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1 Glossary 

Acronym Explanation 

C-O ‘Calculated-observed’ – quantity difference between a computed (or theoretical) value 

and what is observed during a calibration process 

CoG Centre of gravity 

COM port COMmunication serial port for instrument communications 

CRP Common reference point – a physical location in a vessel to which all instruments and 

sensors are referenced.  The sign convention is + forward, – astern, + starboard, – port.  

For avoidance of doubt, the convention used should always be stated. 

Data telegram Packet of data sent from sensor to the DP computer 

DGNSS Differentially corrected or augmented global navigation satellite systems.  See also GNSS 

DGPS Differential Global Positioning System – satellite navigation 

DP Dynamic positioning – referring in context to either a vessel equipped with a DP system, 

or the DP system itself 

EGNOS European Geostationary Navigation Overlay Service (see SBAS) 

ETA Event tree analysis – an inductive analytical process where an event is logically analysed 

using a chronology of subsequent events or consequences 

FMEA Failure modes and effects analysis – an inductive process analysing a collection of 

integrated or dependent components within a system to identify failure modes, their 

causes and effects 

GA General arrangement drawing – scaled generalised vessel layout drawings (as opposed to 

construction or installation drawings) 

GLONASS Global Orbiting Navigation Satellite System, a world-wide satellite-based navigation 

system operated by the Russian Federation 

GNSS Global navigation satellite system, generic term for satellite-based positioning systems 

including GPS (US Department of Defense), GLONASS (Russian Aerospace Defence 

Forces), GALILEO (European Space Agency); BEIDOU or COMPASS (Chinese Satellite 

Navigation system) 

GPS Global Positioning System, a world-wide satellite-based navigation system operated by 

the US Department of Defense 

Gyro Traditionally referred to the spinning-mass gyroscope but increasingly applied to solid-

state type units such as the ring laser gyro (RLG), the fibre optic gyro (FOG) and similar 

advanced devices 

IMCA International Marine Contractors Association 

IMO MSC International Maritime Organization, Marine Safety Committee 

LBL Long baseline – an acoustic positioning system employing arrays of seabed mounted 

transponders (see also SBL and USBL) 

MoC Management of change 

MRU Motion reference unit – any of a family of sensors that measure vessel dynamics.  

Depending on the unit specification and configuration (gyros and accelerometers), can 

include up to all five dynamics – pitch, roll, yaw, heave and heading.  Some manufacturers 

employ micro-electro-mechanical-systems (MEMS) rate gyros and linear accelerometers 
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Acronym Explanation 

PPP Precise point positioning – a real-time, high accuracy GNSS correction method that is 

independent of densified differential GNSS reference station networks.  The solution 

solves for the instantaneous GNSS ephemeris error rather than solving for its effect (see 

also IMCA S 015 – Guidelines for GNSS positioning in the oil & gas industry) 

RTK Real time kinematic 

SBAS Satellite based augmentation systems.  Free-to-air correction services delivering typically 

<2m accuracy, although providers do not warrant availability or consistent accuracy.  

Examples of SBAS are WAAS (North America) and EGNOS (Europe) 

SBL Short baseline – an acoustic positioning system employing arrays of vessel-mounted 

(hence short) baseline transponders (see also LBL and USBL) 

UPS Uninterruptible power supply 

USBL Ultra short baseline (also super short baseline (SSBL)) – an acoustic range and (electronic) 

bearing positioning system comprising a vessel-mounted transceiver and a transponder/ 

responder installed 

WAAS Wide Area Augmentation System (see SBAS) on the seabed, e.g. for station keeping, or 

on a mobile platform such as an ROV 

http://www.imca-int.com/media/70539/imcas015.pdf
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2 Introduction and Overview 

Guidance on the shared use of vessel sensors for DP and survey purposes was originally prepared in 2005 and 

2007 respectively, by a workgroup consisting of members of the IMCA Offshore Survey Division Management 

Committee.  Two documents were published separately, as IMCA S 009 – Guidelines for the shared use of DGPS 

for DP and survey operations and IMCA S 010 – Guidelines for the shared use of sensors for DP and survey operations. 

The purpose of the documents was two-fold; to provide guidance in highlighting the risks associated with sharing 

vessel DP sensors for survey operations, and to provide guidance on developing procedures to mitigate those 

risks. 

In 2014, the IMCA Offshore Survey Division Management Committee started a revision of the two documents, 

and it was agreed at that time that they should be merged to form one common document.  This document 

forms a revision and merging of the two former documents. 

2.1 DP Vessel Classification 

Based on the redundancy level of equipment, a DP vessel is classified either as equipment class 1, 2 or 

3 according to the International Maritime Organization’s criteria set out in IMO MSC Circular 645 

(available via IMCA as 113 IMO) in 1994.  Classification societies, such as Lloyd’s Register, Det Norske 

Veritas, American Bureau of Shipping, Bureau Veritas, and others, issue class notations that incorporate 

the IMO guidelines with additional specific requirements.  The classification societies also specify the 

documentation necessary for class approval and the scope of testing including failure mode and effects 

analysis (FMEA).  It should be noted that there is no absolute requirement for a DP equipped vessel to 

have a certified DP classification. 

For a vessel to maintain its DP class, classification societies conduct annual and periodic audits and 

surveys.  Surveys are also necessary when there has been a significant repair, alteration or upgrade to 

the DP system.  A qualified classification surveyor appointed by the classification society undertakes 

these surveys.  Because DP systems are type-approved, replacement components must come from the 

system manufacturer or approved specialist DP repair companies. 

The design of DP control systems is very important and directly influences the performance of DP 

systems in meeting changing environmental conditions.  In work applications for the offshore oil and gas 

industry, for submarine cable installation and other engineering or inspection tasks where an element of 

surveying and/or precise position is required, it is not uncommon for a DP system’s sensor references 

to be used as inputs for survey operations, or for specialist survey sensors to augment a DP system’s 

reference inputs. 

