÷ĆงĔชšĕéšǰđóøćąđðŨî

ข÷ąðøąđõììĊęÿćöćøëîĈกúĆïöćĔชšงćîĔĀöŠĕéšǰúéกćøđกĉéข÷ąìĊęñŠćîกćøĔชšงćîđóĊ÷งคøĆĚงđéĊ÷üǰÿøšćงøć÷ĕéš

ĒúąÿćöćøëìĈกćøคĆéĒ÷กĕéšงŠć÷ǰèǰêšîìćงǰēé÷îĈēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîöćóĆçîćøąïïกćø

คĆéĒ÷กข÷ąøĊĕซđคĉúĀøČĂöĎúòĂ÷ìĊę÷ĆงĔชšĕéšǰèǰêšîìćงǰñĎšóĆçîćđúĘงđĀĘîüŠćëšćĔĀšคîìĆęüĕðđøĊ÷îøĎšจćกกćøìĉĚงข÷ą

ชĉĚîĀîċęงìĊęĕöŠĔชŠข÷ąøĊĕซđคĉúúงëĆงข÷ąøĊĕซđคĉúĒúšüöĊÿĆญญćèĒจšงđêČĂîđóČęĂĔĀšđขćøĆïøĎšüŠćข÷ąชĉĚîìĊęจąìĉĚงúงëĆง

ĕöŠĔชŠข÷ąøĊĕซđคĉúǰìĈĔĀšĕöŠìĉĚงข÷ąชĉĚîîĆĚîúงëĆงข÷ąøĊĕซđคĉúซĚĈĂĊกĔîõć÷ĀúĆงĒúąêøąĀîĆกđóĉęööćกขċĚîĔîกćø

คĆéĒ÷กข÷ąøĊĕซđคĉúชĉĚîêŠĂǰėǰĕðกŠĂîìĉĚงúงëĆงข÷ąǰĔîìćงกúĆïกĆîĀćกคîìĆęüĕðìĉĚงข÷ąøĊĕซđคĉúúงëĆงìĊęĕöŠĔชŠëĆง
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ข÷ąøĊĕซđคĉúกĘจąĕéšøĆïÿĆญญćèĒจšงđêČĂîđชŠîđéĊ÷üกĆîǰĒêŠëšćđðŨîข÷ąøĊĕซđคĉúìĊęëĎกìĉĚงúงëĆงข÷ąøĊĕซđคĉúđคøČęĂง

จąĕöŠÿŠงกćøĒจšงđêČĂîǰคîจąĕöŠđกĉéĂćกćøêกĔจĀøČĂöĊðฏĉกĉøĉ÷ćêŠĂกćøìĉĚงข÷ąøĊĕซđคĉúชĉĚîîĆĚî   ซċęงìĆĚงĀöéìĊę
กúŠćüöćจąชŠü÷ĔĀšคîìĆęüĕðđøĉęöðøĆïđðúĊę÷îóùêĉกøøöกćøìĉĚงข÷ąǰēé÷ÿîĔจกćøคĆéĒ÷กข÷ąøĊĕซđคĉúđóĉęööćก

ขċĚîǰĂĊกìĆĚงÿćöćøëîĈñúúĆóíŤขĂงงćîüĉจĆ÷îĊĚĕðêŠĂ÷ĂéกćøìĈüĉจĆ÷กĆïข÷ąðøąđõìĂČęîǰėǰĒúąîĈĕððøą÷čกêŤ

êŠĂĕéš 
 

1.2 üĆตถčปøąÿงคŤขĂงกćøüĉจĆ÷ 

đóČęĂóĆçîćēðøĒกøöจĈúĂงกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉéšü÷กćøøĆïขšĂöĎúüĉéĊēĂกćøìĉĚงข÷ąđขšćöć
ĒúąĒจšงđêČĂîĀćกöĊกćøìĉĚงข÷ąðøąđõìĂČęîúงëĆงข÷ąøĊĕซđคĉúĒúąìĉĚงข÷ąøĊĕซđคĉúúงëĆงข÷ąðøąđõìĂČęî 
 
1.3 ขĂบđขตกćøüĉจĆ÷ 

1. ข÷ąøĊĕซđคĉúìĊęýċกþćĔîēคøงงćîîĊĚöĊǰ6ǰðøąđõìǰĕéšĒกŠǰĒกšüǰēúĀąǰกøąéćþǰขüéóúćÿêĉกǰกúŠĂง

ĂćĀćøóúćÿêĉกĒúąกúŠĂงđคøČęĂงéČęöĒïïǰUHT ēé÷đกĘïขšĂöĎúõćóìĆĚงĀöéǰ878ǰõćóǰ 
2. øą÷ąïĆîìċกõćóข÷ąðøąöćèǰ40ǰđซîêĉđöêøǰóČĚîĀúĆงขĂงõćóêšĂงđðŨîÿĊđéĊ÷üกĆîĀøČĂ

ĔกúšđคĊ÷งกĆîǰöČĂìĊęจĆïข÷ąĒêŠúąชĉĚîĂćจëĎกïĆîìċกđขšćöćéšü÷  
3. öĊคüćöúąđĂĊ÷éขĂงõćóêĆĚงĒêŠǰ72ǰdpiǰĒúąขîćéขĂงõćóĂ÷ĎŠøąĀüŠćงǰ400x400 จčéõćó Ēúąǰ

2000X2000 จčéõćó 
4. üĉéĊēĂìĊęïĆîìċกöĊคčèõćóĕöŠîšĂ÷กüŠćǰ480pǰĒúąขîćéĕöŠêęĈกüŠć 854×480 จčéõćó øą÷ąđüúć

ขĂงüĉéĊēĂĕöŠđกĉîǰ60ǰîćìĊĒúąจĆงĀüąขèąìĉĚงข÷ąêšĂงĂ÷ĎŠĔîđôøöĕöŠîšĂ÷กüŠćǰ5ǰüĉîćìĊ 
5. øĎðĒïïขĂงกćøĒจšงđêČĂîđðŨîขšĂคüćöõćþćĂĆงกùþĒÿéงñúĂĂกìćงĀîšćจĂ 

 
1.4 ขĆĚนตĂนกćøüĉจĆ÷ 

กćøüĉจĆ÷กćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰöĊขĆĚîêĂîกćøéĈđîĉîกćøéĆงêŠĂĕðîĊĚ 
1.ǰýċกþćคšîคüšćìùþฎĊìĊęđกĊę÷üขšĂงǰ 
2.ǰýċกþćงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงกćøจĈĒîกðøąđõìข÷ąǰ 
3.ǰýċกþćðøąÿĉìíĉõćóคčèúĆกþèąêŠćงǰėǰĒúąขĆĚîêĂîüĉíĊĔîกćøจĈĒîกǰ 
4.ǰĂĂกĒïïĒúąđขĊ÷îēðøĒกøöĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰ 
5.ǰìéÿĂïðøąÿĉìíĉõćóēðøĒกøöĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰ 
6.ǰðøąđöĉîñúĒúąĂõĉðøć÷ñúǰ 
7.ǰจĆéìĈđĂกÿćøǰ 
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1.5 ปøąē÷ชนŤทĊęĕดšøĆบǰ 
1.5.1. ปøąē÷ชนŤดšćนคüćöøĎšĒúąปøąÿบกćøณŤตŠĂนĉÿĉต 

1. ĕéšøĆïคüćöøĎšĒúąคüćöđขšćĔจǰĔîกćøéĈđîĉîกćøóĆçîćøąïï 
2. óĆçîćýĆก÷õćóกćøคĉéüĉđคøćąĀŤǰöĊøąđïĊ÷ïüĉîĆ÷ǰòřกกćøìĈงćîĒïï Pair programmingǰêøง

êŠĂđüúćǰĒúąöĊคüćöøĆïñĉéชĂïêŠĂงćîìĊęìĈ 
3. ĕéšøĆïคüćöøĎšđกĊę÷üกĆïกćøđêøĊ÷öøĎðõćóĒúąüĉéĊēĂǰกćøĒ÷กõćóจćกüĉéĊēĂĔîĒêŠúąđôøö 
4. ĕéšøĆïคüćöøĎšจćกกćøđขĊ÷îēðøĒกøöĒúąกćøóĆçîćøąïïจĈĒîกøĎðõćó 

 
1.5.2. ปøąē÷ชนŤทĊęĕดšจćกēคøงงćนทĊęóĆฒนćขċĚน 

1. ชŠü÷ðøĆïđðúĊę÷îóùêĉกøøöขĂงñĎšคîĔîกćøìĉĚงข÷ąøĊĕซđคĉúĔĀšëĎกêšĂง  
2. ÿŠงđÿøĉöกćøจĆéกćøข÷ąǰèǰêšîìćงđóČęĂúéðŦญĀćกćøกĈจĆéข÷ąìĊęĕöŠđĀöćąÿö 
3. ìĈĔĀšกćøจĆéđกĘïข÷ąøĊĕซđคĉúขĂงđจšćĀîšćìĊęđðŨîĕðĕéšēé÷งŠć÷  

 

1.6 ēคøงÿøšćงขĂงøć÷งćนēด÷ÿĆงđขปǰ 
ïììĊęǰ2ǰกúŠćüëċงĀúĆกกćøĒúąìùþฎĊìĊęđกĊę÷üขšĂงกĆïēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰĒïïจĈúĂง

ชîĉéêŠćงǰėǰขĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰøüöëċงงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงกĆïกćøคĆéĒ÷กข÷ą 
ïììĊęǰ3ǰกúŠćüëċงüĉíĊกćøüĉจĆ÷ĔîกćøĒ÷กข÷ąøĊĕซđคĉúǰซċęงĔîงćîüĉจĆ÷îĊĚจąĒïŠงđðŨîกøąïüîกćøกćøêĆé

đôøöõćóÿĈคĆญĔîüĉéĊēĂขèąìĉĚงข÷ąǰขĆĚîกŠĂîกøąïüîจĈĒîกกúčŠöขšĂöĎúข÷ąđóČęĂúïกćøøïกüîĔîõćóĒúą

กøąïüîกćøจĈĒîกกúčŠöขšĂöĎúข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰēé÷ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰ 
ïììĊęǰ4ǰกúŠćüëċงกøąïüîกćøìéúĂงǰĒúąñúขĂงกćøéĈđîĉîกćøüĉจĆ÷ขĂงēคøงขŠć÷ðøąÿćìĒïïคĂî

ēüúĎชĆîéšü÷ĒïïจĈúĂงชîĉéêŠćงǰėǰÿĈĀøĆïกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰēé÷óĉจćøèćðøąÿĉìíĉõćóขĂงคŠć

คüćöëĎกêšĂงขĂงกćøĒ÷กข÷ąøĊĕซđคĉúǰøüöëċงกćøĂõĉðøć÷ñúกćøìéúĂงǰ 
ïììĊęǰ5ǰกúŠćüëċงกćøÿøčðñúกćøüĉจĆ÷กćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉĒúąขšĂđÿîĂĒîą 

 
 
 
 
 
 
 
 
 
 
 



บททĊęǰ2 
งćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 

ĔîïìîĊĚจąกúŠćüëċงĀúĆกกćøĒúąìùþฎĊìĊęđกĊę÷üขšĂงกĆïกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰøüöëċงงćîüĉจĆ÷
ìĊęđกĊę÷üขšĂงกĆïกćøĒ÷กข÷ąøĊĕซđคĉúǰ 

 
2.1 ĀúĆกกćøĒúąทùþฎĊทĊęđกĊę÷üขšĂง 

2.1.1. กćøÿøšćงตĆüจĈĒนกดšü÷ēคøงขŠć÷ปøąÿćทĒบบคĂนēüúĎชĆน 

งćîüĉจĆ÷îĊĚǰÿîĔจýċกþćüĉíĊĔîกćøคĆéĒ÷กðøąđõìข÷ąøĊĕซđคĉúǰéšü÷ēคøงขŠć÷ðøąÿćì
ĒïïคĂîēüúĎชĆîǰ(Convolutional Neural Networks: CNN)ǰซċęงöĊøć÷úąđĂĊ÷ééĆงêŠĂĕðîĊĚ 

 

ēคøงขŠć÷ปøąÿćทĒบบคĂนēüúĎชĆนǰ(Convolutional Neural Networks: CNN) 
ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîđðŨîēคøงขŠć÷ðøąÿćìđìĊ÷öĀîċęงìĊęöĊกćøóĆçîćđóČęĂ

ĒกšĕขðŦญĀćǰēé÷ĕéšĒøงïĆîéćúĔจจćกøąïïðøąÿćììćงชĊüõćóǰđชŠîǰÿöĂงขĂงöîčþ÷Ťǰǰēé÷
ìĊęจąจĈúĂงกćøöĂงđĀĘîขĂงöîčþ÷ŤìĊęöĂงóČĚîìĊęđðŨîìĊę÷ŠĂ÷ǰėǰĒúąîĈกúčŠöขĂงóČĚîìĊę÷ŠĂ÷ǰėǰöć
ñÿćîกĆîǰđóČęĂøĆïøĎšüŠćÿĉęงìĊęđĀĘîĂ÷ĎŠđðŨîĂąĕøǰ[5]ǰซċęงđìคîĉคìĆĚงĀöéóĆçîćöćจćกēคøงขŠć÷
ðøąÿćìđìĊ÷öǰ(Artificial Neural Networks: ANNs)ǰéĆงõćóìĊęǰ2.1ǰ 

 

 

 

 

 

 

 

 

 

 

 

õćóทĊęǰ2.1ǰēคøงขŠć÷ปøąÿćทđทĊ÷ö  

กćøìĈงćîขĂงēคøงขŠć÷ðøąÿćìđìĊ÷öǰ[6]ǰđöČęĂขšĂöĎúîĈđขšćĔîøĎðขĂงđüกđêĂøŤĀúć÷
öĉêĉจćกชĆĚîîĈđขšćǰ(input Layer)ǰîĈÿŠงđóČęĂðøąöüúñúĔîชĆĚîซŠĂî (hidden layer) ĒúąîĈ
คŠćìĊęĕéšÿŠงĕððøąöüúñúêŠĂĔîชĆĚîÿŠงĂĂกǰ(output layer)ǰđóČęĂĒÿéงñúúĆóíŤǰĀćกĔชšชĆĚîซŠĂîǰ
(hidden layer) Āúć÷ชĆĚîซšĂîกĆîđøĊ÷กüŠćกćøđøĊ÷îøĎšđชĉงúċก (deep learning)ǰ 

ชĆĚนขšĂöĎúนĈđขšć ชĆĚนซŠĂน ชĆĚนขšĂöĎúÿŠงĂĂก 

ขšĂöĎúÿŠงĂĂก 

ขšĂöĎúîĈđขšćǰ1 

ขšĂöĎúîĈđขšćǰ2 

ขšĂöĎúîĈđขšćǰ3 

ขšĂöĎúîĈđขšćǰ4 
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กøąïüîกćøđøĊ÷îøĎšขĂงĒïïจĈúĂงÿĈĀøĆïกćøðøąöüúñúĒïŠงĂĂกĕéšÿĂงúĆกþèą
ĕéšĒกŠǰกćøđøĊ÷îøĎ šĒïïöĊñĎ šÿĂî(Supervised Learning) ĒúąกćøđøĊ÷îøĎ šĒïïĕöŠöĊñĎ šÿĂî
(Unsupervised Learning)ǰ 

กćøđøĊ÷îøĎšĒïïöĊñĎšÿĂîǰ(Supervised Learning)ǰคČĂǰกćøđøĊ÷îøĎšìĊęìøćïđðŜćĀöć÷ขĂง
ขšĂöĎúîĈđขšćĂ÷ĎŠกŠĂîĒúšüǰซċęงกćøÿĂîǰ(training)ǰêšĂงĔชšชčéขšĂöĎúîĈđขšćคĎŠกĆïชčéขšĂöĎúÿŠงĂĂก
ìĊęĒìîđðŜćĀöć÷éĆงกúŠćüǰจčéðøąÿงคŤขĂงกćøđøĊ÷îøĎšĒïïöĊñĎšÿĂîđóČęĂจĈĒîกขšĂöĎúēé÷öĊ
คüćöñĉéóúćéîšĂ÷ìĊęÿčé 

กćøđøĊ÷îøĎšĒïïĕöŠöĊñĎšÿĂî(Unsupervised Learning)ǰĒêกêŠćงกĆïกćøđøĊ÷îøĎšĒïïöĊ
ñĎšÿĂîǰ(Supervised Learning)ǰìĊęĕöŠöĊชčéขšĂöĎúÿŠงĂĂกìĊęกĈĀîéđðŜćĀöć÷ĕüšกŠĂîúŠüงĀîšćǰ
ĒêŠจąĔชšđóČęĂจĆéกúčŠöขšĂöĎúēé÷öĊคŠćขĂงôŦงกŤชĆîคŠćÿĎญđÿĊ÷ǰ(cost function)ǰîšĂ÷ǰกćøจéจĈ
øĎðĒïïìĊęđกĊę÷üขšĂงกĆïõćóöĆกĔชšกćøđøĊ÷îøĎšĒïïĕöŠöĊñĎšÿĂî 

คüćöĒêกêŠćงขĂงēคøงขŠć÷ðøąÿćìđìĊ÷öĒúąēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰ[7] 
คČĂǰēคøงขŠć÷ðøąÿćìđìĊ÷ööĊðøąÿĉìíĉõćóกĆïขšĂöĎúìĊęĕöŠöĊคüćöÿĆöóĆîíŤđชĉงóČĚîìĊęǰÿĈĀøĆï
ขšĂöĎúõćóöĊคüćöจĈđðŨîêšĂงøĆกþćคüćöÿĆöóĆîíŤđชĉงóČĚîìĊęøąĀüŠćงจčéõćóǰ(pixels)ǰขèąĒ÷ก
คčèúĆกþèąขĂงõćóǰéĆงîĆĚîēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîจąĒ÷กคčèúĆกþèąêŠćงǰėǰ
ĂĂกจćกõćóēé÷ĔชšกćøìĈงćîĒïï÷ŠĂÿŠüîõćóĔîขèąìĊę÷ĆงคงคüćöÿĆöóĆîíŤđชĉงóČĚîìĊęêúĂé
กøąïüîกćøÿĂîǰêĆĚงĒêŠêšîจîจïǰĒïïจĈúĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîÿćöćøë
Ē÷กคčèúĆกþèąĂĂกจćกขšĂöĎúîĈđขšćéĆĚงđéĉöĕéšǰēé÷ĔชšêĆüกøĂงìĊęÿćöćøëĒกšĕขขîćéขĂงêĆü
กøĂงĔîกćøĒ÷กคčèúĆกþèąĒïïéšü÷êĆüđĂงĕéšǰǰ 

 
2.1.1.1. ÿถćปŦต÷กøøöขĂงēคøงขŠć÷ปøąÿćทĒบบคĂนēüúĎชĆนǰ (Convolutional 

Neural Networks architecture) 
ēคøงขŠć÷ðøąÿćìĒïïคĂîēüú Ďช Ćîö ĆกĔช šก Ćïข šĂöĎúõćóǰซċ ęงจąÿĂéคúšĂงกĆï

ÿëćðŦê÷กøøöìĊęÿøšćงขċĚîéšü÷กćøกĈĀîéคŠćóćøćöĉđêĂøŤĔĀšđĀöćąÿöกĆïกćøĔชšงćîĒúąชîĉé
ขĂงขšĂöĎúìĊęđฉóćąđจćąจงĕéš [6]ǰēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîðøąกĂïéšü÷ǰđซúúŤ
ðøąÿćììĊęĒïŠงĂĂกđðŨîǰ3ǰöĉêĉǰคČĂǰöĉêĉđชĉงóČĚîìĊęขĂงขšĂöĎúîĈđขšćǰĕéšĒกŠǰคüćöÿĎงĒúąคüćö
กüšćงǰĒúąöĉêĉคüćöúċกǰēé÷คüćöúċกĕöŠĕéšĂšćงĂĉงëċงจĈîüîชĆĚîìĆĚงĀöéขĂงēคøงขŠć÷ðøąÿćì
ĒïïคĂîēüúĎชĆî ĒêŠđðŨîĂĊกöĉêĉขĂงøąéĆïกćøìĈงćîǰซċęงĒêกêŠćงจćกēคøงขŠć÷ðøąÿćìđìĊ÷ö
ìĊęđซúúŤðøąÿćìõć÷ĔîĒêŠúąชĆĚîëĎกกĈĀîéĔĀšđชČęĂöêŠĂกĆïชĆĚîกŠĂîĀîšćđìŠćîĆĚî  

ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîđกĉéจćกกćøđชČęĂöêŠĂขĂงชĆĚîĔĀญŠǰėǰ3ǰชĆĚîǰĕéšĒกŠǰชĆĚî
คĂîēüúĎชĆîǰ(convolutional layers)ǰชĆĚîóĎúúĉęง (pooling layers)ǰĒúąชĆĚîđชČęĂöêŠĂĂ÷Šćง
ÿöïĎøèŤǰ(fully-connected layers)ǰēé÷ìĊęชĆĚîคĂîēüúĎชĆîĒúąชĆĚîóĎúúĉęงÿćöćøëจĆéđøĊ÷ง
ÿúĆïชĆĚîđóČęĂĔĀšĕéšēคøงÿøšćงขĂงĒïïจĈúĂงìĊęĀúćกĀúć÷êćöคüćöêšĂงกćøĔชšงćîǰêćöõćó
ìĊęǰ2.2 éĆงêŠĂĕðîĊĚ 
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õćóทĊęǰ2.2ǰēคøงขŠć÷ปøąÿćทĒบบคĂนēüúĎชĆนĒบบงŠć÷  

