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Method for Predicting at Least One Movement of a Ship under the Effect of a Swell 
This invention concerns a method for predicting at least one movement of a ship on 

an area of water under the effect of a swell on this area of water. 

In this description 'a movement of a ship' refers to a translative movement along an 

5 axis or a rotational movement about an axis. In particular, the movement in question will 

generally be selected from: 

- A translative movement of the ship along a longitudinal axis (also known as 

'surge'), 

- A translative movement of the ship along a transverse axis (also known as 

10 'sway'), 

- A translative movement of the ship along a vertical axis (also known as 'heave'), 

- A rotational movement of the ship about the longitudinal axis (also known as 

'rolling'), 

A rotational movement of the ship about the transverse axis (also known as 

15 'pitch'), 

- A rotational movement of the ship about the vertical axis (also known as 'yaw), 

Certain operations carried out by the ship or from the ship, e.g., deployment or 

recovery of a drone, require the ship to be highly stable. Swells generally cause the ship to 

execute at least one of the following movements. 

20 In order to safely carry out an operation requiring the ship to be stable, the 

movements of the ship under the effects of the swell must be predicted in order to anticipate 

them with suitable movements for the execution of the operation and/or to compensate the 

movements induced by the swell. 

To this end, various methods for predicting at least one movement of a ship under the 

25 effect of a swell are already known from the prior art. However, such prior-art methods 

generally do not allow for the movements of the ship under the effects of the swell to be 

anticipated sufficiently in advance or sufficiently accurately, or are very complex to 

implement. 

The invention seeks, in particular, to remedy these disadvantages by providing a 

30 relatively simple prediction method that allows for sufficiently exact prediction, sufficiently in 

advance, of the movements of the ship under the effects of the swell. 

To this end, the invention concerns, in particular, a method for predicting at least one 

movement of a ship on an area of water under the effect of a swell on this area of water, 

characterised in that it includes: 
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- a step of estimating a direction of propagation of the swell, and a step of 

estimating a propagation speed of the swell in the direction of propagation, 

- a step of measuring the development of a characteristic value of the swell at at 

least one measuring point upstream of the ship in the direction of propagation by 

5 periodically measuring the value, 

a step of detecting a lull in the swell at the measuring point using a measurement 

of the development of the characteristic value, including a measurement of a 

duration of a lull detected, and 

if a lull in the swell is detected at the measuring point: 

10 - a step of calculating a time interval between the detection of the lull in the sweil at 

the detected measurement point and a moment in which the lull affects the 

movement of the ship, carried out, in particular, depending on the estimated 

speed of propagation of the swell. 

The invention proposes measuring the swell upstream of the ship, detecting upstream 

15 lulls in the swell, and estimating the downstream propagation of the lulls towards the ship in 

order to predict the times at which the ship is in the way of a lull in the swell. 

This principle of the invention is based, in particular, on the fact that, for lull periods of 

sufficient length, it is possible to disregard the deformation of the envelope of the swell 

between an upstream measurement point and the downstream position of the ship. Thus, it 

20 is possible to consider only a single unique propagation speed of the lull rather than a 

different speed for each component of the spectrum of the swell. 

Such a method is particularly simple to implement because it seeks simply to predict 

a lull for the movement of the ship, and not to predict the precise behaviour of the movement 

In fact, it appears that, for certain operations requiring the ship to be stable, it is 

25 sufficient to know a time at which the movement of the ship is slight (lull) without any need to 

know the specific behaviour of the ship. Thus, the method according to the invention is 

sufficiently accurate. 

The method according to the invention may further include one or more of the 

following characteristics, taken alone or in all combinations technically possible: 

30 - Following the measuring step, the method includes a step of filtering the 

development of the characteristic value measured by means of a discrete filter, 

the inputs of which are the characteristic measures periodically measured and the 

outputs of which are an output signal representing the effect of the development 

of the characteristic value on the movement in question of a notional ship identical 



to the ship and positioned at the measurement point, and a step of calculating an 

envelope of the output signal of the filter. 

