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1. INTRODUCTION 

This document outlines the Operations of the Wessex Explorer and the procedures that 
were performed during mobilisation and verification of the hydrographic survey equipment 
(Figure 1), in preparation for DONG London array Export cable post construction survey. 
  
MV Wessex Explorer is permanently mobilised with a suite of hydrographic survey 
equipment. The vessel is owned by Hayes Marine and regularly operated by EGS 
International Ltd (EGSi), Bordon, Hampshire, UK. All of the survey equipment is regularly 
calibrated & verified, references to which are made within this report where appropriate. 
 

 

FIGURE 1:  MV WESSEX EXPLORER 

 

1.1. SURVEY OPERATIONS 

The London Array survey operations were conducted using the ‘Wessex explorer’ on a 12 
hour basis between 31stth August and 8th September2013. Initial vessel mobilisation took 
place whilst was alongside Gosport Marina. The full mobilisation was completed alongside 
in Ramsgate Marina. 
 
A summary and breakdown of survey operations are presented in Table 1 and Table 2, 
respectively. 
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Date Activity 

27/08/2013 Project Kick Off Meeting, DONG, Ramsgate 

28/08/2013 Mobilisation 

29/08/2013 Mobilisation, Site Induction, London Array 

30/08/2013 Mobilisation 

31/09/2013 Commence survey operations in the Swale 

01/09/2013 Continue survey operations in the Swale/Kentish flats 

02/09/2013 Continue survey operations at Kentish flats towards Princes channel. 

03/09/2013 Continue survey operations at Kentish flats Rock Dump 

04/09/2013 
Continue survey operations at Princess Channel extending to Foulgers 
Gat and Substation 1 

05/07/2013 Continue survey at Substation 2 

06/07/2013 Waiting on Weather at Ramsgate Marina 

07/07/2013 Survey remaining area at Princes channel 

08/07/2013 Demobilise vessel 

TABLE 1: SUMMARY OF SURVEY OPERATIONS 

 

Activity Total (hh:mm) 

Mob/Demob 54:30 

Operational 57:25 

Transit (EGS) 34:55 

Transit (Client) 00:00 

Transit (Weather) 00:00 

Weather (Port) 12:00 

Weather (Site) 00:00 

Standby (Port) 147:55 

Standby (Client) 05:15 

Downtime 00:00 

Sum Totals 312:00 

TABLE 2: BREAKDOWN OF SURVEY OPERATIONS 
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1.1.1. HSE 

Prior to the start of survey operations, a full HSE meeting was undertaken at the EGSi 
Offices in Bordon, UK on 25thth August 2013. During these meetings, the Hazard 
Identification and Risk Assessment (HIRA) document prepared for the London Array survey 
was presented to the survey personnel by the EGSi Health and Safety Manager. Before 
sailing, all survey personnel and vessel crew were given vessel safety inductions by the 
vessel master. A kick-off meeting was held on 27th August in the DONG Ramsgate office in 
the presence of key personnel involved in the project. A London Array induction was 
carried out on 29th August and a site familiarisation briefing given by the Marine 
Coordinator.  
 
A vessel Audit was conducted with the vessel signed off for operations on the 30th August. 
 
A man overboard drill was performed 30th August 2013 and further talks took place whilst 
alongside. 
 
Prior to deployment of any equipment, a toolbox talk was held with the survey personnel 
and vessel crew involved in the operations. During the talks, the procedures for equipment 
deployment were outlined and any hazards involved in the operations were discussed. Full 
PPE was worn at all times by all personnel working on the vessel’s back deck. Personal 
locator beacons (PLB) were also attached to the lifejackets. 
 
No HSE Incidents occurred during the survey operations on London Array Export cable 
survey 2013. 
 
Table 3 below presents a summary of the project man hour allocation: 
 

Total Man Hours  499:00 

Total Man Hours - Exposure 
*Operational/transit 

277:00 

Total Hours - Local 499:00 

Total Hours - Processing 90:00 

TABLE 3: PROJECT MAN HOUR ALLOCATION 
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2. SURVEY EQUIPMENT CALIBRATION AND VERIFICATION 

The remainder of this document details the calibration and verification procedures for the 
following items of equipment: 
 

 Primary horizontal/vertical positioning 

system 

- V5 Applanix POS MV 320E 

 Secondary vertical positioning system - Leica 1200 GPS 

 Secondary horizontal positioning system - C&C Technologies C-Nav 2050 DGPS 

 Attitude system - V5 Applanix POS MV 320E 

 Primary Sound Velocity Profiler  - Valeport SoundBar 2 

 Secondary Sound Velocity Profiler - Valeport Monitor SVP 

 Multibeam Echo Sounder  - Kongsberg EM3002D 

The specific tasks undertaken can be summarised as: 
 