2.1.1.1.1. ชĆĚนคĂนēüúĎชĆนǰ 
ชĆĚîคĂîēüúĎชĆî [6]ǰìĈĀîšćìĊęÿกĆéคčèúĆกþèąจćกõćó คüćöóĉđýþขĂงชĆĚî

คĂîēüúĎชĆîǰคČĂǰกćøøĆกþćคüćöÿĆöóĆîíŤđชĉงóČĚîìĊęขĂงจčéõćóǰìĊęĂ÷ĎŠïøĉđüèóČĚîìĊęĔกúšđคĊ÷ง
กĆîđĂćĕüšéšü÷ǰ 

กćøĀćñúคĎèđชĉงÿđกúćøŤǰ (scalar product)ǰøąĀüŠćงõćóขšĂöĎúîĈđขšćกĆïêĆü
êøüจĀćคčèúĆกþèąǰ (Feature Detector) ĀøČĂđคĂøŤđîúǰ (Kernel)  ìĈĔĀšĕéšñĆง
คčèúĆกþèąǰ(Feature Map)ǰéĆงõćóìĊęǰ2.3ǰชĆĚîคĂîēüúĎชĆîìĈĔĀšĕéšñĆงคčèúĆกþèą
จĈîüîöćกǰéĆงõćóìĊęǰ2.4ǰ 

 
õćóทĊęǰ2.3ǰǰกćøÿøšćงñĆงคčณúĆกþณą 

 
ǰõćóทĊęǰ2.4ǰǰÿŠüนปøąกĂบขĂงชĆĚนคĂนēüúĎชĆน 
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ĀúĆงจćกñŠćîชĆĚîคĂîēüúĎชĆîǰÿćöćøëðøĆïชŠüงขĂงขšĂöĎúÿŠงĂĂกĔîĒêŠúąชĆĚîĔĀš
Ă÷ĎŠĔîชŠüงĔกúšกĆîǰซċęงöĊคŠćđฉúĊę÷đðŨîýĎî÷ŤĒúąÿŠüîđïĊę÷งđïîöćêøฐćîđðŨîĀîċęงǰĀøČĂìĊę
đøĊ÷กüŠćǰĒïêชŤîĂøŤöǰ(Batchnorm) ìĈĔĀšÿćöćøëđøĊ÷îøĎšĕéšđøĘüขċĚîĒúąúéกćøüĉđคøćąĀŤ
ìĊęñĎกêĉéกĆïขšĂöĎúîĆĚîǰėǰöćกđกĉîĕðìĊęđøĊ÷กüŠćคüćöóĂđĀöćąđกĉîĕðǰĒïêชŤîĂøŤöìĊęĔชš
øąĀüŠćงชĆĚîคĂîēüúĎชĆîจąđðŨîǰBatchNorm2d ĔîขèąìĊęĒïêชŤîĂøŤöøąĀüŠćงชĆĚîđชĉง
đÿšîจąđðŨîǰBatchNorm1d 

đöČ ęĂĕéšñ Ćงค čèúĆกþèąĒúšüĔĀšðø Ćïé šü÷ôŦงกŤช Ćîกćøกøąêč šîĒïïǰReLU 
(Rectifier Linear Unit)ǰ ēé÷ĔĀšคŠćคüćöชĆîđðŨîǰ1ǰĒúąĕöŠìĈĔĀšđกĉéðŦญĀćกćøĀć÷ĕð
ขĂงêĆüĒðøìĊęĔชšĔîกćøðøĆïคŠćǰ(Gradient Vanishing) êćöÿöกćøìĊęǰ1ǰĒúąõćóìĊęǰ2.5 

 

݂ሺݔሻ ൌ maxሺ0, ሻݔ ൌ  ൜
ݔ ݎ݋݂  0 ൑ 0
൐ ݔ ݎ݋݂  ݔ 0              ሺ1ሻ 

 
ēé÷ìĊę ǰǰǰݔ คČĂǰǰคŠćขĂงขšĂöĎúîĈđขšć 
 

 
õćóทĊęǰ2.5 กøćôôŦงกŤชĆนกøąตčšนĒบบǰReLU 

 
2.1.1.1.2. ชĆĚนóĎúúĉęงǰ 

ชĆ ĚîóĎúúĉ ęงǰคČĂǰôŦงกŤชĆîกćøìĈงćîìĊęúéขîćéđชĉงóČ ĚîìĊę ĔîกćøคĈîüèขĂง
ēคøงขŠć÷ǰĂĊกìĆĚง÷ĆงúéñúกøąìïขĂงคüćöóĂđĀöćąđกĉîĕð ÿŠüîĔĀญŠóĎúúĉęงจąìĈêŠĂ
จćกชĆĚîคĂîēüúĎชĆîĀøČĂïćงกøèĊóĎúúĉęงกĘจĆéĂ÷ĎŠĔîชĆĚîคĂîēüúĎชĆî 

ชĆĚîóĎúúĉęงìĈกćøðøĆïúéขîćéđชĉงóČĚîìĊęēé÷ĔชšกćøéĈđîĉîกćøĂ÷ĎŠǰ2ǰøĎðĒïïǰคČĂǰ
óĎúúĉęงÿĎงÿčéǰ(Max pooling) ĒúąóĎúúĉęงđฉúĊę÷ǰ(Average pooling)ǰǰéĆงõćóìĊęǰ2.6ǰēé÷
ìĆĚงÿĂงöĊคúšć÷คúċงกĆîǰคČĂǰĔชšêĆüกøĂงìĊęđúČĂกคŠćìĊęÿĎงìĊęÿčéĀøČĂđúČĂกคŠćđฉúĊę÷ĔîïøĉđüèìĊę
êĆüกøĂงìćïĂ÷ĎŠöćđðŨîñúúĆóíŤĔĀöŠǰจćกîĆĚîđúČęĂîêĆüกøĂงĕðêćöìĊęกĈĀîéĕüš  
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ǰõćóทĊęǰ2.6ǰǰøĎปĒบบขĂงกćøóĎúúĉęง 

กćøđúČęĂîêĆüกøĂงöĊǰ2ǰøĎðĒïïǰคČĂǰÿĕêøéŤǰ(Stride) ĒúąǰĒóééĉĚงǰ(Padding)ǰ
[8]ǰซċęงÿĕêøéŤđðŨîขîćéกćøđúČęĂîêĆüกøĂงéĆงõćóìĊęǰ2.7ǰกĈĀîéÿĕêøéŤđìŠćกĆïĀîċęงǰĒúą
đคĂøŤđîúขîćéǰ3x3ǰจąĕéšñĆงคčèúĆกþèąขîćéǰ3x3 ซċęงöĊขîćéúéúง ĀćกกĈĀîéคŠć
ขĂงÿĕêøéŤöćกขċĚîéĆงøĎðìĊęǰ2.8ǰซċęงกĈĀîéÿĕêøéŤđìŠćกĆïǰ2ǰĒúąđคĂøŤđîúขîćéǰ3x3ǰจą
ĕéšñĆงคčèúĆกþèąöĊขîćéđúĘกúงกüŠćõćóìĊęǰ2.7ǰĒúąĕéšคčèúĆกþèąìĊęöĊóČĚîìĊęìĆïซšĂîกĆî
îšĂ÷ǰ 

 
õćóทĊęǰ2.7 กćøÿĕตøดŤǰกĈĀนดÿĕตøดŤđทŠćกĆบǰ1ǰđคĂøŤđนúขนćดǰ3x3 

 
õćóทĊęǰ2.8 กćøÿĕตøดŤǰกĈĀนดÿĕตøดŤđทŠćกĆบǰ2ǰđคĂøŤđนúขนćดǰ3x3 
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ÿŠüîĒóééĉĚงđðŨîกćøđóĉęöóČĚîìĊęขĂïîĂกขĂงขšĂöĎúîĈđขšćĒúąîĈöćĔชšĔîกćø
ìćïêĆüกøĂงđóČęĂđกĘïคŠćĕüšĔîñĆงคčèúĆกþèąǰéĆงõćóìĊęǰ2.9ǰēé÷คŠćìĊęđêĉöđขšćöćĔîÿŠüî
óČĚîìĊęขĂïìĊęđóĉęöขċĚîöćĂćจจąđðŨîǰ0ǰĀøČĂคŠćêŠćงǰėǰđóČęĂĔĀšñĆงคčèúĆกþèąìĊęĕéš÷ĆงคงöĊ
ขîćéđìŠćกĆïขšĂöĎúîĈđขšćǰซċęงüĉíĊกćøîĊĚđĀöćąกĆïขšĂöĎúîĈđขšćìĊęđðŨîõćóìĊęđîšîÿŠüîขĂïìĊę
ĔชšĔîกćøêĆéÿĉîĔจจĈĒîกðøąđõìõćóîĆĚî  

 
õćóทĊęǰ2.9ǰกćøđđóดดĉęง ทĊęÿĕตøดŤđทŠćกĆบĀนċęง 

 

2.1.1.1.3. ชĆĚนđชČęĂöตŠĂĂ÷ŠćงÿöบĎøณŤǰ 
ĀúĆงจćกñŠćîชĆĚîคĂîēüúĎชĆîĒúąชĆĚîóĎúúĉęงǰĔîÿŠüîชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤǰ

đðŨîกćøđชČęĂöêŠĂøąĀüŠćงชĆĚîǰēé÷ĀŠĂĀčšöชĆĚîคĂîēüúĎชĆîĒúąชĆĚîóĎúúĉęงđðŨîกúčŠöđéĊ÷üกĆî
đóČęĂđชČęĂöêŠĂกĆïชĆĚîĂČęîǰėǰëĆéĕðìĊęĂ÷ĎŠêĉéกĆîǰซċęงคúšć÷กĆïüĉíĊìĊęđซúúŤðøąÿćìëĎกจĆéđøĊ÷งĔî
øĎðĒïïéĆĚงđéĉöขĂงēคøงขŠć÷ðøąÿćìđìĊ÷ö êćöøĎðǰ2.1ǰ 

ขšĂöĎúÿŠงĂĂกขĂงชĆĚîคĂîēüúĎชĆîĒúąชĆĚîóĎúúĉęงđðŨîđüกđêĂøŤǰ3ǰöĉêĉéĆงìĊęđค÷
กúŠćüกŠĂîĀîšćǰĒêŠĔîชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤĂćจÿŠงขšĂöĎúÿŠงĂĂกđðŨîǰ1ǰöĉêĉǰéĆงîĆĚî
ขšĂöĎúÿŠงĂĂกÿčéìšć÷ĔîชĆĚîóĎúúĉęงìĊęđðŨîđüกđêĂøŤǰ3ǰöĉêĉจąñŠćîกøąïüîกćøìĈĔĀšĒïî
øćïĀøČĂĒôúìđìîǰ(Flatten) đóČęĂìĈĔĀšđüกêĂøŤǰ3ǰöĉêĉöĊกćøđøĊ÷งêĆüĔĀöŠđðŨîĂćøŤđø÷Ťǰ1ǰ
öĉêĉǰéĆงõćóìĊęǰ2.10 

 
ǰõćóทĊęǰ2.10ǰǰĒôúทđทนǰ 



10 
 

2.1.1.2. กćøđøĊ÷นøĎšขĂงĒบบจĈúĂงǰ 
ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîöĊกćøđøĊ÷îøĎšđĀöČĂîēคøงขŠć÷ðøąÿćìđìĊ÷öǰ

(ANNs) ĒïŠงĕéšđðŨîÿĂงขĆĚîêĂîéĆงêŠĂĕðîĊĚ 
 

2.1.1.2.1. กćøĒóøŠกøąจć÷ĕปขšćงĀนšć (Forward Propagation) [9] 
ขšĂöĎúîĈđขšćจąëĎกðŜĂîĔîìĉýìćงĕðขšćงĀîšćĕð÷ĆงชĆĚîซŠĂîǰđóČęĂคĈîüèñú

คĎèÿđกúćøŤกŠĂîñŠćîôŦงกŤชĆîกøąêčšîĒúąÿŠงĂĂกĕð÷ĆงชĆĚîêŠĂĕð éĆงõćóìĊęǰ2.11 

 
õćóทĊęǰ2.11ǰกćøĒóøŠกøąจć÷ĕปขšćงĀนšćǰ(Forward Propagation) 

กćøคĈîüèขšĂöĎúÿŠงĂĂกÿćöćøëìĈĕéšéšü÷ǰคŠćîĚĈĀîĆกǰ(weights)ǰĒúą
ĕïĒĂÿ (bias) éĆงÿöกćøìĊęǰ2 ēé÷กĈĀîéคŠćîĚĈĀîĆกđøĉęöêšîĔîøĂïĒøกขĂงกćøคĈîüè 

 
ܼ ൌ ଵܺ. ଵܹ ൅ ܺଶ. ଶܹ ൅ ܾ                             ሺ2ሻ 

 
ēé÷ìĊę ܼ คČĂǰñúøüöขĂงคŠćîĚĈĀîĆกคĎèขšĂöĎúîĈđขšćĒúąĕïĒĂÿ 
 คČĂǰคŠćขĂงขšĂöĎúîĈđขšć ܺ࢏ 
 คČĂǰคŠćîĚĈĀîĆก  ܹ࢏ 
 ܾ  คČĂǰĕïĒĂÿ 
 
ñúìĊęĕéšĔîÿöกćøìĊęǰ2 îĈĕðñŠćîôŦงกŤชĆîกøąêčšîđóČęĂคĈîüèขšĂöĎúÿŠงĂĂกǰêćö

ÿöกćøìĊęǰ3 
ݐݑ݌ݐݑܱ ൌ  ሺܼሻ                                    ሺ3ሻߪ 

   
ēé÷ìĊę ܼ   คČĂǰǰñúคĎèÿđกúćøŤ 
 V ሺ∙ሻ คČĂǰǰôŦงกŤชĆîกøąêčšî 
 

2.1.1.2.2. กćøĒóøŠกøąจć÷÷šĂนกúĆบǰ(Backward propagation) [9] 
กćøคĈîüèคŠćôŦงกŤชĆîÿĎญđÿĊ÷ขĂงกćøÿĂîĒïïจĈúĂงǰจćกñúøüöขĂงคüćö

ĒêกêŠćงøąĀüŠćงขšĂöĎúÿŠงĂĂกìĊęคĈîüèĕéšจćกĒïïจĈúĂงĒúąđðŜćĀöć÷ìĊęêšĂงกćøจøĉงǰ
êćöÿöกćøìĊęǰ(4) 

1 

2 

ขšĂöĎúîĈđขšćìĊęǰ1 

ขšĂöĎúîĈđขšćìĊęǰ2 
Z ǰǰǰǰǰǰôŦงกŤชĆî

กøąêčšî 

ขšĂöĎúÿŠงĂĂก 

ĕïĒĂÿ 

ଵܹ  

ଶܹ  
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𝐶௞ ൌ  ሺܱݐݑ݌ݐݑ െ ܻሻଶ                          ሺ4ሻ 
 
ēé÷ìĊę  𝐶  ค ČĂǰคüćöĒêกê ŠćงøąĀü Šćงข šĂöĎ úÿ Š งĂĂกขĂง

ĒïïจĈúĂงĒúąđðŜćĀöć÷ìĊęêšĂงกćø÷กกĈúĆงÿĂง 
 k คČĂǰĀöć÷đúขขšĂöĎúÿĂîǰ 
 คČĂǰขšĂöĎúÿŠงĂĂกìĊęคĈîüèĕéšจćกĒïïจĈúĂง  ݐݑ݌ݐݑܱ 
 ܻ  คČĂǰขšĂöĎúÿŠงĂĂกìĊęêšĂงกćø 
 
คŠćÿĎญđÿĊ÷ìĆĚงĀöéขĂงชčéขšĂöĎúÿĂîǰคČĂǰคŠćđฉúĊę÷ขĂงคüćöĒêกêŠćงøąĀüŠćง

ขšĂöĎúÿŠงĂĂกขĂงĒïïจĈúĂงĒúąđðŜćĀöć÷ìĊęêšĂงกćø÷กกĈúĆงÿĂงǰêćöÿöกćøìĊęǰ(5) 
 

𝐶 ൌ  
1
ܰ

෍ 𝐶௞                             ሺ5ሻ 
 
ēé÷ìĊę ܰ  คČĂǰǰจĈîüîขšĂöĎúĔîชčéขšĂöĎúÿĂî 
 
ĀćกêšĂงกćøđóĉęöðøąÿĉìíĉõćóขĂงēคøงขŠć÷ðøąÿćìđìĊ÷öĔîชčéขšĂöĎúÿĂîǰ

ชčéคŠćîĚĈĀîĆกĒúąĕïĒĂÿìĊęđฉóćąกĆïĒïïจĈúĂงซċęงìĈĔĀšคŠćÿĎญđÿĊ÷îšĂ÷ìĊęÿčéจċงđðŨî
ÿĉęงจĈđðŨîǰēé÷ĔชšĒîüคĉéขĂงกฎúĎกēซŠéĆงîĊĚǰ 

 
߲𝐶௞

߲ ଵܹ
ൌ  

߲𝐶௞

ݐݑ݌ݐݑܱ߲
 
ݐݑ݌ݐݑܱ߲

ݖ߲
 

ݖ߲
߲ ଵܹ

 
 

߲𝐶௞

߲ ଶܹ
ൌ  

߲𝐶௞

ݐݑ݌ݐݑܱ߲
 
ݐݑ݌ݐݑܱ߲

ݖ߲
 

ݖ߲
߲ ଶܹ

 
 

߲𝐶௞

߲ܾ
ൌ  

߲𝐶௞

ݐݑ݌ݐݑܱ߲
 
ݐݑ݌ݐݑܱ߲

ݖ߲
 
ݖ߲
߲ܾ

 

 
ēé÷กĈĀîéĔĀš 

߲𝐶௞

ݐݑ݌ݐݑܱ߲
ൌ 2ሺܱݐݑ݌ݐݑ െ ܻሻ 

 
ݐݑ݌ݐݑܱ߲

ݖ߲
ൌ  ሻݖᇱሺߪ 
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ݖ߲
߲ ଵܹ

ൌ 𝐼݊ݐݑ݌ଵ 
 

ݖ߲
߲ ଶܹ

ൌ 𝐼݊ݐݑ݌ଶ 
 

ݖ߲
߲ܾ

ൌ 1 

ĂĆêøćคŠćÿĎญđÿĊ÷đฉúĊę÷đöČęĂđìĊ÷ïกĆïคŠćîĚĈĀîĆกĒøกǰ( ଵܹ) ÿćöćøëคĈîüèĕéš
จćกÿöกćøéšćîúŠćง 

߲𝐶
߲ ଵܹ

ൌ  
1
ܰ

෍
߲𝐶௞

߲ ଵܹ
                          ሺ6ሻ 

ேିଵ

௞ୀ଴

 

จćกîĆĚîคŠćîĚĈĀîĆกĔîĒêŠúąøĂïขĂงกćøòřกòîðøĆïĕéšēé÷ÿöกćøìĊęǰ7ǰéšü÷

ĂĆêøćกćøđøĊ÷îøĎš α  

ଵܹ
ା ൌ  ଵܹ െ ൬ߙ ൈ  

߲𝐶
߲ ଵܹ

൰                    ሺ7ሻ 

 
ĀúĆงจćกìĊęöĊกćøðøĆïคŠćîĚĈĀîĆกĒúšüǰ กøąïüîกćøìĆĚงÿĂงขĆĚîêĂîจąìĈซĚĈ

จîกüŠćจąëċงđงČ ęĂîĕขขĂงกćøĀ÷čéซċ ęงกĈĀîéēé÷จĈîüîøĂïÿĎงÿčéĀøČĂคŠćคüćö
ñĉéóúćéìĊę÷ĂöøĆïĕéš 

 
2.1.1.3. ĒบบจĈúĂงชนĉดตŠćงǰėǰĔนēคøงขŠć÷ปøąÿćทĒบบคĂนēüúĎชĆน 

2.1.1.3.1. ĒบบจĈúĂงǰAlexNet [10]  
ĒïïจĈúĂงǰAlexNet đðŨîĒïïจĈúĂงìĊęđðŨîกćøđøĊ÷îøĎšĒïïēคøงขŠć÷ðøąÿćì

đชĉงúċกǰซċęงðøąกĂïéšü÷ชĆĚîǰ8ǰชĆĚîĔĀญŠǰĒïŠงđðŨîชĆĚîคĂîēüúĎชĆîǰ5ǰชĆĚî ĒúąชĆĚîđชČęĂöêŠĂ
Ă÷ŠćงÿöïĎøèŤǰ3ǰชĆĚîǰชĆĚîìĊęÿćöćøëÿĂîĕéšìĆĚงĀöéจąĔชšôŦงกŤชĆîกćøกøąêčšîǰ ReLu 
÷กđüšîชĆ ĚîđชČ ęĂöêŠĂĂ÷ŠćงÿöïĎøèŤÿ čéìšć÷ìĊ ęĔชšôŦงกŤชĆ îǰsoftmax ÿëćðŦê÷กøøö
ĒïïจĈúĂงǰAlexNet ÷ĆงðøąกĂïéšü÷ชĆĚîóĎúúĉęงĂĊกĀúć÷ชĆĚîĒúąÿćöćøëúéðŦญĀć
คüćöóĂđĀöćąđกĉîĕð éĆงõćóìĊęǰ2.12 