- The step of detecting a lull in the swell at the measurement point comprises: A 

comparison of the envelope with a predetermined amplitude threshold, and the 

measurement of the duration of the lull by measuring the duration in which the 

envelope is below the amplitude threshold, whereby a lull is considered detected 

when the duration of the lull is greater than a first predetermined duration 

threshold. 

- The step of calculating an envelope includes the application of a Hilbert 

transformation to the output signal of the filter. 

- The Hilbert transformation is carried out on a sliding window applied to the output 

signal of the filter, whereby the sliding window is chosen to coincide between two 

0 passes. 

Following the step of calculating an envelope and before the step of detecting a 

lull, the method includes a step of breaking down the envelope into wavelets. 

- The wavelets are Meyer wavelets. 

- The step of filtering is carried out by means of a discrete linear, causal filter 

having the following form: 

where: 

h(tj) is the characteristic value of the swell at a measurement time ti, 

s(ti) is the value of the output signal of the filter at the time of measurement tit 

X(tt) is a causal matrix function having the form X(tM) = A-Xit^ + B-where 

^(?0) = 0, and 

A, B, C, and D are constant matrices. 

Following the step of calculating the time interval, the method includes a step of 

estimating a probability that the movement of the ship under the effects of the 

swell, when the lull detected affects the movement of the ship, is less than a 

predetermined movement threshold for a duration greater than a second 

predetermined time threshold, whereby the estimation is carried out, in particular, 

depending on the duration of the lull detected. 

- The characteristic value of the swell is selected from an elevation of the surface of 

the area of water at the measurement point, a speed of elevation of the surface of 
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the area of water at the measurement point, or a water pressure at the 

measurement point. 

The invention will be better understood based on the following description, provided 

by way of example only, referring to the attached drawings, in which : 

5 - Fig. 1 shows a ship on an area of water; 

Fig. 2 shows the steps of the method according to the invention for predicting at 

least one movement of the ship of fig. 1. 

Fig. 1 shows a ship N on an area of water on which at least one operation requiring 

the ship to be stable, such as deployment or recovery of a drone, is to be carried out. 

10 In order to predict such a stability of the ship N, it is necessary to predict at least one 

movement of the ship N under the effect of the swell of the area of water, thus predicting the 

time at which this movement is slight. 

The movement in question is selected from surge, sway, heave, rolling, pitch, or yaw 

of the ship N. 

15 To this end, fig. 2 shows the steps of a method for predicting at least one movement 

of the ship N under the effect of a swell on this area of water, according to one exemplary 

embodiment of the invention. 

The method according to the invention includes a preliminary step 10 of estimating a 

direction D of propagation of the swell, and a step 20 of estimating a propagation speed of 

20 the swell in the direction of propagation D. 

These estimation steps 10, 20 are carried out by means of means for estimating the 

direction and speed of propagation of the swell. Such means are known, and will thus not be 

described in detail. For example, these estimation means include a known RADAR-type 

monitoring system carried by the ship N, and/or adapted buoys arranged in the area of water 

25 to carry out measurements, suitable to communicate the measurements to the ship N. 

These estimation steps 10, 20 may be carried out again at any time of the predicting 

method, in order, if necessary, to update the direction D and speed of propagation of the 

swell. 

Once the direction D of propagation of the swell is known, the method includes a step 

30 30 of measuring the development of a characteristic value of the swell at at least one 

measurement point P upstream of the ship N in the direction of propagation D, as shown in 

fig. 1. The development of the value is measured by periodically measuring the value. 

The value measured may be any characteristic value of the swell allowing for the 

instant energy of the swell to be obtained, e.g., the elevation of the free surface area, the 

35 elevation speed of this free surface area, or the pressure at a predetermined height. It should 
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be noted that the measurement may be carried out at a point P or on a delimited space, e.g., 

a measurement grid. 

