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ArcGIS Online — Analysis Tools
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Python

Jupyter

TensorFlow ArcGIS API

Al and Esri ArcGIS

Python is an interpreted, high-level,
general-purpose programming
language.

Jupyter Notebook is a web-based

ArcGIS API for Python is a Python
library for working with maps and
geospatial data, powered by web
GIS.

TensorFlow is an open source
software library for high performance
numerical computation.
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interactive computational environment.

drawing and zooming a map

import tensorflow as tf
mnist = tf.keras.datasets.mnist

(x_train, y_train),(x_test, y_test) = mnist.load_data()
x_train, x_test = x_train / 255.8, x_test / 255.8

model = tf.keras.models.Sequential(|[
tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(512, activation=tf.nn.relu),
tf.keras.layers.Dropout(8.2),
tf.keras.layers.Dense(18, activation=tf.nn.softmax)
)]
model.compile(optimizer="adam’
loss="sparse_categorical_crossentropy’,
metrics=['accuracy'])

model.fit(x_train, y_train, epochs=5)
model.evaluate(x_test, y_test)
www.tensorflow.org
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Machine Learning Integration

Maximum
Likelihood
Classification

Support
Vector
Machine

Classification

Random
Trees

Areal

Empirical
Interpolation

Bayesian Kriging

Ez;ression PrediCtiOn
Prediction

e Geographically Ordinary
Hot Spot Segmentation Weighted Least
Sl Regression Squares

Multivariate
Space Time Clustering
Pattern
Mining

Density-based
Clustering

Source: Esri Inc.



Python across ArcGIS

March
2015 2016 2017 2019
A Iong time & ‘ {}
(5]
ArcPy ArcPy ArcGIS API ArcGIS Pro ArcGIS ArcGIS ArcGIS
in ArcMap in ArcGIS Pro for Python includes the Notebooks Notebooks Notebooks
ArcGIS API for in ArcGIS in ArcGIS in ArcGIS
Python Enterprise Online Pro

(not tightly integrated)

Look for “Esri Get Started with ArcGIS Notebooks” Source: Esri Inc.
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Notebooks in ArcGIS
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Process CyCle of Maintenance Management

Data on the current road condition
and further information

Monitoring and evaluating
the road and engineering
structure conditions

Controlling

Maintenance
Management

Scenarios for
condition
development

Building process

Building program Definition of maintenance strategy

Urgency (goals: technical - functional - financial -
Peripheral conditions building operation)
Financing

Implementation

Maintenance program
Planning of measures
Optimisation of measures
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Predictive Maintenance A70

Database: 2009, 2013, 2017 - Prediction: 2021, 2025

Dauerzihistelle $233 A 70 140 AD Werntal (W)
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Types of analysis
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GIS Image Raster GeoEvent GeoAnalytics Hosting
analytics server

2

Open data science
libraries

Source: Esri Inc.

Spatial Intelligence
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in [1]: from gotpass impert getpass
from arcgis import features

o B P o Bavarian State Ministry of

‘reland.ds lmann@stmb. b .de' H H H
o et S Housing, Building and Transport
WRVD GIS('https://3tnb.map3.arcgis.com’, username, password)
Tn [3]: WBVDgisMaplList = WBV¥Dgis.content.search(query = 'BRB', item type = 'web map')

Out[3]: [<Ttem titl
<ltem title:
<Item titl

Frreichbarkeit Rnschlussstellen BAB A 87 type:Web Map owner:atsfan.achnitzhofer@stmb.bayern.de>,
BAB Bayern - Erhaltung 51 Sus Ergebnisse" type:Web Map cwner:roland.degelmann@stmb.bayern.des,
BAB Bayern - Fahrbahnzustand® type:Web Msp owner:roland.degelmenn@stmb.bayern.de>]

In [4]: WBVDgisMapList (2]
out[4]:

BAB Bayern - Fahrbahnzustand
F der in Bayem

Web Map by roland. degelmann@stmb baysrn de
Last Medified: Mai 12, 2018
0 comments, 2 views

In [5]: £from arcgis.mapping import WebMap
from arcgis.features import FeatursLaysr

WEVDgisMapTnfo = WWDgisMaplList[?]
WBVDgisMap = WebMap (WBVDgismaplnfo)

for layer in WBVDgLsMap.layers:
print (layer.title)

BAVSTS_Anschinaaztellen BAB
SuS_KT_Geodaten Frgebninas

verwsltungsgrenzen Bayern - BY Landkreise WebMercator
Werwaltungsgrenzen Bayern - BY RegBez_WebMercator

u
verwsltungsgrenzen Bayern — BY Bayern WebMercator
In [14]: WBVDgisFetaureLayer = FeaturelLayer (WBVDgisMap.layers[1].url)
CusryResult = WBVDgisFetaurelaysr.query (whers="Bauamt - 'Wiirzburg'")
Tl

(ueryResult.sdf. loc|

e AUN_2000 AUN_2013 AUN 2017 AUN_2021_mean AUN_2021_sd AUN_2025 mean AUN 2025 sd Abschnitt Abschnitt 1 BST .. Sirasse X Strasse Y

