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Model Based Systems Engineering (MBSE

Requirements ..

Sined by
TECREG 0520 ZEoREG025s ZESREG 0300

Piot Rig Selection Product Desian ...

[“Prosrmmetic ]| [“Prosrmmetic ]| [Prosrammetic | [Programmatic | [“Prosrammatic ]| [“Programmatc |
[ e—cr—] L stom ] £ stom ) [ —r— [ ] o
efined by frefined by refined by fefined by efined by
ZeD REG55S ( zEvrEeTes ) [ zEo-REq007 ) ZE0REGZEST ZED REG00Z
[ Functions ] [ Constrane ] ™ Constraine ]
Tsystem ] | e—r— C ]

|
Consraie

efinsd by
ZEDREGZEAT

—_

5
| eseawoare |

Software Congtrant Software. Congtraint

Shall
Statement?

Verification Suc
cess Criteria®

Require
ment No.*

Facility
orLab®

Document® | Paragraph® Phase"

Acceptance | Preflight | Performing

| Ref 9.2, Provide guidance

| Wﬂb&'
I

(ﬁ'ransooean

Functional Behavior

Functional
‘description

Summing
gate

Interface reference
block (used on first-

Organiza
tion*

Results'

P-1 XXX 3211 System X 1.System X locks to | Test XXX 5 XXX TPS X000
Capability: | shall pro- forward link at the
Support videamax. | minand max data
Uplinked ground- rate tolerances
Data (LDR) | to-station | System X locks
uplinkof.... | to the forward link
at the min and max
operating frequency
tolerances
P XXX Other Other Other criteria XXX XXX XX XXX Memo xxx
paragraphs | “shalls”in
PTRS

andlowerlevel  t— — - —

-
x

No go flow

Cross-Paten

. Fibre Optic
Horizontal Cable |
(inwalz, and above cailng) Fanel Etnemnet Catie o Remote
Switch  Shipping Office  Ethamet Swilch
InWarehouse

PCs inShigphg Office

Routar
m g Y
Dagoi::l::mn Wide Area

{ network

Physicai Architecture




'Systems Architecting I ransocean

Architecting

Schematics

Components Concepts

Design
Solution

Designing Engineering
Mathematical Analysis



Offshore Operations Challenges
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MBSE Approach

Top-Down and Bottom-up approach run in parallel each informing the other
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1. Define Stakeholder And System Requirements
— An Order Of Magnitude Higher In Safety, Reliability And Availability

Compared To Existing Systems

Retrofittability

Regulatory Compliance Or Prove Equivalence, If Applicable
Maximize Reuse Of Legacy Equipment

Efficient Maintenance, Servicing And Logistics



Top-Down Process
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2. Define System Scope and Boundaries
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3. System Functional Defintion: Phase 1
» Step 1: Operational Scenarios
* List Derived From: Stakeholder Requirements, System External Operationa| System
Interfaces, Legacy Operations Documentation and Data Scenarios Requirements
» Step 2: Use Cases
» Use-case developed for each scenario
« External Actors Identified at each step followed by a System
Response Requirements
- Step 3: System Requirements Refinement and Refinement
Functional Architecture

« Each Operational Scenario is captured as a System Requirement

Assembly
Functions

» Each system response is captured as a requirement refined from

the scenario derived System Requirement

« System Responses are defined as System Functions in the System

Functional Architecture
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Develop Function Groupings and
Subsystem Allocation

— Using Functions Identified from the Use-
cases a System Function groupings Can be

— Functions grouped by Like-Characteristics
inform a Subsystem breakdown of the
System




Top Down Process

System Functional Defintion: Phase 2
» Step 1: Detailed Design Functional Breakdown
+ Each System Function Broken into sub-functions
+ Step 2: Use Cases
» Use-case developed for each System Function

« External Actors Identified at step followed by a
decomposed functional breakdown with internal system

actors identified at each step
» Step 3: System Requirements Refinement and
Functional Architecture

« Each step in the functional breakdown is captured as a

lower level requirement which refines a requirement from

phase 1

» Each step of the functional breakdown is also captured as

a function decomposing the system function.
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4. Develop Function Groupings and Assembly Allocation

— Using Functions Identified from the functional breakdown a System Function Tree Can be Developed

— Functions grouped by Like-Characteristics inform an Assembly breakdown of the System
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Receive Acoustic Inputs
Perform Acoustic Control
Perform ROV Control

Perform ROV Data Downlink

Perform Secondary Vessel
Control




Top-Down Process

Integrated System Function Tree with Allocations
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Using these Functions Identified from the Use-cases and Function breakdown a function tree can be developed
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Top-Down Process

5. Develop Functional Architecture

Step 1. Integrated System Functional Threads

Step 3. Composed at Subsystem Level of Abstraction

L
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Step 2. Composed at Functional Unit Level of Abstraction
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Bottom-Up Approach

1. Review Existing System Documentation

2. Review Component Internal and External Interfaces

Existing Documentation
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Internal Block Diagrams

3
Communications
Equipment
Electrical Power
Equipment

l
Hydraulic Emergency
Equipment Equipment

-« 4>
Transocean

Requirements

Functionality

Interfaces

Physical
Constraints




(ﬁ'ransooean

Bottom-Up Approach

3. Realize Physical Components

« New Equipment
 Reused Equipment

« Removed Equipment

« Software Modification Only
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Bottom-Up Approach

4. Develop Physical Architecture

C1.1.1.2
User Interface Panels

Assembly

C1.1.14 C1i111

N Communications
Electrical Power
Supply

‘Assembly Assembly

Segment
Level

Electrical Cables

Assembly

Components and Interfaces
- Electrical
- Hydraulic
- Emergency
- Intervention

Cl1.21.1

C1221

Hydraulic Line
Connectors

=

Electrical Connectors

C121.2

Hydraulic Equipment.

Assembly

2.2.2
R C1.223
i Hydraulic Connectors

Assembly

Electrical Equipment.

C1.213

Electrical Connectors.

Ci13.1.2 1321
Electrical Connectors.. Hydraulic

Connectors..
| hssemby | Assembly

C.13.1.1

Electrical Equipment..

Hydraulic Equipment..

Emergency
Equipment..

Intervention

Back Up Equipment
Equipment..

Assembly

Assembly

nil

Assembly
Level

"\, Replicated

Components



Conceptual Functional

Architecture
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Conceptual Physical and
Functional Architecture Mapping
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Key Findings

 Top Down Bottom Up approach was necessary to address new
stakeholder requirements as well as leverage the existing
equipment.

« Performing the system functional threading, integration and
composition process was necessary to characterize the complete
functionality of the system and identified interacting and overlapping
functions.

« A separable system is a unique type of system with complex modes
of operations

» Retrofit application requires an explicit definition of equipment for
reuse versus new equipment for retrofit.
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