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Context and Motivation

� Automation systems engineering projects

– Contributions from several engineering disciplines.

– Complex artifacts like mechanical, electrical, and 

software components and plans, which get updated 

concurrently.

� Version Management

– Available for each individual engineering discipline.

– Very little work on version management across semantically 

heterogeneous data models in engineering tools and projects.

� Quality Assurance (Change & Conflict Detection)

– Selective QA activities in individual disciplines.

– Challenge is to integrate quality assurance activities across disciplines 

and systems borders. 
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Automation Service Bus (ASB)

� Technical Integration: Engineering Service Bus (1), Control Service Bus (2).

� Semantic Integration: Engineering Database (3).

� Flexible integration of SCADA (4) with data analysis/simulation (5).

� Defect detection approaches for design time (6) and run time (7).

Goal: Approaches for the integration of software tools in automation engineering.
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Signal Engineering

Foundation

� The signal is a common concept for linking information between disciplines 

(e.g., mechanical interface, electrical signal (wiring), software I/O variable).

Challenges & Goals

� Consistent signal handling (e.g., up to 40,000 signals in power plants).

� Integration of signals from heterogeneous data models / tools (1) and (2).

� Version management of signal changes across engineering disciplines.

� Common concept based on semantic integration (3).
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Virtual Common Data Model:

Version Management across Tools
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Use Case – Signal Engineering of 

Hydro Power Plant Systems Integrators

Engineering Service Bus
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Basic Signal Check-In Workflow

Start

End

Checkin

No Change

Signal 

comparison

similar

Change 

Identified

Override

Signal List

differences

Next Signal

no

yes

EDB

EDB

� Check-In of new signal list.

� Signal comparison with EDB.

� Pass new signals / unchanged 

signals to EDB.

� Manual confirmation of changed 

signals and override signal in 

EDB.
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Signal Changes Across Tools 

and Disciplines

� Challenges and Goals

– Merge changes between signals 

coming from different disciplines.

� Conceptual Approach

1. Execute Changes.

2. Check-In and merge changes with 

Engineering Database

– Conflicts can be changes 

semi-automatically.

– Engineering tickets and 

notification in case of critical 

changes and conflicts 

(e.g., removed signals).

3. Check-Out merged signal lists.

Electrical Plan

Engineering 

Database

Software Dev. 

Environment

Software Engineer

C

C

Tool Data

Tool Data

EngSB

Checkin & Difference 

Analysis

Elec. Engineer

Changes

Checkout
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Pilot Application: Conflict Resolution

� Check in: Status of Imported Signals

Different Views

� New Signals

� Unchanged Signals

� Changes / Conflicts

� Highlight & Resolve Differences

Conflicts

� Old & New values

� Selection and Notification

� Confirmation / Change & Conflict Resolution



Pilot Application: Signal Browser

� View signals in system topology.

� Identify and view of signal information.

� Export of result set and rework in spreadsheets. 

� Candidate use case for next steps: Navigation to source data of signals in 

various tools (cross references).
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Pilot Application: Signal Browser

� View signals in system topology.

� Identify and view of signal information.

� Export of result set and rework in spreadsheets. 

� Candidate use case for next steps: Navigation to source data of signals in 

various tools (cross references).
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Pilot Application: History of Signal Data 

Check-Ins

Check in history

Basic statistics on most

frequently changed signals

Detailed Check-In

Information
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UC: Signal Deletion with Engineering 

Tickets

� Challenges and Goals

– Some conflicts cannot be resolved 

during check-in, e.g., removed 

signals

– Notification required to minimize 

surprises in the engineering team

� Conceptual Approach

1. Execute Changes

2. Conduct Difference Analysis

3. Identify “Removed Signals”

� generate Engineering Ticket

4. Notifiy (multiple) related 

stakeholders

5. Checkout
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Prototype: Engineering Ticket Overview

� Challenges and Goals:

– Notification of stakeholders (e.g., warning on deleted signals)

– Ensure the correct process steps to deal with “deleted signals”: 

Clear status of process 

� Approach

– Engineering Ticket: “Change Request” that holds all relevant information 

for the roles involved.

– Allows tracking the process status

– Minimizes searching in documents
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Prototype: “Deletion” Engineering Ticket

Data source:

Engineering Database

� Pre-Defined Ticket Information

Data Source:

Project Role Concept
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Quality Assurance & Defect Detection 

in Engineering Models across Tools

Use of common concepts in models across engineering disciplines

Defect type examples

� Missing, wrong, inconsistent 

model elements or relationships

� Conflicts from changes of 

overlapping model elements

� Run-time violation of model 

constraints

Defect detection approaches

� Review of overlapping model parts

� Automated check of model 

assertions (syntactic and semantic)

� Change conflict detection and 

resolution

� Derivation of run-time assertions



End-to-End Test Across Engineering 

Models

Use of common concepts in models across engineering disciplines

End-to-End Analysis

� List of sensor 

name/description/type with 

Variable name/description/type

� Warnings for incomplete chains 

between variables and sensors

System interface

Sensor

- Name

- Description

- Type

Software 

Interface

- Var_Name

- Var_Descriptn

- Var_Type

Wire Configuration 

Link

Electrical Engineer

Configurator

Software Engineer
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Engineering Process Automation 

Concept
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Conclusion and Further Work

� Automation systems engineering projects

– Contributions from several engineering disciplines

– Need for version management across semantically 

heterogeneous data models in engineering tools 

and projects

� Automation Service Bus (ASB) and Engineering 

Database (EDB) concept enables

– Version management

– Change & conflict detection and resolution

– Integrated quality assurance activities

� Further research work

– Identify new use cases from heterogeneous 

application domains.

– Identify candidate industry partners for research 

prototype development.
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