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Abstract - This paper outlines a preliminary 

assessment of the viability of a novel direct wave height 
measuring method. The method employs a network of 
ultrasonic distance sensors mounted on an unmanned 
surface craft. The system will allow for vehicle relative 
wave height to be measured, while also extracting 
information about the directionality of the most 
significant waves.  

The paper discusses results from a set of 
preliminary tests conducted to determine whether 
ultrasonic distance sensors are capable of accurately 
measuring the shape of waves. When conducting the 
tests in the wave tank at Memorial University of 
Newfoundland, the ultrasonic sensor was mounted on a 
static platform above the water and pointed down 
towards the surface of the water. Waves of various 
amplitudes and frequencies were generated and the 
ultrasonic sensor’s measurements were compared to 
those of a highly precise capacitance wave probe. There 
was a strong agreement between the ultrasonic sensor 
based and the wave probe readings. The data from the 
ultrasonic sensor was found to be suitable for 
measuring the height and shape of the wave for a large 
range of geometric configurations. Some of the 
limitations of the ultrasonic sensor compared to the 
capacitance wave probe are discussed in further detail 
in this paper.  

I. INTRODUCTION AND MOTIVATION 
 Many engineers and scientists often require 
reliable and accurate data on the height, frequencies, 
and direction of ocean surface waves. There are 
currently several solutions for measuring the 
properties of surface waves. These include wave-
riding buoys, bottom-mounted pressure sensors, and 
coastal radar. However, each comes with it's own set 
of weaknesses. For example, bottom mounted 
pressure sensors and upward looking acoustic surface 
trackers must sit on the ocean floor and therefore can 
only be deployed up to a certain water depth. This 
document assesses the viability of using a system 
consisting of ultrasonic distance sensors mounted on 
a stable semi-submersible surface craft to profile 
ocean waves, similar to the system proposed by 
Christensen et al [2].  

 The ultimate goal of this system is to mount 
a number of ultrasonic sensors facing down towards 
the surface of the water in different directions, as 
shown in Fig. 1. This will allow for vehicle relative 
wave height to be measured, while also extracting 
information about the directionality of the most 
significant waves. Attitude, heading and velocity data 
from the surface craft will then be combined with the 
vehicle relative wave measurements to correct for 
craft motion and attitude in order to provide wave 
information in an inertial reference frame.   

II. TEST SETUP 
 Three separate rounds of tests were done 
with an ultrasonic sensor to investigate its potential as 
a wave-profiling device. For all tests the ultrasonic 
sensor was mounted above the wave tank at 
Memorial University with the transducer face 
directed towards the surface of the water. Waves of 
various frequencies and amplitudes were then 
generated and the measurements from the ultrasonic 
system were compared to a highly precise 
capacitance wave probe. This setup is shown in Fig. 
2. 
 

 
Fig. 1. Four Ultrasonic sensors mounted on a surface craft used to 
measure ocean wave height. The sensors are pointing towards the 
water on four different sides of the craft in order to determine the 
direction of wave propagation. 
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Fig. 2. General setup for all tests. 

 
The ultrasonic wave profiling test system 

consists of the MaxBotix I2CXL-MaxSonar-WR 
Ultrasonic Range Finder[1], a microcontroller, and a 
mount for the sensor which allows for the angle of 
the sensor to be adjusted. The microcontroller was 
connected to a PC via USB to log the results, and the 
whole system was attached to a piece of plywood 
which was then clamped to the wave tank’s moving 
platform, which was kept stationary during the tests. 
  Three sets of tests of the system were done 
with similar setups. In the first and third sets of tests, 
the system was clamped to a stationary platform 
above the wave tank. In the second round of tests, the 
system was clamped to a different platform which 
was closer to the surface of the water. In the first and 
third tests, the height of the ultrasonic sensor was at 
1.14 and 1.04 meters above the still water surface, 
whereas in the second round the sensor was 0.526 
meters above the still water surface. In all cases, the 
sensor had two fixed but variable degrees of 
rotational freedom, defined as α and β in Fig 3. First, 
the sensor's angle from the normal of the still water 
was varied between tests to analyze the effect of the 
pitch and roll of a surface craft. Also, the sensor was 
rotated around the normal to the still water to analyze 
how well the sensor performs when the directionality 
of the waves with respect to the sensor is changed. As 
can be seen in the schematic shown in Fig. 3 a) and 
b), α is defined as the ultrasonic sensor’s deviation 
from the downwards facing vertical axis, and β is 
defined as the sensor’s rotation clockwise around the 
downwards facing vertical axis, where 0 degrees is 
facing opposite to the direction of wave propagation. 
Fig. 3 c) shows a picture of the setup for the second 
round of tests. 

