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Aalborg X Roskilde

Pressure WindSpeed WindDir Temp Pressure WindSpeed WindDir

Imports

In [2]:

Neu ral |Gated Recurrent Unit
; 512
Network: Dense

Temp Pressure WindSpeed
Odense

Output Signals

gmatplotlib inline

import matplotlib.pyplot as plt

import tensorflow as tf

import numpy as np

import pandas as pd

import os

from sklearn.preprocessing import MinMaxScaler

KerasOf| M Ct4=2| 22AE Import &LILCE.

In [3]:

# from tf.keras.models import Sequential # This does not work!

from tensorflow.python.keras.models import Sequential

from tensorflow.python.keras.layers import Input, Dense, GRU, Embeddin
g9

from tensorflow.python.keras.optimizers import RMSprop

from tensorflow.python.keras.callbacks import EarlyStopping, ModelChec
kpoint, TensorBoard, ReduceLROnPlateau
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In [4]: tf. version

out[4]: '1.4.0'

In [5]: tf.keras._ version

Out[5]: '2.0.8-tf'

In [6]: pd. version

out[6]: '0.20.3"

ofzel ZE= BIOrAL| CHAZH EAlS] 2 FEE RS2 = L2=2E 3 FLIC.

UA| '] HIO|E{ = 22l [National Climatic Data Center (NCDC), USA]

(https://www7.ncdc.noaa.gov/CDO/cdoselect.cmd)dA (https://www7.ncdc.noaa.gov/CDO/cdoselect.cmd)
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In [9]: import weather

CIO[E1E CH22E §iL|Ch. Bref 2227} 0[0] £[0f UHH SHA| gR&L(Ch 37]= 35MBRYILIL.

In [10]: weather.maybe download and_extract()

- Download progress: 100.0%
Download finished. Extracting files.
Done.

CIOJE MEO| AHEEl Al S55 EAIRLICE

In [11]: cities = weather.cities
cities

Out[11l]: ['Aalborg', 'Aarhus', 'Esbjerg', 'Odense', 'Roskilde']
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In [13]: %%time
df = weather.load resampled data()

CPU times: user 16.3 ms, sys: 24.2 ms, total: 40.5 ms
Wall time: 39.1 ms

Aalborg Aarhus

Temp Pressure WindSpeed | WindDir Temp | Pressure WindS

DateTime

1980-03-
o1 5.000000 | 1007.766667 | 10.2 280.000000| 5.0 1008.300000|15.4
11:00:00

1980-03-
o1 5.000000 | 1008.000000|10.3 290.000000| 5.0 1008.600000|13.4
12:00:00

1980-03-
o1 5.000000 | 1008.066667 | 9.7 290.000000| 5.0 1008.433333|15.4
13:00:00

1980-03-
o1 4.333333(1008.133333| 11.1 283.333333| 5.0 1008.266667 | 14.9
14:00:00

1980-03-
o1 4.000000 [ 1008.200000|11.3 280.000000| 5.0 1008.100000(17.0
15:00:00
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In [15]: df['Esbjerg']['Pressure'].plot()

Out[1l5]: <matplotlib.axes. subplots.AxesSubplot at 0x1a37a60080>
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In [16]: df['Roskilde'][ 'Pressure'].plot()

Out[l6]: <matplotlib.axes. subplots.AxesSubplot at 0x1a406b2240>
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In [17]: df.values.shape

out[17]: (333109, 20)

a2 o2 w2 2 0BT A= F 2 M E HAEL .

In [18]: df.drop(('Esbjerg', 'Pressure'), axis=1, inplace=True)
df.drop(('Roskilde', 'Pressure'), axis=1, inplace=True)

O|H|= CllofE{ol| 18712| &= MZ2t USLIC.

