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Abstract  

During last year’s conference, it was reported that both MTS and IMCA DP committees have 
identified a trend of DP station-keeping events relating to Position Reference Systems, which 
resulted in either a loss of automatic DP capability or system redundancy being compromised. 

By far the most common cause is incorrect selection of Position Reference Systems – the 
requirement for at least two different principles not being followed leading to position instability 
and ships not meeting Class. 

All Position Reference Systems have their vulnerabilities and boundaries to their capabilities, and 
meeting requirements for independence and diversity can be challenging in some DP operations, 
particularly in shallow waters typical of offshore wind, where the use of some traditional 
reference systems may not be viable. 

This paper will highlight these challenges and present the work Sonardyne has done in applying 
its knowledge of Acoustic, Doppler Velocity, and Inertial technologies, to the demanding field of 
precise subsea vehicle navigation. 

We will show how these technologies can be adapted for use as a suitable DP Position Reference 
System. The approaches taken to validate performance through comprehensive trials in different 
DP operating scenarios will be demonstrated and the results on station-keeping performance 
from those trials presented. 

 

Background  

Currently there are several different sensor technologies that provide DP systems with position 
references, ranging from GNSS solutions to Laser, Taut wire, Sonar and subsea acoustic 
positioning systems. All reference sensors have their own advantages but also limitations. In 
some operating scenarios, particularly in shallow waters typical of offshore wind operations, it 
can be challenging to find sufficient viable reference sensors to remain compliant for DP 
operations. This paper details an alternative solution presented by Sonardyne using a combined 
instrument well used in the offshore industry, however to date not typically in the DP sector.  

Solution  

Sonardyne already produces a navigation system capable of providing position to the platform 
it is deployed on, whether it be a ROV (Remotely Operated Vehicle), UUV (Uncrewed  Underwater 
Vehicle), USV (Uncrewed Surface Vehicle) or a traditional manned vessel. This system is the 
SPRINT-Nav as shown below: 

    

 

Figure 1  - SPRINT-Nav 

This system uses high end inertial sensors in the form of Ring Laser Gyros or Fiber Optic Gyros 
(FOG), depending on the model type, coupled with an Acoustic Doppler Velocity Log (DVL) which 
aids the unit with a measured velocity of the unit relative to the seabed. The system can also 
accept aiding sources from acoustic positions (for use subsea) or GNSS (when on surface). The 
system can provide position output in real world coordinates without either of these two aiding 
sources, making it an ideal candidate for an alternative to GNSS as a reference.  
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The units can typically operate in any water depth up to 200m depending on frequency of the 
DVL built into the unit.  

The instrument has been developed to solve a need in the navigation space which arises due to 
the inherent non ideal nature of inertial sensors. The fundamental performance of such sensors 
is limited by their noise floor which means their long term drift is not suitable for use as a 
reference on their own. Take Figure 2 : Inertial Performance. 

 

Take a static situation, the graph 
shows that a typical non aided FOG 
based inertial system will have drifted 
from an initial estimate of position by 
20 – 30m in 2 minutes of operation. 
If we add an aiding source such as 
speed, obtained from a DVL then this 
figure will be orders of magnitude 
smaller and typically would not reach 
these values for days or weeks1. 

Real world data  

As the typical use of the SPRINT-Nav 
is for navigation whilst moving the user case of often near stationary DP operation had to be 
validated to show fit for purpose operation of the unit. This involved data from test sites at 
Sonardyne’s UK offices and subsequently via partnerships 
with offshore vessel operators.   

The first test was utilizing the deployment pole situated on 
the survey vessel “Echo Explorer” owned and operated by 
Sonardyne. For this test the SPRINT-Nav 500 unit was 
deployed and operated stationary with the survey vessel 
moored up in 27m of water depth. Note the deployment 
site has high tidal range and the mooring naturally moves 
by many meters during a tidal cycle. The vessel is equipped 
with RTK GNSS system to provide a reference to assess 
performance of the unit.  

 

The results show below show how the vessels position was tracked during the 80 hour test.  