DP systems, and their associated sensors, are maintained by suitably qualified and competent technical 

personnel to ensure that system integrity is maintained.  For avoidance of doubt, under no circumstances 

should a DP system or its sensors be reconfigured by unqualified personnel for survey operations 

without the written permission (e.g. permit to work, management of change form or relevant vessel 

work instruction) from the appropriate onboard responsible authority. 

These guidelines do not replace or in any way modify the advisory and/or mandatory requirements of 

classification societies, the International Maritime Organization, manufacturers’ literature, operating 

instructions and advice, or the requirements of any insurance company or statutory body. 

http://www.imca-int.com/media/74454/imcam113.pdf
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3 Differences in Requirements for DP and Survey Operations 

To maintain station, a DP system is designed to control a vessel’s position by following commands entered into 

the DP system by its operator.  In the majority of circumstances a DP system is being provided with relative 

positional change, whereas in survey operations1 what is required is absolute, geo-referenced, positions. 

The precision and tolerances in position and heading achievable by a DP system are a function of the accuracy of 

the position reference systems used as input, coupled with the measurement and modelling of the prevailing 

environmental conditions impacting on the vessel.  The DP system’s computer and associated software algorithms 

determine the movements necessary to maintain a position or follow a specific track, and achieve this through 

control of the vessel’s thrusters and rudder. 

The choice of positioning sensors, and hence the accuracy achievable, is made by the builders, the owners, or 

the operators of the vessel at commissioning or re-commissioning of the DP system.  As such, it is therefore 

based primarily on adequacy, reliability, functionality and redundancy.  The number of units required to meet 

each class type are dictated by the particular classification society.2 

On the matter of sharing DP sensors, the feedback received from the American Bureau of Shipping is relevant: 

“In general, sensors pertinent to DP control system should not be shared.  However, due to the redundant requirements 

of this type of system, allowance for some of the signals to be shared with other equipment would be considered.  When 

signals are routed to other systems via the junction boxes, care should be taken to ensure these are electrically isolated 

such that signal interference is avoided.”3 

By contrast with DP requirements, a survey operation can demand results from sensors exceeding those required 

for normal DP systems.  Further, for survey tasks, sensors and processing packages are required to meet certain 

specified performance criteria that may be of a higher order than could be achieved by a vessel’s DP system.  

For example, the DP system may employ a lower grade motion sensor incapable of delivering an adequate 

solution for deep-water positioning operations.  In these instances, supplementary sensors are necessary to meet 

the survey operation’s needs. 

The update rate of sensors required for survey operations frequently differs from those of a DP system. In this 

respect, survey systems require raw, unfiltered data and the processing of the data, ‘de-skewed’ to a common 

time reference, is performed by the survey team’s on-line computer.  On the other hand, to minimise strain on 

the thrusters or vessel, DP systems utilise a filtered solution in order to maintain position or follow a course. 

Normally, the survey requirement for position accuracy is more demanding than that of a DP system.  For survey 

operations, reference sensors require careful calibration on a regular basis to minimise sensor errors and achieve 

optimum performance and accuracy.  In contrast, DP systems may function adequately with non-calibrated 

reference sensors. 

3.1 Requirements for DP Operations 

Precision and accuracy are important to DP operations.  However, precision is the more important 

parameter for station keeping.  The main requirement of a DP position reference sensor is to provide 

a consistent, reliable, and stable position solution.  DP operations require instantaneous solutions whose 

validity and quality can be assessed immediately such that action can be taken without hesitation.  This 

in turn requires a user-friendly system. 

3.2 Requirements for Survey Operations 

Survey operations require both absolute accuracy and precision.  In general, survey activities require 

on-line, real-time position information of the highest calibre available, plus recording raw (unfiltered) 

data for subsequent review and post-processing.  A high degree of knowledge of position quality and 

reliability is required, normally by comparison with independent/redundant position solutions and 

statistical analysis of the position derivation processes. 

                                                      
1  In the context of this document, only the positioning element of survey operations is discussed 

2  Nautronix discussions 
3  Mr Wing Fo Cheung, ABS Ship Engineering Department 
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4 System Redundancy 

4.1 DP Systems 

In 1994, the International Maritime Organization published its Maritime Safety Committee Circular 645 

(IMO MSC/Circ.645) – Guidelines for vessels with dynamic positioning systems (also available via IMCA as 

113 IMO). 

In these documents, a DP vessel is defined: 

“Dynamically positioned vessel (DP-vessel) means a unit or a vessel which automatically maintains its position 

(fixed location or predetermined track) exclusively by means of thruster force.” 

The circular also defines a DP system as “the complete installation necessary for dynamically positioning a 

vessel comprising the following subsystems: power system, thruster system, and DP-control system.”4 

IMO MSC/Circ.645 considers redundancy, and establishes three classes for DP systems: 

 Class 1: loss of position may occur in the event of a single fault; 

 Class 2: loss of position is not to occur in the event of a single fault in any active component or 

system; 

 Class 3: loss of position is not to occur in the event of a single failure of any active or static 

component or system, and does not occur if all components in one compartment are lost due to 

fire or flooding. 

The IMO guideline defines redundancy as the “ability of a component or system to maintain or restore its 

function, when a single failure has occurred.  Redundancy can be achieved for instance by installation of multiple 

components, systems or alternative means of performing a function.”5 

4.2 Dynamic Positioning – Classification Rules 

The table below is for information only.  It should be noted that the performance characteristics of 

reference sensors can vary greatly, and are not necessarily specified by DP classification authorities.  

Before use for survey purposes the specification of the onboard systems should be checked for 

compliance. 