 Sensor Offsets  - Reference Frame Survey (RFS) 

- Offset/mounting angle entry in online survey systems 

 Navigation system - Hardware installation 

- Alignment to vessel reference frame (RFS) 

- Heading calibration 

- Static verification 

- Dynamic verification 

 SVP Comparison - Comparison between primary & secondary profilers 

 MBES verification - Alignment to vessel reference frame (RFS) 

- Roll patch test 

- Pitch patch test 

- Heading patch test 

- Repeatability Test 

 
The majority of the vessel calibration and verification procedures were conducted prior-to 
arrival in Ramsgate. Initial vessel mobilisation took place whilst the vessel was on a hard 
stand in Gosport shipyard (Hampshire, England). Calibration procedures and sea trials 
were conducted in the Solent between the 17th and 19th June 2013. Additional verification 
procedures were conducted in Ramsgate Marina on 30th August 2013 prior to the LAL 
survey.  Further validations included navigation check, dynamic navigation comparison, 
heading verification, QINSy MBES calibration, lead line Check, SVP comparison. 
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3. SENSOR OFFSETS 

3.1. REFERENCE FRAME SURVEY 

MV Wessex Explorer is permanently mobilised with a suite of hydrographic equipment 
including a V5 Applanix POS MV 320E, hull-mounted Kongsberg EM3002D Multibeam Echo 
Sounder (MBES) and a C&C Technologies C-Nav 2050 DGPS. A Leica 1200 GPS was also 
installed to acquire precise vertical measurements, allowing near-real-time computation 
and normalisation of the tide element prior-to post-processing of the V5 Applanix POS MV 
320E data with POSPac MMS 6.2.  
 
On 15th May 2013, Geo-Spatial Survey Solutions conducted a Reference Frame Survey (RFS) 
of MV Wessex Explorer whilst the vessel was on a hard stand in Gosport shipyard 
(Hampshire, England). The full RFS survey report is included within this document, as 
Appendix A. Land survey and photogrammetric techniques were used to establish sensor 
offset locations & orientations relative to the vessel reference frame (established by the 
RFS). 
 
The horizontal and vertical origin of coordinates, the common reference point (CRP) (x = 
0.0000m; y = 0.0000m; z = 0.0000m), was defined as the centre of the indicator on the top 
of the V5 Applanix Type40 IMU (Figure 3), in close proximity to the vessel’s centre line. 
The V5 Applanix Type40 IMU was installed away from the MBES transducers in order to 
provide line-of-sight for the RFS, thereby maximising RFS precision and accuracy. 
 
Sensor offsets and rotations within this report are presented with respect to the 
Tate/Bryant coordinate and rotation convention (Figure 2).  
 

 

 
 

FIGURE 2: TATE/BRYANT  COORDINATE AND ROTATION CONVENTION 
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Instrument offsets relative to the CRP (Figure 3), as provided by Geo-Spatial Survey 
Solutions, are summarised below (Table 4). All coordinates were obtained using multiple 
Total Station setups and are accurate to within ±0.5mm. 
 

Node X (m; +ve fwd.) Y (m; +ve stbd.) Z (m; +ve down) 

CRP – POS MV Type40 IMU 0.0000 0.0000 0.0000 

EM3002D port transducer +0.5773 -1.2135 +2.8208 

EM3002D starboard transducer +0.5632 -0.3452 +2.8200 

POS MV port antenna hole -3.1002 -2.0272 -2.2447 

POS MV starboard antenna hole -3.1040 +0.5089 -2.2615 

C-Nav 2050 DGPS centre of shoulder -2.8438 -0.7655 -2.5723 

Leica 1200 GPS antenna (Phase L1) -0.0402 -0.7788 -5.6568 

Leica 1200 GPS antenna (Phase L2) -0.0402 -0.7788 -5.6458 

TABLE 4:  MV WESSEX EXPLORER INSTRUMENT OFFSETS 

 

 
 

FIGURE 3: MV WESSEX EXPLORER CRP 

V5 APPLANIX TYPE40 IMU MOUNTED POINTING ASTERN 

 
Instrument locations are displayed in the vessel offset diagram (Figure 4).   
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FIGURE 4:  MV WESSEX EXPLORER VESSEL OFFSET DIAGRAM 
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3.2. V5 APPLANIX POS MV 320 

This section describes the normalisation of the attitude & positioning system to the vessel 
reference frame. The V5 Applanix POS MV 320E was mobilised onboard MV Wessex Explorer 
as a replacement for the Kongsberg Seatex Seapath 330+ that was previously installed.  
 

3.2.1. MOUNTING ANGLES 

The V5 Applanix POS MV 320E uses state-of-the-art inertial and GPS technology to provide 
accurate heading, attitude, heave, position and velocity data. This tightly-coupled system 
uses inertially-aided real-time kinematic technology to provide a high level of positioning 
accuracy even under the most demanding environmental conditions. 
 