îĂกจćกîĊĚĒïïจĈúĂงǰAlexNet ÷ĆงöĊðŦญĀćกćøĀć÷ĕðขĂงกćøđคúČęĂîúงǰĒêŠ
ðŦญĀćกćøĀć÷ĕðขĂงกćøđคúČęĂîúงĕéšøĆïกćøĒกšĕขēé÷ĒïïจĈúĂงǰResNet ðŦจจčïĆî
ĒïïจĈúĂงǰAlexNetǰ÷ĆงĔชšđðŨîĒïïจĈúĂงêšîĒïïĔîêĆüêĆ ĚงêšîขĂงกćøìĈงćî
คĂöóĉüđêĂøŤüĉìĆýîŤǰ 
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õćóทĊęǰ2.12 ǰÿถćปŦต÷กøøöขĂงĒบบจĈúĂงǰAlexNet 

 
2.1.1.3.2. ĒบบจĈúĂงǰVGG [11] 

ëĎกคĉéคšîēé÷ǰVisual Geometry GroupǰจćกöĀćüĉì÷ćúĆ÷ĂŢĂกซôĂøŤéǰēé÷
ĔชšǰImageNet đðŨîชčéขšĂöĎúìĊęöĊõćóöćกกüŠćǰ15ǰúšćîõćóìĊęöĊðŜć÷กĈกĆïǰ ēé÷จĈîüî
ðøąđõìขĂงõćóöćกëċงǰ22 ,000ǰðøąđõìǰēé÷ëšćĔชšêĆüกøĂงขîćéǰ3x3 จčéõćóǰ
จĈîüîÿĂงชĆĚîจąคøĂïคúčöóČĚîìĊęขîćéǰ5×5ǰจčéõćóǰĒêŠëšćĔชšêĆüกøĂงขîćéǰ3x3 
จčéõćóǰจĈîüîÿćöชĆĚîจąคøĂïคúčöóČĚîìĊęขîćéǰ7×7 จčéõćó éĆงîĆĚîจċงĕöŠจĈđðŨîêšĂง
ĔชšêĆüกøĂงขîćéĔĀญŠ đĀöČĂîǰAlexNet îĂกจćกîĆĚîǰVGG ÷ĆงĔชšóćøćöĉđêĂøŤîšĂ÷กüŠćǰ
ēé÷ĔîǰAlexNet ëšćĔชšêĆüกøĂงขîćéǰ11×11 จčéõćóǰจĈîüîĀîċęงชĆĚîจąĔชšóćøćöĉđêĂøŤǰ
11×11 = 121 êĆüǰขèąìĊęĒïïจĈúĂงǰVGG êĆüกøĂงขîćéǰ3×3 จčéõćóǰจĈîüîĀšćชĆĚî
จąĔชšóćøćöĉđêĂøŤǰ=ǰ3×3×5 = 45ǰêĆüǰซċęงúéúงøšĂ÷úąǰ63ǰขĂงóćøćöĉđêĂøŤ AlexNet 
กćøđøĊ÷îøĎ šóćøćöĉđêĂøŤìĊ ęîšĂ÷úงìĈĔĀšกćøðøąöüúñúđøĘüขċ ĚîĒúąúéðŦญĀćคüćö
óĂđĀöćąđกĉîĕðǰ 

ĒïïจĈúĂงǰVGG öĊĀúć÷úĆกþèąǰëšćกúŠćüëċงĒïïจĈúĂงǰVGG กĘöĆกĀöć÷ëċงǰ
VGG16ǰĒúąǰVGG19ǰซċęงöĊĂĆêøćคüćöñĉéóúćéêęĈกüŠćĒïïจĈúĂงǰVGG êĆüĂČęîǰéĆงõćó
ìĊęǰ2.13 
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õćóทĊęǰ2.13ǰคüćöĒตกตŠćงขĂงēคøงÿøšćงǰVGG  

 
2.1.1.3.3. ĒบบจĈúĂงǰResNet [12] 

ĒïïจĈúĂงǰResNet (Deep Residual Network) ĕéšøĆïคüćöîĉ÷öđðŨîĂ÷Šćง
ÿĎงöćกĔîงćîกćøđøĊ÷îøĎšđชĉงúċกǰงćîüĉจĆ÷ĔĀöŠǰėǰìĊęđกĊę÷üกĆïคĂöóĉüđêĂøŤüĉìĆýîŤ öĆกĔชš
ĒïïจĈúĂงǰResNet đðŨîĒïïจĈúĂงìĊ ęĔชšÿĈĀøĆïÿøšćงคčèúĆกþèąǰจčéđéŠîขĂง
ĒïïจĈúĂงǰResNetǰคČĂǰü ĉí ĊกćøĒกšðŦญĀćđø Č ęĂงǰ กćøĀć÷ĕðขĂงกćøđคúČ ęĂîúงǰ
(Vanishing gradient) ซċęงđกĉéขċĚîกĆïēคøงขŠć÷ìĊęöĊคüćöúċกคŠĂîขšćงöćกǰ 

ขĆ ĚîêĂîü ĉí Ċกćøđคú Č ęĂîúงêćöคüćöช Ćîǰ (Gradient Descent) Ēúąกćø
ĒóøŠกøąจć÷÷šĂîกúĆïǰĔîøąĀüŠćงกćøÿĂîĒïïจĈúĂงจąëĎกĒกšĕขคŠćîĚĈĀîĆกĒúą
ĕïĒĂÿǰǰจćกĂîčóĆîíŤïćงÿŠüîǰ(Partial Derivative) ขĂงôŦงกŤชĆîคŠćÿĎญđÿĊ÷ǰคŠćîĚĈĀîĆก
ĒúąĕïĒĂÿîĆĚîǰėǰĔîìčกǰėǰøĂïขĂงกćøÿĂîĒïïจĈúĂงǰìĈĔĀšøąĀüŠćงกćøÿĂîǰ
Gradient öĊขîćéđúĘกúงđøČęĂ÷ǰėǰจîđìŠćกĆïǰ0ǰìĈĔĀšîĚĈĀîĆกĕöŠëĎกĒกšĕขĂĊกêŠĂĕðǰìĈĔĀš
กćøÿĂîĒïïจĈúĂงĕöŠÿćöćøëìĈงćîêŠĂĕéšǰจċงđøĊ÷กðŦญĀćéĆงกúŠćüüŠćǰกćøĀć÷ĕðขĂง
กćøđคúČęĂîúงǰซċęงÿćöćøëĒกšðŦญĀćîĊĚĕéšéšü÷กćøĔÿŠìćงúĆéǰ(shortcut) úงĔîēคøงขŠć÷ǰ
éĆงõćóìĊęǰ2.14ǰìĊęÿŠงñŠćîคŠćóćøćöĉđêĂøŤǰݔ úĆéชĆĚîขċĚîöćǰĒúšüđĂćĕðïüกกĆïขšĂöĎú
ÿŠงĂĂกชĆĚîìĊęÿćöǰĂ÷ŠćงĕøกĘêćöกćøïüกกĆîĕéšǰขîćéขĂงǰݔ ĒúąขšĂöĎúÿŠงĂĂกชĆĚîìĊęÿćö
êšĂงđìŠćกĆîéšü÷ 
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 õćóทĊęǰ2.14 ǰDeep Residual Network  

2.1.1.3.4. ĒบบจĈúĂงǰDenseNet [13] 
ĒïïจĈúĂงǰDenseNet (Dense Convolutional Network) จčéđéŠîǰคČĂǰกćø

đคúČ ęĂîúงìĊ ęĒขĘงĒกøŠงǰ(Strong Gradient Flow)ǰĔชšóćøćöĉđêĂøŤîšĂ÷ĒúąöĊคüćö
ĒöŠî÷ĈÿĎงđöČęĂđìĊ÷ïกĆïĒïïจĈúĂงǰResNet ēé÷ĒêŠúąชĆĚîĕéšøĆïขšĂöĎúîĈđขšćđóĉęöđêĉö
จćกชĆĚîกŠĂîĀîšćĒúąÿŠงñĆงคčèúĆกþèąĕð÷ĆงชĆĚîìĊęêćööćìĆĚงĀöéǰēé÷กćøđøĊ÷งêŠĂกĆîǰซċęง
ĒêŠúąชĆĚîĕéšøĆïǰ"คüćöøĎšøŠüöกĆîǰ(collective knowledge)"ǰจćกชĆĚîกŠĂîĀîšćìĆĚงĀöéǰ
éĆงõćóìĊęǰ2.15 

 
ǰõćóทĊęǰ2.15ǰǰĒบบจĈúĂงǰDenseNetǰ 

đîČęĂงจćกĒêŠúąชĆĚîĕéšøĆïñĆงคčèúĆกþèąจćกชĆĚîกŠĂîĀîšćìĆĚงĀöéǰđคøČĂขŠć÷Ăćจ
öĊขîćéđúĘกĒúąจĈîüîชŠĂงกćøêĉéêŠĂĂćจîšĂ÷úงǰĂĆêøćกćøđêĉïēêǰ k คČĂจĈîüî
ชŠĂงìćงđóĉęöđêĉöÿĈĀøĆïĒêŠúąชĆĚîǰéĆงõćóìĊęǰ2.16ǰซċęงìĈĔĀšðøąÿĉìíĉõćóĔîðøąöüúñú
ĒúąĀîŠü÷คüćöจĈđóĉęöขċĚîǰ 



16 
 

 
õćóทĊęǰ2.16 ǰĂĆตøćกćøđตĉบēตขĂงǰDenseNet ทĊęĒóøŠกøąจć÷ĕปขšćงĀนšć 

2.1.1.3.5. ĒบบจĈúĂงǰSqueezeNet [14] 
ĒïïจĈúĂงǰSqueezeNet đðŨîēคøงขŠć÷ðøąÿćìđชĉงúċกÿĈĀøĆïคĂöóĉüđêĂøŤüĉ

ìĆýîŤǰกćøĂĂกĒïïĒïïจĈúĂงöĊจčéðøąÿงคŤǰคČĂǰกćøÿøšćงēคøงขŠć÷ðøąÿćìขîćéđúĘก
ìĊęöĊóćøćöĉđêĂøŤîšĂ÷úงǰìĈĔĀšðøąĀ÷ĆéóČĚîìĊęĔîĀîŠü÷คüćöจĈขĂงคĂöóĉüđêĂøŤĒúą
ÿćöćøëÿŠงñŠćîđคøČĂขŠć÷คĂöóĉüđêĂøŤéšü÷ĒïîéŤüĉéìŤǰ(bandwidth)ǰìĊęîšĂ÷กüŠćĕéš 

ขîćéขĂงêĆüกøĂงìĊęĔชšúéúงจćกǰ3×3ǰđðŨîǰ1×1ǰĔîชĆĚîคĂîēüúĎชĆîǰĒúą÷Ćงคง
คüćöĒöŠî÷Ĉõć÷ĔêšóćøćöĉđêĂøŤìĊęจĈกĆéǰēé÷กćøúéขîćéõćóđóČęĂĔĀšชĆĚîคĂîēüúĎชĆîǰöĊ
ñĆงคčèúĆกþèąขîćéĔĀญŠขċĚîǰĒïïจĈúĂงîĊĚĔชšēöéĎúĕôǰ(Fire module) ซċęงðøąกĂïĕð
éšü÷ǰชĆĚîคĂîēüúĎชĆîĒïïïĊïĂĆéǰ(squeeze) ซċęงĔชšêĆüกøĂงขîćéǰ1×1ǰìĊęðŜĂîđขšćĕðĔî
ชĆĚîข÷ć÷ǰ(expand) ìĊęöĊÿŠüîñÿöขĂงêĆüกøĂงขîćéǰ1×1ǰĒúąǰ3×3ǰéĆงõćóìĊęǰ2.17ǰ
đöČęĂชĆĚîïĊïĂĆéǰĔชšêĆüกøĂงขîćéǰ1×1ǰซċęงîšĂ÷กüŠćขîćéขĂงêĆüกøĂงĔîชĆĚîข÷ć÷ซċęงöĊ
ขîćéìĆĚงǰ1×1ǰĒúąǰ3×3ǰจċงÿŠงñúĔĀšóćøćöĉđêĂøŤìĊęĔชšîšĂ÷úง 

 

  
õćóทĊęǰ2.17 ǰēคøงÿøšćงขĂงēöดĎúĕô 
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đöČęĂîĈēöéĎúĕôðøąกĂïกĆîจąĕéšÿëćðŦê÷กøøöขĂงĒïïจĈúĂงǰSqueezeNetǰ
éĆงõćóìĊęǰ2.18 

 

 
ǰõćóทĊęǰ2.18ǰǰēคøงÿøšćงขĂงĒบบจĈúĂง SqueezeNetǰĒตŠúąปøąđõท  

(ซšć÷) Ă÷ŠćงงŠć÷ (กúćง) บć÷óćÿĂ÷ŠćงงŠć÷ǰĒúą(ขüć)ǰบć÷óćÿÿöบĎøณŤ  
 

จćกõćóìĊęǰ2.18ǰĒïïจĈúĂงǰSqueezeNet Ă÷ŠćงงŠć÷คČĂđชČęĂöêŠĂēöéĎúĀúć÷
ēöéĎúđขšćéšü÷กĆîǰĒïïจĈúĂงǰSqueezeNet ïć÷óćÿĂ÷ŠćงงŠć÷คČĂกćøðøą÷čกêŤĔชš
ēคøงÿøšćงขĂงĒïŠงจĈúĂงǰResnet ēé÷ĔîïćงēöéĎúĂćจÿŠงคŠćóćøćöĉđêĂøŤขšćöĕð÷Ćง
ÿĂงēöéĎúëĆéĕðขšćงĀîšćéšü÷ĒúąĒïïจĈúĂงǰSqueezeNet ïć÷óćÿÿöïĎøèŤǰคúšć÷
ĒïïจĈúĂงǰSqueezeNet ïć÷óćÿĂ÷Šćงง Šć÷ĒêŠì čกคø Ć Ěงì Ċ ęñ ŠćîēöéĎúĕôจąÿŠง
คŠćóćøćöĉđêĂøŤขšćöĕð÷ĆงÿĂงēöéĎúëĆéĕðขšćงĀîšćÿúĆïกĆïÿŠงĕð÷ĆงชĆĚîคĂîēüúĎชĆîกŠĂî
ขšćöĕð÷ĆงÿĂงēöéĎúëĆéĕðขšćงĀîšć 

 
2.1.1.4. กćøปøąđöĉนñúēด÷คŠćคüćöถĎกตšĂงǰ(Accuracy) 

กćøðøąđöĉîñúกćøìĈงćîขĂงĒïïจĈúĂงđðŨîÿŠüîìĊęÿĈคĆญđóČęĂïĂกðøąÿĉìíĉõćóขĂง
ĒïïจĈúĂงîĆĚîǰėǰกĆïขšĂöĎúìĊęîĈđขšćĕðìĈกćøđøĊ÷îøĎšǰēé÷ÿŠüîĔĀญŠกćøđøĊ÷îøĎšĔîกćøจĈĒîก
ðøąđõìǰ(Classification)ǰîĉ÷öĔชšคŠćคüćöëĎกêšĂงǰ đóČęĂïĂกðøąÿĉìíĉõćóกćøจĈĒîกðøąđõìǰ
ēé÷îĈคŠćöćจćกđöìøĉกซŤคüćö÷čŠงđĀ÷ĉง (Confusion Matrix) ēé÷ïĂกจĈîüîìĊęêøงกĆîøąĀüŠćง
คüćöđðŨîจøĉงกĆïกćøìĈîć÷ǰéĆงêćøćงìĊęǰ2.1 

 
 



18 
 

ตćøćงทĊęǰ2.1ǰđöทøĉกซŤคüćö÷čŠงđĀ÷ĉงǰ(Confusion Matrix) 
  กćøทĈนć÷ 

  กúčŠöìĊęกĈúĆง

óĉจćøèć 
กúčŠöîĂกđĀîČĂกćø

óĉจćøèć 

คüćöđปŨนจøĉง 

กúčŠöìĊęกĈúĆง

óĉจćøèć TrueǰPositive False Negative 

กúčŠöîĂกđĀîČĂ

กćøóĉจćøèć False Positive True Negative 

 

ēé÷ìĊę True Positive  คČĂǰǰǰǰจĈîüîกćøìĈîć÷êøงกĆïคüćöđðŨîจøĉงĔî
กúčŠöìĊęกĈúĆงóĉจćøèćǰ 

 True Negative  คČĂ จĈîüîคŠćìĊęìĈîć÷êøงกĆïคŠćìĊęđกĉéขċĚîจøĉง
ìĊęîĂกđĀîČĂกúčŠöìĊęกĈúĆงóĉจćøèćǰ 

 False Positive  คČĂ จĈîüîกćøìĈîć÷ĕöŠêøงกĆïคüćöđðŨîจøĉง
ĔîกúčŠöìĊęกĈúĆงóĉจćøèć 

 False Negative  คČĂ จĈîüîคŠćìĈîć÷ĕöŠêøงกĆïคŠćìĊęđกĉéขċĚîจøĉง
ìĊęîĂกđĀîČĂกúčŠöìĊęกĈúĆงóĉจćøèć 

คŠćคüćöëĎกêšĂงÿćöćøëคĈîüèĕéšจćกđöìøĉกซŤคüćö÷čŠงđĀ÷ĉงéšü÷ÿöกćøìĊęǰ8 
 

True Positive ൅ True Negative
True Positive ൅ True Negative ൅ False Positive ൅ False Negative

           ሺ8ሻ 

 
2.2 งćนüĉจĆ÷ทĊęđกĊę÷üขšĂง 

2.2.1ǰǰงćนüĉจĆ÷ทĊęđกĊę÷üขšĂงกĆบกćøĒ÷กข÷ą 

จćกกćøýċกþćóïüŠćöĊงćîüĉจĆ÷Ă÷ĎŠĀúć÷ชĉĚîìĊęđกĊę÷üขšĂงกĆïคĆéĒ÷กðøąđõìข÷ąĒêŠúąðøąđõìǰ
งćîüĉจĆ÷ขĂงǰGeorge E. Sakr Ēúąคèąǰ[15]ǰĕéšคĆéĒ÷กðøąđõìข÷ąēé÷ĂĆêēîöĆêĉđóČęĂจĈĒîกข÷ąǰ3ǰ
ðøąđõìđðŨîǰกøąéćþǰóúćÿêĉกĒúąēúĀąǰéšü÷ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰ(Convolutional 
Neural Networks: CNN) ïîĒïïจĈúĂงǰAlexNet ĒúąซĆóóĂøŤê-đüกđêĂøŤĒöìชĊîǰ (Support 
Vector Machines: SVM) ñúìĊęĕéšĒÿéงĔĀšđĀĘîüŠćซĆóóĂøŤêđüกđêĂøŤĒöìชĊîöĊคüćöëĎกêšĂงĔîกćø
จĈĒîกÿĎงëċงøšĂ÷úąǰ94.8ǰĔîขèąìĊęēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîïîĒïïจĈúĂงǰAlexNet ìĈ
ĕéšđóĊ÷งøšĂ÷úąǰ83ǰ 

งćîüĉจĆ÷ขĂงǰBernardo S. Costa Ēúąคèąǰ[16]ǰคĆéĒ÷กข÷ąจćกขšĂöĎúõćóซċęงĒïŠงđðŨîǰ4ǰ
ðøąđõìǰĕéšĒกŠǰĒกšüǰóúćÿêĉกǰกøąéćþĒúąēúĀąǰēé÷ĔชšêĆüจĈĒîกĕéšĒกŠǰēคøงขŠć÷ðøąÿćìĒïïคĂî
ēüúĎชĆîïîĒïïจĈúĂงǰAlexNet ĒúąĒïïจĈúĂงǰVGG-16ǰซĆóóĂøŤêđüกđêĂøŤĒöìชĊîǰüĉíĊกćøคšîĀć
đóČęĂîïšćîĔกúšÿčéǰk êĆüǰ(K-Nearest Neighbor Algorithm: KNN) ĒúąüĉíĊǰRandom Forest (RF) 
đóČęĂđðøĊ÷ïđìĊ÷ïคüćöëĎกêšĂงǰñúกćøìéúĂงĒÿéงĔĀšđĀĘîüŠćüĉíĊēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîïî
ĒïïจĈúĂงǰVGG-16ǰĔĀšคüćöëĎกêšĂงÿĎงëċงøšĂ÷úąǰ93ǰêćööćéšü÷ĒïïจĈúĂงǰAlexNet üĉíĊกćø
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คšîĀćđóČęĂîïšćîĔกúšÿčéǰk êĆüǰüĉíĊǰRandom Forest ĒúąซĆóóĂøŤêđüกđêĂøŤĒöìชĊîǰซċęงĕéšñúคüćö
ëĎกêšĂงøšĂ÷úąǰ91ǰøšĂ÷úąǰ88ǰøšĂ÷úąǰ85ǰĒúąøšĂ÷úąǰ80ǰêćöúĈéĆïǰ 