 

IMO MSC Circular 645 Class 1 Class 2 Class 3 

American Bureau of Shipping (ABS) DPS-1 DPS-2 DPS-3 

Det Norske Veritas (DNV) AUT AUTR AUTRO 

Lloyd’s DP(AM) DP(AA) DP(AAA) 

Automatic control – number of 

computers 1 2 

3 (1 in separate 

compartment from 

main control station) 

Manual control – integrated 
joystick with auto-heading 

Yes Yes Yes 

Position reference 

system 

IMO 1 

3 

3 (1 connected to 
backup control 

system) 

ABS 2 

DNV 2 

Lloyd’s 2 

Wind sensors 

IMO 1 3 

3 (1 connected to 
backup control 

system) 

ABS 2 2 

DNV 1 2 

Lloyd’s 2 2 

                                                      
4  Rules for Classification of Ships, Part 6 Special Equipment and Systems – Additional Class.  Det Norske Veritas Classification Services 

Publications October 2005 
5  Marine Safety Committee Circular 645, International Maritime Organization, Monaco, 1994 (IMO MSC/Circ.645) 

http://www.imca-int.com/media/74454/imcam113.pdf
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IMO MSC Circular 645 Class 1 Class 2 Class 3 

MRU 

IMO 1 3* 3* 

ABS 2 2 2 (1 connected to 
backup control 

system) 

DNV 1 2  

Lloyd’s 2 2  

Gyrocompass 

IMO 1 3 3 (1 connected to 

backup control 

system) 

ABS 2 2  

DNV 1 2  

Lloyd’s 2 2  

DP classification information from different class societies 

* If the DP control system is fully dependent on correct signals from vessel sensors, then signals should 

be based on three systems serving the same purpose. 

4.3 Temporary Use of Specialist Survey Sensors Shared by DP System 

In the event that a specialist survey sensor is required for a project and its output is used for both 

surveying and as an additional DP input, then the rules on redundancy will apply and, additionally, would 

require testing and an audit for compliance by a class surveyor before being used for DP. 

If the sensor is additional to DP sensors of similar function, or if it replaces a single reference input, then 

so long as the performance and reliability of that sensor conforms with or exceeds the capabilities of 

the sensor replaced, replacement on a temporary basis should not be a problem with regard to the 

classification certificate or functionality of the DP system.  However, clarification should be sought on a 

case-by-case basis. 
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5 Risks Associated with Shared Use of Sensors 

The following are some of the more common problems that can be experienced when sharing DP sensors for 

survey operations. 

5.1 System Redundancy 

The impact of using a specialist sensor for both survey and DP applications should be assessed to ensure 

that DP system redundancy is not compromised.  Data telegrams for both survey and DP systems should 

come from separate sensor COM ports or, if unavailable, the output should be split through a dedicated 

opto-isolated port splitter.  Occasionally, a DP system uses non-standard configurations for data 

telegrams and this should be checked and risk-assessed in advance.  This situation could apply to any of 

the sensor types considered below.  Data telegrams for either system should not be taken from a 

common cable.  It is strongly advised that input to the DP system should not pass through or be 

processed by the survey system computer; i.e. it should not be a relayed output.  In some older DP 

systems there may still be a requirement for the survey computer to emulate another sensor type or 

re-format sensor data such that it can be read by the DP computer.  In this event, it is imperative that 

the survey team and DP operator co-operate and each record the set-up characteristics employed, and 

agree any post-project remedial actions. 

Where the use of a survey sensor is in addition to the use of DP sensors of similar function, or where 

it replaces a single reference input, extreme care should be exercised to ensure that the DP system is 

not compromised.  Furthermore, the sensor may have filtering applied for input to the DP system that 

may conflict with the survey system’s requirement for unfiltered (raw) data.  A comparison of the results 

from both DP and survey system should be made to ensure that both are functioning correctly.  

The sensor and any splitter should be opto-isolated and take power from either the DP system or an 

independent UPS. 

5.2 Surface Positioning Systems 

Surface positioning systems commonly used include: 

 differential and RTK GNSS (see also IMCA S 015 – Guidelines for GNSS positioning in the oil & gas 

industry); 

 X-band range and bearing systems (e.g. Artemis and RADius); 

 laser range and bearing systems such as Fanbeam; 

 local area network electromagnetic positioning systems. 

There are a number of potential risks associated with sharing a DP surface positioning system with 

survey operations, or vice versa, for which caution is required; procedures to deal with them should be 

developed by the survey team in consultation with the DP operators. 

These risks include: 

 unadvised interruption to a DP system’s data telegram due to poor set-up or interference from 

other users; 

 configuration changes needed for survey operations impacting adversely on a DP system causing 

outages and/or incorrect operation; 

 problems with a DP system’s acceptance of the data telegram following disconnection/reconnection 

of a serial cable; 

 loss of input to a DP system when a problem occurs with the survey system that interrupts the 

function of the shared sensor; 

 damage to the DP system, or survey system, through voltage mismatch between power supplies; 

 grounding issues. 

http://www.imca-int.com/media/70539/imcas015.pdf
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5.3 Differential GNSS (DGNSS) 

The relative ease of operating accuracy-enhanced global navigation satellite systems such as differential 

GPS (DGPS), precise point positioning (PPP), and real time kinematic (RTK) has made GNSS systems 

universally popular as reference sources for DP systems, and as precise positioning solutions for 

surveying. 

When survey operations are conducted on board a vessel, the survey team is often asked to make use 

of the vessel’s existing GNSS system.  While usually convenient, this can present potential operational 

difficulties over the control and performance of the system.  There is also potential for contractual 

disputes where installation, manipulation or reconfiguration of the positioning system for either survey 

or DP may impact on the performance of the system or its outputs for the other party. 

It is critical from both safety and operational perspectives that there is full co-operation between the 

users.  It is important to understand some basic definitions and the very different requirements of the 

surveyor and DP operator, in order to make such co-operation much easier.  A number of industry 

guidelines have been produced covering the use of GNSS for offshore survey applications and also DP 

operations – see section 10. 

DGNSS is in some respect unique in that it involves two (at least) non-contracting third-parties – the 

owner/operator of the GNSS system (a governmental body), and the vendor of the GNSS correction 

signals.  Generally, the data provided by a DGNSS service vendor can be categorised by the solution 

employed, e.g. differential or PPP; by the means of delivery; and by the level of positioning accuracy 

provided.  Consideration should always be given to the performance specification of the system being 

shared and whether or not it will meet the requirements of the sharing party. 

The level of service and technical support provided by the DGNSS vendor should be taken into 

consideration.  Survey orientated systems normally require additional features relating to quality control 

such as broadcast integrity information, a higher level of 24-hour on-call support, and comprehensive 

on-line performance monitoring and analysis. 

