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Real Challenges.
True Solutions.

Challenges

1 Context
State-of-the-art
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Context & Challenges

Source : IMO

The ways all ships are designed and operated is changing…. forever
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Fields of applications in correlation with markets evolutions

Floating Offshore Wind is a strong driver

Context & Challenges

Source : Strathclyde University
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Fields of applications in correlation with markets evolutions

Floating Offshore Wind is a strong driver …. where DP will remain Key technology !

Context & Challenges

Artist Illustration of the VIMFLO project led by 
Technip Energies

partnering with D-ICE, CEA & Ecole Centrale Nantes

Source : Strathclyde University
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Among the new operational constraints :

● Adverse Conditions (Wind & Waves conditions)

● Heightened Collision Risks

● Increased Operational Frequency

Context & Challenges

Artist Illustration of the VIMFLO project led by 
Technip Energies

partnering with D-ICE, CEA & Ecole Centrale Nantes
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Pivotal Role offered by Decision Support Systems

Decision Support Systems

Resource Management

Bringing serenity, keep operators focused 

and in the industry (!)

Emergency Response

Emergency management planning and 

execution

Environmental 
Conservation

Protection fragile marine ecosystems

Safety At Sea

Protecting lives, preventing accidents, etc.

Operational Efficiency

Consolidate viability in complex economic 

situations 

Decision Support 

Systems
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● Capability plots

● New Standard Proposed by DNV (ST-0111) with 3 levels of Accuracy

● Evolving requirements (typically the expected accuracy)

State-of-the-Art of DP Operations Planning

DYNCAP – Full Scale Validation of a Vessel's 
Station-Keeping Capability Analysis, Smogeli et al.
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Real Challenges.
True Solutions.

2
Design Philosophy
Software Architecture
Data collection & Model architecture
Example in Simulation

PREDICTiCS
A novel Decision-Support Framework



www.dice-engineering.comMTS DP Conference 2023 www.dice-engineering.comMTS DP Conference 2023

● General Objectives

○ Capable to predict positioning performances depending on user inputs

○ Combine prior knowledge (simulations) and self-improving with on field measurements (learning)

Design Philosophy
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● General Objectives

○ Capable to predict positioning performances depending on user inputs

○ Combine prior knowledge (simulations) and self-improving with on field measurements (learning)

● Design Philosophy - 7 Pillars !

○ 1. Autonomy: Independent a dedicated hardware
○ 2. Independence: No direct connections with critical features.
○ 3. Segregation: Only sharing of recorded data that remains independent from ongoing DP operations.
○ 4. Differentiation: Robust network protection measures
○ 5. Fault Tolerance: Failure within the PREDICTiCS system must not impact the DP
○ 6. Fault Resistance Use of DP quality level (DNV GL 2.4) qualified hardware and similar development methodology
○ 7. Ride Through: Recovery data from scratch and resilience to rebuild

Design Philosophy
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● Specific Guidelines for Decision-Support Systems

○ 8. Clarity: Crystal-clear output
○ 9. Transparency: Provide insights even if performances are poor
○ 10. Integrity: Produce repeatable quality outputs.

Design Philosophy
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Proposed Software Architecture
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Physics Based
● Domain coverage is controlled
● Relies on the accuracy of numerical 

simulations
● Computationally expensive:

Quality/Quantity tradeoff

Physics vs Data Based Models

Data Based
● Domain coverage depends on data 

availability
● Has the potential to be more accurate than 

physics based models
● Can exhibit chaotic behavior outside of the 

distribution of training data
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Physics vs Data Based Models

https://doi.org/10.1016/j.jmsy.2022.04.004
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Measuring Performance

Error Q90 Score:

Challenge:
Extracting a single value from 
several-minutes long 
recordings sampled at 10Hz 
frequency

Solution:
Use the 90th percentile of the 
absolute error distribution. 
Gives a conservative upper 
bound while filtering out noise
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Physics Based
● Design experiments scenarii
● Extract data from raw simulation logs:

99.996% space saving ratio
● Results stored in a tree data structure 

optimized for fast nearest-neighbours query

Data Collection & Exploitation

Data Based
● Store operational data 
● Extract data from relevant intervals:

99.998% space saving ratio
● Train a Deep Neural Network from this data
● Memorization component
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Prediction Mixing

Store observations in a tree

Measure confidence using local density estimation

Weighted average to combine predictions
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User Interface

© D-ICE
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Pros/Cons

ConsPros

Risk of learning from anomalous data (flag system in support)Control core used in simulations = control core used in 
operations

Risk of data overload due to the demanding amount of data 
needed for these models (related to the oceanics architecture 
also)

Remote access possible

Risk of giving wrong predictions ( user should be aware) Easy to deploy (only requires DB access)

The nature of the model, NNs being a black boxes, they are not 
really explainable. 

Optimized data structures for quick prediction and reduced 
memory footprint
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Real Challenges.
True Solutions.

System Integration

3
OCEANiCS Platform
Key Benefits
Preliminary Feedbacks from Users
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OCEANiCS System

Cutting-edge Advanced Navigation System developed by D-ICE since 2015

● Exceptional performances powered by A.I, Nonlinear Multi-Objective Optimization &  Nonlinear Control

● Strong ongoing R&D roadmap

● Certifications : IEC 60945, IEC 62065, IEC 61174, BV, DNV**

Weather Routing

ECDIS

Performances Analysis

Dynamic Positioning Autopilot

Marine Grade Hardware

Rewarded Innovation
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Example of integration on CANOPEE Vessel

© Sofien Kerkeni
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Example of integration on CANOPEE Vessel

● View from the bridge

● View of the Chart Table
© Sofien Kerkeni

© Sofien Kerkeni
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● Seamless integration

○ Providing a comprehensive solution for operators.

● Enhanced decision support

○ Synergy between the physical and data-driven model

● Adaptive Capabilities

○ Consideration of the varying environmental conditions

○ Model adjustment to ensure relevant and prompt outputs

● User-centered Experience

○ Consolidating a panel of other decision support systems (ANALYTiCS, Weather Routing)

● Future-Ready

○ Envisioning real-time data ingestion*

○ leveraging live monitoring

○ insuring trust and adaptability in maritime operations.

Key Benefits
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Preliminary Feedback From Full Scale Deployment 

● Canopée Vessel : 

○ First modern sailing cargo in the world.

○ Objective to 30% reduction of fuel consumption.

● ANALYTiCS in Action : 

○ Successfully integrated on Canopée. 

○ Provides operators the capability to analyze and optimize  

their trips.

● Key Feedback : Bases Performances of the ship is a must have © Sofien Kerkeni

© D-ICE
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Real Challenges.
True Solutions.

Perspectives & Next Steps

4 Qualitative Considerations
Roadmap
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● Simulation Core

○ Improving reality and accuracy of the models

● Improve  Prediction Performance

○ Synergy between the physical and data-driven model

● Addition of Key Parameters

○ Sea States

○ Identification of key additional parameters

● User-centered Experience

○ Consolidating a panel of other decision support systems of OCEANiCS (ANALYTiCS, Weather Routing)

Next Developments

© Sofien Kerkeni
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Design of a system following rigorous design methodologies

● Use on High-Fidelity Advanced Simulations framework as a base

● Live collaboration with control cores

● Collecting, analyzing and continuously learning from data

● Use of the similar hardware for lowered costs considerations

Conclusions

© Tom VanOossanen
Alizés, Jifmar, Neptune, Ayro © Sofien Kerkeni

© D-ICE
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