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Executive Summary 

Wave monitoring is crucial to understanding coastal processes that influence the design of sea 

defences, port operation planning, disaster management and recreational safety to name a few. 

Traditionally the wave monitoring field has been dominated by accelerometer buoys, however 

recent advancements in technology have introduced alternate global positioning system (GPS) 

sensors. To effectively monitor wave conditions it is important to have a comprehensive 

understanding of available wave monitoring devices, in order to utilise equipment that is 

appropriate for a particular application.  

A three month field trial was undertaken at the Gold Coast, Queensland, from 16 March 2018 to 30 

June 2018, deploying nine ocean monitoring devices for comparison to Datawell’s DWR-MkIII, 

which is often considered the industry standard, in order to examine if there was a statistically 

significant relationship between wave parameters. 

Devices used in this study include:  

 two Spoondrift Spotters; 

 two Datawell DWR-G4s; 

 TriAxys Next Wave II Directional Wave Buoy; 

 Aanderaa Wave and Tide Sensor 5648/4648R;  

 RBRduet; and 

 two prototype devices: 

• SCRIPPS Directional Wave Spectra Drifter  

• Smart Phone WaveApp 

Wave parameters were examined from each device’s automatic outputs, in addition to recalculated 

parameters from the raw displacements and found that:   

 The comparison shows excellent agreement for significant wave height (Hs) and maximum 

wave height (Hmax) across all commercially available devices in both the on-board and 

recalculated parameters.  

 Peak period (Tp) returned the weakest agreement across all devices compared to the 

DWR-MkIII, most likely due to the presence of bi-modal sea-states and differences in 

spectral calculation methods.  

 The reliability of Tp measurements from GPS buoys can also be affected by GPS signal 

loss, periodically introducing a saw-tooth like artefact in the raw displacements.  

 The SCRIPPS GPS prototype device compared well to the DWR-MKIII across all 

parameters, however it had a sporadic time series due to antenna issues causing an 

inability to achieve a satellite lock. 

 While the prototype smartphone app had good agreement with Hs, it returned poor 

agreement with Tp as a result of low-frequency noise.  

 The pressure transducers displayed poor agreement in both Tp and mean period (Tz).  

Overall, while Tp was affected by GPS interference, the recalculated parameters demonstrated that 

appropriate filtering can help achieve accurate results, indicating that smaller GPS based devices 

may be an appropriate alternative in wave monitoring applications. However, it is noted that the 

testing period did not include any significant wave events, which may influence technology viability. 
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1 Introduction 

Long-term wave monitoring is crucial to understanding coastal processes that influence the design 

of sea defences, port operation planning, disaster management and recreational safety to name a 

few. However, despite the usage of long-term wave datasets across multiple disciplines, global 

monitoring networks are still widely underdeveloped. Multiple devices have been developed for 

monitoring wave parameters, the most notable being: wave monitoring buoys (directional and non-

directional); Acoustic Doppler Current Profilers (ADCP); high-frequency radars; and pressure 

transducers. Unfortunately these devices are expensive or require costly infrastructure to deploy, 

thus setting up extensive monitoring networks is often not economically viable. In order to reduce 

the cost of wave monitoring programs, new low-cost alternatives are being developed but these 

are still relatively untested in open ocean environments. The introduction of alternative global 

positioning system (GPS) based sensors is foremost amongst inexpensive alternatives, primarily 

due to the absence of mechanical accelerometers resulting in reduced equipment size, easier 

deployments, reduced sensitivity, and the need for calibration (de Vries, Waldron, & Cunningham, 

2003; Herbers et al., 2012; Jeans & Bellamy, 2012). 

Traditional wave measuring buoys utilise an accelerometer to measure accelerations (x, y, z) 

caused by ocean waves and have been successfully utilised in wave measurement applications for 

many years (Datawell BV, 2017b). Alternatively wave monitoring buoys that incorporate GPS 

systems typically calculate wave parameters based on differential measurements of the Doppler 

effect to determine horizontal and vertical velocities of the buoy as it moves with the passing of 

waves (Herbers et al., 2012; Jeans & Bellamy; Datawell BV, 2017a). Whilst the application of GPS 

technology in ocean monitoring is becoming widespread, few emergent devices have undergone 

lengthy sea trials in order to compare how they perform against the widely used and tested 

accelerometer buoys. 

A number of studies have been undertaken to compare wave measuring devices and validate new 

technologies (Allender et al., 1989; De Vries et al., 2003; Herbers et al., 2012; Jeans & Bellamy, 

2012; Jeans, Primrose, Descusse, Strong, & Van Weert, 2003; O’Reilly, Herbers, Seymour, & 

Guza, 1996; Pettersson et al., 2003; Rütten, Mai, Wilhelmi, Zenz, & Winkelbauer, 2013). The most 

exhaustive being Allender et al. (1989) which presented results from a field trial comparing data 

sets from 20 independent wave measurement systems (ten directional), representing the majority 

of commercially available directional wave measurement systems at the time. Allender et al. (1989) 

noted a number of concerning tendencies for multiple buoy systems; primarily the 

stability/response of the devices in high sea states resulting in over/under estimates of wave 

height, noisy data at low frequencies, and possible capsizing events. Over/underestimating wave 

heights is a reoccurring problem that has been discussed in numerous comparisons papers 

(Kasinatha Pandian et al., 2010). It is theorised that these results could be a consequence of the 

mooring configuration, highlighting the necessity of reducing the impact of mooring forces on wave 

following devices. This is also illustrated in studies conducted by Kasinatha Pandian et al (2010), 

Niclasen & Simonsen (2007) and Whittaker, Raby, Fitzgerald, & Taylor (2016) who found that 

moored buoys have a tendency to travel around or be dragged through large crested waves. 

Whilst numerous inter-sensor comparison studies compare devices moored in close proximity, a 

number of studies have used a dual sensor comparison, where the new sensor is placed inside of, 

or mounted onto an already validated monitor (Herbers et al., 2012; Krogstad, Barstow, Aasen, & 

Rodriguez, 1999). As illustrated in de Vries et al (2003), when the GPS sensor was compared to 

an accelerometer in the same buoy, an excellent correlation was achieved. However, in 

comparison to a buoy 100 m away that used the same accelerometer mechanism, there was a 
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notable reduction in correlation. Dual sensors enable the measurement of the same waves, 

facilitating a more accurate comparison as observed differences should be predominantly due to 

instrument errors (Krogstad et al., 1999). 

The primary objective of this trial is to test new and emerging cost effective technologies by 

comparing the parameter outputs of in-situ wave measurements collected over a three-month 

period. While there is no clearly defined industry standard for wave monitoring, Datawell products –

specifically accelerometer based sensors- are arguably the most commonly used buoys 

(Holthuijsen, 2007), which have been used in multiple comparison and validation field studies, and 

thus are considered the best available reference/standard in wave monitoring technology (Luther et 

al., 2013). As such it is essential that the performance of new measuring methods and equipment 

align with the extensively tested and efficient technology offered by Datawell’s 50+ years of 

experience (Joosten, 2013). 
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2 The Field Experiment 

2.1 Comparison Trial Site  

This study was conducted offshore of the 

Gold Coast in South East Queensland 

(Figure 1). The site is a long-term wave 

monitoring site for the Coastal Impacts Unit 

(CIU), Department of Environment and 

Science, and has been active since 

21/03/1987 (DSITI, 2016). The estimated 

water depth at the deployment site is 16 m, 

and the Datawell DWR-MkIII was located at 

27° 57.876' S, 153° 26.500' E. Historical 

wave climate data indicates that the average 

significant wave height (Hs) is 1.12 m, with a 

dominant east to east-southeast wave 

direction (DSITI, 2016). The monthly 

average Hs varies throughout the year, 

peaking at 1.37 m in March to 0.94 m in 

September, with a modal height of about 

0.9 m. The top five maximum recorded wave 

heights (Hmax) range from 10.6 to 12.0 m. Peak 

wave periods (Tp) typically range from 3 to 

15 seconds, with a modal period of about 10 seconds. Nine devices were deployed for comparison 

with the DWR-MkIII, including seven directional wave measuring devices consisting of five buoys, 

in addition to two prototype devices. Two non-directional pressure transducers were also deployed. 

2.2 The Measurement Devices 

In-situ ocean wave measuring devices consist of equipment that can either be deployed at the sea 

surface, below the sea surface or piercing the sea surface (Holthuijsen, 2007) and can 

predominantly be divided into two categories: buoys that follow the orbital motion of the water; and 

fixed-position sensors that measure surface elevation (de Vries et al., 2003). Sections 2.2.1, 2.2.2 

and 2.2.3 will describe the specific devices used throughout this trial, followed by Table 1 which 

summarizes the device set up. 

Wave Buoys 

Wave buoys are traditionally the most widely used wave measuring device due to their ability to 

follow the three-dimensional orbital motion of ocean waves, and their relative ease of deployment. 

Whilst widely used and typically considered the most effective device to measure ocean waves, 

there are numerous models that employ differing measurement principals. 

2.2.1.1 Datawell Directional Waverider MkIII 0.9 m 

The Datawell Directional Waverider MkIII (DWR-MkIII) is a well-established wave measuring 

device that utilizes an accelerometer mounted on a unique gravity-stabilised platform to measure 

wave height (Datawell BV, 2017b). A horizontal coil is also fixed to the platform which is 

suspended within a fluid filled plastic sphere, with two vertical coils wound externally around the 

Figure 1. Comparison trial site, located 
approximately 1.3 km offshore at the Gold 

Coast, QLD. 
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sphere to measure electromagnetic coupling with the coil positioned on the internal platform. 

This magnetic coupling determines the pitch and roll angles of the buoy in order to convert the 

measurements to horizontal accelerations (Datawell BV, 2017b). An additional accelerometer 

measures horizontal motions of the buoy, while a fluxgate compass is utilised to orient the buoy 

and transfer the buoy’s relative accelerations into north-west coordinates. The DWR-MkIII samples 

the x, y and z displacement of the wave field at 3.84 Hz, down sampled to 1.28 Hz (Datawell BV, 

2017b) and calculates directional spectra by utilising a segmented non-overlapping Welch’s 

method with a modified Tukey window, applying a cut off at 40 seconds (DSITI, 2017). 

The DWR-MkIII has been used in numerous comparison and validation studies, and is often 

considered as the industry standard for wave measurements as it is widely used by the 

oceanography community (Luther et al., 2013; Rütten et al., 2013). Datawell buoys have been 

utilised by CIU for over 30 years. Any change in instrumentation needs to be consistent with the 

wave parameters generated by the DWR-MkIII to ensure consistency with long term statistics. For 

the reasons just outlined, the DWR-MkIII was chosen as the baseline to which all other devices 

were compared. 

2.2.1.2 Datawell Directional Waverider-G 0.4 m 

The Datawell Directional Waverider GPS 0.4 m (DWR-G4) buoys utilise the GPS satellite system 

in order to calculate the velocity of the buoy by means of the Doppler shift principle. It is a compact 

version of the DWR-G which comes in both 0.7 m and 0.9 m diameters and uses the same filtering 

and calculation methods as the DWR-MkIII. Due to the compact hull size, the DWR-G4 has a 

limited battery lifespan of approximately one month with HF transmission enabled. Unlike the MkIII, 

it initially samples at 2 Hz, applying a higher frequency cut off of 0.01 Hz and converting the 

sampling rate to 1.28 Hertz. The DWR-G4 also calculates directional energy spectral parameters 

similar to the MkIII buoy. 

The DWR-G4 has undergone multiple trials both in comparison to the DWR-G 0.7 m and 0.9 m 

and DWR-MkIII (Björkqvist et al., 2016; de Vries, 2007; Herbers et al., 2012). A dual sensor 

comparison was undertaken by de Vries et al. (2003) which utilised an accelerometer based DWR 

that was adapted to also house a DWR-G sensor, displaying excellent correlation. The DWR-G4 

has additionally been used to validate prototype GPS drifters (Herbers et al., 2012; Raghukumar et 

al., 2017) and monitor extreme weather events (Boswood, 2017). While the DWR-G4 has been 

successful in wave monitoring applications there are a number of challenges regarding the 

mooring of the device (de Vries, 2007) in addition to GPS signal loss and associated errors that 

have occurred in both drifting and moored applications (Björkqvist et al., 2016; Boswood, 2017). 