The notion of multiple differential GNSS systems providing full redundancy and system independence is 

not necessarily correct as there will always be the common element that is the GNSS constellation and 

infrastructure, and frequently the communication satellites as well.  However, it is generally accepted 

that GNSS systems such as GPS and GLONASS in themselves have a very large degree of redundancy 

in the number of satellites available and their capability to operate autonomously from the GNSS ground 

segments for extended periods. 

Further augmentation, although not of a high precision, may be achieved through use of free-to-air SBAS 

signals such as WAAS and EGNOS delivered via Inmarsat communication satellites. 

Satellite transmission of DGNSS correction signals is most commonly in the microwave (L-band)6 and 

therefore the signals require line of sight – if clear visibility between receiving antenna and 

communication satellite does not exist or is obscured, then no corrections can be received and the 

accuracy of the DGNSS positioning will degrade.  The rate of degradation depends on the method of 

‘differential’ employed. 

DP vessels frequently work close to obscuring structures such as platforms, and therefore it is 

imperative that consideration is given to directional source of the correction signals.  Most commercial 

vendors offer a choice of satellite delivery sources. 

5.3.1 Redundancy of Delivery Links 

To achieve acceptable levels of redundancy, the user must consider having access to at least 

two independent differential correction links.  Normally this is achieved by one of the following 

options: 

 two or more communication satellite links where the satellites are located in different 

segments of the sky to avoid common masking and mitigate scintillation effects; 

 two or more terrestrial radio links; 

 combination of satellite and terrestrial links. 

                                                      
6  Some vendors offer PPP correctors via Internet.  L-band, e.g. Iridium (~7.8MHz), and C-band reception is typical 
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5.3.2 Redundancy of Hardware 

In general, appropriate and sufficient levels of spare hardware, either installed or in storage, are 

maintained on the vessel for each DGNSS position solution supplying the DP system. 

5.3.3 Risks of Sharing Correction Signal 

There is no inherent risk in sharing a differential correction signal provided that the DGNSS 

receiver system and its outputs meet the technical requirements and system demands of each 

sharing party. 

5.3.4 Risks of Sharing Hardware 

There is a risk associated with the sharing of GNSS and DGNSS hardware: 

 omni-directional L-band antennas (correction services and GNSS reception); 

 GNSS receivers/demodulators; 

 position processing/QC software; 

 interfacing peripherals. 

When hardware is shared there is potential for one user to adversely impact the other, which 

may result in degradation of the positioning solution for one party.  Although sharing a common 

DGNSS correction signal should not present operational issues, when considering sharing a 

DGNSS system the following is recommended: 

 Undertake a rigorous and comprehensive risk assessment as soon as practicable before 

mobilisation.  The DGNSS service provider should participate in the discussion with the 

DP operators and survey team; 

 Implement any training requirements identified during the risk assessment process; 

 Procedures should be produced and implemented that mitigate all identified risks.  These 

should include: 

 system configuration 

 a communications plan 

 definition of responsibilities 

 change management process to cover modifications of system installation and settings 

 contingencies; 

 A toolbox talk should be completed by DP and survey personnel on the vessel before 

installation and this should address all procedures and methods; 

 All parties involved in using the systems should possess appropriate levels of competency 

as defined by associated recommendations and guidelines. 

5.4 Acoustic Reference Systems (USBL, LBL, etc.) 

Numerous risks associated with acoustic reference systems have been reported for which caution is 

required.  Procedures to deal with them should be developed in consultation with the DP operators. 

These risks include, for example: 

 Conflicts in frequency and bandwidth; 

 Simultaneous use in different modes is not always possible (e.g. an LUSBL system can be used for 

either LBL or USBL, but cannot be used for both at the same time); 

 Some USBL systems have a limited number of transponders that can be tracked simultaneously, 

which may make them unsuitable for survey tasks; 

 Conflicts in system depth settings, e.g. fixed depth or free running Z value; 

 Beam patterns of some acoustic systems are selectable.  Reconfiguration of these settings to 

accommodate conflicting DP and survey requirements may introduce differing or unexpected 

performance.  Further, some systems are limited in beam-width (e.g. those designed for operations 

directly below the vessel are not suitable for tracking systems towed astern of the vessel); 
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 Frequencies or acoustic noise interfering with other acoustic systems operating in the vicinity.  This 

usually necessitates the need for procedures to pre-agree frequencies with other interested parties 

operating in the work area; 

 Use of USBL responder mode may require the reconfiguration of the DP system control software 

and hardware; 

 Loss of input to the DP system where a problem occurs with the survey system that interrupts the 

sensor being shared; 

 Damage to the DP system through voltage mismatch between power supplies; 

 Grounding issues. 

When extended use of shared USBL or LBL is anticipated, consideration should be given to a remote 

control workstation installed at the survey desk.  However, use of such a system will require careful 

planning to ensure that DP operators retain sufficient levels of control at all times. 

Marine growth on the faces of acoustic sensors may degrade performance below that which is acceptable 

for survey purposes.  The status of the transducers should be checked on a regular basis, particularly if 

the vessel is operating in tropical waters. 

The deployment mechanism for a USBL transducer should be checked regularly to ensure that the 

transducer always returns to the same operating position relative to the vessel reference frame.  There 

have been incidents of offset errors caused by telescopic poles either working loose or sticking. 

5.4.1 Motion Reference Units (MRU) 

While it is acceptable to share an MRU, where multiple outputs or opto-isolated splitter ports 

are available, the MRU configuration should not be changed or the sensor moved without the 

full agreement of the appropriate onboard authority.  Caution is required and procedures to 

deal with risks should be developed in consultation with the DP operators.  These risks include, 

for example: 

 Unadvised interruption to the DP system data telegram due to poor set-up or interference 

to the system from other users; 

 Configuration changes needed for survey operations impacting adversely on the DP system 

resulting in outages and/or incorrect operation; 

 Problems with acceptance of the data telegram by a DP system after disconnection/ 

reconnection of a serial cable; 

 Loss of input to the DP system where a problem occurs with the survey system that 

interrupts the sensor being shared; 

 Damage to the DP system through voltage mismatch between power supplies; 

 Confusion or errors associated with the sign conventions used for pitch and roll data and 

offsets; 

 Grounding issues. 

