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High particulate matter of less than 2.5 microns in diameter (PM2.5) occurs annually 

and tends to be more aggravated by the day. As the effects of PM2.5 effects can be observed easily 
from the sky, in this research, we realized the importance of 24-hour forecasting models for PM2.5 
concentration from photos using deep learning. Based on the hybrid design using the Convolutional 
Neural Network (CNN) as the base layer, automatically extracting features of photos, the Long Short-
Term Memory (LSTM) was used for the output layer to consider the sequence features of photos. The 
hybrid models provided better results than using a single Convolutional Neural Network, which 
showed up to four micrograms per cubic meter for the root mean square error (RMSE) and the mean 
absolute error (MAE) or more than 8% overall for the mean absolute percentage error (MAPE) was 
more accurate than the single model. 
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ÛØØöć 1 
ÛØÚČó 

1.1 ÅèóâëČóÅòÎĀæñÅèóâÿÜĆÚâóÃîÈÈóÚèõÉòã 
ÿÚøćîÈÉóÂÜòÉÉùÛòÚ ë×óÚÂóäÔ°ÜòÎìóâæßõêØóÈîóÂóéĂÚÿâøîÈăÕ­ÿÂõÕÃ÷ĈÚÿÜĆÚÜäñÉČóØùÂÜö 

ĀæñâöĀÚèāÚ­âÉñâöÅèóâäùÚĀäÈâóÂÃ÷ĈÚ āÕãÿÊßóñâæßõêÃîÈÞù¬ÚæñîîÈÃÚóÕÿæĆÂăâ¬ÿÂõÚ 2.5 
ăâÅäîÚìäøî PM2.5 (Particulate Matter with Diameter of Less Than 2.5 Micron) Ì÷ćÈâöÅèóâ
îòÚÖäóãÖ¬îä¬óÈÂóã ë¬ÈÝæÂäñØÛÖ¬îÜòÎìóëùÃáóß ĀæñÂóäĂË­ËöèõÖÜäñÉČóèòÚÿÜĆÚîã¬óÈâóÂ ÿË¬Ú 
ØČóĂì­ÿÂõÕîóÂóäăî Éóâ ìäøî áúâõĀß­ ÿÂõÕāäÅØóÈÿÕõÚìóãĂÉÿäøĈîäòÈ ÿÂõÕāäÅìæîÕÿæøîÕ ĀæñìòèĂÉ
ÿäøĈîäòÈ ĀæñÿÂõÕāäÅÜîÕÿäøĈîäòÈ ìäøî âñÿäĆÈÜîÕ ÿÜĆÚÖ­Ú ĀæñãòÈâöÝæÂäñØÛØóÈÝõèìÚòÈ ÿË¬Ú âöÝøćÚÅòÚ
ÖóâÖòè âöîóÂóääñÅóãÿÅøîÈ ÿÂõÕæâßõê ĀæñØČóä­óãÿÌææ°ÝõèìÚòÈ ÿÜĆÚÖ­Ú Ì÷ćÈîÈÅ°ÂóäîÚóâòãāæÂ 
ìäøî World Health Organization (WHO) ÂČóìÚÕĂì­Þù¬Ú PM2.5 ÉòÕîãú¬ĂÚÂæù¬âØöć Ɨ ÃîÈëóäÂ¬î
âñÿäĆÈ ("PM2.5 Åøîîñăä? îòÚÖäóãĀæñÂóäÜ­îÈÂòÚÞù¬ÚæñîîÈÃÚóÕÿæĆÂ," 2563) ĀæñäóãÈóÚÃîÈ
îÈÅ°ÂäÂäöÚßöÌ (Greenpeace) ãòÈäñÛùè¬ó ÜäñÿØéăØãâöÝú­ÿëöãËöèõÖÂ¬îÚèòãîòÚÅèäÉóÂâæßõêÞù¬Ú 
PM2.5 âóÂ×÷È 37,500 äóã ĂÚÜö ß.é. 2558 ("äóãÈóÚÂóäèõÿÅäóñì°ÿÛøĈîÈÖ­ÚâæßõêØóÈîóÂóé
Ã­óâßäâĀÕÚ," 2562) ÕòÈáóßÜäñÂîÛØöć 1 

 

áóßÜäñÂîÛ 1 ĀëÕÈÂäóàÉČóÚèÚÝú­ÿëöãËöèõÖÂ¬îÚèòãîòÚÅèäĂÚÜäñÿØéăØãÉóÂâæßõêÞù¬Ú PM2.5 

Øöćâó : (GREENPEACE, 2560)  
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ÜòÎìóâæßõêØóÈîóÂóéë¬ÈÝæÖ¬îäñÛÛÿéäêÑÂõÉ äèâăÜ×÷ÈÅ¬óĂË­É¬óãØöćäòÑÖ­îÈëúÎÿëöãăÜ
ÂòÛÅ¬óäòÂêóßãóÛóæÝú­Ü¬èãÉóÂâæßõêØóÈîóÂóé āÕãëóÿìÖùÃîÈÂóäÿÂõÕÞù¬ÚæñîîÈâöìæóãÜòÉÉòã 
ÿË¬Ú āäÈÝæõÖăàà­ó ÅèòÚØ¬îăîÿëöãÉóÂä×ãÚÖ° ÂóäÿÝóăâ­ØČóæóãÜ¬ó ÿÝóÃãñ ĀÖ¬Āìæ¬ÈÖ­ÚÖîëČóÅòÎ
ÃîÈ PM2.5 ĂÚÛääãóÂóé Åøî ÂóäÿÝóăìâ­ÿËøĈîÿßæõÈÙääâËóÖõØöćăâ¬ëâÛúäÔ° ĀæñÞù¬ÚÉóÂÂóäÿÝóËöè
âèæ ÕòÈáóßÜäñÂîÛØöć 2 Ì÷ćÈÖòèÿâøîÈØöćâöÖ÷ÂëúÈäóãæ­îâÉñâöæòÂêÔñÅæ­óãą Āî¬ÈÂäñØñ ÿÂõÕÂóä
ëñëâÃîÈÞù¬ÚæñîîÈăÕ­È¬óã Ì÷ćÈÜÂÖõÞù¬Úÿìæ¬óÚöĈÉñæîãÃ÷ĈÚăÜĂÚîóÂóé ×úÂæâßòÕàù­ÈÂäñÉóãăÜ ĀÖ¬
×­óèòÚăìÚØöćîóÂóéÚõćÈ ăâ¬Å¬îãâöæâßòÕ Þù¬ÚæñîîÈÉñăâ¬àù­ÈÂäñÉóã ë¬ÈÝæĂì­äñÕòÛÅèóâÿÃ­âÃîÈÞù¬Ú
ĂÚßøĈÚØöćÚòĈÚ ą ëúÈâóÂÃ÷ĈÚÉÚÂæóãÿÜĆÚäñÕòÛØöćîòÚÖäóãÖ¬îëùÃáóß ("äú­ÉòÂÞù¬Úßõê PM Ƙ.ƛ ØöćâóÂòÛ
âæáóèñ ĀæñèõÙöÂóäÿæøîÂìÚ­óÂóÂÜ­îÈÂòÚ," 2562) 

 

 

áóßÜäñÂîÛ 2 ĀëÕÈÂäóàáòãÖ¬óÈ ą ØöćØČóĂì­îóãùÃòãæÕæÈ ĀæñÂäóàĀëÕÈĀìæ¬ÈØöćâóÃîÈÞù¬Ú 
PM2.5 ĂÚÂäùÈÿØßð 

Øöćâó : (Team, 2561)  

ÉóÂÜòÎìóâæßõêØóÈîóÂóéØöćâöĀÚèāÚ­âØöćÉñäùÚĀäÈâóÂÃ÷ĈÚÚöĈ ØČóĂì­Ýú­èõÉòãÿìĆÚ
ÅèóâëČóÅòÎÃîÈÂóäßãóÂäÔ°âæßõêØóÈîóÂóéæ¬èÈìÚ­ó Õ­èãèõÙöÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep 
Learning) ÿßäóñëóÿìÖùÂóäÿÂõÕÜòÎìóâæßõêØóÈîóÂóéĂÚÜòÉÉùÛòÚ ÿâøćîÿØöãÛÂòÛîÕöÖÚòĈÚ âöÜòÉÉòã
ØöćØČóĂì­ÿÂõÕâæßõêØöćÌòÛÌ­îÚÃ÷ĈÚÿÜĆÚîã¬óÈâóÂ ĀæñèõÙöÂóäßãóÂäÔ°ĀÛÛÕòĈÈÿÕõâ ÿË¬Ú ÂóäèõÿÅäóñì°
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ÿËõÈÖòèÿæÃ (Numerical Methods) îóÉăâ¬âöÜäñëõØÙõáóßØöćÕößîÂòÛÅèóâÌòÛÌ­îÚÃîÈÃ­îâúæĂÚ
ÜòÉÉùÛòÚ ĀæñÂóäÿäöãÚäú­ÃîÈÿÅäøćîÈ (Machine Learning) ÚòĈÚăâ¬ăÕ­Ăì­ÅèóâëòâßòÚÙ°ÿËõÈæ÷ÂÃîÈÃ­îâúæ 
ÕòÈÚòĈÚÝú­èõÉòãÉ÷ÈÿæøîÂĂË­ èõÙöÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) Ì÷ćÈÿÜĆÚÂóäÿäöãÚäú­ÃîÈÿÅäøćîÈäúÜĀÛÛ
ìÚ÷ćÈ 

ØòĈÈÚöĈĂÚÈóÚèõÉòãÚöĈ ØóÈÝú­èõÉòãăÕ­ßÛè¬óÿäóëóâóä×ÅóÕÿÕóÅèóâÿÃ­âÃ­ÚÃîÈÞù¬Ú PM2.5 è¬ó
âöÅèóâÿÃ­âÃ­ÚâóÂìäøîÚ­îã ăÕ­ÉóÂÂóäëòÈÿÂÖëáóßîóÂóéÛÚØ­îÈà­óÕòÈÖòèîã¬óÈĂÚáóßÜäñÂîÛ
Øöć 3 Ì÷ćÈÕúăÕ­îã¬óÈËòÕÿÉÚè¬óâöÅèóâÃâùÂÃâòèÉóÂÅ¬óÞù¬Ú PM2.5 ØöćÿÂõÚâóÖäóÑóÚ É÷ÈÿÜĆÚØöćâóÃîÈÂóä
ÿæøîÂĂË­áóß×¬óãëáóßîóÂóéÿßøćîßãóÂäÔ°Å¬óâæßõê PM2.5 āÕãÿæøîÂĂË­ÿØÅÚõÅÂóäÿäöãÚäú­ÿËõÈæ÷Â 
(Deep Learning) ĀÛÛëòÈèòÖÚóÂóä (Convolutional Neural Network : CNN) âóÜäñãùÂÖ°ĂË­ÂòÛ
ÂóäÿäöãÚäú­Ã­îâúæØöćÿÜĆÚäúÜáóßßä­îâëÂòÕÿÜĆÚÅùÔæòÂêÔñÃîÈÃ­îâúæáóß×¬óã ĀæñÿÚøćîÈÉóÂ
áóß×¬óãëáóßîóÂóéâöÜòÉÉòãîøćÚ ą ÿË¬Ú ÿâÇ ÞÚ ìäøî ĀëÈîóØõÖã° É÷ÈăÕ­ĂË­ĀÛÛÉČóæîÈĀÛÛ
ìÚ¬èãÅèóâÉČóäñãñëòĈÚĀÛÛãóè (Long Short-Term Memory : LSTM) Ì÷ćÈâöÜäñëõØÙõáóßĂÚÂóä
ÿäöãÚäú­æČóÕòÛ (Sequence) ÃîÈÃ­îâúæ âóË¬èãÿßõćâÜäñëõØÙõáóßĂÚÂóäÿäöãÚäú­Ã­îâúæĂÚÂóäßãóÂäÔ°
Å¬óÅèóâÿÃ­âÃ­ÚÃîÈ PM2.5 ĂÚË¬èÈÿèæóîÚóÅÖ āÕãÚČóĀÛÛÉČóæîÈØòĈÈëîÈâóÜäñãùÂÖ°ĂË­ä¬èâÂòÚ 