2.2.1.3 AXYS Technologies TriAXYS Next Wave II Directional Wave Buoy with Currents  

The AXYS Technologies TriAXYS Next Wave II Directional Wave Buoy with Currents (hereafter 

referred to as TriAxys) is similar to the DWR-MkIII in that it measures x, y and z movements with 

an accelerometer. However, unlike the DWR-MkIII, the TriAxys buoy uses three accelerometers, 

three rate gyros and a fluxgate compass to determine heave, surge and sway. Surge and sway 

velocities are utilised instead of roll and pitch angles (as in the DWR-MkIII) in order to provide a 

greater level of accuracy in measuring wave kinematics (Axys Technologies Inc., 2014). Data 

analysis is performed on-board the buoy using Fast Fourier Transform (FFT) integration 

techniques in addition to a cyclic merging process to taper out the first and last five per cent of data 

(Axys Technologies Inc., 2014). Data is initially sampled at 4 Hz and transformed to 1.28 Hertz. 

The TriAxys buoy also samples currents with a Norteck AquaDopp Current Profiler. However, 

current measurements are outside the scope of this project and will not be discussed here. 
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The TriAxys buoy, like the DWR-MkIII, has been involved in numerous comparisons and has been 

used to validate data from alternative wave monitoring equipment. Due to the presence of an 

inbuilt current profiler, the TriAxys is often used to validate data from Acoustic Doppler Current 

Profilers (ADCP). ADCPs can be used to determine currents and also include wave measurement 

capabilities (Heitsenrether, Holcomb, Gray, Teng, & Wilson, 2015; Shih, Long, Bushnell, & 

Hathaway, 2005). However, ADCPs have not been considered in the current exercise. 

2.2.1.4 Spoondrift Spotter 

The Spoondrift Spotter is a compact and light weight (42 cm diameter, 5.4 kg) GPS buoy that was 

primarily developed in order to provide cost effective wave monitoring drifters. The Spotter samples 

3-dimensional displacements (x, y, z), using a combination of Doppler shift velocities and positional 

information. The device samples at 2.5 Hz and applies a real-time band pass filter on raw 

displacements during on-board analysis in order to filter out frequencies outside 0.033 Hz and 1 

Hertz. Spectral information is derived from the horizontal and vertical displacement data using an 

FFT analysis over a half-hour time period utilizing a 104.4 second Hamming window with a 50 per 

cent overlap. The Spotter can be utilised as either a free-drifting device that measures waves, 

positions and surface currents, or as a moored device to measure waves and absolute position. 

To date, two comparisons have been undertaken and published by Spoondrift Technologies in 

order to validate the statistical estimates produced. Both trials were conducted in comparison with 

Datawell’s DWR-G4, and excellent agreement was achieved for examined parameters (Jansseen, 

2017; Raghukumar et al., 2017). While these trials found excellent agreement in comparison to the 

DWR-G4, noticeable mooring effects (namely clipping) were apparent for both devices, additionally 

the Spotter tended to measure slightly more wave energy than the DWR-G4 (Jansseen, 2017). 

According to literature available, a comparative sea trial of periods greater than two weeks has not 

been undertaken. 

Pressure Transducers 

Pressure transducers are a form of in-situ wave measurement device that are located beneath the 

sea surface and measure wave induced fluctuations in pressure at a fixed point (Holthuijsen, 

2007). Linear wave theory is used in order to calculate wave parameters and whilst pressure 

transducers do not provide directional information, an array of pressure sensors can be deployed 

in order to determine directional wave information (Holthuijsen, 2007) or in combination with 

current meters. Pressure sensors have been utilised in a number of comparison studies, often 

being determined as the best estimate data set such as in O’Reilly et al. (1996) where data from an 

array of six pressure sensors were utilised to examine the performance of two buoys. While 

pressure sensors have been used for multiple applications including examining wave 

transformation on reefs (Harris & Vila-Concejo, 2013) and deep ocean swell (Vassie, Woodworth, 

& Holt, 2004), the particular brand and model of the device is often left unmentioned. This absence 

of information makes it difficult to provide background information on the particular pressure 

transducers used within the current trial. 

2.2.1.5 RBRduet Pressure Transducer 

RBR develops a number of instruments to measure water parameters and has recently developed 

a compact logger the RBRduet T.D|wave (henceforth referred to as RBR) that measures 

temperature, tide and waves at a sampling rate of up to 16 Hz in either burst (minimum 512 

samples) or continuous mode (RBR Ltd, 2012). The small size of the RBRduet enables 

deployment by hand and can be done without any expensive equipment. However in order for 
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pressure transducers to accurately measure waves it should be fixed solidly in place to reduce 

movement (RBR Ltd, 2013), which depending on the type of structure used could incur additional 

costs.  

2.2.1.6 Aanderaa Wave and Tide Sensor 4648/4648R  

The Aanderaa Wave and Tide Sensor 4648/4648R (referred to as Aanderaa hereafter) has been 

used for numerous years in the ocean monitoring community, coupled with the SeaGaurd platform 

to measure hydrostatic pressure based on a silicon piezoresistive bridge (Anaderaa Data 

Instruments AS, 2009). Wave measurements are calculated from 2048 samples measured at 2 Hz 

(samples and frequency are user configurable). 

Prototype devices  

Rapid advancements in technology allow the development of wave monitoring equipment that can 

be easily accessible and are economical substitutes. The use of low cost “off the shelf” GPS 

technology has been explored and found to provide accurate wave information, however, these 

may not consistently yield high quality data (Herbers et al., 2012). Additionally, advancement in 

accelerometer technology has created the opportunity for devices with inbuilt accelerometers to be 

utilised in wave monitoring applications. Two prototype devices were deployed during this trial: one 

utilising GPS technology; and the other an inbuilt accelerometer. In order to obtain the most 

reliable comparison possible the prototype sensors were mounted on pre-validated technology 

(DWR-MkIII and the DWR-G4). 

2.2.1.7 Prototype SCRIPPS Directional Wave Spectra Drifter 

Scripps Institution of Oceanography (henceforth referred to as SCRIPPS) has recently developed a 

Directional Wave Spectra Drifter (DWSD) in order to provide low-cost GPS-based wave 

measurements. The DWSD utilises the Doppler shift principle to measure vertical and horizontal 

displacements in 17 minute wave bursts every half hour at 2 Hertz. A field test was conducted by 

Centurioni et al. (2016) in order to compare the DWSD with a bottom-mounted Acoustic Doppler 

Current Profiler (ADCP). The trial was conducted for a six-day period and resulted in a promising 

comparison between directional and non-directional parameters with a bias of 0.03 m for Hs, 

−0.02 s for Tz, 0.03 s for Tp, and 3.7° for Direction. It was noted that discrepancies between 

devices were possibly due to differing calculation methods used by each device, in addition to the 

devices being separately located approximately 30 m apart (Centurioni et al., 2016). 

2.2.1.8 Prototype Smart Phone WaveApp  

Constant advancements in smartphone technologies have resulted in cheap, easily accessible 

devices that can be adapted for scientific purposes. A prototype Android mobile application was 

developed by Loehr et al. (2013) utilising a phone’s in-built accelerometer to measure the 

displacement of ocean waves. Laboratory trials were conducted with a smartphone and tablet 

running the App using a custom built apparatus to simulate oscillatory motions, in addition to field 

trials in a custom wave buoy hull, personal water craft, and mounted inside a TriAxys Directional 

Wave Buoy. Strong alignments were displayed for significant wave height between the wave 

measuring App and the TriAxys, however, the tablet measured higher values than both the 

smartphone App and TriAxys (Loehr et al., 2013).  
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Table 1. Sensor details including measuring principle, depth, samples collected, sample frequency, data output rate, length of record and data 
access. 

Device Measurement principle Depth 

(m) 

# samples per 

30 min 

Sample 

frequency 

(Hz) 

Data output 

rate 

(Hz) 

Length of 

record 

(mins) 

Data access 

RBRduet Pressure to depth –waves seen as higher 

frequency changes 

16 2048 4 Hz 4 Hz 8.5 Internal storage 

Aannderaa Wave 

and Tide sensor 

Dynamic pressure time series, used to calculate 

wave spectrum 

16 2048 4 Hz 4 Hz 8.5 Internal storage 

Spoondrift Spotter 

#75 

GPS and Inertial Measurement Unit. Measuring x, 

y, and z motion 

16 4500 (samples 

continuously) 

2.5 Hz 2.5 Hz 30.0 Online cloud and 

internal storage 

Spoondrift Spotter 

#97 

GPS and Inertial Measurement Unit. Measuring x, 

y, and z motion 

16 4500 samples 

continuously) 

2.5 Hz 2.5 Hz 30.0 Online cloud and 

internal storage 

Datawell MkIII 0.9 

m diameter 

Two perpendicular accelerometers, measuring 

horizontal and vertical displacement 

16 2048 3.84 Hz 1.28 Hz 26.6 HF radio link and 

internal storage 

SCRIPPS DWSD 

(mounted on 

MkIII) 

GPS Doppler principle is used, measuring 

horizontal and vertical displacement data 

16 2100 2 Hz 2 Hz ≈17.0 Internal storage 

Datawell DWR-G4 

#5 0.4 m diameter 

GPS Doppler principle is used, measuring 

horizontal and vertical displacement data 

16 2048 2 Hz 1.28 Hz 26.6 HF radio Link 

and internal 

storage 

TriAxys Two perpendicular accelerometers, measuring 

horizontal and vertical displacement 

16 2048 4 Hz 1.28 Hz 20.0 

every hour 

HF radio link and 

internal storage 

Datawell DWR-G4 

#6 0.4 m diameter  

GPS Doppler principle is used, measuring 

horizontal and vertical displacement data 

16 2048 2 Hz 1.28 Hz 26.6 HF radio Link 

and internal 

storage 

Phone Wave App 

(Inside DWR-G4 

#6 ) 

In phone accelerometer to measure x, y, and z 

motion 

16 - 2 Hz 1 Hz - Internal storage 
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2.3 Device Deployment  

Due to the dominant easterly wave direction indicated by historical data, equipment was set up 

parallel to the shore along a contour line for uniform depth (Figure 2) during February 2018, 

enabling the instrumentation to capture comparable data from the same wave train. Devices were 

deployed for a three month trial period from April to June, approximately 150 metres apart in order 

to prevent mooring system entanglement, while the RBR and Aanderaa pressure transducers were 

bottom mounted in a weighted triangular frame with a float as a marker. 

 

Figure 2. Device position for Months One, Two and Three of comparative sea trial. Devices are 
positioned approximately 1.3 km offshore at the CIU’s long-term monitoring wave site at Gold Coast, 
Qld. Each device was positioned approximately 150 m apart in order to avoid mooring entanglement. 

An initial sea trial period of four weeks was selected due to the limitations of the DWR-G4 #5 

battery life. At this time the DWR-G4 #5 received an infield battery transfer, and changed positions 

and mooring with Spotter #97. A second DWR-G4 was also deployed, which was running a 

prototype Wave App via an internally mounted smartphone. All instrumentation remained in the 

field for a further five weeks, at which time the DWR-G4’s and Spotter #75 were removed from the 

field. The TriAxys, Spotter #97 and pressure transducers remained in the field for an additional four 

weeks. Figure 3 outlines the varying number of devices that were in the field at any one time – 

additionally Table 2 provides GPS locations and comments pertaining to device/mooring condition 

throughout the trial. 

 

Figure 3. Number of devices deployed for the wave monitoring comparison trial at 
the Gold Coast, SE Qld. 
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Table 2. Device location for each month of the trial and additional comments relating to device and mooring condition. 

