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from keras.layers import Dense, Dropout, Activation
from keras.layers.recurrent import LSTM, GRU

from keras.models import Seguential

def get_lstmi{units):
TTULETM(Long  Short-Term  Memory)
Build LSTM Model.

#  Arguments

unitz: List{int), number of input, output and hidden wnits.
# Returns

model: Model, mn model.

model = Sequential()

model. add (LSTM(unit=[1], input_shape=(unit=[0], 1), return sequences=True))
model. add (LSTM (unit=[2]0)

model. add (Dropout (0. 2))

model. add (Denze (unit=[3], activation= sigmoid’})

return model



2. GRU (Gate Recurrent Unit)
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from keras.layers import Dense, Dropout, Activation
from keras.layers.recurrent import LSTM, GRU

from keras.models import Sequential

def get_grulunits):
“TUGEU(Gated Recurrent Tmit)
Build GEU Model.

# Arsuments

units: List{int], mnumber of input, output and hidden units.
# FEReturns

model: Model, nn model.

o

model = Sequentialf()

model. add (GRU(units[1], input shape={units[0], 1), retwrn_sequences=True))
model. add (GRU(unit=[2]))

madel. add (Dropout (0. 21

model. add (Denze (units[3], activation= sigmoid’))
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def gzet_saes(layers):
TSRz (Stacked Auto-Encoders)
Build S54Es Model.

#  Arzuments

layers: List(int), mmber of input, output and hidden undts.
# Returns

modelz: Lizt(Model), List of SA4E and  S4Es.

Py

sael = _get_sae(layers[0], layers[1], layers[-11)
zae? = _get szaellayers[l], layers[2], layers[-1])
zaed = _get szaellayers[2], layers[3], layers[-1])
zaez = Sequential()

zaes, add (Dense (layerz[1], input_din=layersz[0], name="hiddenl’))
zaes, add (Activation(’ zigmoid’ )

saes. add (Dense (layers[2], name="hiddenZ’))

saes, add (Activation (" sigmoid )

saes. add (Denze (layer=[3], name="hiddend’))

saes, add (Activation( sigmoid )]}

zaez, add (Dropout (0. 2))

saes. add (Dense (layer=[4], activation=" sigmoid')})

models = [=sael, =asd, =aed, =aes]
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2 Processing the data
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4 import numpy as np
5 import pandas az pd
£ from sklearn.preprocessing import StandardScaler, MinMaxScaler
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def process_dataltrain, test, lags):
“""Procesz  data
Reshape and split  train‘test data.

# Ar;uments
train: String, name of .csv  train file.
test: String, name of .csv test file.
lagz: integer, time lag.
# FEeturns
¥_train: ndarray.
v_train: ndarray.
¥_test: ndarray.
v_test: ndarray.
zealer: StandardScaler.
attr = ‘Lane 1 Flow (¥Veh/5 Minutez)’
dfl = pd.read cevitrain, encoding= utf-8").fillnall)
df2 = pd.read cevitest, encoding=" utf-8").fillna(l)
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# zcaler = StandardScaler (). fit(df1[attr].values)

scaler = MinMaxScaler (feature_range=(0, 11).fit{df1[attr].valuez.1
0 flowl = szcaler. transform(dfl[attr]. values. reshape (-1, 1)).reshape!
il flow2 = =zcaler. transform(df2[attr]. values. xezhape (-1, 1)).rezhape!
12
i3 train, test = [], []
4 for 1 in range(lagz, len(flowl)):
i train. append (flowl[i - lags: 1 + 1]}
Hal for 1 in range(lags, len(flow2)):
T tezt. append (flow2[1 - lag=z: 1 + 1]}



2. FHEY
BRSO RE LR PRT AL U 2 BRI A

PR E KL AR 0 T R R R 1 0 B S AR R
4 o 3 % 2 fdeT B

I«I«I‘“

3. HEipi
SRR ORI TR W Sk T Sl o Ry

il
R iple gy By RSEBEDTE o FLFT AT VAR HRATEKY I
BRIl REDEF R mS > FEFR R RS A ZAFENTFF o AP
F1* 1 FBKFPomw v 22 AR AR Sl TREEAR R
% o AEE T w B F]3 4 B fdropout rate ~ batch size ~ activate
function ~ epcoh > & * = B-K#E > B* L9 F K SlicE s L F e i

i -

Dropout Batch size | Activate

function
LEVEL 1 0.2 128 tanh 500
LEVEL 2 0.3 256 Sigmoid 600

LEVEL 3 0.4 512 Relu 700
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Dropout Batch size Activate

function
1 0.2 128 tanh 500
2 0.2 256 Sigmoid 600
3 0.2 512 Relu 700
4 0.3 128 Relu 700
5 0.3 256 Sigmiod 600
6 0.3 512 Tanh 500
7 0.4 128 Sigmoid 600
8 0.4 256 Relu 700
9 0.4 512 Tanh 500

