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DESCRIPTION

Description

[0001] The present invention relates to an energy management system, especially for vessels
at sea, and method for evaluating energy management in the system.

[0002] At present, the Energy Management System (EMS) onboard has become more
complex, providing the option to configure the power plant in many different modes. It is of
great importance to choose among the different producers to produce energy that meets the
load demand with reduced losses and operation cost. The load profile is stochastic in nature
and so a real-time optimization is required to minimize the operational cost and maximize the
energy efficiency.

Background:

[0003] Over the last decade, the regulations on emissions of pollutants have become strict.
This has led to a new thinking across various sectors of maritime industries. Many
transportation and shipping line companies are looking for an energy efficient system with
improved fuel consumption with less carbon emissions. This shall be achieved by minimizing
the utilization of diesel or gas driven engines or generators referred here as "gensets" and
compensating them with renewable energy sources. There are various sources of renewable
energies like batteries, photo-voltaic solar cells, wind, fuel cells etc., However, the challenge
lies in integration of these energy sources with traditional ship power management system.
Several reasons accounts for this such as installation spaces, ship operating regions, different
voltage levels, different control systems and so on.

[0004] From the available various renewable energy sources, battery has gained stronger
attention over the years among the research community. This is due its compactness, ease of
installation and maintenance, quick charging characteristics and ability to meet instant power
requirement. Moreover, the DC distribution has more advantages as compared to AC. Typical
example, in a DC system there is no need for synchronization, reduction in cabling and
elimination of bulky transformers. Additionally, in a DC system the reactive power circulation
and harmonics are removed.

[0005] In conventional approaches on managing power generation, distribution will not be
sufficient to operate the vessels with the complex power system beneficially. Therefore, a high-
level supervisory system including, data acquisition and analysis, prediction of future operating
needs, decision-making strategies and calculating optimal set-points becomes mandatory. The
conventional power management system only ensures a power balance and reliability of ship



DK/EP 4228115 T3

power grid.

[0006] In recent years, there has been a great deal of attention given to digitalizing maritime
industries for a greener, more sustainable form of operation. Due to this increase in awareness
regarding environmental protection and ship safety issues, maritime authorities and
governments around the world are making serious efforts to promote efficiency and safety of
ship operation at sea. This has compelled the ship power systems to be kept as efficient as
possible to assure high reliability for the vessel safety and for operators/passengers over a
wide range of operation conditions at minimum cost and emissions. Examples of such systems
are discussed in US9811099 and US10170912, as well as EP3865335 where measurements
and registrations of available consumers such as thrusters, onboard equipment etc are
combined with knowledge of generator or battery capacity etc. In addition, the dynamic
positioning system may be used to compensate for planned power consumption as a way to
reduce the load on the system. The known solutions also include motion prediction and
compensating for predicted motions as discussed in WO2015/028636 and NO337927, as well
as compensation for the dynamic operation windows of the generators in a system, as
discussed in WO2015/028621.

[0007] Document WO 2016/062565 A1 discloses a marine vessel and its power supply using
devices like generators and consumers.

[0008] It is an object of the present invention to introducesan intelligent energy management
system referred here as "IEMS" that primarily focuses on optimal performance of the system
over the time considering different objectives such as fuel-saving, emission reduction,
maintenance cost, equipment health, minimum power utilization and safety.

[0009] The IEMS should be capable of managing the power/energy demand during various
ship operations namely, Dynamic Positioning (DP), Maneuvering, Transit, Standby, Port,
providing a decision-making capability helping in scheduling of power generation either from
gensets or from other renewable energy sources based on the load levels. The torque and
speed limit of gensets, dynamic weather conditions, nature of operations are used to
determine the load set points for the producers. The knowledge-based learning aspect of iIEMS
also helps in better prediction of future load demand thereby reducing stress on producers and
preventing power instability.

[0010] Another object of the present invention is to provide a power plant system on marine
vessels that are robust in power management and optimal in energy balancing/storage looking
at the equipment characteristics.

[0011] Yet another aspect is that, based on statistics, it is evident that a high percentage of
ships are not operated efficiently owing to conventional thinking and operators with limited
knowledge of systems. It is common practice for ship operators to have lot of redundancy in
equipment's in the belief that it will prevent accidents. However, from the maritime authority
reports it has apparent that most of the accidents are caused by human errors. For
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commercial and passenger sea-going vessels, risk analysis methods are used as decision
support tools for improving maritime safety including protection of life, health, property, and
marine environment. These also help to strike a balance between the different technical and
operational constraints, including human element, maritime safety, protection of the marine
environment and operations costs. But these risk analyses are often based on statistical data
of past events, relying on recorded data of ship accidents. Improvements in maritime safety
are dependent on accurate and comprehensive statistical data. Therefore, lack of precise
information leads to inaccurate risk analyses.