A. Sensor Selection and Sensor Specifications 
The ultrasonic sensor used in the wave tank tests 
requires only 3V – 5.5V for operation, and has an I2C 
interface.  
 

 
Fig. 3. a) Top down view of the ultrasonic sensor mount platform. 
Featuring the electronics enclosure, which containts the breadboard 
and microcontroller, and sensor mount, with the MB7040 facing 
into the page. b) Side view of the ultrasonic sensor mount platform. 
As shown by the greyed out section, the angle of the sensor (α) can 
be adjusted. c) Picture of the test setup from the second round of 
tests. 

A sensor with an I2C interface was chosen 
because it allows the sensor to interface easily with a 
microcontroller, and provides the ability to increase 
the number of sensors connected to the 
microcontroller without using additional I/O ports. 
The sensor has a range of 20 cm to 765 cm with a 
resolution of 1cm and an ultrasonic signal frequency 
of 42 kHz. Any results greater than 765 cm are 
returned as 765 and any results less than 20 cm are 
returned as 20. The maximum sampling rate is 40 Hz 
at close range, or 15 Hz when operating at maximum 
range (765 cm). The I2CXL-MaxSonar-WR also has 
an Ingress Protection Rating of IP67, meaning it is 
completely protected against dust and can be 
immersed in liquid up to 1 meter in depth. It also 
does auto calibration before every reading to adjust 
for humidity and supply voltage changes between 
readings, as well as filtering of the received 
ultrasonic pulse to return the range to the closest 
target. 

No information is available on the beam 
spreading angle of the I2CXL-MaxSonar-WR. 
Instead, MaxBotix provides plots which show 
empirical data of the object detection ranges for 
various sized objects. These plots can be found in 
Appendix A. 

For the first round of tests, readings were 
taken at a sampling rate of 10 Hz and the sensor 
supply voltage was 3.3V. For the second round of 
tests the sampling rate was increased to 20 Hz and the 
voltage was still 3.3V. For the third round of tests the 
sampling rate was set to 15 Hz, and the supply 
voltage was increased to 5V. 
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B. Wave Probe and Wave Generation 
The measurements obtained from the 

ultrasonic sensor were then compared to 
measurements from a capacitance wave probe. The 
wave probe uses two slightly separated wires which 
are partially submerged in the water. Due to the 
differences between the dielectric constants of the air 
and water, the capacitance between the wires varies 
linearly with the amount of submerged wire. The 
capacitance is then used to calculate the height of the 
water at a given point in time. The capacitance wave 
probe was used to compare to the ultrasonic device’s 
readings because it offers a high sampling rate of 
1612.9 Hz and a precision of 1 mm, making it a much 
more precise measurement device than the ultrasonic 
sensor and a good standard to measure the quality of 
ultrasonic readings by. In the third set of tests, two 
capacitance probes were placed a short known 
distance apart to also measure the wavelength. 
 The waves used in the tests were generated 
in Memorial University’s wave tank. The wave 
generator does not have direct control over the 
amplitude of the waves. Instead, it has control over 
the range of motion of the wave generating wall, 
measured in terms of a percentage of the full possible 
range. This percentage is proportional to the wave’s 
amplitude. Many of the plots in the remainder of this 
document show a percentage as a wave parameter. 
This refers to the range of motion of the wave 
generator. For higher frequency waves this range is 
limited to a lower value to keep the waves from 
breaking so they could be better approximated using 
linear wave theory. 

