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Definition:

“Systems Engineering is a transdisciplinary and integrative approach to enable the successful 
realization, use, and retirement of engineered systems, using systems principles and concepts, 
and scientific, technological, and management methods.”

(The International Council of Systems Engineering (INCOSE)
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Systems Engineering Entering other Industries
Required to Manage Complexity
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Complexity in Systems

▪ Advances in technology have led to larger, more complex 
systems, which implies:

- A need for a clear concise way to express the system design 
(clear, logically consistent semantics.)

- A need for larger, distributed teams

- A need to model emergent behavior

- A need for systems engineering tools to enable 
collaboration across the entire lifecycle.

▪ Shift in customer needs in maritime industry

- Products -> Integrated Solutions

▪ Shift in industry roles

- Original Equipment Manufacturer -> System Integrator
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Complexity has been identified by many as a critical problem facing system engineers.

1950s Era TV 2020 Smart TV
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Introduction

▪ MSc from Marine Systems Design at NTNU 

- Master’s thesis on Autonomous Systems Design

▪ Professional Certificate from MIT 

- Architecture and Systems Engineering: Models and Methods to Manage Complex Systems

▪ Ongoing ASEP Certification Process with International Council of Systems Engineering (INCOSE)

- ISO/IEC/IEEE 15288:2015 - Systems and software engineering — System life cycle processes
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Educational Background Systems Engineering

Professional Experience Systems Engineering

▪ MBSE, systems architecture, design and requirements scoped for the Kongsberg Maritime 
Remote & Autonomous portfolio of projects/programs
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The Integration Conundrum
Evolving Understanding of Complexity
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Mental Model

▪ The mechanisms whereby humans are able to generate descriptions of system purpose and form, 
explanations of system functioning and observed system states, and predictions of future system states.

"All models are wrong, but some are useful“  G. Box
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Shared Mental Model
System Concept
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Need to express system concept behavior and facilitate
communication
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Shared Mental Model

Pictures

System Concept
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Systems Thinking
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Enabling
System

System of Interest

Remote & Autonomous System

Operating Environment

System 
Boundary

Level 0
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System of Systems
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Vessel

Remote 
Operations 

Network (RON)

Communication

Level 1
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Complex System of Systems
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Level 2
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Manage Complexity

▪ What information do we need to define for Remote & Autonomous Systems?

▪ How do we structure the information?

▪ How do we manage the information efficiently?
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Introduction to R&A 
Architecture
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Defining R&A Architecture

▪ Seperation of concern

▪ Abstraction

▪ View/Viewpoint

▪ Encapsulation/modularity

Systems Thinking Principles
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The Big Picture
Enterprise Framework
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Operational Capabilities (How we  do it)
(Specification of Tasks for Navigation Watch, Engine Room Watch, Safety Watch, etc.)

Strategic Capabilities (What we sell)
(Fleet Management, Crew Management, Remote Operations, Autonomous Operations, Services, Maintenance)

R&A System of Systems Architecture (What does what)

Enabling Systems

R&A System

Vessel Communications Remote Operations 
Centre

Vessel Architecture (What the Vessel does)
(Features & Functions)

Connectivity Architecture (What Connectivity does)
(Features & Functions)

ROC Architecture (What the ROC does)
(Features & Functions)

Regulations

Vessel Solution Architecture (How the Vessel does it) Connectivity Solution Architecture (How Connectivity does it) ROC Solution Architecture (How the ROC does it)

Vessel Physical Components, Products, Systems Connectivity Physical Components, Products, Systems ROC Physical Components, Products, Systems
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Current
Operational 

Rules & 
Regulations

Stakeholder 
Need

Equivalent

Operational 
Capability

(Requirement)

Traces ToSatisfies

Vessel
Functional 

Requirement

ROWS 
Functional 

Requirement

ROWS Operator 
Responsibilities

Data 
Communication

Functional  
Requirement

Data Data Data

NEW
ROWS 

Operator 
Competency

(1) What the Vessel will do automatically, 
while under supervision, while under 
intervention, while being remotely
controlled

(2) What is done in the ROC

(2a) What the ROWS Operator 
must do when Monitoring, 
Supervising, Intervening or, 
in Direct Control

(2b) What the ROWS
must do to support 
the ROWS Operator when 
Monitoring, Supervising, 
Intervening or, in Direct Control

(3) What Connectivity will do
based on operational requirements
from (2b) 

Each operational task should be further broken down into sub-tasks to a level 
that enables a clear distinction between tasks where a human is in charge of 
decision making and tasks where a system is in charge of decision making.
[DNVGL-CG-0264]

The [CONOPS] document should describe which operations usually 
performed by the crew, that will be replaced by autonomous or remotely 
controlled operations  [NMA RSV 12-2020]

«equivalent or better…»
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Role-based Architecture
Logical Decomposition Around Operational Roles



KONGSBERG PROPRIETARY  - See Statement of Proprietary informationWORLD CLASS  – Through people, technology and dedication

Company Protected

Operational Capabilities
Coordinated through Operational Activities – Allocated to human and/or machine
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R&A Levels of Control

▪ Operator Control Level (OCL)

- Monitoring
An operator is provided with a read only view of characteristics related to the 
vessel function.

- Supervising
In addition to Monitoring, an operator can approve/disapprove solutions [this may 
include multiple alternatives] for a vessel function made by the complementary 
Vessel Domain.

- Intervening
In addition to Supervising, an operator can modify the values of properties, 
parameters or, the configuration related to the complementary vessel function

- (Direct Control)
In addition to Intervening, an operator can directly influence the behaviour of all 
vessel equipment within scope of the Digital Chief domain

Dynamically Changed during Operation
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▪ Vessel Control Level (VCL)

- Automatic Execution
The Vessel Domain determines its own solution and executes the 
function to achieve the solution without any human intervention.

- Automatic Conditional Execution
The Vessel Domain finds one or multiple solutions for the vessel 
function and request confirmation from the operator to execute the 
solution.

- Under Intervention
The values of properties, parameters or the configuration of a vessel 
function can be modified by an operator

- (Directly Controlled)
The behaviour of the Digital Chief or Operate Equipment domains are 
influenced by an operator
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Operational Phases

Pre-
departure Unmooring Undocking Departure Transit Arrival Docking Mooring Post-arrival

Decomposition of Operations
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Operational Phases

Pre-
departure

Unmooring Undocking Departure Transit Lock Transit Bridge Transit Bridge Transit Lock Transit Bridge Bridge Transit Arrival Docking Mooring Post-arrival

Reuseable Across R&A Projects
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Pre-
departure

Unmooring Undocking Departure Transit Survey Transit Arrival Docking Mooring Post-arrival
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Model-Based Systems Engineering

▪ Single source of truth

▪ Traceability

▪ Domain-specific Viewpoints

▪ Auto-generated documentation

▪ Maintainable

▪ Scalable

Aim: Consistent and standardised specification with managed variation for all R&A Systems

Key Concepts and Benefits
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Context Diagram: Operational Environment & Enabling Systems
SysML used to express Systems Thinking Principles
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Example: R&A System of Systems
Semantic Relationships Between Systems
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