[0012] On the other hand for dynamic positioning (DP) vessels as per IMO guidelines, a
Failure Mode and Effects Analysis (FMEA) study is an important technical exercise used to
determine the vessel's worst case failure and significant single point failures. Such FMEA
reports are a requirement to obtain DP class 2 and 3 notations. In comparison to sea-going
ships the DP ships safety elements are specific to DP activities. At present, the DP system
incidents are recorded by reporting, investigation and closing out procedures. Owners and
operators of DP vessels are encouraging to share lessons learned from DP incidents with the
wider DP community, DP systems and equipment vendors are also encouraged likewise and to
share information on unexpected faults, features and failures that are identified in operation.

[0013] In summary, all typical ship operations are complex in nature and are performed by
following predefined operational and safety procedures laid by operators and flag authorities.
The systems involved in the operations are interlinked with each other in several complicated
patterns and is therefore difficult for operator to foresee the future effects of any actions taken
as it is not possible to articulate the impact it may inherent to ship safety. It is therefore an
object of the present invention to simplify the information presented for the operator or possibly
for a machine learning algorithm trained to handle the situation automatically.

[0014] The objects of the present invention are achieved with a system for controlling a marine
vessel as specified in the accompanying claims.

[0015] The present invention thus proposes a system with novel connector between the
Operational Technology (OT) and Information Technology (IT) layer. The connector
establishes a secure and reliable data exchange mechanism between the OT and IT layer.
The decision computed by iIEMS operating in the IT layer is then processed by a balance
profile. Dynamic robustness is provided by the balance profile in terms of energy efficiency and
redundancy margin index. An optimal decision is sent from the IT layer to the OT layer when
the balance profile feature gives the best combined index, being based on the weighted scores
calculated from the energy efficiency components and redundancy margin components. In this
manner, an optimal power plant including setup of gensets and other renewable energy
sources, thrusters, propellers can be autonomously configured in the real time by calculating
the redundancy and/or load on the system and provide an index indicating the optimal
operation of the system.

[0016] The EMS in OT layer has different submodes namely, boost mode, peakshaving mode,
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PTI/PTO mode etc., If the combined index from the balance profile falls within the acceptable
limit, EMS automatically switches to the submode corresponding to the optimal power plant
and the main vessel operation mode.

[0017] The solution according to the invention thus provides a a system and mechanism that
benefits the ship performance both in terms of efficiency and safety (redundancy margin) such
as providing recommendations for optimizing power generation, and distribution in a safe
manner. The present invention also improves the decision-making ability of the IEMS in
combination with the balance profile help to configure the ship power plant according to the
operation performed autonomously in an ideal configuration to suit current and future weather
conditions and operating location. The unique connector proposed helps to transfer the
selected recommendations from balance profile in IT layer to the control system in the OT
layer. This may eliminate the human involvement in the decision process, which enhances its
effectiveness.

[0018] By using an online cost optimizer, the optimal load setpoints for various producers such
as gensets, batteries, fuel cell etc., and the optimal power plant configuration/connections is
used to improve overall fuel consumption and to determine the efficiency.

[0019] The IEMS according to the invention is designed to be autonomous in decision making
capability and therefore the balance profile feature is introduced to process the results of cost
optimizer before sending the suggested configurations to the control system. The balance
profile computes a combined index between the energy efficiency and vessel redundancy
margin. This may be performed according to a predetermined set of rules or be based on
analysis of previous incidents and store events, possibly in combination with user feedback
related to the situations.

[0020] The present invention will be discussed more in detail with reference to the
accompanying drawings, illustrating the invention by way of examples.

Figure 1
illustrates the iEMS and balance profile in a ship control system.
Figure 2
illustrates schematically the balance profile.
Figure 3
illustrates a flow chart of the iEMS and Balance profile in a DP operation.
Figure 4
illustrates a flow chart of the iIEMS and Balance profile in a DP operation involving transit,
standby, harbor and maneuvering.

