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1 Introduction 

Global navigation satellite system (GNSS) technology has been used as a surface positioning system for over 

twenty-five years.  In that time, as the availability and reliability of GNSS technology has improved, their 

comparatively low operating costs and global availability has seen them become the preferred and primary 

method of surface positioning. 

Whilst satellite-based positioning has become a widely available consumer technology, delivering relatively precise 

positioning at modest cost, the integrity and accuracy of positioning delivered by such low-cost equipment is less 

easily verified.  The wide availability and relatively modest costs of satellite positioning services is such that they 

can be perceived as a commodity.  This can lead to a lower priority being assigned to the selection of appropriate 

systems, particularly in the DP positioning sector.  In some cases, vessel owners and shipyards, new to DP 

classification of vessels, have become involved in the specification, commissioning and installation of GNSS on 

board their own vessels. 

The use of inappropriate systems has led to delays in project execution, vessel downtime and, in some 

circumstances, damage to assets.  The costs incurred during any of these incidents have significantly outweighed 

the cost of procurement of a suitable system from the outset.  Therefore, guidance would be beneficial in a 

number of areas where issues have arisen, including: 

 specification and selection of appropriate solutions; 

 management of installation; 

 management of change when access is required by another onboard party such as survey companies; 

 training and competence of operators; 

 appropriate levels of service and support not being received. 

A thorough understanding is needed of the many technical, procedural and contractual issues to be considered 

during the selection, installation and maintenance of global navigation satellite systems.  This is important from 

both operational and safety perspectives.  Some of these issues include available GNSS, vessel class requirements, 

vessel activities, performance expectations, regional variations in atmospheric conditions and contractual 

obligations, as well as some of the consequences of a poor installation. 

This document provides guidance for all parties involved in the selection, installation and ongoing maintenance 

of DGNSS solutions for use on board offshore vessels, DP and otherwise.  It is expected that these parties will 

include but not be limited to; ship designers, naval architects, shipyards, DP manufacturers, vessel owners and 

operators, marine consultants, companies carrying out DP vessel audits and FMEA assessments and vessel marine 

crews.  The document covers some of above-mentioned issues as well as the basic components of satellite 

positioning systems.   Checklists for pre-installation work are offered, including such matters as antenna location 

and cable routing. 

This document was formed in 2016 by the merge and revision of two earlier IMCA documents. These are 

Guidelines on installation and maintenance of DGNSS-based positioning systems (IMCA S 012) and Guidance on the 

selection of satellite positioning systems for offshore applications (IMCA S 018).  Both were originally produced for 

IMCA under the direction of its Offshore Survey and Marine Division Management Committees.  Additional 

material on the use of satellite positioning in DP control systems is drawn from Guidelines on the use of DGPS as 

a position reference in DP control systems (IMCA M 141 – now withdrawn). 
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2 Glossary 

AC Alternating current 

ADE Above-deck equipment 

BDE Below-deck equipment 

CoG Centre of gravity 

CRP Common reference point 

dB Decibel 

DGNSS Differential GNSS 

DGPS Differential GPS 

DP Dynamic positioning 

DPO Dynamic positioning operator 

ECDIS Electronic Chart Display Information Service 

EGNOS European Geostationary Navigation Overlay Service 

ETO Electrical/technical officer 

FMEA Failure modes and effects analysis 

GAGAN GPS aided GEO Augmented Navigation 

GLONASS Global Navigation Satellite System (Russia) 

GNSS Global navigation satellite systems 

GPS Global Positioning System 

HDOP Horizontal dilution of precision 

HF High frequency 

IALA International Association of Marine Aids to Navigation and Lighthouse Authorities 

IEC International Electrotechnical Commission 

IMO International Marine Organization 

IP Internet protocol 

IRNSS Indian Regional Navigation Satellite System 

KHz Kilohertz 

MED European Marine Equipment Directive 

MF Medium frequency 

MSAS MTSAT satellite-based augmentation system 

NMEA National Marine Electronics Association 

PPE Personal protective equipment 

PPP Precise point positioning 

QZSS Quasi-Zenith Satellite System 
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RF Radio frequency 

SBAS Satellite-based Augmentation System 

SOLAS International Convention for the Safety of Life at Sea 

TEC Total electron content 

UHF Ultra high frequency 

UPS Uninterruptible power supply 

VHF Very high frequency 

VSAT Very small aperture terminal 

WAAS Wide area augmentation system 
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3 GNSS (Global Navigation Satellite Systems) 

GNSS refers to a group of satellite based navigation systems, some of which have been available for many years 

and others which are still under development.  Various systems are available, each having their own advantages 

and limitations.  The number of satellites available from any of these systems may vary with consequent changes 

to availability of coverage.  For more in-depth descriptions the reader may refer to existing technical 

documentation on GNSS. 

3.1 Global Positioning System (GPS) 

The Global Positioning System, the most widely known GNSS, is funded by the US Department of 

Defence and has been available as a viable service since the late 1980s.  The first satellite was launched 

in 1978 and although the original constellation design called for 24 satellites (21 operational with 3 

orbiting spares), the system has been operating with more satellites than the original design specification.  

The USA is committed to providing continued support for the system and has confirmed to the 

International Maritime Organization (IMO) that six years’ notice of service termination will be given to 

civilian users.  See www.gps.gov/policy/cooperation/imo/2008-service-commitment.pdf for further 

details. 

3.2 GLONASS 

GLONASS (from the Russian Globalnaya Navigationnaya Sputnikovaya Sistema) was developed by the 

former Soviet Union and is now operated by the Russian government by the Russian Space Forces.  

The full operational capability consists of 24 satellites. For an updated GLONASS constellation status 

see https://www.glonass-iac.ru/en/guide/links.php.  Historically the GLONASS system has been used to 

augment GPS services during periods of poor satellite coverage or in areas where there was likely to 

be high levels of physical antenna masking or high levels of ionospheric effects, in particular scintillations.  

The renewed investment by Russia and commitment for further funding has meant that GLONASS is an 

alternative and complementary to other GNSS. 

3.3 Galileo 

Galileo is Europe’s civil GNSS.  The Galileo programme is funded and owned by the European Union.  