งćîüĉจĆ÷ขĂงǰǰCenk Bircanoglu Ēúąคèąǰ[17]ǰคĉéคšîĒïïจĈúĂงจĈĒîกõćóข÷ąĔĀöŠǰēé÷
ĂćýĆ÷ēคøงขŠć÷ðøąÿćìđชĉงúċกǰïîĒïïจĈúĂงìĆ ĚงĀöéǰ7ǰĒïïĕéšĒกŠǰResNet50ǰMobileNet 
InceptionResNetV2ǰDenseNet121ǰDenseNet169ǰDenseNet201ǰĒúąǰXception ĔîøąĀüŠćง
กćøìéÿĂïĕéšöĊกćøðøĆïคŠćĔîĒêŠúąĒïïĔĀšĕéšคŠćคüćöëĎกêšĂงÿĎงÿčéǰēé÷ĒïïจĈúĂงǰ2ǰĒïïìĊęĔĀšคŠć
คüćöëĎกêšĂงÿĎงÿĎéĀúĆงจćกðøĆïคŠćĒúšüคČĂǰDenseNet121ǰĒúąǰInceptionResNetV2ǰìĊ ęคüćö
ëĎกêšĂงøšĂ÷úąǰ95ǰĒúąøšĂ÷úąǰ87ǰêćöúĈéĆïǰจćกîĆĚîîĈìĆĚงÿĂงĒïïöćÿøšćงĒïïจĈúĂงĔĀöŠìĊęชČęĂüŠćǰ
RecycleNet ēé÷ĕéšคŠćคüćöëĎกêšĂงìĊęøšĂ÷úąǰ81ǰขšĂĕéšđðøĊ÷ïขĂงüĉíĊîĊĚǰคČĂǰกćøĔชšìøĆó÷ćกøĀîŠü÷
ðøąöüúñúกúćงĒúąĀîŠü÷ðøąöüúñúéšćîกøćôŗกǰ3ǰöĉêĉêęĈกüŠćĒïïจĈúĂงĂČęîǰėǰĒúąคŠćคüćö
ëĎกêšĂงÿĎงกüŠćǰResNet50ǰĒúąǰMobileNet  

งćîüĉจĆ÷ขĂงǰChutimet Srinilta Ēúąคèąǰ[18]ǰĔชšĒïïจĈúĂงìĊęĒêกêŠćงกĆîขĂงēคøงขŠć÷
ðøąÿćìĒïïคĂîēüúĎชĆîĔîกćøจĈĒîกข÷ąจĈîüîǰ4ǰðøąđõìǰคČĂǰข÷ąìĆęüĕðǰข÷ą÷ŠĂ÷ÿúć÷ǰข÷ąøĊ
ĕซđคĉúǰĒúąข÷ąĂĆîêøć÷ǰēé÷ĒêŠúąðøąđõì÷ĆงöĊøć÷กćøชîĉéข÷ąĂĊกéšü÷ǰซċęงĂćýĆ÷ขšĂöĎúõćóจĈîüîǰ
9,200ǰøĎðǰĒúąĔชšĒïïจĈúĂงขĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîìĆĚงĀöéǰ4ǰĒïïĕéšĒกŠǰVGG-16ǰ
ResNet50ǰMobileNet V2ǰĒúąǰDenseNet121ǰซċęงñúĒÿéงĔĀšđĀĘîüŠćÿćöćøëจĈĒîกข÷ąĕéšêøง
øć÷กćøชîĉéข÷ąĔîĒêŠúąðøąđõìǰēé÷ĒïïจĈúĂงǰResNet50ǰĔĀšคŠćคüćöëĎกêšĂงÿĎงÿčéøšĂ÷úąǰ
91.30ǰÿŠüîĒïïจĈúĂงĂČęîǰėǰĔĀšคŠćคüćöëĎกêšĂงđกĉîøšĂ÷úąǰ80ǰĔîÿŠüîขĂงกćøจĈĒîกðøąđõìข÷ąǰ
ĒïïจĈúĂงìčกĒïïĔĀšคŠćคüćöëĎกêšĂงĂ÷ĎŠøąĀüŠćงøšĂ÷úąǰ87.36ǰëċงøšĂ÷úąǰ94.86ǰēé÷ĒïïจĈúĂงǰ
ResNet50ǰĔĀšคŠćคüćöëĎกêšĂงÿĎงÿčéǰÿŠüîกćøจĈĒîกข÷ąøĊĕซđคĉúǰคŠćคüćöëĎกêšĂงêęĈÿčéĕéšจćก
ĒïïจĈúĂงǰVGG16ǰìĊęøšĂ÷úąǰ52.95 

จćกกćøìïìüîüøøèกøøöĒÿéงĔĀšđĀĘîüŠćกćøĔชšüĉíĊēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰöĊ
คüćöđðŨîĕðĕéšĔîกćøจĈĒîกข÷ąĒêŠúąðøąđõìĕéšĂ÷ŠćงëĎกêšĂงǰñĎ šóĆçîćจċงÿîĔจîĈēคøงขŠć÷
ðøąÿćìĒïïคĂîēüúĎชĆîöćóĆçîćøąïïกćøĒ÷กคĆéข÷ąøĊĕซđคĉúĀøČĂöĎúòĂ÷ìĊ ę÷ ĆงĔชšĕéšĔĀšöĊ
ðøąÿĉìíĉõćóǰēé÷ĔîงćîüĉจĆ÷îĊĚจąĔชšขšĂöĎúîĈđขšćđðŨîõćóüĉéĊēĂìĊęïĆîìċกกćøìĉĚงข÷ąจćกđĀêčกćøèŤจøĉง
ซċ ęงöČĂìĊ ęîĈข÷ąöćìĉ ĚงจąëĎกïĆîìċกđขšćöćéšü÷ǰĒúąข÷ąøĊĕซđคĉúĔîงćîüĉจĆ÷îĊ ĚđðŨîข÷ąøĊĕซđคĉú
õć÷Ĕîðøąđìýĕì÷ǰĀúĆงจćกîĆĚîจąîĈĒïïจĈúĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîĀúć÷Ēïï
đðøĊ÷ïđìĊ÷ïกĆîǰĒúąóĉจćøèćคŠćคüćöëĎกêšĂงĒúąðøąÿĉìíĉõćóขĂงĒïïจĈúĂงđóČęĂđúČĂกĒïïจĈúĂง
ìĊęéĊìĊęÿčéöćĔชšกĆïøąïïคĆéĒ÷กข÷ąìĊęจąóĆçîćขċĚîǰĔîïììĊęǰ3ǰจąกúŠćüëċงüĉíĊกćøüĉจĆ÷êŠĂĕðǰ 

 



บททĊęǰ3 
üĉธĊกćøüĉจĆ÷ 

ĔîïìîĊĚจąกúŠćüëċงüĉíĊกćøüĉจĆ÷กćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉēé÷óĆçîćจćกēคøงขŠć÷ðøąÿćìĒïï
คĂîēüúĎชĆîǰกøąïüîกćøìĈงćîขĂงøąïïĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉĒÿéงéĆงõćóìĊęǰ3.1ǰđøĉęöจćกกćøøĆï
ขšĂöĎúîĈđขšćđðŨîüĉéĊēĂขèąìĉĚงข÷ąǰĒúšüêĆéđôøöõćóÿĈคĆญขèąìĊęöČĂกĈúĆงìĉĚงข÷ąĂ÷ĎŠǰĀúĆงจćกîĆĚîîĈĕðÿĎŠ
ขĆĚîêĂîกŠĂîกøąïüîกćøǰĒúšüจĈĒîกéšü÷ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîđóČęĂĒ÷กข÷ąøĊĕซđคĉúĒúąข÷ą
ðøąđõìĂČęîǰėǰǰ 

 
õćóทĊęǰ3.1 กøąบüนกćøทĈงćนขĂงøąบบĒ÷กข÷ąøĊĕซđคĉúĂĆตēนöĆตĉ 

ซċęงกøąïüîกćøüĉจĆ÷ĔîงćîüĉจĆ÷îĊĚจąĒïŠงĂĂกđðŨîǰ3ǰขĆĚîêĂî÷ŠĂ÷ǰĕéšĒกŠ 
1. กćøêĆéđôøöõćóÿĈคĆญĔîüĉéĊēĂขèąìĉĚงข÷ąǰ 
2. ขĆĚîêĂîกŠĂîกøąïüîกćøจĈĒîกข÷ąđóČęĂðøĆïõćóĔĀšĕéšüĆêëčìĊęÿîĔจ 
3. กćøจĈĒîกกúčŠöขšĂöĎúข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰēé÷ēคøงขŠć÷ðøąÿćìĒïïคĂî

ēüúĎชĆîǰ 
 

3.1 กćøตĆดđôøöõćóÿĈคĆญĔนüĉดĊēĂขณąทĉĚงข÷ąǰ 
ขĆĚîêĂîîĊĚจąđðŨîกćøîĈüĉéĊēĂกćøìĉĚงข÷ąøĊĕซđคĉúĀøČĂข÷ąðøąđõìĂČęîǰėǰìĊęëĎกïĆîìċกéšü÷คčèõćóǰ

480p đðŨîøą÷ąđüúćǰ42ǰîćìĊǰđðŨîขšĂöĎúîĈđขšćǰจćกîĆĚîđðøĊ÷ïđìĊ÷ïõćóĔîüĉéĊēĂĒêŠúąđôøöǰđóČęĂจĆïกćø
đðúĊę÷îĒðúงìĊęđกĉéขċĚîēé÷ĂćýĆ÷กćøéĈđîĉîกćøขĂงĂćøŤđø÷Ťǰ(Array Operation) ēé÷đúČĂกĔชšกćøüĆéคüćö
ĒêกêŠćงขĂงĂćøŤđø÷ŤøąĀüŠćงđôøöõćóðŦจจčïĆîĒúąđôøöõćóกŠĂîĀîšćǰจćกîĆĚîǰîĈđôøöõćóìĊęĕéšจćกกćøüĆé
คüćöĒêกêŠćงขĂงĂćøŤđø÷ŤĕðคĈîüèĀćóČĚîìĊęขĂงกøĂïคøĂïüĆêëčđóČęĂĔชšêĆéÿĉîđúČĂกđôøöõćóĕððøąöüúñúǰ
éĆงõćóìĊęǰ3.2 

õćóìĉĚงข÷ą 
êĆéđôøöõćóÿĈคĆญ 

ขĆĚîêĂîกŠĂîกøąïüîกćøǰ

(Preprocessing) 

จĈĒîกกúčŠöขšĂöĎúข÷ą 
(Convolutional Neural Network) 

ชčéขšĂöĎúข÷ą

ðøąđõìĂČęîǰė 
ชčéขšĂöĎúข÷ą 

øĊĕซđคĉú 

üĉéĊēĂกćøìĉĚงข÷ą 

üĆêëčđéĊ÷ü 
ข÷ąøĊĕซđคĉú 

ข÷ąðøąđõìĂČęî 

ĒÿéงñúúĆóíŤกćøøĆïøĎšüĆêëč 
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ǰ

 
ǰõćóทĊęǰ3.2ǰǰขĆĚนตĂนกćøตĆดđôøöõćóÿĈคĆญĔนüĉดĊēĂǰēด÷ĔชšคüćöĒตกตŠćงขĂงĂćøŤđø÷Ť 

đôøöõćóìĊęĕéšจćกกćøüĆéคüćöĒêกêŠćงขĂงĂćøŤđø÷ŤîĈöćđðúĊę÷îđðŨîõćóÿĊđìćǰ(gray scale)ǰđóČęĂìĊę
ĒêŠúąจčéõćóจąĒìîéšü÷øąéĆïÿĊêŠćงǰėǰēé÷จčéõćóðกêĉðøąกĂïéšü÷ÿćöÿĊĕéšĒกŠǰĒéงǰđขĊ÷üĒúąîĚĈđงĉî Ĕî
กøèĊõćóÿĊđìćจąöĊđฉóćąøąéĆïÿĊđìćìĊęÿćöćøëîĈĕððøąöüúñúĔîคĂöóĉüđêĂøŤüĉìĆýîŤ éĆงõćóìĊęǰ3.3 

 
õćóทĊęǰ3.3ǰǰกćøđกĘบøąดĆบĒÿงõćóÿĊปกตĉทĊęĒปúงĕปõćóÿĊđทć 

ĀúĆงจćกîĆ ĚîǰจąîĈõćóÿĊđìćขĂงกćøìĉ Ěงข÷ąĕðñŠćîกćøđïúĂǰ(blur) éšü÷üĉíĊđïúĂĒïïđกćÿŤǰ
(Gaussian Blur) đóČęĂúéÿĆญญćèøïกüîǰ(Noise) ĔîđôøöõćóǰĒúšüîĈõćóìĊęñŠćîกćøđïúĂöćĒðúงđðŨî
õćóĒïïìüĉõćคǰ(binary image) ēé÷ĔชšüĉíĊกĈĀîéคŠćขĊéĒïŠงǰ(Thresholding) ēé÷คŠćขĊéĒïŠงìĊęĔชšđðŨî
đกèæŤขĆĚîêęĈคČĂǰ120ǰซċęงจąđðúĊę÷îĒêŠúąจčéõćóǰìĊęđðŨîจčéõćóÿĊđìćĔĀšđðŨîÿĊขćüĀøČĂÿĊéĈđìŠćîĆĚîǰซċęงĒêŠúą
จčéõćóจąëĎกđกĘïđðŨîขšĂöĎúǰ1ǰïĉêคČĂǰÿĊéĈคŠćđìŠćกĆïǰ0ǰĒúąÿĊขćüคŠćđìŠćกĆïǰ1ǰéĆงõćóìĊęǰ3.4 

 

 

 
õćóÿĊđìćìĊęñŠćîกćøđïúĂǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰõćóĒïïìüĉõćค 
õćóทĊęǰ3.4ǰǰกćøĒปúงđปŨนõćóĒบบทüĉõćó ĔชšüĉธĊกĈĀนดคŠćขĊดĒบŠง 

ĂćøŤđø÷ŤขĂงđôøöõćó

กŠĂîĀîšćĔîüĉéĊēĂ 
ĂćøŤđø÷ŤขĂงđôøöõćó

ðŦจจčïĆîĔîüĉéĊēĂ 
คüćöĒêกêŠćงขĂงĂćøŤđø÷Ť 

 
คĈîüèกøĂïคøĂïđôøö

õćóìĊęĕéš 
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êŠĂöćÿøšćงกøĂïÿĊęđĀúĊę÷öđóČęĂคøĂïüĆêëčขĂงõćóĒïïìüĉõćคìĊęĕéšǰĒúąคĈîüèóČĚîìĊęขĂงกøĂï
ÿĊęđĀúĊę÷öìĊęคøĂïüĆêëčüŠćĔชšóČĚîìĊęìĆĚงĀöéđðŨîÿĆéÿŠüîđìŠćĔéขĂงđôøöõćóîĊĚǰēé÷ĔîìĊęîĊĚǰจąกĈĀîéóČĚîìĊęขĂง
กøĂïìĊęคøĂïüĆêëčüŠćǰĀćกöĊขîćéöćกกüŠćøšĂ÷úąǰ50ǰขĂงขîćéđôøöõćóüĉéĊēĂǰจąêĆéđôøöõćóĔîขèąîĆĚî
ìĆîìĊǰìĆĚงîĊĚกøąïüîกćøđðúĊę÷îđðŨîõćóÿĊđìćĒúąđïúĂõćóìĈđóČęĂĀćüĆêëčõć÷ĔîõćóđìŠćîĆĚîǰđöČęĂĕéšกøĂï
คøĂïüĆêëčĒúąÿćöćøëêĆéđôøöõćóìĊęêšĂงกćøĕéšĒúšüǰจċงÿŠงõćóÿĊìĊęêĈĒĀîŠงđôøöìĊęđúČĂกĕðìĈงćîĔî
ขĆĚîêĂîëĆéĕðǰ 

 
3.2 ขĆĚนตĂนกŠĂนกøąบüนกćøจĈĒนกข÷ąđóČęĂปøĆบõćóĔĀšĕดšüĆตถčทĊęÿนĔจ 

ขĆĚîêĂîกŠĂîกøąïüîกćøคĆéĒ÷กข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰจąđðŨîกćøðøĆïõćóìĊęĕéšจćก
đôøöõćóĔîüĉé ĊēĂìĊ ę đú ČĂกöćéšü÷กćøđïúĂõćóĒïïđกćÿŤǰđóČ ęĂúéÿĆญญćèøïกüî ǰซċ ęงจąöĊñúêŠĂ
ðøąÿĉìíĉõćóขĂงกćøðøąöüúñúēé÷ðøĆïóćøćöĉđêĂøŤĔĀšĂ÷ĎŠĔîøąéĆïìĊęĕöŠÿŠงñúêŠĂøć÷úąđĂĊ÷éขĂงõćó
ēé÷øüöǰìĈĔĀšĕéšüĆêëčìĊęóøšĂöðøąöüúñúĔîขĆĚîêĂîëĆéĕð 

 
3.3 กćøจĈĒนกกúčŠöขšĂöĎúข÷ąøĊĕซđคĉúĒúąข÷ąปøąđõทĂČęนǰėǰēด÷ēคøงขŠć÷

ปøąÿćทĒบบคĂนēüúĎชĆนǰ 
ÿĈĀøĆïขĆĚîêĂîîĊĚđðŨîกćøจĈĒîกกúčŠöขšĂöĎúข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰéšü÷ĒïïจĈúĂง

ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰēé÷îĈđôøöõćóÿĈคĆญìĊęĕéšจćกขĆĚîêĂîìĊęǰ3.2ǰöćđðŨîขšĂöĎúîĈđขšćđóČęĂ
Ē÷กðøąđõìข÷ąøĊĕซđคĉúĀøČĂข÷ąðøąđõìĂČęîǰėǰñĎšüĉจĆ÷ĕéšìéúĂงĔชšĒïïจĈúĂงชîĉéêŠćงǰėǰขĂงēค øงขŠć÷
ðøąÿćìĒïïคĂî ē üú Ď ช Ć î ǰĕé š ĒกŠ ǰAlexNet VGG16 ResNet50 ResNet152 DenseNet121 Ēúą
SqueezeNet1_1 จćกĕúïøćøĊęǰFastai [19]ǰซċęงöĊøć÷úąđĂĊ÷ééĆงîĊĚ 

 

1. AlexNet ðøąกĂïéšü÷ชĆĚîǰ8ǰชĆĚîĔĀญŠǰĒïŠงđðŨîชĆĚîคĂîēüúĎชĆîǰ5ǰชĆĚîǰĒúąชĆĚîđชČęĂöêŠĂĂ÷Šćง
ÿöïĎøèŤǰ3ǰชĆĚîǰĔชšôŦงกŤชĆîกćøกøąêčšîǰReLu ĔîกćøÿĂî [10]ǰคŠćóćøćöĉđêĂøŤขĂงชĆĚîคĂîēüúĎชĆî
ĒúąชĆĚîóĎúúĉęงǰøüöëċงēคøงÿøšćงÿëćðŦê÷กøøöขĂงĒïïจĈúĂงǰĒÿéงéĆงøć÷úąđĂĊ÷éĔîêćøćงìĊęǰ
3.1ǰéĆงêŠĂĕðîĊĚ 

ตćøćงทĊęǰ3.1 øć÷úąđĂĊ÷ดĒบบจĈúĂงǰAlexNet 

ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂงตĆü
กøĂง 

ขนćดñĆง
คčณúĆกþณą 

ชĆĚîîĈđขšćõćó     600x600x3 
Conv. 11x11x3 (4, 4) (2, 2) 64 300x300x64 
ReLU      

Max Pooling 3x3 2 0  150x150x64 
Conv. 5x5x64 (1, 1) (2, 2) 192 150x150x192 
ReLU      

Max Pooling 3x3 2 0  75x75x128 
Conv. 3x3x192 (1, 1) (1, 1) 384 75x75x128 
ReLU      
Conv. 3x3x384 (1, 1) (1, 1) 256 75x75x256 
ReLU      
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ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂงตĆü
กøĂง 

ขนćดñĆง
คčณúĆกþณą 

Conv. 3x3x256 (1, 1) (1, 1) 256 75x75x256 
ReLU      

Max Pooling 3x3 2 0  37x37x256 
average pooling 18x18    1x1x512 

Flatten      
ชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤǰ(fully-connected layer)      

 
2. VGG16 đðŨîĒïïจĈúĂงìĊęîĉ÷öĔชšđóøćąöĊĂĆêøćคüćöñĉéóúćéêęĈกüŠćĒïïจĈúĂงǰVGG êĆüĂČęîǰ

[11]ǰคŠćóćøćöĉđêĂøŤขĂงชĆĚîคĂîēüúĎชĆîĒúąชĆĚîóĎúúĉęงǰøüöëċงēคøงÿøšćงÿëćðŦê÷กøøöขĂง
ĒïïจĈúĂงǰĒÿéงéĆงøć÷úąđĂĊ÷éĔîêćøćงìĊęǰ3.2ǰéĆงêŠĂĕðîĊĚ 