III. TEST RESULTS 
 Overall, the sensor was able to take 
measurements that were close to the measurements 
taken by the wave probe. Wave parameters such as 
wave height and frequency are clear; however some 
issues arise as the sensor’s angle from vertical (α) 
increases. 
 Fig. 4 shows a sample of wave probe and 
ultrasonic sensor raw data.  In the case of both the 
wave probe and the ultrasonic sensor, there is an 
constant offset of the wave height measurements. For 
the remainder of the results shown in this document, 
this offset has been removed by subtracting the mean 
of the values, so the measurements are centered 
around 0. The ultrasonic sensor data also has many 
large spikes, which are caused by the ultrasonic 
sensor taking an out of range reading. To account for 
these spikes, the ultrasonic data has been adjusted by 
subtracting the mean of the data within a certain 
range around the offset of the sinusoidal wave. Since 
the ultrasonic sensor measures distance to the water 

from above the surface, the shifted data must be 
negated to get the actual wave height. 
 

 
Fig. 4. Raw data from the wave probe and ultrasonic sensor.  

 Unless noted otherwise, all of the results 
discussed in detail in the following sections are from 
the third round of tests, where the sensor was taking 
samples at a rate of 15 Hz and operating at 5V as 
opposed to the 3.3V used in the other tests. This is 
due to the fact that the results were much better when 
the sensor was operating at a higher voltage, with less 
out-of-range readings. Also the accuracy of the 
sensor’s angle α was improved for the third round of 
tests, so more meaningful conclusions could be made 
about the effect the α angle has on the quality of 
measurements. Fig. 5 shows ultrasonic readings from 
tests in the first and third rounds of tests. The 
generated waves have the same parameters, but when 
the sensor is operating at a lower voltage, it returned 
more invalid readings. 
 

 
Fig. 5. Ultrasonic wave profiler measurements of same wave at 
different operating voltages.  

A. Comparison of Wave Probe and Ultrasonic 
Sensor  

Fig. 6 below shows two plots of the data 
from two wave probes and the ultrasonic sensor data. 
In both cases, the wave being measured had a 
frequency of 0.5 Hz and the ultrasonic sensor was 
taking samples at 15 Hz at an operating voltage of 
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5V. In the first case, α was set to 0°, meaning the 
sensor was pointing straight down towards the 
surface of the water. In the second case, α was 
increased to 10°, and as is shown in the plot, resulting 
in dropouts in the ultrasonic readings. 

 
Fig. 6. Wave probe and Ultrasonic wave profiling system 
measurements for a 0.5 Hz wave. 

The dropouts occur when the sensor does 
not detect an object within its range of 765 cm. This 
could happen when either there is no obstacle in front 
of the sensor or something has caused the ultrasonic 
beam not to be reflected back to the transducer. The 
scattering of the acoustic energy, i.e. there is not 
enough energy returned to the sensor, can occur when 
the angle of incidence between the ultrasonic beam 
and the water’s surface is large enough to cause the 
beam to be reflected away from the receiving 
transducer, as is shown in Fig. 7 b). However this is 
not the only case where this behavior is seen. 

 
Fig. 7. a) Ultrasonic beam being reflected back towards the 
transducer. b) Ultrasonic beam being reflected away from 
transducer when angle of incidence between beam and water is too 
great. 

 Using two wave probes separated by a 
known distance allows the wavelength of the wave to 
be calculated, and therefore a mathematical 
approximation of the wave can be generated to find 
the critical angle of incidence where the ultrasonic 
sensor can no longer take valid measurements. Some 
properties of the waves shown in Fig. 6 are 
summarized below in Table I. 

TABLE I.  PROPERTIES OF THE 0.5 HZ WAVE. 

