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Objectives and Status

* Define elMS architecture and functionality — submitted
— Software architecture

— Functional design
— IT infrastructure

— Security aspects

* Implement elIMS Framework and Presentation Layer — ongoing

— User interface prototype
— Middleware for eIMS ontology

* Implement and integrate Expert-based Toolkit features
 Develop the Integration Gateway
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elMS Framework

* Central component
— common ontology (Data Farm)
— Common definition and Interoperability platform
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* Key objectives
— Cloud based infrastructure

— SOA based interoperability
— Security
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Expert based toolkits
* Modularapproach for implementation

— SOA based microservices
— Cloud friendly

e Communicating in a standardised way
— REST API
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Integration gateway

* Open standard interfaces for the external systems
» State-of-the-art interoperability

* Avoiding replication of existing data
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Presentation layer

* User interface for stakeholders

» Security aspects (authentication, authorisation)
e Single Page Application (SPA)

e Supporting (HTMLS5, responsive Ul)
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Use Cases and Actors

* Interaction between a role and the system
e Unified Modelling Language (UML)

 The Actors

(Analytics engineer, Maintenance engineer, Inspection crew, Works manager,
Inspection crew, Designer, Infrastructure owner, System administrator, elMS internal

SChEdUler) / Regular toolkit operati
* The Use cases -
. . irementdata F-———-------------
— Regular toolkit operations to Data Farm Simokess
(Upload measurement data to Data Farm, Inspection cre
Computation of condition indicators, Cvocessing i
Alert management, cincluden externel devie  locs
)
— Configuration and system oakcatio
administration — '"f,’f:f;‘;i‘.i’e
(-..)
%/ Forecasting
computation s--
itiated by the us
Analytics eng}ﬁe\'r
‘ failure data (TBC!)
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Use Cases and Actors (Example)

* Actor : Inspection crew

Regular toolkit operations

Upload
measurement data
to Data Farm

Processing
measurement data

winvokess

Inspection cre ;
#invokess

Eomputation &

. reprocessing data on condition Y "~ L in
«i ncﬂ-u_d;_,}, external device / local indicators " :
environment [nowcasting ! !
\ #invokess :

* Use case : Upload measurement data to Data Farm
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Software design

* Workflow (activity) diagrams
— Process flow-control, activity orders

— User oriented view of the system

. . sd D7.1 Condition Indicators Interaction Diagram )
* Interaction (sequence) diagrams ;= e rmm e
— Technical view of the system
— Interoperating between M ................. T U
components
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Software design (example)

. Create new user Workflow
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Software design (example)

e Condition indicators - interaction

sd D7.1 Condition Indicators Interaction Diagram /
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Fas layer Indicator layer (Data
User toolkit Farm)
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Middleware classes - Java Spring

e Core classes

— Alerts, Asset, Condition indicator, Degradation model, Failure
tree, Maintenance Work, Measurement Data, Probability
Distribution, Resource, [awaet)

RAMS/LCC

 Toolkit classes

— Job interface
has to be implemented meTonlert o

in every toolkit y= \

Alert

AdditionalSeverity: short
Featureld: long

Limit: ThresholdLimitType
Locationlid: long
RelatedFailures: List<Failure>
TechincalSeverity: short

O F T R A s

7
7
* Helper classes /
O.n Vs
. ti
— Security, Batch, Data — ThrecholdLimiETyE
+ Category: FailureCategoryType «enum
+ Intervention: InterventionType Exceptional

+ Probability: double Normal

User
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i St O ra g e <--flo-v = > INFRAII.ERT processes onq: computations @
H 1
! |
layer | |
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i

Spring Datd
1
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9

MariaDB RDBMS for highly structured data NoSQL database (e.g. Cassandra) for Flat file storage (file
(eg. k topology, p s) weakly structured bulky data ("big system)
data”)
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MariaDB RDBMS for highly structured data
(e.g. network topology, parameters)

NoSQL database (e.g. Cassandra) for
weakly structured bulky data ("big
data”)

Flat file storage (file
system)

19




System Architecture @INFRALERT

cmp elMS system architecture /

€IMS server environment l

* Presentation e

| Toolkit 1 (eg. E
I ] e ol EXLE TG SYStEMIS (L TECEE )
L]
ayer e ————-————---8__ h‘ |
o 1
---------- F==3  Integration gateway (e.g. web services) | Presentation layer (Angular2, HTMLS) Service access interface
o B . aflow | i (INFRALERT internal
usiness ; : sccess)

1 1

| . : : LA B 8

O g I C Business Logic / Computation layer implerhefited in JAVA (latest version )
Locally deployed INFRALERT components l H

g

layer

[} St O ra g e I BN INFRAII.ERT processes onqi computations

$pring application framework
! 1
: :
! 1
! |
! 1
1
: s g
Hibernate ORM framework i Spring H
'
! |
ﬁ\ ! |
| 1
U 1
T 0
: : g]
Stprage layer (AKA "Dlata Farm")
! |
L J

MariaDB RDBMS for highly structured data NoSQL database (e.g. Cassandra) for Flat file storage (file
(eg. k topology, p s) weakly structured bulky data ("big system)
data”)

20




IT infrastructure @INFRALERT

i Sca I a b I I Ity cmp elMS Server Infrastructure . !