 Month one 
 

Month two Month three 

Device Depth (m) Position Comments Position Comments Position Comments 

Datawell DWR-

MkIII 
16 

27° 57.876’ S 

153° 26.500’ E 
- Unchanged - Unchanged - 

SCRIPPS 

DWSD 

(mounted on 

DWR-MkIII) 

16 
27° 57.876’ S 

153° 26.500’ E 

Device sustained damage 

possibly to the antenna. Unable 

to attain GPS position fix. 

Unchanged No data collected Unchanged No data collected 

Spoondrift 

Spotter #75 
16 

27° 57.713’ S 

153° 26.500’ E 

Second float on mooring 

configuration sunk, float 

replaced. 

Unchanged 

Delamination of solar panels. 

Small amount of water in 

hull. 

N/A Removed 

Spoondrift 

Spotter #97 
16 

27° 57.794’ S 

153° 26.501’ E 
- 

27° 57.957’ S 

153° 26.491’ E 

Swapped positions with 

DWR-G4 #5 to Spoondrift 

mooring 

Unchanged 

Crack in upper flange, 

caused hull flooding and 

electronic failure. No data 

collected 

Datawell DWR-

G4 #5 0.4 m 

diameter 

16 
27° 57.957’ S 

153° 26.491’ E 
- 

27° 57.794’ S 

153° 26.501’ E 

Swapped positions with 

Spotter #97 to Datawell 

mooring 

N/A Removed 

Datawell DWR-

G4 #6 0.4 m 

diameter 

16 N/A - 
27° 58.084’ S 

153° 26.444’ E 

Float sunk during 

deployment 
N/A Removed 

Phone Wave 

App Inside 

DWR-G4 #6  

16 N/A - 
27° 58.084’ S 

153° 26.444’ E 

Float sunk during 

deployment. Battery lasted 5 

days. 

N/A Removed 

TriAxys 16 
27° 58.014’ S 

153° 26.482’ E 

Deployed a day later than other 

devices due to deployment 

requirements 

Unchanged - Unchanged 

Raw data did not write to 

memory card. On-board 

calculations still transmitted. 

RBRduet 16 
27° 57’ 37.96” S 

153° 26’ 29.92” E 
- Unchanged - Unchanged 

Float damaged, device 

unaffected. 

Aanderaa 

Wave and Tide 

sensor 

16 
27° 57’ 37.96” S 

153° 26’ 29.92” E 
- Unchanged - Unchanged 

Float damaged, device 

unaffected 
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Over the trial period, Hs varied between 0.4 (99 per cent exceedance) to 3.0 m (1 per cent 

exceedance), with Hmax reaching up to 5.5 m in June. Peak wave periods ranged between 5 and 

15 seconds. 

Mooring configurations 

Manufacturer recommended mooring designs were followed as closely as possible for each wave 

buoy, however, minor alterations were made to the DWR-MkIII and TriAxys mooring configurations 

(Figure 4). Alterations made to these moorings were based on technical advice from personnel at 

CIU, founded on over 40 years of wave monitoring experience, and primarily consisted of changes 

to the anchoring method. The original Datawell and TriAxys mooring configuration included 

between 300–500 kg of heavy chain to anchor the devices and submerged floats in order to keep 

the mooring off the sea floor, preventing both chaffing and entanglement. However, deployment 

and retrieval of the recommended anchoring weight would require significant effort and expense, 

as such the CIU utilize a 12.2 kg plough anchor with 50 kg of chain, which has been very 

successful in multiple deployments. Both the DWR-MkIII and the TriAxys buoy incorporate a rubber 

cord which, due to the added elasticity enables greater flexibility and range of motion when 

following the orbital motion of ocean water particles (Datawell BV, 2006, 2017b). 

 

Figure 4. Manufacturer recommended mooring systems: a) TriAxys buoy; b) Datawell DWR-G4; 
c) Spoondrift Spotter; d) DWR-MkIII. For more information regarding these configurations please see 

each buoy’s respective manual. 
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2.4 Deployment advantages and disadvantages  

A large advantage of incorporating GPS technology into wave monitoring equipment is that it 

allows the device size to be decreased in order to provide a compact instrument that can be 

deployed with ease. The lighter and smaller Spotters and DWR-G4s have this advantage, which 

enables deployment costs to be reduced in comparison with the larger accelerometer buoys that 

often require lifting equipment and larger deployment vessels. However there are a number of 

trade-offs that come with reducing device size. A summary of device advantages and 

disadvantages can be found in Table 3. 
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Table 3. Advantages and Disadvantages of commercially available device deployment/retrieval. 

Device  Advantages  Disadvantages  

Datawell 

DWR-MkIII 

- up to 3.5 years battery life if deployed 

with full battery capacity  

- Live data stream  

- increased buoyancy due to size  

- less susceptible to mooring force  

- optional solar panel system  

- larger boat required for deployment and retrieval 

incurring greater financial costs  

- can be damaged due to boat collision, vandalism, etc. 

- fixed data collection frequency  

- biofouling can reduce buoyancy over long periods 

- accelerometer calibration needed 

Spoondrift 

Spotter  

- reduced size and weight enable 

deployment from small vessels  

- solar power enables long deployments 

and no battery maintenance  

- live data stream  

- low cost  

- can be deployed as a drifter or moored 

- online user-friendly dashboard   

- no calibration needed 

- no reliance on local cell network  

- reduced device longevity due to device material  

- reduced buoyancy and mooring challenges due to size  

- GPS signal loss in high sea states  

- susceptible to mooring influence reducing data quality 

- can be damaged due to boat collision, vandalism, etc.  

- fixed data collection frequency 

- biofouling can reduce buoyancy  

Datawell 

DWR-G4  

- reduced size and weight enable 

deployment from small vessels 

- live data stream  

- can be deployed from helicopters to 

record extreme events such as 

cyclones 

- can be deployed as a drifter or moored 

- no calibration needed 

- battery limited due to small hull storage (6 weeks no HF) 

- live data stream provided by enabling HF reduces 

battery life (4 weeks HF) 

-reduced buoyancy due to size  

- GPS signal loss in high sea states  

- susceptible to mooring influence reducing data quality  

- can be damaged due to boat collision, vandalism, etc. 

- mooring challenges due to buoyancy  

- fixed data collection frequency 

- biofouling can reduce buoyancy 

TriAxys 
- solar power enables long deployments  

- live data stream  

- increased buoyancy due to size  

- less susceptible to mooring force 

 

- larger boat required for deployment and retrieval 

incurring greater financial costs 

- can be damaged due to boat collision, vandalism, etc. 

- fixed data collection frequency 

- biofouling can reduce buoyancy over long periods 

- accelerometer calibration needed 

RBRduet 
- size enables deployment from small 

vessels  

- mounting on ocean floor limits damage 

caused by boat collision, vandalism etc.  

- can be mounted on mooring of other 

devices  

- can be mounted on piers  

- can be tied to coral in order to 

measure wave parameters over reefs 

with minimal impacts  

- high frequency data collection options  

- marker float can be damaged, making retrieval difficult. 

- live stream only available with connecting cables to 

shore/above-water platform, limiting measurements to 

nearshore applications 

- installation on rope reduces data quality due to 

movement of sensor   

- subject to biofouling  

Aanderaa 

Wave and 

Tide sensor 

4648/4648R 

- size enables deployment from small 

vessels  

- mounting on ocean floor limits damage 

caused by boat collision, vandalism etc.  

- can be mounted on piers 

- marker float can be damaged, making retrieval difficult. 

- recommended deployment depth is less than 15m  

- deployment depth must be at least 1m below water 

surface at lowest level  

- if attached to a very large floating device (oil rig) quality 

of wave measurements are reduced 

- installation on rope reduces data quality due to 

movement    

- subject to biofouling  
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3 Analysis techniques 

Each instrument provides an automatic wave summary output, either calculated on the device or 

by post processing software. As these automatic outputs are what typical users will be relying on 

for wave measurements it is important to examine how they compare to the DWR-MkIII. 

Parameters to be compared include Hs, Hmax, Tp, Tz, Direction and SST. Definitions of these 

parameters are provided in Table 4. 

 

Table 4. Definition of wave parameters used. 

Parameter Parameter definition 

Hs Significant wave height (time domain), the average of the highest third of the 

waves in the record. 

Hmax The maximum wave height recorded in the wave record (time domain). 

Tz The average wave period (time domain).  

Tp The wave period corresponding to the peak of the energy density spectrum 

(frequency domain). 

Direction 

(Dirp) 

The direction that peak period (Tp) waves are coming from (in degrees True). 

In other words, where the waves with the most energy in a wave record are 

coming from. 

Average 

Direction 

(Dirave) 

Overall mean wave direction, obtained by averaging the mean wave angle 

(theta) over all frequencies with a weighing function S(f).  

SST The sea surface temperature (in degrees Celsius) obtained by a sensor 

mounted within the buoy. 

SFT The sea floor temperature (in degrees Celsius) obtained by a sensor mounted 

on the ocean floor. 

 

Whilst each device provides the majority of these parameters, there are some variations in 

calculation methods. These discrepancies introduce undesired variability and are a key limitation in 

making direct comparisons between each device. As such, in order to rule out differences in 

calculation methods, non-directional parameters have also been recalculated from raw 

displacements enabling a more accurate comparison of each devices ability to measure the motion 

of waves. Filtering methods were also incorporated into the recalculation of wave parameters in 

order to validate the data and remove errors. The re-calculation process was adapted from the CIU 

validation procedures and is outlined below. 
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3.1 Data Validation 

The CIU holds over 50 years of ocean wave data and has developed a series of wave monitoring 

data validation techniques, aimed at ensuring quality and integrity of its long term historical data 

sets. This process has been adapted in order to recalculate non-directional parameters and is 

implemented in four stages: 1) a coarse filter spike removal is applied in order to remove large 

spikes; 2) a Butterworth high pass filter is applied; 3) wave statistics are recalculated; and 4) 

manual data checks. More information regarding each stage is provided in Sections 3.1.1 to 3.1.4. 

Coarse spike removal filter 

A coarse spike removal filter is applied to the raw heave displacement data to remove large spikes 

that might be present. The standard deviation of the vertical heave component is calculated for the 

30 minutes of displacement data. The spike filter then removes any records exceeding five times 

the standard deviation. This process removes some of the more serious errors throughout the 

data, but also makes signal filtering easier, as large spikes can cause instabilities when the signal 

filter is applied. 

Butterworth filter 

A Butterworth high pass filter (S. Butterworth, 1930) is then applied to the 30 minutes of heave 

displacement data in the frequency domain. This filter aims to remove any wave displacements 

with periods outside the range that the wave buoy is able to record. The Butterworth filter was 

chosen as it produces little to no ripple in the data it is applied to, while slowly rolling off around the 

cut-off frequency to help maintain valid data close to cut-off limits. 

The high pass cut-off is applied to frequencies lower than 0.025 Hz, or periods longer than 

40 seconds, which is the lowest quoted measurement frequency of a Datawell accelerometer buoy 

(Datawell BV, 2017b). This method is also applied to the GPS buoy displacements in order to keep 

a level of consistency. 

Recalculation of wave statistics 

Wave statistics are then recalculated using similar methods to those used by Datawell. These can 

be split into time and frequency derived statistics. 

Time domain statistics: 

Significant wave height, Hs = �̅�1/3 

Maximum wave height, Hmax = 𝐻(max) 

Average period of zero up crossing, Tz = 𝑠𝑢𝑚(𝑊𝑎𝑣𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠)/𝑐𝑜𝑢𝑛𝑡(𝑊𝑎𝑣𝑒 𝑝𝑒𝑟𝑖𝑜𝑑𝑠) 

 

Frequency domain statistics: 

Frequency domain statistics are recalculated solely for the non-directional component using the 

filtered vertical heave displacement data. The CIU follows the Datawell method for generating the 

spectra, DWR-MkIII spectra are generated via a Fast Fourier Transform using a modified Tukey 

window applied in non-overlapping segments. Spectra derived parameters used within this report 

include Tp. 