In [19]: df.values.shape

out[19]: (333109, 18)
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In [20]: df.head(1)

Out[20]:
Aalborg Aarhus
Temp | Pressure WindSpeed | WindDir | Temp | Pressure | WindSpeed [ Win
DateTime
1980-03-
01 5.0 1007.766667 | 10.2 280.0 5.0 1008.3 154 290.
11:00:00
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In [21]: df['Odense'][ 'Temp']['2006-05"':'2006-07"'].plot()

Out[21]: <matplotlib.axes. subplots.AxesSubplot at 0x1a47c09438>
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In [22]: df['Aarhus']['Temp']['2006-05':"'2006-07"'].plot()

Out[22]: <matplotlib.axes. subplots.AxesSubplot at 0xlad44e41240>
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In [23]: df['Roskilde']['Temp']['2006-05"':"'2006-07"'].plot()

Oout[23]: <matplotlib.axes. subplots.AxesSubplot at 0xla44e31b38>
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In [23]: df['Various', 'Day'] = df.index.dayofyear
df[ 'Various', 'Hour'] = df.index.hour
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In [24]: target city = 'Odense’
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In [26]: target names = [ 'Temp', 'WindSpeed', 'Pressure']
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In [27]: shift days =1
shift steps = shift days * 24 # Number of hours.

WXt 0|5E SaliM M HI0IE =2|dS BHELICH
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In [28]: df targets = df[target city][target names].shift(-shift steps)
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In [29]: df[target city][target names].head(shift steps + 5)

out[29]:

Temp WindSpeed | Pressure

DateTime

1980-03-01 11:00:00 | 6.142857 | 12.585714 | 1011.066667

1980-03-01 12:00:00 | 7.000000| 11.300000 |1011.200000

1980-03-01 13:00:00 | 7.000000|12.118182 | 1011.300000

1980-03-01 14:00:00 | 6.857143 | 12.742857 |1011.400000

1980-03-01 15:00:00 | 6.000000| 12.400000 |1011.500000

1980-03-01 16:00:00 ( 4.909091|12.618182 | 1011.688889

1980-03-01 17:00:00 | 3.953488 | 12.646512 |1011.877778

1980-03-01 18:00:00 | 3.674419|11.725581 | 1012.066667

1980-03-01 19:00:00 | 3.395349| 10.804651 | 1012.255556

1980-03-01 20:00:00 | 3.116279| 9.883721 1012.444444

1980-03-01 21:00:00 ( 2.837209 | 8.962791 1012.633333

1980-03-01 22:00:00 | 2.558140| 8.041860 1012.822222

1980-03-01 23:00:00 ( 2.279070| 7.120930 1013.011111

1980-03-02 00:00:00 | 2.000000 | 6.200000 1013.200000

1980-03-02 01:00:00 | 2.076923 | 7.738462 1012.366667

1980-03-02 02:00:00 | 2.538462 | 7.969231 1011.533333

1980-03-02 03:00:00 | 3.000000 | 8.200000 1010.700000

1980-03-02 04:00:00 | 3.000000| 7.927273 1010.100000

1980-03-02 05:00:00 [ 2.916667 | 7.658333 1009.500000

1980-03-02 06:00:00 | 2.416667 | 7.408333 1008.900000

1980-03-02 07:00:00 ( 2.000000 | 7.100000 1008.300000

1980-03-02 08:00:00 [ 2.142857 | 6.542857 1007.700000




1980-03-02 09:00:00 | 3.000000 | 6.200000 1007.100000
1980-03-02 10:00:00 | 2.833333 | 8.350000 1006.466667
1980-03-02 11:00:00 ( 2.000000 | 6.828571 1005.833333
1980-03-02 12:00:00 ( 2.000000 | 8.200000 1005.200000
1980-03-02 13:00:00 [ 0.166667 | 9.216667 1004.766667
1980-03-02 14:00:00 | 1.000000| 11.885714 | 1004.333333
1980-03-02 15:00:00 | 1.000000| 12.400000 |1003.900000
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In [30]:

out[30]:
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df targets.head(5)
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Temp WindSpeed | Pressure
DateTime
1980-03-01 11:00:00 [ 2.000000 | 6.828571 1005.833333
1980-03-01 12:00:00 | 2.000000 | 8.200000 1005.200000
1980-03-01 13:00:00 | 0.166667 | 9.216667 1004.766667
1980-03-01 14:00:00 [ 1.000000| 11.885714 | 1004.333333
1980-03-01 15:00:00 | 1.000000 | 12.400000 |1003.900000
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In [31]: df targets.tail()
Out[31]:
Temp | WindSpeed | Pressure