The European Commission has the overall responsibility for the programme with the design, 

development and testing entrusted to the European Space Agency.  When fully operational, there will 

be 30 satellites (24 operational with 6 orbiting spares).  Current funding means that the constellation is 

predicted to reach 24 operational satellites in 2018, enough to achieve Galileo’s positioning performance 

targets.  The completed constellation is expected to be in place in 2020.  Compatibility and 

interoperability with other existing and future systems has been achieved with GPS, BeiDou, QZAA and 

IRNSS. 

3.4 BeiDou 

The BeiDou Navigation Satellite System (BDS) is being developed by China as an alternative to GPS, 

GLONASS and Galileo.  The fully functional system will comprise 35 satellites (5 geostationary, 27 in 

medium Earth orbit and 3 in Inclined Geosynchronous Orbit).  The first test satellite was launched in 

May 2007, with the latest being launched in June 2016.  The system became operational in China in 2011 

and provided regional coverage in the Asia-Pacific region in 2012.  In 2015 China started the launch of 

satellites to build up a constellation with global coverage which is expected to be fully deployed by 2020. 

3.5 QZSS 

The Quasi-Zenith Satellite System is a regional system commissioned by the Japanese Government in 

2002. The system is not intended to provide accurate services on its own, but instead will be used as 

augmentation with GPS in the Asia/Pacific regions.  The constellation is designed to have 3 satellites in 

a quasi-zenith orbit and one geostationary satellite.  The first satellite was launched in 2010 with full 

system operability expected in 2018.  In the future they system may be expanded to a 7 satellite 

constellation. 

http://www.gps.gov/policy/cooperation/imo/2008-service-commitment.pdf
https://www.glonass-iac.ru/en/guide/links.php
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3.6 IRNSS 

The Indian Regional Navigation Satellite System is an independent regional navigation satellite system 

being developed by India. It is designed to provide accurate position information to users in India as well 

as the region extending up to 1,500 km from its boundary.  The system will comprise 7 satellites 

(3 geostationary and 4 inclined geostationary).  The seventh satellite was successfully launched in April 

2016.  All satellites will undergo testing and verification of their performance before being set to fully 

operational. 



6  IMCA M 242, IMCA S 024 

4 Augmentation Techniques 

A standalone GNSS receiver will not deliver a constant, robust solution with the level of precision and accuracy 

required for offshore operations.  To provide the required robust level of precision, accuracy and stability, a 

variety of free-to-air and subscription based augmentation services are available.  These services use the two 

main differing types of augmentation; relative and absolute techniques.  In addition to providing improved 

positioning accuracy, augmentation services also provide an integrity check on GNSS which can allow erroneous 

or suspect observations to be rejected from the positioning solution.  There will be a significant difference 

between the performance of low cost mass-market satellite positioning hardware and that of professional 

systems.  This may not always be obvious but is usually evident when operating in marginal conditions, 

geographically, environmentally or during periods of either radio or atmospheric interference.  It is in these 

marginal conditions that the superior tracking and operating capabilities of high-end professional equipment and 

services becomes noticeable and invaluable. 

4.1 Relative Techniques 

In its most basic form the relative technique relies on a precisely positioned GNSS reference station 

that continuously compares theoretical distances to GNSS satellites against absolute measurements, to 

generate a correction.  These differential corrections are relayed to the end user via either a local 

terrestrial radio broadcast or a dedicated satellite communication link.  The end user applies these 

differential corrections to local measurements to derive a corrected solution.  This technique works 

well where the end user is within 2000km of a reference station, where atmospheric effects on both 

end user and reference station can be assumed to be similar.  Although it is a very robust method of 

deriving an accurate position, the end user is reliant on there being an appropriate and compatible 

reference station in range of the worksite. 

4.2 Absolute Techniques 

Precise Point Positioning (PPP) is a newer positioning technique.  Measurements from a network of 

reference stations are used to calculate errors in the clock and orbit of an individual GNSS satellite.  

A single set of corrections for each GNSS satellite is relayed to the end user and used to augment GNSS 

observations that have already been corrected locally for atmospheric error.  The resultant positioning 

is extremely accurate and highly stable.  The main operational advantage of this technique is that the 

user need not maintain close proximity to any individual reference station, as is the case with the relative 

technique.  Another advantage is global homogenous positioning accuracy. 
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5 Service Providers 

Various providers of augmentation data exist, some offering subscription-based paid services, whereas others are 

free-to-air.  Some of the available options are considered below. 

5.1 Commercial Suppliers 

Commercial service providers offer access to augmentation data broadcast via leased satellite channels 

or through terrestrial HF or UHF radio broadcast.  They offer a variety of different data products 

allowing various solutions to be derived, depending on the level of accuracy required.  Several offer 

services on a global basis.  A key aspect of the services offered by commercial service providers is 

redundancy, which is an important driver for offshore oil and gas operations.  The commercial service 

provider continuously monitors the quality of satellite signals and correction messages and also provides 

access to a 24-hour global support network. 

5.2 Marine Radio Beacon (IALA) 

For the purposes of coastal navigation, free-to-air transmission of GPS correction signals are broadcast 

by local marine MF radio beacons.  This service is under the auspices of the International Association of 

Marine Aids to Navigation and Lighthouse Authorities (IALA).  The local radio beacon networks are 

operated by the lighthouse authority, port authority or coastguard of any given country. 

Corrections are broadcast in the 285 KHz to 325 KHz transmission band currently allocated to maritime 

radio navigation.  The range varies depending on the transmission power and is typically 200 to 350km.  

Coverage is subject to short and long term variation due to environmental and seasonal conditions and 

is unmonitored.  The Marine Radio Beacon service (IALA) is guaranteed only to meet statutory 

navigation accuracy of 8m.  In practice, the accuracy from these systems is typically better than 3m. 

5.3 Free-to-Air Satellite Based Augmentation Systems (SBAS) 

There are several satellite based systems delivering free-to-air augmentation data to GNSS users via 

satellite for use on a regional basis.  These SBAS services were originally designed and intended for 

aviation users but as they are free-to-air signals they are also accessible to others.  These SBAS systems 

use the Wide Area DGPS (WADGPS or WADGNSS) concept to derive corrections using a network 

of reference stations covering a large area. 

Systems provide accuracy typically better than 3m but users are cautioned that the accuracy achieved 

can be variable and is entirely at the user’s risk. 

