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Siteld FLIR HE RE

SiteName B kb 2

County BLR AT R

ItemId BELp| 4 N5

ItemName BRI Y < LA

ItemEngName BRI B2 LA

ItemUnit BLp P H >

MonitorDate LRI P H - PR

Concentration ER (#iE)

3 2F & ReT
Siteld  SiteName County Itemld ItemName  ItemEngName ItemUnit MonitorDate Concentration

24 77 B 1 —&4btk  SO2 ppb 2021/11/30 23:00 2.1
24 i BT 33 4HF ok PM2.5 rng/m3  2021/11/30 23:00 25
24 5y B 7T Z&{EE NO2 ppb 2021/11/30 23:00 7.1
24 Hhr B 4 8k PMI0 neg/m3  2021/11/30 23:00 55
24 377 B 3 BE 03 ppb 2021/11/30 23:00 34.7
24 5T B 2—&fth  CO ppm 2021/11/30 23:00 0.33
24 Hhr B 2 —& B  CO ppm 2021/11/30 22:00 0.37
24 7 B 33 4RI AR PM2.5 ng/m3  2021/11/30 22:00 32
24 Fhr B 7T Z&4EE  NO2 ppb 2021/11/30 22:00 8.2
24 Hir B 4 5k PMIO rnegm3  2021/11/30 22:00 54
24 Hhr B 3 EE 03 ppb 2021/11/30 22:00 32.6
24 i B 1 “&4btk  SO2 ppb 2021/11/30 22:00 2.1
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[4] def data preprocess():
from google.colab import files
uploaded = files.upload()
import os
dirFath = r"/content/”
filename = og.listdir(dirPath)
# 1Ffilenan=iRBEFEEITHIE
filenane. sertikey = None, reverse = False)
# O EE—SEEHEERM
data = pd read csvifilenane[2])
data = data.lec[datal’ ItenEnglame’] == 'FN2.5 ]

for i in range(3, len(filenane)):
temp_df = pd read csvifilename[il])
#REE 2. SHlraw (E#HEE)
temp_df = temp_df. loc[temp df [’ ItemEngName’] == "PM2.5 ]
S EENCRENEH (SHES)

data = pd. concat{[temp_df, datal, axis=0)

B dataf® Fr, ERFREILLESRIE FAERIE

data = data.ilec[::-1]

#PdatafraneEFHEE

data.index = pd Rangelndex(start=0, step=lenf{datal), step=1)

data = missing value(data)
return data
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A48T W 33 4R PM2.S pwg/m3  2019/3/510:00 x
AT W 7 —&/EENO2 ppb 2019/3/5 10:00 x
2145 W 4 O PMI0  pg/m3  2019/3/5 10:00 x
A48 T 38% 03 ppb 2019/3/5 10:00 x
LI i ] 2 —&ExCO ppm 2019/3/5 10:00 x
15T W 1 —&(EFSO2 ppb 2019/3/5 10:00 x

S ST AL

{3] def nissing value(df):

fEAEEMBstring(0) F1FE, BEAFREZAWR BN
for i,item in erumerate(df[’Concentration')):
if item == 'x':

df. at[i, ' Concentration’] = np.nan
i REAEHYENRA B lcat
df[’ Concentration’] = df[’Concentration’].astype(iloat)
At R A MRIT M
df [’ Concentration’ ]. interpolate(nethod="linear', inplace=True)
return df

B 2 44 @ aJ2Ae 45 2 R

i, T
dOTPER R A iy AR b 7 BT R B A E AT 4R
(Stationary ) » F]#* > £ 4% ADF-test k ¥ 5 #icdp =T &84 > &
TS TRy RIEHEREFLA o

° def difference(data):

from statsmodels. tsa.stattools import adfuller

diff_result = adfuller(data.Concentration)

if diff result[1] < 0.05:
print ( The series of concentration is stationary.’)
return data

else:
print( The series of concentration is non-stationary.’ )
return data. diff()
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def split_data(data, test_ratio):
from sklearn.model_selection import train_test_split

#train : test = 0.7 : 0.3
HE R G AT IR
train, test = train test split(data, test size = test ratio, shuffle=False)

#3 i H A iConcentrationd

train set = train[ Concentration’]
test_set = test[ Concentration’ ]

return train, test, train_set, test_set

Bl 4 A B TR EAESEER

ERIERL

[ 1 def normalize(train set):
from sklearn. preprocessing import MinMaxScaler
#HE B AR AR 21 [0, 1] 22

sc = MinMaxScaler(feature range = (0, 1))
#if 1 B R reshape FIEI{E, {3 shape (ERHEE, 1)
train_set = train_set.values.reshape(-1, 1)
training set_scaled = sc.fit_transform(train_set)
return training set scaled, sc

