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transfer function between the pressure signal and the
incident wave elevation. Figure 11 is a photograph of
the model WASP in the tank ready for testing. Once the

Fig. 11. Photograph of the completed 3D WASP Model ready for
testing.

transfer function has been estimated in this fashion, the
wave spectra listed in Table I were run in the absence
of the model WASP in order to determine the exact
wave spectrum generated for all Bretschneider spectra
to be estimated from measurement of the air pressure
above the water column of the model. The model was
then returned to the tank, and each spectrum re-run
while the pressure within the WASP model is recorded.
The power density spectrum for each pressure signal
is obtained, and the transfer function obtained earlier
used to estimate the incident wave spectrum in each
case.

V. RESULTS

Figure 12 illustrates the input spectrum that was first
used to calibrate the model WASP and establish the
relationship between the incident wave power den-
sity spectrum and the corresponding pressure power
density spectrum. This spectrum had a Hs = 84.8 mm
and Tz = 2.23 s. Note that the values for Hs and Tz

above were obtained from consideration of the wave
spectrum obtained from free surface elevation mea-
surement. Once a wave spectrum is measured, both Hs

and Tz may be obtained from the spectral moments. A
spectral moment is given by:

mn =
Z 1

0
! nS (! ) dw (6)

and s and Tz may be found by [9]:

Hs = 4
p

mo (7)

Tz =
m1

m0
(8)

Fig. 12. Incident wave spectrum used to train model WASP, HS =
84.8 mm and Tz = 2.23s.

Fig. 13. Pressure Spectrum obtained with an incident wave spectrum
of HS = 84.8 mm, Tz = 2.23s.

Figure 13 illustrates the power density spectrum
of the pressure signal recorded during the training
run, and Figure 14 illustrates the frequency dependent
transfer function between the input wave spectrum
and the pressure spectrum obtain by apply (5) to the
data in Figures 13 and 12.

Next, to test the transfer function shown in Figure 14,
the model was subjected to an incident wave spectrum
for a spectrum close to, but not identical, to that for
which the transfer function was generated, in this case,
a spectrum with a Hs = 88.9 mm and Tz = 2.01 s. The
transfer function was used with the pressure spectrum
to estimate the incident wave spectrum. Figure 15 illus-
trates the comparison between the wave spectrum in
the absence of a model in the tank, and that predicted
by using pressure data from the model WASP with the
transfer function in Figure 14.

When spectral moments are determined from the
estimated spectrum shown in Figure 15 and used with
(7) and (8) to estimate the key spectral parameters,
values of Hs = 88.9 and Tz = 2.06, a difference from
the corresponding values obtained from measurement
of the free surface elevation of approximately 5%.
In order to investigate the viability of using a single
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Fig. 14. Transfer function obtained from applying (5) to the data
obtained with HS = 84.8 mm, Tz = 2.23s.
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Fig. 15. Comparison between the incident wave spectrum with Hs

= 84.5 mm and Tz = 2.01 s and the estimated spectrum using the
pressure spectrum and the transfer function illustrated in Figure 14.

transfer function to estimate a range of sea states, the
model WASP was then subjected to a series of wave
spectral as described in Table I. In each case, the power
density spectrum from the pressure signal was used
with the transfer function in Figure 14 to estimate
the incident wave spectrum. Figure 16 illustrates the
comparison between the input wave spectrum and that
estimated using the pressure signal as described above
for values of Hs = 84.1 mm and Tz = 1.78 s.
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Fig. 16. Comparison between the incident wave spectrum with Hs

= 84.1 mm and Tz = 1.78 s and the estimated spectrum using the
pressure spectrum and the transfer function illustrated in Figure 14.