 
Figure 4: SPRINT-Nav Results 

The unit had its position set to the GPS position at time zero and then the GPS aiding was 
disabled. The position observed, labeled North and East in the figure is purely provided by the 
navigation system being aided by DVL velocities throughout the test. Over time the position 

 
1 Using the highest-grade sensors  

Figure 1: Typical inertial performance 

Figure 2 : Inertial Performance 

Figure 3- Echo Explorer 
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deviates from the highly accurate RTK GNSS reference, but after 80 hours this is only 2.6m away 
from the reference. The following plot shows the difference error over time.  

 

 
Figure 5: SPRINT-Nav Results 

 

Testing with SPRINT-Nav units for this application 
started back in 2019, SPRINT-Nav mini was moved 
too in early 2022 and as of September 2023 DP 
operations are being carried out offshore using this 
instrument. The SPRINT-Nav Mini offers benefits in 
that it provides excellent cost vs performance and 
is a third of the size. Therefore, the associated 
deployment material is also of a smaller and more 
cost effective nature.  

The setup is shown in Figure 3: Deployment system 
overview and as can be seen is very simple in its 
setup. During the initial tests a Sound Velocity 
sensor was also deployed. the velocity of sound in 
water is not a constant, varying water conditions 
due to changes in temperature, pressure and 
salinity affect the speed of sound in water, which in 
turn affects the results derived from the DVL. The 
velocities measured by the sensor were compared 
with those derived by the SPRINT-Nav Mini to assess if there was any difference and effect on 
the system performance with and without this.  

Pictures of this operation are included in the appendix for reference. 

 

The results of this operational deployment again showed good performance with errors of no 
more than 1m in a 12-hour period, see Figure 7 – SPRINT-Nav Mini Offshore Performance Over 
Time. 

Figure 6: Deployment System Overview 
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Figure 7 – SPRINT-Nav Mini Offshore Performance Over Time 

 

The figure above shows position with reference to the GNSS solution and the difference between 
the two. Note that this deployment was in a water depth of 40m.  

Normally the use of a sound velocity sensor is crucial when using a DVL as the difference between 
the value of sound velocity used to compensate the DVL vs the true water sound velocity 
generates an error equal to that of the difference of the two as a percentage, normally 
manifesting as an along-track error. Due to the near static nature of DP operations the errors 
do not build up at the same rates hence using a derived SV measurement based on the 
temperature of the water (available from the SPRINT-Nav) was tested. The run was re-processed 
in this way and performance over the 15-hour period did not change significantly and was still 
within the 1m error previously seen. Due to this result another vessel deployment was run 
without installing a SV sensor.  

 

Water Currents  

In addition to the data presented it should be noted that the SPRINT-Nav range of units can also 
provide current profiling information which allows direct visibility of water currents below the 
vessel. This can provide important information for both navigation as well as environmental 
conditions.  A plot of one of the data collections with SPRINT-Nav Mini deployed at our UK test 
site is shown in Figure 11: Water current profiling on SPRINT-Nav Mini (ADCP functionality).  
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Conclusion  

The test carried out have shown  station keeping performance of less than 1m in 12 hours and 
how the SPRINT-Nav can be used in shallow water (below 200m) as an alternative reference for 
DP operations. During the processing, we showed integrity of the data and we never estimate a 
better position than we reported. Furthermore our predicated error in this operation scenario is 
probably too conservative which will be looked at in more detail going forward. In addition:  

 In the environments the tests were run in there was no need for Sound Velocity Sensor 
to compensate Doppler Velocity Log’s data in static operations.  

 Worst case error observed was 1.0m in a 12-hour period with SPRINT-Nav Mini, whilst 
under 1.0m in 24 hours for a SPRINT-Nav 500. 

 System was resilient to vessel heading changes and other operational movements.  

 System was able to provide current profiling data whilst simultaneously providing a 
position reference.  

 System will operate in water depths up to 200m. 
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Appendix – Further information 

 

   

 
Figure 9: SPRINT-Nav Mini with Validation SV Sensor 

 

 

 

 

 

 

 
 

 

 

Figure 8: SPRINT-Nav Mini Deployment 
Machine 

Figure 10: Typical Diagnostic data from Janus Post Processing Tool 
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Figure 11: Water current profiling on SPRINT-Nav Mini (ADCP functionality) 

 
i Patent pending, ref GB2592272A;WO2021170993A1; EP4111287A1 