Parameter Value 
Distance between wave probes (dp) 1.76 m 
Time lag between wave probe measurements 
(Δtp) 

0.58 s 

Wave period (T) 2.0 s 
Wave angular frequency (ω = 2*π/T) 3.14 rad/s 
Phase velocity (cp = dp/ Δtp) 3.03 m/s 
Wavelength (λ = cp*T) 6.07 m 
Wave number (k = 2*π/λ 1.04 rad/m 
Wave amplitude (A) 0.115 m 
Still Water Depth (D) 1.7 m 

 
Since the ratio of wave height to wave depth 

(2A/D = 0.13) and wave height to wavelength (2A/λ 
= 0.038) are both small, this wave can be 
approximated reasonably well using linear wave 
theory. The properties in Table 1 therefore allow the 
wave η(x,t) and it’s slope dη(x,t)/dx to be 
approximated as: 

 
η(x,t) = 0.115sin(1.04x – 3.14t) (1) 
 
dη(x,t)/dx = 0.12cos(1.04x – 3.14t) (2) 
 
Therefore the maximum slope of the waves 

in Fig. 6 is 0.12 m/m. This means that in the case 
where α = 0°, the maximum angle of incidence 
between ultrasonic beam and water is equal to 
atan(0.12) ≈ 6.8°. When α = 10°, the ultrasonic 
readings are out of range between roughly 0.51 and 
1.10 seconds after the start of each period. During 
this time the slope of the wave is between -0.09 and -
0.11 m/m, and the angle of incidence of the ultrasonic 
beam and the water is between 15.05° and 16.49°. 
This would suggest that the ultrasonic sensor can take 
valid readings as long as its angle of incidence with 
the water is kept below this threshold of around 15°. 
However, other tests where α was increased to 20°, 
30°, and 40° showed cases where the sensor could 
take valid measurements at much higher angles of 
incidence, as shown in Fig. 8.  

It is interesting to note that the parts of the 
wave where the ultrasonic sensor returned invalid 
measurements when the sensor’s angle α was at 20° 
do not occur at the steepest part of the wave where 
the angle of incidence is at a maximum. Instead, they 
occur close to the troughs and crests of each period. 
In fact, the slopes of the wave at the two points where 
the readings are invalid are roughly 0.025 m/m and 
0.068 m/m. This corresponds to angles of incidence 
of 18.58° and 16.115°, respectively. This result 
suggests that there is a range of incidence angles, 
between approximately 15 and 20 degrees where the 
ultrasonic sensor cannot take valid readings. Once the 
angle of incidence increases above this range, as is 
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the case for the entire wave period when α = 30°, the 
sensor can take valid readings again without any 
issues up until a critical angle where the data 
becomes invalid again.  

 
Fig. 8. Results from 0.5 Hz wave at various values of α. 

 

Fig. 9. Scatter plot of the measured wave height versus the angle 
of incidence between the ultrasonic beam and the water's surface. 
Each color represents data from a different test, where the sensor 
had a different α angle. 

The scatterplot shown in Fig. 9 plots the 
measurements of the ultrasonic sensor against the 
angle of incidence as calculated using the linear 
approximation of the wave. These results come from 
the same tests as in Fig. 8. This plot highlights the 
fact that the ultrasonic sensor works well for angles 
of incidence up to roughly 40 degrees, except when 
the angle is between 15 and 20 degrees, where there 
is a large cluster of invalid readings. 

This observation is further supported in the 
measurements of a 0.7 Hz wave. However, the angles 
of incidence where the readings become invalid for 
the case where the wave was at 0.7 Hz and α = 0° and 
α = 10° were calculated to be 10° and 12.8°, 
respectively. Although these values are lower than 
the range found for 0.5 Hz wave, the discrepancy is 
likely caused by the error in the mathematical 
approximation of the wave. The steepness of the 0.7 
Hz waves was greater than the 0.5 Hz wave, and the 
waves were even occasionally breaking. Therefore 
using the same linear wave approximation as the 0.5 
Hz wave is not as accurate, and the actual slope of the 
water was slightly higher than the model 
approximation suggests.  