ตćøćงทĊęǰ3.2ǰøć÷úąđĂĊ÷ดĒบบจĈúĂงǰVGG 16 

ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂงตĆü
กøĂง 

ขนćดñĆง
คčณúĆกþณą 

ชĆĚîîĈđขšćõćó     600x600x3 
Conv. 3x3x3 (1, 1) (1, 1) 64 300x300x64 

BatchNorm2d      
ReLU      
Conv. 3x3x64 (1, 1) (1, 1) 64 300x300x64 

BatchNorm2d      
ReLU      

Max Pooling 2x2 2 0  150x150x64 
Conv. 3x3x64 (1, 1) (1, 1) 128 150x150x128 

BatchNorm2d      
ReLU      
Conv. 3x3x128 (1, 1) (1, 1) 128 150x150x128 

BatchNorm2d      
ReLU      

Max Pooling 2x2 2 0  75x75x128 
Conv. 3x3x128 (1, 1) (1, 1) 256 75x75x256 

BatchNorm2d      
ReLU      
Conv. 3x3x256 (1, 1) (1, 1) 256 75x75x256 

BatchNorm2d      
ReLU      
Conv. 3x3x256 (1, 1) (1, 1) 256 75x75x256 

BatchNorm2d      
ReLU      

Max Pooling 2x2 2 0  37x37x256 
Conv. 3x3x256 (1, 1) (1, 1) 512 37x37x512 

BatchNorm2d      
ReLU      
Conv. 3x3x512 (1, 1) (1, 1) 512 37x37x512 

BatchNorm2d      
ReLU      
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ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂงตĆü
กøĂง 

ขนćดñĆง
คčณúĆกþณą 

Conv. 3x3x512 (1, 1) (1, 1) 512 37x37x512 
BatchNorm2d      

ReLU      
Max Pooling 2x2 2 0  18x18x512 

Conv. 3x3x512 (1, 1) (1, 1) 512 18x18x512 
BatchNorm2d      

ReLU      
Conv. 3x3x512 (1, 1) (1, 1) 512 18x18x512 

BatchNorm2d      
ReLU      
Conv. 3x3x512 (1, 1) (1, 1) 512 18x18x512 

BatchNorm2d      
ReLU      

Max Pooling 2x2 2 0  18x18x512 
average pooling 18x18    1x1x512 

Flatten      
ชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤǰ(fully-connected layer)      

 

3. ResNet50ǰđðŨîĒïïจĈúĂงǰDeep Residual Network ìĊęĔชšจĈîüîชĆĚîǰ50ǰชĆĚîĒúąöĊขîćé
คŠĂîขšćงđúĘกǰĔชšĒกšðŦญĀćกćøĀć÷ĕðขĂงกćøđคúČęĂîúงซċęงđกĉéขċĚîกĆïēคøงขŠć÷ìĊęöĊคüćöúċก
คŠĂîขšćงöćกǰ [12]ǰคŠćóćøćöĉđêĂøŤขĂงชĆ ĚîคĂîēüúĎชĆîĒúąชĆ ĚîóĎúúĉ ęงǰøüöëċงēคøงÿøšćง
ÿëćðŦê÷กøøöขĂงĒïïจĈúĂงǰĒÿéงéĆงøć÷úąđĂĊ÷éĔîêćøćงìĊęǰ3.3ǰéĆงêŠĂĕðîĊĚ 

 
ตćøćงทĊęǰ3.3 øć÷úąđĂĊ÷ดĒบบจĈúĂงǰResNet50 

ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂง
ตĆüกøĂง 

ขนćดñĆง
คčณúĆกþณą 

ชĆĚîîĈđขšćõćó     600x600x3 

Conv0 

Conv. 7x7x3 (2, 2) (3, 3) 64 300x300x64 
BatchNorm2d      

ReLU      
Max Pooling 3x3 2 1  150x150x64 

Conv1 

Res1_0 

Conv. 1x1x64 (1, 1)  64 

150x150x256 
Conv. 3x3x64 (1, 1) (1, 1) 64 
Conv. 1x1x64 (1, 1)  256 
ReLU     

Conv. (Shortcut) 1x1x64 (1, 1)  256 

Res1_1 

Conv. 1x1x256 (1, 1)  64 

150X150x256 Conv. 3x3x64 (1, 1) (1, 1) 64 
Conv. 1x1x64 (1, 1)  256 
ReLU     

Res1_2 

Conv. 1x1x256 (1, 1)  64 

150x150x256 Conv. 3x3x64 (1, 1) (1, 1) 64 
Conv. 1x1x64 (1, 1)  256 
ReLU     

Conv2 Res2_0 Conv. 1x1x256 (1, 1)  128 75x75x512 
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ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂง
ตĆüกøĂง 

ขนćดñĆง
คčณúĆกþณą 

Conv. 3x3x128 (2, 2) (1, 1) 128 
Conv. 1x1x128 (1, 1)  512 
ReLU     

Conv. (Shortcut) 1x1x256 (2, 2)  512 

Res2_1 

Conv. 1x1x512 (1, 1)  128 

75x75x512 Conv. 3x3x128 (1, 1) (1, 1) 128 
Conv. 1x1x128 (1, 1)  512 
ReLU     

Res2_2 

Conv. 1x1x512 (1, 1)  128 

75x75x512 Conv. 3x3x128 (1, 1) (1, 1) 128 
Conv. 1x1x128 (1, 1)  512 
ReLU     

Res2_3 

Conv. 1x1x512 (1, 1)  128 

75x75x512 Conv. 3x3x128 (1, 1) (1, 1) 128 
Conv. 1x1x128 (1, 1)  512 
ReLU     

Conv3 

Res3_0 

Conv. 1x1x512 (1, 1)  256 

37x37x1024 
Conv. 3x3x256 (2, 2) (1, 1) 256 
Conv. 1x1x256 (1, 1)  1024 
ReLU     

Conv. (Shortcut) 1x1x512 (2, 2)  1024 

Res3_1 

Conv. 1x1x1024 (1, 1)  256 

37x37x1024 Conv. 3x3x256 (1, 1) (1, 1) 256 
Conv. 1x1x256 (1, 1)  1024 
ReLU     

Res3_2 

Conv. 1x1x1024 (1, 1)  256 

37x37x1024 Conv. 3x3x256 (1, 1) (1, 1) 256 
Conv. 1x1x256 (1, 1)  1024 
ReLU     

Res3_3 

Conv. 1x1x1024 (1, 1)  256 

37x37x1024 Conv. 3x3x256 (1, 1) (1, 1) 256 
Conv. 1x1x256 (1, 1)  1024 
ReLU     

Res3_4 

Conv. 1x1x1024 (1, 1)  256 

37x37x1024 Conv. 3x3x256 (1, 1) (1, 1) 256 
Conv. 1x1x256 (1, 1)  1024 
ReLU     

Res3_5 

Conv. 1x1x1024 (1, 1)  256 

37x37x1024 Conv. 3x3x256 (1, 1) (1, 1) 256 
Conv. 1x1x256 (1, 1)  1024 
ReLU     

Conv4 Res4_0 

Conv. 1x1x1024 (1, 1)  512 

18x18x2048 
Conv. 3x3x512 (2, 2) (1, 1) 512 
Conv. 1x1x512 (1, 1)  2048 
ReLU     

Conv. (Shortcut) 1x1x1024 (2, 2)  2048 
Res4_1 Conv. 1x1x2048 (1, 1)  512 18x18x2048 
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ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂง
ตĆüกøĂง 

ขนćดñĆง
คčณúĆกþณą 

Conv. 3x3x512 (1, 1) (1, 1) 512 
Conv. 1x1x512 (1, 1)  2048 
ReLU     

Res4_2 

Conv. 1x1x2048 (1, 1)  512 

18x18x2048 Conv. 3x3x512 (1, 1) (1, 1) 512 
Conv. 1x1x512 (1, 1)  2048 
ReLU     

adaptive average pooling 18x18    1x1x2048 
Flatten      

ชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤǰ(fully-connected 
layer)      

 
ÿĈĀøĆïĒïïจĈúĂงǰResNet50ǰĀúĆงจćกñŠćîชĆ ĚîคĂîēüúĎช ĆîǰêšĂงðøĆïชŠüงé šü÷ǰ

BatchNorm2d ìčกøĂïǰēé÷ðøĆïชŠüงขĂงขšĂöĎúÿŠงĂĂกĀøČĂñĆงคčèúĆกþèąĔĀšĒêŠúąชĆ ĚîĂ÷ĎŠ
ĔîชŠüงĔกúšกĆîกŠĂîǰñŠćîêĆüกøĂงขĂงชĆĚîëĆéĕð 

 
 
4. ResNet152ǰคúšć÷ĒïïจĈúĂงǰResNet50 ĒêŠöĊจĈîüîชĆĚîǰ152ǰชĆĚîĒúąöĊขîćéคŠĂîขšćงĔĀญŠ

คČĂǰöĊชĆ ĚîคĂîēüúĎชĆîđðŨîจĈîüîöćกǰ[12]ǰคŠćóćøćöĉđêĂøŤขĂงชĆĚîคĂîēüúĎชĆîĒúąชĆĚîóĎúúĉęงǰ
øüöëċงēคøงÿøšćงÿëćðŦê÷กøøöขĂงĒïïจĈúĂงǰĒÿéงéĆงøć÷úąđĂĊ÷éĔîêćøćงìĊęǰ3.4ǰéĆงêŠĂĕðîĊĚ 

 
ตćøćงทĊęǰ3.4 øć÷úąđĂĊ÷ดĒบบจĈúĂงǰResNet152 

ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding)  ขนćดñĆง

คčณúĆกþณą 
ชĆĚîîĈđขšćõćó     600x600 

Conv0 

Conv. 7x7 (2, 2) (3, 3)  300x300 
BatchNorm2d      

ReLU      
Max Pooling 3x3 2 1  150x150 

Conv1 

 

Conv. 1x1 (1, 1)  

 150x150 
Conv. 3x3 (1, 1) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

Conv. (Shortcut) 1x1 (1, 1)  
 Conv. 1x1 (1, 1)  

x2 150X150 Conv. 3x3 (1, 1) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

Conv2  

Conv. 1x1 (1, 1)  

 75x75 
Conv. 3x3 (2, 2) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

Conv. (Shortcut) 1x1 (2, 2)  
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ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding)  ขนćดñĆง

คčณúĆกþณą 

 

Conv. 1x1 (1, 1)  

x7 75x75 Conv. 3x3 (1, 1) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

Conv3 
 
 

 

Conv. 1x1 (1, 1)  

 37x37 
Conv. 3x3 (2, 2) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

Conv. (Shortcut) 1x1 (2, 2)  

 

Conv. 1x1 (1, 1)  

X35 37x37 Conv. 3x3 (1, 1) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

Conv4 

 

Conv. 1x1 (1, 1)  

 18x18 
Conv. 3x3 (1, 1) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

Conv. (Shortcut) 1x1 (2, 2)  

 

Conv. 1x1 (1, 1)  

X2 18x18 Conv. 3x3 (1, 1) (1, 1) 
Conv. 1x1 (1, 1)  
ReLU    

adaptive average pooling 18x18    1x1 
Flatten      

ชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤǰ(fully-connected layer)      

 
ĒïïจĈúĂงǰResNet152ǰĀúĆงจćกñŠćîชĆĚîคĂîēüúĎชĆîǰêšĂงðøĆïชŠüงéšü÷ǰBatchNorm2d 

ìčกøĂïǰคúšć÷กĆï ResNet50 ēé÷ðøĆïñĆงคčèúĆกþèąĔĀšĒêŠúąชĆĚîĂ÷ĎŠĔîชŠüงĔกúšกĆîกŠĂîǰ จċงจą
ñŠćîêĆüกøĂงขĂงชĆĚîëĆéĕð 

 
 

5. DenseNet121 đðŨîĒïïจĈúĂงöĊóćøćöĉđêĂøŤîšĂ÷ǰĔĀšกćøđคúČęĂîúงìĊęĒขĘงĒกøŠงĒúąöĊคüćö
ĒöŠî÷ĈÿĎงđöČęĂđìĊ÷ïกĆïĒïïจĈúĂงǰResNetǰöĊจĈîüîชĆĚîǰ121ǰชĆĚîǰซċęงĒêŠúąชĆĚîĕéšøĆïคüćöøĎš
øŠüöกĆîǰìĈĔĀšêšĂงĔชšĀîŠü÷คüćöจĈđóĉęöขċĚîǰ[13]ǰēคøงÿøšćงÿëćðŦê÷กøøöขĂงĒïïจĈúĂงǰĒÿéง
éĆงøć÷úąđĂĊ÷éĔîêćøćงìĊęǰ3.5ǰéĆงêŠĂĕðîĊĚ 

 

ตćøćงทĊęǰ3.5ǰøć÷úąđĂĊ÷ดĒบบจĈúĂงǰDenseNet121 

ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding)  ขนćดñĆง

คčณúĆกþณą 
ชĆĚîîĈđขšćõćó     600x600 

Conv.  7x7 (2, 2) (3, 3)  300x300 
BatchNorm2d      

ReLU      
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ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding)  ขนćดñĆง

คčณúĆกþณą 
Max Pooling 3x3 2 1  150x150 

Dense Block 1 BatchNorm2d    

   x6 150x150 

ReLU    
Conv. 1x1 (1, 1)  

BatchNorm2d    
ReLU    
Conv. 3x3 (1, 1) (1, 1) 

Transition 1 BatchNorm2d    

 75x75 ReLU     
Conv. 1x1 (1, 1)  

average pooling 2 2 0 
Dense Block 2 BatchNorm2d    

   x12 75x75 

ReLU    
Conv. 1x1 (1, 1)  

BatchNorm2d    
ReLU    
Conv. 3x3 (1, 1) (1, 1) 

Transition 2 BatchNorm2d    

 37x37 ReLU     
Conv. 1x1 (1, 1)  

average pooling 2 2 0 
Dense Block 3 BatchNorm2d    

   x24 37x37 

ReLU    
Conv. 1x1 (1, 1)  

BatchNorm2d    
ReLU    
Conv. 3x3 (1, 1) (1, 1) 

Transition 3 BatchNorm2d    

 18x18 ReLU     
Conv. 1x1 (1, 1)  

average pooling 2 2 0 
Dense Block 4 BatchNorm2d    

   x16 18x18 

ReLU    
Conv. 1x1 (1, 1)  

BatchNorm2d    
ReLU    
Conv. 3x3 (1, 1) (1, 1) 

BatchNorm2d      
average pooling 18x18    1x1 

Flatten      
ชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤǰ(fully-connected layer)      
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6. SqueezeNet1_1ǰđðŨîĒïïจĈúĂงöĊóćøćöĉđêĂøŤîšĂ÷ǰìĈĔĀšðøąĀ÷ĆéóČĚîìĊęĔîĀîŠü÷คüćöจĈขĂง
คĂöóĉüđêĂøŤ đðŨîกćøóĆçîćêŠĂ÷ĂéöćจćกǰSqueezeNet1_0 ēé÷ĔชšēöéĎúĕôìĊęöĊชĆĚîคĂîēüúĎ
ชĆîĒïïïĊïĂ Ćéขîćéǰ 1x1ǰĒúąช Ć ĚîคĂîēüú Ďช ĆîĒïïข÷ć÷ขîćéǰ 1x1 Ēúąǰ3x3 [14]ǰ
คŠćóćøćöĉđêĂøŤขĂงēöéĎúĕôǰøüöëċงēคøงÿøšćงÿëćðŦê÷กøøöขĂงĒïïจĈúĂงǰĒÿéงéĆง
øć÷úąđĂĊ÷éĔîêćøćงìĊęǰ3.6ǰéĆงêŠĂĕðîĊĚ 

 
ตćøćงทĊęǰ3.6 øć÷úąđĂĊ÷ดĒบบจĈúĂงǰSqueezeNet1_1 

ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂงตĆü
กøĂง 

ขนćดñĆง
คčณúĆกþณą 

ชĆĚîîĈđขšćõćó     600x600x3 
Conv. 3x3x3 (2, 2)  64 300x300x64 
ReLU      

Max Pooling 3x3 2 0  150x150x64 

Fire1 

Conv. 1x1x64 (1, 1)  16 

150x150x64 

ReLU      
Conv. 1x1x16 (1, 1)  64 
ReLU     
Conv. 3x3x16 (1, 1) (1, 1) 64 
ReLU     

Fire2 

Conv. 1x1x128 (1, 1)  16 

150x150x64 

ReLU      
Conv. 1x1x16 (1, 1)  64 
ReLU     
Conv. 3x3x16 (1, 1) (1, 1) 64 
ReLU     

Max Pooling 3x3 2 0  75x75x64 

Fire3 

Conv. 1x1x128 (1, 1)  32 

75x75x128 

ReLU      
Conv. 1x1x32 (1, 1)  128 
ReLU     
Conv. 3x3x32 (1, 1) (1, 1) 128 
ReLU     

Fire4 

Conv. 1x1x256 (1, 1)  32 

75x75x128 

ReLU      
Conv. 1x1x32 (1, 1)  128 
ReLU     
Conv. 3x3x32 (1, 1) (1, 1) 128 
ReLU     

Max Pooling 3x3 2 0  37x37x128 

Fire5 

Conv. 1x1x256 (1, 1)  48 

37x37x192 

ReLU      
Conv. 1x1x48 (1, 1)  192 
ReLU     
Conv. 3x3x48 (1, 1) (1, 1) 192 
ReLU     

Fire6 Conv. 1x1x384 (1, 1)  48 37x37x192 
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ชČęĂชĆĚนǰ(Layer Name) ขนćดตĆüกøĂง 
(Filter Size) 

ÿĕตøดŤǰ
(Stride) 

ĒóดดĉĚงǰ
(Padding) 

จĈนüนขĂงตĆü
กøĂง 

ขนćดñĆง
คčณúĆกþณą 

ReLU      
Conv. 1x1x48 (1, 1)  192 
ReLU     
Conv. 3x3x48 (1, 1) (1, 1) 192 
ReLU     

Fire7 

Conv. 1x1x384 (1, 1)  64 

37x37x256 

ReLU      
Conv. 1x1x64 (1, 1)  256 
ReLU     
Conv. 3x3x64 (1, 1) (1, 1) 256 
ReLU     

Fire8 

Conv. 1x1x512 (1, 1)  64 

37x37x256 

ReLU      
Conv. 1x1x64 (1, 1)  256 
ReLU     
Conv. 3x3x64 (1, 1) (1, 1) 256 
ReLU     

average pooling 37x37    1x1x256 
Flatten      

ชĆĚîđชČęĂöêŠĂĂ÷ŠćงÿöïĎøèŤǰ(fully-connected layer)      
 

ĔîïìëĆéĕðจąĒÿéงกćøđðøĊ÷ïđìĊ÷ïñúกćøจĈĒîกจćกĒïïจĈúĂงìĆĚงĀกǰ



บททĊęǰ4 
ñúกćøüĉจĆ÷ 

ĔîïìîĊĚจąกúŠćüëċงǰกćøêĆĚงคŠćกćøìéúĂงǰñúกćøüĉจĆ÷ǰĒúąกćøĂõĉðøć÷ñúกćøìéúĂงกćøĒ÷กข÷ą
øĊĕซđคĉúĂĆêēîöĆêĉǰēé÷óĉจćøèćจćกคŠćคüćöëĎกêšĂงขĂงĒêŠúąĒïïจĈúĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰ
ĒúąîĈêĆüĒïïìĊęéĊìĊęÿčéöćĔชšĔîøąïïกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉđóČęĂéĎðøąÿĉìíĉõćóกćøìĈงćîขĂงøąïï
ĔîกćøĔชšงćîจøĉงìĊęđกĊę÷üขšĂงüĉéĊēĂìĉĚงข÷ąǰซċęงöĊøć÷úąđĂĊ÷ééĆงîĊĚ 

 
4.1 กćøตĆĚงคŠćกćøทดúĂง 

õćóìĊęîĈöćĔชšĔîงćîüĉจĆ÷îĊĚǰđðŨîõćóëŠć÷ข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰõć÷Ĕîðøąđìýĕì÷
ēé÷öČĂìĊęจĆïข÷ąĒêŠúąชĉĚîëĎกïĆîìċกđขšćöćéšü÷ǰõćóëŠć÷ข÷ąøĊĕซđคĉúöĊจĈîüîĀกðøąđõìǰĕéšĒกŠǰĒกšüǰēúĀąǰ
กøąéćþǰขüéóúćÿêĉกǰกúŠĂงĔÿŠĂćĀćøóúćÿêĉกǰĒúąกúŠĂงđคøČęĂงéČęöĒïïǰUHT ēé÷đกĘïขšĂöĎúđðŨîข÷ąøĊ
ĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰìĊęĕöŠÿćöćøëøĊĕซđคĉúĕéšจĈîüîìĆĚงĀöéǰ878ǰõćóǰĒïŠงđðŨîข÷ąøĊĕซđคĉúจĈîüîǰ
496ǰõćóĒúąõćóข÷ąðøąđõìĂČęîǰėǰจĈîüîǰ342ǰõćóǰĒêŠúąõćóöĊคüćöúąđĂĊ÷éǰǰ72 dpi ĒúąขîćéขĂง
õćóǰ600x600ǰจčéõćóǰǰóČĚîĀúĆงขĂงõćóđðŨîÿĊขćüǰõćóêĆüĂ÷ŠćงขĂงข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰ
ĒÿéงéĆงõćóìĊęǰ4.1 