 

 

áóßÜäñÂîÛ 3 ĀëÕÈáóß×¬óãëáóßîóÂóéÃîÈÂäùÈÿØßð ĂÚèòÚØöć 21 ÙòÚèóÅâ ß.é. 2561 ÿÜĆÚ
èòÚØöćâöÅ¬óâæßõêÞù¬Ú PM2.5 ÿÂõÚÅ¬óâóÖäÑóÚ 

Øöćâó: (MOMENTUM, 2561)  
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ÿÚøćîÈÉóÂÜòÎìóâæßõêØóÈîóÂóéâöëóÿìÖùâóÉóÂÜòÉÉòãØöćÌòÛÌ­îÚ ØóÈÝú­èõÉòãÉ÷ÈăÕ­
ÜäñãùÂÖ°ĂË­ÿØÅÚõÅÂóäÿäöãÚÿËõÈæ÷Â (Deep Learning) âóëä­óÈĀÛÛÉČóæîÈÂóäßãóÂäÔ°Å¬óâæßõê 
PM2.5 ÉóÂÃ­îâúæáóß×¬óãëáóßîóÂóé ĀæñÃ­îâúæÅèóâÿÃ­âÃ­ÚÃîÈ PMƘ.ƛ ÉóÂÂäâÅèÛÅùâ
âæßõê ÚČóâóÿÜĆÚÃ­îâúæÝææòßÙ°ÃîÈÂóäßãóÂäÔ°ĂÚÂóäÞ÷ÂÞÚĀÛÛÉČóæîÈ āÕãØöćÝ¬óÚâóâöÝú­ßòÓÚó
ĀÛÛÉČóæîÈÿßøćîĀÂ­ÜòÎìóÖ¬óÈ ą āÕãĂË­áóß×¬óã ÿË¬Ú Âóäëä­óÈĀÛÛÉČóæîÈÿßøćîØČóÚóãâùâÛòÈÅòÛ
ÿæöĈãèÃîÈä×ãÚÖ°ÃòÛÿÅæøćîÚÕ­èãÖòèÿîÈ āÕãĂË­Ã­îâúæëČóìäòÛÞ÷ÂĀÛÛÉČóæîÈÉóÂáóß×¬óãÂóäÃòÛä× 
(Qatawneh, Alshraideh, Almasri, Tahat, & Awidi, 2019) ìäøî ÂóäĂË­ÿØÅÚõÅÂóäÿäöãÚÿËõÈæ÷Â 
(Deep Learning) ÂòÛÃ­îâúæëáóßîóÂóéâóëä­óÈĀÛÛÉČóæîÈ ÿË¬Ú Âóäëä­óÈĀÛÛÉČóæîÈÿßøćîĂË­
ëČóìäòÛØČóÚóãÂóäÂ¬îÖòèÃîÈßóãùăÖ­Þù¬Ú āÕãĂË­Ã­îâúæÉóÂÅùÔæòÂêÔñÿËõÈßøĈÚØöć ĀæñÃ­îâúæÝõèÚČĈó
Øñÿæ (Chen et al., ƘƖƗƟ) ÿÜĆÚÖ­Ú       
 Å¬óÅèóâÿÃ­âÃ­Ú PM2.5 ĂÚäñìè¬óÈèòÚÚòĈÚ âöÂóäÿÜæöćãÚĀÜæÈÃ÷ĈÚæÈĂÚĀÖ¬æñË¬èÈÿèæóĂÚ
ìÚ÷ćÈèòÚ ØČóĂì­ĀÛÛÉČóæîÈÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­â PM2.5 ë¬èÚĂìÎ¬âòÂÉñĂË­ÂóäØČóÚóãæ¬èÈìÚ­ó
ìÚ¬èãÿÜĆÚèòÚâóÂÂè¬óÂóäßãóÂäÔ°ÿÜĆÚäóãËòćèāâÈ ÿßäóñÂóäßãóÂäÔ°äóãËòćèāâÈÚòĈÚâòÂÉñÃóÕ
ÅèóâĀâ¬ÚãČó É÷ÈÿÜĆÚØöćâóÃîÈÂóäëä­óÈĀÛÛÉČóæîÈÂóäßãóÂäÔ°Å¬óâæßõê PM2.5 æ¬èÈìÚ­ó 24 
ËòćèāâÈ (Perez, 2017)  

1.2 èòÖ×ùÜäñëÈÅ° 
ĂÚÂóäèõÉòãÅäòĈÈÚöĈÝú­èõÉòãăÕ­ÖòĈÈÅèóââù¬Èìâóãăè­ÕòÈÚöĈ 

1. ÿßøćîé÷ÂêóèõÙöÂóä Āæñëä­óÈĀÛÛÉČóæîÈĂÚÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­ÚÃîÈÞù¬Ú
æñîîÈ PM2.5 ĂÚîóÂóéæ¬èÈìÚ­ó 24 ËòćèāâÈ ÉóÂáóßëáóßîóÂóé āÕãÂóäÜäñãùÂÖ°ĂË­ÿØÅÚõÅ
ÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) ĀæñÜäñÿâõÚÝæĀÛÛÉČóæîÈØöćëä­óÈÃ÷ĈÚ ÂòÛËùÕÃ­îâúæØÕëîÛ 
ÿßøćîÜäñÿâõÚÜäñëõØÙõáóßÃîÈĀÛÛÉČóæîÈ 

2. ÿßøćîÿÜäöãÛÿØöãÛÂóäëä­óÈĀÛÛÉČóæîÈØöćëä­óÈÉóÂÂóäĂË­ÿØÅÚõÅÂóäÿäöãÚäú­ÿËõÈæ÷Â 
ĀÛÛ Convolutional Neural Network ÿßöãÈîã¬óÈÿÕöãè ÂòÛĀÛÛÉČóæîÈØöćëä­óÈÉóÂÿØÅÚõÅÂóä
ÿäöãÚäú­ÿËõÈæ÷ÂĀÛÛ Convolutional Neural Network ØČóÈóÚä¬èâÂòÚ ÂòÛÿØÅÚõÅĀÛÛ Long Short-
Term Memory 

1.3 ÃîÛÿÃÖÃîÈÈóÚèõÉòã 
1. ÿÂĆÛÃ­îâúæáóß×¬óãëáóßîóÂóéÉóÂîóÅóäèõØãóéóëÖä° îóÅóä 19 âìóèõØãóæòãéäö

ÚÅäõÚØäèõāäÓ āÕãë×óÚØöćÿÂĆÛáóß Åøî âùâØöćìòÚăÜØóÈØõéÖñèòÚîîÂÿÊöãÈÿìÚøî ĀæñÿÂĆÛÃ­îâúæ
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îÚùÂäâÿèæóÃîÈÅ¬óÅèóâÿÃ­âÃ­Ú PM2.5 ÉóÂÂäâÅèÛÅùââæßõê ÉóÂë×óÚöèòÕÅùÔáóßîóÂóé
ë×óÚöÖČóäèÉÚÅäÛóæāËÅËòã Ì÷ćÈîãú¬ĂÚØõéØóÈÿÕöãèÂòÚ 

2. ëä­óÈĀÛÛÉČóæîÈÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­ÚÃîÈÞù¬ÚæñæîÈ PM2.5 ĂÚîóÂóéÉóÂ
áóß×¬óãëáóßîóÂóé āÕãĂË­ÿØÅÚõÅÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) ĀÛÛ Convolutional 
Neural Network (CNN) ä¬èâÂòÛ Long Short-Term Memory (LSTM) âóÜäñãùÂÖ°ĂË­ĂÚÂóä
ßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­ÚÃîÈÞù¬ÚæñæîÈĂÚîóÂóé ĂÚË¬èÈÿèæó×òÕăÜæ¬èÈìÚ­ó 24 ËòćèāâÈ 

3. ÿÚøćîÈÉóÂÈóÚèõÉòãÚöĈÿÜĆÚÜòÎìóĀÛÛ ÂóäèõÿÅäóñì°ÿËõÈ×Õ×îã (Regression) É÷ÈĂË­Âóä
ÜäñÿâõÚÂóäØÕæîÈÕ­èãÅ¬ó Root Mean Square Error (RMSE), Mean Absolute Error (MAE) 
Āæñ Mean Absolute Percentage Error (MAPE) 

Ɨ.ƚ ÜäñāãËÚ°ØöćÅóÕè¬óÉñăÕ­äòÛÉóÂÈóÚèõÉòã 
1. ĀÛÛÉČóæîÈØöćĂË­ëČóìäòÛßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­ÚÃîÈÞù¬ÚæñîîÈ PM2.5 ĂÚîóÂóé 

ÉóÂáóß×¬óãëáóßîóÂóé ØöćßòÓÚóÃ÷ĈÚÉóÂÿØÅÚõÅØöćâöÜäñëõØÙõáóß 
2. ëóâóä×ÚČóĀÛÛÉČóæîÈØöćăÕ­ ăÜÜäñãùÂÖ°ĂË­ÂòÛĀîÜßæõÿÅËòÚ (Application) ÿßøćî

ßãóÂäÔ°Å¬ó PM2.5 æ¬èÈìÚ­ó 
3. æÕÅ¬óĂË­É¬óãĂÚÂóäÖòĈÈë×óÚöèòÕÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈÞù¬ÚæñîîÈ PM2.5 āÕãĂË­

ĀÛÛÉČóæîÈĂÚÂóäÜäñâóÔÅ¬óĀØÚ  
4. ëóâóä×ÿßõćâßøĈÚØöćĂÚÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­ÚÃîÈÞù¬ÚæñîîÈ PM2.5 ĂÚÉùÕØöćë×óÚö

èòÕăâ¬ÅäîÛÅæùâ  
5. ÿßøćîÿÜĆÚÂóäÿÖäöãâÂóäÜ­îÈÂòÚëùÃáóßä¬óÈÂóãÃîÈÖÚÿîÈ ĀæñäòÛâøîÿâøćîÿäóØäóÛÅ¬ó

ÅèóâÿÃ­âÃ­ÚÃîÈÞù¬Ú PM2.5 æ¬èÈìÚ­óÉóÂĀÛÛÉČóæîÈĀæ­è 
6. ÿÜĆÚÖ­ÚĀÛÛØöćëóâóä×ÚČóăÜÖ¬îãîÕ ĀæñßòÓÚóĀÛÛÉČóæîÈëČóìäòÛßãóÂäÔ°Å¬óÅèóâ