5.4.2 Use of MRUs Dedicated to Helideck Operations 

It is usual for MRUs used for helideck operations to have separate outputs or be isolated from 

the DP system.  It is strongly advised that interfacing helideck MRU sensors to the DP and/or 

survey systems should be avoided at all times. 

5.5 Heading Sensors 

It is common for survey systems to extract heading sensor data from a USBL data telegram.  However, 

this information may have inherent timing delays; a problem that can also affect MRUs.  Gyros within 

DP systems are seldom used for survey purposes, and survey operators most often provide their own 

gyrocompass or heading sensor.  In the event of a requirement to interface to vessel’s DP system’s 

gyros/heading sensors, this should be carefully risk-assessed in consultation with the DP operator before 

implementation – speed and latitude corrections are often not available – and a suitably qualified DP 

technician should be present during interfacing. 
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5.5.1 GNSS-based Heading/Motion Sensors 

A number of risks associated with GNSS-based heading/motion sensors have been reported.  

Assessments and procedures to deal with potential risk issues should be developed in 

consultation with the DP operators.  Risks include, for example: 

 DP systems experiencing problems with data telegram after disconnection/reconnection 

of a serial cable; 

 loss of input to the DP system following a problem with the survey system that interrupts 

the sensor being shared; 

 damage to the DP system through voltage mismatch between power supplies; 

 sign conventions confusion or errors used for pitch and roll data, and the offsets applied. 
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6 Operational Configuration and Documentation 

6.1 System Offsets and Vessel Reference Points 

The origin of a vessel reference frame used for sensor positions can be either a common reference 

point (CRP) or vessel’s centre of gravity (CoG).  It is crucial to be certain which of these reference 

frames is being used.  If possible, the actual location of the common reference point or the centre of 

gravity should be physically verified.  The separation between the two can be great (particularly in the 

vertical axis or Z component) and referencing additional sensors to an incorrect or misidentified point 

will result in gross errors.  Ideally the manufacturer’s installation drawings should be consulted in 

advance of mobilisation and compared with the current settings in the DP software. 

For survey purposes, the precise values of the offsets to DP sensors is critical.  Offset values may be 

available from a DP system’s documentation, and where available should be compared against the vessel’s 

general arrangement (GA) drawings.  However, these drawings can be imprecise or in error when 

changes to the location of sensors have gone unrecorded.  Therefore whenever possible, direct 

measurements should be made and compared with the vessel’s GA drawings, and any differences logged 

and reported within the vessel’s management system. 

Problems may arise when a DP system’s GNSS positioning antennas are moved for repair, better 

reception, etc., and then not put back exactly in their designed positions.  For survey purposes, the 

vessel’s GNSS position is the most critical absolute; whenever possible, direct measurements of antenna 

positions should be made and any differences logged and reported within the vessel’s management 

system. 

6.1.1 Sign Convention 

Great care should be exercised when establishing sensor offsets or corrections to ensure that 

the correct sign convention is applied relative to the vessel’s datum point.  Offset calculations, 

including sign conventions, should be independently verified. 

6.2 Determining Sensor Offsets 

Offsets for additional sensors should be precisely measured and independently checked, preferably while 

the vessel is still in port or ideally when the vessel is in dry dock. 

When in dry dock, it is possible to determine precisely the relative offsets between all hull and mast 

mounted sensors using land survey techniques.  Similarly, offsets to internal sensors such as 

gyrocompasses or MRUs can be determined by extending the measurement control within the vessel.  

It is imperative to allow in the calculations that the vessel trim, once the vessel is afloat and correctly 

ballasted, will be different to that in dry dock.  The vessel’s marine officers and the vessel drawings 

should be consulted for the information or, preferably, the attitude of the vessel afloat observed using 

land survey techniques and the calculations adjusted to take account of the change in trim. 

6.3 Documentation 

Vessel equipment configuration and calibration records should include as a minimum: 

 available manufacturers’ installation reports; 

 sensor offsets including clear description of CRP or CoG, and sign convention; 

 latest DP testing and calibration results; 

 configuration schematic, such as a line schematic of the DP control system; 

 interfacing details including data telegram formats; 

 records of system or sensor changes with dates; 

 descriptions of cable end identifiers. 
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6.4 Sensor Calibration 

For survey projects, sensor calibrations should be performed or validated before every project.  Refer 

to IMCA S 021 – Guidelines for the management of peripheral survey sensors – for more information on 

calibration issues. 

6.4.1 USBL Systems 

The reference sensors associated with USBL systems (heading reference and motion sensors) 

should be checked and/or calibrated prior to conducting USBL calibration.  Great care is 

required to avoid any changes to the DP system’s set-up or calibration settings to ensure that 

DP functions are not compromised. 

DP systems usually only use acoustic systems for relative positioning, and there is normally no 

requirement for absolute calibration.  However, USBL system transducer alignment is usually 

performed by the manufacturer during initial installation or by the marine crew on an annual 

basis during DP trials. 

All calibrations and corrections for survey operations should only be performed in the survey 

software and only applied to the survey system.  Fixed corrections in the USBL (or any system) 

should not be removed or altered in any way except by the system manufacturers in the case 

of gross misalignments. 

6.4.2 Gyro Systems 

Gyro calibration, in the absence of an independent system such as a GNSS heading sensor, can 

only be performed when alongside in port, against a known or observed baseline.  Spinning 

mass gyroscopes seek True North and require adjusting for speed and latitude.  Offsets and 

C-O corrections should only be applied in the survey system software. 

6.4.3 Motion Sensor Systems 

The calibration of motion sensors can only effectively be performed when a vessel is alongside 

in port, and preferably when in dry dock. 

6.4.4 GNSS Sensor Systems 

By definition, GNSS/DGNSS systems cannot be calibrated but must be verified for accuracy 

and performance. Given the comments made in section 5.3, two receivers sharing a common 

antenna should, within the system’s parameters, produce the same position and data of similar 

quality.  The greatest potential for error in GNSS configurations lies in the reception 

performance and physical location of the GNSS antennas relative to a vessel’s reference frame.  