 
The V5 Applanix POS MV 320E has been configured to perform all lever-arm and attitude 
computations at the output node location. In this case the output node to the MBES system 
was selected as the CRP which is located at the top of the V5 Applanix Type40 IMU (Figure 
3).  
 
For practical reasons, the V5 Applanix Type40 IMU was installed pointing astern (Figure 3); 
this mounting angle was accounted for in the controller software, POSView 7.41 (Table 5 
and Table 6).    
 

Mounting Angle (RFS) X (˚) Y (˚) Z (˚) 

IMU Frame to Vessel Reference Frame -0.28988 -0.45120 +0.29649 

TABLE 5: V5 APPLANIX POS MV TYPE40 IMU RELATIVE TO THE VESSEL REFERENCE FRAME AS STATED IN 

THE RFS. 

 

Mounting Angle (POSView 7.41) X (˚) Y (˚) Z (˚) 

IMU Frame to VesselReference Frame -0.28988 -0.45120 -179.70350 

TABLE 6: V5 APPLANIX POS MV TYPE40 IMU RELATIVE TO THE VESSEL REFERENCE FRAME AS ENTERED IN 

POSVIEW 7.41 

3.2.2. OFFSETS 

The V5 Applanix POS MV 320E antennas were not installed at the time of the RFS. The 
vertical mounting offset of the Port and Starboard antennas (11.5 and 15.0mm, 
respectively) was measured by tape measure and the phase offset accounted for in the 
final antenna installation parameters (Table 7). 
 

Node X (m; +ve fwd.) Y (m; +ve stbd.) Z (m; +ve down) 

POS MV port antenna (Phase) -3.1002 -2.0272 -2.3222 

POS MV starboard antenna (Phase) -3.1040 +0.5089 -2.3425 

Centre of Rotation -2.8570 -0.7700 0.2190 

TABLE 7: V5 APPLANIX POS MV 320E ANTENNA INSTALLATION OFFSETS 
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3.3. KONGSBERG EM3002D 

3.3.1. MOUNTING ANGLES 

This section describes the normalisation of the MBES reference frame to the vessel 
reference frame. Initially, the mounting angles of the MBES heads, as-surveyed during the 
RFS, were input into Kongsberg SIS 3.9.2 (Table 8). These angles were then verified and 
improved-upon during the patch tests & Repeatability Test as described in section 5. 
During the preliminary calibration procedure, yaw values were left as zero (Table 9).   
 

Mounting Angle (RFS) Yaw (˚) Pitch (˚) Roll (˚) 

Port EM3002D transducer +3.82030 +3.23738 +40.26582 

Starboard EM3002D transducer -2.52132 +2.13911 -40.30598 

TABLE 8: MOUNTING ANGLES RELATIVE TO THE VESSEL REFERENCE FRAME AS STATED IN THE RFS 

 

Mounting Angle (Kongsberg SIS 3.9.2) Yaw (˚) Pitch (˚) Roll (˚) 

Port EM3002D transducer 0.0000 +3.23738 +40.26582 

Starboard EM3002D transducer 0.0000 +2.13911 -40.30598 

TABLE 9: MOUNTING ANGLES RELATIVE TO THE VESSEL REFERENCE FRAME AS ENTERED IN KONGSBERG SIS 

3.9.2 

3.3.2. OFFSETS 

Within the MBES acquisition software, Kongsberg SIS 3.9.2, the CRP was selected as the 
datum point for which position and attitude are valid. The vessel-reference-frame-
normalized output of the V5 Applanix POS MV 320E is also valid at this point. The only 
outstanding procedure is, therefore, to refer the physical offsets of the MBES transducer 
acoustic centres (Table 10; Figure 5) to the vessel reference frame as detailed in the RFS.  
 

Node X (m; +ve fwd.) Y (m; +ve stbd.) Z (m; +ve down) 

CRP +0.0000 +0.0000 +0.0000 

Port EM3002D transducer +0.5773 -1.2135 +2.8208 

Starboard EM3002D transducer +0.5632 -0.3452 +2.8200 

Waterline   +1.3200 

TABLE 10:  SENSOR OFFSETS RELATIVE TO CRP AS ENTERED IN KONGSBERG SIS 3.9.2 

 
In addition to the transducer offsets, it is necessary to give the system a waterline value 
so that Kongsberg SIS 3.9.2 can correctly place the SVP relative to the MBES transducers. 
This is particularly important when surveying in areas with distinct pycnoclines.  
 