[0021] A dependable power source is essential during vessel operations. The main function of
an energy management system (EMS) is to manage the power generation systems safely,
reliably, and economically on various types of vessels. It does so by using failure-proof energy
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management strategies that provide high availability of power, under all working conditions.

[0022] A typical EMS does the following:

1. 1. Monitors the producers and consumer and starts up or shuts down specific producers
in response to alarm conditions.

2. 2. Controls the load-sharing of the batteries via the converters.

3. 3. Maintain sufficient power during changing electrical load conditions.

4.4, Performs quick load-reduction of heavy consumers if the producers are
overloaded/shut down.

5.5. Does ramp control of heavy consumers, according to the number and type of
producers connected.

[0023] One of the core capabilities of the EMS is the ability to prevent power outages, by
avoiding electrical power overload scenarios. It also has the capability to quickly cope with
sudden overload situations due to, unexpected loss or shutdown of electrical producers.

[0024] However, with stricter regulation on emissions the EMS needs to be intelligent in setup
of the power plant according to the type of vessel mode. The iEMS including balance profile in
level 4 of ANSI/ISA-95 model helps to perform real time optimization. Based on the vessel
mode and operation, it determines the optimal power plant and calculates a combined index
for the selection before transmitting it to EMS.

[0025] The ANSI/ISA-95 model consists of five levels, 0-4, with iEMS in level 4. Each level
operates in different time frame depending the criticality of the operation performed. The iIEMS
greatly differs with regards to the control layer (OT layer) and operates in minutes /hours.

[0026] With regard to Figure 1 is shown an overview of different components comprising IEMS
including the balance profile. The data logging system 102 collects and logs data from the
control systems installed onboard. The logged data are then presented to the IT layer
components through a data adapter service 105. The data are then populated and distributed
from the 111 data distribution service. The 111 data distribution service bus publishes and
subscribes information across the connected services.

[0027] The dynamic positioning system 103 hosts the power plant setup advisor component
125, that helps to determine the optimal power plant setup. The power plant setup advisor is
an OS- application (MFC) that loops through all the possible desired setups and provides one
setup to be used in each iteration. Each setup describes available gensets status, battery
status, specific bus-tie breaker status and specific thruster connect status and can be an input
to the worst-case failure (WSF) loop. The optimizer is run on each setup in order to calculate
the optimal genset/battery setup and the cost for this power plant setup.

[0028] The power plant setups information is defined by configuration file or by a machine
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learning algorithm. The possible switchboard i.e., ring bus, open bus, closed bus, 2+1 split, 2-
split or n split combinations and thruster configuration during a DP operation are defined in this
configuration file. The legal DP class for each switchboard combination are included in the
same configuration file. Based on the power requirements of each connected switchboard the
potential contribution of each genset is directly given. However, for thruster it is complicated as
it will contribute in at least two directions and typically in all three directions (surge, sway and
yaw). In addition, thrusters are connected to different connected switchboards. Consequently,
when disconnecting a thruster from a switchboard the power demands of other connected
switchboard will increase. Each time a thruster is connected or disconnected the whole WSF
loop must be re-run to find a new optimal genset setup.

[0029] The thruster demand is given in three axes, being Surge, Sway and Yaw. For the
present weather condition and with the present settings the thruster demand is calculated by
103 DP. The output from 124 vessel response simulator is used if the analysis is run on
changed settings in DP e.g., different heading or controller gain. The cost optimizer 125 gives
long term advise for the power plant setup and is therefore necessary to smoothen the thrust
demand so the thrust spikes do not influence on the result. A low pass filter is used to
smoothen the thruster demand.

[0030] The required power ramp for each connect switchboard depends on the computed
thrust ramp. Here the thrust ramp is determined from the standard deviation of the thrust
demand. The deviation is computed recursively for surge, sway, and yaw separately. The
calculated thrust standard deviations are multiplied with two to obtain the thrust ramps.

[0031] The purpose of vessel response simulator 124 is to generate the thrust demand and
vessel response based on environmental disturbance (i.e., wind, current and waves). These
environmental data are fetched from 118, 119 weather data service and adapter.

[0032] The solution of 125 optimization problem is sent to 106 DP connector in IT layer from
103 DP via a web interface 104. The interface 104 fetches a token from the IT layer and is
then verified for every post from 103 DP. The traffic between 103 and 106 are encrypted using
a self-assigned certificate.