%‘Fﬁﬁifgﬂl—:’\' F&Fé&}f?— ZE L ﬁq,};é';\; .
B |G

[ 1 def training data_sorting(train set, training set_scaled, period_rum):
Yitrain =[]
yitrain: =1

for i in range(period_mum, len(train_set)):

¥_train. append(training set_scaled[i-peried rum : i-1, oD
v_train. append(training_set_scaled[i, o)
¥_train, w_train = np.array(%_train), np.array(y_train)
¥ train = np.reshape(¥_train, (¥ _train.shapel0], ¥_train shape[1], 1))

return X_train, v_train

Bl 5 RS T R AR S A B W
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=R B Y (deeplearning) ¥ 1% B4 % (machine learning) 2 #
- AL BB BAGA SRR hEA TG phAEIZIE S &
iE IR AR R 0 e D B R~ TALIRB AR o

FREY kprid oo £ (Neural Network ) » 49 55 4 B B
5 MR 1943 £ > 4 McCulloch = Walter Pitts £]2& » d *t i3 ch7
TORJRGE R MATE O PN 2T AL I Y  EF R B
@ ¢ & v B 0 11 % Geoffrey Hinton §- Ruslan Salakhutdinov % % -
e AR Ao tRe 7 SRR SRR AW S RREITURER
Yo mOAal PadRie o

Mo AR SRR e 72 R GH R ﬁia?l »~ % (Input layer ) ~
£ % & (Hidden layer) 2 %?] 21 & (Output layer ) ; 77 & A S epe ™ 5
FREFEF FORCERA O SR o A SRR Oy - K ?ﬁ%ﬁﬂ’?ﬁl »
ook T “%"ﬁﬁ)‘ [ %@?J% L fé#wﬁi-; $ e (feature) »
4od RPIE @ KRy o ,1@?1/\ e B2 gaizmaid@ f A 5~
Beg T FHEHRE - ’fiﬁa?l R 2 tS R ERR 0 - BA SRR T
L3 - RUEFRE CHITT ERY > EREEFY DRI - T AL
o BT RBIRFEREFAE R - K ik AR B
AR 2150 A g B d R R

Simple Neural Network Deep Learning Neural Network

@ InputLayer () Hidden Layer @ Output Layer
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TaTkA 548 (Recurrent Neural Network ; RNN)

EREEY Y P F AR - S 7 B BB R pE 18 Mo SRR

Ll Lol L I R X DR NS
FA e+ cRNNRIE- 885 Tl | afcdl > i Fi
B fs enBf B o T A R RER R ST ALPE € F RAF S % o

SERE Y g AL BN E (ARY uy AR B g

% ) Memory Cell ( B7 ™ a Z\TI‘)?‘” R T - 'Iﬁﬁsa])‘ B

(L_@“”X ?\'1‘>$%])‘F“*’ A ng'&)&&i%})‘”@"*gv
J& memory A2 cn#ciE o TR A A GuE (TR IR S AP 02 o
RNN The same network is used again and again.

Probability of Probability of

Probability of
“Taipei” in each slot  “on” in each slot

“arrive” in each slot

i Taﬁ;ei’on November 2™

Created with EverCam

hitp://www.camdemy.com
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£ =3 2z (Long Short-Term Memory ; LSTM )

LSTM E_p # RNN & ¥ @ * iy
g8 A 4er T H~ i (Input Gate) ~ %

B4R
R (Forget Gate) ~ i
% ¥ Memory Cell 2 - 127F 3

Ao i Al X

LR

’ Eb)"@

2R (Output Gate ) » & 741 &
2 2 Memory Cell 7% 5 -

% SLSTMzZ R 4 %2 4

»cfE - RNN % i f

BET FA

T T
W~ R | B AE R oy ~ B H-E
B R | AE ¥ Memory Cell & inE ik | 2@ i
B | AL kA B R | TR

o ?%%l:’i‘é%m’p 0
Memory | #8 & I enficE rde % i | X
Cell Z_{6iEE @

/////

i

1._[0’ 1]z @& > ﬁ W Bk 5 OFF ) &
F‘”’”‘ﬁ?ﬁg xR I REARP A

= BRM~Y 3 HiEL (Weight) % B3 (Bias) »
2 °—il‘v&§f?3"f« °

BEPBELS

Zo—»