Peak Period, Tp = S(1/Tp) = Smax 
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Flagging of errors for review 

The final aspect of the validation process is a series of range and ratio checks which are used to 

identify (‘flag’) potential erroneous records for review. Upon review, if a time record has been 

corrupted ‘beyond repair’ the half-hour segment is manually deleted from the dataset. 

Raw displacement data from each device was put through this process, following standard CIU 

protocol in order to enable a fair comparison and remove variability due to differing calculation and 

filtering methods. 

3.2 Statistical Analysis  

In order to analyse the vast amount of data produced from the ten wave monitoring devices, a time 

series and scatter plot for the various parameters are provided for each instrument in comparison 

to the DWR-MkIII (Section 4). The scatter plots enable a direct comparison of wave records 

between respective devices and the DWR-MkIII over the entire trial period. A number of statistical 

parameters have been calculated in order to statistically compare the test device to the industry 

standard - the DWR-MkIII – including Spearman’s correlation coefficient (r), RMSE, bias (BI), 

Scatter Index (SI) and Index of Agreement (IA), where x is the test device, y is the industry 

standard (DWR-MkIII), and N is the number of data pairs. 

𝑟 =  
∑ (𝑥𝑖 − �̅�)(𝑦𝑖 − �̅�)𝑖

√∑ (𝑥𝑖 − �̅�)2 ∑ (𝑦𝑖 − �̅�)2
𝑖𝑖

 

𝑅𝑀𝑆𝐸 =  √
1

𝑁
∑(𝑥𝑖 − 𝑦𝑖)2

𝑁

𝑖=1

 

𝑆𝐼 =  
𝑅𝑀𝑆𝐸

�̅�
 

𝑏𝑖𝑎𝑠 =  �̅� − �̅� 

𝐼𝐴 = 1 −  
∑ (𝑥𝑖 −  𝑦𝑖)2𝑁

𝑖=1

∑ (|𝑦𝑖 −  �̅�|+|𝑥𝑖 −  �̅�𝑖|)2𝑁
𝑖=1

 

 

(1) 

 

(2) 

 

(3) 

(4) 

 

(5) 

The r values provided are calculated using the non-parametric Spearman’s correlation test, as not 

all variables were normally distributed as assessed by Shapiro-Wilk’s test, and demonstrate a 

numerical value that can be used to determine whether the observations are statistically significant 

(α = <0.05). Due to the nature of this analysis, a comparison can only be undertaken when there 

are simultaneous records from each wave measurement system and the DWR-MkIII. Statistical 

analysis has been undertaken for both automatic summaries provided directly from each device 

and recalculated statistics. Recalculated statistics are unavailable for the Aanderaa and the RBR 

as they were not set up to record raw displacement data. 
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4 Results and Discussion 

The following sections provide a comparison of each instrument against the DWR-MkIII 

accelerometer buoy. Section 4.1 provides a comparison of commonly reported bulk wave 

parameters as calculated on-board each instrument. These parameters being the Hs, Hmax, Tz, Tp, 

Direction and SST, calculated either from the time or frequency domain. 

Given that the two pressure sensors tested were essentially in the same location and depth, 

Section 4.2 provides a direct comparison of these two instruments. 

Section 4.3 provides a comparison of the bulk wave parameters as recalculated through the same 

system employed by CIU for the DWR-MkIII (refer to Section 3.1). 

Section 4.4 examines the two prototype instruments while the remaining Sections examine 

potential sources of differences in the data. 

4.1 Automatic data output comparison 

The following sections compare the DWR-MkIII against the other commercially available 

instruments based on wave parameters as calculated on-board each instrument. No further 

validation or reanalysis was undertaken. Analysis undertaken for prototype devices described in 

section 2.2 independently of the commercially available devices.  

Variations are expected within the wave parameters produced by each instrument due to differing 

sampling frequencies and wave record length (Table 1), in addition to spatial distance between 

instruments. This is particularly relevant to parameters produced by the RBR and Aanderaa 

pressure transducers, as they record for 8.5 minutes per half hour segment compared to the 26.6 

minutes from the DWR-MkIII. Additionally, the TriAxys buoy records for 20 minutes per hour, with 

recording starting at the top of the hour. In order to undertake a fair comparison between the 

TriAxys buoy and DWR-MkIII, every second 26.6 minute wave record was taken from the DWR-

MkIII in order to align the two data sets. Correlation values for each device in comparison to the 

DWR-MkIII are provided in Table 6. 

 
Table 5. Data recovery for commercially available devices. 

Equipment Maximum possible 
number of records 

Missing 
records 

Data return  
% 

Comments 

DWR-MkIII 4,943 3 99.9 
Removed in Datawell post processing 

error removal 

Spotter 
#75 

2,881 7 99.8 
Missing records are due to time 

slippage 

Spotter 
#97 

4,943 2088 57.8 
Missing records are due to time 
slippage and device malfunction 

DWR-G4 
#5 

2,578 8 99.7 
Removed in Datawell post processing 

error removal 

DWR-G4 
#6 

1,543 6 99.6 
Removed in Datawell post processing 

error removal 

TriAxys 2,450 28 98.9 Removed in error removal 

RBR 4,943 0 100 - 

Aanderaa 4,943 0 100 - 
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Table 6. Statistical testing mechanisms for wave parameters of each device in comparison to the 
DWR-MkIII. 

 

Device  N 
Statistical 

Test  
Hs Hmax Tp Tz Direction SST 

Spotter 
#97 

 r 0.99* - 0.65* 0.96* 0.86* - 

 RMSE 0.1 - 2.12 0.86 8.84 - 

2852 SI 0.08 - 0.21 0.15 0.09 - 

 BI -0.05 - -0.55 0.79 -0.69 - 

  IA 0.99 - 0.79 0.82 0.92 - 

Spotter 
#75 

 r 0.98* - 0.63* 0.95* 0.87* - 

 RMSE 0.11 - 2.36 0.9 10.4 - 

2871 SI 0.08 - 0.24 0.16 0.1 - 

 BI 0.03 - -0.57 0.8 -0.25 - 

  IA 0.98 - 0.74 0.8 0.9 - 

DWR-G4 
#5 

 r 0.98* 0.92* 0.60* 0.94* 0.83* 1* 

 RMSE 0.18 0.45 6.36 0.36 26.34 0.13 

2867 SI 0.13 0.2 0.64 0.06 0.27 0.01 

 BI 0.13 0.06 1.27 0.23 3.92 0.12 

  IA 0.97 0.93 0.32 0.96 0.6 0.99 

DWR-G4 
#6 

 r 0.96* 0.86* 0.36* 0.79* 0.61* 0.99* 

 RMSE 0.19 0.5 11.87 0.61 42.83 0.14 

1543 SI 0.17 0.25 1.16 0.1 0.4 0.01 

 BI 0.13 0.09 4.57 0.35 6.75 0.13 

  IA 0.94 0.87 0.17 0.88 0.27 0.99 

TriAxys 

 r 0.98* 0.92* 0.61* 0.91* 0.77* 1* 

 RMSE 0.08 0.31 2.16 0.44 10.53 0.1 

2420 SI 0.07 0.15 0.21 0.07 0.1 0 

 BI 0.02 -0.04 -0.5 -0.18 -1.09 0.09 

  IA 0.99 0.96 0.78 0.94 0.88 0.99 

RBR 

 r 0.94* 0.86* 0.40* 0.43* - 0.91* 

 RMSE 0.2 0.59 2.92 2.97 - 0.76 

4940 SI 0.16 0.28 0.28 0.5 - 0.03 

 BI -0.14 -0.43 -1.74 2.81 - -0.22 

  IA 0.95 0.85 0.57 0.37 - 0.94 

Aanderaa 

 r 0.96* 0.93* 0.49* 0.64* - 0.91* 

 RMSE 0.12 0.44 2.61 1.99 - 0.77 

4940 SI 0.1 0.21 0.25 0.34 - 0.03 

 BI -0.02 -0.34 -1.03 1.82 - -0.26 

  IA 0.98 0.91 0.70 0.50 - 0.94 

Significance level as illustrated by p-value. p < 0.0001 ‘*’ 
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Significant Wave Height (Hs) 

 

Figure 5. A time series comparison (left) and scatter plots displaying Spearman’s correlation 
coefficients of Hs between each wave monitoring device and the DWR-MkIII with a 1:1 line. 
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Significant wave height (Hs) is arguably the most widely used wave parameter in coastal 

monitoring. The calculated Hs for each wave monitoring device has been compared against the 

DWR-MkIII in Figure 5. The Spoondrift Spotters and MetOceans TriAxys buoy all show consistent r 

values of either 0.99 or 0.98. The Datawell DWR-G4s have a strong correlation (DWR-G4 #5: r = 

0.98, #6: r = 0.96) however both show a positive bias of BI = 0.13, consistently measuring higher 

than the DWR-MkIII. The pressure transducers also have a strong correlation, with the RBR having 

an r value of 0.94 and the Aanderaa r = 0.96. Both Spotter devices produced a few outliers that are 

likely inflated readings which were not filtered out, otherwise records seem relatively well matched 

as reflected by bias and RMSE (Spotter #97: BI = -0.05, RMSE = 0.1; Spotter #75: BI = 0.03, 

RMSE = 0.11). In contrast, the RBR seems to consistently underestimate Hs with a bias of -0.14. 

The scatter plots show greater variation when the wave conditions are greater than two metres, 

especially for the DWR-G4 buoys. Goodness-of-fit measures such as IA demonstrate that all 

devices show excellent agreement with the DWR-MkIII (IA >0.90). 

The five-day comparison provided in Figure 6 allows each device to be examined in more detail. 

It also corroborates the RBR’s underestimation of Hs, and the DWR-G4’s overestimation. Overall, 

this comparison illustrates the consistency of each monitoring device against the industry standard 

DWR-MkIII and between devices. Interestingly, particular devices appear to consistently 

overestimate or underestimate Hs relative to the DWR-MkIII. The RBR displays a bias regardless 

of wave height, however the DWR-G4s tend to demonstrate higher levels of bias in higher energy 

sea states. 

 

Figure 6. A five-day time series comparison of Hs between all devices. 
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Maximum Wave Height (Hmax) 

 

Figure 7. A time series comparison (left) and scatter plots displaying Spearman’s correlation 
coefficients for Hmax between each wave monitoring device and DWR-MkIII with a 1:1 line. 

Maximum wave height (Hmax) represents the largest wave in a wave record. Whilst most wave 

monitoring devices provide this parameter in their automatic wave summaries, Hmax is not included 

in the Spoondrift Spotters output parameters. A statistical comparison shows that the Aanderaa 

has the highest correlation out of the equipment tested (r = 0.93), closely followed by the DWR-G4 

#5 and the TriAxys (both r = 0.92). However the time series shows that whilst the DWR-G4 #5 

wave records generally align with the DWR-MkIII, a number of Hmax values are greatly 

overestimated with up to two metres difference. This difference is likely due to a loss of GPS signal 

causing an error in the vertical displacement and will be discussed when comparing the raw 

displacements of each device in section 4.5. The TriAxys buoy has the lowest RMSE and SI 

(RMSE = 0.31, SI = 0.15) in comparison to the other devices (RMSE = > 0.44), which are prone to 

greater variation in more energetic sea states as illustrated by the scatter index values (SI = > 0.2). 

DWR-G4 #6 has a lower correlation than its counterpart DWR-G4 #5 (r = 0.86), potentially a result 

of the smaller dataset as it is expected that correlations would become more accurate with larger 
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data sets, and the spikes potentially contributable to GPS loss issues. The RBR once again 

displays the lowest agreement (r = 0.86, RMSE = 0.59, SI = 0.28, BI = -0.43, IA = 0.85).  

The Aanderaa trends consistently lower than the DWR-MkIII (Figure 7) with a bias of -0.34, which 

is most likely contributable to the shorter sampling period of 8.5 minutes. Unlike the Aanderaa, the 

RBR Hmax vary in both mild and energetic sea states, with a number of readings varying by as 

much as 1.5 metres when compared with the DWR-MkIII. Note that unlike surface buoys which 

calculate water level variations directly, pressure transducers rely on conversion factors based on 

linear wave theory which could be an influencing factor in variations between recordings.  