B fs 7 DILSTMB. i3 3 % 4o B 9777
Dropout | Batch size | Activate R-square

1 0.2 128 tanh 500 0.9218  100.562
Z_ 02 256 Sigmoid 600 09399  98.929 >
3 0.2 512 Relu 700 09152 99.151
4 0.3 128 Relu 700 09341  101.256
5 0.3 256 Sigmiod 600 0.9298  99.076
6 0.3 512 Tanh 500 0.9054  102.364
7 0.4 128 Sigmoid 600 09263  103.456
8 0.4 256 Relu 700 09312  100.421
9 0.4 512 Tanh 500 0.9255  98.994
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Batch size | Activate
function

LEVEL 1 0.2 128 tanh 500
LEVEL 2 0.3 256 Sigmoid 600
LEVEL 3 0.4 Relu 700

0.2 tanh 500
0.2 256 Sigmoid 600
0.2 512 Relu 700
0.3 128 Relu 700
0.3 256 Sigmiod 600
0.3 512 Tanh 500
0.4 128 Sigmoid 600
0.4 256 Relu 700

Dropout | Batch size | Activate
function

0.2 500 0.9185 106.738
0.2 256 Slgmmd 600 0.9214 105.047
0.2 512 Relu 700 0.9296 108.269
0.3 128 Relu 200 0.9136 104.902

LR

1
2
3
4
5 03 256 Sigmiod 600 0.9363  104.
6
7
8
9

0.3 512 Tanh 500 0.8917 106.216
0.4 128 Sigmoid 600 0.9343 110.956
0.4 256 Relu 700 0.9211 105.238
0.4 512 Tanh 500 0.9193 112.483



Dropout Batch size

LEVEL 1 0.2 128 tanh 500
LEVEL 2 0.3 256 Sigmoid 600
LEVEL 3 0.4 512 Relu 700

Dropout Batch size Activate

function
1 0.2 128 tanh 500
2 0.2 256 Sigmoid 600
3 0.2 512 Relu 700
4 0.3 128 Relu 700
5 0.3 256 Sigmiod 600
6 0.3 512 Tanh 500
7 0.4 128 Sigmoid 600
8 0.4 256 Relu 700
9 0.4 512 Tanh 500

Dropout | Batch size | Activate R-square

function

1 0.2 128 tanh 500 09137  102.46

2 0.2 256 Sigmoid 600 0.9402  100.128

3 0.2 512 Relu 700 0921  103.574

4 0.3 128 Relu 700 0.8954  96.481

5 0.3 256 Sigmiod 600 0.9264  99.962

6 0.3 512 Tanh 500 09357  101.548

7 0.4 128 Sigmoid 600 0.9394 _ 97.146
B 04 256 Relu 700 0.9422  95.088 >
9 0.4 512 Tanh 500 09069  98.452



o~ Bk

B R B

-g% RS T UG P2 A7 pamﬁ‘:gljf,,.iﬁb_aﬁr—r

256 Slgmcnd
GRU 0.3 256 Sigmiod 600
SAES 0.4 256 Relu 700
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Explaind
Metrics MAE MSE RMSE MAPE R-squre variance
score
LSTM 717 98.92 0.94 16.91% 0.9399 0.94
GRU 7.31 104.85 10.24 18.05% 0.9363 0.9363
- —
__S_;_A;I;_s_____ 7.14 95.08 9.75 20.26% 0.9422 0.9439
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end = tine, tine()

sec = end - start

print (nane)

print (' execution time:',sec)
mae:7.172698 ova_regross(y_tost, predicted)
mse:98.929231

rmse:9.946317

GRU

W Rz 150
expla _variance_score:@. 15
mape:18.054205% 125
mae:7.319282
mse:104.857864
rmse:10.240013
r2:0.936303
SAEs

75 |
;exe(utlon Time: 1.41838288367189;D 017
explained ) T8.543919 %

mape:20.260020%
mae:7.147675 o | I
mse:95.0888501 T T T
rmse:9.751333 &% ¥ d°'~°° @0" 900 \‘)00 \990 1\00 o
£2:0.942237
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« https://ieeexplore. ieee. org/abstract/document/8317872
« https://github. com/xiaochus/TrafficFlowPrediction
« https://ieeexplore. ieee. org/document/6894591
+ https://www. twblogs. net/a/5b8e34a32b717718834380eb
« https://ir.nctu. edu. tw/handle/11536/4537271ocale=zh_TW

« https://kknews. cc/zh-tw/code/rnja46bv. html
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