Input Gate

Block

f:

B 8 £ S e R(LSTM)Z & 4 %
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g2 LSTM #:4] o

def LSTH nodel {train, test, ¥_train, vy_train, se¢, period rum,
import keras
from keras.medels import Sequential
from keras.layers import Dense
from keras.layers import LSTH
from keras.layers Import Dropout,BatchNormalization
keras. backend. clear_session()
regressor = Secuential ()

regressor, add(LSTM (units =
regressor. add{Dense (units =
regressor. conpilefoptinizer
history = regressor.fit{¥_
plt. title( train_less’)
plt.ylabel " loss™)

plt. xlabel C Epoch’)

neurons_mm,
B}
= “adan’, less =

train, v_traln, epochs =

plt.plot(history. history[“loss"]1)

plt. show()

#

[13] # run diagnostic
def 1an():

7 BB ATSS o
erxperiments

0.3
period num = 24

10

test_ratio =

repeat =

HLSTHAYEEET

neurons_mum = 256
epochs_mum = 50
batch num = 160

W EHTEEIE
data = data_preprocess()

i WETE. ®ITES

data = difference(data)
i PEETHE
train, test, train_set,

4 GBI
training_set_scaled,
4 BaBgliErt
¥_train,
# LSTH
for 1

sc =
y_train = training_
in range(repeat):

test_mse,
print (' %d)

train mse = L3

TrainRNSE=4f,

[14]

run ()

test_set = split_data(data,

Bl 9LSTM #%:° 78 £ B

test_ratio)

normalize(train_set)

data_sorting (train_set, training_set_scaled,

TH_model (train, ¥ _train, ¥_train,

TestEMSE=%f" %

test,

(i, train_mse, test_mse))

Bl 10 34 7425575 £ B

epochs_mum,

sc,

NEUroNS _1um,

activation="relu’, input_shape

s s
nean_squared_srror’)
batch_size =

period_num)

period_num,

(X train. shape[1],

neurons_num,

epochs_rm,

batch_mm)

epochs_num,

batch num) :

)

batch_num)
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period num ~ neurons_num ~ epochs num !4 % batch num » H & %] % %
IR AR E A E 2 R eT
%4 6LSTM %5 g1k 4

B LA R A K1 kB2 k3
period_num BH B DT |4 24 48
Wi - @A (=) 1@2=)
fa?ﬁ 7Y%
TRy -4 E
LRI - BE
neurons num | A A #E 1 32 128
epochs num | i = #ic 50 100 X
batch num PE ] 40 160 320
FBTRBEHGABFFEEF2FF TR REFREF 4= o




B KRR

B SITRIBL Y o d e LR R HELT ] AP L
FRE A AKZHNEFRELE b ] A amaﬁfs’; § it

YA BRI PEA 0 hiss s 7Y A * T Mean Squared
Error | 3G #50] edF 3k » MSE 4% » X & H 22 X A% ] » HA[A%4F o

N i&ﬁ NP

B A TRITAT4BFF L BRELTRELZ 0957 >
TFHFAR
i. Period : 3 B R EF + g ¥ £ B

» #periodd vs periodld
= #var. rest{groupl, group? conf.level = 0.95)
> T.restigroupl, groupl, conf.leveleD, 95,var.eualsT)

welch Two Sample t-test

data: growpl and groupl
T o= =0, 37229, df = 33.544, p-valug = 0.712
alternative hypothesis: true difference in means i3 not equal to O
95 percent confidence interval:

-0, Q0ZTTITTET 0. 00191 TG4
sample estimates:

mean of x  mean of
0. 004997222 0. 005427111

» dperiodd vs period4ds
= #var. test{groupl, groupd conf.level = 0.93%)
> E.'[ES'[:gfihlﬂl. l;-"'}l.:;l]-. cont. levelsD, 95, var. eualsT)

welch Two Sample t-test

data: growpl and groupl
t o= 0.49523, df = 33.098, p-value = 0, 6237
alternative hypothesis: true difference in means is not equal to O
2% percent confidence rterval:

-0, 001547472 0. 002543361
'54-'91? ®FTIMATEEC

mean of x mean of y
0. 004997222 0. 004499278

W

speriodza vs periodds
#var.test{group2, groupi,conf.level = 0.9%)
> T.rest{group?, groupd, conf.leévelsd, 95, var.ewdl=T)

