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(57) Abstract

A vessel environment condition assessment
system and method, the system comprising a

motion measurement unit (4) on board a vessel Mition Ensrgy Evergy
(17) configured to sense the vessels motion, signal T opesatoy T ‘-‘*g;af“‘*
1 2

wherein the motion measurement unit is
configured to output a motion signal (1) of the
vessel, a processor (12, 15) adapted to receive

the motion signal of the vessel, and apply an
energy operator (2) to the motion signal to
calculate an energy signal (3) representative of
the environmental condition for the vessel.



VESSEL ENVIRONMENT CONDITION ASSESSMENT SYSTEM AND METHOD
TECHNICAL FIELD

[0001] The present invention relates to a method and system for assessment of vessel response to
environmental condition. In particular by applying an energy operator to a motion signal to determine
an energy signal representative of the environmental condition for the vessel as defined in claim 1 and
claim 6.

BACKGROUND

[0002] When vessels are sailing they may experience large variations in sea-states and weather
conditions. The energy balance of the power plant of a vessel is effected by the sea-state and weather
conditions in which the vessel is operating. Knowledge about environmental conditions may be used to
take the influence of weather effect out of the total energy balance analysis in the power system
design and to be used in the on-board advisory system. This information is crucial for the power system
designers to consider for the dynamic load variations and to properly dimension the system for
example for a dynamic positioning (DP) or Transit operations. It is therefore a need for an
environmental condition indicator influencing the power and energy used by the vessel. Additionally
the knowledge about the environmental condition enables comparing different vessel designs and
vessel performance.

[0003] The sea state, the general condition of the surface of the open sea, varies over time, and
there exist various ways of characterizing sea state by statistics, including various properties of the
waves, such as wave height, period, and power spectrum.

[0004] Sea state is typically assessed by buoys, wave radars or satellites. Different hydro-mechanical
approaches are used, including statistics for characterization of wave height, direction, period, energy
spectra etc. Due to the complexity, existing wave measuring sensor systems tend to be costly. The
sensor systems may typically make use of different types of gyro sensors, accelerometers etc.

[0005] InEP1962163 Al itis described a control system for lift-generating means, the control
system comprising: detector means for detecting at least one parameter from which stall may be
calculated; scaling means for determining a scale factor dependent on the or each detected parameter;
and multiplier means for multiplying an incoming lift demand signal by the scale factor to provide an
outgoing lift demand signal.

[0006] Signal processing using the Teager Energy Operator and other nonlinear operators is the topic
in the Cand.Scient Thesis by E. Kvedalen at University of Oslo, Department of Informatics, May 2003.

[0007] In order to reduce the instrument cost, other methods of identifying the sea state have been
researched. This methods estimate the sea state estimation using vessel response, or ship motion
response, to the environment. These methods rely on calculating wave spectrums, complex
transformation and feature extraction. Due to the complex methodology, the calculation of sea state
has required significant processing power, and introduced delays that complicate dynamic positioning
operation of vessels.

[0008] Itis therefore a need for system and method for vessel environment assessment that is
simple to implement in a real system, numerically cheap and that introduces little delay.
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SHORT SUMMARY

[0009] A goal with the present invention is to overcome the problems of prior art, and to disclose a
system and a method.

[0010] The invention solving the above mentioned problems is a vessel environmental condition
assessment method and a vessel environmental condition assessment system according to the
independent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1illustrates in a simplified block diagram an embodiment of a vessel environmental
condition sensing method.

[0012] Fig. 2 illustrates in a simplified block diagram an embodiment of a vessel environmental
condition sensing method.

[0013] Fig. 3 is an exemplary plot of a determined pitch energy and roll energy for a vessel.

[0014] Fig. 4 illustrates in a simplified block diagram an embodiment of a vessel environmental
condition sensing system.

EMBODIMENTS OF THE INVENTION

[0015] In the following description, various examples and embodiments of the invention are set
forth in order to provide the skilled person with a more thorough understanding of the invention. The
specific details described in the context of the various embodiments and with reference to the
attached drawings are not intended to be construed as limitations. Rather, the scope of the invention
is defined in the appended claims.