[0033] In 126 different services are hosted in an IT layer that subscribes data and publish
results to the data distribution service 111. The ship mode service 107 automatically detects
the vessel main operation mode based on several signals likely, number of thrusters running,
number of genset/battery running, shore power connection, vessel speed, water depth, vessel
draft, vessel GPS position, vessel motions etc., 108 rest load analysis, determines the
minimum rest load based on the vessel main operation mode information received from 107.
The deviations from the baseline rest load are published back into 111 data distribution service.
The power plant advise service 115 analyses the result from the 125 and determines the
actions e.g., stopping/ starting of DG, thrusters, adjustments of kWW/s etc., that needs to be
forwarded to the control system via 113 control system connector.
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[0034] The efficiency and loss service 116 calculate the power loss and the operating
efficiency of the equipment's including producers and consumers. The service also computes
the power losses and efficiency based on the suggested configuration received from 125. The
optimal power plant utilization service 109 subscribes to results from 108, 115, 116 and 107.
The optimal power plant setup, minimum rest load, power loss and efficiency and vessel
operation mode are used in 109 to determine the ideal load reference that gives minimum fuel
consumption and maximum efficiency. The weather data adapter 119 and weather data service
118 are used to fetch the weather forecast for the ship geographical location using an internet-
based cloud service. This weather forecast information are published and subscribed by other
services namely, 108, 106. Using the DP connector 106 the weather parameters are forwarded
to the vessel response simulator 124.

[0035] In 110 the possible fuel consumption reduction based on the results from 109 is
computed and forwarded to the balance profile 112. The fuel consumption reduction is used to
calculate the achievable emission reduction in 117 and transferred to balance profile. The
reduction in maintenance cost based on the reduction in running hours is computed in 114.
The consolidated information from all the mentioned services in 126 are utilized in 112 to
determine a combined index score based on the achievable energy efficiency and redundancy
margin.

[0036] The control system connector 113 is used to send the combined index and the optimal
power plant setup recommendations to the 127-control system layer via 120. The connector
operates in the same mechanism as 104. The system 127 includes options for selection of
main system mode 121 and power system mode 122. It also accommodates the EMS 123
which manages the power generation systems safely, reliably, and economically. The different
main system modes 121 of a vessel are shore connection, harbour, maneuvering, transit slow,
transit fast, transit full speed, transit max speed, DP propeller, DP thruster, anchor and silent
operation etc., The ship mode service 107 in 126, determines automatically one of the main
modes as mentioned earlier.

[0037] For each of the main modes, it is possible for 123 to configure the power plant in any of
the power system mode. The power system mode depends on the configuration of main
engine, hybrid shaft generator, auxiliary engines, energy storage unit, grid converters, shore
connections etc., The combined index and optimal power plant configurations are processed in
123 to determine if a change in the power system mode is required to follow the suggestions. If
the combined index from the balance profile falls within the acceptable limit, then the
adaptation is performed automatically by EMS 123.

[0038] With regard to Figure 2, a block diagram of balance profile 200 inclusive of calculator
service for combined index is shown. From the data distribution service 201 the suggested
actions and results from other services of 126 are presented to 202. Based on the
recommended setups a value of energy efficiency index 203 and vessel redundancy margin
index 204 are calculated. In section, balance profile there are examples on how the energy
efficiency index and vessel redundancy index are calculated for each individual actions.
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[0039] This is illustrated in the tables below where table 1 illustrates the situation where an
offshore vessel performs a DP operation in two split switchboard configurations with two
gensets connected on each switchboard segments. All thrusters running in the two switchboard
segments are running and enabled in DP system. The combined index computed for such
operation from Balance profile is as shown below:

Table 1 Present State Combined index value for DP operation

Present State
Energy Efficiency Score {Redundancy Margin Score
components Components
Number of Engines 0.1{Ship Position deviation 0.45
Number of Thrusters 0.11{Ship Motion 0.09
Fuel oil 0.11 {Ramp factor of producers 0.29
consumption/Emission and consumers
Rest Load 0.2{Heading deviation 0.47
Electrical Efficiency 0.14{Spinning Reserve 0.16
and Loss
Power Available 0.12{Redundancy requirement 0.03
Operational Mode 0.06
requirement
DP Consequence 0.09
Weighted Score 0.23{Weighted Score 0.26{Combined 0.1
index

[0040] The scores for the energy efficiency and redundancy margin are in this case the mean
value of the individual scores for each element, but may be weighted differently, either
automatically through analysis of previous situations or by an operator. The combined index is
determined by setting a base and target value for energy efficiency and redundancy margin
scores. Then mapping the two scores to a common index range and assign them dynamic
weights for them according to operation mode. Finally, sum up the weighted score values for
each score. The weights may be predetermined or dynamically adjusted based on machine
learning algorithms and continuously samples information related to the performance of the
system.