ÿÃ­âÃ­ÚÃîÈÞù¬Ú PM2.5 Ăì­âöÜäñëõØÙõáóßâóÂÃ÷ĈÚĂÚîÚóÅÖ 
7. ëóâóä×ÜäñãùÂÖ°ĂË­èõÙöÂóäëä­óÈĀÛÛÉČóæîÈÚöĈ ÂòÛÜòÎìóîøćÚ ą ăÕ­  
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ÛØØöć 2 
èääÔÂääâ ĀæñÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 

ĂÚÈóÚèõÉòãÅäòĈÈÚöĈ Ýú­èõÉòãăÕ­é÷ÂêóÿîÂëóäØåêÏö ĀæñÈóÚèõÉòãØöćÿÂöćãèÃ­îÈÂòÛÂóäßòÓÚó
ĀÛÛÉČóæîÈÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­Ú PM2.5 æ¬èÈìÚ­ó 24 ËòćèāâÈÉóÂáóß×¬óã āÕãĂË­ÿØÅÚõÅ 
CNN ÂòÛ LSTM ĀæñăÕ­ÚČóÿëÚîÖóâìòèÃ­îÕòÈÖ¬îăÜÚöĈ 

2.1 ØåêÏöÿÂöćãèÂòÛîòæÂîäõØ÷â  
2.2 ÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 

2.1 ØåêÏöÿÂöćãèÂòÛîòæÂîäõØ÷â 
ÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) Åøî èõÙöÂóäÿäöãÚØöćÅîâßõèÿÖîä°ÉñØČóÂóäÿäöãÚäú­ĀÛÛ

îòÖāÚâòÖõ Õ­èãÂóäÉČóæîÈĀÛÛÂóäØČóÈóÚÃîÈāÅäÈÃ¬óãÜäñëóØ (Neurons) Ì÷ćÈÂóäÿäöãÚäú­ÿËõÈæ÷Â 
(Deep Learning) ÚòĈÚ ÿÜĆÚÂóäÚČóäñÛÛāÅäÈÃ¬óãÜäñëóØ (Neural Networks) âóÌ­îÚÂòÚìæóã
ËòĈÚ (Layer) ĀæñØČóÂóäÿäöãÚäú­ÉóÂÃ­îâúæØöćÿäóÖ­îÈÂóäé÷Âêó ĀæñØČóÂóäÅ­ÚìóäúÜĀÛÛ (Pattern) 
ìäøîØČóÂóäÉòÕìâèÕìâú¬ÃîÈÃ­îâúæ (Classify the Data) ĂÚÃ­îâúæ ÖóâÜòÎìóØöćÿäóé÷Âêó ÕòÈ
áóßÜäñÂîÛØöć 4 

 

áóßÜäñÂîÛ 4 ĀëÕÈäúÜáóßØöćÌ­îÚÂòÚìæóãËòĈÚāÅäÈÃ¬óã (Layer) ØöćÉñØČóĂì­ÿÂõÕÅèóâëóâóä× ĂÚ
ÂóäÉÕÉČó 

Øöćâó: (Athiwat, 2560)  
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ÂóäØČóÈóÚÃîÈÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) ÚòĈÚ Åæ­óãÂòÛÂóäØČóÈóÚĂÚëâîÈÃîÈ
âÚùêã°Øöć āÕãÉñâöÿÌææ°ÜäñëóØ (Neurons) ØČóÈóÚÿËøćîâÖ¬îÂòÚÿÜĆÚäñÛÛāÅäÈÃ¬óãÜäñëóØ 
(Neural Networks) Ì÷ćÈ Neuron ×úÂĀÛ¬ÈÂóäØČóÈóÚÿÜĆÚ 3 Âæù¬â ăÕ­ĀÂ¬ 

1. Input Layer ÿÜĆÚÖòèäòÛÃ­îâúæÿÃ­ó Āæñë¬ÈÃ­îâúæÖ¬îăÜ Neuron ĂÚ Hidden Layer 
ËòĈÚĀäÂ 

2. Hidden Layer(s) ëóâóä×âöăÕ­âóÂÂè¬ó 1 Layer Ì÷ćÈÉñØČóÂóäÅČóÚèÔÝæÃ­îâúæØöć
ăÕ­ÉóÂ Layer Â¬îÚìÚ­ó āÕãĂË­èõÙöÂóäØóÈÅÔõÖéóëÖä° Āæñë¬ÈÝæăÜãòÈ Layer ËòĈÚ×òÕăÜ 

3. Output Layer ÿÜĆÚÖòèĂì­ÝææòßÙ°ÃîÈÂóäßãóÂäÔ° ìäøîÂóäØČóÚóãÉóÂ Hidden 
Layer 

Ì÷ćÈÂóäëä­óÈ Deep Learning Ö­îÈëä­óÈ Neural Networks āÕãÂóäÖòÕëõÚĂÉè¬óÖ­îÈâö 
Hidden Layers ÂöćËòĈÚ Āæñâö Neuron ÿØ¬óăä ĂÚĀÖ¬æñ Layer É÷ÈÉñÿìâóñëâ ÕòÈáóßÜäñÂîÛØöć 5 

 

 

áóßÜäñÂîÛ 5 ĀëÕÈäúÜáóßÖòèîã¬óÈÂóäØČóÈóÚÃîÈ Neural Networks 

ĂÚÂóäÅČóÚèÔÃîÈ Neural Networks äñìè¬óÈ Neuron ĀÖ¬æñÖòè ÉñâöÂóä×¬èÈÚČĈóìÚòÂ 
(Weight) Ì÷ćÈÿÜĆÚÂóäÂČóìÚÕÅ¬óÅèóâëČóÅòÎÃîÈÃ­îâúæØöćäòÛâóĀÖ¬ Āæñâö Activation Function ÿÜĆÚ
ÖòèÜäòÛÅ¬óÃîÈÝææòßÙ°ØöćăÕ­ÉóÂ Neuron 

Õ­èãÅèóâëóâóä×ÃîÈÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) É÷È×úÂÚČóăÜÜäñãùÂÖ°ĂË­ĂÚ
ÙùäÂõÉÖ¬óÈ ą îã¬óÈÂè­óÈÃèóÈ ÿË¬Ú ÛØÛóØÃîÈ Deep Learning ĂÚÕ­óÚÂóäÿÈõÚ ÜòÉÉùÛòÚâöÂóäÚČó 
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Deep Learning ăÜĂË­ÜäñâèæÝæ×÷ÈÿÅäÕõÖÂóäÂú­ãøâÿÈõÚÃîÈÝú­Âú­ ìäøî ÛØÛóØÃîÈ Deep Learning 
ĂÚÕ­óÚÂóäÉòÕÂóäØäòßãóÂäâÚùêã° âöÂóäÚČó Deep Learning ăÜĂË­ĂÚÂóäÅòÕÿæøîÂÛùÅÅæÿÃ­ó
ØČóÈóÚÂòÛÛäõêòØ ĀæñĂÚÕ­óÚÂóäÖæóÕ ĂË­ Deep Learning ÿÜĆÚÿÅäøćîÈâøîĂÚÂóäèõÿÅäóñì°āØÚÿëöãÈ
ÃîÈæúÂÅ­ó ÿßøćîäòÛäú­×÷ÈîóäâÔ° Ô ÃÔñÚòĈÚÃîÈæúÂÅ­óăÕ­ ÿÜĆÚÖ­Ú ÉóÂÖòèîã¬óÈÃ­óÈÖ­ÚÉñÿìĆÚè¬ó 
Deep Learning ×úÂÚČóăÜĂË­ĂÚìæóÂìæóãÙùäÂõÉ 

ĂÚÈóÚèõÉòãëä­óÈĀÛÛÉČóæîÈÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­Ú PM2.5 æ¬èÈìÚ­ó 24 ËòćèāâÈ
ÉóÂáóß×¬óãØöćÿÜĆÚÜòÎìóĀÛÛ Supervised Machine Learning ĀÛÛÝææòßÙ°ÖòèÿæÃÉČóÚèÚÉäõÈ 
(Regression) ÚöĈ ăÕ­ÿæøîÂĂË­ÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) 2 ÿØÅÚõÅ Åøî Convolutional 
Neural Network (CNN) Āæñ Long Short-Term Memory (LSTM) 

 
2.1.1 ØåêÏöāÅäÈÃ¬óãÜäñëóØÿØöãâĀÛÛëòÈèòÖÚóÂóä (Convolutional Neural 

Network) 
āÅäÈÃ¬óãÜäñëóØÿØöãâĀÛÛëòÈèòÖÚóÂóä ìäøî Convolutional Neural Network 

(CNN) Åøî äñÛÛāÅäÈÃ¬óãÜäñëóØ (Neural Networks) äúÜĀÛÛìÚ÷ćÈ āÕãìæòÂÂóäØČóÈóÚ Åøî 
ÉČóæîÈÂóäâîÈÿìĆÚÃ­îâúæÃîÈâÚùêã°ÿÜĆÚßøĈÚØöćã¬îã ą ĀæñÚČóÂæù¬âßøĈÚØöćã¬îã ą âóäèâÂòÚÿßøćîìó
ÅèóâëòâßòÚÙ°ØöćÚČóăÜëú¬ÝææòßÙ°ÃîÈÃ­îâúæ Ì÷ćÈÂóäâîÈÃ­îâúæÿÜĆÚßøĈÚØöćã¬îã ą ÚòĈÚ Åøî ÂóäĀãÂ
ÅùÔæòÂêÔñ (Feature Extraction) ÃîÈÃ­îâúæ ãÂÖòèîã¬óÈ Ã­îâúæäúÜáóß ÉñâöÂóäâîÈã¬îãÃ­îâúæ 
ÿË¬Ú ÂóäÖòÕÂòÚÃîÈëö æóãÿë­Ú ĀæñëöÃîÈäúÜáóß ÿÜĆÚÖ­Ú 

ÂóäÅČóÚèÔÃîÈ CNN ÚòĈÚÉñÿäõćâÉóÂÂČóìÚÕÅ¬óĂÚÖòèÂäîÈ (Filter) ÿßøćîÕ÷È
ÅùÔæòÂêÔñÃîÈÃ­îâúæîîÂ Ì÷ćÈāÕãÜÂÖõ 1 ÖòèÂäîÈ (Filter) ÉñÕ÷ÈÅùÔæòÂêÔñîîÂâó 1 îã¬óÈ 
ÕòÈÚòĈÚÉ÷ÈÖ­îÈĂË­ÖòèÂäîÈ (Filter) ìæóãÖòèÿßøćîÕ÷ÈÅùÔæòÂêÔñîîÂâóìæóã ą îã¬óÈâóäèâÂòÚ āÕã
äóãæñÿîöãÕÃîÈÃòĈÚÖîÚÚöĈ âöÕòÈÚöĈ 