[0016] The embodiments described below are numbered. In addition, dependent embodiments
defined in relation to the numbered embodiments are described. Unless otherwise specified, any
embodiment that can be combined with one or more numbered embodiments may also be combined
directly with any of the dependent embodiments of the numbered embodiment(s) referred to.

[0017] With reference to Fig. 1, the invention is in a first embodiment a vessel environmental
condition sensing method comprising receiving a motion signal 1 from a motion measurement unit on
board a vessel. An energy operator 2 is applied to the motion signal 1 to determine an energy signal 3
representative of the environmental condition for the vessel.

[0018] The energy signal describes the dynamics of the motions of a vessel on the sea. The value of
the energy signal reflect the vessel’s response to the environmental conditions, such as weather
and/or wave conditions.

[0019] Different vessels may respond differently to the same weather conditions. The value of the
energy signal for two different vessels in the same weather conditions may therefore be different for
each of the vessels.

[0020] In a second embodiment that may be combined with the first embodiment above, the energy
operator 2 is the Teager Kaiser (TK) instantaneous energy operator. The TK operator is expressed as

W, (x[n]) = x%[n] — x[n + 1]x[n — 1]
where W, (x[n]) is the TK operator of signal x[n], and x[n] is a discrete time signal. The
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implementation of the instantaneous energy operator for the discrete signal is simple, numerically
cheap and only introduces 1 Sa (sample delay), thus is considered a delay-less solution.

[0021] In a third embodiment that may be combined with any of the embodiments above, the
method further comprises classifying the energy signal into a plurality of environmental condition
classes for the vessel, each environmental condition class being defined by an energy signal threshold
value. In one example there are three environmental condition classes, where an energy signal below a
first threshold represents good environmental conditions, an energy signal between the first threshold
and a second threshold, the second threshold being higher than the first threshold, represents medium
environmental conditions, and an energy signal higher than a third threshold, the third threshold being
higher than the second threshold, represents bad environmental conditions. However, any number of
classes may be used. Exemplary methods of building a classifier based on the energy signals are
perceptron or k-means clustering. Any other clustering method applicable may be used.

[0022] The motion measurement unit senses the movements of a vessel on which the motion
measurement unit is positioned, and translates those movements into an electrical signal. A vessel on
sea have six degrees of freedom or motions; three rotational motions, pitch, roll and yaw; and three
translational motions, heave, sway and surge. A motion measurement unit comprises one or more
movement sensors that measures movement in one or more of those six degrees of freedom. In one
embodiment, the motion measurement unit comprises at least one of an inertial measurement unit, an
inclinometer or an angular rate sensor.

[0023] With reference to Fig. 2, a motion measurement unit 4 comprises a movement sensor 5. The
movement sensor 5 outputs an analog electrical signal, x(t). The analog electrical signal, x(t) then
undergoes digital signaling processing (DSP) 6 into a discrete time signal by well-known technologies.
The first step is signal conditioning 7, typically using an amplifier 8 and an anti-aliasing filter 9. After the
signal conditioning 7, the conditioned analog signal x_a(t) is transformed into a digital sequence by an
analog-to-digital converter (ADC) 10. The input to the ADC, x_a(t), is a real-valued function of a
continuous variable, t. For each value of t, the function x_a(t) may be any real number. The output of
the ADC 10 is a bit stream that corresponds to the discrete-time sequence, x_a[n], with an amplitude
that is quantized, for each value of n, to one of a finite number of possible values. After the ADC 10,
the digital signal x[n] may be converted from one sampling rate to another sampling rate by a sample
rate conversion process 11, e.g. change from a 10Hz signal to a 1Hz signal. The sample rate conversion
may be performed in the DSP 6 unit and/or in a data logger external to the DSP unit. The energy
operator is applied to the discrete motion signal x[n] in a processor 12 to determine an energy signal

W, (x[n]).