    
 

Export Cable Route Post-Construction Survey   EGSi Job No. 5149 
Mobilisation & Operations Report – Final Rev1 Page 14 March 2014 

 

 
 

FIGURE 5: KONGSBERG SIS LOCATION OFFSETS 
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4. NAVIGATION SYSTEM – V5 APPLANIX POS MV 320E 

4.1. RTCM 3 CORRECTIONS 

The V5 Applanix POS MV 320E provided the primary positioning system receiving RTCM 3 
RTK corrections throughout survey operations.  

4.2. HEADING CALIBRATION (GAMS) 

The GPS Azimuth Measurement System (GAMS) calibration was performed on 17th June 
2013 in accordance with manufacturer guidelines. During the GAMS calibration only the 
offsets of the primary (port) antenna were input into POSView 7.41. The vessel was 
manoeuvred through a series of tight turns / figure-of-eights until the heading accuracy 
reduced below the desired accuracy threshold. The vessel was then maintained on a 
constant heading whilst the automated calibration protocol cycled through to completion.  
 
Once the GAMS solution was complete, the GAMS-computed baseline was compared to the 
results of the RFS. The GAMS- and RFS-calculated baselines agreed to within 4 decimal 
places (2.5361m). The GAMS calibration was, therefore, accepted and saved to the 
configuration file.  
 

  

FIGURE 6: GAMS CALIBRATION; BEFORE & AFTER 

4.3. ALONGSIDE RTK HEADING VERIFICATION 

After the completion of survey operations, an alongside RTK heading verification was 
conducted in Ramsgate Marina on 30th August 2013. The Leica 1200 (with SmartNet) was 
placed on the bow and stern of MV Wessex Explorer, and positions of the centre line 
logged for 1 minute at each location.  
 
The POS MV true heading was also recorded during this procedure. The average positions 
of the bow and stern recorded by the Leica 1200 (with SmartNet) were entered into QPS 
QINSy 8.0 Line Manager and a computed baseline heading was generated. This Baseline 
heading was then compared against the logged V5 Applanix POS MV 320E data. 
 

RTK Baseline Heading True (°) POS MV Heading True (°) C-O (°) 

173.05 172.54 0.51 

TABLE 11: SUMMARY OF HEADING SYSTEM VERIFICATION 
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A C-O value of 0.51° was calculated but not entered into the software due to the accuracy 
of the V5 Applanix POS MV 320E and the precision of the RFS.  
 

 

 
 

FIGURE 7: RTK HEADING VERIFICATION  

 

 

 
 

FIGURE 8: AVERAGE BOW AND STERN POSITIONS  

ENTERED INTO QINSY LINE MANAGER TO OBTAIN COMPUTED BASELINE (AZIMUTH°) 

 

4.4. STATIC VERIFICATION 1 

The Leica 1200 (with SmarNet) was used as an independent positional check of the 
permanently mobilized survey equipment on board MV Wessex Explorer. 
 
On the 28/06/13 the Leica 1200 (with SmarNet) was placed over the Beachy Head 
Ordnance Survey Passive Station (station number C1TV5995; Appendix B) and data were 
logged at 1Hz for 30 minutes. Data were acquired in OSGB36/ODN coordinates in order to 
perform a direct comparison with the established coordinates of the control point.   
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FIGURE 9: BEACHY HEAD PASSIVE STATION (C1TV5995) STATIC VERIFICATION 

 
The Leica observations were subsequently plotted (Figure 10 and Figure 11) and average 
values compared with the position of Beachy Head Passive Station, established by the 
Ordnance Survey (Table 12). 
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Position (OSGB36) 
Beachy Head 

Passive Station 
(m) 

Leica 1200 (with 
SmartNet) Observations 

Average (m) 

C-O 
(m) 

Easting (m) 559038.370 559038.416 ± 0.005 -0.046 

Northing (m) 95789.998 95789.993 ± 0.005  0.005 

Orthometric Height (m) 162.978 162.968 ± 0.010 0.010 

TABLE 12:  POSITIONING VERIFICATION C-O RESULTS 

The average difference between the OS surveyed position of Beachy Head Passive Station 
and the logged data was -0.046m in the Easting, 0.005m in the Northing and 0.010m in the 
vertical. The Leica 1200 (with SmarNet) was then used to survey Sovereign Harbour cill, as 
described in section 5.5.   
 

