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Abstract

Exposure to small particulate matters such as PM2.5 can affect human health,
causing irritation and damaging tissues of the internal organs of the body. Based on the
observation that naked eyes can, by and large, notice that there is dust in the air or
not, the work in this research used photos to estimate the concentration of PM2.5 by
means of supervised machine learning. The Convolutional Neural Network (CNN) deep
learning mode and evaluating performance and results with an assessment section for
regression analysis From the creation of a simulation model to predict PM2.5
concentrations from 1369 photos capture images from the direction of the GMM
building collect images with the researcher during 07.00 - 18.00 hrs. from 5 September
2561 to 1 January 2019 and Create a model to predict the PM2.5 concentration from
910 photos capture images from the direction of Show DC mall collect images with the
researcher during 07.00 - 18.00 hrs. 1 from November 2561 to 31 December 2018,
.Compared with the PM2.5 concentration data of nearby stations from the Pollution
Control Department and were divided into three portions, training, validation, and
testing. Estimation from the CNN model results in the RMSE direction of the GMM
building Result 10.09 11.83 14.26 and direction of the Show DC department store
results 8..69 12.15 and 12.31 micrograms per cubic meter, respectively, the MAE
direction of the GMM building results in 7.40 9.29 10.68 and direction of Show DC
department store can get results 6.63 8.56 and 8.70 micrograms per cubic meter,
respectively, the MAPE direction of the GMM building is 26.71 30.90 34.91 and direction
of Show DC department store results 19.19 26.78 23.90 percent, respectively.

Based on the simulation results, the predictions of PM2.5 concentrations from
photos were predicted for predictability. Which is caused by the image data used in
the training process is too small and from the sun during Different times Effect on the
prediction of PM2.5. There is a way to solve the problem. The researcher will identify
the cluster of image data (Clustering) into 3 phases: morning, lunch, evening and create
a model. To predict images in each group As pools of photos becomes more available
for learning and tuning, it is expected that the performance of the model will be

better.
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Y I

E‘Uﬁ 2 $1981NNITVIMUILLLUY Regression
(#1311 https://medium.com/@heyozramos/regression-vs-classification-

86d73c281c5e)

24 29hAMAFAEIRUNISITERSITIEN (Deep Learning)

'
o

Deep Leaning AayaAd4 (Algorithm) gnas1eliuuiiion1siseusuenIeednvise

U
o v A o

\ATRIRRNNIADT IngyamdellagyilvmiasosdnsanunsauseananatayadnuiunInalens

avaTevglsramiuudliulualeIve syl



1nenann15u89 Deep Learning Nagtdu Artificial Neural Network (ANN) Atdulviun
At wazazlinsuszuanaluuaunu (Parallel Processing) vinlvanunsauszuianals
ATaarduIunntiglinsseuivensosmnsalinadnslunisdndulanazainnisallafsin

ﬁqsﬁu [5]

2.5 as‘iﬁﬂ’a’miﬂ,ﬁ'&l’aﬁu Convolutional Neural Networks (CNN)

CNN 18u Neural Network fisraaansiSeudvesuywdlasnisvinsndosy d1viind
Bouslvl vhanlndauniaggn Fadumsssuuunila 6] Tng NN Usznaudae

1. Convolution fig N15M5293U local feature uunIW input lag local feature e

fiflo convolution kernel UutaLEaSTULD4

INPUT FILLTER
NI
ofla1|afa]o] 1(0|1
ofo|a]|1]|1] ol 1
0o of1/1|0
0|1|1/0 0 L] L
0|0 _1__ 0 11 0 1/tj1]|0]j0
B 1 0 o [4]3] 01 a[3a] 1ajo| [a]3]4]
. | 1)) ofo/11)3 | olo[1]1, i 2
oloj1l1]o | ojoixrizlo] | [ olol1l1]o | oloj1]1]o
Ooj1j1j0|0 oj1j1{0/0 ol1/1{0]0 0j{1/1/0/0
) Corvolved Convolved Convolved Convolved
"oge Feature Image Feature Image Feature image Feature

SUl 3 faoghamevhamilutu Convolution
(ﬁu'l - https://ujjwalkarn.me/2016/08/11/intuitive-explanation-convnets)

INFUT 3 1vind 5 x 5 Wiunm input Ww3ng 3 x 3 Bend filter w3 kemel 3o
feature detector wazluv3ndintuainnisalasluiinaninaes filter Wiledusa dot
product 138171 Convolved Feature %38 Activation Map %38 Feature Map lag filter 411
nsRuAuaNdRINAMN input

2. Pooling fle mafiudayarifinigaues local feature 994U convolution lasazan
dimensionality vedusiay feature map usivdayadideyld n15vi pooling finae3s lawn
ANgagn (Max) ALade (Average) Mnasal (Sum)

Tunselues Max Pooling MUAUATOULIANUT LU window Fun 2 x 2 waglyA1nunn

d' a PN . A ' PN I a v a
Wq@cﬂﬁﬂ‘UiL’JﬂJW window LaauUNIU feature map LLWUWQSI%V’Y]@J']ﬂV]q@ aqﬂqiﬂiﬂjﬂqlﬂaﬂ