1. æòÂêÔñÃîÈ Filter ëČóìäòÛÜòÎìóØöćÿÜĆÚäúÜáóß āÕãâóÂÉñÿÜĆÚÖóäóÈëîÈâõÖõ
ÖóâÃÚóÕØöćÿäóîãóÂßõÉóäÔó ÿË¬Ú 3x3 ìäøî 4x4 Ì÷ćÈÉñÚČóÖòèÂäîÈăÜØóÛÛÚßõÂÿÌæÛÚäúÜáóß 
ĀæñÃãòÛÿæøćîÚÖòèÂäîÈăÜÿäøćîã ą Ì÷ćÈĂÚäñìè¬óÈØöćÃãòÛ Filter ÉñăÕ­ ÝòÈÅùÔæòÂêÔñ (Feature Map) 
îîÂâó ÕòÈáóßÜäñÂîÛØöć 6 
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áóßÜäñÂîÛ 6 ĀëÕÈäúÜáóßÂóäØČóÈóÚÃîÈ Filter  

2. Stride Āæñ Padding āÕã Stride ÿÜĆÚÖòèÂČóìÚÕÂóäÿæøćîÚ Filter è¬óÉñÿæøćîÚ
ăÜÿØ¬óăäĂÚ 1 Step Ì÷ćÈìóÂÂČóìÚÕâóÂ ìâóã×÷È ÿäóÖ­îÈÂóäÅùÔæòÂêÔñØöćâößøĈÚØöćØòÛÌ­îÚÂòÚÚ­îã 
ĀæñăÕ­ÝòÈÅùÔæòÂêÔñ (Feature Map) ØöćÿæĆÂæÈ ë¬èÚ Padding Åøî ÂóäÃãóãÃîÛÿÃÖÂóäÿæøćîÚ 
Filter ăÜãòÈÃîÛÃîÈÃ­îâúæÿßøćîĂì­ăÕ­ Feature Map ØöćĂìÎ¬Ã÷ĈÚ ìäøî âöÃÚóÕÿØ¬óÂòÛÃ­îâúæ ÿßäóñè¬ó
ÛóÈÂäÔö ÃîÛÃîÈÃ­îâúæÂĆâöÅèóâëČóÅòÎ ÕòÈáóßÜäñÂîÛØöć 7 

 

áóßÜäñÂîÛ 7 ĀëÕÈäúÜáóßÂóäØČóÈóÚÃîÈ Stride Āæñ Padding 

3. Pooling ÿÜĆÚÂóäÜäòÛëÿÂæÃ­îâúæ āÕãÂóäÂäîÈÅ¬óØöćăÕ­ÉóÂÂóäØóÛÖòèÂäîÈæÈ
ÛÚÃ­îâúæ Ì÷ćÈâöëîÈÜäñÿáØØöćÚõãâ Åøî Max Pooling ÂäîÈÿîóÅ¬óâóÂëùÕ ÕòÈáóßÜäñÂîÛØöć 8 ÂòÛ 
Average Pooling ÂäîÈÿîóÅ¬óÿÊæöćã ÿßøćîĂì­ăÕ­ÿÜĆÚÝææòßÙ°Ăìâ¬ Ì÷ćÈÂóäØČó Pooling ÚòĈÚÿßøćîÕ÷ÈÅ¬ó
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ÅùÔæòÂêÔñÃ­îâúæîîÂâóĂìâ¬ÿßøćîĂË­ÅČóÚèÔÖ¬î ĀæñÿÜĆÚÂóäÜäòÛÃÚóÕÃ­îâúæÿßøćîÿäöãÚäú­ÉóÂÃ­îâúæ
ĂÚìæóã ą ÅèóâæñÿîöãÕ 

 

áóßÜäñÂîÛ 8 ĀëÕÈäúÜáóßÂóäÉČóæîÈÃîÈ Max Pooling 

4. Fully Connected ÅøîÃòĈÚÖîÚÂóäÚČóÝææòßÙ°ÉóÂÂóäØČóÃòĈÚÖîÚÂ¬îÚìÚ­ó âó
ØČóÂóäÿäöãÚäú­ (Training) ĀæñÉČóĀÚÂÝææòßÙ°ÖóâÜòÎìóÃîÈÃ­îâúæØöćÚČóÿÃ­óâó  
  5. Activation Function Åøî àòÈÂ°ËòÚëČóìäòÛÜäñâèæÝæ ÝææòßÙ°ØöćăÕ­ÉóÂÂóä
ÅČóÚèÔĂÚìÚ÷ćÈÚõèäîÚ ĀæñÚČóÝææòßÙ°ÚòĈÚâóßõÉóäÔóÜäòÛ Output ØöćÉñë¬ÈÖ¬îăÜãòÈîöÂ ÚõèäîÚè¬ó
Ö­îÈÿÜĆÚÿØ¬óăä āÕãĂÚÈóÚèõÉòãÚöĈĂË­ Activation Function ĀÛÛ Rectified Linear Unit (ReLU) Ì÷ćÈ
ÿÜĆÚàòÈÂ°ËòÚØöćĀÜæÈ Output ÉóÂÚõèäîÚìÚ÷ćÈ ÿÜĆÚÅ¬óÖòĈÈĀÖ¬ 0 Ã÷ĈÚăÜ ë¬èÚ Output ØöćâöÅ¬óÚ­îãÂè¬ó 0 
ÉñĀÜæÈÿÜĆÚÅ¬ó 0 ØòĈÈìâÕ ÕòÈëâÂóäØöć (1) 

 

   Ὢὼ
π   ëČóìäòÛ ὼ  π
ὼ   ëČóìäòÛ ὼ π

    (1) 

 
āÕãØöć 

  ὼ   ÅøîÝææòßÙ°ØöćăÕ­ÉóÂÂóäÅČóÚèÔĂÚìÚ÷ćÈÚõèäîÚ 
 

2.1.2 ØåêÏöāÅäÈÃ¬óãÜäóëóØÿØöãâĀÛÛìÚ¬èãÅèóâÉČóäñãñëòĈÚĀÛÛãóè (Long 
Short-Term Memory) 

āÅäÈÃ¬óãÜäóëóØÿØöãâĀÛÛìÚ¬èãÅèóâÉČóäñãñëòĈÚĀÛÛãóè ìäøî Long Short-Term 
Memory (LSTM) Åøî äñÛÛāÅäÈÃ¬óãÜäñëóØ (Neural Networks) äúÜĀÛÛìÚ÷ćÈ ØöćØČóÈóÚÂòÛ
ÜòÎìóÃîÈÃ­îâúæØöćâöæòÂêÔñæČóÕòÛ (Sequence) ÿË¬Ú Video ìäøî Text ØöćÖ­îÈîóéòãÃ­îâúæØöćÿÂõÕÃ÷ĈÚ
Â¬îÚìÚ­óâóäèâÂòÛÃ­îâúæĂìâ¬ ÿßøćîØČóÅèóâÿÃ­óĂÉÃ­îâúæÖ¬îÿÚøćîÈăÜÿäøćîã ą āÕã LSTM ăÕ­×úÂ
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ßòÓÚóâóÉóÂ äñÛÛāÅäÈÃ¬óãÜäñëóØ (Neural Networks) ĀÛÛ Recurrent Neural Networks 
(RNN) āÕãÿßõćâäóãæñÿîöãÕÿßøćîĀÂ­ÜòÎìóÃîÈ RNN Ì÷ćÈãòÈâöÜòÎìóÂòÛÃ­îâúæØöćâöæČóÕòÛ 
(Sequence) ãóèÿÂõÚăÜ āÕãØöć LSTM ëóâóä×ÛîÂăÕ­è¬ó ÿâøćîăìä¬ØöćÅèä Write, Forget ìäøî Read 
ăÕ­ Ì÷ćÈâö Call State ÿÜĆÚÖòèÿÂĆÛ State ÃîÈ Memory Cell Āæñ Gate ÿÜĆÚÖòèÅèÛÅùâÂóäăìæÃîÈ
Ã­îâúæÌ÷ćÈâöÅ¬ó (Analog) Øöćăè­ÅèÛÅùâè¬óÿâøćîăìä¬Åèä Write, Read ìäøî Forget Ã­îâúæ āÕãÂóä
ØČóÈóÚâöÕòÈÚöĈ   

1. Forget Åøî Âóäæ­óÈ Call State ÿÕõâîîÂăÜÿßøćîÿÖäöãâßøĈÚØöćäòÛÃ­îâúæĂìâ¬ āÕã
ÂóäÖòÕëõÚĂÉØöćÉñ Forget ÉñÿÜĆÚìÚ­óØöćÃîÈ Forget Gate Ì÷ćÈ×úÂÅČóÚèÔâóÉóÂ Ã­îâúæØöćÿÃ­óâó
ÜäñÂîÛÂòÛ Hidden State Â¬îÚìÚ­ó Ì÷ćÈĀëÕÈăÕ­ÕòÈëâÂóäØöć (2) 

 

  Ὢ „ύ ϽὬ ȟὼ ὦ     (2) 
 
āÕãØöć 

  Ὢ   ÅøîÝææòßÙ°ÃîÈ Forgot Gate Ô ÿèæó t 

  „  Åøî Activation Function 

  ύ    ÅøîÅ¬ó Weight ÃîÈ Forgot Gate 

  Ὤ    ÅøîÅČóÖîÛÃîÈÿèæó t · 1 

  ὼ  ÅøîÃ­îâúæÚČóÿÃ­óÿèæó t 

  ὦ   ÅøîÅ¬ó Bias ÃîÈ Forgot Gate 
 

2. Write Åøî ÿâøćîâöÃ­îâúæÿÃ­óâóÉñÖòÕëõÚĂÉè¬óÉñîòßÿÕØ Cell State Õ­èãÃ­îâúæ
Ăìâ¬ìäøîăâ¬ āÕãÂóäÖòÕëõÚĂÉÉñÿÜĆÚìÚ­óØöćÃîÈ Input Gate Āæñ×­óîòßÿÕØ ÉñĂË­Ã­îâúæîñăäĂÚ
îòßÿÕØÌ÷ćÈÉñÿÜĆÚìÚ­óØöćÃîÈ Input Modulation Gate Ì÷ćÈĀëÕÈăÕ­ÕòÈëâÂóäØöć (3) 

 

  Ὥ „ύϽὬ ȟὼ ὦ     (3) 
 
āÕãØöć 

  Ὥ   ÅøîÝææòßÙ°ÃîÈ Input Gate Ô ÿèæó t 

  „  Åøî Activation Function 
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  ύ   ÅøîÅ¬ó Weight ÃîÈ Input Gate 

  Ὤ    ÅøîÅČóÖîÛÃîÈÿèæó t · 1 

  ὼ  ÅøîÃ­îâúæÚČóÿÃ­óÿèæó t 

  ὦ   ÅøîÅ¬ó Bias ÃîÈ Input Gate 
 
3. ÂóäîòßÿÕØ Cell State Åøî ÃòĈÚÂóääèâÃ­îâúæÉóÂ Forget Gate, Input Gate 

Āæñ Input modulation gate ÿßøćîâóÜäñÂîÛÂóäßõÉóäÔóÂóäîòßÿÕØ Cell State Ì÷ćÈĀëÕÈăÕ­ÕòÈ
ëâÂóäØöć (4) Āæñ (5) 

 

  ὅͯ ὸὥὲὬύ ϽὬ ȟὼ ὦ     (4) 
 