L4 AC Ce SS i b i I ity Users, project patners and extemal systems can access everything via the

extemal fircwall 2nd web szrver, threugh secure connection {HTTRS.
socure FTP)

of Servers

A alM$ serv er infrastructure [

* Security and N
P riva Cy Users and project ‘ e

* High 5
availability trar i
(HA) .
« High
performance

Intemal firewall

1st parallel application server 2nd parallel application server

Database Server

System Adminisaters
will have diract
extemal VPN access to
the inaividual servers
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Horizontal scaling (Cloud based, Microservices)

* Infrastructure as a Service
(1aas)
— Whole application

) s on m m m

the virtual machines 13aS Paas SaasS
_ . iy aa aa aa
Scaling means firing up more host build Consume

virtual machines

* Platform as a Service I___ =\ [ |
(PaaS) — Cloud Foundry | A7 —
— Provides an OS and tooling to host
the application

— Handles scaling the application, no need for configs for separate VM instances
— Microservices can be scaled independently

e Software as a Service
(SaaS)

— The whole infrastructure is hidden, the user can subscribe for the solution
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User Interface wireframes

= INFRALERT - MAP
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= INFRALERT - TACTICAL PLANNING

Strategic planning

Asset data &
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Tactical planning | Dynamic planning
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Plan

In tactical planning, the alerts or interventions generated
by the alert & intervention management tool
will be planned in medium-term.

For tactical planning, the current and future track condition
has to be determined by nowcasting and forecasting. This
is done based on measurement data and the deterioration
and failure models.

This enfolds the selection, combination and allocation to
time intervals. This plan should be cost effcient, should
reduce track possession, as well as it has to hold risk
constraints and resource restrictions. To create a robust
plan, the future will be simulated. This consists of defining
a lot of random future scenarios with new occurring alerts
and a certain track condition development. For each
scenario, dynamic planning wil be used to simulate
maintenance execution. From the output of the simulation,
a set of intemal KPs will be calculated, e.g. the average
costs, the quantiles of costs, the probabilty for
irreconcilabl risks. Based on the intemal KPs, the plan
will be improved until a robust plan with a good cost-isk-
balance is found

Based on the resulting coarse tactical plan, the operator
can order material, book machines or track
possession and plan holidays

INFRALERT - NOWCASTING - MONITOR AUTOMATIC NOWCASTING COMPUTATION

start

FIND ASSET manually - asset

Asset id
Asset det:
Asset id: ROAD_A21EU12

=
Asset category: ROAD
Description:

Lorem jpsum dolor sit amet, consectetur adipiscing elit. Aenean euismod bibendum
laoreet. Proin gravida dolor it amet lacus accumsan et viverra justo commodo. Proin
sodales pulvinar tempor. Cum sociis natoque penatibus et magnis dis parturient montes,
nascetur ridiculus mus. Nam fermentum, nulla luctus pharetra vulputate, felis tellus mollis
orci, sed rhoncus sapien nunc eget.Lorem ipsum dolor sit amet, consectetur adipiscing
elit. Aenean euismod bibendum laoreet. Proin gravida dolor sit amet lacus accumsan et

viverra justo commodo. Proin sodales pulvinar tempor. Cum sociis natoque penatibus et P e
FILTER CONDITIONS INDICATORS magnis dis parturient montes, nascetur ridiculus mus. Nam fermentum, nulla luctus Brusse!

pharetra vulputate, felis tellus mollis orci, sed rhoncus sapien nunc eget.

Asset conditions now

Olndicator 1
Olndicator 1.1
Olndicator 1.1.1

&

(&INFRALERT

& John Doe v/

Oindicator 1.1.2

INDICATOR NAME MIN VALUE MAX VALUE CURRENT VALUE SIGNAL ‘
Olindicator 1.1.3 . INDICATOR 1
Bliieziei — INDICATOR 1.1
Olindicator 3
INDICATOR 1.1.1 100 200 128 o
INDICATOR 1.1.1 25 36 33 o

<= INDICATOR 1.2
<= INDICATOR 2

<= INDICATOR 3
<= INDICATOR 4

= INFRALERT - SCHEDULE AUTOMATIC COMPUTATIONS, MONITOR THE PROCESS

Automatic computation type User administration | Configure nefwork topology |~ Schedule automatic computations, monitor the process

Schecule automatic computations

& John Doe Vv

Monitor batch uploads

‘ Process name Running interval Next running

Faliure Analysis Daily V' 2016710/ 13 24:00

Deterioration Analysis 2 12h v 2016/10/13 24:00

Nowrcasting Weekly V/ 2016/10 /13 24:00

Forcasting Daiy V 2016/10 /13 24:00

Automatic computations last runs

Process name Last started Status, Running time
Forecasting 2016/10/10 0300 20 10m
Alert generation 2016/10/09 01:00 1h 12m
Maintenance plan generation 2016710/ 16 24:00 2%m

$Show more
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* Expert
SOA based elMS architecture
Cloud

e Multi tiers software architecture

* Open, industry standard development
environment (Java Spring EE)

 Web based User interface (SPA, RIA, responsive,
HTML5)

e Secure
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