 

FIGURE 10:  STATIC POSITIONING VERIFICATION (HORIZONTAL), BEACHY HEAD PASSIVE STATION 
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FIGURE 11:  STATIC POSITIONING VERIFICATION (VERTICAL), BEACHY HEAD PASSIVE STATION 

 

4.5. STATIC VERIFICATION 2 

The Leica 1200 (with SmartNet) was used as an independent positional check of the 
permanently mobilised survey equipment on board the Wessex Explorer whilst alongside in 
Ramsgate Marina. 
On the 27th September the Leica 1200 antenna was placed over Royal ST Georges 
C1TR3557  an Ordnance Survey passive station (Appendix B), Sandwich Kent.  Data were 
logged in QINSy for 20mins at 1.0Hz.    
The results were plotted in UTM Zone 31 North and an overall mean calculated. The 
average of the observations was then compared with the position of the passive station, 
established by Ordnance Survey  
 



    
 

Export Cable Route Post-Construction Survey   EGSi Job No. 5149 
Mobilisation & Operations Report – Final Rev1 Page 20 March 2014 

 

FIGURE 12: ROYAL ST GEORGES STATIC NAVIGATION CHECK LOCATION 
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FIGURE 13: STATIC NAVIGATION RESULTS C1TR3557 

 

 
Royal St Georges UTM31 

Observations –
Average UTM31 

C-O 
(m) 

Easting (m) 386154.630 386154.61 0.0170 

Northing (m) 5681149.560 5681149.56 -0.004 

Ellipsoidal Height (m) 47.098 47.09 -0.008 

TABLE 13: POSITIONING VERIFICATION C-O RESULTS 

4.6. DYNAMIC VERIFICATION 

An RTK positioning verification was performed after the end of survey operations in 
Ramsgate Marina on 30th August 2013.  
 
The V5 Applanix POS MV 320E was interfaced with RTCM 3 RTK corrections from Margate 
Tower. A comparison of the CRP position output by the Leica 1200 (with SmartNet) and 
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the V5 Applanix POS MV 320E RTK was used as a dynamic verification of the vessel 
positioning system.  
 
The observed difference in the horizontal and vertical positions of the CRP output by both 
systems calculated in QINSy (Figure 14) acts as a ‘health check’ confirming that the 
correct lever arms, offsets and heading misalignments are entered. The results of this 
verification are summarised in Table 14, below.   
 

 dE dN dH 

Leica 1200 (with SmartNet) 
vs. V5 Applanix POS MV 320E 
RTK 

-0.02 0.03 -0.03 

TABLE 14: DYNAMIC POSITIONING VERIFICATION RESULTS 

 

 

FIGURE 14: COMPARISON BETWEEN OBSERVED POSITIONS OF VESSEL CRP  

USING LEICA 1200 SMARTNET AND POS MV RTK SYSTEMS 

 
 
 

  



    
 

Export Cable Route Post-Construction Survey   EGSi Job No. 5149 
Mobilisation & Operations Report – Final Rev1 Page 23 March 2014 

5. MULTIBEAM CALIBRATION – KONGSBERG EM3002D 

5.1. INTRODUCTION 

MV Wessex Explorer is permanently mobilised with a full suite of state-of-the-art survey 
equipment. The relative horizontal and vertical position of the survey systems was 
established by the RFS to within 0.5mm and can be considered as being fixed. Section 0 
describes the normalisation of the V5 Applanix POS MV 320E reference frame to the vessel 
reference frame. Section 3.3 describes the normalisation of the Kongsberg EM3002D MBES 
reference frame to the vessel reference frame.  
 
When a MBES, attitude and positioning system are installed, there will always be some 
residual misalignment between sensors. Therefore, the only outstanding element is to 
demonstrate that the angular offsets of the Kongsberg EM3002D and V5 Applanix POS MV 
320E reference frames are, indeed, aligned. This is achieved via patch tests and 
Repeatability Test. Calibration procedures were repeated until any outstanding 
misalignments were reduced to zero.  
 
Deviations in the roll alignment will translate to depth measurement errors in the outer 
beams, increasing with beam angle. Deviations in pitch will result in along-track position 
errors, whilst deviations in heading will, similarly, result an along- and across-track 
displacement seabed targets.  
 
If the data collection system is not synchronised to GPS time, it is also necessary to 
determine the latency of the positioning system. Whilst it is possible to investigate roll, 
pitch and heave errors in real-time, It is not possible to make real-time latency 
adjustments unless RTK positioning is available as it is difficult to isolate latency errors 
from positional errors. For the purpose of the annual calibration procedure, the 
appropriate calibration lines were run without making any real-time changes. The V5 
Applanix POS MV 320E data were post-processed and a Smoothed Best Estimate Trajectory 
(SBET) produced in POSPac MMS 6.2. The SBET was applied in CARIS HIPS and SIPS 8.1 and 
any residual angular offsets investigated.  
 

5.2. ANNUAL CALIBRATION  

The annual Kongsberg EM3002D MBES patch test & Repeatability Test were performed on 
18/06/13 and 19/06/13, respectively (Figure 15). Roll and Pitch patch tests were 
conducted over the wreck of the SS Algerian (Figure 16). The heading patch test and final 
Repeatability Test were conducted over un-unclassified wreck (UKHO: 19606), due-East of 
East Bramble Cardinal. 
 