A number of augmentation system are currently in operation.  These include: 

 WAAS (North America) – Wide Area Augmentation System operated by the United States Federal 

Aviation Administration; 

 EGNOS (Europe) – European Geostationary Navigation Overlay Service operated by the European 

Space Agency; 

 MSAS (Japan) – MTSAT (Multi-functional Transport Satellite) Satellite Augmentation System 

operated by Japan’s Ministry of Land, Infrastructure and Transport; 

 GAGAN (India) – GPS Aided Geo Augmented Navigation, a system developed by the Indian Space 

Research Organisation, together with the Airports Authority of India. 

Additionally, a number of augmentation systems are in the process of being implemented and 

commissioned.  These include: 

 SDCM (Russia) – System for Differential Corrections and Monitoring currently being developed by 

the Russian Federation. 

 SNAS (China) – Satellite Navigation Augmentation System currently being developed by the China 

Satellite Navigation Office. 
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6 Selection of a Satellite Positioning System 

When selecting a satellite positioning system, a number of factors should be taken into account in order to 

ensure that the system meets the current and future requirements of the user or project.  It is important that 

the following areas are considered; these will be dealt with in more detail in the following sections: 

 level of position accuracy; 

 level of redundancy; 

 system features; 

 geographic operating region; 

 vessel work activities; 

 level of support; 

 system interoperability and integration; 

 training requirements; 

 system installation; 

 maintenance and inspection. 

6.1 Level of Position Accuracy 

For some applications, such as offshore site survey and seismic survey, the level of accuracy attainable 

from a satellite positioning system can be the principal driver in the selection of an appropriate system.  

For other applications, such as DP operation, the absolute accuracy of a positioning system may not be 

as important, and greater emphasis may be placed on the reliability and repeatability of the positioning.  

However, an accurate positioning system will also provide reliability and repeatability.  The level of 

accuracy attainable can range from the metre level to the centimetre level. 

When considering the accuracy of a satellite positioning system, it is important that the entire error 

budget for a survey offshore is considered.  In this way, a realistic assessment will be generated of the 

performance of the overall system and sensors.  This includes the surface positioning accuracy, offsets 

and dimensional control and any subsea positioning.  This last element, along with the heading sensor, 

is becoming recognised as more critical particularly as the industry moves into deeper water.  Once the 

required accuracy has been established for the surface positioning component, the most appropriate 

positioning solution can then be selected. 

6.2 Level of Redundancy 

The concept of multiple GNSS providing full redundancy is not necessarily correct as there will almost 

always be the common element of the GNSS satellites themselves.  Multiple systems from the same 

vendor may share failure modes, particularly common failures of software.  Some companies address 

this risk in their sensor suites by use of multiple vendors and a high level of differentiation in systems in 

order to avoid common mode failures.  The GPS network has a large degree of redundancy in the 

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

segment for extended periods.  It means that multiple satellite systems could, in theory, fail and accurate 

positioning would still be available due to the high levels of satellite redundancy.  This redundancy will 

be further increased through the added use of the GLONASS system and in due course the Galileo and 

BeiDou systems will bring even greater availability, reliability and independence. 

When considering the level of redundancy of systems installed on a vessel, the following should be taken 

into account: 

 minimum equipment required for vessel to meet class requirements; 

 redundancy of hardware (including spares): typical installations may consist of a minimum of two 

independent satellite positioning systems.  Additional spare systems could be installed and kept 

offline until required; 
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 redundancy of augmentation delivery links: the data link is an area where most installations can be 

set up to provide redundancy.  Separate and individual data links may offer some protection from 

interference or atmospheric conditions. Using redundant data links can also allow the option of 

selecting a different positioning technique. 

Outputs from the satellite navigation system may be shared between the survey system, the vessel DP 

system, and sometimes vessel navigation systems.  Particular care should be exercised in these situations 

to ensure that, as far as is reasonably practicable, the system meets the requirements of all parties 

without affecting the operational requirements of any of them.  More information can be found in  IMCA 

S 023/M 235 – Guidelines on the shared use of sensors for survey and positioning purposes. 

6.3 System Features 

Another consideration when selecting a positioning system is the available or required features.  Factors 

that should be considered include: 

 whether or not a user interface is needed to help with the operation and troubleshooting of 

positioning systems; 

 the upgrade path for the equipment provided, for example, upgrading the GNSS receiver to be 

capable of using both GPS and GLONASS satellites.  The advantage of this is that it reduces the 

need to replace hardware or equipment on a vessel and ensures that a vessel or project can meet 

the contractual requirements with the minimum of complexity. 

6.4 Geographic Operating Region 

A critical consideration is the geographic location of the work site.  This may, in some instances, limit 

the choice of GNSS augmentation systems.  For example, the accuracy available from DGNSS solutions 

degrades with distance from reference stations, so reference station coverage should be considered at 

the planning stage.  This limitation does not apply to absolute (PPP) techniques where the distance from 

reference stations is not an issue.  GNSS are designed to provide global coverage and as such, the 

satellites are placed in an inclined orbit which allows the systems to be used world-wide.  A consequence 

of this orbital configuration is that coverage at high latitudes is not as good as at the equator.  Therefore, 

it is important that the user undertakes mission planning to ensure that satellite coverage at high latitudes 

is suitable, as there may be periods of poor satellite geometry which can affect position accuracy and 

reliability. 

In work areas above the nominal latitude horizon of communication satellites, that is, around 75º-78º 

north or south, direct use cannot be made of any GNSS augmentation system that relies upon such 

geostationary communication satellites for correction data delivery.  Alternative data delivery methods 

should be considered, for example IP delivery of augmentation data using a communications service with 

global coverage. 

Work areas that fall near the geomagnetic equator would, in periods of increased solar activity, be 

affected by increased ionospheric disturbance. There are two ionospheric effects: 

 Total electron content (TEC) – During high ionospheric activity the TEC is not well modelled in 

single frequency systems, resulting in large position errors.  Dual frequency receivers, however, will 

remove these errors altogether.  In combined systems, like GPS/GLONASS systems, both systems 

need to be dual frequency; 

 Scintillations – rapid fluctuations in phase and amplitude of the received GNSS signal that can result 

in loss of lock on the satellite.  These fluctuations tend to affect signals only in parts of the sky at 

any one time.  Using combined GPS/GLONASS systems will mitigate this to a large extent as the 

chance of tracking enough unaffected satellites to produce a good solution will greatly improve. 

Similarly, working in the polar regions can present geomagnetic difficulties which are intensified during 

periods of solar maxima. 

http://www.imca-int.com/media/217314/imcas023.pdf
http://www.imca-int.com/media/217314/imcas023.pdf
http://www.imca-int.com/media/278895/imcam235.pdf
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6.5 Vessel Work Activities 

All GNSS require an unobstructed view of the horizon for reliable tracking of GNSS satellites.  