āÕãØöć 

  ὅͯ   ÅøîÅ¬ó Context ØóÈÿæøîÂ Ô ÿèæó t 

  „  Åøî Activation Function 

  ύ    ÅøîÅ¬ó Weight ÃîÈ Update Cell Gate 

  Ὤ    ÅøîÅČóÖîÛÃîÈÿèæó t · 1 

  ὼ  ÅøîÃ­îâúæÚČóÿÃ­óÿèæó t 

  ὦ   ÅøîÅ¬ó Bias ÃîÈ Update Cell Gate 
 
 

  ὅ ὪϽὅ ὅͯϽὭ     (5) 
 
āÕãØöć 

  ὅ  ÅøîÅ¬ó Context Ô ÿèæó t 

  Ὢ  ÅøîÝææòßÙ°ÃîÈ Forget Gate Ô ÿèæó t 

  ὅ   ÅøîÅ¬ó Context Ô ÿèæó t - 1 

  ὅͯ   ÅøîÅ¬ó Context ØóÈÿæøîÂ Ô ÿèæó t 

  Ὥ  ÅøîÝææòßÙ°ÃîÈ Input Gate Ô ÿèæó t 
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4. Read Åøî ÂóäîÚùÎóÖĂì­î¬óÚÝææòßÙ°ÃîÈÂóäØČóÈóÚÃîÈîòæÂîäõØ÷â āÕãÂóä
ÖòÕëõÚĂÉÉñÿÜĆÚìÚ­óØöćÃîÈ Output Gate Ì÷ćÈĀëÕÈăÕ­ÕòÈëâÂóäØöć (6) Āæñ (7) 

 

  έ „ύ ϽὬ ȟὼ ὦ     (6) 
 
āÕãØöć 

  έ   ÅøîÝææòßÙ°ÃîÈ Output Gate Ô ÿèæó t 

  „  Åøî Activation Function 

  ύ    ÅøîÅ¬ó Weight ÃîÈ Output Gate 

  Ὤ    ÅøîÅČóÖîÛÃîÈÿèæó t · 1 

  ὼ  ÅøîÃ­îâúæÚČóÿÃ­óÿèæó t 

  ὦ   ÅøîÅ¬ó Bias ÃîÈ Output Gate 
 
 

   Ὤ έϽÔÁÎÈ ὅ      (7) 
 
 āÕãØöć 

  Ὤ   ÅøîÝææòßÙ° Ô ÿèæó t 

  έ   ÅøîÝææòßÙ°ÃîÈ Output Gate Ô ÿèæó t 

  ὸὥὲὬ  Åøî Hyperbolic Tangent Function 

  ὅ   ÅøîÅ¬ó Context Ô ÿèæó t 
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 ÕòÈáóßÜäñÂîÛØöć 9 

 

áóßÜäñÂîÛ 9 ĀëÕÈäúÜáóßÂóäØČóÈóÚÃîÈ LSTM 

2.1.3 ÂóäØČóÈóÚä¬èâÂòÚÃîÈāÅäÈÃ¬óãÜäñëóØÿØöãâĀÛÛëòÈèòÖÚóÂóä 
(Convolutional Neural Network) ĀæñāÅäÈÃ¬óãÜäóëóØÿØöãâĀÛÛìÚ¬èãÅèóâÉČóäñãñëòĈÚ
ĀÛÛãóè (Long Short-Term Memory) 

ÿÚøćîÈÉóÂÈóÚèõÉòãÂóäëä­óÈĀÛÛÉČóæîÈÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­Ú PM2.5 
æ¬èÈìÚ­ó 24 ËòćèāâÈÉóÂáóß×¬óãÚöĈ âöÂóäĂË­Ã­îâúæ Input ÿÜĆÚáóß×¬óãëáóßîóÂóé É÷ÈĂË­
Åèóâëóâóä×ÃîÈîòæÂîäõØ÷â CNN ĂÚÂóäÿäöãÚäú­Ã­îâúæØöćÿÜĆÚäúÜáóßßä­îâëÂòÕÿÜĆÚÅùÔæòÂêÔñ 
ĀæñÿÚøćîÈÉóÂáóß×¬óãëáóßîóÂóéâöÜòÉÉòãîøćÚ ą ÿÃ­óâóÿÂöćãèÃ­îÈ É÷ÈâöÂóäĂË­îòæÂîäõØ÷â LSTM 
ÿÃ­óâóË¬èãÿäöãÚäú­æČóÕòÛÅèóâëòâßòÚÙ°ÃîÈÃ­îâúæĂÚáóß×¬óã ĂÚÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­ÚÃîÈ
Þù¬Ú PM2.5 

ÉóÂáóßÜäñÂîÛØöć 10 ÿäõćâÉóÂÚČóáóß×¬óãëáóßîóÂóé ØöćÿÜĆÚÃ­îâúæ Input ÿÃ­óăÜØöć
āÅäÈÃ¬óãÜäñëóØÿØöãâĀÛÛ CNN ÿßøćîÉòÕÂóäÿäøćîÈëÂòÕÅùÔæòÂêÔñ ÿäöãÚäú­ ĀæñÕ÷ÈÅùÔæòÂêÔñ Ì÷ćÈ
ìæòÈÉóÂÂóäØČóÈóÚÃîÈ CNN ÉñăÕ­ Output îîÂâóÿßøćîÿÜĆÚ Input ÿÃ­óăÜØöćāÅäÈÃ¬óãÜäñëóØ
ÿØöãâĀÛÛ LSTM ÿßøćîË¬èãÿäöãÚäú­æČóÕòÛÃîÈÃ­îâúæĂÚáóß Āæñë¬È Output ÃîÈ LSTM ÿÃ­ó Fully 
Connected Layer ÿßøćîßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­Ú PM2.5 ëùÕØ­óãîîÂâó ìæòÈÉóÂÚòĈÚØÕëîÛ
ÝææòßÙ°ÂòÛ Loss Function ĀæñØČóÂóäèÚÿÃ­óāÅäÈÃ¬óãÜäñëóØÿØöãâÌČĈóÿßøćîÜäòÛÅ¬ó Weight Ö¬îăÜ
ÉÚÅäÛäîÛÂóäØČóÈóÚ 
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áóßÜäñÂîÛ 10 ĀëÕÈäúÜáóßÂóäØČóÈóÚä¬èâÂòÚÃîÈ CNN ÂòÛ LSTM 

2.1.4 ÂóäèòÕÜäñëõØÙõáóßÃîÈĀÛÛÉČóæîÈ 
ÿÚøćîÈÉóÂÈóÚèõÉòãÚöĈÿÜĆÚÂóäØČóÚóãÝææòßÙ°ØöćÿÜĆÚÖòèÿæÃÉČóÚèÚÉäõÈ (Regression) É÷È

ĂË­ÂóäèòÕÝæÜäñëõØÙõáóßÃîÈĀÛÛÉČóæîÈ ƙ Å¬ó Åøî Root Mean Square Error (RMSE), Mean 
Absolute Error (MAE) Āæñ Mean Absolute Percentage Error (MAPE) Ì÷ćÈÅ¬óÿìæ¬óÚöĈÿÜĆÚÅ¬ó
ÅèóâÅóÕÿÅæøćîÚ ÕòÈÚòĈÚĀÛÛÉČóæîÈØöćÕöÉñÖ­îÈâöÅ¬óØöćÚ­îã 

2.1.4.1 Root Mean Square Error (RMSE) 
ÂóäÜäñÿâõÚÝæāÕãÂóäãÂÂČóæòÈëîÈÃîÈÅ¬óÅèóâĀÖÂÖ¬óÈäñìè¬óÈÅ¬óÉäõÈ 

ĀæñÅ¬óØöćăÕ­ÉóÂÝæÂóäØČóÚóã ØČóĂì­ìóÂÝæÂóäØČóÚóãâöÅèóâĀÖÂÖ¬óÈÉóÂÅ¬óÉäõÈâóÂ ÝæÃîÈ 
RMSE ÂĆÉñëñØ­îÚÅ¬óØöćëúÈâóÂ āÕãâöìÚ¬èãÿÕöãèÂòÛÅ¬óØöćßãóÂäÔ° ĀæñèõÙöÂóäÅČóÚèÔÕòÈëâÂóäØöć 
(8) 

 

ὙὓὛὉ 
ρ

ὔ
ώ ώ  

 
 

(8) 
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2.1.4.2 Mean Absolute Error (MAE) 
ÂóäìóÅ¬óÿÊæöćãÃîÈÝæäèâÅ¬óëòâÛúäÔ° (Absolute) ĀëÕÈÅèóâĀÖÂÖ¬óÈ

äñìè¬óÈÅ¬óÉäõÈ ĀæñÅ¬óØöćăÕ­ÉóÂÝæÂóäØČóÚóã āÕãâöìÚ¬èãÿÕöãèÂòÛÅ¬óØöćßãóÂäÔ° ĀæñèõÙöÂóä
ÅČóÚèÔÕòÈëâÂóäØöć (9) 

 

ὓὃὉ  
ρ

ὔ
ȿώ ώȿ 

 
2.1.4.3 Mean Absolute Percentage Error (MAPE) 
ÂóäÜäñÿâõÚÝæÿßøćîèòÕÿÜĆÚÿÜîä°ÿÌĆÚÖ°ÅèóâÅæóÕÿÅæøćîÚÃîÈÅ¬óØöćßãóÂäÔ°

ÉóÂÅ¬óÉäõÈ ĀæñÿÚøćîÈÉóÂâöÂóäìóäÅ¬óÉäõÈ ØČóĂì­ÝæÃîÈ MAPE ëñØ­îÚ×÷ÈÅèóâĀÖÂÖ¬óÈÃîÈÅ¬ó
ÅèóâÅæóÕÿÅæøćîÚÕ­èã ÕòÈëâÂóäØöć (10) 

 

ὓὃὖὉ 
ρ

ὔ

ώ ώ

ώ
ρππ 

   

āÕãØöć  

  ώ  Åøî Å¬óÞù¬Ú PM2.5 Ô ÿèæóÚòĈÚÉäõÈ 

ώ  Åøî Å¬óÞù¬Ú PM2.5 Ô ÿèæóÚòĈÚØöćăÕ­ÉóÂÂóäßãóÂäÔ°  

  ὔ  Åøî ÉČóÚèÚÅ¬óØöćßãóÂäÔ°ØòĈÈìâÕ 

 
ÝææòßÙ°ØöćăÕ­ÉóÂ RMSE Āæñ MAE èòÕĂÚìÚ¬èãăâāÅäÂäòâÖ¬îæúÂÛóéÂ°ÿâÖä Å¬ó

ÅèóâÅæóÕÿÅæøćîÚØöćÖ¬óÈÂòÚÃîÈ RMSE Āæñ MAE ĀëÕÈ×÷ÈÜäñëõØÙõáóßÂóäßãóÂäÔ° ĀÖ¬ 
ÿÅäøćîÈâøî RMSE âöÅèóâăèÖ¬îÂóäÅæóÕÿÅæøćîÚĂÚÂóäÅČóÚèÔâóÂÂè¬ó MAE ØČóĂì­ RMSE ÿìâóñ 
ÂòÛÂóäĂË­èòÕÜäñëõØÙõáóßĂÚÈóÚØöćâöÅ¬óÅèóâÿÅæøćîÚÿÂõÕÃ÷ĈÚÿÜĆÚÉČóÚèÚâóÂÕòÈÿË¬ÚÈóÚèõÉòãÚöĈ ë¬èÚ
Å¬ó MAPE ÉñĂì­ÝææòßÙ°ÿÜĆÚÿÜîä°ÿÌĆÚÅ¬óÅæóÕÿÅæøćîÚÃîÈÂóäßãóÂäÔ° Ì÷ćÈ ÃÚóÕÅ¬óÃîÈÂóä
ØÕæîÈâöÝæĀÖ¬Å¬ó MAPE ÿË¬Ú ÝæÂóäØÕæîÈØöćâöÅèóâÅóÕÿÅæøćîÚÿØ¬óÂòÚ ĀÖ¬Å¬óÃîÈÂóäØÕæîÈâö
ÃÚóÕÿæĆÂ ÉñĂì­ÿÜîä°ÿÌĆÚÅèóâÝõÕßæóÕâóÂÂè¬óÅ¬óÂóäØÕæîÈØöćâöÅ¬óâóÂ 