Verification of DGNSS performance should always be undertaken whenever calibrating 

reference frame attitude sensors (MRU, gyro, etc.) 

Further information on the installation of GNSS antennas can be found in IMCA S 012 – 

Guidelines on installation and maintenance of DGNSS-based positioning systems – and IMCA S 018 

– Guidance on the selection of satellite positioning systems for offshore applications. 

6.5 Precautions for Ensuring the DP System is Not Corrupted 

Only appropriately qualified and competent personnel and certified DP operators are permitted to make 

changes within, or to, a DP system.  A standard procedure should be established to check the DP system 

and its sensor offsets for any unauthorised change.  If a change in a setting is required, and is authorised, 

this should be applied by qualified and competent DP personnel and the change(s) recorded in the 

vessel’s DP management documentation together with the previous settings. 

http://www.imca-int.com/media/131218/imcas021.pdf
http://www.imca-int.com/media/70509/imcas012.pdf
http://www.imca-int.com/media/70572/imcas018.pdf
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7 Procedures for Installing Temporary Survey Systems 

7.1 Planning 

DP systems are generally inaccessible to non-authorised personnel.  System interface and configuration 

documentation should be available onboard but it is not uncommon to find that this documentation is 

not available.  Such a possibility should be considered when planning survey operations, with requests 

being passed to the vessel owner in advance. 

When an additional system sensor is installed, it should be properly checked and calibrated using the 

normal procedures.  It is good practice for survey systems to be checked by the person responsible for 

the vessel’s electronic systems and kept isolated from the vessel’s DP-critical sensors. 

Separate outputs from the additional survey sensors should be used where possible, or else an 

appropriate splitter port should be used.  Any shared output to an uncontrolled system (survey 

computer etc.) should be opto-isolated. 

Access to some systems, such as MRUs and USBL systems installed deep within a vessel, can be difficult. 

Running cables from these remote areas can be awkward and time consuming; careful planning and 

inspection in advance of mobilisation is strongly advised. 

In the event that a vessel is used frequently for survey operations, the preferable solution is to have 

separate data telegram wiring and ports permanently installed and certified by qualified and competent 

personnel. 

Care should be taken to ensure that any temporary sensors are securely mounted to avoid any 

movement following calibration, and to eliminate the effects of vibration. 

Further information and guidance can be found in IMCA S 016 – Mobilisation checklist for offshore survey 

operations. 

7.2 Precautions When Making Changes to Sensors 

It is essential for safe and proper working of DP systems that there are good communications between 

the survey team and the DP operators to ensure that all parties are aware of what is going on and what 

changes, if any, are being made.  As part of the onboard procedures, correctly labelled schematics should 

be prepared, approved by appropriate marine officers, and issued to all concerned. 

Any installation or removal of sensors, cabling, splitters, etc. should only be performed by qualified and 

competent persons and in full consultation with the DP operators and supervisor. 

The DP system and inputs should be tested prior to and immediately after any interfacing activities to 

ensure its continued safe operation, and these tests and procedures should be recorded with copies 

retained by both parties. 

No installation or changes should take place while the vessel is in DP mode. 

7.3 Interfacing 

Before any interfacing of survey sensors takes place, the survey team leader and senior electrical 

engineer should discuss with the DP supervisor what is proposed, and agree a detailed task plan in 

compliance with the DP certification and with the agreement of the vessel’s master.  It may be that 

other survey teams have interfaced additional survey sensors to the DP system in the past, in which 

case the records may be useful to reduce time and effort.  It is recommended that vessel DP supervisors 

have a ‘management of change’ procedure to document any changes in a controlled manner, so that 

drawings, logbooks and records are updated. 

It is good practice to leave a copy of a survey sensor set-up onboard with the DP operator so that 

others can benefit in future operations.  Where such documentation is available, it should always be 

checked thoroughly before use as configurations can change and labels on cables may be lost or swapped 

around. 

http://www.imca-int.com/media/70551/imcas016.pdf
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The DP system’s inputs should be tested before starting work.  Sources of power for the additional 

survey sensors should be selected in consultation with the DP supervisor to ensure that the supply is 

independent of the DP system, reliable and has sufficient redundancy or backup in place. 

Any ground voltage differentials must be established and taken into account before making any 

connections.  Any possible additional electrical noise effects, for example through introducing cabling 

into the system, should be considered and precautions taken to mitigate these. 

The existing set-up should be documented in detail before starting any system interfacing. 

7.4 Risks Associated with DP System Warranty 

DP system manufacturers and servicing agents provide a warranty for their equipment and workmanship.  

Any interference with the DP system could invalidate this warranty.  If the DP system or its associated 

software has not been designed for the particular additional survey sensors contemplated, there may be 

hardware and software complications in the configuration and use of the ports.  This may pose risks 

when interfacing additional survey sensors to the DP network. 
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8 Conclusions and Recommendations 

8.1 Conclusions 

Provided an appropriate and adequate risk assessment is undertaken and procedures to mitigate risks 

are in place using the guidance given in this document, the shared use of sensors for different applications 

should not present any operational issues. 

Nevertheless, it is vitally important that vessel owners, operators, survey teams and DP system 

manufacturers work closely together when sensors are to be shared between DP and survey. 

8.2 Recommendations 

 Risk assessment – the importance of carrying out a rigorous and comprehensive risk assessment 

cannot be over-emphasised.  It should be carried out as soon as practicable before mobilisation and 

should, as a minimum, address the potential hazards of sharing sensors in the example listing below.  

Participants in the risk assessment should include the vessel owners, GNSS service providers, and 

personnel experienced in DP and survey operations; 

 Implement any training requirements identified during the risk assessment process; 

 Implement procedures to mitigate all identified risks, including: 

 system configuration 

 communications plan 

 definition of responsibilities 

 management of change (MoC) process to cover modifications of system installation and settings 

 contingencies; 

 Toolbox talks addressing all procedures and methods should be completed by DP and survey 

personnel on the vessel before installation; 

 The proper and appropriate competence of all parties involved in use of the shared systems should 

be verified through the normal channels; 

 Full documentation of all sensor installations, offsets and calibration records should be maintained 

onboard the vessel by the DP supervisor.  This documentation should be subject to appropriate 

control procedures. 