These measures may be carried out by known means, e.g., a RADAR-, LIDAR-type, 

or other monitoring system carried by the ship N, and/or adapted buoys arranged in the area 

5 of water to carry out measurements, suitable to communicate the measurements to the ship 

N. 

In the following, /*(*.) is a measurement of the height carried out at a time 

tt =t0+i-dt, where 

tQ is the time of the first measurement, 

10 dt is the period in which the measurements are carried out, i.e., the sampling period, 

and 

i is the rank of the measurement in question. 

All of the periodical measurements of the value form a discrete series representing 

the development of this characteristic value measured. 

15 The method then includes a step 40 of filtering the development of the characteristic 

value measured by means of a discrete filter, the inputs of which are the measurements 

h(tj) of the characteristic value measured periodically, and the outputs of which represent 

the effect of the development of this characteristic value on the movement in question. 

It should be noted that, if one wishes to study various movements of the ship, it is 

20 necessary to provide as many filters as movements under consideration in order to study the 

effects of the swell on each of the movements. 

It should further be noted that, because the measurements are taken upstream of the 

ship, the outputs of the filter correspond to the notional movement under the effect of the 

swell of a notional ship (indicated by the reference N' on fig. 1) having the same 

25 characteristics as the ship N, which would be located at the measurement point P. In the 

following, the signal formed by outputs of this filter will be referred to as 'notional upstream 

movement'. 

In the following, the output of the filter at a time tt will be referred to as s{tt). 

According to the embodiment described, the filter selected is a discrete linear, causal 

30 filter having the following form: 

s{tf) = C-X(ti) + D-h(ti), where 

X is a causal vector function such that: X(ti+l) = A-XQJ + B- Aft) and: 

^f(/0) = 0, and 



A, B, C, an D of the constant matrices. 

The values of the constant matrices A, B, C, and D are determined experimentally, 

and are selected to minimise the deviation between the actual movements of the ship in 

response to the swell and the notional movements reconstructed by the filter. In particular, 

these values are a function of the characteristics of the ship, the speed of the ship, and the 

incidence of the swell relative to the heading of the ship, as well as the movement of the ship 

in question. 

When the movement in question is rolling, the filter is, e.g., on the order of 4, i.e., a 

first filter on the order of 2 allowing for an approximation of the natural mechanical resonance 

of the ship, and a second cascading filter on the order of 2 allowing for an approximation of 

the excitation at the time of the rolling generated by the swell. 

In order to study the upstream notional movement signal, the method includes a step 

50 of calculating an envelope of the notional upstream movement signal. To this end, a 

Hilbert transformation H(s(t)) is applied to the output signal of the filter s(t), in order to obtain 

the imaginary portion of an analytical signal Sanolyli(!iie(t) . 

Thus: H(J(;)) = -
K J t — T -co 

and 
Smalyllv,Sf)=si4) + i-H{Sif)) 

The envelope of the signal s(t), noted as SeiIV(t), is the norm of the analytical signal. 

In the case of a discrete signal s(t), the envelope is calculated by the following 

algorithm: 

a) the fast Fourier transformation of the signal S(f)= FFT(s(t)) is calculated; 

b) a signal defined as follows, is calculated: 

for positive frequencies /, S'(f) = 2xS(f) 

for negative frequencies /, S'(f) = 0, 

for null frequencies and the Shannon frequency, S'(f)= S{f). 

c) the inverse transformation of the signal S'(f) is calculated, thus obtaining the 

envelope 0) = /^'(/)). 

Preferably, the Hilbert transformation is carried out on a sliding window applied to the 

output signal of the filter. Advantageously, the sliding window is selected to coincide between 



two null passes, i.e., s(t)=0 at the input and output of the filter. The signal is then extended by 

a mirror operation, ensuring the continuity of the periodic function and its derivative, thus 

mitigating the effects of the window. This mirror operation, which is known, consists of 

considering that the upstream or downstream signal, respectively, of the window is 

symmetric to the signal within the window relative to the point of the signal at the input or 

output of the window. 