The majority of GNSS also utilise a satellite based augmentation service, for which the effects of physical 

masking are more severe; masking may result in complete loss of the service. 

Many vessels involved in marine contracting will at some time undergo operations in close proximity to 

a fixed structure or to another vessel significantly greater in height.  As such, there is a requirement for 

the installed GNSS on vessels involved in such operations to perform in less than optimum conditions. 

Modern GNSS are able to compute a stable 3D position when tracking a minimum of four satellites, 

with good geometry, even though from a quality control perspective, using so few satellites is not 

recommended due to lack of redundancy.  It also leaves little margin for error; tracking only three 

satellites may result in loss of positioning, potentially affecting vessel class or risking a sizable position 

excursion resulting in a run off. 

Planning vessel operations can help to alleviate the impact; there are a number of freely available 

applications that will predict the availability of GNSS satellites at any given location at any given date and 

time.  Physical masking caused by the structure may be input and modelled, and a suitable time for 

approaching the structure can thus be determined. 

The simplest solution is to increase the number of GNSS observations available to the system; this is 

readily achieved by using two separate GNSS within a single combined receiver, ensuring augmentation 

data for both GNSS are also available. 

It is more difficult to mitigate the effect of masking on the antenna used for reception of the 

augmentation service.  The most robust solution is to present the GNSS with multiple correction 

sources, from either diverse satellite based services or a mixture of satellite based and a terrestrial 

based radio service. 

For DP operations, other sensors such as acoustic, laser based or radar based systems can be used to 

provide additional redundancy to the DP system. 

6.6 Level of Support 

The available level of service and technical support can be a factor in the selection of a positioning 

system.  Typically, free to-air services offer no support; it is left to the user to troubleshoot and support 

their system.  With commercial service providers, users can normally expect access to a 24 hour support 

network, engineers to visit vessels to install or fix equipment, and system performance monitoring. 

6.7 Interoperability and Integration 

When using positioning systems from different suppliers or using free-to-air systems, care should be 

taken when using the position from each system.  Differing accuracy may affect weighting schemes 

particularly in DP systems.  The other issue could be that the position delivered by different systems 

may be in a different coordinate reference frame, which may cause problems when combining positions 

from different systems, as coordinates may not agree.  Therefore, when looking at using positioning 

systems from different sources it is important to ensure that all of the system is interoperable to 

minimise any potential issues. 

6.8 Training Requirements 

The training and experience of personnel involved in all aspects of GNSS is important to ensure that 

appropriate and effective positioning systems are used and maintained at optimal system performance.  

Persons involved in the provision and use of GNSS should always be fully competent, should have 

appropriate knowledge of geodesy and should be aware of potential differences in coordinate system 

between positioning systems, so that systems are operated adequately for specific project or vessel 

requirements. 

With commercial services providers, training or training material can be provided as per the 

requirements of the mobile user.  In addition, DP training centres also provide training to DP operators. 
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7 Pre-Installation Phase 

Once an appropriate solution has been selected, it should be correctly installed for it to function as expected.  

The following sections address the three distinct phases to the installation and operation of a positioning system. 

The components that make up a satellite positioning system can be split into two parts; equipment above deck 

and equipment below deck.  Above deck, the satellite positioning system will consist of antennas, RF (coaxial) 

cables and connectors.  Below deck, the system will consist of GNSS receivers, data cabling and data connectors. 

The pre-installation phase covers all the preparatory work undertaken before installation, for example, 

establishing cable run lengths, sources of potential interference, antenna location, equipment location etc. 

The pre-installation phase should include the preparation of all reference documentation useful to the installing 

party, e.g. drawings, component listings, interface protocols etc. 

At this time, special requirements such as those for antenna installation should be considered and any necessary 

prefabricated items – for example, additional mast structures or antenna frames – can be ordered.  This should 

be fully agreed by all parties and be approved by the vessel owners and operators. 

The following should be addressed in a pre-installation/checklist: 

 antenna location: 

 height and location of mast or other high point; 

 stability and freedom from vibration; 

 nearby masking obstructions; 

 nearby sources of interference; 

 potential multipath issues. 

 identification of potential sources of interference; 

 arrangements for any prefabricated components such as antenna frames; 

 types and lengths of cable required for use with each antenna; 

 connection types and any ancillary components; 

 cable routes – avoiding mains power cabling and hot areas such as funnel stacks; 

 offset measurements of antennas to vessel common reference point (CRP) or other points of interest; 

 location of below deck hardware components and any prefabricated mountings; 

 power distribution to hardware units and power cabling requirements; 

 independent UPS power between GNSS systems including displays etc.; 

 interfacing details including data telegram formats, protocols and cabling requirements; 

 system configuration including: 

 services in use 

 delivery links 

 reference station selection 

 operating parameters such as maximum age of correction data, elevation mask etc. 

7.1 Additional Dynamic Positioning Factors 

The main responsibility of a dynamic positioning operator (DPO) is to keep the vessel on location.  With 

greater complexity of DP control systems, some of the decision making has been automated but the 

DPO is still an integral part of the DP control system.  The DPO monitors, sets parameters, selects and 

deselects control parameters and equipment and, most importantly, the DPO is often the last line of 

defence if equipment fails in an unusual manner. 

The DPO monitors GNSS along with every other position reference.  With most position references 

there are two stages of quality control: within the position reference itself and also within the DP control 

system.  As far as the DPO is concerned the first line of monitoring for GNSS is at the position reference 
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itself.  This is where the earliest indication of degraded positioning is likely to be identified.  Early 

detection of a problem may provide the DPO with sufficient information to pre-empt the DP control 

system’s internal quality control. 

Sufficient quality control information should be available in the DP console area to enable the DPO to 

carry out an evaluation of each position reference system.  In establishing the appropriate level of quality 

control it is important to ensure that the DPO is not overwhelmed with complex data to monitor and 

interpret, and that the information is presented clearly. 

Careful thought should also be given to the ergonomics and layout of position reference displays and 

hardware relative to the DP console.  The most awkward and demanding DP operations should be 

envisaged when arranging layouts; planning for the worst case should maximise the ease with which the 

DPOs can view, interpret and act upon position reference information.  The following factors should be 

considered: 

 Will DPOs be involved in the planning and installation process? 