[0041] The situation in Table 1 results in a very low combined index, which is not optimal and
should result in adjustments in the system, for example by increasing the number of producers,
e.g. generators, in the system. This would increase the redundancy margin, but at the cost of
the fuel consumption and emissions. The combined index would thus balance the different
aspects of the system. The system may suggest a number of different adjustments of the
system depending on the available equipment, and calculate the combined index for each of
them, making the system or operator able to choose the best option based on the combined



DK/EP 4228115 T3

indexes.

[0042] A different situation is illustrated in table 2, where an offshore vessel is in Transit
operation in single closed switchboard configurations with two main engines and two propellers
running in diesel mechanic mode and one auxiliary engine connected on main switchboard.
The vessel is cruising at 10 knots.

[0043] The combined index computed for such operation from Balance profile is as below.
Table 2 Present State Combined index value for transit operation

Present State

Energy Efficiency Score jRedundancy Margin Score
components Components
Number of Engines 0.1{Ship Position deviation 0.1
Number of 0§ Ship Motion 0.2
Thrusters
Fuel oil 0.11{Ramp factor of producers 0.29
consumption/Em and consumers
ission
Rest Load 0.5jHeading deviation 0.1
Electrical Efficiency { 0.14{Spinning Reserve 0.16
and Loss
Power Available 0.12}Redundancy requirement 0.03
Main Engine 0.1{Operational Mode 0.06
Operation Mode requirement
Combinator Mode 0.15; Ship drifting speed 0.25
for propeller

Ship drifting direction 0.25

Distance to shallow water { 0.09
Weighted Score 0.125{Weighted Score 0.095{Combined {0.044

index

[0044] Again, the system would suggest different solutions based on the available resources in
the system and calculate the combined index for the different configurations, making it possible
to choose the solution giving the optimal value of the combined index, which in the example
would be the highest value.

[0045] More in detail the scores are computed using multiple parameters as mentioned in the
Table 1 for DP and Table 2 for transit operation. Each parameter has its own weighted score
depending on the vessel operation mode. The weighted score ranges from 0 to 1. For 204 the
score O indicates very high redundancy margin and score 1 indicates very low redundancy
margin. For 203 the score 0 indicates inefficient system and 1 indicates optimal system. These
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scores are then combined to produce a unified score in 205. In the combined index, a base
value and target value are defined for energy efficiency and redundancy margin. The base and
target value are adjusted dynamically according to the vessel operation mode. This combined
index is then verified against a limit defined in 206 before a decision on forwarding to control
system connector is made. The health status of services in 126 and the combined index value
have to be within an acceptable limit to pass the validation.

[0046] With regard to Figure 3, a flow diagram of an illustrative process of IEMS and balance
profile for a DP operation is shown. The process starts at 303, where a decision mean change
in weather is made. The limits to determine mean change in weather i.e., wind, current and
wave are configurable, and the weather forecast is received 301 and posted 303. In 304, a
change in power plant configuration e.g., bus breaker status, gensets status, thruster status,
power system mode change etc., is decided. In 305 a change in DP configuration like change
in heading, controller gains etc., are checked. A change in operation mode change is detected
in 306. If any of the condition in 303, 304, 305 and 306 is satisfied the power plant advisor 307
is initiated. The power plant advisor as described above runs a power plant loop to determine
an optimal setup with minimum number of gensets, battery and thrusters based on the
selected DP class without exceeding the WSF condition.

[0047] The results from 307 is post processed in optimal power plant utilization, where the
power loss, efficiency, minimum rest load and power system mode are used to determine the
ideal load reference for the producers that results in minimum fuel consumption and emission.
The output for 308 is then used in 309 balance profile block where a combined index is
computed. In 310, the combined index score is compared with acceptable limits and the results
of 308 are then forwarded to control system via connecter 312 if it is approved by 311. If the
score exceeds the limit, then the process returns to 309 to continue the same sequence for the
next suggestion in the pipeline.

[0048] In parallel, as seen in Figure 3, the data distribution service 313 continuously publishes
and collects data from the different services hosted in the IT layer. The results from these
services are used in 308.