In fact, by applying a simple rectangular window without any upstream processing, 

artefacts (also known as edge effects) will appear on the edges of the signal. On the other 

hand, if the mirror operation is carried out before applying the Hilbert transformation in the 

window, the discontinuities will disappear. 

Due to the envelope obtained, it will be possible to detect a lull in the swell relative to 

the movement in question, i.e., a lull in the swell that only causes a movement considered to 

be sufficiently slight. To this end, the method includes a step 60 of breaking down the 

envelope into wavelets, allowing for the isolation of the lowest frequency components of the 

envelope. 

The number of components to take into consideration may be predetermined or 

established based on energy fractions. For example, Meyer wavelets may be used. 

The method then includes a step 70 of detecting a lull in the swell at the 

measurement point P based on the wavelets obtained. 

In the course of this detection step 70, the envelope is compared with a 

predetermined amplitude threshold. 

This detection step 70 also provides a measurement of a duration of a lull, i.e., a 

duration in which this envelope is less than the predetermined amplitude threshold. 

A lull is considered to have been detected if the measured duration of the lull is 

greater than a first predetermined time threshold. 

If such a lull is detected, it may be considered to propagate in the direction of 

propagation D of the swell at the propagation speed of the swell, thus in the direction of the 

ship N. 

The method thus includes a subsequent step 80 of calculating a time interval between 

the detection of the lull in the swell at the measurement point P and a moment in which the 

lull affects the movement of the ship N. This calculation is carried out, in particular, based on 

the speed of propagation of the swell that was previously estimated during the estimation 

step 20. 
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It should be noted that the calculation of the time interval also depends on the 

distance of the point P from the ship N. Thus, if one wishes to have a time interval sufficiently 

large to prepare the operation, a more distant point P may be selected. 

If an operation of the ship requires it to be stable with respect to several movements, 

5 it is considered that this operation may be carried out when a lull is detected simultaneously 

for each of these movements. 

It should be noted that it may happen that a lull does not propagate from the 

measurement point P to the ship N, in particular if the measurement point P is particularly 

distant from the ship N. Thus, following the step 80 of calculating the time interval, the 

10 method preferably includes a step 90 of calculating a probability that lull detected actually 

affects the movement of the ship, i.e., the movement of the ship under the effects of the swell 

is less than a predetermined movement threshold for a duration greater than a second 

predetermined time threshold. 

This second predetermined time threshold corresponds to the minimum time 

15 necessary to carry out the operation. 

This calculation is carried out, in particular, based on the duration of the lull detected. 

This probability estimation may be carried out by calculating formulae for the probability of 

detection and false alarms by means of the detection theory. In one variant, the estimation of 

the probability may be carried out by learning; this learning may occur, e.g., by counting, for 

20 a given number of lulls detected, how many of them propagate to the ship, in order to 

derivate a percentage from it. 

The table below shows examples of probabilities obtained in tests of the method 

according to the invention. 

In particular, a first time threshold (duration of a lull at the point P) of 50 seconds was 

25 taken into account, as well as a second time threshold (duration in which the movement of 

the ship is less than the predetermined movement threshold) of 40 seconds. 

Thus, in the table below: 

- The first column specifies the distance of the point P from the ship N, in metres; 

Each double column concerns an example of a specific movement, and includes 

30 o A column indicating the time interval measured between the lull at the 

point P and the lull at the ship N, in seconds 

o A column indicating the probability of a lull of at least 40 seconds at the 

ship in the event of the detection of a lull of at least 50 seconds at the point 

P, in %. 

35 



The movements in question are heave, rolling, and pitch. In fact, a lull in these three 

movements is generally necessary for the deployment or recovery of a drone. 

Heave Rolling Pitch 

Distance Probability Time Probability Time Probability Time 

480 m 90% 18s 98% 13s 90% 31 s 

720 m 50% 47 s 90% 40 s 90% 66 s 

960 m 55% 76 s 90% 67 s 70% 101 s 

It is clear that, the more distant the point P, the lower the probability of a lull at the 

ship, but the greater the time interval to prepare the operation. The distance of the ship from 

the point P will thus generally be selected according to the best balance between the need 

for a substantial interval to prepare the operation and the desire for a sufficient probability of 

a lull. 