[0024] The energy operator is applied to discrete signals of pitch, roll, heave, yaw, surge or sway
signals. In a fourth embodiment that may be combined with any of the embodiments above, the
motion signal comprises at least one of a pitch, roll, heave, yaw, surge or sway signal, and the energy
signal representative of the environmental condition is a pitch energy signal, a roll energy signal, heave
energy signal, yaw energy signal, surge energy signal or sway energy signal, respectively. The
environmental condition may be classified based on one of pitch energy signal, the roll energy signal,
the heave energy signal, the yaw energy signal, the surge energy signal, the sway energy signal, or any
combination of them. The pitch energy signal, the roll energy signal, and the heave energy signal are
more preferred for determining vessel response on the environmental conditions, and particularly
efficient is the pitch energy signal. Fig. 3 is an exemplary plot of determined pitch energy and roll
energy for a vessel. As shown in Fig. 3 determining signal energy is particularly efficient to provide a
clear separation of the information included in vessel motion measurement, which provides for
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classification of the vessel response on the environmental conditions. In one related embodiment, the
environmental condition is a weather condition.

[0025] Fig. 4 illustrates schematically a motion measurement unit 4 positioned on board a vessel 17,
The motion measurement unit 4 outputs discrete motion signals x[n]. The discrete motion signals x[n]
may be input to a data logger 13 for storage and/or sample rate conversion. The discrete motion signal
x[n] is output from the data logger 13 to a computer 12 to apply energy operator to the discrete
motion signal x[n] and determine an energy signal W, (x[n]) as described above. The computer 12
may also receive the discrete motion signal x[n] directly from motion measurement unit 4. In one
alternative embodiment, the energy signal may be determined on board the vessel and used for on-
board advisory systems 14, such as Energy Management where the pitch energy signal may be a Wave
Indication input.

[0026] The data logger 13 may also be configured to transfer the discrete motion signal x[n] from the
vessel 17 to shore 18. The transfer may be performed using any suitable wireless communication,
wired connection or physical connection to the data logger 13. On shore, a computer 15 apply the
energy operator to the discrete motion signal x[n] and determines an energy signal W, (x[n]) as
described above. On shore, the energy signal may also be determined from archived data. Then then
energy signal may be used in ship Design & Systems 16 to:

[0027] i) compare power consumption when W,;(x[n]) is high and low. This makes is it possible to
see the influence of the environment for the power consumption, to increase the knowledge about the
dynamic environment and its influence for power, what can be included in the power system, vessel
design to increase or decrease environmental margins

[0028] ii) compare different hulls form of vessels, e.g. how different hulls respond on waves in the
same environmental conditions. Different values of W;(x[n]) for the same weather conditions
indicate properties of the hull forms.

[0029] iii) compare one vessel with different draft under the same environment conditions for high
and low W, (x[n]).

[0030] iv) compare performance of a roll reduction tank.

[0031] In a fifth embodiment, the invention is a vessel environment condition assessment system
comprising a motion measurement unit 4 on board a vessel 17 configured to sense the vessels motion.
The motion measurement unit 4 is configured to output a motion signal 1 of the vessel 17 to a
processor 12, 15 adapted to receive the motion signal of the vessel. The processor 12, 15 applies an
energy operator 2 to the motion signal 1 to determine an energy signal 3 representative of the
environmental condition.

[0032] Inarelated embodiment, the motion measurement unit 4 of the environment condition
assessment system comprises at least one of an inertial measurement unit, an inclinometer or an
angular rate sensor.

[0033] In a sixth embodiment that may be combined with the fifth embodiment, the processor 12,
15 applies a Teager Kaiser energy operator.

[0034] In a seventh embodiment, that may be combined with the fifth and sixth embodiment, the
processor 12, 15 is further adapted to classifying the energy signal 3 into a plurality of environmental
condition classes for the vessel, each environmental condition class defined by an energy signal
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threshold value. The motion signal 1 of the vessel 17 input to the processor 12, 15 comprises one or
more of a pitch signal, roll signal, heave signals, yaw signal, surge signal or sway signal, and the energy
signal 3 representative of the environmental condition is a one or more of a pitch energy signal, a roll
energy signal, a heave energy signal, a yaw energy signal, a surge energy signal or a sway energy signal.
The processor 12, 15 may classify the environmental condition based on one of the pitch energy signal,
the roll energy signal, the heave energy signal, the yaw energy signal, the surge energy signal, the sway
energy signal, or any combination thereof.

