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PONYO. COST-EFFECTIVE WAVE SENSORM3
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Abstract 
This paper describes the development of a cost-effective wave sensor based on an 
inertial measurement unit (IMU). A floating composite package that encases the 
IMU and the microcontroller allows the sensor to be deployed in a variety of coastal 
environments. Two configurations are available: (1)real-time data transmission 
through a RS-232 port and (2)on-site data storage.  Initial testing indicates that the 
application of a one-dimensional Kalman filter and a calibration coefficient can re-
duce the noise and increase the sensitivity of the in-situ sensor. 
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I. INTRODUCTION
Many offshore and coastal operations are critically dependent on the sea state. 
For example, wave information is used by planners and engineers in the de-
sign and construction of coastal structures, or in the study of coastal sediment 
dynamics. In addition, the safety of the maritime traffic and the integrity of off-
shore structures can be improved by monitoring the sea state. Wave monitoring 
in particular has traditionally been very expensive to perform, requiring compli-
cated logistics to achieve a consistent result. 
Wave measurement in th  sea surface is not an easy task: the wave signal results 
from the overlapping of different types of waves: wind waves, gravity waves, 
swell, which are in turn affected by other local phenomena such as refraction, 
reflection, difraction and interference. Despite the difficulties, routine measure-
ments are necessary. 
 
II.DESING AND CONSTRUCTION
The aim of the project is to develop a cost-effective wave sensor using a com-
mercial low-cost inertial device to register the rate at which the buoy is rising 
or falling as it follows the patterns of waves. By integrating against time, the 
acceleration signal can be converted to vertical displacement. Currently, iner-
tial devices (gyroscope and accelerometer) technologies are improving quickly, 
achieving higher reliability with lower costs. 
The core of the equipment is a MPU-6000 inertial device that includes a 3-axis 
accelerometer, a 3-axis gyroscope, a 3-axis magnetometer and a temperature 
sensor. It also includes a Atmega 328  microcontroller at 16MHz. A RS-232 port 
communication and a SD card socket, which have been integrated to enclose an 
on-board data recording system. 

The equipment has been tested in laboratory conditions using a wave simulator 
(Ferris wheel) where a sinusoidal wave with a maximum amplitude of 2.5 m is 
simulated. Initially, a non-directional processing of the data (z-component) has 
been done to analyze the behavior of the equipment. However, it is important 
to stress that the inertial device (3-axis accelerometer, gyroscope and magne-
tometer) allows measuring the pitch and roll in order to calculate the directional 
components of the wave field. 

Fig. 1. Mechanical inertial device

Fig. 2. Comparison of the results of applying different kalman filters

In figure 2, the monitoring of a theoretical 2.5-m wave height with a period of 
5s is shown. Noise spurious oscillations is the main problem in accelerometer 
data (blue line, Amp_Sensor_Raw). A 1-dimensional Kalman Filter has been ap-
plied (red line, Amp_Kalman) to smooth the measured time series. Finally, an 
experimental constant coefficient of 3.8 is used to adjust amplitude data estima-
tions to theoretical data (green line, Amp_Kalman_fix). After data processing, 
theoretical wave characteristics (amplitude and period) and measurements are 
in good agreement (errors in amplitude < 0,25 m, errors in period < 5s).
Results are less satisfying for higher periods and low amplitudes, but we are 
confident they can be improved by adapting the Kalman filter and a suitable 
calibration using non-linear equations.  

The next step will be to test the equipment in field conditions with a broader 
range of wave heights and periods.
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