The five-day comparison of Hmax (Figure 8 A five-day time series comparison of Hmax between all 

devicesFigure 8) gives a more detailed picture of Hmax between each device and depicts the RBR’s 

more sporadic readings. The RBR predominantly provides readings lower than those of the other 

devices, however in more energetic periods measurements are as much as 0.5 m greater than the 

DWR-MkIII. Both DWR-G4 #5 and #6 also show a number of outliers during more energetic sea 

states, particularly the DWR-G4 #6 which displays two Hmax values of over five metres. The 

Aanderaa consistently trends slightly lower throughout this five-day period. As previously 

mentioned, differing sampling frequencies is a likely cause of the varying readings between 

instruments. However, both the RBR and Aanderaa record at 4 Hz, and as such it would be 

expected that they would be relatively consistent across the recording period. It is worth noting that 

although Hs is an average statistic and so less sensitive to isolated fluctuations in the wave train, 

Hmax is based on one wave and so is a less reliable parameter for comparison, given the spatial 

variations that can occur in the wave trains, as well as the potential for the influence of errors such 

as GPS loss.  

 

 

Figure 8 A five-day time series comparison of Hmax between all devices 
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Peak Period (Tp) 

 

Figure 9. A time series comparison (left) and scatter plots displaying Spearman’s correlation 
coefficients of Tp between each wave monitoring device and DWR-MkIII with a 1:1 line. 



Department of Environment and Science 

24 

Peak period (Tp), is calculated from the power density spectrum and refers to the period where 

maximum wave energy is achieved. Moderate correlation is shown between the two Spotters, 

DWR-G4 #5 and the TriAxys to the DWR-MkIII (r = 0.65, 0.63, 0.60 and 0.61 respectively), whilst 

the Aanderaa, RBR and the DWR-G4 #6 show a weaker correlation (r = 0.49, 0.40, 0.36 

respectively). Both DWR-G4 #5 and #6 demonstrate large RMSE values (RMSE = 6.36 and 11.87 

respectively) in addition to low IA scores (IA = 0.32, 0.17), the DWR-G4 #6 also has the largest 

bias at BI = 4.57. It is important to note that the way that spectral scheme are calculated by each 

device can cause large differences in Tp. Additionally due to differing sampling frequencies (Table 

1) and spectral bins utilised by each device, differences in Tp are to be expected, and explains the 

banding appearance in the scatter plots.  

Despite the DWR-G4s employing the same spectral analysis approach to the MkIII, they both show 

a number of readings that have been cut off by Datawell’s post processing software at 40 seconds. 

These inflated Tp values have greatly influenced the performance statistics (Table 6) and are likely 

a result of GPS loss issues that can occur in situations when there is wave over-topping. 

Additionally the DWR-G4 #6 mooring configuration sustained damage to a float during the trial, 

increasing the level of mooring force on the buoy. This is reflected by the amount of inflated Tp 

values throughout the trial, particularly in high sea states. The pressure transducers have a 

sampling length 1/3rd of the DWR-MkIII’s which is likely a major contributor to the poor agreement 

between these devices  

Although there is a moderate correlation between a number of the devices and the DWR-MkIII, 

there are large differences in individual wave records as displayed by the five-day time series 

displayed in Figure 10. This period represents a bimodal sea state in the middle of April. Wave 

energy is split between two distinct peaks that might have a similar energy, e.g. the wave field is 

formed by a combination of sea and swell and both have a similar energy (example provided in 

Figure 11). In the case of bimodal sea states there is the potential for varying instruments to 

demonstrate significant differences in Tp, as small differences in the wave train will govern whether 

the peak period swaps between sea and swell. This bimodal period is the possible cause of 

weaker correlations between the devices and is common for the Gold Coast wave climate, 

especially during calm weather where the sea state is defined by local winds and low energy swell 

from distant sources (and hence long periods as shown). GPS loss can also introduce artefacts in 

Figure 10. A five day time series comparison of Tp between all devices. 
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the wave time series that can manifest in the wave spectra as very low frequency peaks. This is 

discussed in Section 4.5. Additionally, differences in Tp will be, to some extent caused by the 

differing methodologies used to calculate the wave spectra and differences in frequency bins.   

 

 

Figure 11. A sample of bimodal spectra from the DWR-G4 #5 on the 17/04/2018 at 0200hrs AEST 
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Mean period (Tz) 

 

Figure 12. A time series comparison (left) and scatter plots displaying Spearman’s correlation 
coefficients of Tz between each wave monitoring device and DWR-MkIII with a 1:1 line. 
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In this study, Tz represents the spectra derived equivalent to the average zero up-crossing wave 

period (also referred to as T01 and T02, or similar variants) and is expected to be less sensitive to 

individual waves, but can still be biased by multi-modal sea states. The calculation of this 

parameter varies across the instruments (Table 7). Figure 12 shows that the Spotters, DWR-G4 

#5, and the TriAxys have a strong correlation with the DWR-MkIII (r = > 0.90). However, DWR-G4 

#6 and the pressure transducers have a weaker correlation. The DWR-G4 #6 has a correlation of r 

= 0.79, overestimating periods in less energetic sea states. The Aanderaa shows a correlation of r 

= 0.64 and the RBR had the lowest correlation (r = 0.43). Additionally, both pressure transducers 

have poor SI and IA values with a large positive bias (RBR: SI = 0.5, IA = 0.37, BI = 2.81; 

Aanderaa: SI = 0.34, IA = 0.50, BI = 1.82).  

The Spotters tend to have a positive bias (Spotter #97: BI = 0.79; Spotter #75: BI = 0.8) in 

comparison with the DWR-MkIII, likely due to the differing calculation methods. The Spotters have 

adopted the mean period, Tm01, which is not as affected by the high frequency part of the spectrum 

(Goda, 2010) as it uses the first moment rather than the second moment (as used by the DWR-

MkIII). Reportedly Tm02 has been known to produce shorter periods than those counted in similar 

methods, likely due to the weighting given to higher frequencies due to second order moments 

(Goda, 2010). The DWR-G4s also produce a positive bias (DWR-G4 #5: BI = 0.23; DWR-G4: BI = 

0.35), however to a lesser extent than the Spotters, while the TriAxys trends slightly lower (BI = -

0.5). These three devices calculate the same statistical parameter as the DWR-MkIII (Tm02). In 

contrast, both pressure transducers consistently produce a higher period when compared to the 

DWR-MkIII, showing significant positive bias in their measurements of Tz. 

 

Table 7. Methods and equations utilised for calculating Tz across the different devices, per 
manufacturer’s manuals. Note that the RBR does not specify a particular calculation equation. 

 

Device  Calculation Method Calculation Equation  

DWR-MkIII Tm02   𝑇𝑚02 =  √(𝑚0/𝑚2) 

DWR-G4 Tm02   𝑇𝑚02 =  √(𝑚0/𝑚2) 

Spotter Tm01   𝑇𝑚01 = (𝑚0/𝑚1) 
TriAxys Down-Crossing   𝑇𝑚02 =  √(𝑚0/𝑚2) 

Aanderaa Tm01   𝑇𝑚01 = (𝑚0/𝑚1) 
RBR Average Wave period No further information provided 

The five-day comparison of the mean period corroborates the relationships stated above. All three 

Datawell buoys show very little difference between each other in higher energy sea states, 

however the DWR-G4s show a positive bias in less energetic periods, while the Spotters 

consistently produce slightly higher periods. The TriAxys trends slightly below the Datawell 

instruments, with the Aanderaa and RBR consistently producing higher periods. The difference in 

sampling frequency between the pressure transducers and the DWR-MkIII, in addition to the 

shorter wave record (8.5 min in comparison to 26.6 min) are likely major contributing factors for this 

higher period. 
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Figure 13. A five-day time series comparison of Tz between all devices. 
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Direction (°True North) 

 

Figure 14. A time series comparison (left) and scatter plots displaying Spearman’s correlation 
coefficients of Direction between each wave monitoring device and DWR-MkIII with a 1:1 line 

Direction is measured by directional wave buoys based simplistically on the cross-correlation 

between the heave and the two horizontal displacements. Pressure transducers however do not 

provide these additional displacements as they are mounted on the seafloor and are unable to 

follow wave motions (however with an array of pressure transducers, direction can be calculated). 

Aside from the TriAxys buoy (which calculate Dirave), all the buoys calculate direction as the Dirp 

(the direction from which the peak period waves are coming). Both the GPS Spotters and the 

DWR-G4 buoys use True North, while the TriAxys and DWR-MkIII utilise Magnetic North. For the 

purpose of this comparison the DWR-MkIII and TriAxys direction measurements have been 

converted to True North. 

The TriAxys buoy has the second poorest correlation compared to the DWR-MkIII (r = 0.77), 

showing almost 50° difference in mid June (Figure 14), however this is due to the difference in 
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mean direction and peak direction. As Dirave is an average statistic it is less sensitive to isolated 

fluctuations in the wave train such as Dirp measures. However, the presence of multimodal sea 

states may influence mean directions given they are energy weighted means. The DWR-G4 #6 has 

the poorest performance (r = 0.61, RMSE = 42.83, SI = 0.4, BI = 6.75, and IA = 0.27) and shows a 

number of dramatic directional shifts, which are also mirrored in the DWR-G4 #5 (albiet to a lesser 

extent) causing large degrees of scatter (DWR-G4 #5 SI = 0.27). This scatter correlates well with 

the scatter in Tp (Figure 9) and is likely that these dramatic shifts are a result of GPS corruption, 

and are therefore not legitimate directional differences.  

The five-day comparison is an example of how bimodal sea states can significantly alter peak 

wave direction. April 16 (marked by the red circle in Figure 15) demonstrates wave records from 

two different wave fields with closely matching peak energy being recorded highlighted by the large 

directional shifts from record to record. Throughout this period the TriAxys buoy trends lower, as 

Dirave is less susceptible than Dirp to bi-modal spectra that have similar peaks. Additionally, while 

the two DWR-G4s compare well to the DWR-MkIII during April 16 and April 20, sporadic readings 

are evident in the time series. It is important to note that mooring forces can significantly affect the 

ability of buoys to follow the orbital movement of waves and can drastically interfere with directional 

recordings (Datawell BV, 2006). The effect of mooring forces will be discussed in more detail later. 

 

Figure 15. A five-day time series comparison of Direction between all devices. 
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Sea Surface Temperature (SST °C) 

 

Figure 16. A time series comparison (left) and scatter plots displaying Spearman’s correlation 
coefficients of SST between each wave monitoring device and DWR-MkIII with a 1:1 line. 

Sea Surface Temperature (SST) is the temperature recorded at the sea surface. SST is an 

important parameter in relation to cyclone formation with 26.5 °C being the minimum temperature 

that Tropical Cyclones can form (DSITI, 2016). It is also an important parameter for other purposes 

such as thresholds for coral bleaching within the Great Barrier Reef. As the pressure transducers 

were mounted on the sea floor, temperature recorded is Sea Floor Temperature (SFT) not SST. 

Additionally, the Spotters do not record SST which can be a sever limitation depending on the 

intended application. However, they do have an internal temperature gauge within the hull to 

monitor ‘equipment health’.  

Both DWR-G4s have an excellent correlation (r = 1 and 0.99) and minimal scatter, both with an SI 

value of 0.1. The TriAxys buoy also produces a highly correlated SST measurement in comparison 

to the DWR-MkIII (r = 1), displaying a low bias and SI (BI = 0.09, SI = 0). Both pressure 

transducers also have a high correlation (r = 0.91) with three periods where temperature 
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decreases up to 6 °C introducing some bias (RBR: BI = -0.22; Aanderaa: BI = -0.26) but minimal 

scatter (Both: SI = 0.03), likely due to deep water currents causing an influx of colder water. 