[0035] Inan eight embodiment, the energy signal 3 may be input to an on-board advisory systems
14 on board the vessel 17.

[0036] In a ninth embodiment, the energy signal 3 may be input to a ship design and system 16
on-shore 18.

[0037] Inthe exemplary embodiments, various features and details are shown in combination. The
fact that several features are described with respect to a particular example should not be construed
as implying that those features by necessity have to be included together in all embodiments of the
invention. Conversely, features that are described with reference to different embodiments should not
be construed as mutually exclusive. As those with skill in the art will readily understand, embodiments
that incorporate any subset of features described herein and that are not expressly interdependent
have been contemplated by the inventor and are part of the intended disclosure. However, explicit
description of all such embodiments would not contribute to the understanding of the principles of the
invention, and consequently some permutations of features have been omitted for the sake of
simplicity or brevity.



CLAIMS

1. Avessel environmental condition assessment method, comprising;

- receiving a motion signal (1) from a motion measurement unit (4) on board a vessel (17);

- applying an energy operator (2) to the motion signal to determine an energy signal (3),

wherein the energy signal (3) is classified into a plurality of environmental condition classes for
the vessel wherein each environmental condition class being defined by an energy signal (3) threshold
value, and wherein the energy signal (3) is representative of the environmental condition for the

vessel.

2. The method according to claim 1, wherein the energy operator is a Teager Kaiser energy

operator.

3. The method according to any of the preceding claims, wherein the motion signal of the vessel
comprises one or more of a pitch, roll, heave, yaw, surge or sway signal, and the energy signal
representative of the environmental condition is a pitch energy signal, a roll energy signal, heave

energy signal, yaw energy signal, surge energy signal or a sway energy signal.

4. The method according to claim 3, wherein the environmental condition is classified based on
one of the pitch energy signal, the roll energy signal, the heave energy signal, the yaw energy signal,

the surge energy signal, the sway energy signal, or any combination thereof.

5. The method according to any of the preceding claims, wherein the environmental condition is

a weather condition.

6. A vessel environment condition assessment system, comprising;
- a motion measurement unit (4) on board a vessel (17) configured to sense the vessels motion,
wherein the motion measurement unit is configured to output a motion signal (1) of the vessel;
- a processor (12, 15) adapted to
receive the motion signal of the vessel;
apply an energy operator (2) to the motion signal to calculate an energy signal (3) wherein the
energy signal (3) is classified into a plurality of environmental condition classes for the vessel wherein
each environmental condition class being defined by an energy signal (3) threshold value, and wherein

the energy signal (3) is representative of the environmental condition for the vessel.
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7. The system according to claim 6, wherein the energy operator is a Teager Kaiser energy

operator.

8. The system according to any of claims 6 — 7, wherein the motion signal of the vessel comprises
one or more of a pitch signal, roll signal, heave signal, yaw signal, surge signal or sway signal, and the
energy signal representative of the environmental condition is a one or more of a pitch energy signal, a
roll energy signal, a heave energy signal, a yaw energy signal, a surge energy signal or a sway energy

signal.

9. The system according to claim 8, wherein the environmental condition is classified based on
one of the pitch energy signal, the roll energy signal, the heave energy signal, the yaw energy signal,

the surge energy signal, the sway energy signal, or any combination thereof.

10.The system according to any of claims 6 — 9, wherein the motion measurement unit comprises

at least one of an inertial measurement unit, an inclinometer or an angular rate sensor.

11.The system according to any of claims 6 — 10, wherein the environmental condition is a

weather condition.

12.The system according to any of claims 6 — 11, wherein the energy signal is input to an on-board

advisory system (14) on board the vessel.