(Average Pooling) #30mas1vaeAInNAl UMMt uilun1suUa Max Pooling lasu

N580USUIWINANSYINNUATIER

Max(1,1,5,6)=6

max pool with 2x2 filters T
and stride 2 6 8

w
N
-
H I OO A
»

y

a

JUN 4 fhegresmsvienlutu Pooling
(Fian - https://ujjwalkarn.me/2016/08/11/intuitive-explanation-convnets)

91n3U7 4 1deu window 2 x 2 Tnevduiias 2 1wad wiei3unin stride wazldArgean
Tuusazusin Jsavan dimensionality 984 feature map

3. Fully Connected fio nsideudanndifildaniaweasdeunti output 99ntu
convolution Wag pooling LaRIEN feature Y8INIW input ﬁ;mﬂizaﬂﬁ%ﬁ%u Fully Connected
Ae NsldnuandRanaeasiountdmiunisinguwuuadlunatadien Ingasldflandu
Flatten sausheitelh3osdeyaliieglugunuunames faguil 2-5

4. Output fie Hadwsildannsvinne faguil 5 nmduna Ae nwsaoud uazradns

Aoy oa ¢ o fal va 'z ° aa |
7@ Ao 508UA (car) InuNaansNleAnINHeNTUIINAIWINNTD 11 Softmax

~ Y

FTEATURE LEARNING CLASSIFICATION

gﬂﬁ 5 1A598@579 Convolution neural Network

(s - https://www.mathworks.com/content/mathworks/www/en/discovery
/convolutionalneuralnetwork/_jcr_content/mainParsys/image copy.adapt.full.high.jpg/1

523891796216.jpg)



2.6

Qﬂldldl v

MUY NNYIVDY

2.6.1 $UARwI384 Particle Pollution Estimation Based On Image Analysis [7]
Chenbin Llu tazanz(2016) 1avinn15a519 Support Vector Regression (SVR)

Juniileviunee Particulate Matters (PM) Tuenmalagnisliguamilassausauain

3 11194

[
a %

nudgdasalunanisvitung A1 PM2.5 31n3Uves 3 L9 a1u1sadiun

<

Feature wasn nlallu Scattering , Contrast , Entropy , Sky Smoothness ez Color

wazAnwiANuduiusAIves PM2.5 T Beijing , Shanghai uag Phoenix yuvas

Zenith Liflnason1svirunsuaanineinialinaneani1sviiuieal PM2.5 n15911u1e

Tngsamiiuszansninneldluyag PM2.5 feeiu

2.6.2 UARBIF On Estimating Air Pollution from Photos Using
Convolutional Neural Network [8]

Chao Zhane wasma (2016) lunidsedl #338l9@3e Convolutional Neural
Network 15831 PAPER titeuszifiununimenniaainniwene Taegidelsiisnng
\Wuaesdau drnsnld log-log ordinal classifier lulateasgavineues Convolutional
Neural Network Inguadnsee a1u15aUsuUianuaunsalun1sduunmuaiduyes
Tuinale drufiaadldWmun Activation Function #8771 Rectified Linear Units
(ReLU), @95UN15US2U1UAINANEN1981NIAINNATNENY Faitsriduiinandliidiuii
ansoandeynnslaseiudimeluld

2.63 UARBI309 End-to-end learning for image-based air quality level
estimation [9]

Chao Zhang wazamz (2018) l@inisAnwiieafunisld imase-based
machine learning wag Deep Convolutional Neural Network (CNN) Wiensuszdiy
annmemalagldnmuaznsdnnisiuiymideundaudu Yymianuazidoaves
AN anzuas Wuhu

NMSANITIIRULITeliiaue Ensemble CNN Based Model (EPAPLE)

wazlaRnAY activation function Tusl (Flexible Negative RelLU :FNReLU) d1m15un1s

UsZUaUAINANYNIDINIAIINATN



3.1

uni 3

ad o

Asn1saniiun1sAnEIAuAdn

HUNTITANLEUY

3.1.1 SUAULATINHULATINAG

AL suAUKarRulAsey Wutumeulunisiirusiidelasaunuiaula

=

lnganfiunisAnwmannisuasng e iifeiteswarauidenineideiniduinteys

s A o v Y

IAMIAUALIAIATIZALN DA N UATITDLATIUY

3.1.2 n1sAnAINdaaiNaiutauadflanIwaeiasi

Y

[ '
U 2 =

nsfadendendietivdoyaidloninaieviesd uduneuindndos 1P
CAMERA LﬁaLﬁuﬁagaiaiaﬂwwdWaﬁa@ﬂwﬁm%’uﬁmﬂsﬁumia%’wLLU‘Uf\Twamms
MUNBAULUTY PM2.5 100 WaY
3.1.3 A1999NLUUITZUU
MM598NULUUTEUY UTuneUlun50NLUUTEUUNSYNLUBILUUTIBINS
MUNBAMUVUTY PM2.5 2100 W0
3.1.4 MSNAIUILASNAFUSZUU
g@519uud1aes g Convolutional Neural Networks (CNN) LLag%11n1g
UselliuUseans nniasnadnsmeuInsN1sUsEllua s unIsIlASIEin1sanaae
3.1.5 @5ULAIHELNIUINY
Afiun1sasurakaysEliuNaansn15v191Y 30vsUldusIguLazenans