üĉéĊēĂìĊ ęĔชšìéÿĂïกćøìĈงćîขĂงēðøĒกøöǰคčèõćóǰ480p Ēúąขîćéǰ854×480ǰจčéõćóǰ
øą÷ąđüúćขĂงüĉéĊēĂǰ42ǰîćìĊǰจĈîüîǰ1ǰüĉéĊēĂǰóČĚîĀúĆงขĂงüĉéĊēĂđðŨîÿĊขćü 

 
 

Ēกšü ēúĀą กøąéćþ 

ขüéóúćÿêĉก กúŠĂงĔÿŠĂćĀćøóúćÿêĉก กúŠĂงđคøČęĂงéČęöĒïïǰUHT 

(ก) 
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õćóทĊęǰ4.1ǰǰตĆüĂ÷ŠćงõćóถŠć÷ข÷ąทĊęนĈöćĔชšĔนงćนüĉจĆ÷ 
(ก) ข÷ąøĊĕซđคĉúǰ(ข) ข÷ąปøąđõทĂČęนǰė 

 

4.2 ñúกćøüĉจĆ÷ 

ñĎšüĉจĆ÷îĈõćóข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰจĈîüîǰ878ǰõćóǰēé÷öĊøć÷úąđĂĊ÷éêćöìĊęĕéšกúŠćü
ĕüšĔîĀĆüขšĂìĊęǰ4.1ǰöćĒïŠงđðŨîÿćöชčéēé÷öĊøć÷úąđĂĊ÷ééĆงîĊĚ 

1. ชčéÿĂîǰĔชšÿøšćงĒïïจĈúĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîĒïïêŠćงǰėǰ 
2. ชčéêøüจÿĂïǰ(Validation set)ǰĔช šđóČ ęĂêøüจÿĂïĒïïจĈúĂงĔîĒêŠúąคøĆ ĚงìĊ ęö ĊกćøðøĆï

คŠćóćøćöĉđêĂøŤĔîĒïïจĈúĂงîĆĚîǰėǰüŠćđĀöćąÿöóĂÿĈĀøĆïกćøìéÿĂïจøĉงกĆïขšĂöĎúชčéìéÿĂï 
3. ชčéìéÿĂïǰ(Test set)ǰđðŨîขšĂöĎúìĊęĕöŠñŠćîกćøđøĊ÷îøĎšĀøČĂêøüจÿĂïöćกŠĂîĒúąĔชšđóČęĂðøąđöĉî

ðøąÿĉìíĉõćóขĂงĒïïจĈúĂงìĊęñŠćîกćøđøĊ÷îøĎšǰéĆงõćóìĊęǰ4.2ǰ 
ēé÷ĔชšÿĆéÿŠüîĔîกćøĒïŠงขšĂöĎúÿćöชčéđðŨîǰ50:25:25ǰēé÷öĊøć÷úąđĂĊ÷ééĆงêćøćงìĊęǰ4.1  
 

õćóทĊęǰ4.2  กćøĒบŠงขšĂöĎúđóČęĂปøąđöĉนปøąÿĉทธĉõćóขĂงĒบบจĈúĂงทĊęñŠćนกćøđøĊ÷นøĎš 
 
 
 

(ข) 

ขšĂöĎú 

ชčéÿĂî 

ชčéìéÿĂï 

ชčéêøüจÿĂï 

กćøđøĊ÷îøĎšéšü÷üĉíĊกćøĒóøŠกøąจć÷÷šĂîกúĆï  

ĒïïจĈúĂงìĊęñŠćîกćøđøĊ÷îøĎš 
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ตćøćงทĊęǰ4.1 øć÷úąđĂĊ÷ดกćøĒบŠงขšĂöĎúǰ3ǰชčด 

 õćóข÷ąøĊĕซđคĉú õćóข÷ąðøąđõìĂČęîǰė øüö 
ชčéÿĂî 248 191 439 
ชčéêøüจÿĂï 124 96 220 
ชčéìéÿĂï 124 95 219 

 
กćøðøĆïคŠćóćøćöĉđêĂøŤêćöขšĂöĎúìĊęñŠćîกćøđøĊ÷îøĎ šกŠĂîĀîšćéšü÷ขĆ ĚîêĂîüĉíĊกćøĒóøŠกøąจć÷

÷šĂîกúĆïǰĔîìĊęîĊĚคČĂǰชčéคŠćîĚĈĀîĆกĒúąĕïĒĂÿǰñĎšüĉจĆ÷กĈĀîéจĈîüîøĂïกćøðøĆïคŠćóćøćöĉđêĂøŤǰจĈîüîǰ20ǰ
øĂïจćกîĆĚîđúČĂกøĂïìĊęĔĀšคŠćคüćöëĎกêšĂงöćกìĊęÿčéจćกìĆĚงĀöéǰđóČęĂîĈคŠćóćøćöĉđêĂøŤĔîøĂïìĊęéĊìĊęÿčéĕðĔชš
ìéÿĂïðøąÿĉìíĉõćóกĆïชčéìéÿĂïǰđóČęĂđðøĊ÷ïđìĊ÷ïĒïïจĈúĂงชîĉéêŠćงǰėǰĒúąđúČĂกĒïïจĈúĂงìĊęĔĀšคŠć
คüćöëĎกêšĂงöćกìĊęÿčéîĈĕðĔชšกĆïøąïïกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰจćกìĊęกúŠćüöćìĆĚงĀöéǰĒïïจĈúĂง
ชîĉéêŠćงǰėǰĔîēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîìĊęñĎšüĉจĆ÷đúČĂกöćìéÿĂïöĊéĆงîĊĚ 

1. AlexNet 
2. VGG16ǰ 
3. ResNet50ǰ 
4. ResNet152ǰ 
5. DenseNet121ǰ 
6. SqueezeNet1_1ǰ 

ñúกćøìéúĂงĔîกćøđøĊ÷îøĎšéšü÷üĉíĊกćøĒóøŠกøąจć÷÷šĂîกúĆï ĔîĒêŠúąĒïïจĈúĂงìĆĚงĀöéǰจĈîüîǰ
20ǰøĂïǰĕéšñúúĆóíŤคŠćคüćöëĎกêšĂงđðŨîéĆงêćøćงìĊęǰ4.2ǰ 

 

ตćøćงทĊęǰ4.2ǰđปĂøŤđซĘนตŤคŠćคüćöถĎกตšĂงจćกชčดตøüจÿĂบดšü÷üĉธĊกćøĒóøŠกøąจć÷÷šĂนกúĆบ 

ĒบบจĈúĂง 
 

øĂบทĊę 
AlexNet VGG16 ResNet50 ResNet152 DenseNet121 SqueezeNet1_1 

1 42.46 50.22 52.05 54.33 48.40 46.11 
2 42.92 49.77 62.55 69.40 54.33 49.31 
3 46.57 59.81 69.86 78.08 65.29 60.27 
4 56.16 66.21 76.25 79.45 69.86 67.12 
5 63.62 73.97 78.53 84.02 72.60 71.23 
6 72.14 78.08 80.36 87.21 77.16 73.97 
7 73.06 77.16 82.64 84.93 79.45 78.99 
8 75.34 80.82 84.01 86.30 84.02 78.99 
9 75.34 79.91 83.56 87.21 80.36 77.16 
10 76.71 79.91 84.93 87.67 84.47 79.45 
11 76.71 80.82 83.56 88.58 87.67 81.73 
12 76.71 82.64 85.38 88.58 85.84 79.45 
13 76.71 81.74 85.38 88.58 85.38 82.19 
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ĒบบจĈúĂง 
 

øĂบทĊę 
AlexNet VGG16 ResNet50 ResNet152 DenseNet121 SqueezeNet1_1 

14 77.65 81.73 86.75 89.04 87.21 81.27 
15 77.62 81.27 87.67 89.49 86.30 82.19 
16 78.53 84.02 87.21 89.95 86.75 83.10 
17 78.08 82.64 86.75 89.49 85.84 82.64 
18 77.62 83.11 87.67 89.85 87.67 82.64 
19 78.08 82.19 87.97 89.49 86.75 83.10 
20 77.17 81.73 88.12 89.49 85.84 82.19 

 
จćกêćøćงìĊ ęǰ4.2ǰกćøðøĆïคŠćóćøćöĉđêĂøŤขĂงĒïïจĈúĂงìĈĔĀšĒêŠúąøĂïĕéšคŠćคüćöëĎกêšĂงìĊę

ĒêกêŠćงกĆîǰจćกîĆ ĚîîĈคŠćóćøćöĉđêĂøŤìĊ ęÿŠงñúĔĀšđกĉéคŠćคüćöëĎกêšĂงÿĎงÿčéขĂงĒêŠúąøĂïĕðĔชšÿøšćง
ĒïïจĈúĂงĒúąìéÿĂïðøąÿĉìíĉõćóกĆïชčéìéÿĂïìĊęĕöŠđค÷ñŠćîกćøđøĊ÷îøĎšöćกŠĂîǰēé÷ĒÿéงคŠćคüćö
ëĎกêšĂงขĂงĒêŠúąĒïïจĈúĂงéĆงõćóìĊęǰ4.3ǰจąđĀĘîüŠćĒêŠúąĒïïจĈúĂงĔĀšคŠćคüćöëĎกêšĂงĔกúšđคĊ÷งกĆîöćกǰ
éĆงîĆ ĚîĂćจêšĂงóĉจćøèćđøČ ęĂงðøąÿĉìíĉõćóĔîéšćîĂČ ęîǰėǰéšü÷đชŠîǰđüúćกćøคĆéĒ÷กข÷ąǰกćøĔชšóČ ĚîìĊę
ĀîŠü÷คüćöจĈǰøüöëċงคŠćคüćöëĎกêšĂงĔîกćøêøüจÿĂïĒêŠúąøĂïìĊęđøĊ÷îøĎšéšü÷üĉíĊĒóøŠกøąจć÷÷šĂîกúĆïǰ
ìĆĚงîĊĚĒïïจĈúĂงǰResNet152ǰöĊคŠćคüćöëĎกêšĂงÿĎงÿčéđðŨîĂĆîéĆïÿĂงǰđöČęĂđðøĊ÷ïđìĊ÷ïĒïïจĈúĂงìĆĚงĀöéĔî
êćøćงìĊęǰ4.2ǰĒêŠúąøĂïìĊęöĊกćøðøĆïคŠćóćøćöĉđêĂøŤขĂงĒïïจĈúĂงǰResNet152ǰöĊชŠüงคŠćคüćöëĎกêšĂงÿĎง
ĔกúšđคĊ÷งกĆîǰจċงìĈĔĀšĒïïจĈúĂงöĊคüćöîŠćđชČ ęĂĕéšĒúąðøąÿĉìíĉõćóÿĎงǰñĎ šü ĉจ Ć÷จċงđúČĂกĒïïจĈúĂงǰ
ResNet152ǰöćĔชšกĆïงćîüĉจĆ÷îĊĚ 

 

 
õćóทĊęǰ4.3 กćøđปøĊ÷บđทĊ÷บđปĂøŤđซĘนตŤคŠćคüćöถĎกตšĂงจćกกćøทดÿĂบกćøĒ÷กข÷ąøĊĕซđคĉúดšü÷

ĒบบจĈúĂงชนĉดตŠćงǰėǰขĂงēคøงขŠć÷ปøąÿćทĒบบคĂนēüúĎชĆน 
 

81.36
89.54 87.27 89.09 89.09 85.91
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ดšü÷ĒบบจĞćúĂงชนĉดตŠćงǰėǰขĂงēคøงขŠć÷ปøąÿćทĒบบคĂนēüúĎชĆน
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กćøðøąđöĉîðøąÿĉìíĉõćóขĂงøąïïĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰìĈĕéšēé÷กćøêŠĂðøąÿćîĒïïจĈúĂงǰ
ResNet152ǰđขšćกĆïøąïïกćøêĆéđôøöõćóจćกüĉéĊēĂǰēé÷óĉจćøèćñúกćøìéÿĂïจćกกćøìĈงćîขĂงøąïï
đÿøĘจǰĒúšüïĆîìċกõćóóøšĂöðŜć÷กĈกĆïðøąđõìข÷ąìĊęìĈîć÷úงĔîชČęĂõćóǰจćกîĆĚîìĈกćøêøüจÿĂïคüćö
ëĎกêšĂงขĂงøąïïǰñĎšüĉจĆ÷ìĈกćøêøüจÿĂïขšĂöĎúìĊęĕéšüŠćëĎกêšĂงđóĊ÷งĔéǰซċęงđขĊ÷îđðŨîđöìøĉกซŤคüćö÷čŠงđĀ÷ĉงéĆง
êćøćงìĊęǰ4.3 

 

ตćøćงทĊęǰ4.3ǰđöทøĉกซŤคüćö÷čŠงđĀ÷ĉงขĂงøąบบĒ÷กข÷ąøĊĕซđคĉú 
  กćøทĈนć÷ 

  ข÷ąøĊĕซđคĉú ข÷ąðøąđõìĂČęîǰė 

คüćöđปŨนจøĉง 
ข÷ąøĊĕซđคĉú 125 14 

ข÷ąðøąđõìĂČęîǰė 28 26 
 
จćกêćøćงìĊęǰ4.3ǰจĈîüîขšĂöĎúõćóข÷ąǰ193ǰõćóìĊęĕéšจćกกćøêĆéđôøöõćóจćกüĉéĊēĂǰĒïŠงđðŨîข÷ąøĊ

ĕซđคĉúจĈîüîǰ139ǰõćóĒúąข÷ąðøąđõìĂČęîǰėǰจĈîüîǰ54ǰõćóǰđöČęĂìĈกćøìéÿĂïกĆïøąïïǰóïüŠćǰøąïï
ÿćöćøëคĆéĒ÷กข÷ąøĊĕซđคĉúĕéšëĎกêšĂงจĈîüîǰ125ǰõćóĒúąข÷ąðøąđõìĂČęîǰėǰĕéšëĎกêšĂงจĈîüîǰ26ǰõćóǰ
õćóข÷ąìĊęđĀúČĂĂĊกǰ42ǰõćóĕöŠÿćöćøëคĆéĒ÷กĕéšĂ÷ŠćงëĎกêšĂงǰìĈĔĀšđĀĘîüŠćøąïïĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉ
öĊคŠćคüćöëĎกêšĂงĔîกćøคĆéĒ÷กข÷ąøšĂ÷úąǰ78.24ǰîĂกจćกîĊĚ÷ĆงöĊõćóìĊęëĎกøïกüîขèąïĆîìċกüĉéĊēĂÿŠงñúĔĀš
đกĉéกćøêĆéđôøöõćóĕöŠëĎกêšĂงจĈîüîǰ7ǰõćóǰซċęงõćóđĀúŠćîĆĚîĕöŠĂ÷ĎŠĔîจĈîüîõćóข÷ąǰ193ǰõćóǰêćö
êćøćงìĊęǰ4.4ǰéĆงîĆĚîĂćจêšĂงóĉจćøèćđøČęĂงกćøêĆéđôøöõćóđóČęĂจĆéกćøüĉéĊēĂกćøìĉĚงข÷ąìĊęëĎกøïกüîĔĀšöĊ
ðøąÿĉìíĉõćóöćกìĊęÿčéǰ 

 
4.3 กćøĂõĉปøć÷ñú 

จćกêćøćงìĊęǰ4.2ǰĔîกćøđøĊ÷îøĎšéšü÷ขĆĚîêĂîüĉíĊกćøĒóøŠกøąจć÷÷šĂîกúĆïǰóïüŠćĒêŠúąĒïïจĈúĂงĔĀš
คŠćคüćöëĎกêšĂงĔกúšđคĊ÷งกĆîöćกǰResNet152ǰซċęงöĊคŠćคüćöëĎกêšĂงÿĎงÿčéđðŨîøšĂ÷úąǰ89.95ǰđöČęĂđðøĊ÷ïđìĊ÷ï
ĒïïจĈúĂงìĆ ĚงĀöéĒúąĒêŠúąøĂïöĊชŠüงคŠćคüćöëĎกêšĂงìĊ ęÿĎงĔกúšđคĊ÷งกĆîǰResNet50 DenseNet121 
VGG16 SqueezeNet1_1ĒúąAlexNet ซċęงöĊคŠćคüćöëĎกêšĂงøšĂ÷úąǰ88.12ǰ87.67ǰ84.02ǰ83.10Ēúą
78.53ǰêćöúĈéĆïǰ 

กćøđðøĊ÷ïđìĊ÷ïĒïïจĈúĂงēé÷กćøìéÿĂïกćøĒ÷กข÷ąกĆïชčéìéÿĂïìĊęĕöŠđค÷ñŠćîกćøđøĊ÷îøĎšöć
กŠĂîǰจćกõćóìĊ ęǰ4.3ǰóïüŠćคŠćคüćöëĎกêšĂงìĊ ęĕé šจćกĒïïจĈúĂงĒêŠúąĒïïöĊคŠćĔกúšđคĊ÷งกĆîǰซċęงǰ
DenseNet121ǰĔĀšคŠćคüćöëĎกêšĂงìĊęÿĎงÿčéøšĂ÷úąǰ89.95ǰøĂงúงöćคČĂǰResNet152ǰìĊęøšĂ÷úąǰ89.09ǰǰĒêŠ
đöČęĂóĉจćøèćđøČęĂงðøąÿĉìíĉõćóĔîéšćîĂČęîǰėǰđชŠîǰđüúćกćøคĆéĒ÷กข÷ąǰกćøĔชšóČĚîìĊęĀîŠü÷คüćöจĈǰøüöëċงคŠć
คüćöëĎกêšĂงĔîชčéêøüจÿĂïĒêŠúąøĂïđóČęĂóĉจćøèćðøąÿĉìíĉõćóคüćöîŠćđชČęĂìĊęñŠćîöćǰซċęงĒêŠúąøĂïìĊęöĊ
กćøðøĆïคŠćóćøćöĉđêĂøŤĒïïจĈúĂงǰResNet152ǰöĊคŠćคüćöëĎกêšĂงÿĎงÿčéøüöëċงđüúćกćøคĆéĒ÷กข÷ąĒúą
กćøĔชšóČ ĚîìĊ ęĀîŠü÷คüćöจĈîšĂ÷กüŠćǰDenseNet121ǰñĎ šü ĉจĆ÷จċงđúČĂกĒïïจĈúĂงǰResNet152ǰöćĔชšกĆï
งćîüĉจĆ÷îĊĚ 

đöČęĂîĈĒïïจĈúĂงǰResNet152ǰöćđชČęĂöêŠĂกĆïกćøêĆéđôøöõćóüĉéĊēĂĒúąขĆĚîêĂîกćøðøĆïõćóกŠĂî
กøąïüîกćøจĈĒîกข÷ąǰจċงĕéšøąïïĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉซċęงĔĀšคŠćคüćöëĎกêšĂงĔîกćøคĆéĒ÷กข÷ąøšĂ÷
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úąǰ78.24ǰîĆïüŠćđðŨîคŠćคüćöëĎกêšĂงìĊęÿĎงóĂÿöคüøǰéĆงîĆĚîìćงñĎšüĉจĆ÷จċงĕéšìĈกćøüĉđคøćąĀŤðŦญĀćìĊęĂćจจą
ÿŠงñúĔĀšøąïïคĆéĒ÷กข÷ąøĊĕซđคĉúñĉéóúćéǰ2ǰðøąđéĘîǰคČĂǰõćóìĊęëĎกøïกüîขèąïĆîìċกüĉéĊēĂÿŠงñúêŠĂกćø
êĆéđôøöõćóǰ7ǰõćóéĆงêĆüĂ÷ŠćงĔîêćøćงìĊęǰ4.4ǰĒúąõćóìĊęคĆéĒ÷กข÷ąøĊĕซđคĉúĒúąðøąđõìĂČęîǰėǰñĉéóúćéǰ
42ǰõćóǰซċęงĒÿéงêĆüĂ÷ŠćงõćóđĀúŠćîĆĚîĔîêćøćงìĊęǰ4.5 

 

ตćøćงทĊęǰ4.4 ตĆüĂ÷ŠćงñúúĆóธŤขณąบĆนทċกüĉดĊēĂถĎกøบกüนÿŠงñúตŠĂกćøตĆดđôøöõćó 

õćó ขšĂñĉดóúćดกćøตĆดđôøö 

 

õćóöČĂ 

 

õćóöČĂ 

 

õćóöČĂ 

 

õćóöČĂ 
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จćกêćøćงìĊęǰ4.4ǰóïüŠćกćøøïกüîìĊęìĈĔĀšđกĉéกćøêĆéđôøöüĉéĊēĂñĉéóúćéǰคČĂǰöČĂขĂงñĎšìĉĚงข÷ąขèą
đกĘïöČĂĀúĆงจćกìĉĚงข÷ąđÿøĘจĒúšüǰÿŠงñúĔĀšøąïïìĈกćøĒ÷กข÷ąจćกõćóöČĂǰซċęงđðŨîÿĉęงìĊęĕöŠคüøđกĉéขċĚîǰìĈĔĀš
กćøìĈงćîขĂงøąïïđกĉéขšĂñĉéóúćé 