Further reference: IMCA M 141 – Guidelines on the use of DGPS as a position reference in DP control systems. 

http://www.imca-int.com/media/73305/imcam141.pdf
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9 Example Risk Identification and Assessment 

Where proper procedures are developed and followed in advance of the risk assessment process, the level of 

risk in sharing sensors can be minimised.  The procedures should include: 

 Separate outputs for USBL, heading sensors, gyros and MRUs should be used: few problems should be 

experienced so long as separate outputs are used or can be made available without disturbing or 

compromising the set-up of the DP system; 

 Provision of a schematic of the proposed survey system, its inputs and outputs, identifying the ports to be 

used, power requirements, isolators, etc.; 

 In co-operation with the DP supervisor/operators, a sensor system schematic diagram should be prepared 

clearly identifying the input and output lines, cabling, isolators, power supplies, etc.  This will form part of 

the task plan when connecting the DP system’s sensors to the survey system or vice versa; 

 DP operators and survey team should review locations of DGNSS system antennas to ensure that reception 

of GNSS and correction signals are not affected by other local transmitters (e.g. Inmarsat C antennas), or 

are otherwise obscured in any way.  This is particularly important if there are tall masts or cranes involved 

as these can move during DP operations; 

 A critical assessment can then be made identifying risk areas, and the steps to mitigate these for approval by 

a DP supervisor. 

Risk analysis has a broad definition with focus on the cause and consequence of a system failure.  However, risk 

assessment meets difficulty in quantification when trying to represent the appropriate safety level.  Risk 

quantification is a combination of classical statistical examination and a qualitative risk assessment.  A typical risk 

assessment involves identification of the initiating event, cause analysis and consequence analysis.  The estimation 

of risk should take into account both the occurrence frequency of a hazard and the potential consequence 

resulting from it. 

Some risk methodologies (e.g. FMEA and ETA) are used in DP safety assessment.  An important issue in identifying 

possible causes for hazards and modelling failure frequency of complex systems is the investigation and analysis 

of incident and accident data.  IMCA publishes such data every year together with a brief description and analysis. 

Overleaf is an example risk assessment for the shared use of vessel sensors for DP and survey purposes. 
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Example risk assessment for the shared use of vessel sensors for DP and survey purposes 

Operation Hazard Possible consequence Controls to reduce risk 

Sharing DP 
system 

sensors in 

general 

DP system inadequate for 
survey requirements 

 Position solution unacceptable for 
survey purposes 

 Project specifications not met 

 Undetected erroneous information 

 Identify an alternative solution 

Unable to access DP 

system hardware and 

connections on arrival 

onboard vessel 

 Prolonged mobilisation resulting in 

project delay 

 Agree configuration and interfacing 

diagram between all parties 

concerned in advance of 

mobilisation 

Lack of or missing 
information on the DP 

system onboard vessel 

 Prolonged mobilisation resulting in 
project delay 

 Discuss requirements with all 
parties concerned in advance of 

mobilisation. Determine DP system 

technical information in advance of 

mobilisation 

Loss of power  Compromise DP system 

 Loss or degradation to survey 
operation 

 Use UPS systems as effectively as 
possible 

System 

redundancy 

Separate COM ports on 

DP sensors unavailable 
 Compromise DP system 

redundancy/operation 

 Install opto-isolated port splitters 

Employing a survey sensor 

as a sensor within the DP 

system’s suite 

 Compromise DP system 

redundancy/operation 

 Filtering conflicts e.g. DP system 

requires filtered, survey system 

unfiltered data 

 Install opto-isolated port splitters 

 Compare results from both survey 

system and DP system to check 

both are functioning correctly 

 Take power from either DP system 
or independent UPS 

General 

technical 

issues 

Interruption to DP system 

data telegram caused by 

interference 

 Compromise DP system/cause an 

outage or malfunction 

 Only employ qualified electronics 

engineers to install and check 

systems 

 Always liaise closely with DP 

personnel 
Configuration changes to 
DP system 

 Compromise DP system/cause an 
outage or malfunction 

Disconnection/ 
reconnection of serial 

cable(s) 

 DP system malfunction 

Survey system interrupting 

shared sensor 
 Loss/corruption of input to DP 

Other local RF transmitter 
interference 

 Malfunction and/or corrupted data 

 DGNSS loss/positioning errors 

Voltage mismatch  Damage to DP system 



 

IMCA S 023  19 

Example risk assessment for the shared use of vessel sensors for DP and survey purposes 

Operation Hazard Possible consequence Controls to reduce risk 

Acoustic 
systems 

Frequency conflicts  Malfunction and corrupted data 

 Positioning errors  

 Only employ qualified electronics 
engineers to install and check 

systems 

 Always liaise closely with DP 
personnel 

System depth setting 

conflicts 
 Positioning errors 

Changing beam widths  Degrading of expected 
performance 

 Do not change beam width settings 

Noise/frequency 

interference from other 

acoustic systems 

 Degradation to/corruption of DP 

performance 

 Only employ qualified electronics 

engineers to install and check 

systems 

 Always liaise closely with DP 

personnel 

Reconfiguring DP system 
control software for USBL 

use 

 Degradation to DP performance  Only make changes with 
permission  of responsible DP 

person onboard 

 Always check system performance 
is unaffected 

Marine growth on faces of 

acoustic sensors 
 Degradation to performance 

beyond acceptable survey 

requirements 

 Clean the system faces (diver or 

while in dry dock) 