One possible explanation for the loss of data 
when the incidence angle is between 15 and 20 
degrees is the frequency shift of the ultrasonic signal 
due to a Doppler shift. Fig. 10 shows the geometry of 
the ultrasonic beam and the velocity of the wave at 
the point where the wave height is decreasing fastest. 
 

 

Fig. 10. Geometry of the ultrasonic beam and the wave's velocity 
as the beam contacts the surface. 

 With this wave and this sensor angle, the 
point of collision between the ultrasonic beam and 
the water is moving towards the transducer at a rate 
of: 
 
 V10=3.05*sin(-6.6+10) = 0.181 m/s (3) 
 

Due to the Doppler Effect, the ultrasonic 
transducer’s frequency at this point in the wave 
becomes (assuming an ambient temperature of 20°C): 

 
fultra=42kHz*(343.6/(343.6-0.181)) = 42022 Hz   (4) 

 
Since this frequency shift is only 22 Hz, this 

is most likely not a factor in the invalid data. Also, 
when the sensor’s angle α increases further, the 
velocity of the point of collision increases further, 
meaning the Doppler Effect is even more prevalent. 
Therefore the Doppler Effect is not a likely candidate 
for the cause of the invalid data points.  



Assessing the Viability of Ultrasonic Distance Sensors for a Wave Profiling System 
      
 

 
Page 5 of 9 

 

B. Sensor Angle Effects on a Flat Surface 
 Even in the absence of waves, the accuracy 
of the ultrasonic sensor degrades as the angle of 
incidence between the ultrasonic beam and the water 
surface. Fig. 11 shows the ultrasonic sensor’s 
measurement of the distance to still water when the 
transducer was positioned 52.4 cm above the surface 
and the sensor’s angle from vertical (α) was varied. 
These readings are compared to the actual distance 
between the sensor’s transducer face and the water, 
calculated by 52.4cm/cos(α). Disregarding the 5cm 
difference between the ultrasonic sensor’s 
measurements and the actual value, the sensor can 
read the correct distance up to an α of roughly 27 
degrees, at which point the readings from the 
ultrasonic sensor become unusable.  

 
Fig. 11. Expected readings and actual ultrasonic readings plotted 
against sensor angle when sensor was directed towards the floor 
off a desk. 

C. Phase Shift Problems 
 Another problem that is apparent in the plots 
shown in Fig. 8 is that the ultrasonic measurements 
show inconsistent shifts in phase compared to the 
capacitance probe readings. If the ultrasonic wave 
profiling system is to be used to determine the 
direction of propagation of the most significant 
waves, having accurate information about the phase 
is of utmost importance. Using the geometry of the 
test setup and the speed of the wave, the expected 
phase shift between the front wave probe and the 
ultrasonic readings can be calculated. Using the setup 
shown in Fig. 12, the expected time shifts of the wave 
for different values of α are summarized in Table 2, 
assuming the wave has a phase velocity of 3.03 m/s. 
Table 2 also contains the actual time shifts, as 
measured from the results shown in Fig. 8, and the 
calculated distance between the front wave probe and 

the ultrasonic sensor that correspond to the measured 
time shifts.  

 
Fig. 12. Schematic of test setup used to calculate expected phase 
shifts. 

 In order to calculate the values in Table 2, 
the following equations were used: 
 
xα,measured = 0.525 - 1.04*tan(α) (5) 
Δtexpected = xα,measured/cp = xα,measured/3.03 m/s (6)  
xα,empirical = Δtempirical*cp = Δtempirical*2.03 m/s (7) 

TABLE II.  TABLE OF EXPECTED AND EMPIRICAL TIME SHIFTS 
OF THE WAVE AND THE MEASURED AND CALCULATED DISTANCES 
BETWEEN THE FRONT WAVE PROBE AND THE POINT OF CONTACT 

BETWEEN THE WATER AND ULTRASONIC BEAM.  

