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Some definitions

Retrofit:

• to modify equipment (in airplanes, automobiles, a factory, etc.) that is 
already in service using parts developed or made available after the time of 
original manufacture.

• (of new or modified parts, equipment, etc.) to fit into or onto existing 
equipment.

• to replace existing parts, equipment, etc., with updated parts or 
systems.

Source: Internet



Issues

• Systems (or parts of it) are end of life 

• People with knowledge of the processes/systems are retiring

• Documentation is outdated/incomplete

• Performance requirements



• “Goals” of the model:
• The Model act as a “single source of thruth” for

• Engineering
• Maintenance
• Testers
• Asset management
• Etc.

• The Model act as a knowledge base for:
• Maintenance
• Asset management
• Engineering
• Testers
• Operators
• Project management
• Etc.



Middle-Out analyse > “Ist/Soll”

• Analyse existing system documentation > IST
• Analyse existing system > IST

• Analyse existing usability > IST
• Analyse intended usability > Soll

Deviation



Middle-out analysis: Process

Top down Bottom-up

Capabilities/Services

Scenario’s
Interaction

Structure

IST/Soll IST/Soll

Electrical Mechanical Civil

Industrial automation
Functional

Structure



Middle-Out analyse: Project scope

Project scope

Max

Min

Criteria:
• Performance
• Budget
• Schedule
• Technology

Deviation between “Soll” and “Ist”

• existing system documentation > IST
• existing system > IST

• existing usability > IST
• intended usability > Soll



Analysis/Design concept

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Requirements
Behaviour/Functionality

Structure
Verification

Analysis
Simulation

Configuration analysis
Ist/soll



Model structure

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



Modeling languages

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

SysML

SysML

SysML

SysML

SysML

BPMNBPMN

Domain specific

Simulink
Simscape

Matlab



Traceability

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

SysML

SysML

SysML

SysML

SysML

BPMNBPMN

Domain specific

Simulink
Simscape

Matlab
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Requirements

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Customer/user 
requirements

System 
requirements

Product 
requirements



Capabilities/Services

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



Operational scenario’s

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



System interactions

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



Hazard analysis

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



System States

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



System functions

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Product/information flow



System structure

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Structure
Parametric

Configuration analysis
Ist/soll

Flows (legenda):
• Energy
• Chemicals
• Liqued
• Gas
• Etc.

Performance & 
asset information 



Failure mode analysis

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Functional Failure modes

Technical Failure modes



Fault tree analysis

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Budget 

Budget 

Based on products



Technology: E & M

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Performance & 
asset information 



Industrial automation

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



Configuration

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



3D BIM integration

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Definition: wall, floor, 
room, etc.



3D BIM integration

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Instances



3D BIM integration

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll

Navigation



Verification

Operational analysis
Ist/soll

Functional analysis
Ist/soll

Technology analysis
Ist/soll

Configuration analysis
Ist/soll



Management 



Management

Schedule & Progress Project Risks Project Deviations

Changes



Autocad

BIM

E-Plan




