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Condition-Based Maintenance In The X
German Public Rail Transportation System

Analyzing train door machine data using
Splunk machine learning capabilities
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Forward-Looking Statements

During the course of this presentation, we may make forward-looking statements regarding future events or
the expected performance of the company. We caution you that such statements reflect our current
expectations and estimates based on factors currently known to us and that actual events or results could
differ materially. For important factors that may cause actual results to differ from those contained in our
forward-looking statements, please review our filings with the SEC.

The forward-looking statements made in this presentation are being made as of the time and date of its live
presentation. If reviewed after its live presentation, this presentation may not contain current or accurate
information. We do not assume any obligation to update any forward looking statements we may make. In
addition, any information about our roadmap outlines our general product direction and is subject to change
at any time without notice. It is for informational purposes only and shall not be incorporated into any contract
or other commitment. Splunk undertakes no obligation either to develop the features or functionality
described or to include any such feature or functionality in a future release.

Splunk, Splunk>, Listen to Your Data, The Engine for Machine Data, Splunk Cloud, Splunk Light and SPL are trademarks and registered trademarks of Splunk Inc. in
the United States and other countries. All other brand names, product names, or trademarks belong to their respective owners. © 2017 Splunk Inc. All rights reserved.
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Engineering und Software-Entwicklung

Hannover
o
. - . Braunschwei
Operational Divisions ° @®cerin
» Rail Operations Hildesheim

» Automotive Production

» Manufacturing Industry @ Frankifurt

Erlangen

Range Of Services

» Software-Engineering
» Testing & Verification
» Assessment-Services
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Problem
Reduction Of Maintenance & Repair Cost

image source: de.bombardier.com
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» Maintenance & repair cost exceed
expectations

* Cost overruns influence the operational
result

» Failure of systems cause
interruptions of service

* Repairs following interruptions are the
most expensive

* Door-controls are a leading source for ‘ ‘
interruptions ' nt - 5N

image source: commons.wikimedia.org
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Problem

Causes For Door Locking Failures

Weather and various environmental conditions
Temp. changes and constant influence of moisture

Unequal distribution of load
Rush-hours and one-sided train-station positioning

Cause Improper use and vandalism
C Brute force of daily public usage

Common notice
of failure
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Infusion of Trains With loT-Technology

passenger
inform\ation Iig\ht Train Bus
— —— ——~— "
[ ([ ]
Vehicle Bus )L o R R
7 /
Lair condiioning | seat >eservation power brakes

© 2017 SPLUNK INC.

splunk> m



© 2017 SPLUNK INC.

Splunk MLTK - DBSCAN

Integration Of Algorithms To Our Solution

J = =
Data Uniformity
small variety in

/ expectancy values
DBSCAN allows cluster analysis

Splunk
Integration

=~ One-step transformation
from JSON-events to
MLTK Input

Unsupervised

Analysis

Structure of
delivered data is
independent from
learning data
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Detecting Anomalies using DBSCAN

Splunk Commands And Visualization

var br442DoorlLinechartOpenSearchString =
'index=br442 asset_name=$br442AssetTokenS$S ' +
'message_type=curve_talent_door '"content.direction"=0Open ' +

'| mvexpand "content.actual_curve{}" ' +
'| streamstats count as LineNumber by _time ' +
'| xyseries _time, LineNumber, "content.actual_curve{}" ' +

'| fit DBSCAN eps=5 1* 2* 3* 4* 5* g* 7* 8* 9% ! 4

'| search cluster>-1 ' +

'"| untable cluster Key Value ' +

'"| chart 1limit=0 avg(Value) as Value over Key by cluster ' +

'| sort +Key' +

'"| collect index=summary_doors_test marker=average_curve_open';

splunk> m



Splunk Dashboard

Starting Page And Map-Overview

Tracking Color

Train Door - Machine Data Analysis

Date / Time Vehicle Identification
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Splunk Dashboard

Drilldown: Machine Data Analysis
Train Door - Machine Data Analysis

Asset : BR-442 336

Door-No: 63

Locking-Events: 12.645

Last Even: 06 /12 /2017 16:35:08

Analyis: Opening-Events

Key
— 20170612 14:38:15 0170612144323  — 2017-06-12 145252 — 2017-06-1214:5526  — 2017-06-1215:0023 — 2017-06-1215:0900 — 2017-06-12 15:2314 2017-06-1215:2749  — 2017-06-12154352  — 2017-06-12 15:49'58
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Detecting Anomalies using DBSCAN

Splunk Commands And Visualization

s

2,5

AN , .

Energy-consumption (Ampere) over recent opening events

% Anomaly = indicating door-locking malfunction!
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Linking Machine Data and Weather Data

RESTful-Webservice Integration Of OWM

v 03.08.17 { [-]
20:33:52,000 base: stations
clouds: { [+] X
: o
cod: 200
d: - . .
oL Measuring Time: 12.06.2017 / 14:52:37
lon: 11.75
¥ .
dt: 1501785232 Time-Delta: 4758 ms

id: 2807344
main: { [-]

grnd_level: 1018.92 Weather Station: Cologne
humidity: 87

pressure: 1018.92

sea_level: 1023.16 19 oC

e 293,506 Temperature:
temp_max: 293.506
in: 293.506 . .
, e Weather Description: Clear Sky
name: Wittenberge
rain: { [-] . .
3h: 2.915 Humidity: 52 %
}
sys: { [+] ] ) ) .
} _ Wind Direction: 290
weather: [ [-]
{ -]
description: light rain H H .
descriptl Wind Velocity: 14,0 km/h
id: 500
main: Rain
}
]
wind: { [+]
}

}

Als Rohtext anzeigen
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Prediction Premise
Analyzing First Results To Generate Thresholds

Temperature earliest Temperature latest
Temperature earliest Temperature latest

62.27 °F
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Expected Results

Benefits Of Implementing Condition-Based Maintenance

» Reduction of service interruptions
» Even distribution of stress to the mechanical components
» Foresight in failure-causing effects and when they occur
» Alerting and reporting at any moment through live-data
» Precise scheduling of maintenance cycles

% Overall cost reduction!
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Q&A

Henning Brandt | Data Analyst

Daniel Pal | Data Analyst
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