 
ตćøćงทĊęǰ4.5ǰตĆüĂ÷ŠćงñúúĆóธŤกćøĒ÷กข÷ąøĊĕซđคĉúĒúąปøąđõทĂČęนǰėǰñĉดóúćดจćกøąบบ 

õćó ชČęĂõćó คüćöđปŨนจøĉง คĈตĂบจćกกćø
ทĈนć÷ 

 

165_Recycle.jpg ข÷ąðøąđõìĂČęîǰėǰ ข÷ąøĊĕซđคĉú 

 

195_Non-
Recycle.jpg ข÷ąøĊĕซđคĉú ข÷ąðøąđõìĂČęîǰė 

 

200_Non-
Recycle.jpg ข÷ąðøąđõìĂČęîǰė ข÷ąøĊĕซđคĉú 

 

174_Recycle.jpg ข÷ąðøąđõìĂČęîǰė ข÷ąøĊĕซđคĉú 

 

199_Non-
Recycle.jpg ข÷ąøĊĕซđคĉú ข÷ąðøąđõìĂČęîǰė 

 

35_Non-
Recycle.jpg ข÷ąøĊĕซđคĉú ข÷ąðøąđõìĂČęîǰė 

 
 



38 
 

จćกêćøćงìĊęǰ4.5ǰóïüŠćõćóìĊęìĈĔĀšđกĉéขšĂñĉéóúćéĔîกćøĒ÷กข÷ąøĊĕซđคĉúÿŠüîĔĀญŠđðŨîข÷ą
ðøąđõìĂČęîǰėǰìĊęđðŨîëčงóúćÿêĉกĀøČĂëčงขîöóúćÿêĉกǰǰซċęงข÷ąđĀúŠćîĆĚîöĊøĎðøŠćงĀøČĂøĎðìøงĕöŠĒîŠîĂîǰ
øüöëċงõć÷ĔîชčéขšĂöĎúÿĂîöĊëčงóúćÿêĉกĀøČĂëčงขîöóúćÿêĉกìĊęจąĔชšĔîกćøÿøšćงĒïïจĈúĂงĂ÷ĎŠđðŨîจĈîüî
îšĂ÷ǰǰÿĈĀøĆïข÷ąøĊĕซđคĉúǰÿĆงđกêĕéšüŠćõćóìĊęñĉéóúćéคČĂõćóìĊęđĀĘîđðŨîøĎðøŠćงĀøČĂøĎðìøงđóĊ÷งéšćîđéĊ÷üǰ
จćกìĊęกúŠćüöćìĆĚงĀöéÿŠงñúĔĀšกćøĒ÷กข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰđกĉéขšĂñĉéóúćéĕéš 

 
 
 
 
 
 



บททĊęǰ5 
ขšĂÿøčปĒúąขšĂđÿนĂĒนą 

ĔîïìîĊĚกúŠćüëċงǰÿøčðñúกćøüĉจĆ÷กćøĔชšēคøขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîđóČęĂĒ÷กข÷ąøĊĕซđคĉú
ĂĆêēîöĆêĉĒúąขšĂđÿîĂĒîąǰēé÷öĊøć÷úąđĂĊ÷ééĆงêŠĂĕðîĊĚ 

 
5.1 ขšĂÿøčป 

งćîüĉจĆ÷îĊĚöĊüĆêëčðøąÿงคŤđóČęĂóĆçîćēðøĒกøöจĈúĂงกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰซċęงข÷ąìĊęĔชšĔî

งćîüĉจĆ÷đðŨîข÷ąõć÷Ĕîðøąđìýĕì÷đðŨîĀúĆกǰéšü÷กćøøĆïขšĂöĎúüĉéĊēĂกćøìĉĚงข÷ąēé÷öĊõćóöČĂขĂงñĎšìĉĚงข÷ą

ëĎกïĆîìċกđขšćöćĔîüĉéĊēĂéšü÷ǰĒúąøąïïจąĒจšงđêČĂîĀćกöĊกćøìĉĚงข÷ąðøąđõìĂČęîúงëĆงข÷ąøĊĕซđคĉúĀøČĂìĉĚง

ข÷ąøĊĕซđคĉúúงëĆงข÷ąðøąđõìĂČęîǰėǰงćîüĉจĆ÷îĊĚǰĔชšĒïïจĈúĂงขĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîĔîกćø

Ē÷กข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰìĆĚงĀöéĀกĒïïǰĕéšĒกŠ AlexNet VGG16ǰResNet50ǰResNet152ǰ
DenseNet121ĒúąSqueezeNet1_1ǰñúกćøìéÿĂïóïüŠćǰðøąÿĉìíĉõćóขĂงĒïïจĈúĂงĒêŠúąĒïïĕéšคŠć
คüćöëĎกêšĂงìĊęĔกúšđคĊ÷งกĆîǰđöČęĂóĉจćøèćðøąÿĉìíĉõćóéšćîĂČęîǰėǰđชŠîǰđüúćĔîกćøĒ÷กข÷ąǰกćøĔชšóČĚîìĊę

ĀîŠü÷คüćöจĈĒúąคŠćคüćöëĎกêšĂงìĊęĕéšจćกกćøđøĊ÷îøĎšéšü÷üĉíĊกćøĒóøŠกøąจć÷÷šĂîกúĆïđóČęĂéĎðøąÿĉìíĉõćó

กćøđøĊ÷îøĎšìĊęñŠćîöćǰñĎšüĉจĆ÷จċงđúČĂกĔชšĒïïจĈúĂงǰResNet152ǰđöČęĂìĈกćøìéÿĂïøąïïìĊęîĈกćøêĆéđôøö
üĉéĊēĂöćêŠĂðøąÿćîกćøìĈงćîกĆïøąïïกćøจĈĒîกขšĂöĎúกúčŠöข÷ąĒúšüǰìĈĔĀšกćøìĈงćîขĂงøąïïöĊคüćö

ëĎกêšĂงÿĎงëċงøšĂ÷úąǰ78.24ǰซċęงđðŨîคŠćคüćöëĎกêšĂงìĊęÿĎงóĂÿöคüøǰđöČęĂóĉจćøèćกćøìĈงćîขĂงøąïïìĊęìĈĔĀš

đกĉéคüćöñĉéóúćéĔîกćøĒ÷กข÷ąøĊĕซđคĉúĒúąข÷ąðøąđõìĂČęîǰėǰÿćöćøëøąïčÿćđĀêčĕéšÿĂงðøąกćøǰคČĂǰ

กćøêĆéđôøöüĉéĊēĂìĊęöČĂขĂงñĎšìĉĚงข÷ąขèąđกĘïöČĂĀúĆงจćกìĉĚงข÷ąëĎกêĆéöćđðŨîđôøöõćóÿĈคĆญĒúąîĈöć

ìĈîć÷ñúǰซċęงđðŨîÿĉęงìĊęĕöŠคüøđกĉéขċĚîǰĒúąชčéขšĂöĎúìĊęđðŨîข÷ąðøąđõìĂČęîǰėǰđชŠîǰëčงóúćÿêĉกĀøČĂëčงขîö

óúćÿêĉกöĊจĈîüîîšĂ÷ĒúąøĎðìøงĕöŠĒîŠîĂîจċงÿŠงñúĔĀšđกĉéขšĂñĉéóúćéĔîกćøĒ÷กข÷ą 
 
5.2 ปŦญĀćขĂงงćนüĉจĆ÷ĒúąüĉธĊกćøĒกšĕข 

ปŦญĀćทĊęǰ1 กćøóĆçîćøąïïĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉĂ÷ĎŠĔîชŠüงüĉกùêกćøĒóøŠøąïćéēคüĉé-19ǰจċงÿŠงñúĔĀš
ðøĉöćèข÷ąìĊęĕéšĔîกćøïĆîìċกüĉéĊēĂกćøìĉĚงข÷ąöĊจĈîüîîšĂ÷กüŠćชčéขšĂöĎúõćóìĊęïĆîìċกกŠĂîĀîšć 

üĉธĊĒกšĕขปŦญĀćǰǰìĈกćøëŠć÷üĉéĊēĂ÷ŠĂ÷ǰøą÷ąđüúćǰ5-20ǰîćìĊǰจćกïøĉđüèìĊęìĉĚงข÷ąĒêŠúąĒĀŠงîĈöćøüöกĆî
đðŨîüĉéĊēĂđéĊ÷üǰēé÷คüïคčöกćøïĆîìċกüĉéĊēĂĔĀšĔกúšđคĊ÷งกĆîǰđชŠîǰĒÿงǰđงćĒúąกćøêĆĚงกúšĂงïĆîìċกǰ
đóČęĂĔĀšüĉéĊēĂ÷ŠĂ÷ìĊęĕéšĕðĔîìĉýìćงđéĊ÷üกĆîĔĀšĕéšöćกìĊęÿčé 

ปŦญĀćทĊęǰ2 ชŠüงüĉกùêกćøĒóøŠøąïćéēคüĉé-19ǰìĈĔĀšกćøóïðąǰóĎéคč÷กĆîøąĀüŠćงñĎšüĉจĆ÷ĒúąĂćจćø÷ŤìĊę
ðøċกþćđðŨîĕðéšü÷คüćö÷ćกúĈïćกǰจċงÿŠงñúĔĀšกćøéĈđîĉîงćîđกĉéคüćöúŠćชšćกüŠćìĊęöĊกćø
กĈĀîéĕüš 

üĉธĊĒกšĕขปŦญĀćǰǰĔชšกćøóĎéคč÷ñŠćîชŠĂงìćงĂĂîĕúîŤđðŨîĀúĆกĒúąĒïŠงĀîšćìĊęคüćöøĆïñĉéชĂïงćîĔîĒêŠúą
ÿŠüîđóČęĂĔĀšงćîéĈđîĉîêŠĂĕðĕéšǰ 
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ปŦญĀćทĊęǰ3 ðŦญĀćกćøìĈงćîขĂงēðøĒกøöìĊęđúČĂกĔชšÿøšćงĒïïจĈúĂงìĈงćîïîĀîŠü÷ðøąöüúñúกúćงขĂง
đคøČęĂงǰìĈĔĀšกćøÿøšćงĒïïจĈúĂงđกĉéคüćöúŠćชšćìĊęจąĕéšĒêŠúąĒïïจĈúĂงĕðìĈกćøคĆéĒ÷กข÷ąǰ 

üĉธĊĒกšĕขปŦญĀćǰǰđúČĂกđðúĊ ę÷îēðøĒกøöìĊęìĈงćîïîĀîŠü÷ðøąöüúñúกúćงขĂงđคøČ ęĂงöćđðŨîĀîŠü÷
ðøąöüúñúïîđซĉøŤôđüĂøŤǰจćกđéĉöìĊęĔชšđüúćǰ10ǰชĆęüēöงđĀúČĂĕöŠđกĉîǰ20ǰîćìĊ 

 
5.3 ขšĂđÿนĂĒนą 

จćกกćøìéúĂงกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰēé÷กćøĔชšēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîéšü÷กćø
ĔชšĒïïจĈúĂงǰResNet152 ñĎšüĉจĆ÷đĀĘîüŠćคüøกćøđóĉęöขšĂđÿîĂĒîąéĆงêŠĂĕðîĊĚ 

1. ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîöĊĒïïจĈúĂงĂĊกĀúć÷ชîĉéìĊęÿćöćøëîĈöćĒ÷กõćóขĂง
ðøąđõìข÷ąēé÷ðøąÿĉìíĉõćóĒúąกćøĔชšงćîĒêŠúąðøąđõìĒêกêŠćงกĆîǰจċงêšĂงđúČĂกĔชšĔĀšđกĉé
คüćöđĀöćąÿöกĆïงćîîĆĚîǰė 

2. กćøêĆéđôøöõćóจćกüĉéĊēĂìĊęïĆîìċกǰคüøÿćöćøëจĈĒîกÿĉęงøïกüîìĊęđกĉéจćกกćøïĆîìċกüĉéĊēĂǰ
đชŠîǰöČĂǰđìšćขĂงñĎšìĉĚงข÷ąǰชć÷đÿČĚĂǰกćงđกงĀøČĂกøąēðøง êúĂéจîĒöúงìĊęĂ÷ĎŠïøĉđüèëĆงข÷ąǰ
đóČęĂĔĀšĕéšđôøöõćóขĂงข÷ąìĊęĒìšจøĉงĕðóĉจćøèćĒ÷กðøąđõìข÷ą 

3. ขšĂöĎúõćóขĂงข÷ąĒêŠúąðøąđõìคüøöĊจĈîüîöćกĀøČĂĔกúšđคĊ÷งกĆîǰđóČęĂđóĉęöðøąÿĉìíĉõćóกćø
ìĈงćîĔĀšÿćöćøëĔชšงćîĕéšจøĉงöćก÷ĉęงขċĚî  

4. กćøîĈงćîüĉจĆ÷îĊĚĕðêŠĂ÷ĂéđóČęĂðøą÷čกêŤĔชšงćîจøĉงกĆïĀîŠü÷งćîĀøČĂĂงคŤกøìĊęéĎĒúกćøจĆéกćø
ข÷ąêŠĂĕð 
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ปŘกćøýċกþćǰ2562 
 

ชČęĂēคøงงćîǰ(õćþćĕì÷) øąïïĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉ 
ชČęĂēคøงงćîǰ(õćþćĂĆงกùþ)ǰ Automatic Recycle Waste Separation System 
Ăćจćø÷ŤìĊęðøċกþćǰ 1.ǰñĎšชŠü÷ýćÿêøćจćø÷Ťǰéø.ýčõกćîêŤǰóĉöúíđøýǰ 
 2.ǰñĎšชŠü÷ýćÿêøćจćø÷ŤǰýýĉõćǰóĆîíčüéĊíøǰ 
ñĎšéĈđîĉîกćøǰ 1.ǰîć÷กĂงóúǰúüงงćö đúขðøąจĈêĆüîĉÿĉêǰ5933603123ǰ 
 2.ǰîć÷ÿøüĉýǰýĉøĉöงคú đúขðøąจĈêĆüîĉÿĉêǰ5933660923 
 ÿćขćüĉชćüĉì÷ćกćøคĂöóĉüđêĂøŤǰõćคüĉชćคèĉêýćÿêøŤĒúąüĉì÷ćกćøคĂöóĉüđêĂøŤǰ 
 คèąüĉì÷ćýćÿêøŤǰจčāćúงกøèŤöĀćüĉì÷ćúĆ÷ǰ 
ĀúĆกกćøĒúąđĀตčñú 

ðŦจจčïĆîðøąđìýĕì÷กĈúĆงกšćüđขšćÿĎŠðŦญĀćข÷ąúšîđöČĂง ǰđîČęĂงจćกกćøข÷ć÷êĆüขĂงชčöชîđöČĂงĒúą
กćøïøĉēõคìĊęđóĉęööćกขċĚî ÿŠงñúĔĀšðøĉöćèข÷ąöĎúòĂ÷ĔîĀúć÷óČĚîìĊęđóĉęööćกขċĚî ĔîðŘǰó.ý. 2561 ðøĉöćè
ข÷ąöĎúòĂ÷đกĉéขċĚîðøąöćèǰ27.8 úšćîêĆîǰซċęงđóĉęöขċĚîøšĂ÷úąǰ1.64 จćกðŘǰó.ý.ǰ2560ǰกćøïøĉĀćøจĆéกćø
ข÷ąöĎúòĂ÷ìĊęëĎกคĆéĒ÷กǰèǰêšîìćงĒúąëĎกîĈกúĆïĕðĔชšðøąē÷ชîŤĕéšöĊđóĊ÷งðøąöćèǰ9.58 úšćîêĆî [1] ÿŠüî
ข÷ąöĎúòĂ÷ìĊęĕöŠëĎกคĆéĒ÷กǰèǰêšîìćงจąîĈÿŠงĕð÷ĆงēøงงćîøĆïซČĚĂข÷ąìĊęคĂ÷คĆéĒ÷กข÷ąĀøČĂìĈกćøìĉĚงĀúčö

òŦงกúïǰจîĕðëċงกćøđñćข÷ąĔîđêćđóČęĂĔĀšĕéšóúĆงงćîĕôôŜćǰกćøจĆéกćøðøĉöćèข÷ąđĀúŠćîĆĚîĕöŠĔชŠìćงĒกšĕข

ðŦญĀćìĊęđĀöćąÿööćกóĂìĊęจąøĆïøĂงðøĉöćèข÷ąìĊęđóĉęöขċĚîǰĂĊกìĆĚง÷ĆงÿŠงñúกøąìïêćööćéšćîöúóĉþìćง

ĂćกćýǰîĚĈĒúąéĉîǰĒĀúŠงóćĀąîĈēøคĒúąìĆýîĊ÷õćóĕöŠÿü÷งćö [2]  จćกกćøýċกþćงćîüĉจĆ÷óùêĉกøøöกćø
จĆéกćøข÷ąöĎúòĂ÷ขĂงðøąชćชîĔîĀúć÷óČĚîìĊęǰ đชŠîǰĂงคŤกćøïøĉĀćøÿŠüîêĈïúüĆéจĆîìøŤǰĂĈđõĂđöČĂงǰ

จĆงĀüĆéóĉþèčēúกǰ[3] ĒúąđìýïćúêĈïúïšćîéŠćîǰĂĈđõĂĂøĆญðøąđìýǰจĆงĀüĆéÿøąĒกšüǰ[4]ǰ ðøąชćกøÿŠüî
ĔĀญŠöĊคüćöđขšćĔจĒúąðฏĉïĆêĉĔîđøČęĂงกćøúéĒúąจĆéกćøข÷ąöĎúòĂ÷öćกìĊęÿčéĂ÷ĎŠĔîøąéĆïðćîกúćงđìŠćîĆĚî 

กćøคĆéĒ÷กข÷ąöĎúòĂ÷đðŨîกćøจĆéกćøข÷ąǰèǰêšîìćงìĊęìĈĕéšงŠć÷ǰēé÷ĒïŠงข÷ąöĎúòĂ÷ĂĂกđðŨîǰ4ǰ

ðøąđõìǰĕéšĒกŠǰ[2] 
1) ข÷ą÷ŠĂ÷ÿúć÷ĀøČĂöĎúòĂ÷÷ŠĂ÷ÿúć÷ǰคČĂǰข÷ąìĊęđîŠćđÿĊ÷Ēúą÷ŠĂ÷ÿúć÷ĕéšđøĘüǰđชŠîǰđýþñĆกǰ

đðúČĂกñúĕöšǰđýþĂćĀćøǰĔïĕöšǰđýþđîČĚĂÿĆêüŤǰ 
2) ข÷ąøĊĕซđคĉúĀøČĂöĎúòĂ÷ทĊę÷ĆงĔชšĕดšǰคČĂǰขĂงđÿĊ÷ïøøจčõĆèæŤǰĀøČĂüĆÿéčđĀúČĂĔชšǰซċęงÿćöćøëîĈ

กúĆïöćĔชšðøąē÷ชîŤĔĀöŠĕéšǰđชŠîǰĒกšüǰกøąéćþǰกøąðŞĂงđคøČęĂงéČęöǰđýþóúćÿêĉกǰđýþēúĀąǰĂúĎöĉđîĊ÷öǰ÷ćง

øë÷îêŤǰกúŠĂงđคøČęĂงéČęöĒïïǰUHT  
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3) ข÷ąĂĆนตøć÷ĀøČĂöĎúòĂ÷ĂĆนตøć÷ǰคČĂǰöĎúòĂ÷ìĊęðîđðŚ ŪĂîĀøČĂöĊĂงคŤðøąกĂïขĂงüĆêëčìĊę
กŠĂĔĀšđกĉéñúกøąìïêŠĂคčèõćóÿĉęงĒüéúšĂöǰĀøČĂĂćจìĈĔĀšđกĉéĂĆîêøć÷ĒกŠïčคคúǰÿĆêüŤǰóČชǰĀøČĂìøĆó÷ŤǰđชŠîǰ

ĀúĂéôúĎĂĂđøÿđซîêŤǰëŠćîĕôฉć÷ǰüĆêëčøąđïĉéĕéšǰüĆêëčĕüĕôǰüĆêëčìĊęìĈĔĀšđกĉéēøคǰ 
4) ข÷ąทĆęüĕปĀøČĂöĎúòĂ÷ทĆęüĕปǰคČĂǰข÷ąðøąđõìĂČęîîĂกđĀîČĂจćกข÷ą÷ŠĂ÷ÿúć÷ǰข÷ąøĊĕซđคĉúǰ

Ēúąข÷ąĂĆîêøć÷ǰđชŠîǰĀŠĂóúćÿêĉกĔÿŠขîöǰëčงóúćÿêĉกïøøจčñงซĆกôĂก 
กćøคĆéĒ÷กข÷ąöĎúòĂ÷ēé÷ĂćýĆ÷đคøČęĂงöČĂĒúąđìคēîēú÷ĊǰöĊกćøĔชšงćîêĆĚงĒêŠøąéĆ ïคøĆüđøČĂîëċง