Alpha xα,measured Δtexpected Δtempirical xα,empirical Δxmeasured-

emprical 

0 0.525 m 0.173 s 0.07 s 0.212 m 0.313 m 
10 0.342 m 0.113 s 0.58 s  1.757 m -1.433 m 
20 0.379 m 0.048 s 0.325 s 0.985 m -0.606 m 
30 -0.075 m -0.025 s -0.025 s -0.075 m 0 m 
40 -0.348 m -0.115 s -0.2 s -0.606 0.491 m 
  
 As is apparent from the values in Table 2, 
the time shifts between the ultrasonic readings and 
the wave probe vary. For some values of α, the shifts 
are exactly as expected. Some discrepancies are 
expected due to the detection pattern of the sensor, 
which can be found in Appendix A. The beam pattern 
shows that the sensor detects objects up to 30 cm out 
from the center of the beam. This may account for the 
differences between the expected and actual shifts. 
For example, when α = 0°, the actual shift 
corresponded to the ultrasonic sensor measuring the 
wave 31.3 cm before the center of the beam, which is 
most likely caused by the sensor measuring the wave 
at the edge of the detection zone. However, there are 
some results in Table 2, such as when α = 10°, that 
cannot be explained by this phenomenon. One 
potential cause is latency between the ultrasonic 
measurement being taken and the log’s timestamp, 
which was used to record timing information. When 
the ultrasonic sensor takes a reading, the controlling 
microcontroller reads the sensor’s value over I2C and 
then sends the information to a PC over a serial 
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connection. The reading is then logged with a 
timestamp on the PC using the PC’s system time. The 
capacitance wave probes were connected to the same 
PC so there should not be any discrepancies between 
the times of the wave probe logs and the ultrasonic 
sensor logs. However if there was a delay between 
taking the ultrasonic reading and the reading being 
output to a log, the timestamp in the log would be 
delayed by that amount. Unfortunately the 
microcontroller used in these tests does not have real-
time clock capabilities and therefore it is not possible 
to directly analyze the delay introduced by the serial 
connection. Upon investigation, it was found that 
there is in fact one read-cycle between when the 
ultrasonic sensor takes a measurement and when the 
value is read over the I2C interface which introduces 
a 67 millisecond delay, and the execution of the 
instruction to write to the PC adds another 30 
millisecond delay. But even this 100 millisecond 
delay is not enough to account for the drastic 
differences in the time shift of the wave 
measurements. 
 It is possible that this issue is caused only by 
latency between computer components or a loss of 
synchronicity between log timestamps, and it may not 
turn out to cause problems when multiple ultrasonic 
sensors are driven by the same microcontroller with 
the same clock. However if further testing shows this 
to be a persistent behavior, it will complicate the task 
of trying to determine the direction of waves. 

IV. NON-LINEAR WAVES 
 In order to explore the sensor’s effectiveness 
in a less predictable wave environment several tests 
were conducted where the wave frequency was 
decreased mid-test. Since the lower frequency waves 
travel faster than the higher frequency waves, the 
different frequency waves interfered when they 
overlapped, leading to less predictable wave shapes. 
The results from one such test is shown below in Fig. 
13. Here the frequency started at 0.9 Hz, and was 
lowered to 0.8, then 0.7 Hz. This further supports the 
fact that the quality of the sensor’s readings depends 
on the angle of incidence between the ultrasonic 
beam and the water. In this test, there is still many 
invalid readings, which appear to occur at when the 
angle of incidence is either very large, or somewhere 
in that range between 15 and 20 degrees. 
 This also shows that the frequency of the 
wave does not have an effect on the quality of the 
ultrasonic sensor’s data.  This result is not surprising, 
since the ultrasonic sensor is taking readings at a rate 
of 10 Hz, it should theoretically be able to measure 
waves up to 5 Hz, which is much higher than the 
frequency of the waves of interest. In fact, since the 

sensor only has a resolution of 1 cm, this system will 
not be suitable for measuring high frequency, small 
amplitude waves. 