 Will the DPO be able to see information from GNSS from the DP control position? 

 Is there easy access to mouse, keyboard and monitor at the DP control position? 

 The logic of the GNSS installation should be consistent with other parts of the DP console area e.g. 

push button or switching logic (up for off, down for on); 

 All items should be labelled and illuminated in a manner consistent with other parts of the DP 

console area; 

 Distinction between alarm and warnings about abnormality conditions; 

 Will audible alarms be distinctive from others in the DP area? 

As part of the pre-installation phase it is useful for a mobilisation procedure to be produced.  This 

provides the installation engineer with the necessary information and guidance for completing the 

correct installation on board the vessel.  It also allows all relevant parties to understand and agree the 

scope of work before the installation phase, and allows for an accurate record of the installation to be 

kept for support and future maintenance. 
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8 Installation Phase 

Optimum GNSS performance depends greatly on the quality of equipment installation which, if not carried out 

effectively, will cause problems during use.  Inadequate or poor installation can have serious outcomes including 

poor position performance or complete loss of position.  Possible consequences of this could be: 

 serious safety consequences if the vessel has reduced DP station keeping; 

 vessel downtime due to being out of operational positioning specification; 

 failure to meet DP class requirements; 

 costly reacquisition of survey or seismic data with subsequent implications in terms of cost, time and 

contractual obligation. 

Mobilisation and installation activities should be performed in a safe, controlled and environmentally friendly 

manner.  Particular attention should be paid to risk assessment, permit to work, personal protection equipment, 

and safety inductions or briefings, which may differ between clients and vessels.  All personnel involved with the 

installation of a DGNSS system should familiarise themselves with the working practices of their specific work 

location.  With regard to working on antennas, particular attention should be paid to working at height and 

dropped object precautions. 

The installation engineer should also ensure that all details relating to the installation are recorded for inclusion 

in a mobilisation report providing a record of how the equipment was installed and configured.  This will help 

with maintenance and support of systems. 

An important consideration when selecting a system is who will be installing it.  This should be done by fully 

trained and competent personnel in order to ensure that it is installed and commissioned properly and functions 

as expected. 

Sometimes contractual specifications can have an impact on the installation of a positioning system.  Some 

specifications require that antennas are sited at different locations (i.e. not next to one another) on the mast to 

guarantee redundancy.  Manufacturers guidelines usually specify a minimum antenna separation.  See also section 

8.5 – Interference from other Radio Sources. 

This section follows the normal order of an installation and covers the following items: 

 antenna installation; 

 cabling and connections between antenna and the below-decks equipment; 

 fitting of hardware and software; 

 interfacing of hardware and software to DP and other external peripherals; 

 configuration of hardware and software; 

 validation and verification of installation; 

 ongoing planned maintenance. 

Typical tasks that may be performed during a mobilisation are: 

 installation of GNSS antenna and cable; 

 installation of radio (e.g. HF or MF) differential link antenna and cable; 

 installation of L-band (augmentation) receiving antenna and cable; 

 installation of GNSS receiver; 

 installation of L-band demodulator; 

 installation of radio differential link receiving equipment; 

 interfacing Inmarsat demodulator to vessel’s Inmarsat terminal; 

 configuring GNSS receiver to receive and output correct information; 

 interfacing DGNSS position to vessel DP system or survey system; 

 interfacing DGNSS equipment to survey suite; 
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 installation and labelling of all cables required for above; 

 performing post-installation checks involving use of vessel’s transmitting devices such as VHF, Inmarsat C, 

Inmarsat B and Ku-band systems to ensure that nothing is interfering with the satellite positioning system. 

8.1 Interfacing to DP and Elsewhere 

A major requirement of any positioning system is that it should be able to interface with the DP system 

and/or other systems (e.g. other survey systems). 

One area that should be considered is that of certification.  At present positioning equipment only needs 

to meet type approval for use within DP systems.  As a lot of equipment (e.g. radar, ECDIS, etc.) on a 

vessel requires a position output, the temptation may be to use the output from the system providing 

positioning to the DP system but this is not recommended.  Any positioning equipment used for the 

safe navigation of a vessel falls under the International Convention for the Safety of Life at Sea (SOLAS) 

regulations.  If appropriate, the equipment should also meet the European Marine Equipment Directive 

(MED), which has different requirements. 

Further information can be found in IMCA S 023/M 235 – Guidelines on the shared use of sensors for survey 

and positioning purposes. 

8.1.1 Data Cabling and Connections 

The physical interface between systems consists of the cabling and connectors required to 

transmit data from the GNSS to the DP system or other survey systems.  For this, the 

appropriate interface protocol (e.g. RS-232 or RS-422) should be selected in addition to the 

connector required by the DP or other system (e.g. DB9, RJ45, etc.). 

Two further factors which may be considered are: 

 possible opto-isolation of the data feeds to minimise the occurrence of data errors, voltage 

spikes and system faults.  On some vessels this may be necessary.  Most of this information 

should be gathered during the pre-installation phase; 

 possible isolation against damage caused by lightning. 

8.1.2 Data Interface 

When considering serial data interfacing between the GNSS system and DP or survey system 

the correct port configuration should be used including baud rate settings, parity, data bits, 

stop bits and flow control if necessary.  Another consideration is the data telegrams (e.g. the 

NMEA) that need to be set up and configured for use by the DP or survey system. 

8.2 DP Operational Guidance on Familiar GNSS Problems 

Some familiar GNSS problems are briefly outlined below with some guidance on minimising occurrence. 

8.2.1 Loss of Differential Signal 

DP users of DGNSS report that most problems experienced with DGNSS relate to the 

differential link being lost, not to the GNSS itself.  Loss of radio-based differential links is often 

due to poor differential antenna installation.  An example of this is with HF-based systems which 

require a very good earth; a poorly installed earth strap will make poor contact meaning that 

in marginal situations, or areas of high radio noise, signal may be lost.  Other problems with 

radio links are loss of HF during dawn and dusk periods and during extreme atmospheric 

conditions. 

Vessel-based satellite communications dishes may have blind spots on certain headings which 

may affect reception.  These can be calculated during vessel rotations.  Such checks are usually 

done after equipment installation but it may be good practice to repeat the tests during annual 

DP trials.  An audit should be carried out to locate these blind spots and, if unacceptable, 

relocation of the dome should be considered or installation of a small dedicated receive-only 

http://www.imca-int.com/media/217314/imcas023.pdf
http://www.imca-int.com/media/278895/imcam235.pdf
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dome.  On vessels with temporary GNSS installations, more frequent blind spot tests may be 

advisable. 