W

welch Two Sample T-Test

data: group? and groupl
T o= 0.85807, df = 31,587, p-value = O, 3068
alternative hypothesis: true difference in means 15 not equal ©o O
9% percent confidence interval:
-0, 001273263 0.003128930
'5&'-'#19‘ esTimates:
mgan of x mgan of
0. 005427111 0. 00449927

B 11 Period T # =& % £ B



Neurons : 1 %g£2 32~ 128 37 B ¥ £ B ~ 32 3F ¢ 128 %
2
» T.testigroupl, groupd, conf.level=0.%5,var.eual=F)

welch Two Sample T-Test

data: groupl and groupl
t o= 4.1537, Jf = 17.001, p-value = O, 0006641
alternative hypothesis: true difference in means is not equal to ©
95 percent confidence interval:
0. 002104877 0. 00BL29%99
sample estimates:
mean of x  mean of y
0. 007B31556 0.003554118

» #nguronsl vi neuronslis
> #var.testigroupl, groupd,conf.level = 0,95)
> T.rest{groupl, groupd, conf.levels=d.95,var.eualsF)

welch Two Sample t-test

dara: groupl and groupld
tow 4 1676, df = 17.004, peovalue = O.000645
alternative hypothesis: true difference in means is not equal to O
95 percent confidence interval:
0. 002118864 0. OOGE63692
sanple estimates:
mgan of x  mean of y
Q. 007831556 0.003540276

= #neuronsi? vi neuronsl2s
» wvar. testigroup?, groupd,conf.level = 0.9%)
> T.test{groupl, group3, conf.level=0.95,var,eual=T)

welch Two sample T-Test

data: grouwpl and groupld
T = 0.65208, df = 26.634, p-value = 0.5199
alrermative hypothesis: rrue difference in means 13 nmot equal Te O
9% percent confidence interval:
-2.973638e-05 5.741617e-05
sample estimates:
mean of x  mean of y
0.003554118 0. 003540278

B 12 Neurons T #& T_% % # B
Epoch : 2 -k FF & B % £ 2

> #eppchil vs epochloQ

= dvar_ test{groupl, group?,conf.level = 0.93)
= T.test{groupl, groupl., conf.level=0.95,var.eual=T)

welch Two Sample t-test

data: groupl and groupl
T = 0.3454, df = 51,564, p-value = 0.7312
alternative hypothesis: true difference in means i3 not equal to O
95 percent confidence interval:
-0. 001462313 0. 002070239
sample estimates:
mean of x  mean of y
0. 005126519 0. 004822556

Bl 13 Epoch T # %% % £ B
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Batch: 3 B R &F 'y algF L L
= #barehd0 vi barehléd
= #var.te ipl, group?,conf. Tevel = 8.3%)
= §.tast{groupl, grouwp?, conf.level=0.45%,var. sual=F}

welch Two Sample T-Test

dara: groupl and group2
t = -1.TETE, &Ff = 25.227, p-value = O.0BIET
alternative hypothesis: true difference in means i3 ot equal to O
95 percent confidence interval:
-0, 0040042036 0, 000ZEZ1EL4
sample estimates:
mean of x mean of y
0. 004038222 0. 005899333

atchiii
pl. groupd,conf,level = 0.95)
groupd, conf.levelsD, 95,var, eval=F)

» #patchdd vs
= #yvar, testigr
» T.TesT{group

welch Two Sample T-Teést

data: groupl and groupl
T = -1.0458, df = 25,151, p-value = 0. 3034
alternative hypothesis: vrue difference in means is mot equal to O
95 percent confidence irmerval:
=0. 0027992388 0. 0002035721
sample estimates:
mean of x  mean of y
0. 004038222 0. 004988056
#varchlsd vs batchizo

#var . test{group?, groupd,cont. level = 0.95)
» T.rest{group?, groupd, conf.level=0.95, var. éudl=T)

¥

welch Two Sample T-test

data: group? and groupd
€= 0.75674, df = 32,897, p-value = O.4546
alvernative bhypothesis: true difféerence in means i3 mot equal o O
55 percent confidence irterwval:

=0, 001 E230R 0.0033589%5%
sample estimates:

mean of x mean of y
0. 005899333 0. 4986056

W 14 Batch T #& % % % # [
BE o NPRAEEAL (Test MSE) & cvi 10 B Solicie & 5 & %
b

%07 @A Bl 10 4

No. |gB|¥p#c|# 5=~ |Epoch Batch Test
24 128 50 160| 0.003466
48 32 50 320( 0.003484
48 32 100 160| 0.003484
48 128 100 160{ 0.003487
24 128 50 320( 0.003489
24 32 50 40| 0.00349
24 32 50 160 0.00349
48 32 50 160| 0.003496
48 128 100 40| 0.003501