0 348 NaN 350 1.872076 0291191 1.889050 0.168174 100 100 100 .. -135.000167 -74.800692

1 157 NaN 144 1829617 0218778 1234893 0.167497 100 100 200 .. -135.000167 -74.800692

2 1.30 NaN 148 19164m 0.247385 1.250160 0.158486 100 100 300 =135.000167 -74.800692

3 7 NaN 234 1.620810 0153464 1685557 0151674 100 100 400 .. -135.000167 -74.800692

4 380 NaN 173 1415481 0.135631 1.326660 0.154357 100 100 500 .. -135.000167 -74.800692

5 200 076 111 0.726382 0.043488 0711341 0.100428 120 120 100 -135.000167 .74.800682

8 k4] 055 104 0825392 0.067845 0855634 0137572 120 20 200 .. -135.000167 -74.800602 - -

1 084 0.66 304 1.562679 0123425 1622794 0166052 120 120 300 .. -135.000167 .74.800602

8 rows x 64 columns I I I I l I l
In [15]: WBVDgisQueryResult = WBVDgiaFetaureLayer.query (where="Bauamt = 'Wirzburg'", out_ar='4326")

print('shape :', WRVDgiaQueryResult.features[0].gsomstry)

print('Zuatandswert :', WEVDgiaQueryResult.features[0].attributes|'Zustandswert'])

shape : {'rings': [[[10.069759374641, 50.0017677879895], [10.0725297326703, 50.0037863409541], [10.07319107&74

30, 50.0034125795416], [L0.0736503969761, 50.0032012945411], [10.0712314933224, 50.0010040404495], [L0.0T06036000279,
50.0012936549025], [10.089759374641, 50.0017677879895]1]}
Zustandswert : 3,57
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import numpy as np
svzData = pd.read_csv('Data\svz-2015-A70_mit-xy.csv', sep = decimal = ',', low_memory = False)

svzData.loc[ :4,

Out
TKZSTNR Jahr Strasse Von Bis  VNK NNK KFZ SV LV Abschnitt Station LonZSt  LatZSt
0 59269203 2015  A70 M“m'm““’we’:‘ﬁ'; AS Wemeck (3) 5926028 5926011 44805 7256 37650 120 2470 10.108315 50.000537 ¢
1 59269004 2015 ATO0 AS Werneck (3) AD Werntal (A 71) 5926011 5926074 48148 7638 40511 140 2360 10.150259 50.006752
AS
2 59279103 2015 AT0 ADWerntal (A71) SchweinfurtBergrheinfeld 5926074 5927022 45510 6638 38872 160 0513 10.169445 50.021730
5)
S
3 50279104 2015  A70 SchwelnfutiBergmenfeld AS SchwelnfurtHaten (6) 5927022 5927040 42874 6373 36503 180 0318 10.196808 50.021440
8)
4 50279002 2015  A70 AS Schwelnfurt-Hafen (6) ‘55“""‘”"'“"'2“‘"‘(’;'; 5927040 5927023 39874 6037 33836 200 0706 10.228267 50.022769 ¢

Tn [23]: WBVDgiaCavMap = WBVDgis.map ()
WBVDgisCsvMap.basemap = "satsllite"

Tn [24]:  thaisymbol = {
": mesriSMs",
"esrisMsSquare”

tyle
!
avzDataArray = np.aaarray(svzDaca)

for i in range(0, len(svzDatahrray)) :

actLocation = {'x' : svzDataArray[i, 12],
'y' : svzDataArray[i, 13],
'type' : 'point’,

'spatialReference' : ['wkid': 4326})
* + str(svzDataArrayli, 31) +

n
WBVDgisCsvMap.draw(actlocation, {'title’ : 'Abschn
'~ + str(avzDataArray[i, 4]) , 'contenz’ : 'DTV :' +
str(svzbateArray[i, 6]) + ' - 8V : ' +
str(svzDateArrey(i, 71)}, thaisymbol)
In [25]: WBVDgisCsvMap.center = [svzDataArray([7, 13], svzDataArray(7, 12]]

Tn [26]: WBVDgisCsvMap
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def LSTM model (self):
""" LSTM model with one hidden layer """

Time_related 'Yes'
model name 'LSTM'
model = Sequential ()

raning

.
i

technical implementation: supper&supper , Berlin

Esri UC2019 | Spatial Intelligence | MR Degelmann | San Diego | 2019-07-10

model.add (LSTM(self.LSTM unit(), input_shape=(2,
self.Activation_variable (model)

output self.Compile_and_fit_predict (model, Time_related,model_name)
K.clear_session()

print ('LSTM Model finished')

return (output)

self.input_x.shape[2])))

def MN_nmodel (self):
"% Ganeral Neural Network Model with two dense layer

Tine_related = 'No'
o1

1u*, input_shape = (|

model.add (Dense (64, act ivation="relu') )

201f.Activation_variable (medel

output = self,Compile_and_fit_predict {model,Time_relat
=_session()

del finished)

@
def Compile and fit predict(self,model,Time related,model name) :
""" Model compile and fit

model = Sequential ()
model. add (LSTM (self.LeTH_un]
self.Activation_variable (nod
cutput = self.Compile_and £
K.clear_seaston()
print (" Model
return (output)

After the model
It includes
1. learning rate optimizer
2. data import format
3. Model prediction
4. output format

is build, this function compile and fit the model.