[0049] With regard to Figure 4, a flow diagram of an illustrative process of IEMS and balance
profile for non-DP operation is shown. The process starts at 403, to detect a change in mean
weather based on the weather forecast received 401. In addition, a change in power plant
setup including the power system mode change 404 or operational mode change 405 are used
to initiate the optimal power plant utilization service. The different power system modes for
different vessel operation mode are defined in a configuration file. An optimizer using the mean
load profile, peak load demands performs iteration on the defined modes to determine a best
setup that provides minimum energy usage. The selected configuration shall also provide the
required efficiency.

[0050] In 408, the combined index from the balance profile block 407 is compared against the
limits to determine if the recommendations can be forwarded to the control system via 409 and
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410. Any deviation for the acceptable limit will result in aborting the sequence of transferring
the advice to control system. The flow goes back to 407 to repeat the procedure based on the
next advice in the queue. As mentioned before, the other services hosted in IT layer perform
the calculation based on the real time measurements received via the data distribution service
412.

[0051] The present invention relates to a hierarchy is based on the industry approved
ANSI/ISA -95 model. The physical components are placed in level 0 in the model, where
process happens in milliseconds or microseconds. The measurements from level 0 are
transmitted to controllers in level 1, where the actions happen in seconds. The level 2 hosts the
monitoring and controlling elements are performed within in seconds. EMS is located in level 3
where PMS operation and selection of operation modes are performed. The iIEMS including
balance profile are placed in level between 3 and 4 ie., 3.5. The novel control system
connector links level 3.5 and 3. Level 5 is where the business planning and logistics are
performed. This level has no relevance to the mechanism defined in this patent.

[0052] To summarize the present invention relates to a system and related method for
controlling a marine vessel comprising a number of devices. The devices including a number of
power generators and consumers, further comprising sensors for monitoring the activity of the
devices. The system also includes at least one processor calculating device score values
representing the performance of the devices based on the sensor measurements and know
characteristics of each device. Also, the system includes a control unit connected to said
devices and being configured to calculate an efficiency score value based on said device score
values, the efficiency score value defining the efficiency of the system.

[0053] The system is also configured to calculate the redundancy of the system based on the
operation mode and/or load of the devices, and to calculate a redundancy margin index
indicating the redundancy of the system devices according to predetermined scores for each
operation mode related to the redundancy of the related device, and computing the efficiency
and redundancy score values for the system. The system also further configured to calculate a
combined index based on the efficiency score value and redundancy margin index.

[0054] The system includes a set of setup configurations for the devices included in the
system, and is configured to, at the instance of the combined index being outside a
predetermined range, calculating the combined index for at least one alternate device setup
and indicating the preferred setup based on a comparison between the combined index
values. By choosing the highest combined index value the optimal mode of operation of the
system may be used.

[0055] The predetermined scores for each operation mode may be based on statistical
analysis of previous stored data from corresponding situations or the predetermined scores
and/or the predetermined range may be obtained from a machine learning unit analysing the
system performance. The scores and range preferably being obtained from the machine
learning unit are based on an analysis of previous data sampled in previous cases and/or
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feedback registered from system operators.

[0056] The comparison of the combined indexes may also include a comparison of said
computed or calculated scores, indexes and alternative device setups provided by a machine
learning unit for optimization the system efficiency and redundancy based on an individual
evaluation of the devices in addition to the efficiency and redundancy score values.

[0057] The sensors in the system may also include one or more sensors for monitoring the
vessel environment such as waves, current, wind and/or for monitoring of the vessel behavior,
such as the position, motion, speed, heading of the vessel, the system thus being capable of
weighting the scores depending on the situation, e.g. giving redundancy priority under difficult
weather conditions. For the same purpose the system may also be configured to receive
information regarding the vessel environment directly, such as a weather forecast, and being
configured to take the environment information into account by a vessel response simulator,
providing input to the system related to future conditions in the environment.

[0058] The devices in the system may be defined as individual entities in the system, or may
be grouped in clusters, such as a cluster for power generation, a cluster for thrusters, whereby
the system calculates a common device score for each of the clusters.

[0059] The system may also include a user interface including a display and interface such as
a keyboard for allowing an operator to choose a setup based on said combined indexes, where
the combined index is visualized for the operator to simplify the choice options, or for providing
feedback from the user evaluating the performance. The choices and feedback may be
registered by the system and used to optimize future automatic choices or the calculation of
future scores and indexes, e.g. by a machine learning algorithm.