ANMSUNSUNAUBLBNAITNITHULNINAIIUY WALAITUNLAUDLATINU
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JUABUNITARUNIT

2561

2562
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f.A.
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9.A.
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2) NMSAAFINADY

1%
a o v

Ansandeadfiesiudeya

ARlon1naneviaein

3) N999NLUUTEUU

ivuaingUszasduaz
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4) ASNAIUITEUY
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inmsnadauLazUIuUse

5) dyuuazussiiiung

ynnsuSuUgeszuuen
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dnvigdileuazienansi
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asunansaLiunu
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3.3 gunsaluaziAsesiialdlulaseenu

3.3.1 8130123 (Hardware)
e ABUNILADS intel® CORE™ i5-3470 @ 3.20GHz 8.00 GB of RAM
e N804 IP Camera 1M Pixel 2 ndos
e lulpsieafnisa 2 6
3.3.2 995135 (Software)
e Jupyter Notebook
e VLC Media Player
e Google Collaboratory
333 a1witld

e Python
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3.4 N1399ALUUTEUY
lassnuresidulauutoandu 2 dw lnediuivis Ao Juneun1sindy (Training

Process) wardiufiaas Avdunaunisnaasy (Testing Process) Asiuanalugui 6

Training Process

wuiluid le uds VFuuaIBaIn WY
Capture umn< 1 73 Tas Ttvanzas

Convolutional Neural Network (CNN)
Model

Feature lusoua
SnnaaeILAN
Hads

Training Data ||

maaa"lan"lﬂi’mﬁ‘[amﬁuulCapture Testing Process
nwyne 1 F2lusvesiui 11/12/18

YTuuaiseinwng
i zas

wafinnd1agldiu nwvesTudi 11/12/18
12817.00 w. A1 PM2.5 Uszunsu 82 uan./au.u

Wuihaate udr
Capture ¥ mn< 1 72 Tas

INPUT

Fregren TwuasTuii 11/12/18 1aa1 7.00 wu.

U7 6 TUHDUNITAMRUINULAYTIUVDITEUY

3.4.1 YumduN1sHNelY (Training Process)

1. msfndandeaiieiutoyaintonmeneiasi

N

o Y va o P o A < a Y e a a & v

WelAnANBIaf 1 LAUAMAINTAANINAIUAN GMM nsiSuiudaya
AWATUN 5 AUBIBU W.A.2561 UDITUN 31 UNTIAN W.A.2562 1aLAULRNIZY19E"
07.00 u. - 84 18.00 u. tazdsnurunmiAule 1369 A waziinisuiiussufieu

@22

D.

See

futeyanlaunnnsumuauuaivanflsmeiuiagniansal

gﬂﬁ 3-2

JUT 7 ndaedaf 1 iunmanniiavnanneinudin GMM
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(% '
U v v A

a Ya [ a 1% b4 a v =
AI8lARRAINABIIN 2 LIUNMNAINTANNIAIUETINEUAT Show DC
MasuNUTaYanuau 1 naadnieu 2561 audeiui 31 unsian w.e.2562 lngwiu
WNNEIIIAT 07.00 W, - 18.00 u. wazlisiuaunmiiuld 910 v wazdinisiiun

Wiguwlsuiuteyailaunannsumuautafivaniiisauasuialuady

JUT 8 NdRYaT 2 LAUNMAINTANIIIAUNSESINEUAT Show DC

2. Unidtenlaun Capture nwyne 1 Falusg

A19819n15U1ALeNLANN Capture n1myng 1 Falus laeldlusunsu VLC

Media Player

'

181109_700 181109_800 181109_900 181109_1000
181109_1100 181109_1200 181109_1300 181109_1400
181109_1500 181109_1600 181109_1700 181109_1800

JUN 9 fegnen1suniatedlaun Capture anwyng 1 43l

3. YSuuasasnnlimdnzau Tnevhnisudasnmiilaidunn Gray Scale Image

U7 10 sheganimneuthuuwlaandunin Gray Scale Image
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o 1

U7 11 fegrmaihnmiliuudaniwlidunn Gray Scale Image

4. ﬁw%’aa&amﬂﬁuﬁumﬂﬁﬂﬁfﬂé‘]’mmi@mmwmmmmzLﬁmﬂiummmaﬁww‘hmm
azenteya (Data Cleaning) wag wazinmaieiiunisivandy Gray Scale
Image #&uvn"sEnel (Training Data) Wiea$1auwuusiass Convolutional Neural
Network dufumsinneanuidudu PM2.5 mnamdelagiifamamsimniin GMM

[

Wz IAN1NINUANNETINEUAT Show De Hdnuaesaagui 12

Pooll

Dropl

i HHEHH

=)

g
<E

Convg

Conv9

i

Output

gﬂﬁ 12 TA59a519 Convolution neural Network



3.4.2 JUADUNIINAGDU (Testing Process)

1. i maenntunsilaadu Gray Scale Image unuas Anvaliunviuneainy
Wit PM2.5 annnmanelagldiuuidnass Convolutional Neural Network

2. YSuussuuudnaes Convolutional Neural Network Triidsz@nsnn

15
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uny 4
nan1saiulasau

A3delevinnisiuudiasdlagld Convolutional Neural Network dwunisvitung

ANMUIUTE PM2.5 21NAMNE18LA8NRANINIAIURN GMM  Lhag NANINI9AUAESSNELAN

==
=

Show Dc #i31nuaigeinaguin 13

onvl

"