DateTime
2018-03-01 19:00:00 | NaN | NaN NaN
2018-03-01 20:00:00 | NaN | NaN NaN
2018-03-01 21:00:00 | NaN | NaN NaN
2018-03-01 22:00:00 | NaN | NaN NaN
2018-03-01 23:00:00 | NaN | NaN NaN
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In [32]: x data = df.values[0:-shift steps]

In [33]: print(type(x_data))
print("Shape:", x data.shape)

<class 'numpy.ndarray'>
Shape: (333085, 18)
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In [34]: y data = df targets.values[:-shift steps]

In [35]: print(type(y_data))
print("Shape:", y data.shape)

<class 'numpy.ndarray'>
Shape: (333085, 3)

O|Zi2 ClIOE] MEQ| &= 4= (Y HI0|E ZRIE E= HE)YLICE

In [38]: num data = len(x_data)
num_data

out[38]: 333085
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In [40]: num train = int(train split * num data)
num_train

Oout[40]: 299776

O|H2 HAE MEZ| 2= £=iL|Ct:
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In [41]: num _test = num data - num train
num_ test
Out[41]: 33309
CHE2 shs & HIAE MES| &3 S LT

In [42]

X _train = x data[0O:num train]
X_test = x data[num_train:]
len(x_train) + len(x_test)

out[42]: 333085
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In [43]: Yy _train = y data[0O:num train]
y test = y data[num train:]
len(y_train) + len(y_test)

Oout[43]: 333085
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In [44]: num x signals = x_data.shape[1l]
num_x_signals

out[44]: 18
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In [45]: num_ y signals = y data.shape[1l]
num_y signals

Oout[45]: 3
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In [46]: print("Min:", np.min(x_train))
print("Max:", np.max(x_train))
Min: -27.0
Max: 1050.8
MEL2 Ch2E -10i1M 1 Ato[2f ZolM 7+ & ASStE 2 H|0[E{7F MF ol &
giLICt 22|= scikit-learn2 ALEE £ /JUSLICH
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In [47]: X _scaler = MinMaxScaler()
O3 ChS &5 HI0IE 2| 2t 'HeIE XISt ZtE ZFeiLict

In [48]: x train scaled = x _scaler.fit transform(x train)
A2 g2 FE Zotst, H0lE2| 37| 00llM 1 At0[2 =Fe|ASLIC
In [49]: print("Min:", np.min(x_train scaled))
print("Max:", np.max(x_train scaled))
Min: 0.0
Max: 1.0

Qa|= HAE HEQ| ¢ ILic,

In [50]: x test scaled = x scaler.transform(x test)
=H Oo|E= &3 Mset S C|0|Ef MEOIM 2HEORSL =
ME QLT 2Lt e H0|E = CHE 2f HeIE 718 T2 B=0M 7H2 A & £ /e
A7|L2] I E BHELICE

In [51]: y scaler = MinMaxScaler()

y_train scaled
y _test scaled

y_scaler.fit transform(y train)
y scaler.transform(y test)
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In [52]: print(x _train scaled.shape)
print(y_train scaled.shape)

(299776, 18)
(299776, 3)

72| 300k 2tF2| TH| A|HA0] T3l RNNS =25h= tidl Ch3at 22 ef+5 A&510] st Cl|0[E{0| M FAie = M=
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In [54]: def batch generator(batch_size, sequence length):

mnimnn

Generator function for creating random batches of training-data.

mmnn

# Infinite loop.

while True:
# Allocate a new array for the batch of input-signals.
x_shape = (batch size, sequence length, num x signals)
X batch = np.zeros(shape=x shape, dtype=np.floatl6)

# Allocate a new array for the batch of output-signals.
y _shape = (batch _size, sequence length, num y signals)
y _batch = np.zeros(shape=y shape, dtype=np.floatl6)

# Fill the batch with random sequences of data.
for i in range(batch size):
# Get a random start-index.
# This points somewhere into the training-data.
idx = np.random.randint(num train - sequence_ length)

