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The command belongs to the man on the deck (it would be convenient
to give him relevant information on next QPP)



• During quiescent periods the ship motions are smoother, 
corresponding to smaller waves

• In some applications it is convenient to predict, with some
time in advance, the advent of quiescent periods

• For example, the landing of helicopters or UAVs on ships



Three aspects are involved:

Ship measures wave

Wave moves and change

Ship encounters wave and moves

1

2

3

Radar

This paper focuses on wave propagation prediction



To give an idea of dimensions. 
If one wants a prediction horizon of 30 seconds,
then waves must be measured at 450 m distance

• The waves height is measured using a X-band radar
and a computationally expensive processing

• The prediction concerns waves one by one, 
it is not statistical prediction



Wave propagation and wavelets





Classical decomposition into Fourier harmonics

HF, low speed

LF, high speed

Wave

While the wave moves, its shape changes
since harmonics have different velocities



By design wavelets capture better the instantaneous
Time-frequency information of non-stationary signals
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Large and small wavelets
(same family)
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Signals can be decomposed combining small and large wavelets



The proposed method

How to predict the wave deformation
along propagation

•Decompose into wavelets

• Propagate (move) the wavelets

• Recombine the wavelets

after propagation
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Distant wave measurement



CEHIPAR, ship dynamics laboratory



Arrangement for wave propagation measurements

Line of  sensors

12 regular waves and 3 irregular seas (JONSWAP) were generated



Propagation velocities
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Irregular seas
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Irregular seas

Once delay is determined, 
the propagated wave is shifted
In order to compare with the
original wave
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Implementation of the prediction method

•We take succesive segments of wave trains
• Computation speed is required



The analysis part

Propagation

100 samples

100 samples 100 samples 100 samples

Measurement

Ti Analysis window (300 samples)

300 sets of

coefficients

Shift right after each cycle

Result of

The analysis

Waves are decomposed
into wavelet coefficients



The propagation matrix

samples

sc
al

es

200 400 600 800 1000 1200 1400

20

40

60

80

100

120

140

Low frequency
Fast prop

High frequency
Slow prop

Here we propagate the
Wavelet coefficients



The synthesis part

300 sets of 

coefficients

Recovered signal

Synthesis 100 samples 100 samples 100 samples

Propagated waves are
recovered from
propagated wavelet 
coefficients



The synthesis part
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Black- measured
Red- predicted

Irregular JONSWAP biased
towards High Frequency
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Black- measured
Red- predicted

Irregular JONSWAP biased
towards Low Frequency
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Datos:

Composición

Arfada

Cabeceo

Balance

PQ de suficiente calidad

Criterios establecidos en el STANAG 4154

RESULTADOS PROGRAMA QPP



Conclusions

• Good results, and some improvements are under way, close to 90% 
goals

•30 s, of prediction horizon can be obtained with 6 s of computation

• First coupling with a ship motions model show satisfactory
prediction of QPP on ship