  

Figure 17. A five-day time series comparison of SST between all devices. 

Oceanographic equipment displaying differing SST is not unheard of, a study conducted by Emery, 

Baldwin, Schlüssel, & Reynolds (2001) suggest that SST measured by in-situ wave buoys can 

have errors close to 0.5 degrees Celsius. The DWR-G4 #5 and #6 have a strong positive 

correlation with the DWR-MkIII, however examination of the five-day comparison illustrates a slight 

positive bias of SST (BI = 0.12 and 0.13 respectively). This bias may be a result of the smaller 

buoy heating up due to solar radiation, or could be a result of the DWR-MkIII sampling slightly 

cooler water at a greater depth due to it’s size and displacement. As seen in Figure 18 the 

pressure transducers noticeably trend lower at the start of the period before temperatures increase 

to match the Datawell buoys. 

The CIU has a number of operational buoys situated along the QLD coastline and have recently 

started the move to Datawell’s latest Directional Waverider buoy; the DWR-Mk4. A DWR-Mk4 is 

currently deployed at Palm Beach approxiamtly 17.5 km south of the Gold Goast. The DWR-Mk4 

includes a number of additional features and improvements in comparison to the DWR-MkIII 

including three temperature sensors. These three temperature sensors record the temperature of: 

1) the hatch electronics, 2) the accelerometer sensor, and 3) the temperature of the water at the 

sea surface. In order to examine the internal temperature recorded by the Spotters, temperature 

from both Spotters has been compared against the SST and Hatch temperature from the DWR-

Mk4 at Palm Beach. Figure 18 illustrates a five day comparison between the devices, showing that 

the Palm Beach SST is relatively similar to the DWR-MkIII used throughout this trial. Additionaly 

the Palm Beach Hatch temperature shows similar patterns to the Spotters with temperatures rising 

into the 30’s throughougt the day and cooling as night falls. The Spotters tend to have higher 

peaks and troughs than the DWR-Mk4 Hatch temperature, suggesting that the Spotters small size 

may be more susceptiable to solar radiation.  
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Figure 18. A five day-time series comparison of temperature between Spotter #75, #97 (internal 
temperature), the DWR-MkIII (SST) and Palm Beach Mk4 (SST and Hatch temperature). 
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4.2 Pressure Transducer Comparison  

As the pressure transducers were mounted on the same frame on the ocean floor, measurements 

should display similar wave parameters. The RBR and the Aanderaa were set up with identical 

sampling frequencies, record length and interval. Hence it is expected that the instruments should 

be highly correlated. To examine this, the preceding analysis has been repeated but with 

comparison of both pressure sensors against each other instead of the DWR-MkIII. As can be 

seen in Figure 19 and Table 8, Hs and temperature have a strong correlation (r = 0.94 and 1 

respectively) and Hmax (r = 0.88) shows strong agreement. However, the RBR introduces greater 

scatter in the data (SI = 0.21) compared to the Aanderaa. Tz provides a moderate correlation with a 

positive bias (r = 0.72, BI = 0.67) and Tp measurements show poor agreement (r = 0.4, RMSE 

2.45, SI = 0.26, BI = -0.71, and IA = 0.77) with large amounts of scatter. The variations in Tp and Tz 

suggest that the spectral analysis approach may differ between devices. The Aanderaa manual 

states that deployment depth should be less than 15 m and, as the deployment for this trial was 16 

m it is possible that depth attenuation could be affecting the quality of the data recorded. The RBR 

manufacturer recommends deployment in depths up to 20 m, however, higher frequencies 

Figure 19. A time series (left) and scatter plots between RBR and Aanderaa pressure transducers.  
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attenuate very quickly with depth. It is possible that the attenuation differences contribute to the 

bias seen between the two devices.   

Table 8. Testing mechanisms for wave parameters from the RBR against the Aanderaa 

Device 
Statistical 

Tests 
Hs Hmax Tp Tz SST 

RBR 

r 0.94* 0.88* 0.4* 0.72* 1* 

RMSE 0.2 0.37 2.45 0.9 0.09 

SI 0.16 0.21 0.26 0.11 0 

Bias -0.13 -0.09 -0.71 0.67 0.04 

 IA 0.95 0.92 0.61 0.77 1 

Significance level as illustrated by p-value. p < 0.0001 ‘*’ 

Due to the pressure transducers short data sampling length (8.5 minutes), comparisons to the 

DWR-MkIII are likely to vary, particularly in parameters such as Hmax where the measurement is 

based on the single highest wave within the burst length. While it was expected that both pressure 

transducers would have a strong agreement to one another due to their close spatial proximity, the 

above discussion demonstrates the variabilty that can occur based on instrument specifications 

and analysis appproach. Extensive biofouling is apparent for both pressure transducers over the 

three month deployment (Figure 20), which over time may affect the data recorded.  

 

  

Figure 20. Pressure transducer frame, holding both the RBR and Aanderaa Wave & Tide sensors: a) 
Submerged on the ocean floor during deployment; and b) after three-month deployment. 

  

a)  b)

)  

a)  
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4.3 Data Comparison of Recalculated Wave Parameters  

In order to reduce variance caused by differing manufacturer-based calculation methods and 

filtering, the raw heave displacements from each device were processed utilising the CIU in-house 

validation/filtering and analysis methods described in Section 3.1 to recalculate the non-directional 

wave parameters. Recalculated statistics are not included for the pressure transducers as they 

were not set up to record raw displacement data, as such recalculated statistics are only provided 

for the buoys. Results from this recalculation enable a ‘like-for-like’ comparison of parameters 

between each wave monitoring device and the DWR-MkIII and are provided in Table 9. Hs returns 

a very strong correlation for all buoys, with Hmax also displaying a strong correlation across the 

board. Tz also has a reasonably high correlation in comparison with the DWR-MkIII across all 

devices. As with the comparison of automatic summaries discussed previously, Tp has a relatively 

low correlation and higher RMSE with the DWR-MkIII across all buoys, potentially due to the 

variability introduced by a bimodal sea state.  

 

Table 9. Statistical testing mechanisms for each buoy’s recalculated parameters in comparison to the 
DWR-MkIII. 

 

Device  
Statistical 

Tests  
Hs Hmax Tp Tz 

Spotter 
#97 

r 0.99* 0.92* 0.69* 0.96* 

RMSE 0.08 0.33 1.81 0.25 

SI 0.06 0.14 0.19 0.04 

Bias -0.04 -0.06 -0.14 -0.04 

 IA 0.99 0.95 0.84 0.98 

Spotter 
#75 

r 0.99* 0.92* 0.67* 0.95* 

RMSE 0.1 0.33 1.82 0.27 

SI 0.07 0.15 0.19 0.04 

Bias -0.06 -0.09 -0.14 -0.04 

 IA 0.99 0.95 0.83 0.97 

DWR-G4 
#5 

r 0.99* 0.91* 0.70* 0.95* 

RMSE 0.07 0.38 1.68 0.32 

SI 0.05 0.17 0.17 0.05 

Bias -0.01 0.04 0.08 0.17 

 IA 0.99 0.94 0.86 0.96 

DWR-G4 
#6 

r 0.98* 0.84* 0.57* 0.92* 

RMSE 0.07 0.34 2.17 0.34 

SI 0.06 0.17 0.22 0.05 

Bias -0.02 0.02 -0.12 0.15 

 IA 0.99 0.93 0.78 0.95 

TriAxys 

r 0.98* 0.91* 0.59* 0.94* 

RMSE 0.09 0.38 2.15 0.3 

SI 0.06 0.16 0.22 0.05 

Bias -0.01 -0.12 -0.19 -0.07 

 IA 0.99 0.94 0.78 0.97 

Significance level as illustrated by p-value. p < 0.0001 ‘*’ 
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Comparison of the recalculated Hs between devices displayed in Table 9 shows a minimal increase 

in correlation to the DWR-MkIII, compared to parameters from each device’s automatic output. 

With the recalculated parameters the Spotters Hmax is shown to have a strong correlation to the 

DWR-MkIII. Importantly, this parameter was not provided in the automatic output for the Spotters, 

which is a significant limitation depending on the deployment application. The DWR-G4 #5 and the 

TriAxys have a slightly weaker recalculated Hmax correlation, however other testing mechanisms 

improved such as the RSME and IA. Recalculated Tp has large differences for the DWR-G4s in 

comparison to the automatic data outputs and shows significant improvements in goodness of fit 

measurements (DWR-G4 #5: r = 0.7, RMSE =1.68, SI = 0.17, BI = 0.08, IA = 0.86; DWR-G4 #6: r 

= 0.57, RMSE = 2.17, SI = 0.22, BI = -0.12, IA = 0.78). This improvement is due to the application 

of filters, in addition to the removal of wave records that were deemed irreparably corrupt due to 

GPS signal loss creating an error in the raw displacements. Tz from the DWR-G4 #6 shows similar 

improvement. Whilst the correlation of recalculated Tz for the Spotters shows no improvement in 

correlation compared to the DWR-MkIII, the positive bias that was present in Figure 12 is now 

absent, additionally SI and IA have also improved (Spotter #97: BI = -0.04, SI = 0.04, IA = 0.98; 

Spotter #75: BI = -0.04, SI = 0.04, IA = 0.97). This absence of bias suggests that Tz was previously 

affected by the differing calculation methods used. 

Figure 21. Scatter plots displaying Spearman’s correlation coefficient between 
each wave monitoring device and the DWR-MKIII, with parameters Hs, Hmax, Tp, 
and Tz calculated from raw displacements utilising the same calculation method. 
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Figure 22. A time series comparison (left) and scatter plots with a 1:1 line, displaying Spearman’s 
correlation coefficients of Hs calculated from raw heave displacement data for Spotter #97, Spotter 

#75, DWR-G4 #5, DWR-G4 #6, and TriAxys in comparison to the DWR-MkIII over two months. 



Wave Monitoring Equipment Comparison: A comparison between in-situ wave measurement equipment 

39 

 

Figure 23. A time series comparison (left) and scatter plots with a 1:1 line, displaying Spearman’s 
correlation coefficients of Hmax calculated from raw heave displacement data for Spotter #97, Spotter 

#75, DWR-G4 #5, DWR-G4 #6, and TriAxys in comparison to the DWR-MkIII over two months. 
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Figure 24. A time series comparison (left) and scatter plots with a 1:1 line, displaying Spearman’s 
correlation coefficients of Tp calculated from raw heave displacement data for Spotter #97, Spotter 

#75, DWR-G4 #5, DWR-G4 #6, and TriAxys in comparison to the DWR-MkIII over two months. 
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Figure 25. A time series comparison (left) and scatter plots with a 1:1 line, displaying Spearman’s 
correlation coefficients of Tz calculated from raw heave displacement data for Spotter #97, Spotter 

#75, DWR-G4 #5, DWR-G4 #6, and TriAxys in comparison to the DWR-MkIII over two months. 
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A significant concern noted during processing of the raw heave displacements was the Tp for 

DWR-G4 #6. A number of Tp points throughout the data series showed large fluctuating periods, 

which were likely erroneous. Upon inspection of the raw displacements it became apparent that 

GPS loss/interference was resulting in high Tp and Hmax readings (discussed further in Section 4.5). 

Time series plots for DWR-G4 #6 before and after data points with the corrupted GPS signal 

removed are shown in Figure 26, enabling a clear demonstration of how drastically Tp can be 

affected by GPS signal loss. 

 

Figure 26. Time series plots for DWR-G4 #6 displaying Tp before (top) and after (bottom) manual 
quality checks resulting in removal of 10 per cent of data records. 

Without further investigation it is difficult to pinpoint exactly what caused the GPS disruption that 

resulted in the exclusion of 10 per cent of data. Due to damage sustained to DWR-G4 #6’s float it 

is possible that the mooring configuration was compromised to the point where the buoy was 

subject to wave over-topping during more energetic sea-states; resulting in a loss of GPS signal. 

Another possibility is that the HF transmission of data was interfering with the GPS signal. 