ēøงงćîđóČęĂđóĉęöðøąÿĉìíĉõćóกćøคĆéĒ÷กĒúąîĈกúĆïĕðĔชšĔĀöŠĕéšǰจćกกćøคšîคüšćóïüŠćöĊงćîüĉจĆ÷Ă÷ĎŠĀúć÷

ชĉĚîìĊęđกĊ ę÷üขšĂงกĆïกćøĒ÷กข÷ąĒêŠúąðøąđõìǰงćîüĉจĆ÷ขĂงǰGeorge E.ǰSakr Ēúąคèą [5]ǰĕéšคĆéĒ÷ก
ðøąđõìข÷ąēé÷ĂĆêēîöĆêĉđóČęĂจĈĒîกข÷ąǰ3ǰðøąđõìđðŨîǰกøąéćþǰ óúćÿêĉกĒúąēúĀąǰéšü÷กćøĔชšēคøงขŠć÷
ðøąÿćìĒïïคĂîēüú Ďช Ćîǰ(Convolutional Neural Networks: CNN) ïîĒïïจĈúĂงǰAlexNet [6] 
ĒúąซĆóóĂøŤê-đüกđêĂøŤĒöìชĊîǰ (Support Vector Machines: SVM) ñúìĊęĕéšĒÿéงĔĀšđĀĘîüŠćซĆóóĂøŤê
đüกđêĂøŤĒöìชĊîöĊคüćöëĎกêšĂงĔîกćøจĈĒîกÿĎงëċงøšĂ÷úąǰ94.8 ĔîขèąìĊęēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆî
ïîĒïïจĈúĂงǰAlexNet ìĈĕéšđóĊ÷งøšĂ÷úąǰ83 งćîüĉจĆ÷ขĂงǰBernardo S.ǰCostaǰĒúąคèąǰ[7] คĆéĒ÷ก
ข÷ąจćกขšĂöĎúõćóซċęงĒïŠงđðŨîǰ4ǰðøąđõìǰĕéšĒกŠǰĒกšü óúćÿêĉก กøąéćþĒúąēúĀąǰēé÷ĔชšêĆüจĈĒîกĕéšĒกŠǰ
ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîïîĒïïจĈúĂง AlexNetǰĒúąĒïïจĈúĂง VGG-16ǰ[8] ซĆóóĂøŤê
đüกđêĂøŤĒöìชĊî üĉíĊกćøคšîĀćđóČęĂîïšćîĔกúšÿčéǰk êĆüǰ(K-Nearest Neighbor Algorithm: KNN)ǰĒúąüĉíĊǰ
Random Forest (RF) [9] đóČ ęĂđðøĊ÷ïđìĊ÷ïคüćöëĎกêšĂงǰñúกćøìéúĂงĒÿéงĔĀšđĀĘîüŠćüĉíĊ ēคøงขŠć÷
ðøąÿćìĒïïคĂîēüúĎชĆîïîĒïïจĈúĂง VGG-16 ĔĀšคüćöëĎกêšĂงÿĎงëċงøšĂ÷úąǰ93 êćööćéšü÷ĒïïจĈúĂง 
AlexNetǰüĉíĊกćøคšîĀćđóČęĂîïšćîĔกúšÿčéǰk êĆüǰüĉíĊ Random Forest ĒúąซĆóóĂøŤêđüกđêĂøŤĒöìชĊî ซċęง
ĕéšñúคüćöëĎกêšĂงøšĂ÷úąǰ91ǰøšĂ÷úąǰ88 øšĂ÷úąǰ85ĒúąøšĂ÷úąǰ80 êćöúĈéĆïǰงćîüĉจĆ÷ขĂงǰǰCenk 
Bircanoglu Ēúąคèąǰ[10] คĉéคšîĒïïจĈúĂงจĈĒîกõćóข÷ąĔĀöŠǰēé÷ĂćýĆ÷ēคøงขŠć÷ðøąÿćìđชĉงúċกǰ
(Deep Neural Networks)ǰïîĒïïจĈúĂงì Ć Ě งĀöé ǰ7 ǰĒïïĕé š Ēก Š ǰResNet50 ǰ [11]ǰMobileNetǰ
InceptionResNetV2ǰDenseNet121ǰ[12]ǰDenseNet169ǰDenseNet201ǰĒúąǰXceptionǰĔîøąĀüŠćง
กćøìéÿĂïĕéšöĊกćøðøĆïคŠćĔîĒêŠúąĒïïĔĀšĕéšคŠćคüćöëĎกêšĂงÿĎงÿčéǰēé÷ĒïïจĈúĂงǰ2ǰĒïïìĊęĔĀšคŠćคüćö

ëĎกêšĂงÿĎงÿĎéĀúĆงจćกðøĆïคŠćĒúšüคČĂǰDenseNet121ǰĒúąǰInceptionResNetV2ǰìĊęคüćöëĎกêšĂงøšĂ÷úąǰ95 
ĒúąøšĂ÷úąǰ87ǰêćöúĈéĆïǰจćกîĆĚîîĈìĆĚงÿĂงĒïïöćÿøšćงĒïïจĈúĂงĔĀöŠìĊęชČęĂüŠćǰRecycleNetǰēé÷ĕéšคŠć
คüćöëĎกêšĂงìĊęøšĂ÷úąǰ81 ขšĂĕéšđðøĊ÷ïขĂงüĉíĊîĊĚǰคČĂǰกćøĔชšìøĆó÷ćกøĀîŠü÷ðøąöüúñúกúćงĒúąĀîŠü÷
ðøąöüúñúéšćîกøćôŗกǰ3ǰöĉêĉêęĈกüŠćĒïïจĈúĂงĂČ ęîǰėǰĒúąคŠćคüćöëĎกêšĂงÿĎงกüŠćǰ ResNet50ǰĒúąǰ
MobileNet งćîüĉจĆ÷ขĂงǰChutimet Srinilta Ēúąคèą [13] ĔชšĒïïจĈúĂงìĊęĒêกêŠćงกĆîขĂงēคøงขŠć÷
ðøąÿćìĒïïคĂîēüúĎชĆîĔîกćøจĈĒîกข÷ąจĈîüîǰ4ǰðøąđõìǰคČĂǰข÷ąìĆęüĕð ข÷ą÷ŠĂ÷ÿúć÷ǰข÷ąøĊĕซđคĉúǰ
Ēúąข÷ąĂĆîêøć÷ǰēé÷ĒêŠúąðøąđõì÷ĆงöĊøć÷กćøชîĉéข÷ąĂĊกéšü÷ǰซċęงĂćýĆ÷ขšĂöĎúõćóจĈîüîǰ9 ,200ǰøĎðǰ
ĒúąĔชšĒïïจĈúĂงขĂงēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîìĆ ĚงĀöéǰ4ǰĒïïĕéšĒกŠǰVGG-16ǰResNet-50 
MobileNet V2 ĒúąǰDenseNet-121 ซċęงñúĒÿéงĔĀšđĀĘîüŠćกćøจĈĒîกข÷ąĕéšêøงøć÷กćøชîĉéข÷ąĔîĒêŠ
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úąðøąđõìǰēé÷ĒïïจĈúĂงǰResNet-50ǰĔĀšคŠćคüćöëĎกêšĂงÿĎงÿčéøšĂ÷úąǰ91.30 ÿŠüîĒïïจĈúĂงĂČęîǰėǰĔĀš
คŠćคüćöëĎกêšĂงđกĉîøšĂ÷úąǰ80ǰĔîÿŠüîขĂงกćøจĈĒîกðøąđõìข÷ąǰĒïïจĈúĂงìčกĒïïĔĀšคŠćคüćöëĎกêšĂง

Ă÷ĎŠøąĀüŠćงøšĂ÷úąǰ87.36 ëċงøšĂ÷úąǰ94.86 ēé÷ĒïïจĈúĂงǰResNet-50ǰĔĀšคŠćคüćöëĎกêšĂงÿĎงÿčéǰÿŠüîกćø
จĈĒîกข÷ąøĊĕซđคĉúǰคŠćคüćöëĎกêšĂงêęĈÿčéĕéšจćกĒïïจĈúĂง VGG-16ǰìĊęøšĂ÷úąǰ52.95 

จćกกćøìïìüîüøøèกøøöĒÿéงĔĀšđĀĘîüŠćกćøĔชšüĉíĊ ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîǰöĊคüćö

đðŨîĕðĕéšĔîกćøจĈĒîกข÷ąĒêŠúąðøąđõìǰñĎšóĆçîćจċงÿîĔจîĈēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîöćóĆçîć

øąïïกćøĒ÷กคĆéข÷ąøĊĕซđคĉúĀøČĂöĎúòĂ÷ìĊę÷ĆงĔชšĕéšǰèǰêšîìćงǰìĈĔĀšคîìĆęüĕðÿćöćøëคĆéĒ÷กข÷ąĕéšงŠć÷ǰ

ñĎšóĆçîćđúĘงđĀĘîüŠćëšćĔĀšคîìĆęüĕðđøĊ÷îøĎšจćกกćøìĉĚงข÷ąชĉĚîĀîċęงìĊęĕöŠĔชŠข÷ąøĊĕซđคĉúúงëĆงข÷ąøĊĕซđคĉúĒúšüöĊ

ÿĆญญćèĒจšงđêČĂîđóČęĂĔĀšđขćøĆïøĎšüŠćข÷ąชĉĚîìĊęจąìĉĚงúงëĆงĕöŠĔชŠข÷ąøĊĕซđคĉúǰìĈĔĀšĕöŠìĉĚงข÷ąชĉĚîîĆĚîúงëĆงข÷ąøĊ

ĕซđคĉúซĚĈĂĊกĔîõć÷ĀúĆงĒúąêøąĀîĆกđóĉęööćกขċĚîĔîกćøคĆéĒ÷กข÷ąøĊĕซđคĉúชĉĚîêŠĂǰėǰĕðกŠĂîìĉĚงúงëĆงข÷ąǰ

ĔîìćงกúĆïกĆîǰĀćกคîìĆęüĕðìĉĚงข÷ąøĊĕซđคĉúúงëĆงìĊ ęĕöŠĔชŠëĆงข÷ąøĊĕซđคĉúกĘจąĕéšøĆïÿĆญญćèĒจšงđêČĂî

đชŠîđéĊ÷üกĆîǰĒêŠëšćđðŨîข÷ąøĊĕซđคĉúìĊęëĎกìĉĚงúงëĆงข÷ąøĊĕซđคĉúđคøČęĂงจąĕöŠÿŠงกćøĒจšงđêČĂîǰคîจąĕöŠđกĉéĂćกćø

êกĔจĀøČĂöĊðฏĉกĉøĉ÷ćêŠĂกćøìĉĚงข÷ąøĊĕซđคĉúชĉĚîîĆĚîǰēé÷กøąïüîกćøìĈงćîขĂงøąïïĒ÷กข÷ąøĊĕซđคĉú

ĂĆêēîöĆêĉĒÿéงéĆงøĎðìĊęǰ1 đøĉęöจćกกćøøĆïขšĂöĎúîĈđขšćđðŨîüĉéĊēĂขèąìĉĚงข÷ąǰĒúšüđúČĂกđôøöõćóÿĈคĆญขèąìĊę

öČĂกĈúĆงìĉĚงข÷ąĂ÷ĎŠǰĀúĆงจćกîĆĚîđêøĊ÷öõćóēé÷êĆéöČĂĒúąóČĚîĀúĆงĂĂกĔĀšđĀúČĂđóĊ÷งõćóข÷ąǰĒúšüìĈกćø

จĈĒîกéšü÷ēคøงขŠć÷ðøąÿćìĒïïคĂîēüúĎชĆîđóČęĂĒ÷กข÷ąøĊĕซđคĉúĒúąข÷ąìĆęüĕðǰซċęงìĆĚงĀöéìĊęกúŠćüöć

ÿćöćøëîĈñúúĆóíŤขĂงงćîüĉจĆ÷îĊĚĕðêŠĂ÷ĂéกĆïข÷ąðøąđõìĂČęîǰėǰĒúąîĈĕððøą÷čกêŤĔชšêŠĂĕéš 

 
øĎðìĊęǰ1 ĒÿéงกøąïüîกćøìĈงćîขĂงøąïïĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉ 

 
üĆตถčปøąÿงคŤ 

 đóČęĂóĆçîćēðøĒกøöจĈúĂงกćøĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉéšü÷กćøøĆïขšĂöĎúüĉéĊēĂกćøìĉĚงข÷ąđขšćöć

ĒúąĒจšงđêČĂîĀćกöĊกćøìĉĚงข÷ąðøąđõìĂČęîúงëĆงข÷ąøĊĕซđคĉúĒúąìĉĚงข÷ąøĊĕซđคĉúúงëĆงข÷ąðøąđõìĂČęî  
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ขĂบđขตขĂงēคøงงćน 

1. ข÷ąøĊĕซđคĉúìĊęýċกþćĔîēคøงงćîîĊĚöĊǰ5 ðøąđõìǰĕéšĒกŠǰĒกšü ēúĀą กøąéćþ ขüéóúćÿêĉกĒúą
กúŠĂงđคøČęĂงéČęöĒïïǰUHTǰēé÷đกĘïขšĂöĎúชîĉéúąǰ50ǰõćóǰìĆĚงĀöéǰ250ǰõćó  

2. øą÷ąïĆîìċกõćóข÷ąðøąöćèǰ40ǰđซîêĉđöêøǰóČĚîĀúĆงขĂงõćóêšĂงđðŨîÿĊđéĊ÷üกĆîĀøČĂ

ĔกúšđคĊ÷งกĆîǰöČĂìĊęจĆïข÷ąĒêŠúąชĉĚîĂćจëĎกïĆîìċกđขšćöćéšü÷  
3. öĊคüćöúąđĂĊ÷éขĂงõćóêĆĚงĒêŠǰ72ǰdpiǰĒúąขîćéขĂงõćóĂ÷ĎŠøąĀüŠćงǰ400x400 จčéõćó Ēúąǰ

2000X2000 จčéõćó 
4. üĉéĊēĂìĊęïĆîìċกöĊคčèõćóĕöŠîšĂ÷กüŠćǰ480pǰĒúąขîćéĕöŠêęĈกüŠć 854×480 จčéõćó øą÷ąđüúć

ขĂงüĉéĊēĂĕöŠđกĉîǰ60ǰîćìĊĒúąจĆงĀüąขèąìĉĚงข÷ąêšĂงĂ÷ĎŠĔîđôøöĕöŠîšĂ÷กüŠćǰ5ǰüĉîćìĊ 
5. øĎðĒïïขĂงกćøĒจšงđêČĂîđðŨîขšĂคüćöõćþćĕì÷ĒÿéงñúĂĂกìćงĀîšćจĂ 

üĉธĊกćøดĈđนĉนงćนǰ 
ก. Ēñนกćøýċกþćǰ 
1.ǰýċกþćคšîคüšćìùþฎĊìĊęđกĊę÷üขšĂงǰ 
2.ǰýċกþćงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงกćøจĈĒîกðøąđõìข÷ąǰ 
3.ǰýċกþćðøąÿĉìíĉõćóคčèúĆกþèąêŠćงǰėǰĒúąขĆĚîêĂîüĉíĊĔîกćøจĈĒîกǰ 
4.ǰĂĂกĒïïĒúąđขĊ÷îēðøĒกøöĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰ 
5.ǰìéÿĂïðøąÿĉìíĉõćóēðøĒกøöĒ÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰ 
6.ǰðøąđöĉîñúĒúąĂõĉðøć÷ñúǰ 
7.ǰจĆéìĈđĂกÿćøǰ 
ข. øą÷ąđüúćทĊęýċกþćǰ 

ขĆĚนตĂน 
ปŘกćøýċกþćǰ2562 

ÿ.ค. ก.÷. ต.ค. ó.÷. ธ.ค. ö.ค. ก.ó. öĊ.ค. đö.÷. 
1.ǰýċกþćคšîคüšćìùþฎĊìĊęđกĊę÷üขšĂงǰ          
2.ǰýċกþćงćîüĉจĆ÷ìĊęđกĊę÷üขšĂงกćø
จĈĒîกðøąđõìข÷ąǰ 

         

3.ǰýċกþćðøąÿĉìíĉõćóคčèúĆกþèą

êŠćงǰėǰĒúąขĆĚîêĂîüĉíĊĔîกćøจĈĒîกǰ 
         

4.ǰĂĂกĒïïĒúąđขĊ÷îēðøĒกøöĒ÷ก
ข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰ 

         

5.ǰìéÿĂïðøąÿĉìíĉõćóēðøĒกøö
Ē÷กข÷ąøĊĕซđคĉúĂĆêēîöĆêĉǰ 

         

6.ǰðøąđöĉîñúĒúąĂõĉðøć÷ñúǰ          
7.ǰจĆéìĈđĂกÿćøǰ          
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ปøąē÷ชนŤทĊęคćดüŠćจąĕดšøĆบǰ 
ก� ปøąē÷ชนŤดšćนคüćöøĎšĒúąปøąÿบกćøณŤตŠĂนĉÿĉต 

1. ĕéšøĆïคüćöøĎšĒúąคüćöđขšćĔจǰĔîกćøéĈđîĉîกćøóĆçîćøąïï 
2. óĆçîćýĆก÷õćóกćøคĉéüĉđคøćąĀŤǰöĊøąđïĊ÷ïüĉîĆ÷ǰòřกกćøìĈงćîĒïï Pair programmingǰêøง

êŠĂđüúćǰĒúąöĊคüćöøĆïñĉéชĂïêŠĂงćîìĊęìĈ 
3. ĕéšøĆïคüćöøĎšđกĊę÷üกĆïกćøđêøĊ÷öøĎðõćóĒúąüĉéĊēĂǰกćøĒ÷กõćóจćกüĉéĊēĂĔîĒêŠúąđôøö 
4. ĕéšøĆïคüćöøĎšกćøđขĊ÷îēðøĒกøöĒúąกćøóĆçîćøąïïจĈĒîกøĎðõćó 

ข� ปøąē÷ชนŤทĊęĕดšจćกēคøงงćนทĊęóĆฒนćขċĚน 

1. ชŠü÷ðøĆïđðúĊę÷îóùêĉกøøöขĂงñĎšคîĔîกćøìĉĚงข÷ąøĊĕซđคĉúĔĀšëĎกêšĂง  
2. ÿŠงđÿøĉöกćøจĆéกćøข÷ąǰèǰêšîìćงđóČęĂúéðŦญĀćกćøกĈจĆéข÷ąìĊęĕöŠđĀöćąÿö 
3. ìĈĔĀšกćøจĆéđกĘïข÷ąøĊĕซđคĉúขĂงđจšćĀîšćìĊęđðŨîĕðĕéšēé÷งŠć÷  

 
ĂčปกøณŤĒúąđคøČęĂงöČĂทĊęĔชšǰ 

ăćøŤดĒüøŤǰ 
คĂöóĉüđêĂøŤÿŠüîêĆüìĊęöĊĀîŠü÷ðøąöüúñúกúćงǰคüćöđøĘüĕöŠêęĈกüŠćǰ1.6 GHz ĀîŠü÷คüćöจĈĀúĆกǰ

คüćöจčĕöŠêęĈกüŠćǰ8 GB ĒúąǰăćøŤééĉÿกŤชîĉéǰSSD คüćöจčĕöŠêęĈกüŠćǰ256 GB จĈîüîǰ1ǰđคøČęĂงǰ 
ซĂôตŤĒüøŤǰ 

1. øąïïðฏĉïĆêĉกćøǰWindows 10 đüĂøŤชĆî 1903  
2. Jupyter Notebook đüĂøŤชĆîǰ4.4.0  
3. ĕúïøćøĊǰPython ÿĈĀøĆïกćøคĈîüèĒúąกćøìĈงćîกĆïขšĂöĎúǰđชŠîǰnumpy, scipy, 

pandas  
 
งบปøąöćณǰ 

1. External Hard Disk คüćöจčǰ1 TB    1ǰชĉĚî 3,600ǰ ïćì 
2. กúšĂง Webcam     2ǰชĉĚî 6,000 ïćì 
3. คŠćëŠć÷đĂกÿćøĒúąđขšćđúŠöøć÷งćîǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰ400ǰ ïćìǰ 

ǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰǰøüöǰǰǰǰǰǰǰǰǰǰǰǰǰǰ10,000ǰ บćทǰ 
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õćคüĉชćคèĉêýćÿêøŤĒúąüĉì÷ćกćøคĂöóĉüđêĂøŤ 
คèąüĉì÷ćýćÿêøŤǰจčāćúงกøèŤöĀćüĉì÷ćúĆ÷ 

 

îć÷ÿøüĉýǰýĉøĉöงคú  
øĀĆÿîĉÿĉêǰ5933660923 
üĆîđéČĂîðŘđกĉéǰ14ǰóùþõćคöǰ2541 
õĎöĉúĈđîćǰจĆงĀüĆéกøčงđìóöĀćîคø 
กĈúĆงýċกþćĔîÿćขćüĉชćüĉì÷ćกćøคĂöóĉüđêĂøŤ 
õćคüĉชćคèĉêýćÿêøŤĒúąüĉì÷ćกćøคĂöóĉüđêĂøŤ 
คèąüĉì÷ćýćÿêøŤǰจčāćúงกøèŤöĀćüĉì÷ćúĆ÷ 
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