13.The system according to any of claims 6 — 11, wherein the energy signal is input to a ship

design and system (16) on-shore (18).
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Krav
1. Fremgangsmate for d vurdere et fartgys omgivelsestilstand, omfattende;
- motta et bevegelsessignal (1) fra en bevegelsesmaleenhet (4) ombord pa et fartgy (17);
- & pafgre en energioperatgr (2) pa bevegelsessignalet for 8 bestemme et energisignal (3),

hvori energisignalet (3) er klassifisert i et antall omgivelsestilstandsklasser for fartgyet hvor hver
omgivelsestilstandsklasse er definert av en energisignal (3) terskelverdi, og hvor energisignalet (3) er
representativt for omgivelsestilstanden for fartgyet.

2. Fremgangsmate ifglge krav 1, hvori energioperatgren er en Teager Kaiser energioperatgr.

3. Fremgangsmate ifglge et av de foregdende krav, hvori fartgyets bevegelsessignal omfatter ett
eller flere av stamping, rulling, hiv, gir, jaging eller svai signal, og energisignalet som er representativt
for omgivelsestilstanden, er et stamping energisignal, et rulle energisignal, et hiv energisignal, et gir
energisignal, et jaging energisignal eller et svai energisignal.

4. Fremgangsmate ifglge krav 3, hvori omgivelsestilstanden klassifiseres basert pa ett av
stamping energisignalet, rulle energisignalet, hiv energisignalet, gir energisignalet, jaging
energisignalet, svai energisignalet, eller hvilken som helst kombinasjon derav.

5. Fremgangsmate ifglge et av de foregaende krav, hvori omgivelsestilstanden er en
veertilstand.

6. Et system for vurdering av tilstand for fartgyets omgivelse, omfattende;

- en bevegelsesmaleenhet (4) om bord pa et fartgy (17) konfigurert til 3 registrere fartgyets
bevegelse, hvor bevegelsesmalingsenheten er konfigurert til 4 sende ut et bevegelsessignal (1) fra
fartgyet;

- en prosessor (12, 15) tilpasset for a
motta bevegelsessignalet til fartgyet;

pafgre en energioperatgr (2) til bevegelsessignalet for a beregne et energisignal (3) hvor
energisignalet (3) er klassifisert i et antall omgivelsestilstandsklasser for fartgyet hvor hver
omgivelsestilstandsklasse blir definert av en energisignal ( 3) terskelverdi, og hvor energisignalet (3)
er representativt for omgivelsestilstanden for fartgyet.

7. System ifglge krav 6, hvori energioperatgren er en Teager Kaiser energioperatgr.
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8. System ifglge et hvilket som helst av kravene 6 - 7, hvori bevegelsessignalet til fartgyet
omfatter ett eller flere av et tonehgydesignal, rullesignal, hevesignal, girsignal, overspenningssignal
eller svingesignal, og energisignalet som er representativt for miljgtilstanden er et eller flere av et
stamping energisignal, et rulle energisignal, et hiv energisignal, et gir energisignal, et jaging
energisignal eller et svai energisignal.

9. System ifglge krav 8, hvori omgivelsestilstanden er klassifisert basert pa ett av stamping
energisignalet, rulle energisignalet, hiv energisignalet, gir energisignalet, jaging energisignalet, svai
energisignalet, eller hvilken som helst kombinasjon derav.

10. System ifglge et hvilket som helst av kravene 6 - 9, hvor bevegelsesmalingsenheten omfatter
minst en av en treghetsmaleenhet, hellingsmaler eller en vinkelfrekvenssensor.

11. System ifglge et hvilket som helst av kravene 6 - 10, hvor omgivelsestilstanden er en
veertilstand.

12. System ifglge et hvilket som helst av kravene 6 - 11, hvor energisignalet brukes som input til
et ombord-radgivningssystem (14) ombord pa fartgyet.

13. System i samsvar med et hvilket som helst av kravene 6 - 11, hvor energisignalet brukes som
input til et skipsdesign og system (16) pa land (18).
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