The loss of signal can also be due to a failure of the reference station.  In such cases, contact 

with other service users in the area can help to determine if the problem is vessel-specific or 

system-specific. 

8.2.2 Complete Loss of GNSS Position Computation 

It has been known for GNSS receivers to be unable to compute a position.  This can be due to 

a bug in the manufacturer’s firmware or, possibly, an anomaly in a satellite transmission (e.g. 

clock failure).  Contact should be made to the GNSS service provider in both cases who should 

be able to provide an explanation.  With adequate GNSS monitoring, the rogue satellite can be 

identified quickly and removed from the position solution at the reference stations and on 

board.  If used on board, GNSS quality control packages can help to reject the satellite before 

this problem occurs. 

Complete loss of positioning may also be due to the vessel’s location or antenna masking, or 

to one of the following causes of malfunction: 

 water in cable; 

 perished cable; 

 lightning strike on antenna; 

 defective hardware; 

 old almanac or different almanac in mobile and reference receivers; 

 insufficient channels in receiver; 

 operator error; 

 work near platforms or obstructions. 

DPOs have come to expect difficulties using GNSS near platforms.  DP set-up and operational 

procedures should reflect this.  Good GNSS positioning may be at a premium when working 

near a large obstruction.  It may be prudent in these circumstances to consider alternative 

primary references such as range and bearing systems and/or USBL systems where available. 

8.2.3 Compound Problems 

When an unstable position reference is being used by the DP, the vessel may, depending on 

other position references, use increased thruster power to remain in position.  This causes 

increased aeration which may degrade acoustic positioning.  A run-off and system failure can, 

therefore, potentially result from one position reference system’s effect on another. 

8.3 Antenna Installation and Location 

GNSS requires a good view of the sky to operate optimally.  Good antenna installations are paramount 

to achieving good performance from a GNSS.  It is the single most important aspect in the successful 

installation of a GNSS solution and there should be no compromise on quality.  Much relies on the 

antenna installation; if this is not correct or is of inadequate quality then it is unlikely that positioning 

expectations will be met.  This section considers the consequences of poor antenna installation; masking 

due to external factors and the impact of RF interference from other radiating sources, and offers 

subsequent recommendations. 

When installing a DGNSS solution, it should be noted that it relies upon the proper reception of what 

are in general very weak radio signals.  These signals can easily be masked or interfered with.  

All satellite-based signals propagate by line-of-sight, which means that if the antenna cannot ‘see’ the 

satellite, then reception will be severely impaired if it occurs at all.  The extent to which reception is 

impaired depends upon the strength of the transmitted signal and upon the degree of antenna masking.  

Antenna masking is where structures such as other masts and antennas, rigs and fixed platforms, offshore 



16  IMCA M 242, IMCA S 024 

or dock cranes, buildings in port and high cliffs or hills close to shore, come between the antenna and 

the satellite. 

Therefore, the most critical aspect of any GNSS installation is the location of the receiving antenna.  

Inappropriately sited antennas are the single greatest cause of reported problems with positioning 

solutions.  Unless the antenna is installed correctly in an appropriate location, further progress will not 

be made and poor quality positioning will be the result. 

In recent times the number of systems requiring antennas has increased but unfortunately the available 

mast space has not.  Therefore, there is competition for the best locations for these antennas, generally 

the highest point on a vessel’s mast.  Everything from communications domes to television aerials will 

be installed there.  Nevertheless, since the vessel and the operation are reliant upon positioning, 

installation of the DGNSS system antenna should, as far as is reasonably practicable, take precedence.  

Lightning strikes could become an issue in when operating in certain parts of the world and it may be 

prudent to consider some form of lightning protection device. 

 

Figure 1 – Impact of antenna location on performance 
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Very often on vessels where positioning is recognised as critical to the operation, for example, on 

seismic survey vessels, a separate navigation mast is fitted, primarily for DGNSS and associated antennas.  

The installation of such masts should, where possible, be considered at the design stage for new-builds, 

conversions or vessel refits.  If not, an alternative is the fabrication and fitting to the mast of some form 

of special mounting primarily for positioning antennas. 

Figure 1 shows how even the slightest masking of a GNSS antenna can lead to severely degraded 

positioning. 

Although the antenna appears to have a clear view of the sky there is a sector approximately 51º x 20º 

in which a clear view of the sky is impeded.  This ‘masking’ can easily lead to the DGNSS system being 

unable to communicate with one or more satellites.  The impact of this can be anything from degraded 

positioning performance to a complete loss of positioning. 

If the antenna was the one used for reception of high-power (spot) delivered augmentation data and the 

transmitting satellite was in the masked 𝐴 = 𝜋𝑟2a, then there would be complete loss of signal and high-

precision positioning would be interrupted. 

 

Figure 2 – Poor antenna installation on DP drill rig 
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Figure 3 – Poor antenna installation on DP drill rig 

Figures 2 and 3 indicate extreme examples of poor antenna siting which would not normally be expected 

or acceptable. 

Figure 4 shows what would appear to be a good antenna installation with the antenna mounted high and 

clear of any form of masking.  However, the GNSS antennas were installed with a very small sector 

masked by a number of narrow poles.  The result was that reception of the L2 GPS signal, necessary for 

high-accuracy positioning, was impacted for a number of satellites when the vessel held certain headings 

at certain times of day.  At these times positioning quality was severely affected owing to the reduction 

in available satellites. 

 

Figure 4 – Further example of poor installation 
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8.4 Multipath 

Inappropriate location of the antenna can result in the antenna receiving reflections of the incoming 

signal as well as the signal itself – a phenomenon commonly known as multipath.  This results in the 

signal path length from the satellite being longer, increasing the apparent or computed range from the 

satellite.  This can introduce error or instability into the position calculation.  The effect can vary rapidly 

as satellite elevation and azimuth change. 