It should be noted that the invention is not limited to the embodiment described 

above, and could present various variants without exceeding the scope of the claims. 
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CLAIMS 

1. A prediction method for predicting at least one movement of a ship (N) on an area 

of water under the effect of a swell on this area of water, characterised in that it includes: 

5 - a step (10) of estimating a direction (D) of propagation of the swell, and a step 

(20) of estimating a propagation speed of the swell in the direction (D) of 

propagation, 

a step (30) of measuring the development of a characteristic value of the swell at 

at least one measuring point (P) upstream of the ship in the direction of 

10 propagation (D) by periodically measuring the value, 

- a step (70) of detecting a lull in the swell at the measuring point (P) using a 

measurement of the development of the characteristic value, including a 

measurement of a duration of a lull detected, and 

if a lull in the swell is detected at the measuring point (P): 

15 - a step (80) of calculating a time interval between the detection of the lull in the 

swell at the detected measurement point (P) and a moment in which the lull 

affects the movement of the ship (N), carried out, in particular, depending on the 

estimated speed of propagation of the swell. 

2. Prediction method according to claim 1, including: 

20 - following the measuring step (30), a step (40) of filtering the development of the 

characteristic value measured by means of a discrete filter, the inputs of which 

are the characteristic value periodically measured and the outputs of which are an 

output signal representing the effect of the development of the characteristic value 

on the movement in question of a notional ship (N') identical to the ship (N) and 

25 positioned at the measurement point (P), 

- a step (50) of calculating an envelope of the output signal of the filter. 

3. Prediction method according to claim 2, in which the step (70) of detecting a lull in 

the swell at the measurement point (P) comprises: 

- a comparison of the envelope with a predetermined amplitude threshold, 

30 - the measurement of the duration of the lull by measuring the duration in which the 

envelope is less than the amplitude threshold, 

whereby a lull Is considered to have been detected If the measured duration of the lull 

is greater than a first predetermined time threshold. 

4. Prediction method according to claim 2 or 3, in which the step (50) of calculating an 

35 envelope includes the application of a Hilbert transformation to the output signal of the filter. 
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5. Prediction method according to claim 4, in which the Hilbert transformation is 

carried out on a sliding window applied to the output signal of the filter, whereby the sliding 

window is chosen to coincide between two 0 passes. 

6. Prediction method according to any of claims 2-5, including, following the step 

(50) of calculating an envelope and before the step (70) of detecting a lull, a step (60) of 

breaking down the envelope into wavelets. 

7. Prediction method according to claim 6, in which the wavelets are Meyer wavelets. 

8. Prediction method according to any of claims 2 - 7, in which the step (40) of filtering 

is carried out by means of a discrete linear, causal filter having the following form: 

s(ti) = C-X(ti) + D-h(ti) 

where: 

hit,) is the characteristic value of the swell at a measurement time t,, 

sit;) is the value of the output signal of the filter at the time of measurement tjt 

Xit{) is a causal matrix function having the form X(ti+]) = A-XtyJ + B-hit,), where 

XitQ) = 0, and 

A, B, C, and D are constant matrices. 

9. Prediction method according to any of the foregoing claims, including, following the 

step (80) of calculating the time interval, a step (90) of estimating a probability that the 

movement of the ship (N) under the effects of the swell, when the lull detected affects the 

movement of the ship (N), is less than a predetermined movement threshold for a duration 

greater than a second predetermined time threshold, whereby the estimation is carried out, in 

particular, depending on the duration of the lull detected. 

10. Prediction method according to any of the foregoing claims, in which the 

characteristic value of the swell is selected from an elevation of the surface of the area of 

water at the measurement point, a speed of elevation of the surface of the area of water at 

the measurement point, or a water pressure at the measurement point. 


