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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) 



  17 

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



  20 

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.) 

 