# Copy the sequences of data starting at this index.
X _batch[i] = x train scaled[idx:idx+sequence length]
y _batch[i] y _train scaled[idx:idx+sequence length]

yield (x_batch, y batch)

GPUE 100% Z|ciet AF8E == AUEE Z|CiSt 2 HiX| 27| & AFSEILICE AHEE GPU, RAM & 022



In [55]: batch size = 256

A2 2210 B2 &=M7t 8 Sete| 2HES ZESITH= XS 9
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In [56]: sequence length = 24 * 7 * 8
sequence_length
Out[56]: 1344
O LS HiR| HY7|E THELIC
In [57]: generator = batch generator(batch size=batch size,
sequence length=sequence length)
O LS BiR| H9717t 2Sst=X| HIAEE 8 SLUCH
In [58]: x batch, y batch = next(generator)
0|2 (07| 25671 AlEA2| FAe| BHX|IE MSELICE 2F AIZA0= 1344702] 2HEX[7F 1 2 EX|0fl= 20742
U M=ot 3712 £ STt USLIC.

In [52]: print(x_batch.shape)
print(y_batch.shape)

(256, 1344, 20)
(256, 1344, 3)
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In [59]: batch =0 # First sequence in the batch.
signal = 0 # First signal from the 20 input-signals.
seq = x_batch[batch, :, signal]
plt.plot(seq)

Oout[59]: [<matplotlib.lines.Line2D at 0x1a3b942470>]
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In [60]: seq = y batch[batch, :, signal]
plt.plot(seq)

Out[60]: [<matplotlib.lines.Line2D at 0x1a3c2f9978>]
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In [61]: validation data = (np.expand dims(x test scaled, axis=0),
np.expand dims(y_ test scaled, axis=0))

&3t MZIHRNN) 2HE7|
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In [62]: model = Sequential()
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O|H| Gated Recurrent Unit (GRU)2 UIES|30f| FIHEHLICH A|ZAL| 2t @l=d tHA|oCt 512742
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20| A H
of =2 0] & LS E ZERLCh(num_x_signals).

In [63]: model.add(GRU(units=512,
return_sequences=True,
input shape=(None, num x signals,)))

GRU= 21| HiX| U=ol| chahAM 51271 2fe| SHELICH RE|= 3712 &3 LS E o|557|E |st?| W=l 512712
S 371e| ko= jEst= S| AZEl (E= dense) 2|0[01E F7HEILICY.
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In [64]: model.add(Dense(num y signals, activation='sigmoid'))
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In [65]: if False:

from tensorflow.python.keras.initializers import RandomUniform

# Maybe use lower init-ranges.

init = RandomUniform(minval=-0.05, maxval=0.05)

model.add(Dense(num y signals,

activation='linear',
kernel initializer=init))
24 8t2(Loss Function)
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In [66]: warmup_ steps = 50



In [67]: def loss mse warmup(y true, y pred):
Calculate the Mean Squared Error between y true and y pred,
but ignore the beginning "warmup" part of the sequences.

y _true is the desired output.
y pred is the model's output.

mmn

# The shape of both input tensors are:
# [batch size, sequence length, num y signals].

# Ignore the "warmup" parts of the sequences
# by taking slices of the tensors.

y_true slice = y true[:, warmup steps:, :]

y pred slice = y pred[:, warmup steps:, :]

# These sliced tensors both have this shape:
# [batch size, sequence length - warmup steps, num y signals]

# Calculate the MSE loss for each value in these tensors.

# This outputs a 3-rank tensor of the same shape.

loss = tf.losses.mean_ squared error(labels=y true slice,
predictions=y pred slice)

# Keras may reduce this across the first axis (the batch)
# but the semantics are unclear, so to be sure we use

# the loss across the entire tensor, we reduce it to a

# single scalar with the mean function.

loss mean = tf.reduce mean(loss)

return loss_mean
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In [68]: optimizer = RMSprop(lr=le-3)
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In [69]: model.compile(loss=loss_mse_warmup, optimizer=optimizer)
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In [70]: model.summary ()

Layer (type) Output Shape Param #
gru_1 (GRU) (None, None, 512) 815616
dense 1 (Dense) (None, None, 3) 1539