Dropl

Conv3

=
(== ]
=
—

‘g‘dﬁ 13 1A59a3519 Convolution neural Network



17

fAfuldRasindesindl 1 unmanfiememsduiin oMM TmsBufudeyaiou
Fudl 5 Augneu w2561 qudsTuil 31 unsauay 1.A.2562 Tnglfvianzyianan 07.00 u. -
fl9 18.00 . wagddruunmilAuld 13396 am uaziimsthanFoudisuiudeyaildinain
nsuAIvANNafivanflsmetuIagmansal lnewdadeyaidu 3 @ ldun Training Validation
uag Testing ﬁaﬁuamﬂugﬂﬁ 14 msuustoyalu 3 du I Training Validation wag Testing
wazUsziiulsz@nsninn1svinuienieAl Root Mean Square Error (RMSE) , A1 Mean

Absolute Error (MAE) , A1 Mean Absolute Percentage Error (MAPE) Llag@1 R - Square

NMswUstaYafimamaaTuan GMM

Train 80%: 1095 Pics Test 20%: 274 Pics
Train 80%: 876 Pics Validation 20%: 219 Pics

FUTIIviR 1369 A

U 14 nmsudsdeyardu 3 dru IfuA Training Validation uag Testing

Aruimnthn a2 Taqliu
i Convolution Layer 3 %u , MaxPooling i Convolution Layer 9 Gijzu , MaxPooling
Layer 2 %’u , Dropout Layer 1 Gf?u Layer 2 Gf?u , Dropout Layer 3 %’ju
loss="mean_squared_error’, loss="mean_squared_error’,
metrics=['mean_absolute_error’, metrics=['mean_absolute_error’,
'mean_squared_error] 'mean_squared_error]
Dense Layer dugaving 1Ju 1 Dense Layer dugaving 1lu 1
Epoch = 27 Epoch = 27

a ™ = ° ] 1Y Yy I a Y] °
A5 1 A8 UTHULNEULLUUARDITENINANUNNMINUIATIN 2 ﬂ‘ULL‘U‘U%']a@ﬂIu

JagUuitenamainuingassnduan Show Dc
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919157297 1 aziulaiiuuiaedudsgiuiidwuaeesiindu Weosndidele
ANw191UA9813949 End-to-end learning for image-based air quality level estimation [9]
waglanlaseadne Convolution neural Network unsd@iuvesudseiinnasraduivudiass

[ '
v a

Tutiytuvesideioulasnadnsnavu feuansluEmor! Reference source not found.

Wnsndnisussdiugmsunis AafutiASe2 UJaglu
AAT1THNTON0RY Testing Testing
Root Mean Square Error 15.75 uAn./au.d. 12.31 4An./avu.d.
(RMSE)
Mean Absolute Error (MAE) 12.59 uAn./au.al. 8.70 uAN./aU.U.
Mean Absolute Percentage 40.62 % 23.90 %
Error (MAPE)

a ~ ~ U Al v ° a a a o ¢
A15199 2 As1aUSUBLRsUNAaNSNLea1NN15VNINSUSEEIUUSEANS A NLAZNAANS
ULUNINTNITUSLIUAINSTUNITIATIZINITONDDYTEMINAMUNNINLIATIN 2 AULUUIIAD4

Tutaguiieaniamesuinsassndua Show Dc

91na597 2 asiuldinuudiaedudagiuiinnuaainedeulunisviunedesniy

v oAl

ANUAImMTATIN 2 lngwuudnasslulagiuilan Root Mean Square Error (RMSE) Useana

12.31 14AN./AU.4. 8AR4INANUATINEIATIN 2 Usvaas 3.44 1AN./aU.4. LEDI91NT1UI

1 A a £ < o a o el a &£
ANONYVNLIUAIN 634 AW UL 910 AW LLAZLUUINRDINITUIURLYDIVLNUYY

4.1  waansnkaannn1siinisuseliuuseansnnnasnaansaleunsndgnisusiu

dm5UN15IATITHNITaN0RY

lwnsngn1sUsEIUAINIUNIS Training Validation Testing

AMTITHNTON0RY

Root Mean Square Error (RMSE) | 10.09 uaAn./au.d. | 11.83 dan./au.y. | 14.26 UAn./au.ul.

Mean Absolute Error (MAE) 7.40 4AN./aU.4. 9.29 uAn./au.d. | 10.68 uAn./au.u.

Mean Absolute Percentage 2671 % 30.90 % 3491 %
Error (MAPE)

R - Square 0.64 0.25 3.39

A15199 3 M1519715U5EUUSLANS NNLLAZHAANSAELLUNS NGN1SUS WA UNNS

AATILIANITOANDE
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nnadnsailelumsed 3 asuiulédn Training fauuudilunisvuneaaiy
duduvesuavesslusiniaainaiwinedifian Liesainfanis Over Fit Audoya Tnedien
Root Mean Square Error (RMSE) ﬁaa“lfjm Ao 8.69 uAN./aU.4 , 4A1 Mean Absolute Error
(MAE) ﬁaﬂﬁqm D 14.26 uAN./aU.4. wazdl Mean Absolute Percentage Error (MAPE) ag”ﬁl

34.91%

PM2.5 Predict (ug./m?®)