10 48 128 50 40| 0.003507
FUFER RAREFDI0BFEEY A EAEF NG 32 0% 128
LR EM S

O (0| N|O |0 (DWW |IDN]|PF
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I Future = []
j = (len(inputs)+1)
¥_Future. append{inputs [ j-peried_num:j-1, 01}
¥ Future = np.array(_Future)
I Future = np.reshape(¥_Future, (X_Future.shape[0], ¥_Future.shape([1], 1))

¥Y_Future_predict = regressor.predict(X_Future)
¥_Future_predict = sc.inverse_transform(Y_Future_predict)

Bl 15 X kERIERARNBE B
SR R AT

The concentration of PM2.5 in Hsinchu will be : 24.132246

Bl 16 A RERFFR LR
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iT 28§+ (2021/09/18) .Day 12: * 14 S i3 FEAEY
Ray Bernard (2019/03/26) . SIW. Deep Learning to the Rescue
SarielWang (2020/05/29) .% % 4 % $#:-RNN #4282 & (Part [) & 8- 32 -Part |
https://medium.com/@s716419/ % Z # #c4-mn FHA2 8> & -part-i- £ 2L 32 -
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No. TERIEPEc | A 5~ | Epoch | Batch Train Test

1 4 1 50 40 0.014995 | 0.003573
2 4 1 50 160 0.011499 | 0.012063
3 4 | 50 320 0.01161 | 0.012094
4 4 | 100 40 0.014874 | 0.003589
5 4 1 100 160 0.011381 | 0.01206
6 4 1 100 320 0.015141 | 0.003572
7 4 32 50 40 0.014528 | 0.003588
8 4 32 50 160 0.015085 | 0.003582
9 4 32 50 320 0.015121 | 0.00357
10 4 32 100 40 0.015038 | 0.003573
11 4 32 100 160 0.016036 | 0.003586
12 4 32 100 320 0.015226 | 0.003591
13 4 128 50 40 0.014531 | 0.003573
14 4 128 50 160 0.015442 | 0.003589
15 4 128 50 320 0.015233 | 0.003571
16 4 128 100 40 0.014102 | 0.003657
17 4 128 100 160 0.015414 | 0.003558
18 4 128 100 320 0.015547 | 0.003561
19 24 1 50 40 0.011316 | 0.01205
20 24 1 50 160 0.011792 | 0.012089
21 24 1 50 320 0.011527 | 0.012107
22 24 1 100 40 0.015252 | 0.003556
23 24 1 100 160 0.011683 | 0.012083
24 24 1 100 320 0.015506 | 0.003573
25 24 32 50 40 0.014899 | 0.00349
26 24 32 50 160 0.015005 | 0.00349
27 24 32 50 320 0.014156 | 0.003591
28 24 32 100 40 0.016039 | 0.003555
29 24 32 100 160 0.015851 | 0.003525
30 24 32 100 320 0.015448 | 0.003509
31 24 128 50 40 0.016252 | 0.003509
32 24 128 50 160 0.015112 | 0.003466




33 24 128 50 320 0.01577 | 0.003489
34 24 128 100 40 0.0152 0.003537
35 24 128 100 160 0.014902 | 0.003514
36 24 128 100 320 0.01521 | 0.003555
37 48 1 50 40 0.015658 | 0.003582
38 48 1 50 160 0.014925 | 0.003529
39 48 1 50 320 0.015525 | 0.003763
40 48 1 100 40 0.015752 | 0.003542
41 48 1 100 160 0.011409 | 0.012056
42 48 1 100 320 0.011789 | 0.012087
43 48 32 50 40 0.015695 | 0.003513
44 48 32 50 160 0.014686 | 0.003496
45 48 32 50 320 0.015316 | 0.003484
46 48 32 100 40 0.01496 | 0.003793
47 48 32 100 160 0.015586 | 0.003484
48 48 32 100 320 0.014576 | 0.003512
49 48 128 50 40 0.014905 | 0.003507
50 48 128 50 160 0.014503 | 0.003531
51 48 128 50 320 0.016428 | 0.003527
52 48 128 100 40 0.015232 | 0.003501
53 48 128 100 160 0.015742 | 0.003487
54 48 128 100 320 0.01458 | 0.003593