 

Figure 5 – Multipath 

8.5 Interference from other Radio Sources 

Interference can be caused by close proximity to other radiating sources.  Ideally antennas should be 

situated at maximum distance from any other radiating antennas, in accordance with IMO Resolutions 

112, 113, 114 and 115 for the Performance Standards of Equipment and Annex D (GNSS) of 

IEC 61108-04, which refers to Maritime Navigation and Radiocommunications Equipment and System 

and recommends a separation of 3m from other radiating sources.  As this is not always practically 

possible, a compromise location should be sought.  Installing GNSS and L-band reception antennas in 

close proximity to the following systems should be avoided: 

 Inmarsat C; 

 All other sources of Inmarsat transmission e.g., Fleet F, Inmarsat B etc; 

 Iridium satcoms; 

 Ku-band transmission; 

 VHF / UHF transmitters; 

 All antennas with active pre-amplifiers. 

Other possible sources of GNSS signal interference can be categorised by their origin: 

 from on board the vessel: 

 communications domes 

 television antenna amplifiers 

 satellite television domes 

 poorly earthed HF/MF antennas 
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 any transmitting antenna within vicinity of GNSS or L-band antenna (e.g. data and video 

telemetry systems) 

 nearby faulty GNSS antenna 

 radar scanners close by or at the same height 

 Doppler log (e.g., SATLOG); 

 From onshore or near platforms: 

 television transmitters 

 high power radar 

 microwave data links. 

Unfortunately, when a receiving antenna is located at the high point of a vessel mast, it is inherently 

more likely to pick up other signals emanating from around it.  This can lead to interference.  Figure 6 

illustrates how interference can have a significant effect on positioning performance.  During installation, 

comprehensive tests should be carried out for potential interference by conducting transmissions from 

each RF source for extended periods, individually and simultaneously.  During the period of these 

transmissions, the GNSS systems being installed should be monitored for performance degradation and 

preferably data logged for further analysis and reporting.  Any anomalies should be communicated to 

the vessel owner or operator and remedial action taken as necessary. 

 

Figure 6 – RF interference at antenna locations 
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8.6 Cabling and Connectors 

Once antennas are appropriately installed, the next consideration is the cable connection between the 

antenna and the receiving device.  As the signals involved are inherently weak RF signals, great care and 

attention should be taken regarding the selection and installation of the RF cabling and connections 

made. 

Antenna cabling should be of an appropriate quality, with properly fitted coaxial connectors.  Sharp 

bends, kinks and unnecessary connections should be avoided.  Installation engineers should take care 

that there is no damage to the cable casing – particularly when the cabling is exposed to the elements – 

and that cabling is properly secured.  External connections should be appropriately treated with self-

amalgamating tape or other preparations to keep out water.   It will be necessary to ensure that suitable 

transits, cable trays or runs, and cable glands are available. 

It is also important to minimise occurrences where the antenna cable will run across or parallel to single 

phase or three phase AC mains power cables or any high power RF cables such as those leading to 

transmitting devices such as Inmarsat B and VSAT domes.  The proximity of such cables to DGNSS 

antenna cables can adversely affect the performance of the DGNSS system. 

Maximum cable length will partly depend on the electrical environment and cable type.  As far as is 

reasonably practicable, antenna cables should be kept separate from other cables which may cause 

electrical interference, for example, power cables, radio transmitter cables, Inmarsat and VSAT cables.  

Cables may also be subject to requirements from regulatory bodies and classification societies with 

regard to their fire retarding qualities.  Attenuation of GNSS signals should be considered when selecting 

cable type, as signal loss will dictate maximum lengths.  The number of connectors and other 

components, such as lightning protection devices, which will also attenuate the signal, should be taken 

into account. 

8.6.1 Types of Cable 

Installation engineers should initially determine the maximum signal loss (attenuation) 

permissible before performance is impacted.  It should be the objective of the installer to incur 

the least possible signal attenuation in any cable run.  The following parameters should be 

considered before cable selection: 

 Length of cable-run between antenna and receiver; 

 Frequency of the RF signal – in general, the higher the frequency the greater the signal 

attenuation.  Lower loss cables may be needed to carry higher frequency signals; 

 Is the GPS L2 signal being used – e.g. in a dual-frequency DGPS service or a high-accuracy 

solution?  The GPS L2 signal is approximately half the power level of the L1 signal and will 

therefore be prone to dropping out when cable or connector losses are high.  This could 

change in the future when the new civil L2C code becomes available.  L2C although 

available on some 18 GPS satellites has not been declared operational by the US Air Force; 

 If lower loss cable types are required, constraints on rigidity and diameter of cable should 

be considered – lower loss cables tend to be larger in diameter and less flexible, and so 

cannot always be used in situations where cable routing is restricted. 

In longer cable runs with significant signal attenuation, it may be necessary to use in-line 

amplifiers to boost the overall signal level to ensure that there is sufficient signal level at the 

receiver.  This rarely improves the signal-to-noise ratio but amplifies the entire signal, including 

the noise.  Inserting an amplifier also involves additional connections and subsequent further 

signal attenuation. 

The minimum loss (attenuation) permissible before performance is affected should also be 

considered.  Too powerful a signal may cause saturation of receiving circuitry in shorter cable 

runs, making it necessary to use signal attenuators or cables with higher attenuation levels. 

8.6.2 Antenna Connectors 

In general, every connection in a cable will incur a signal loss of approximately 1dB, or more if 

the connection is poorly made.  It is conceivable that inserting a signal amplifier with two 
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connections could amount to a loss of 3dB (a loss of 50%).  It is therefore imperative that 

connections are made correctly and to the highest standard.  The number of connections in 

the cable should be kept to a minimum and connections only used when absolutely necessary. 

External or outdoor connections are of course exposed to the elements and in due course 

may lose their integrity, allowing moisture into the connector and eventually the cable.  This 

will ultimately lead to connector and cable corrosion and subsequent poor signal reception.  

All connections should be sealed with appropriate tapes and sealants as far as possible. 

8.7 Below Decks Equipment (BDE) Installation 

The following section outlines aspects to be considered when installing the below decks equipment.  

This considers both hardware and software, interfacing to devices (e.g. DP, survey, gyros) and 

configuration of the equipment for operation. 

8.7.1 Positioning of Equipment 

Attention should be paid to ensuring that the equipment is suitably located.  Where possible, 

locations should be agreed with the vessel crew and any other party that will be required to 

operate it (for example DP operators and/or survey crew).  When choosing a location for the 

equipment, consideration should be given to the following points as a minimum: 

 safety and security of the equipment; 

 length of time equipment will be in situ; 

 adequate ventilation to permit airflow and prevent overheating; 

 controlled temperature environment – not too high or too low; 

 shielding from direct sunlight; 

 correct earthing (especially important for HF/MF systems); 

 visibility of screens; 

 ease of operation, maintenance and repair; 

 alarms – audible and visible; 

 proximity of electrically noisy equipment. 