Motion 

reference 

units 

Incorrect sign convention 

applied to pitch/roll data 

and offsets 

 Erroneous data 

 Positioning errors 

 Check sign convention with 

responsible DP person and have it 

checked independently 

 Conduct simulated trials where 

possible 

Use of dedicated helideck 
MRUs  

 Erroneous data 

 Positioning errors 

 Do not use helideck dedicated 
MRUs 

Heading 

sensors 

Use of heading data 

telegram from USBL 

sensor 

 Timing latency leading to 

positioning errors 

 Use dedicated survey-quality gyro 

or other heading sensor 

 Time stamp at source 

Lack of speed/latitude 
settings 

 Positioning errors 

Incorrect sign convention 

applied to pitch/roll data 

and offsets 

 Erroneous data 

 Positioning errors 

 Check sign convention with 

responsible DP person and have it 

checked independently 

 Conduct simulated trials where 

possible 

Offsets Incorrect DP system offset 
information 

 Positioning errors 

 Data conflicts between systems 

 Check offsets from GA drawings 
and compare with DP system 

schematics 

 Take physical check measurements, 
preferably during or prior to 

mobilisation 

Moving/relocating sensors  Positioning errors 

 Data conflicts between systems 

 Check offsets of all ‘movable’ items, 
especially GNSS antennas 

 Always re-measure and check 

offsets after moving an antenna 

position and record this in the log 

Vessel datum point  Positioning errors 

 Data conflicts between systems  

 Check which datum is used, i.e. 
common reference point or centre 

of gravity 

 Determine physical location of the 
datum point wherever feasible 
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Example risk assessment for the shared use of vessel sensors for DP and survey purposes 

Operation Hazard Possible consequence Controls to reduce risk 

Calibration Accepting DP system 
sensors without 

independent calibration 

 Positioning errors 

 Data conflicts between systems 

 Always calibrate sensors in the 
correct order and according to 

manufacturer’s instructions and 

best industry practice 

 Apply any calibration corrections in 
the survey system software – do 

not reconfigure the DP system 

Sharing 

DGNSS 

systems in 

general 

System inadequate for 

survey requirements 
 Position solution unacceptable for 

survey purposes – client 

specifications not met 

 Undetected erroneous positioning 

 Identify an alternative acceptable 
system 

Lack of access to 
hardware and connections 

on arrival onboard vessel 

 Prolonged mobilisation resulting in 
project delay 

 Agree configuration and interfacing 
diagram in advance of mobilisation 

between all parties concerned 

Lack of or access to 
required raw data to meet 

project-specific logging 

requirements 

 Client specifications not met 

 Effective survey operations not 
achievable 

 Sharing parties review 
specifications prior to mobilisation 

and agree an appropriate solution 

Lack of clear 

responsibilities for 

operation  and 

maintenance of DGNSS 

system 

 Positioning system failure resulting 
in: DP run-off, vessel down time, 

Project delays 

 Sharing parties agree 
responsibilities for operation of 

DGNSS systems and define clearly 

in operational procedures and 

contractual terms 

Loss of power  Loss or degradation of positioning  Use UPS systems as effectively as 

possible 

Shared 

differential 

signal 

reception 

antennas 

Damage to signal cables 

sharing a common routing 

between antennas and 

hardware 

 Loss of position inputs to DP and 

survey  operations 

 Potential DP run off 

 Vessel down time 

 Project delays 

 Assess impact of any increased risk 

or damage by using shared 

equipment. Consider alternative 

routing or antenna arrangements 

 Consider independent hardware 

Degradation of signal due 
to splitting signals from a 

single antenna 

 Reduced signal reliability and loss of 
correction service – positioning out 

of specification 

 DP run-off 

 Damaged vessel positioning 

equipment 

 Use of appropriate coupling 
components 

 Split signal to a maximum of two 
demodulators (assuming 

appropriate buffering) 

 Minimise the length of any 

interconnecting cables 

Masking of satellite 

antenna(s) 
 Loss of DGNSS positioning leading 

to inability of survey to operate 

 Reduction of DP position reference 

options 

 Sharing parties review 

requirements prior to mobilisation 

and agree an appropriate solution 

such as an independent DGNSS 

correction delivery system, 

additional hardware or alternative 

positioning solution 
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Example risk assessment for the shared use of vessel sensors for DP and survey purposes 

Operation Hazard Possible consequence Controls to reduce risk 

Shared GNSS 
hardware  

Inappropriate electrical 
interfacing 

 Loss of or unreliable correction 
data: 

 positioning out of specification 

 DP run-off 

 damaged vessel positioning 

equipment 

 Sharing parties agree configuration 
and interfacing in advance of 

mobilisation 

Long cable runs from 
bridge to survey room 

 Loss of or unreliable correction 
data: 

 positioning out of specification 

 DP run-off 

 Sharing parties agree configuration 
and interfacing in advance of 

mobilisation 

Differing output data rate 

requirements 
 Loss or degradation of DGNSS 

positioning/or positioning out of 

specification 

 Signal strength reduction due to 

use of inappropriate splitters 

leading to poor satellite 

 Consider independent GNSS 

hardware to allow autonomous 

system configuration to meet 

survey requirements 

GNSS antenna type and 
location unsuitable for 

survey applications 

 Loss of or unreliable GNSS 
reception: 

 poor quality measurements 

 multi-path 

 positioning out of specification 

 DP run-off 

 Consider independent GNSS 
hardware 

Long GNSS antenna cable 

runs to survey room 

Shared GNSS 
hardware 

continued  

Differing configuration 
requirements for DP and 

survey operations 

 Degraded survey positioning 
performance due to incompatible 

setting of: 

 elevation mask 

 satellite de-selection 

 data telegram output parameters 

 communication parameters 

 reference station selection (only 

if not using PPP solutions) 

 geodetic configuration 

 position filters 

 processing parameters 

 Consider independent GNSS 
hardware or QC system, 

permitting configuration of 

equipment to meet individual user 

requirements 

Automatic remote control 

and configuration of GNSS 

receiver by external 

equipment or software 

 Positioning system failure resulting 

in: 

 potential DP run off 

 vessel down time 

 project delays 

 Implement appropriate controls to 

protect DP configuration 

 Consider independent GNSS 

hardware/solution 

Shared QC 
software 

Inappropriately configured 
for survey requirements 

 Inadequate QC information 

 Positioning outside client 
specification 

 Mobilise independent software, 
permitting configuration of 

software to meet individual user 

requirements 
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