Fresh SVP casts were performed prior-to each set of calibration lines. After MBES 
acquisition, the V5 Applanix POS MV 320E positioning data were post-processed in POSPac 
MMS 6.2 and a Smoothed Best Estimate Trajectory (SBET) created. The SBET was merged 
with the calibration data in CARIS HIPS & SIPS 8.1 and the lines were investigated for 
residual angular offsets prior to the final Repeatability Test conducted on 19/06/13. 
 
The weather conditions were settled and sea state was calm. The system performed to top 
specifications during all tests, as expected.  
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FIGURE 15: THE SOLENT, 19TH
 JUNE 2013 - MBES PATCH TEST AND POSITIONING VERIFICATION AREAS 

 

 

FIGURE 16: SS ALGERIAN 

5.2.1. ROLL CALIBRATION 

To verify any residual roll offset, three lines were run adjacent to each other with 
approximately 70% overlap (Figure 16). These lines were run in alternate directions at the 
same nominal speed over a relatively flat seabed in relatively deep water. Any resulting 
roll errors were compensated during post-processing and new angles determined. 
 

Patch Test and 
positioning 

verification areas 
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FIGURE 17: ROLL CALIBRATION  

ACROSS-TRACK SECTION SHOWING THE CORRECT VERTICAL ALIGNMENT OF THE OUTER BEAMS OVER THE 

NADIR BEAMS OF THREE VERIFICATION LINES. THE STARBOARD HEAD OVERLAP IS HIGHLIGHTED BY A RED 

BOX.  

 
Figure 17 shows that there is no residual error in the roll alignment of the MBES heads 
relative to the vessel reference frame. A minor adjustment was made to the roll of the 
starboard head as highlighted in Figure 17 and detailed in Table 15. 
 

Roll Mounting Angle (˚) RFS Patch Test 
Changes 
Applied 

Port EM3002D transducer +40.26582 +40.26582 nil 

Starboard EM3002D transducer -40.30598 -40.23098 0.07500 

TABLE 15: ROLL CALIBRATION RESULTS 
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5.2.2. PITCH CALIBRATION 

To verify any residual pitch offset, two lines were run in opposite directions with roughly 
100% overlap over a seabed target (SS Algerian) at the same nominal speed. Any resulting 
pitch errors were compensated during post-processing and new angles determined. 
 

 

 
 

 
 

FIGURE 18: PITCH CALIBRATION 

ALONG-TRACK SECTION SHOWING THE CORRECT HORIZONTAL POSITIONING OF THE SEABED FEATURES 

 
Figure 18 shows that there is no residual error in the pitch alignment of the MBES heads 
relative to the vessel reference frame, as detailed in Table 15. 
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Pitch Mounting Angle (˚) RFS Patch Test 
Changes 
Applied 

Port EM3002D transducer +3.23738 +3.23738 nil 

Starboard EM3002D transducer +2.13911 +2.13911 nil 

TABLE 16:  PITCH CALIBRATION RESULTS 

5.2.3. LATENCY CALIBRATION 

During the pitch patch test (5.2.2) two lines were run with approximately 100% overlap, in 
the same nominal direction at survey speed (~4.0 knots) and full speed (~8.0 knots).  
 
Once the SBET was merged with the MBES data in CARIS HIPS & SIPS 8.1, it was possible to 
investigate latency due to the accuracy of post-processed positioning (1-2cm). No latency 
errors were observed in the patch test data.  
 

5.2.4. HEADING CALIBRATION 

To verify the residual heading offset, two lines were run in the same direction with 
approximately 20% overlap over a seabed target in the outer beams, at the same nominal 
speed. A third line was run in the same direction with the seabed target located at the 
nadir.  
 
Initially zero-values were input into the acquisition software, Kongsberg SIS 3.9.2. During 
post-processing heading offsets were adjusted as detailed in Table 17. A further 
verification of the new heading values was conducted during the Repeatability Test, 
conducted on 19/06/13 (Figure 19). 
 

Heading Mounting Angle (˚) RFS Patch Test 
Changes 
Applied 

Port EM3002D transducer +3.82030 +1.30000 -2.52030 

Starboard EM3002D transducer -2.52132 +1.30000 +3.82132 

TABLE 17:  HEADING CALIBRATION RESULTS 
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FIGURE 19: HEADING CALIBRATION 

ALONG-TRACK SECTION SHOWING THE CORRECT HORIZONTAL POSITIONING OF THE SEABED TARGET 
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5.2.5. CALIBRATION RESULTS SUMMARY 

The residual angular offsets, as determined in the Solent on the 19/06/13 are summarized 
below (Table 18; Figure 20).  