Predict + 13
=== Predict-13
- Predict True

e Data point

T PM2.5 Real (pg./m?)
20 40 60 80 100 120

JUN 15 nsliansn1siseuiiieuAasanlaannnsuaivauuaiviuanlaiainnig

YUY

NngUR 15 azuansliifiuindvhueaaduduresiuazessiinsafuAinududy
VDI UALDBITNNINNTUAIVANNATY AILDIUUAUALAL UAT1IUIeAIAITIuvR Y
az804lUINNTIAIAMUTLTUVBE LA DRIITIIINNTUAIUANLATY INLDYINTBLAUALAS UaL
81vuIA1ANNTUY 0 UL 0RIlATEENTIAIAINLTUTUYOIH UALRBINTININNTUAIVAY

waiiy In9zaglatduduag a1gneginindudiaowusainindudiletszeglugiiigideaiunse

gausule lnedududidedtududivae s 3duAuiauinaINnIse1rdaes PM2.5 31

YoIYHAMAINDINIAYRIUTEMAINENIMT 2 UWAINMUINAUAT PM2.5 93991nNTUAIUANLATY
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ArRgImaansnIsvinueanNududuvesuazeasiinsafiuAanatuduva sy
A2984939NNTUAIVANNANY
sUNMYBTUN 18/10/2561 AvSeannnsuAIuANLaiiY 29 uan./aud. AMlaaInns

YUY 29 WAN./au.ul.

U7 165UnmvesTud 18/10/2561

sUAMYRLTUN 20/10/2561 ANATIINNTUAIUANNATIY 29 uAN./AU.L. AINLAAINNTST

YUY 29 WAN./au.4l.

U7 17 gUamvesiuil 20/10/2561

JUNMYBTUT 30/10/2561 ANR39INNTUAIVANLATY 29 UAN./aUd. AMLFAINNTS

YUY 29 UAN./AU.L.

U7 18 gUamvesiuil 30/10/2561
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sUA MR TUN 24/12/2561 AATIINNTUAIVANLATIY 29 uAN./AU.L. AINLHAINATST

YU 29 UAN./AU.L.

gﬂﬁ 19§Umwmaﬁuﬁ 24/12/2561

ArRgIaansnIsiueAInUduduvesuazaasilirnindrAnudud
V29 UAZDDIIININNTUAIVANNANY
sUAmesTUN 02/10/2561 A1ASIIINNTUAIUANLATY 29 UAN./AU.Y. AINLARINNTS

YUY 16 UAN./AU.L.

U 203Unmmes Uil 02/10/2561

sUAMUReTUN 15/10/2561 A1R39INNTUAIUANLATY 29 uAN./aud. ATWLARINNTT

YUY 23 UAN./AU.L.

U 21 JUAmvesTufl 15/10/2561
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SUNMURLTUN 10/12/2561 AIASINNTUAIUANNATNY 29 UAN./auL. AIALAIINATS

YUY 18 WAN./au.ul.

U7 22 gUamvesTuil 10/12/2561

sUNMYBTUN 17/12/2561 ANR3INNIUAIUANMATY 29 uAn./ausl. ANleaInng

YUY 27 WAN./au.ul.

SUT 23 gUnwaiesTuil 17/12/2561

ArvgIaansnsTiueAnNududuvasuazaasildrannndAaududy

V29K UATEDIININNTUATUANNANY
JUNMYBTUN 04/10/2561 AR3HAINNTUAIUANLATIY 29 uAn./auL. MNlHAINNTS

YUY 32 WAN./au.ul.

SUT 24 sUAmvesTuT 04/10/2561
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sUAMURsTUN 20/10/2561 ARSINNTUAIUANLATY 29 UAN./audl. ATWLARINNTT

YUY 31 UAN./AU.L.

U7 25 gUnmvesTuil 20/10/2561

sUAMYRsTUN 27/11/2561 A1R3IINNTUAIUANLATY 29 uAN./audl. AWLARINNTT

YUY 38 WAN./au.4l.

SUT 26 SUAMRSTUT 27/11/2561

JUNMYBITUN 14/12/2561 ANR39AINNIUAIUANLATIY 29 uAn./au.a. ANlHaInn1g

YUY 37 UAN./AU.L.

== S ¥ ==

SUT 27 gUnmvesTuil 14/12/2561
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(% '
Ya o Ya v 14 v

P8 lARARINADIAIN 2 LAUAIMNAINTAAN NN NAIUANETTNAUAT Show DC Tn1515u

54

Audeyamausiudl 1 waainneu 2561 auieTudl 31 unsAu n.a.2562 Tnawfuiameginm
07.00 u. - 18.00 1. WagdduaunmdiAvld 910 aw wagiimsanSeudisuiudeyad
lpanannsumvauuaivanidsuasuialade laewusdeyailu 3 @ ldwn Training
Validation waz Testing fsfuanslugud 28 wazUszidiudszavsaimnisimnesen Root
Mean Square Error (RMSE) , A1 Mean Absolute Error (MAE) , A1 Mean Absolute
Percentage Error (MAPE) LiazA1 R - Square

[ = v kY 1
MSkUNTDY aRANIINNATUNNATINEUAT Show Dc

Train 80%: 728 Pics Test 20%: 182 Pics
Train 809%: 582 Pics Validation 20%: 146 Pics

sUiavinm 910 N

U7 28 nsusdieyaidiu 3 dau A Training Validation uay Testing

4.2  waansnlaann1sinIsUseiuUsEANS AN aTNad NS AL UNSNGN1sUS S

dm5UN15IATITHNITIN0RY

Wwnsngn1sUsEuaIMIUNIS | Training Validation Testing

ARTTYNTON0RY

Root Mean Square Error | 8.69 uAn./av.d. | 12.15 uAn./av.u. 12.31 uAn./au.u.
(RMSE)

Mean Absolute Error (MAE) | 6.63 uAN./aU.U. 8.56 UAN./aU.4. 8.70 uAN./au.4.