REFERENCES CITED IN THE DESCRIPTION

Cited references

This list of references cited by the applicant is for the reader's convenience only. It does not
form part of the European patent document. Even though great care has been taken in
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
liability in this regard.

Patent documents cited in the description



DK/EP 4228115 T3

US08110850 I60g]
US10170812E 16008}
ERIRA5ES35A TRGOS]
WOIO150288364 [0008]
NOZI7HZT [oG0s]
WORD15028821A [O008]
WO2016082565A1 [000T]




10

15

20

25

DK/EP 4228115 T3

Patentkrav

1. System til styring af et marinefartgj, omfattende et antal indretninger, hvor
indretningerne omfatter et antal stramgeneratorer og forbrugere, yderligere
omfattende sensorer til overvagning af indretningernes aktivitet, hvor systemet
omfatter mindst én processor, der beregner indretningernes scoreveerdier for
indretningerne, hvor systemet ogsa omfatter en styreenhed, der er forbundet
med indretningerne og er konfigureret til at beregne en effektivitetsscoreveerdi
baseret pa indretningernes scoreveerdier, hvor effektivitetsscorevaerdien defi-
nerer effektiviteten af systemet,

hvor systemet ogsa er konfigureret til at beregne redundansen af systemet
baseret pa driftstilstanden og/eller belastningen af indretningerne, og til at be-
regne et redundansmarginindeks, der angiver redundansen af systemindret-
ningerne, i overensstemmelse med forudbestemte scores for hver driftstilstand
og beregning af effektivitets- og redundansveerdierne,

hvor systemet ogsa er konfigureret til at beregne et kombineret indeks baseret
pa effektivitetsscorevaerdien og redundansmarginindekset, og

systemet omfatter et saet opseetningskonfigurationer for de indretninger, der er
omfattet af systemet, hvor systemet er konfigureret til, nar det kombinerede
indeks er uden for et forudbestemt omrade, at beregne det kombinerede in-
deks for mindst én alternativ indretningsopsaetning og angive den foretrukne
opsaetning baseret pa en sammenligning mellem de kombinerede indeksveer-

dier.

2. System ifglge krav 1, hvor de forudbestemte scores for hver driftstilstand er
baseret pa statistisk analyse af tidligere lagrede data fra tilsvarende situatio-

ner.
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3. System ifalge et hvilket som helst af de foregaende krav, hvor de forudbe-
stemte scores og/eller det forudbestemte omrade er opnaet fra en maskinlae-

ringsenhed].

4. System ifglge krav 3, hvor de scores og den reekkevidde, der er opnaet fra
maskinleeringsenheden, er baseret pa en analyse af tidligere data, der er ind-
samlet i tidligere tilfaelde, og/eller feedback, der er registreret fra systemope-
raterer.

5. System ifalge et hvilket som helst af de foregaende krav, hvor sammenlig-
ningen af de kombinerede indekser ogsa omfatter en sammenligning af de
kalkulerede eller beregnede scores, indekser og alternative indretningfsop-
seetninger, der er tilvejebragt af en maskinleeringsenhed til optimering af sy-
stemets effektivitet og redundans.

6. System ifalge et hvilket som helst af de foregaende krav, hvor sensorerne
yderligere omfatter en eller flere sensorer til at overvage fartgjsmiljget, sasom
balger, stram, vind, og/eller til at overvage fartgjets adfeerd, sasom position,

bevaegelse, hastighed, kurs af fartgjet.

7. System ifalge et hvilket som helst af de foregadende krav, hvor systemet
ogsa er konfigureret til at modtage information vedrarende fartgjsmiljget, sa-
som en vejrudsigt, og er konfigureret til at tage miljginformationen i betragtning
ved hjeelp af en fartgjsresponssimulator, der giver input til systemet relateret
til fremtidige forhold i miljget.

8. System ifalge et hvilket som helst af de foregaende krav, hvor indretnin-
gerne er grupperet i klynger, sasom en klynge til stramgenerering, en klynge
til thrustere, hvorved systemet beregner en feelles indretningsscore for enhver
af klyngerne.
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9. System ifglge et hvilket som helst af de foregaende krav, hvor systemet om-
fatter en brugergreenseflade, der omfatter et display, der gor det muligt for en

operatgr at veelge en opsaetning baseret pa de kombinerede indekser.
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