 

MBES Roll Offset (˚) Pitch Offset (˚) Heading Offset (˚) 

Sonar Head 1 +40.26582 +3.23738 1.30000 

Sonar Head 2 -40.23098 +2.13911 1.3000 

Attitude 1 (COM2) nil nil nil 

Stand-alone Heading nil nil nil 

TABLE 18:  CALIBRATION RESULTS SUMMARY 

 

 

 
 

FIGURE 20: KONGSBERG SIS 3.9.2  OFFSET ANGLES 

 

5.2.6. KNOWN SEABED TARGET 

EGSi regularly conducts patch tests, repeatability tests and positioning verifications over a 
known seabed target. The results of the 2013 verification are detailed in Table 19, below 
and demonstrate that positioning is in agreement with previous surveys.  
 

Position 
(UTM30N) 

EGSi 2008 (m) EGSi 2012 (m) 
EGSi 2013 

(m) 
2008-2013 

(m) 

Easting (m) 626500.91 626500.70 626500.85 +0.06 

Northing (m) 5625871.20 5625871.25 5625871.30 -0.20 

TABLE 19:  KNOWN TARGET VERIFICATION RESULTS 
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5.3. REPEATABILITY  TEST 

In order to verify the correct functioning of survey equipment mobilised onboard MV 
Wessex Explorer a repeatability test was conducted.  
 

 

 
 

 
 

FIGURE 21: REPEATABILITY TEST 

 
Total Observed Vertical (TVU) and Horizontal (THU) Uncertainties were calculated and the 
system was found to be performing well within the requirements of IHO Special Order. 
Detailed results of the repeatability test are given in section 0.  

5.4. SOUND VELOCITY PROFILER COMPARISON 

The vertical density structure of the water column must be known in order to correctly 
calculate acoustic ray paths. Fresh Sound Velocity Profiles (SVPs) must be taken when a 
significant change in the speed of sound through the water column is observed.  
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The two sensors used for acquiring sound data were: 
 

- Valeport SoundBar 2 SN 23862 (Primary) 

- Valeport Monitor SVP SN 23389 (Secondary) 

A shallow-water SVP comparison was conducted in Ramsgate Harbour on 4thSeptember 
2013. The two instruments agreed within 0.20 ±0.09 m/s of each other (Figure 22).  
The Valeport SoundBar2 was selected as the primary SVP as it is an extremely easy and 
quick instrument to deploy, with SVP data going straight into the MBES acquisition 
computer and no major data processing required. Accuracy is, in fact, improved due to 
the facility with which SVPs can be acquired with negligible impact on survey operations. 
All sensors were factory calibrated by Valeport. Calibration certificates can be found in 
Appendix C. 
 
In addition to the two SVPs, a Sound Velocity Sensor (SVS) is hull-mounted next-to the 
MBES transducers. The calibration certificate for the SVS has expired, but it is not used for 
data acquisition. The SVS is used for visualization purposes and as a real-time indication of 
the evolving sound velocity at the transducer heads.  
 

 

 
 

FIGURE 22: SVP COMPARISON BETWEEN VALEPORT MONITOR AND VALEPORT SOUNDBAR 2 
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5.5. LOCAL VERIFICATION – KENTISH FLATS 

QINSy MBES Calibration 

As the MBES data was also logged in QINSY a further calibration was conducted on the LAL 
cable route over a series of sand waves in the Kentish flats area. Reciprocal lines were run 
over flat areas for roll and a series of lines over the sandwaves determined Pitch and yaw. 
The results can be seen below. 
 

 

FIGURE 23:  5 OVERLAPPING MBES LINES SHOWING GOOD CORRELATION BETWEEN ADJACENT SWATHS 

 

 
 

FIGURE 24: PORT TRANSDUCER CALIBRATION RESULTS (QINSY) 
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FIGURE 25 STARBOARD TRANSDUCER CALIBRATION RESULTS (QINSY) 

  



    
 

Export Cable Route Post-Construction Survey   EGSi Job No. 5149 
Mobilisation & Operations Report – Final Rev1 Page 34 March 2014 

6. TOTAL PROPAGATED UNCERTAINTY – TPU 

The Total Propagated Uncertainty associated to a given sounding can be calculated either 
by inputting the standard deviations of each sensor (as specified by the manufacturer) and 
the standard deviations associated to the RFS into the vessel-specific error model 
(Theoretical TPU). Alternatively, the Observed TPU can be computed from acquired data.  
 
If the parameters entered in the error model are correct and the survey equipment is 
correctly installed and calibrated, the two TPUs should match closely in normal survey 
conditions. 
 

6.1.1. THEORETICAL TPU 

6.1.1.1. ANCILLARY SYSTEM MANUFACTURER SPECIFICATIONS 

All sensors RMS standard deviations at 1 sigma (68% confidence level) are listed in Table 20 
as-specified by the manufacturer. 
 