Total params: 817,155
Trainable params: 817,155
Non-trainable params: 0

Callback Functions

StEE of= S0 R2|= MIAXQAEE K& st TIdAEtE TensorBoarddl| 7|S5t7| |silA Kerasoll MZ& St =

In [71]: path _checkpoint = '23 checkpoint.keras'
callback checkpoint = ModelCheckpoint(filepath=path checkpoint,
monitor='val loss',
verbose=1,
save_weights only=True,
save best only=True)
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In [72]: callback early stopping = EarlyStopping(monitor='val loss',
patience=5, verbose=1)
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In [73]: callback tensorboard = TensorBoard(log dir='./23 logs/',
histogram freqg=0,
write graph=False)
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In [74]: callback reduce lr = ReduceLROnPlateau(monitor='val loss',
factor=0.1,
min lr=le-4,
patience=0,
verbose=1)

In [75]: callbacks = [callback early stopping,
callback_checkpoint,
callback tensorboard,
callback_reduce_lr]
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In [ ]: %%time

model.fit generator(generator=generator,
epochs=20,
steps per epoch=100,
validation data=validation data,
callbacks=callbacks)

Epoch 1/20

22/100 [S====>. ..ttt eeceessosssnassonss ] - ETA: 2722s - loss: 0.0144
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In [70]: ¢try:
model.load weights(path checkpoint)
except Exception as error:
print ("Error trying to load checkpoint.")
print(error)
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In [71]: result = model.evaluate(x=np.expand dims(x_test scaled, axis=0),
y=np.expand dims(y test scaled, axis=0))
===] - 4s 4s/step
In [72]: print("loss (test-set):", result)

loss (test-set): 0.0021468019112944603

In [1]: # BFef Of27FX] SEZXIE AERICIEH CFS9 gHe= &g + JgLic).
if False:
for res, metric in zip(result, model.metrics names):
print("{0}: {1l:.3e}".format(metric, res))
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In [74]: def plot comparison(start idx, length=100, train=True):

mmn

Plot the predicted and true output-signals.

sparam start idx: Start-index for the time-series.
:param length: Sequence-length to process and plot.
:param train: Boolean whether to use training- or test-set.

mmn

if train:
# Use training-data.
X = X_train_scaled
y_true = y train
else:
# Use test-data.
X = X test scaled



y _true = y test

# End-index for the sequences.
end_idx = start_idx + length

# Select the sequences from the given start-index and
# of the given length.

x = x[start_idx:end idx]

y _true = y true[start idx:end idx]

# Input-signals for the model.
X = np.expand dims(x, axis=0)

# Use the model to predict the output-signals.
y _pred = model.predict(x)

# The output of the model is between 0 and 1.

# Do an inverse map to get it back to the scale

# of the original data-set.

y_pred _rescaled = y scaler.inverse transform(y pred[0])

# For each output-signal.

for signal in range(len(target names)):
# Get the output-signal predicted by the model.
signal pred = y pred rescaled[:, signal]

# Get the true output-signal from the data-set.
signal true = y true[:, signal]

# Make the plotting-canvas bigger.
plt.figure(figsize=(15,5))

# Plot and compare the two signals.
plt.plot(signal true, label='true')
plt.plot(signal pred, label='pred')

# Plot grey box for warmup-period.
p = plt.axvspan(0, warmup steps, facecolor='black',

# Plot labels etc.
plt.ylabel(target names[signal])
plt.legend()

plt.show()

alpha=0.15
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In [75]: plot comparison(start idx=100000, length=1000, train=True)
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In [76]: plot comparison(start idx=200000, length=1000, train=True)
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In [77]: df['Odense'][ 'Temp']1[200000:200000+1000].plot()

Out[77]: <matplotlib.axes. subplots.AxesSubplot at 0x7£69f54d37£f0>
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In [78]: df org = weather.load original data()
df org.xs('Odense')[ 'Temp']['2002-12-23":'2003-02-04"].plot()

Out[78]: <matplotlib.axes. subplots.AxesSubplot at 0x7f£69db165860>
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In [79]: plot comparison(start idx=200, length=1000, train=False)
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