Einished!

def CHNID modal (self):

VLD model with one o

Tine_related =
ame = 'CHLD!
equential ()

1r decayed = tf.train.cosine_decay(0.0001, self.global step,
opt =

self.decay_steps)
tf.train.AdamOptimizer (1lr_decayed, epsilon=self.adam_epsilon )

model . compile (optimizer=opt, loss=self.loss_function_selection(),metrics=[self.coeff_determination] )
outpat = self.Conpil

K.clear_sesaion()
priat (‘GNNID Model
return (autpat)

if Time_related = 'Yes':
%_input = self.input_x
¥_input = self.train_y
X_Predict = self.predict x
else:

finished|

def CHN_LSTM model (self)

tacking mode

o+

X_input = self.input_x NN
¥_input = self.train_y
X_Predict = self.predict_x NN

model.fit (X_input, Y_input, epochs=10000, batch size=1024,validation_split=self.split_rate,
verbose=0,callbacks=self.callback_function(model name),shuffle =True)

yhat = model.predict (X_Predict, verbose=0)
if self.output variable == 1:

dime = 0
els,

dime = range (0, self.output_variable)

return (yhat[:,dime])

15
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Usage of neural networks

In the current project at StMB multi-variant and spatio-temporal neural networks are
applied. The predictions are influenced by the time axis and the geographical
position, as well as by the other environment variables.

Used neural networks
= General Neural Network

= Long Short Term Memory (LSTM)
» Seguence-to-Sequence Prediction
» Forgot and update layer from
previous point in time
= 1D- Convolutional Neural Network @ @ @
= Discrete time series forecast

= Stacked CNN-LSTM-Modell

source: colah.github.io/posts/2015-08-Understanding-LSTMs/
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D Show data download links Q, Filter tags (regular expressions supported)

Ignore outliers in chart scaling
coeff_determination 1

Tooltip sorting method: default A
coeff_determination

Smoothing

—_—e—— 05 &

Horizontal Axis
RELATIVE WALL
Runs [HE—a |
Write a regex 1o filter runs
loss 1

() AUNMVAUN_NN2019-03-28
O AUNMVAUN_LSTMZ019-03-28 loss
() AUNMVAUN_CNN1D2019-03-28

) AUNWVAUN_CNN1D+LSTMZ019-03-28
() LWIFS\LWI_FS NN2019-03-28

O LWLFS\LWI_FS_LSTMZ2015-03-28

fe) LWIFS\LWI_FS_CNN1D+LSTM2019-
0328

LWI_FS\LWI_FS_CNN1D2018-03-28

) GRI_BOVGRI_BO_NNZ0N9-03-28

Training

(O GRI_BOVGRI_B0_LSTMZ2018-03-28 nEH

() GRIBO\GRI_B0_CNN1D2015-03-28

() GRLEO\GRIBO_CNND-LSTM2019- val_coeff_determination 1
03-28

O RISS\RISS NN2019-03-28 val_loss

) RISS\RISS_LSTM2019-03-28

val_loss
) RISS\RISS_CNN1D2019-03-28

Quality results

() RISSIRISS CNN1D+LSTM2019-03-28 100
.

Sl N - shown with Tensorboard
(O ALLVALL LSTMZ019-03-28 60

() ALLVALL CNN1D2079-03-28 40

(O ALLVALL_NN2019-03-28 20 E

]
TOGGLE ALL RUNS o * *k 4k Sk
DTEH

D:\Progs2019\Predictive Maintenance
A70\Tensorboard_Logs
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Prediction result

The CNN+LSTM model generally provides good predictions. The variability of the
prediction was equal to that of the actual AUN value. Extreme values in the real data
are also represented by the model (see red arrows in the left diagram).

5 — Real_value RISS_2021_mean

. \ ~—— Prediction I <1.497446

- [ <3,902383

i / [ <6,936459

s e | [] <10,822258

g 25 / z 3 [] <15,657224

= [ <21,405407

S20 \ B <28,164932

z I <36.248835

215 W <s5217553

L B <62,989041
-3

200 400 600 800
Road Distance

technical implementation: supper&supper, Berlin
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ArcGIS Online - Writing results
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6 4
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6
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2 8

1 0.01107 2210744261741635 0, 12, 2 1, 29 0,9301 0, 3 7 0. 0,076
4 9
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3 7
<0006
6468977570533753 0, 0. ) o, 1612 4, o, 3856 0,0767528119316945 | o
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ArcGIS Online — Using results
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Enabling Mobility
by Deep Learning from Big Data