 
Fig. 13. Results from ultrasonic sensor and wave probe for test 
where the frequency was decreased over time.  

V. CHANGING THE SENSOR DIRECTION 
 In all of the tests described above, the sensor 
was directed into the incoming waves. However the 
performance of the sensors measurements can also be 
affected by the direction in which the waves are 
travelling (assuming the sensor is not directed 
vertically down). For this reason, measurements were 
also taken where the sensor was at 20 degrees to the 
vertical and pointing in the direction of wave 
propagation as well as perpendicular to the wave 
propagation. The measurements from these tests are 
shown below in Fig. 14. 
 The most significant conclusion to be drawn 
from Fig. 14 is that the part of the wave that is most 
likely to be missing data changes when the sensor 
direction changes. When the sensor is facing the 
direction of the wave propagation this is the rising 
edge of the wave, since this is the part of the wave 
with the largest angle of incidence with the ultrasonic 
beam. When the sensor is facing perpendicular to the 
wave direction, this problem does not arise at all, 
since the angle of incidence between the beam and 
water is constant (theoretically). 

VI. FURTHER TESTING 
 The results discussed above demonstrate that 
ultrasonic range finding sensors, in particular the 
Maxbotix I2CXL-MaxSonar-WR, are capable of 
profiling generated waves and measuring their height 
to a resolution of 1 cm. 
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Fig. 14. Measurements when sensor is facing against the wave 
propagation, with the wave propagation, and perpendicular to the 
wave propagation. Taken from the first round of tests, where the 
sensor was operating at 10 Hz and a voltage of 3.3V. When the 
sensor was turned around to face backwards and sideways, it was 
moved further away from the wave probe. This accounts for the 
larger phase difference between the wave probe measurements and 
the ultrasonic sensor measurements in these cases. 

 However, in order to ensure their viability in 
a real ocean environment, further testing must be 
carried out. There are two main differences between 
the lab environment where these tests were done and 
an ocean environment. The first is the stationary 
platform used in these tests versus the surface craft to 
which the ultrasonic sensors will be mounted. The 
rolling and pitching of the surface craft will 
effectively cause the sensor’s angle from vertical (α) 
to vary with time. It must be investigated whether the 
variation in α will cause too many invalid readings to 
determine the shape of the wave, and if it is possible 
to use data obtained from motion detectors, such as 
accelerometers or inertial measurement units, to 
correct for the rolling and pitching of the craft. Using 
the vehicles motion sensors and pressure sensors will 
also help to compensate for the heave motion of the 
vehicle. The other difference is the single frequency 
nature of the waves in the wave tank. In an ocean 
environment there are many different wave 
components travelling in different directions. This 
means the angle of incidence between the ultrasonic 
beam and the water surface will be unpredictable. 
Since the angle of incidence was shown to be a 
crucial parameter in determining whether or not the 
sensor could take a valid reading, some tests must be 
conducted in a more chaotic wave environment in 
order to see whether this results in too many invalid 
readings to be able to find the amplitude and shape of 
the significant waves.     

VII. CONCLUSIONS 
 The ultrasonic wave profiling system 
described in this document is able to take wave 
height measurements reasonably well with some 
significant limitations described in Section VI. The 
preliminary tests discussed in this document show 
that although the resolution and sample rate of the 
ultrasonic sensor is not as good as some other 
solutions, in particular the capacitive wave probes, 
ultrasonic sensors can be used as surface height 
measurement devices. They are a strong candidate to 
be used in the wave profiling system described in the 
introduction. However; more testing must be done on 
a pitching, rolling and heaving craft as well as in a 
more uncontrolled wave environment in order to 
ensure that using ultrasonic distance sensors is a 
viable method to profile waves in a real-world 
environment.  
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IX. APPENDIX A: I2CXL-MAXSONAR-WR BEAM 
PATTERN 

 
Fig. 15. I2CXL-MaxSonar-WR Beam pattern. Source – [1] 
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