For the test illustrated in Figure 16, the estimated
values were Hs = 84.9 mm and Tz = 1.83 s. How-
ever, while initial results proved very positive, it is
possible to see the beginning of an issue in Figure 16.
A small peak in the estimated spectrum is visible at
a frequency of 0.25 Hz, which is not present in the
actual wave spectrum. Figures 17 to 19 show that,
as the zero-crossing period decreases from that used
in the training spectrum, the anomalous peak at 0.25
Hz grows, and thus increasingly effects the estimated
spectral moments and estimated values of Hs and Tz .
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Fig. 17. Comparison between the incident wave spectrum with Hs

= 84.3 mm and Tz = 1.55 s and the estimated spectrum using the
pressure spectrum and the transfer function illustrated in Figure 14.
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Fig. 18. Comparison between the incident wave spectrum with Hs

= 85.1 mm and Tz = 1.32 s and the estimated spectrum using the
pressure spectrum and the transfer function illustrated in Figure 14.
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Fig. 19. Comparison between the incident wave spectrum with Hs

= 84 mm and Tz = 0.93 s and the estimated spectrum using the
pressure spectrum and the transfer function illustrated in Figure 14.

G. Issue with results.
The authors believe the results presented herein,

which represent a sample of the results obtained to
date, demonstrate that the incident wave spectrum
acting on a device such as the WASP can be recovered
from the pressure signal by considering the frequency
domain transfer function between the power density
spectrum of the pressure signal and the incident wave
spectrum as described herein. However, clearly an is-
sue does exist. The accuracy of the estimated spectrum
as the zero-crossing period decreases clearly decreases
in line with the reduction in the amount of energy in
the range of 0.25 Hz to 0.4 Hz. In other words, provided
the input wave spectrum contains energy in the range
of frequencies where the issue arises, the estimated
wave spectrum will likely be close to the actual wave
spectrum. Conversely, if the incident wave spectrum
does not contain much energy at these frequencies, the
anomalous peak, which can be seen in Figures 17 to
19, will occur. The authors believe the issue may lie
with the very low pressures that are generated in the

frequency range where the anomalous peak appears.
As can been seen in Figure 13, there is essentially
no pressure generated in the air chamber above the
moonpool at these frequencies.
Tests have shown that creating a transfer function
using data obtained from testing with an incident wave
spectrum that does not contain energy in the 0.25 Hz
to 0.4 Hz range will not result in the anomalous peak,
but as would be expected, will not correctly predict
the spectrum when used to estimate wave spectra
which do contain energy in the frequency range at
issue. A number of approaches are under investiga-
tion to address the issue. First and foremost, it is
intended that the final WASP device be self-powered,
in part using wave energy. Rather than using a sealed
OWC chamber, the full-scale device would use the
air pressures generated by the water column to drive
a Well’s (or other) turbine. Thus, it is desirable that
the water column and/or the buoy which contains
the water column, be excited at all incident wave
frequencies likely to be experienced during operation.
The Seagull buoy was chosen to form the basis of the
initial prototype (and of the model described herein)
as it is commercially available at this time. The Seagull
design is not, however, optimised for wave power
generation. A suitable redesign of the buoy and water
column would allow the device to be excited over the
full range of frequencies likely to be experienced (and
hence measured), and would potentially eliminate this
issue.
The use of neural networks to create a black-box
model between the incident wave spectrum and the
pressure spectrum is also under investigation. Another
approach under consideration is the use of estimators
based on numerical models of the WASP derived from
potential flow to estimate the sea-state from the pres-
sure signal.

VI. CONCLUSIONS

The authors believe the work described in this paper
indicates that further investigating into the viability
of using the pressure signal in a floating OWC to
measure a sea-state at larger scales is merited and, it
is hoped, this work will lead to a low-cost wave mea-
suring buoy. At this time, and following on from this
work, a full-scale prototype of the WASP device has
been constructed and is undergoing final tests before
deployment in early March 2019 at the SmartBay test
facility. Should this test prove successful, future work
will focus on low-cost, low-power alternatives to the
existing on-board data acquisition and communication
systems. Further is is intended that a redesigned buoy
be used to explore the use of wave power to power
the entire system. However, further work on signal
processing remains to be carried out.
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