Mean Absolute Percentage | 19.19 % 26.78 % 23.90 %
Error (MAPE)

R - Square 0.84 0.68 0.62

AN519% 4 A1919N15UTEUUSEANS ANLLATNAANSAELLUNS NGNITUSEUAI NS UNS

AATILIANTOANDY
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PNEATNSTLALUA15197 4 eziuladn Training danuududilunisyiunegainig
WutuvewuareadluaINIAmIINAINaIeATIan Weaa1nian1s Over Fit Audeya lneiian
Root Mean Square Error (RMSE) ﬁaaﬁqm Ao 8.69 uAN./aU.4 , 4A1 Mean Absolute Error

(MAE) ﬁaﬂﬁqm Ao 11.54 uAN./aU.4. Wagdl Mean Absolute Percentage Error (MAPE) ag”ﬁl

19.19 %
PM2.5 Predict (ug./m?)
120 - Predict + 13
=== Predict-13
100 - -~ Predict True
e Data point
m B
m 4
40 -
20 -
0<

T T PM2.5 Real (ug./m*)
20 40 60 80 100

JUN 29 namiiansn1sIeuiisuAasanlaannsuaIuAuaiiviuaflaaInns

YUY

Mnnsmazuandiiiuidwhuesenuduiuesiuazessinsafuaanududuves
AUAZEDIITIINNTUAIUANNATY IALBLUUEUALAI uid1vweAInudntuveduazeadla
1NNIAIANNTNTUTE I UALERIITININNTUAIVANNATY JRazagwilaldudunt uag dviuny
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ArRgImaansnIsvinueanNududuvesuazeasiinsafiuAanatuduva sy
A2989339AINNTUAIVANNANY
JUNMYBTUN 08/11/2561 ANR39ANNTUAIUANLANY 26 LAN./AUL. AMLAINNTS

YUY 26 UAN./aU.4.

5U# 30 gUnmaBsTuil 08/11/2561

sUAmRsTUN 11/11/2561 A1R3IINNTUAIUANLATY 17 UAn./aud. AWLARINNTT

YUY 17 WAN./au.ul.

U7 31 gUamvesTuil 08/11/2561

JUNMYBTUN 26/11/2561 ANA3AINNTUAIUANLATY 38 uAN./aual. ANlHaInn1g

YUY 38 WAN./aU.4l.

U7 325Unmvesiudl 26/11/2561
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YUY 51 wAn./au.ul.
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sUAmYRsTUN 02/11/2561 A1R3IINNTUAIUANLATY 32 UAN./audl. AWLARINNTT

YUY 22 WAN./au.4l.

SUT 33 UnmaesTuil 02/11/2561

JUNMYBTUN 27/11/2561 AA3AINNTUAIUANLATY 32 uAn./aual. mNleaInng

YUY 30 WAN./au.ul.

U7 30 sUamvesTuil 27/11/2561
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SUT 35 gUn e Tuil 6/12/2561

sUAMRsTUN 10/12/2561 A1R3IINNTHAIUANLATY 32 UAN./aud. AMLARINNNT

YUY 28 WAN./au.4l.

SUT 365Unnwesiuil 10/12/2561
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V29K UATEDIININNTUATUANNANY
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SUT 37 sUamvesTuil 10/12/2561
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AMANUIN N

YUNBUNITAAAY Anaconda
1. W luiiules https://www.anaconda.com/download/ idenaniuluantiesdu

dm3u spuuUURn1g Windows glagui -1

(O ANACONDA Whatis Aaconcs?  Products Suppon Communty Aot Resources [T

Download Anaconda Distribution

Version 501 | Release Date Oclober 25 2017

High-Performance Distribution Package Management Portal to Dats Science
Easty mstall 1000+ gata scence Manage packages, dependencies Uncover insights in yout cata and
packages ond environments with condo Create IMeroctive visuahzations
88 Windows @ macoOs A Ums

b4
Y

JUT n-1 Tumeun1IAnaca Anaconda (1)

2. AANTIy Download (Python 3.6 version) faguil n-2

Anaconda 5.0.1 For Windows Installer

Python 3.6 version * Python 2.7 version ”
& Download & Download
£4-50n Graghical Instaber (515 MB) £4-0% Graphecal instalier (S00 ME)
32-8m Granhical Instalier (420 ME) 32-6n Granhical Installer (403 ME)

JUN N-2 TumauNITAART Anaconda (2)


https://www.anaconda.com/download/

3. suilandnliafinnidlvanuiivesinds Anaconda AN Next Asguf n-3

D Anaconda3 5.0.1 (64-bit) Setup - X

Welcome to Anaconda3 5.0.1
(64-bit) Setup

Setup will guide you through the installation of Anaconda3
5.0.1 (64bit).