After experiencing a similar case of GPS errors, three DWR-G4s have previously been examined 

by Datawell with the problem being determined as the antenna adjustment is not optimal, thereby, 

causing higher harmonics disturbance close to the GPS frequency band. Furthermore, in theory, 

the 52nd harmonic of the HF transmission is within the GPS frequency band. 
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4.4 Prototype Devices 

Smartphone WaveApp 

A smartphone based WaveApp was deployed inside the hull of DWR-G4 #6 in order to enable an 

inter-sensor comparison of data. Throughout the deployment DWR-G4 #6 experienced a corrupted 

GPS signal which heavily impacted the wave period recorded (Tp and Tz), possibly caused by 

mooring forces. The examination of the raw accelerations recorded by the WaveApp showed 

significant low-frequency noise occurring in the frequency range representing wave periods 

between 8 and 15 seconds. In order to filter the raw signal to produce heave displacements that 

were not heavily affected, a bandpass frequency filter of 1–7.5 s period cut-offs was applied to the 

acceleration signal. To demonstrate the differences caused by the application of this filter, wave 

parameters have been calculated using heave displacements derived from the raw accelerations 

utilising both a 1–100 s filter and the 1–7.5 s filter (Figure 27). Wave parameters calculated utilising 

the heave displacements produced with the 1–100 s filter show significantly larger and unrealistic 

measurements across Hs, Hmax and Tz. Tp is heavily affected with all wave periods being calculated 

at over 20 s, the majority being cut off with a high-pass band filter. Due to the large amplifications 

apparent in the data calculated with the 1–100 s filter, the heave data produced utilising a 1–7.5 s 

filter will be used for comparison with the DWR-G4 #6 and the DWR-MkIII. It is noted that the 

filtered data will have lost energy associated with longer period swell that often occurs at the Gold 

Coast. 

 
Figure 27. Wave parameters Hs, Hmax, Tp, and Tz from the WaveApp calculated using a 1–100 s and 1–

7.5 s bandpass filter. 
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Figure 28. Time series and scatter plots with a 1:1 line between the DWR-MkIII, DWR-G4 #6 and the 
WaveApp with parameters Hs, Hmax, Tp, and Tz recalculated from raw displacements  

As shown in Figure 28, the WaveApp Hs shows a negative bias in comparison with the DWR-MkIII 

and the DWR-G4 #6 (BI = -0.17 and BI = -0.15 respectively). However, Hs also has a strong 

positive correlation of r = 0.80 and r = 0.84 respectively (Table 10). Hmax has a slightly weaker 

correlation (DWR-MkIII: r = 0.65 and DWR-G4 #6: = 0.72) in comparison to the WaveApp. Due to 

filtering applied to the WaveApp signal removing higher period (swell) energy, the wave period 

calculations are heavily affected, thus Tp does not display a statistically significant correlation, or 

have good SI or IA scores, with either the DWR-MkIII (r = −0.03, SI = 0.82, AI = 0.41) or the DWR-

G4 #6 (r = −0.01, SI = 0.81, IA = 0.77). Comparison of Tz shows that the DWR-MkIII and the DWR-

G4 #6 have a weak correlation with the WaveApp (r = 0.27 and r = 0.32 respectively) and poor IA 

scores (Both: <0.60). Examination of correlations shows that the WaveApp has a slightly higher 

correlation when compared to the DWR-G4 #6 than with the DWR-MkIII. This highlights the 

benefits of having an inter-sensor deployment as greater accuracy and correlation can be 

achieved. 

Table 10. Statistical testing mechanisms for wave parameters Hs, Hmax, Tp, and Tz for the DWR-MkIII 
and DWR-G4 #6 in comparison to the WaveApp. 

DWR-MkIII DWR-G4 #6 

  Hs Hmax Tp Tz  Hs Hmax Tp Tz 

r 0.80* 0.65* -0.03 0.27* 0.84* 0.72* -0.01 0.32* 

RMSE 0.2 0.38 8.27 0.76 0.19 0.44 8.60 0.57 

SI 0.19 0.21 0.82 0.13 0.15 0.24 0.81 0.1 

Bias -0.17 -0.23 -7.88 0.38 -0.15 -0.3 -7.91 0.09 

IA 0.82 0.8 0.41 0.54 0.84 0.77 0.4 0.59 

Significance level as illustrated by p-value. p < 0.0001 ‘*’ 
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SCRIPPS DWSD 

Although the prototype Directional Wave Spectra Drifter (DWSD) GPS device developed by 

SCRIPPS was unable to attain satellite connection throughout the trial period, it was functional for 

an earlier two-month deployment in August and September 2017. Throughout this period wave 

parameters from the SCRIPPS DWSD compared to the DWR-MkIII displayed general consistency, 

with Hs, Tp and Direction showing very little bias, while a comparison of the Scripps Tz with the 

DWR-MkIII showed slight positive bias. However, although general uniformity between the devices 

was attained, as is displayed through a time series comparisons (Figure 29), the SCRIPPS DWSD 

had difficulties connecting to the satellite system, resulting in a sporadic time series which made 

determining a direct correlation between wave records exceedingly difficult. 

 

Figure 29. Time series of wave parameters Hs, Tp, Tz and Direction for the SCRIPPS DWSD and DWR-
MkIII. 
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4.5 Comparison of Raw Heave Displacements  

Each wave buoy provides a displacement time series that can be analysed and used to calculate 

directional or non-directional parameters. As outlined in earlier sections, raw heave displacement 

was used in order to recalculate half hourly non-directional wave parameters to enable a ‘like-for-

like’ comparison between devices using the methods outlined in Section 3.1. A comparison of two 

half-hour segments of raw displacements from each device on 22 March and 19 April 

demonstrates the extent to which DWR-G4 #5 and #6s heave measurements were influenced by 

GPS corruption (Figure 30 and Figure 31). Whilst the other devices fluctuate around 0.0 m in a 

relatively uniform manner, the DWR-G4 #5 and #6 have multiple anomalies which severely 

impacted calculated parameters in both the automatic data outputs and recalculated parameters. 

This is reflected in the minimum and maximum values displayed in Table 11 and Table 12. This 

anomaly (known as a saw-tooth pattern that introduces erroneous low frequency energy) has been 

reported in a number of studies, utilising both moored and drifting DWR-G4 buoys (Björkqvist et al., 

2016; Boswood, 2017). 

 
Table 11. Descriptive statistics including Mean, Standard Deviation, Minimum, and Maximum for the 

raw displacement on 22 March 2018 18:00 – 18:30. 

Device Mean SD Min Max 

DWR-MkIII 0 0.57 -1.79 1.72 

Spotter #97 0 0.54 -1.60 1.76 

Spotter #75 0 0.48 -1.52 1.33 

DWR-G4 #5 0 0.82 -4.62 3.26 

TriAxys 0 0.53 -1.73 0.63 

 

Figure 30. Vertical heave displacement produced by each device. Observations were taken on 22 
March 2018. 

The saw-tooth like artefact occurs frequently throughout the raw displacements of both DWR-G4’s 

and infrequently in the Spotters, and is a result of the buoy losing track due to loss in GPS signal. 

By applying a high-pass filter to the data, the effect of these erroneous displacements on wave 

parameters can be minimised. In the case of DWR-G4 #5 the filtering methods employed on the 

raw displacements significantly improved the affected parameters and the data was largely 

accepted, however for DWR-G4 #6 Tp was still drastically affected as demonstrated in Figure 26 
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resulting in the exclusion of 10 per cent of the data. Due to the presence of saw-tooth artefacts in 

both moored and unmoored DWR-G4 buoys as reported by Björkqvist et al. (2016) and Boswood 

(2017), it is unlikely that the low frequency errors are solely caused by mooring forces. They are 

likely due to a combination of high energy sea states causing GPS signal corruption, general loss 

of the minimum number of required GPS satellites, and tension placed upon the mooring 

configuration. The higher presence of saw-tooth artefacts in the DWR-G4 #6 may be due to the 

damaged float reducing mooring flexibility and increasing tension which may result in wave 

overtopping, and potential interference from the on-board WaveApp. In order for the DWR-G4 

buoys to calculate orbital motion via the Doppler shift principle, a minimum of four visible satellites 

are required (Datawell BV, 2017a). As the Spotter utilises the Iridium SBD for GPS positioning, the 

devices have access to a greater amount of satellites enabling them to maintain a more reliable 

GPS fix, resulting in less saw-tooth artefacts throughout the trial. 

 

Table 12. Descriptive statistics including Mean, Standard Deviation, Minimum, and Maximum for raw 
displacement on 19 April 2018 08:30 – 09:00. 

Device Mean SD Min Max 

DWR-MkIII 0 0.34 -1.03 1.46 

Spotter #97 0 0.35 -1.25 1.36 

Spotter #75 0 0.34 -1.12 1.21 

DWR-G4 #5 0 0.36 -1.18 1.19 

DWR-G4 #6 0 0.77 -4.11 4.63 

WaveApp 0 0.30 -1.17 0.95 

 

Figure 31. Vertical heave displacement produced by each device. Observations were taken on 19 
April 2018 in a bimodal sea state. 
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4.6 Mooring Forces 

There are a number of difficulties associated with mooring buoys smaller than the typical 0.9 m 

DWR-MKIII. Due to the size of both the DWR-G4s and the Spotter, the equipment has limited 

buoyancy which increases the effect of mooring influence on the buoy. In an attempt to 

compensate for the potential mooring ‘drag’, Spoondrift have recommended using two floats, 

allowing the Spotter to have a greater range of motion to ‘follow’ waves in the hope to reduce the 

effect of mooring forces. Whilst this mooring is in theory sound, the suggested design is likely only 

efficient in high-current locations. At the trial site current forces were not exceedingly strong and as 

a result the mooring configurations with two floats became tangled. Two of the floats in the trial 

were also damaged, causing them to sink: one on Spotter #75 which was replaced in the middle of 

April; and one on DWR-G4 #6 (Table 2). It is possible that the submerged floats affected the 

quality of data due to drag and subsequent wave over topping and GPS signal loss. In order to 

examine the effectiveness of moorings designed by Spoondrift and Datawell, the buoys were 

swapped at the end of Month One of the trial onto alternate mooring as shown in Table 13. 

 
Table 13. Devices and mooring configurations for Month One and Month Two of the trial. 

Month One Month Two 

Buoy Mooring Buoy Mooring 

Spotter #97 Spoondrift Spotter #97 Datawell DWR-G4 

Spotter #75 Spoondrift Spotter #75 Spoondrift 

DWR-G4 #5 Datawell DWR-G4 DWR-G4 #5 Spoondrift 

- - DWR-G4 #6 Datawell DWR-G4 

Moorings were inspected using a ROV (Remotely Operated Vehicle) to view the submerged 

configuration before retrieval at the end of month two. Extensive entanglement of Spotter #75 

mooring was observed using the configuration recommend by Spoondrift. The DWR-G4 #5 

attached to the Spoondrift mooring was also twisted at the second float, although, not to the extent 

of Spotter #75. Table 14 illustrates a strong correlation between all the devices in both Month One 

and Two. The only parameter that showed a significant reduction in correlation was Tp. This 

reduction in correlation cannot solely be attributed to mooring configurations and it is likely also 

due to the bimodal sea state that occurred at the start of Month Two. Figure 32 shows plots of the 

correlation between each device for Hs and Tp.  

 

Table 14. Spearman’s correlation coefficients for wave parameters Hs, Hmax, Tp, and Tz between 
Spotter #97, Spotter #75, DWR-G4 #5, and DWR-G4 #6 for Month One and Month Two. 