(9) 

(10) 
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2.2 ÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 
ÂóäØÛØèÚèääÔÂääâÃîÈÈóÚèõÉòãÚöĈăÕ­ØČóÂóäé÷ÂêóÅ­ÚÅè­óÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ Ì÷ćÈ

ÈóÚèõÉòãÖ¬îăÜÚöĈĀâ­è¬óâöÛóÈÈóÚÉñăâ¬ÿÂöćãèÂòÛÂóäßãóÂäÔ°Å¬óÞù¬Ú PM2.5 āÕãÖäÈĀÖ¬ÿÜĆÚÈóÚØöćĂË­
ÿØÅÚõÅÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep Learning) ìäøîĂË­áóß×¬óãĂÚÂóäëä­óÈĀÛÛÉČóæîÈØöćÿìâøîÚÂòÚ 
āÕãâöäóãæñÿîöãÕÕòÈÚöĈ 

 
1. ÛØÅèóâèõÉòãÿäøćîÈ Driving Style Classification Based on Driving Operational 

Pictures (G. Li et al., 2019)  
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÅèóâßãóãóâÿßõćâÅèóâÜæîÕáòãĂÚÂóäÃòÛÃöćãóÚßóìÚñāÕã

ëä­óÈèõÙöÂóäÉČóĀÚÂëăÖæ°ÂóäÃòÛÃöć Õ­èãáóß×¬óã ÿßøćîæÕÅ¬óĂË­É¬óãĂÚÅèóâßãóãóâÉČóĀÚÂÜäñÿáØ
ÂóäÃòÛÃöć āÕãĂË­ Neural Networks Algorithms ëóâèõÙö Åøî CNN, LSTM Āæñ Pretrain-LSTM 
ßÛè¬ó èõÙöÿìæ¬óÚöĈĂì­ÜäñëõØÙõáóßëúÈÂè¬óèõÙöÂóä Machine Learning ĀÛÛÕòĈÈÿÕõâ āÕã CNN 
ÕČóÿÚõÚÂóäăÕ­ÕöØöćëùÕÕ­èãÅèóâĀâ¬ÚãČó 98.5% ÕöÂè¬óèõÙöÂóä Support Vector Machines (SVM) 

 
2. ÛØÅèóâèõÉòãÿäøćîÈ Short-term water quality variable prediction using a hybrid 

CNN-LSTM deep learning model (Barzegar, Aalami, & Adamowski, 2020) 
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÅèóâßãóãóâĂÚÂóäßãóÂäÔ°ÅùÔáóßÚČĈóÉóÂ 2 ÖòèĀÜä Åøî 

îîÂÌõÿÉÚØöćæñæóãĂÚÚČĈó (DO; mg / L) Āæñ Chlorophyll-a (Chl-a; lg / L) ĂÚØñÿæëóÛ Prespa 
ÜäñÿØéÂäöÌ āÕãĂË­ĀÛÛÉČóæîÈ Neural Networks Algorithms Åøî LSTM Āæñ CNN ÂòÛ 
ĀÛÛÉČóæîÈ Machine Learning Åøî Support Vector Regression (SVR) Āæñ Decision Tree 
(DT) ĀæñăÕ­ĂË­ĀÛÛÉČóæîÈăïÛäõÕ CNN · LSTM Ì÷ćÈĂì­ÝææòßÙ°ØöćÕöÂè¬ó ĀÛÛÉČóæîÈĀÛÛäòÚĀãÂäòÚ 
āÕãăÕ­ÝæÂóäØÕæîÈ ÕòÈÚöĈÖòèĀÜä DO ăÕ­Å¬ó R-squared = 0.960, RMSE = 0.682 Āæñ MAE = 
0.526 ë¬èÚÖòèĀÜä Chl-a ăÕ­Å¬ó R-squared = 0.923, RMSE = 0.646 Āæñ MAE = 0.308 

 
3. ÛØÅèóâèõÉòãÿäøćîÈ A hybrid CNN-LSTM model for typhoon formation 

forecasting (Chen et al., 2019) 
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÜòÎìóÃîÈßóãùăÖ­Þù¬ÚØöćÿÜĆÚáòãÙääâËóÖõ ëä­óÈÅèóâÿëöãìóã

îã¬óÈâóÂ É÷ÈăÕ­âöÅèóâßãóãóâëä­óÈĀÛÛÉČóæîÈÿßøćîĂË­ëČóìäòÛØČóÚóã ÂóäÂ¬îÖòèÃîÈßóãùăÖ­Þù¬Ú 
āÕãĂË­Ã­îâúæÉóÂÅùÔæòÂêÔñÿËõÈßøĈÚØöć ĀæñÃ­îâúæÝõèÚČĈóØñÿæ āÕãĂË­ĀÛÛÉČóæîÈ Deep Learning 
ĀÛÛăïÛäõÕ Åøî ƙD Convolutional Neural Networks (3DCNN), 2D Convolutional Neural 
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Networks (2DCNN) Āæñ LSTM ØČóÈóÚÕ­èãä¬èâÂòÚ ĀæñăÕ­ÝææòßÙ°Øöćëóâóä×ÚČóăÜĂË­ăÕ­ÉäõÈ āÕã
âöÅèóâĀâ¬ÚãČó 85.2% 

 
4. ÛØÅèóâèõÉòãÿäøćîÈ Self-Driving Car Steering Angle Prediction Based on 

Image Recognition (Qatawneh et al., 2019) 
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÅèóâßãóãóâëä­óÈĀÛÛÉČóæîÈÿßøćîØČóÚóãâùâÛòÈÅòÛÿæöĈãèÃîÈ

ä×ãÚÖ°ÃòÛÿÅæøćîÚÕ­èãÖòèÿîÈ āÕãĂË­Ã­îâúæëČóìäòÛÞ÷ÂĀÛÛÉČóæîÈÉóÂáóß×¬óãÂóäÃòÛä×ÃîÈÝú­
ØÕëîÛ ØöćăÕ­ÉóÂ Udacity Challenge ĀæñâöÂóäÜäòÛĀÖ¬ÈáóßĂÚë×óÚÂóäÔ°Ö¬óÈ ą ÿßøćîÿßõćâ
ÉČóÚèÚÃ­îâúæØÕëîÛ āÕãĂË­ĀÛÛÉČóæîÈ Deep Learning ìæóã ą ĀÛÛÿßøćîØÕëîÛÜäñëõØÙõáóß 
Åøî 3D Convolutional Neural Networks, Recurrent Neural Networks ĀÛÛ LSTM Āæñ 
ResNet Ì÷ćÈÝæÂóäØÕæîÈÚòĈÚëóâóä×ĀÃ¬ÈÃòÚÂòÛ āâÿÕæîøćÚ ą ăÕ­ āÕãăÕ­ÝæÂóäØÕæîÈÕòÈÚöĈ āâÿÕæ 
3DCNN Āæñ LSTM ăÕ­Å¬ó RMSE = 0.1123 Āæñ āâÿÕæ ResNet ăÕ­Å¬ó RMSE = 0.0709 

 
5. ÛØÅèóâèõÉòãÿäøćîÈ Exploring Spatial Influence of Remotely Sensed PM2.5 

Concentration Using a Developed Deep Convolutional Neural Network Model (Li, Jin, & 
Li, 2019) 

ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÅèóâßãóãóâëä­óÈĀÛÛÉČóæîÈÿßøćîØČóÚóãâæßõêÃîÈÞù¬Ú
æñîîÈØöćÿÂĆÛÃ­îâúæÿËõÈßøĈÚØöćÉóÂîùÜÂäÔ°äñãñăÂæ ÉóÂÃ­îâúæ PMƘ.ƛ ØòćèÜäñÿØéÉöÚ ƚ ÜòÉÉòã Åøî 
ÅèóâìÚóĀÚ¬ÚÃîÈÜäñËóÂä, ÝæõÖáòÔÒ°âèæäèâáóãĂÚÜäñÿØé (GDP), áúâõÜäñÿØé, Land-Use 
Āæñ Land-Cover (LULC) āÕãĂË­ĀÛÛÉČóæîÈ Deep Convolutional Network (CNN) Ì÷ćÈÝæÂóä
ØÕæîÈØČóĂì­ÿìĆÚ×÷ÈÜäñëõØÙõáóßØöćÕöÃîÈĀÛÛÉČóæîÈÚöĈ āÕãâöÅèóâĀâ¬ÚãČó 97.8% 

 
6. ÛØÅèóâèõÉòãÿäøćîÈ A Hybrid Time Series Model based on Dilated Conv1D 

and LSTM with Applications to PM2.5 Forecasting (Zhao, Cheng, & Chen, 2019) 
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÅèóâäùÚĀäÈÃîÈÜòÎìó PM2.5 ØöćâöÝæÖ¬îëùÃáóß ĀæñÂóä

ÕČóäÈËöèõÖÃîÈÜäñËóÂäĂÚÂäùÈÜòÂÂõćÈ É÷ÈâöÂóäëä­óÈĀÛÛÉČóæîÈÿßøćîØČóÚóãÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈ 
PM2.5 Õ­èãÜòÉÉòãØóÈîùÖùÚõãâèõØãó ĀæñÉóÂÃ­îâúæĂÚîÕöÖ āÕãÿæøîÂĂË­ĀÛÛÉČóæîÈ äúÜĀÛÛ
ăïÛäõÕäìè¬óÈ LSTM Āæñ CNN Åøî DConvLSTM Ì÷ćÈëóâóä×ØČóÚóãÝæăÕ­îã¬óÈâöÜäñëõØÙõáóß 
ĀæñăÕ­Å¬ó R-squared Øöć 0.932 
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7. ÛØÅèóâèõÉòãÿäøćîÈ Hybrid Spatio-temporal Deep Learning Framework for 
Particulate Matter (PM2.5) Concentration Forecasting (Abirami, Chitra, Madhumitha, & 
Kesavan, 2020) 

ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÂóäÚČóĀÛÛÉČóæîÈ Deep Learning ĀÛÛăïÛäõÕØöćØČóÈóÚ
ä¬èâÂòÚäñìè¬óÈ LSTM Āæñ CNN ØöćØČóÈóÚä¬èâÂòÛÃ­îâúæØöćäèÛäèâăÕ­ÉóÂÿÌĆÚÿÌîä° ÖäèÉèòÕ
ÅùÔáóßîóÂóé (IoT) āÕãĂË­ØòĈÈ 3D CNN Āæñ 1D CNN ØČóÈóÚÂòÛÃ­îâúæØöćÿÜĆÚæòÂêÔñÃ­îâúæÿËõÈ
ßøĈÚØöć ÿßøćîĀÜæÈÃ­îâúæÿÜĆÚ Input Ăì­ÂòÛāâÿÕæ LSTM ÿßøćîØČóÚóãÝæĂÚîÚóÅÖÖ¬îăÜ Ì÷ćÈăÕ­ÝæÂóä
ØČóÚóãîã¬óÈâöÜäñëõØÙõáóß ĀæñăÕ­Å¬ó R-squared Øöć 0.940 

 
8. ÛØÅèóâèõÉòãÿäøćîÈ A Novel Combined Prediction Scheme Based on CNN 

and LSTM for Urban PM2.5 Concentration (Qin et al., 2019) 
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈèõÙöÂóäØČóÚóãÅèóâÿÃ­âÃ­ÚÃîÈâæßõêØóÈîóÂóéÃîÈÿâøîÈÿÌöćãÈ

ăï­ Õ­èãĀÛÛÉČóæîÈ Deep Learning äúÜĀÛÛĂìâ¬ āÕãĂË­Ã­îâúæëõćÈĀèÕæ­îâÃÚóÕĂìÎ¬ Ì÷ćÈÿÜĆÚÂóä
ØČóÈóÚä¬èâÂòÚÃîÈĀÛÛÉČóæîÈ CNN ØöćØČóÂóäëä­óÈ Feature ĀÛÛ Auto ÿßøćîĂË­ÿÜĆÚ Input ÃîÈ
āâÿÕæ LSTM ØČóÚóãÝæĂÚîÚóÅÖ ÝææòßÙ°ØöćăÕ­ÚòĈÚßÛè¬ó âöÜäñëõØÙõáóßÂè¬ó āâÿÕæÜäñÿáØ 
Numerical Models ĀæñăÕ­Å¬ó R-squared Øöć 0.970 

 
9. ÛØÅèóâèõÉòãÿäøćîÈ Deep-AIR: A Hybrid CNN-LSTM Framework for Fine-

Grained Air Pollution Forecast (Zhang, Lam, Li, & Han, 2020) 
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÂóäëä­óÈĀÛÛÉČóæîÈ Deep-Air äúÜĀÛÛăïÛäõÕ ÉóÂ Deep 

Learning Framework Ƙ ËÚõÕ Åøî Convolutional Neural Network (CNN) Āæñ Long Short-
Term Memory (LSTM) āÕãĂË­ Ã­îâúæÅèóâëòâßòÚÙ°ÿËõÈßøĈÚØöć ÃîÈËùÕÃ­îâúæÉóÂÂóäèòÕäñÕòÛ
ÅùÔáóßîóÂóéÖóââóÖäÑóÚÅùÔáóßîóÂóé ØöćîîÂāÕãäòÑÛóæÉöÚ Ì÷ćÈăÕ­ÝææòßÙ°ëîÕÅæ­îÈÂòÛÝæ
ØöćÿÂõÕÃ÷ĈÚÉäõÈ āÕãăÕ­ÝæÂóäØÕæîÈÅ¬ó MAPE = 27.1 

 
10. ÛØÅèóâèõÉòãÿäøćîÈ Deep Air Quality Forecasting Using Hybrid Deep 

Learning Framework (Du, Li, Yang, & Horng, 2020) 
ÈóÚèõÉòãÚöĈăÕ­Âæ¬óè×÷ÈÅèóâßãóãóâØöćÉñëä­óÈĀÛÛÉČóæîÈÿßøćîØČóÚóãÅùÔáóßîóÂóé 

(PMƘ.ƛ) ÿÚøćîÈÃ­îâúæØöćÿÂöćãèÃ­îÈÂòÛÂóäÿÂõÕâæßõê PM2.5 ÿÜĆÚÃ­îâúææòÂêÔñăâ¬ÿËõÈÿë­Ú ĀæñÿÜĆÚ
Ã­îâúæØöćÿÂöćãèÃ­îÈÂòÛË¬èÈÿèæó ÕòÈÚòĈÚÉ÷Èëä­óÈāÕãĂË­ Deep Learning ĀÛÛăïÛäõÕØČóÈóÚä¬èâÂòÚ
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äñìè¬óÈ ƗD-CNNs ÿÜĆÚÖòèÉòÕÂóäÃ­îâúæØöćÿÜĆÚ Input ĀæñĂË­ Bi-LSTM ØČóÚóãÝæĂÚîÚóÅÖ ÉóÂ
Ã­îâúæĂÚîÕöÖ ĀæñÝæÂóäØČóÚóãĂÚË¬èÈ 24 ËòćèāâÈ ăÕ­Å¬ó RMSE = 77.88 

ÖóäóÈ 1 ĀëÕÈÝæëäùÜÂóäØÕæîÈ ĀæñāâÿÕæØöćĂË­ÃîÈÈóÚèõÉòãØöćÿÂöćãèÃ­îÈ 

æČóÕòÛ ËøćîÈóÚèõÉòã āâÿÕæØöćĂË­ÿÜäöãÛÿØöãÛ ÝæÂóäØÕæîÈ 

1 
Driving Style Classification 
Based on Driving 
Operational Pictures 

SVM Accuracy = 0.922 

LSTM Accuracy = 0.957 

CNN Accuracy = 0.985 

2 

Short-term Water Quality 
Variable Prediction Using 
a Hybrid CNN-LSTM Deep 
Learning Model 

CNN ÖòèĀÜä DO R-squared = 0.967 

LSTM ÖòèĀÜä DO R-squared = 0.968 

CNN - LSTM ÖòèĀÜä DO R-squared = 0.970 

CNN ÖòèĀÜä Chl-a R-squared = 0.872 

LSTM ÖòèĀÜä Chl-a R-squared = 0.869 

CNN - LSTM ÖòèĀÜä Chl-a R-squared = 0.874 
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ÖóäóÈ 1 (Ö¬î) 

æČóÕòÛ ËøćîÈóÚèõÉòã āâÿÕæØöćĂË­ÿÜäöãÛÿØöãÛ ÝæÂóäØÕæîÈ 

3 
A hybrid CNN-LSTM 
Model for Typhoon 
Formation Forecasting 

2DCNN - LSTM Accuracy = 0.766 

3DCNN - LSTM Accuracy = 0.812 

3DCNN, 2DCNN Āæñ 
LSTM 

Accuracy = 0.852 

4 
Self-Driving Car Steering 
Angle Prediction Based on 
Image Recognition 

NVIDIA RMSE = 0.0986 

3DCNN - LSTM RMSE = 0.1123 

ResNet RMSE = 0.0709 

5 

Exploring Spatial Influence 
of Remotely Sensed PM2.5 
Concentration Using a 
Developed Deep 
Convolutional Neural 
Network Model 

CNN Accuracy = 0.978 
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ÖóäóÈ 1 (Ö¬î) 

æČóÕòÛ ËøćîÈóÚèõÉòã āâÿÕæØöćĂË­ÿÜäöãÛÿØöãÛ ÝæÂóäØÕæîÈ 

6 

A Hybrid Time Series 
Model based on Dilated 
Conv1D and LSTM with 
Applications to PM2.5 
Forecasting 

LSTM R-squared = 0.918 

Conv1D R-squared = 0.905 

DConvLSTM R-squared = 0.932 

7 

Hybrid Spatio-temporal 
Deep Learning Framework 
for Particulate Matter 
(PM2.5) Concentration 
Forecasting 

ConvLSTM R-squared = 0.850 

CNN - LSTM R-squared = 0.940 

8 

A Novel Combined 
Prediction Scheme Based 
on CNN and LSTM for 
Urban PM2.5 
Concentration 

CNN RMSE = 30.66 

RNN RMSE = 30.66 

LSTM RMSE = 17.95 

CNN - LSTM RMSE = 14.3 
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ÖóäóÈ 1 (Ö¬î) 

æČóÕòÛ ËøćîÈóÚèõÉòã āâÿÕæØöćĂË­ÿÜäöãÛÿØöãÛ ÝæÂóäØÕæîÈ 

9 

Deep-AIR: A Hybrid CNN-
LSTM Framework for Fine-
Grained Air Pollution 
Forecast 

LSTM MAPE = 35.6 

ConvLSTM MAPE = 32.7 

ResNet-LSTM MAPE = 28.5 

Deep - AIR MAPE = 27.1 

10 
Deep Air Quality 
Forecasting Using Hybrid 
Deep Learning Framework 

LSTM (24 ËòćèāâÈ) RMSE = 96.64 

CNN (24 ËòćèāâÈ) RMSE = 94.85 

CNN - LSTM (24 ËòćèāâÈ) RMSE = 77.88 
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ÛØØöć 3  
ÂóäÕČóÿÚõÚÂóäèõÉòã 

ĂÚÈóÚèõÉòãÅäòĈÈÚöĈ Ýú­èõÉòãăÕ­ÕČóÿÚõÚÂóäÖóâÃòĈÚÖîÚÕòÈÚöĈ 
3.1 ÂäñÛèÚÂóäØČóÈóÚÃîÈĀÛÛÉČóæîÈ 
3.2 ÂóäÿÂĆÛäèÛäèâÃ­îâúæ (Data Collection) 
3.3 ÂóäëČóäèÉÃ­îâúæ (Exploratory Data Analysis: EDA) 
3.4 ÂóäÿÖäöãâÃ­îâúæ (Data Preparation) 
3.5 Âóäëä­óÈĀÛÛÉČóæîÈßãóÂäÔ° 
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3.1 ÂäñÛèÚÂóäØČóÈóÚÃîÈĀÛÛÉČóæîÈ 

 

áóßÜäñÂîÛ 11 ĀëÕÈ Flowchart ÂäñÛèÚÂóäëä­óÈĀÛÛÉČóæîÈ 
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ÉóÂáóßÜäñÂîÛØöć 11 Flowchart ăÕ­îÙõÛóã×÷ÈÂäñÛèÚÂóäëä­óÈĀÛÛÉČóæîÈ āÕã
ÂäñÛèÚÂóäëä­óÈĀÛÛÉČóæîÈ ÿäõćâÉóÂÃòĈÚÖîÚÂóäÚČóÿÃ­óÃ­îâúæ (Input Data) ÂóäëČóäèÉÃ­îâúæ 
(Exploratory Data Analysis : EDA) ÂóäÿÖäöãâ ĀæñÉòÕÂóäÃ­îâúæÂ¬îÚÿÃ­óÂäñÛèÚÂóäëä­óÈ
ĀÛÛÉČóæîÈ (Data Preparation) ĀæñÉóÂÚòĈÚĀÛ¬ÈÃ­îâúæ (Split Data) îîÂÿÜĆÚÃ­îâúæÞ÷ÂëîÚ 
(Training Set) ĀæñÃ­îâúæØÕëîÛ (Test Set) ÿßøćîÚČóăÜëä­óÈ ĀæñØÕëîÛÜäñëõØÙõáóßÃîÈ
ĀÛÛÉČóæîÈ 