ANACONDA it is recommended that you dose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Cick Next to continue.

UM -3 TUMBUNNSAAGY Anaconda (3)

Y

4. aAnTIYY | Agree AsgUN -4

0 Anaconda3 5.0.1 (64-bit) Setup - 4
License Agreement
O ANACONDA  plagse review the lcense terms before installng Anaconda3 5.0.1
(64-bit).

Press Page Down to see the rest of the agresment.

F--'---'---'---'---'---'---'---'---'---'---"- s

|Anaconda End User License Agreement

Copyright 2015, Anaconda, Inc.

All rights reserved under the 3-dawse BSD License:
Redstribubon and use in source Bnd binary forms, with or without madification, are
permitted providad that the following conditons are met:

L

If you accept the terms of the agreement, dick [ Agree to continue, You must accept the
agreement to instal Ansconda3 5.0. 1 (64-bit).

Aurus i@, In

oot (=] | oo

UM -4 Tumaun1sAafa Anaconda (4)

35



5. 1@8n Just Me (recommended) LLﬁaﬂﬁﬂﬁu Next ﬁ\‘lgﬂﬁ A-5

O Anacenda3 5.0.1 (64-bit) Setup — 4

Select Installalion Type

£ ) ANACONDA  plesse select the type of nstallation you would ke to perform for
Anacondal 5.0.1 (54-bit).

(®) Just Me {recommended)

() All Users (requires admin privileges)

<Back | Next> | cance

¥
Y

JUT n-5 Tumeun1IIAnca Anaconda (5)

6. AANTIUN Next Asgui n-6

2 Anaconda3 5.0.1 (64-bit) Setup - x

- Choose Install Location
,J AMACONDA  thoose the folder in which to instal Anaconda3 5.0, 1 (54-bit).

Setup wil nstall Anaconda3 5.0, 1 (54-bit) in the following folder. To install in & different
folder, cick Browse and select another folder. Click Next to continue,

N e [

UM -7 Tumaun1sinfa Anaconda (6)
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7. \d@8n Add Anaconda to my PATH environment variable LLé”maﬂﬂqa\l Install ﬁﬂ'gﬂ

2 Anaconda3 5.0.1 (64-bit) Setup -

Y ANACONDA  customize how Anaconda integrates with Windows

Advanced Options

[“] Add Anaconda to my PATH environment variable
Not recommended. Instead, open Anaconda with the \Windows Start

menu and select “Anaconda (64-bit)". This “add to PATH" option makes
Anaconda get found before previously nstalled software, but may
cause problems requiring you to uninstall and renstall Anaconda.

[MRegister Anaconda as my default Python 3.6

This wil allow other programs, such as Python Tools for Visual Studio
PyCharm, Wing IDE, PyDev, and MSI binary packages, to automaticaly
detect Anaconda as the primary Python 3.6 on the system.

ook e ] | conce

JUN N-7 Tumaun1TAafe Anaconda (7)

8. spaUNIIMSARRIIzIaS AUy el AIgUTl n-8

2 Amacendad 5.0.1 (64-bit) Setup -
Installing

Extract: python-3.6. 3-h3e2ca53_L.tar.bz2

|

O ANACOMNDA  please wait whie Anaconda3 5.0, 1 (64-bit) is being installed,

< Back Hext >

¥
1Y

UM -8 Yumaun1sAnfs Anaconda (8)



9. Wefnduasvauysalaqliadniy Next Aagul n-9

O Anaconda3 5.0.1 (64-bit) Setup —

Installation Complete
£ ANACONDA  setup was completed successfully.

Complated

Show detais

< Back Cancal

=

UM n-9 Tumeun1IAARY Anaconda (9)

10. AA7IYY Finish faguil n-10

2 Amacendad 5.0.1 (64-bit) Setup -

Thanks for installing Anaconda3!

Anaconda is the most popular Python data scence platform,

ANACONDA. inmmw,mﬂmf projects and environments

] Learn more about Anaconda Cloud

[]Learn more about Anaconda Support

T

U N-11 Yumeun1sinfs Anaconda (10)
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AANUIN Y

JUABUNISAAAY VLC media player

1 Ui gules https://www.videolan.org/vlc/download-windows.th.html 1&en

Ailvanaestudmsu seuuUduanig Windows Aegunl v-1

VLC ~  Tasems - 199 - ANsiiEwwmaa €400 E $500 Wa

VideoLAN, Tis1am wag avansluuavnand ls.

VideoLAN  vigeoLAN -

VLC 5 visdaifuTalsuunsuawiaddidanuuTamunasauazing
uwaavlaiy awnsasuniludadidadiuunled iu DVD, CD
\Je9, VCD waslisinnaavinnssuatiayaciteg

alvan VILC ~

Version 3.0.6 = W
80,133,386 &

Vs = 38 MB
MaaENMAD

Ul 9-1 Fumeunsinda VLC media player (1)

2. azUnngrunAaIuianlusunsu den Part Indsnsiulusunsy wazaany
Save AegUN -2

L Save As

Lodladf - Computer + DATA(D) + Jo5 OFFICE » 30 B

File nrmie:
Sawe a5 type [Appllc.ﬂ.l-un

= Brownas Folders

Ul -2 funoun1sineis VLC media player (2)


https://www.videolan.org/vlc/download-windows.th.html

3. amulnaalusunsuadaudandndonludfinniluanun fdsgun @3

il
[ vic=1.1.11-win32 . exe

el

JUN 2-3 Tumaun1sings VLC media player (3)
4. viui1ansAeATUIKNTNATUSINGTU AFNZY Run Aegui v-4

Open File - Security Warning x|

The publizher could not be venfied. Are pou sure you want to
run this software?