  Month One Month Two  

Parameter Device Spotter #75 DWR-G4 #5 Spotter #75 DWR-G4 #5 DWR-G4 #6 

HS 

Spotter #97 0.99* 0.98* 0.98* 0.98* 0.98* 

Spotter #75 - 0.98* - 0.98* 0.97* 

DWR-G4 #5 - - - - 0.97* 

Hmax 

Spotter #97 0.91* 0.90* 0.90* 0.90* 0.88* 

Spotter #75 - 0.90* - 0.89* 0.87* 

DWR-G4 #5 - - - - 0.87* 

Tp 

Spotter #97 0.76* 0.73* 0.59* 0.60* 0.59* 

Spotter #75 - 0.70* - 0.65* 0.56* 

DWR-G4 #5 - - - - 0.59* 

Tz 

Spotter #97 0.94* 0.94* 0.95* 0.94* 0.90* 

Spotter #75 - 0.94* - 0.95* 0.90* 

DWR-G4 #5 - - - - 0.90* 

Significance level as illustrated by p-value. p < 0.0001 ‘*’   
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Figure 32. Scatter plots matrix displaying Spearman’s correlation coefficient for a) Hs and b) Tp 
between devices in Month One and Month Two in order to determine if there is a difference in device 

correlation caused by different mooring configurations as illustrated in Table 10. 

a)  

b)  
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It should be noted that the data used to examine mooring impacts is the recalculated data, which 

has gone through quality control procedures in order to minimise errors in the raw displacements. 

This process successfully filters out inflated values possibly caused by mooring forces and 

improves agreement between the buoys by reducing scatter. 

In a practical sense, the functionality between the moorings shows large differences. 

The Spoondrift configuration for the Spotter wave buoy was exceedingly long for a deployment in 

the relatively shallow 16 m deep low-current waters of the Gold Coast. The Datawell DWR-G4 

mooring was more suited to the site environment as it was subject to less entanglement than the 

Spoondrift configuration. During the trial, two floats sunk, highlighting the importance of float type. 

In order to avoid mooring influence from sunken floats it is recommended that future deployment 

utilise styrofoam floats in order to avoid this re-occurring. Photos from the buoy retrieval and ROV 

mooring inspections are provided in Figure 33 to Figure 35. 

 

Figure 33. Photos taken on buoy retrieval showing Spotter #75 on the Spoondrift mooring 
configuration. a) Shows the Spotter in close proximity to the both floats, b) submerged rope from the 

buoy and first float twisted together, c) the second float with twisted rope, and d) the retrieved 
second float with tangled rope  
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Figure 35. Photo taken from the ROV mooring inspection of the DWR-G4 #6 on Datawell mooring, 

showing the sunken float. 

  

a)  b

)  

Figure 34. DWR-G4 on the Spoondrift mooring configuration. a) Depicts the close proximity of 
the floats to the buoy and b) shows and underwater view of how close the float is to the buoy 
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4.7 Device Longevity 

Longevity of wave monitoring equipment is a significant factor to take into consideration due to the 

harsh ocean environments that devices are subjected to during deployment. There are a number of 

situations which can result in ocean monitoring equipment being damaged: such as lightning 

strikes; boat strikes; and extreme events. Datawell and TriAxys buoys are made from stainless 

steel (DWR-G4 and TriAxys) or cunifer alloy (DWR-MkIII) in order to resist potential damage, while 

Spoondrift Spotters are made from a marine grade plastic. Two Spotters were used throughout this 

trial, both sustaining damage to the exterior of the buoy. Spotter #75, which was deployed for just 

over two months, sustained damage to the solar panels (Figure 36c delamination and warping) and 

when retrieved had a small amount of water inside the hull. Spotter #97 was deployed for three 

months, however shortly after the second month data transmission became sporadic before 

stopping altogether. Upon retrieval it was discovered that a small crack in the flange had 

developed behind a bolt (Figure 36b), allowing water intrusion and subsequent flooding of the 

device damaging the electronics beyond repair (Figure 36a). 

In addition, the Spotter size is of concern when deployed for extended periods as mooring forces 

and biofouling can affect the buoyancy of the device. In warmer climates biofouling is a serious 

concern for equipment within the marine environment. For long-term deployments of both the 

Spotter and DWR-G4 extensive biofouling may severely hamper a buoys ability to follow the orbital 

motion of the water, reducing the quality of wave parameters recorded and affecting the high 

frequency response of the buoy (Thomson et al., 2015). For GPS buoys an additional concern is 

that the added weight of marine growth can cause the buoy to sit lower in the water, becoming 

more susceptible to wave over topping thus causing GPS interference. The DWR-G4 is also limited 

by a 4 – 6 week battery life.  

The pressure transducers, whilst affected by biofouling (Figure 20b) were still able to record wave 

parameters without any apparent negative effects on wave records. Both the DWR-MkIII and 

TriAxys buoys were subject to barnacle growth (Figure 37), but were not notably affected due to 

the size and subsequent buoyancy of the devices. 

 

Figure 36. Damage sustained during trial a) Spotter #97: water incursion into hull and b) Spotter #97 
cracked flange circled in red and c) Spotter #75 delaminated solar panel. 

a)  b

)  
c)  
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Figure 37. Biofouling of buoys: a) TriAxys after two-months deployment; b) DWR-MkIII after ten-
month’s deployment, with the SCRIPPS device attached to the top of the hull. 

 

   

Figure 38. Biofouling of buoys: a) Spotter #97 after one month (no three-month photo available as it 
was cleaned each month); b) DWR-G4 #6 (left) after one month and DWR-G4 #5 (right) after two- 

months. 

The longevity of the devices is also dependent on a number of other factors that cannot be tested 

in short term deployments including long term radiation impacts on plastic hulls and robustness in 

extreme events. The latter being an important consideration for GPS products as the loss of data 

during such events due to GPS connectivity issues will detract from their usefulness in defining the 

long term wave climate of a site. 

 

  

 a)   b)  

 a)   b)  
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5 Overview 

In order to provide a concise overview of the devices examined in this trial, a scoring matrix has 

been devised. Each device is scored on four categories: how well their automatic parameters 

correlate to the DWR-MkIII; how well the raw displacements and recalculated non-directional 

parameters compared with the DWR-MkIII; how well the SST compares with the DWR-MkIII; and a 

score based on the device longevity (Table 15).  

It was determined that wave parameters collected by Spoondrift Spotters, Datawell’s DWR-G4, 

Metocean’s TriAxys, RBR and the Aanderaa have a statistically significant correlation to the DWR-

MkIII both in automatic outputs and recalculated parameters. The TriAxys buoy consistently 

performed well in comparison to the DWR-MkIII, as did the Spotters. However the Spotters do not 

provide Hmax or SST in their automatic outputs. The DWR-G4’s experienced irregular GPS 

corruption due to signal loss which impacted some of the automatic wave parameters, particularly 

Hmax, Tp and Dirp. However, the correlation for recalculated peak period improved significantly with 

filtering and erroneous record removal. The Aanderaa performed averagely in comparison to the 

DWR-MkIII, showing a negative bias for Hmax and Tz. The RBR displayed particularly weak 

correlations for Tp and Tz in addition to a negative bias for Hs and Hmax. Due to the absence of a 

live data feed for both the Aanderaa and RBR, deployment applications are limited. 

It is important to note however, that whilst each device has a correlation, these relationships are of 

varying strengths dependant on the wave parameter and device. The RBR in particular, 

demonstrated a consistently weaker correlation across Hs, Hmax, and Tz.  

In regards to the longevity of Spoondrift Spotters, the use of marine grade plastics over alloys 

demonstrated a number of failure points during the deployment, resulting in water incursion and 

electronics failure. With a more durable design the Spoondrift device could provide a promising 

alternative for longer term ocean monitoring. Since the conclusion of the current deployment, 

personnel at Spoondrift (now Sofar Ocean Technology) have indicated that they have made design 

changes to help improve the durability of the spotter, in addition to offering an updated model that 

includes a SST sensor in the future. There is still uncertainty as to the reliability and robustness of 

the tested instruments over extended period and during extreme conditions. However, the DWR-

G4 has been previously deployed into cyclonic conditions with promising results (Boswood, 2017). 

This additional information has been reflected in their longevity score. 

A comparison of mooring configurations designed for smaller buoys by Spoondrift and Datawell did 

not show any significant differences upon wave parameters recorded. However it was noted that 

the functionality of Datawell’s mooring configuration for the DWR-G4 was more suited for the 

conditions experienced within this deployment. 
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Table 15. Scores for each device based on statistical comparisons of automatic data output and raw displacements to the DWR-MkIII and longevity. 

Device Wave 

parameters 

Raw 

displacements 

SST Longevity Total 

Score 

Comments 

Spoondrift 

Spotter 
1 1 -1 −1 0 

 The Spotter consistently correlated well to the DWR-MKIII.  

 No Hmax or SST parameters. 

 Poor longevity due to water incursion.  

 The Spotter would be ideal for short deployments when SST is not essential. 

DWR-G4 

0 0 1 1 2 

 The DWR-G4 automatic output has some issues related to GPS loss. A majority 

of these GPS errors can be minimised with post processing. 

 The longevity of the device is good with the stainless steel hull coping well in 

the marine environment and in previously tested extreme events. 

 Battery is a limiting factor, however for short deployments/deployments in 

extreme weather events the DWR-G4 is durable. 

TriAxys 1 1 1 1 4 
 The TriAxys compared well to the DWR-MkIII across the board and is suitable 

for long deployments and as an alternative device to the DWR-MkIII. 

 Note: Due to the absence of raw displacement data for the Pressure Transducers, total scores are between −2 and 2. 

Aanderaa 

0 - 1 −1 0 

 While the Aanderaa compared reasonably well to the DWR-MkIII it is a non-

directional device and has no live data feed. 

 Device is subject to biofouling. 

 Deployment in depths greater than 16m is likely to affect wave parameters. 

 The Aanderaa is best suited for short deployments. 

RBR 

−1 - 1 −1 -1 

 The RBR consistently had weaker Hs, Hmax and Tz agreement compared to the 

DWR-MkIII. 

 Device is subject to biofouling and retrieval from underwater deployments can 

be difficult. 

 Suitable for applications that are solely focusing on significant wave height. 

 Scoring: 1 – Good, 0 – Average, -1 – Poor 
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6 Conclusion 

The results presented from this three month comparison trial have revealed a number of strengths 

and weaknesses of several wave monitoring devices. Overall, a strong correlation was discovered 

for parameters Hs, Hmax, Tz, and SST (aside from the Spotters which do not at this time include 

Hmax or SST) in comparison to the DWR-MkIII. Tp returned the weakest correlation across all 

devices compared to the DWR-MkIII, likely due to the presence of a bi-modal sea-state and 

differences in methods of calculating spectral parameters. There was a notable difference between 

the performance of the wave buoys and the pressure transducers, particularly when measuring Tp 

and Tz. This difference could possibly be attributed to the variances in record length (8.5 minutes 

compared to 26.6) preventing the measurement of the peak period. The lower correlations 

displayed across all devices when comparing the spectrally derived Tp, highlights the importance of 

on board dual-sensor comparisons in order to measure the same waves.  

In order to conduct wave monitoring, multiple factors need to be considered prior to deployment in 

order to determine the most suitable device. For example, location, depth, deployment length, 

wave energy, and project objective are all crucial in deciding which wave monitoring device is the 

most suitable for a particular application. The results of this study may provide a good starting point 

for deciding which type of device might be the most appropriate for future wave measuring 

applications within the CIU. 
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7 Further Research 

As a result of this research a number of areas for further study have been identified that will help to 

improve understanding of wave monitoring devices. Outlined below are some of them: 

1. Comparison of Spoondrift Spotter to a DWR-G 0.9 m buoy and the MK4. Additionally due to 

questions raised about the accuracy of Datawell’s GPS with the presence of saw-tooth like 

artefacts, the addition of a DWR-G 0.4 m would be highly recommended. It would be beneficial 

to see how GPS buoys of different sizes and brand compare. 

2. Comparison of the RBR to a DWR-MkIII with a continuous sampling regime (RBR) in order to 

examine if longer wave records improve wave parameter correlation. 

3. Mooring trial with the smaller Spotter and DWR-G4 moorings altered to add a rubber cord for 

additional flex, in order to examine if alternative mooring design reduces GPS errors.  

4. Longer period deployments to capture more extreme conditions. 
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