ÃòĈÚÖîÚÂóäëä­óÈĀÛÛÉČóæîÈĂÚÂóäØČóÚóã ăÕ­ëä­óÈĀÛÛÉČóæîÈÂóäÿäöãÚäú­ÿËõÈæ÷Â (Deep 
Learning) ëîÈĀÛÛÿßøćîÿÜäöãÛÿØöãÛÜäñëõØÙõáóßÂòÚ Åøî ëä­óÈĀÛÛÉČóæîÈāÕãĂË­ÿØÅÚõÅ 
Convolutional Neural Network (CNN) ÿßöãÈîã¬óÈÿÕöãè ÿÜäöãÛÿØöãÛÂòÛĀÛÛÉČóæîÈØöćëä­óÈāÕã
ĂË­ÿØÅÚõÅ Convolutional Neural Network (CNN) ØČóÈóÚä¬èâÂòÛ Long Short-Term Memory 
(LSTM) āÕã CNN ĂË­ÂòÛÂóäÿäöãÚäú­äóãæñÿîöãÕ ĀæñëÂòÕÅùÔæòÂêÔñÃîÈÃ­îâúæ Āæñ LSTM ĂË­ĂÚ
ÂóäÿäöãÚäú­æČóÕòÛÅèóâëòâßòÚÙ°ÃîÈÃ­îâúæĂÚáóß ÿßøćîĂË­ĂÚÂóäßãóÂäÔ°Þù¬Ú PM2.5 æ¬èÈìÚ­ó Āæñ
ØČóÂóäÜäòÛÉúÚßóäóâõÿÖîä° (Hyperparameter Optimization) ÿßøćîÿßõćâÜäñëõØÙõáóßÃîÈ
ĀÛÛÉČóæîÈ ÉóÂÂóäÜäñÿâõÚÝæÜäñëõØÙõáóßÃîÈĀÛÛÉČóæîÈ (Evaluation) ĀæñëùÕØ­óã ÃòĈÚÖîÚ
ÂóäÚČóÿëÚîĀÛÛÉČóæîÈÜäñëõØÙõáóßÃîÈĀÛÛÉČóæîÈĂÚÂóäßãóÂäÔ°Å¬óÅèóâÿÃ­âÃ­ÚÃîÈ PM2.5 
Ý¬óÚÃ­îâúæØÕëîÛ (Test Set) āÕãĂË­ Å¬ó Root Mean Squared Error (RMSE), Mean Squared 
Error (MSE), Mean Absolute Error (MAE) Āæñ Mean Absolute Percentage Error (MAPE) 

3.2 ÂóäÿÂĆÛäèÛäèâÃ­îâúæ (Data Collection) 
ĂÚÈóÚèõÉòãÅäòĈÈÚöĈ âöÂóäĂË­Ã­îâúæëîÈÜäñÿáØ Åøî ĂË­Ã­îâúæáóß×¬óãØ­îÈà­ó ĀæñÃ­îâúæ

îÚùÂäâÿèæóÅ¬óÅèóâÿÃ­âÃ­Ú PM2.5 ÉóÂÂäâÅèÛÅùââæßõê ÉóÂë×óÚöèòÕÅùÔáóßîóÂóéë×óÚö
ÖČóäèÉÚÅäÛóæāËÅËòã āÕãâöäóãæñÿîöãÕÂóäÿÂĆÛäèÛäèâÃ­îâúæÕòÈÚöĈ 

3.2.1 ÂóäÖõÕÖòĈÈÂæ­îÈÿßøćîÿÂĆÛÃ­îâúæèõÕöāîáóß×¬óãØ­îÈà­ó 
ÂóäÖõÕÖòĈÈÂæ­îÈÿßøćîÿÂĆÛÃ­îâúæèõÕöāîëáóßîóÂóé ÿÜĆÚÂóäÖõÕÖòĈÈÂæ­îÈ IP Camera 

ÿßøćîÿÂĆÛÃ­îâúæèõÕöāîëáóßîóÂóé āÕãÖòĈÈÂæ­îÈÉóÂÖ÷ÂîóÅóäèõØãóéóëÖä° âìóèõØãóæòãéäöÚÅäõÚØ
äèõāäÓ ĀæñìòÚÂæ­îÈăÜØóÈØõéÖñèòÚîîÂÿÊöãÈÿìÚøî āÕãÿäõćâÉóÂÿèæó 7 ÚóíõÂó ×÷Èÿèæó 18 
ÚóíõÂó ÃîÈèòÚØöć 3 ëõÈìóÅâ ß.é. 2562 ×÷ÈèòÚØöć 31 ÙòÚèóÅâ ß.é. 2562 ÉČóÚèÚØòĈÈìâÕ 1,690 
áóß ÕòÈÖòèîã¬óÈáóßÜäñÂîÛØöć 12 Āæñ 13 
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áóßÜäñÂîÛ 12 ĀëÕÈÖòèîã¬óÈáóß×¬óãëáóßîóÂóéÉóÂÂæ­îÈ IP Camera èòÚØöć 5 ëõÈìóÅâ 
ß.é.2562 ÿèæó 07:00 Ú. 

 

 

áóßÜäñÂîÛ 13 ĀëÕÈÖòèîã¬óÈáóß×¬óãëáóßîóÂóé ÉóÂÂæ­îÈ IP Camera èòÚØöć 29 ÙòÚèóÅâ 
ß.é.2562 ÿèæó 09:00 Ú. 
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3.2.2 Ã­îâúæîÚùÂäâÿèæóÅ¬óÅèóâÿÃ­âÃ­Ú PM2.5 ÉóÂÂäâÅèÛÅùââæßõê 
ÚČóÃ­îâúæîÚùÂäâÿèæóÅ¬óÅèóâÿÃ­âÃ­Ú PM2.5 ÉóÂë×óÚöèòÕÅùÔáóßîóÂóéë×óÚö

ÖČóäèÉÚÅäÛóæāËÅËòã ÃîÈèòÚØöć 3 ëõÈìóÅâ ß.é. 2562 ×÷ÈèòÚØöć 31 ÙòÚèóÅâ ß.é. 2562 āÕã
æòÂêÔñÃ­îâúæÉñÿÜĆÚäóãËòćèāâÈ ĀæñâöäóãæñÿîöãÕÃîÈÃ­îâúæÕòÈÖóäóÈØöć 2 

ÖóäóÈ 2 ĀëÕÈäóãæñÿîöãÕÃ­îâúæÅ¬óÅèóâÿÃ­âÃ­Ú PM2.5 ÉóÂë×óÚöèòÕÅùÔáóßîóÂóéë×óÚö
ÖČóäèÉÚÅäÛóæāËÅËòã 

Ã­îâúæ ÅČóîÙõÛóã Öòèîã¬óÈÃ­îâúæ 

Üö/ÿÕøîÚ/èòÚ èòÚØöć 190101 

ËòćèāâÈ ËòćèāâÈØöć 800 

PM2.5 ìÚ¬èãÿÜĆÚ 
ăâāÅäÂäòâÖ¬îæúÂÛóéÂ°

ÿâÖä (ʈÇȾά ) 

Þù¬ÚÃÚóÕăâ¬ÿÂõÚ 2.5 ăâÅäîÚèòÕØöć
ÅèóâëúÈ 3 ÿâÖä 

35 

 

3.3 ÂóäëČóäèÉÃ­îâúæ (Data Exploration) 
ÂóäëČóäèÉ ĀæñèõÿÅäóñì°ÅèóâëòâßòÚÙ°äñìè¬óÈÃ­îâúæáóß×¬óãëáóßîóÂóé ÉóÂÂæ­îÈ 

IP Camera ĀæñÃ­îâúæîÚùÂäâÿèæóÅ¬óÅèóâÿÃ­âÃ­Ú PM2.5 ÉóÂë×óÚöèòÕÅùÔáóßîóÂóéë×óÚö
ÖČóäèÉÚÅäÛóæāËÅËòã ÉñÿìĆÚè¬óÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈ PM2.5 ØöćăÕ­ÉóÂë×óÚöèòÕÅùÔáóßîóÂóé 
ÉóÂÿÕøîÚëõÈìóÅâ ß.é. ƘƛƜƘ ×÷ÈÿÕøîÚÙòÚèóÅâ ß.é.ƘƛƜƘ âöĀÚèāÚ­âëúÈÃ÷ĈÚĂÚË¬èÈÿÕøîÚìæòÈ ÉóÂ
áóßÜäñÂîÛØöć 14 ĀæñÿâøćîÿØöãÛÂòÛÃ­îâúæáóß×¬óãëáóßîóÂóéßÛè¬óË¬èÈÿÕøîÚëõÈìóÅââöëáóß
Ø­îÈà­óĂëÂè¬ó ÿÕøîÚÙòÚèóÅâ ÉóÂáóßÜäñÂîÛØöć 15 Āæñ 16 
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áóßÜäñÂîÛ 14 ĀëÕÈĀÚèāÚ­âÅ¬óÅèóâÿÃ­âÃ­ÚÃîÈ PM 2.5 ÉóÂë×óÚöèòÕÅùÔáóßîóÂóéë×óÚö
ÖČóäèÉÚÅäÛóæāËÅËòã 

 

 

áóßÜäñÂîÛ 15 ĀëÕÈáóß×¬óãëáóßîóÂóé Ë¬èÈÿÕøîÚëõÈìóÅâ ß.é.2562 
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áóßÜäñÂîÛ 16 ĀëÕÈáóß×¬óãëáóßîóÂóé Ë¬èÈÿÕøîÚÙòÚèóÅâ ß.é.2562 

ÖóäóÈØöć 3 ĀëÕÈÃ­îâúæØóÈë×õÖõÃîÈÃ­îâúæÅ¬óÅèóâÿÃ­âÃîÈ PM2.5 ÉóÂë×óÚöèòÕÅùÔáóß
îóÂóéë×óÚöÖČóäèÉÚÅäÛóæāËÅËòã ØöćÚČóâóĂË­ÿÜĆÚÃ­îâúæÅČóÖîÛÃîÈÅ¬ó PM2.5 ÜäñÂîÛÂòÛ
Ã­îâúæáóß×¬óãĂÚĀÖ¬æñË¬èÈÿèæó 

ÖóäóÈ 3 ĀëÕÈÅ¬óØóÈë×õÖõÃîÈÃ­îâúæÅ¬óÅèóâÿÃ­âÃ­Ú PM2.5 ÉóÂë×óÚöèòÕÅùÔáóßîóÂóéë×óÚö
ÖČóäèÉÚÅäÛóæāËÅËòã ĂÚË¬èÈèòÚØöć 3 ëõÈìóÅâ ß.é. 2562 ×÷ÈèòÚØöć 31 ÙòÚèóÅâ ß.é. 2562 

Å¬óØóÈë×õÖõÃîÈ PM2.5 Å¬óÉóÂÃ­îâúæ 

Å¬óëúÈëùÕ 99 ʈÇȾά  (29/09/19 08:00 Ú.) 

Å¬óÖČćóëùÕ 2 ʈÇȾά  (30/08/19 13:00 Ú.) 

 