E Marme; wic-1.1.11-win32.exe
Publizher  Unknown Publizhes

Type: Application
From: D\ _DOWNLOAD

Bun |

[V Always ask before opening this fle

Thiz file does not have a vabd digital signature that venfies its
@ publizher. *vou should only nn softweare from publishers pou tust,

How can | decide what software bo nun?

gﬂﬁ -4 TundUNITAAGT VLC media player (4)

5. suuasidngnisinnslusunsy adn Next Aagun 2-5

A ¥LC media player 1.1.11 Setup B [ o4

Welcome to the VLC media player
1.1.11 Setup Wizard

This wizard will guide you through the installation of YLC
media player 1.1.11.

It is recommended that you dlose all other applications
before starting Setup. This will make it possible to update
relevant system files without having to reboot your
computer,

Click Next to continue.

Cancel |

g‘th?i -5 Fumeunisinds VLC media player (5)
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6. AAN Next faguil ¥-6

& YLC media player 1.1.11 Setup

Licenze Agreement
Please review the license terms before instaling YLC media plaver 1.1.11,

41

=101 =

K-

Press Page Down to see the rest of the agresment.

GMU GEMERAL PUBLIC LICENSE
Yersion 2, June 1991

Copyright () 1989, 1991 Free Software Foundation, Inc,

51 Franklin Street, Fifth Floor, Boston, MA 02110-1301, USA
Evervone |s permitted ko copy and distribute verbatim copies
af this lieanse document, but changing it is rot sllowed,

Preamble

The licenses for most software are designed to take away your

If vau accept the terms of the agreement, chick I Agree bo continue. You must accept the

agreement to install YLC media player 1.1.11.

Videal & YLE media player

=

< Back Mext =

Cancel |

Ul %6 funoun1siinds VLC media player (6)

7. Select the type of install 1don Recommended antuadnga Next faguil v-7

Choose which features of VLC media player you want to nstall.

Chedk the components you want to install and unchedk the components you don't want to
install, Click Mext to continue.

Select the type of install: [nw.dad

Cr, select the optional Media Player (required)
components you wish to [ Start Menu Shortout
[#] Deskinp Shortout

install:

=-[¥] web plugins
[#] Mozila plugin
[#] ActiveX phugin

| IS

ry—
Space required: 97,48 Peinn Yo e

YideoLAM YLC media player




8. AanUal Install fsguil -8

Choose the folder in which to install VLC media player.

Setup will install VLC media player in the following folder. To install in a different folder, dick
Browse and select another folder. Click Install to start the installation.

Destination Folder
:\Program Files \Videol AN\WLC

Space required: 97,448
Space available: 25.5G8

YideoL &N YLC med

o
] U a

g‘U‘vi 1-8 SumaunsAnRe VLC media player (8)

=

9. SEUUILYNNITAARAILUTWATUIAUDRIULTRA AasUN 9-9

Installing
Please wait while VLT media player is being installed.

Qutput folder: C:\Program Files\VideoL ANWLC YocalebsLC_MESSAGES

Cancel

¥ I

55Ul 9-9 JunauNSARAT VLC media player (9)
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10. a5z UUANAIUILNTUTEUToELaT Fsananuiaadlny s1u Mnddadng

Finish faguil 2-10

F - == A
. VLC media player Setu

Completing the VLC media player
Setup Wizard

VLC media player has been instaled on your computer,

Click Finish to dose this wizard.

| Run VLC media player

Visit the Videol AN VLC media player Website

| Finish

gﬂﬁ -99unauMsAnda VLC media player (10)

11, azuanaugaeeguas Wunisinstall asasevuios dsgun @-11

E7VLC media player

M}-dwﬁ Playback Audio Video Subtitle Tools View Help

)

DR OCREINERDES

¥
1Y

SURL -1 fupoun1sinds VLC media player (11)
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nsvi9uludiuves python

® Modules Ml4lun15vi1 Regression

aq

Module Pandas
519U 14 Pandas Tunisluanluadeya excel agladayaltuguuuumsng
(DataFrame)fiutsdeyanuuniuazaodun]
Module Numpy
N139191U 14 Numpy Tun1sulasgedeyaidu Array
Module Keras
N13Y119U 4 Keras Fadu deep learning library Tu Python Tun15¥1 Regression
TngfiunALAazlunacal
® Conv2D(32,3,3))
® activation="relu"
® MaxPooling2D(pool size=(3,3)
® Dropout(0.2)
® Flatten()
® compile(loss='mean_squared_error',optimizer=keras.optimiz
ers.RMSprop(lr=0.001),metrics=['mean_absolute_error’,
'mean_squared_error'])
® Uag array to img, img to array
Module Matplotlib
N15VIN9U TalunsAuumuninmansuasnaennsvassiifiann array