Sensor Component Uncertainty 

V5 Applanix POS MV 
320E (real-time with 
RTCM corrections) 

Position 
Heading 
Roll & Pitch  
Heave  

0.5 – 2.0m (1σ) 
0.02° (1σ 2.0m baseline) 
0.02° (1σ) 
0.05m / 5% (greatest) 

Leica 1200 GPS (post-
processed) 

Horizontal 
Vertical 

0.0010m + 1ppm (kinematic) 
0.0020m + 1ppm (kinematic) 

C&C C-Nav 2050 (real-
time DGPS) 

Horizontal 
Vertical 

<0.10m  
<0.15m 

Valeport SoundBar2 Speed of sound in water ±0.02 m/s 

Reference Frame Survey Horizontal & Vertical 0.0005m  

Calibration Values Angular Offsets 0.005° 

TABLE 20: THEORETICAL SENSOR STANDARD DEVIATIONS 

6.1.1.2. ERROR BUDGET 

Standard deviations as entered in the vessel-specific error model are listed in Table 21. Error 
budget results for 15m water depth are presented as charts in Figure 26, Figure 27 and 
Figure 28.  
 

Sensor 
Uncertainty 

(RMS Standard Deviation) 

RFS precision (m) 0.0005 

Positioning error (m) 0.02 

Motion Gyro (˚) 0.02 

Heave % Amp. 5 
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Sensor 
Uncertainty 

(RMS Standard Deviation) 

Heave (m) 0.05 

Roll (˚) 0.02 

Pitch (˚) 0.02 

Position Nav (m) 0.02 

MRU Alignment precision (˚) 0.005 

Speed of Sound (m/s) 0.1 

Latency (µs) 1 

Vertical Reduction (Draft + Tide) (m) 0.03 

TABLE 21: STANDARD DEVIATIONS AS ENTERED IN THE ERROR BUDGET 

 

 

FIGURE 26: ERROR BUDGET – DEPTH ERROR ESTIMATES 
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FIGURE 27: ERROR BUDGET – POSITION ERROR ESTIMATES 

 

 

FIGURE 28: ERROR BUDGET – TARGET DETECTION CAPABILITY 
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The error budget for MV Wessex Explorer demonstrates that the system is theoretically 
capable of exceeding IHO Special Order based on the input parameters listed in Table 21.  
 

6.1.2. OBSERVED TPU 

6.1.2.1. TOTAL OBSERVED HORIZONTAL UNCERTAINTY 

To determine the observed Total Horizontal Uncertainty (THU) associated to the 
soundings, a sample section was chosen within the Repeatability Test area, over a 
relatively small and isolated target on the seabed. No soundings were rejected. The 
soundings were queried and Eastings and Northings exported as txt file. Average values 
and standard deviations of the population were computed and results are summarised in 
Table 22. It should be noted that as only 13 lines were run over the target, it was not 
possible to isolate a large population for the purposes of this calculation. 
 

Coordinates Average (m) 
Observed THU 

(Standard Deviation; m) 

Population  
(Number of 
Soundings) 

Special 
order (m) 

Eastings 5627448.00 0.28 252 2 

Northings 626010.02 0.26 252 2 

TABLE 22: OBSERVED THU STATISTICS SUMMARY 

 

 

FIGURE 29: TVU SUBSET LOCATION 
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6.1.2.2. TOTAL OBSERVED VERTICAL UNCERTAINTY 

To determine the observed Total Horizontal Uncertainty (THU) associated to the 
soundings, a sample section was chosen from the LAL Export cable route. Overlapping 
swaths provided information from which the Total vertical uncertainty could be processed. 
This data is displayed at 95% confidence levels (2 Sigma). 
 
From Figure 30 it can be determined that this sub section of data is within the custom 
limit set by DONG of 0.2m at 2 Sigma. 
 
Plots for the entire cable route were generated confirming that the entire cable route was 
within the custom limit. 
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FIGURE 30: SECTION OF EXPORT CABLE ROUTE DISPLAYED AT 95% CONFIDENCE



    
 

Export Cable Route Post-Construction Survey   EGSi Job No. 5149 
Mobilisation & Operations Report – Final Rev1 Page 40 March 2014 

7. CONCLUSIONS 

Vessel mobilisation, calibration and verification were carried out safely and following 
manufacturer-specified procedures. Data acquired during the mobilisation and 
repeatability test exceeded IHO special order and indeed the custom order as set out by 
DONG. 
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APPENDIX A – REFERENCE FRAME SURVEY 
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APPENDIX B – BEACHY HEAD/ ROYAL ST GEORGES GPS STATION 

DESCRIPTION 
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APPENDIX C – SVP CALIBRATION CERTIFICATES 

 

 
 
*Calibration certificate valid for 24 months 
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*Calibration certificate valid for 24 months 