These details should be recorded in the installation records section and included in the 

mobilisation report, providing a record of the installation and mobilisation. 

8.8 Power Sources 

During the pre-installation and installation phase, it is important to check with the vessel personnel that 

the vessel mains power supply voltage and wattage are compatible with and sufficient for the systems 

being installed.  If not, appropriate steps should be taken to ensure that an adequate power supply is 

made available for the equipment to function properly. 

The power supplied to the equipment or system should be clean and reliable as this is essential to the 

operation of the positioning equipment.  It is therefore recommended that each system is powered 

through a UPS, whether that of the vessel (as used for the DP system) or a dedicated UPS installed with 

the equipment. 

8.9 Configuration of Equipment (Hardware and Software) 

GNSS equipment is geographically sensitive and needs to be configured to operate correctly in a given 

area.  If change of such configuration becomes necessary, particularly if the vessel moves to a significantly 

different location or if the client has different positional accuracy requirements, any changes to a system 

should be recorded using appropriate management of change procedures. 



 

IMCA M 242, IMCA S 024  23 

9 Operating Global Navigation Satellite Systems 

Once the positioning system has been installed and configured it will be operational and available for use.  

The system should then be calibrated to work with the other systems on the vessel and should also be validated 

to ensure that it operates properly and meets specification. 

The other aspect to the operational phase is ongoing maintenance of the positioning system to ensure correct 

operation throughout its lifetime.  Other important aspects during the operational phase are training and 

management of change. 

9.1 Validation and Verification of Installation 

All GNSS systems measure the position of the receiving antenna.  Normally a DP system refers this 

measured position to a point of interest, usually the vessel common reference point (CRP) or centre of 

gravity (CoG).  It is therefore of vital importance that the relationship between the GNSS antenna and 

the point of interest is accurately known.  The offsets between the points should be measured when 

the GNSS system is installed and should be measured again when a new system is installed or when 

antennas are moved.  Furthermore, offsets should be rechecked after any significant change or at suitable 

intervals.  Note that the accuracy of the offset measurements will have a direct impact on the operational 

accuracy of the systems which rely on the position output from the GNSS.  Users should plan a suitable 

methodology for the offset survey to achieve the required level of accuracy.  Bearing in mind many 

common GNSS systems can provide instant accuracy at the decimetre level it is likely that land survey 

techniques will be required to ensure the position accuracy is not lost due to less accurate offset 

measurements (e.g. taped offsets).  Typically, the larger the offset, the more likely errors are to creep 

in to the measurement. 

It is also recommended that position performance verification be carried out after installation to 

ascertain that the system does indeed meet expectations and specification and is not being impacted by 

interference from other sources as described elsewhere in this document. 

9.2 Integrity Monitoring for DP Operations 

This section gives details of some of the aspects of operation and monitoring which can help to optimise 

GNSS reliability and availability in DP systems. 

9.2.1 DGNSS Integrity Monitoring 

Where there are two GNSS systems on board a vessel, it may be prudent to have both available 

on-line in order to provide continuous comparison between them.  Steps should be taken 

where possible to give independence between the solutions, such as use of different reference 

stations, correction links, hardware and software. 

9.2.2 GNSS Service Information 

Utilisation of GNSS service information such as satellite health warnings varies from vessel to 

vessel.  Some suppliers regularly issue service updates and warnings about unhealthy satellite 

periods.  These messages are often shown on GNSS displays with visual and audio alarms, which 

can be used to attract users’ attention until the message is acknowledged and cancelled.  

The vessel owner/operator should assess the supply of service information when purchasing 

or hiring GNSS services and equipment. 

9.3 Ongoing Maintenance and Inspection 

For a permanently installed system, there should be ongoing planned preventative maintenance.  

Irrespective of how good a GNSS installation is, it will deteriorate over time, particularly those parts of 

the installation exposed to the elements. 

Using a free-to-air service will require the vessel crew or a contractor to undertake any inspection or 

maintenance.  With a commercial service provider, maintenance and inspection can be arranged or may 

be included as part of the contract. 
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It is recommended that an installation undergoes a complete re-evaluation at least once per year, with 

any subsequent remedial work completed as soon as practical thereafter.  The main components that 

should be checked are: 

 antennas: 

 should be checked and cleaned regularly 

 antenna connections 

 antenna offsets; 

 cabling: 

 integrity and condition of cabling 

 interfacing protocols; 

 software and firmware configurations: 

 ensure that all software and firmware are latest versions 

 planned changes to GNSS are included in a maintenance schedule – for example, leap seconds 

 all configurations should be correct. 

9.4 Training and Competency 

For ensuring the correct setup and continued performance of the system, it is important that the 

personnel using the system are sufficiently well trained to be able to operate and configure it.  It is also 

important that the personnel are able to understand the underlying principles behind the operation of 

the equipment and so to be able to swiftly recognise and correct problems as and when they arise.  

IMCA has developed a competence framework which includes competences for survey engineers (IMCA 

C 004 – Guidance on competence assurance and assessment: Offshore Survey Division. 

9.5 Management of Change 

It is important that a management of change system is available to record changes made to the setup or 

configuration of the positioning system.  This is important to ensure that everyone on the vessel is aware 

of what changes have been made.  This is particularly important at shift changes and also at crew changes, 

so that all persons are fully aware of what changes have been made and why.  The system used for 

monitoring changes can be based on existing management of change systems used on the vessel. 

Proper management of change also has other benefits when it comes to support or when positioning 

performance is impacted.  It is far easier to check whether the changes made have caused the issues 

rather than trying to guess what the system setup or configuration is on board the vessel particularly 

when it is different from the setup recorded at the time of installation. 

http://www.imca-int.com/media/70620/imcac004.pdf
http://www.imca-int.com/media/70620/imcac004.pdf
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10 Recommendations 

Through consideration of all the factors discussed in the previous section, the user should be able to select the 

most appropriate satellite positioning system that will meet all their requirements.  The following suggestions 

may be of use in making the selection: 

 GNSS should only be installed and commissioned by competent personnel; 

 Personnel operating and maintaining equipment (e.g. DPOs and ETOs) should be trained on the hardware 

specific to their vessel with refresher courses undertaken at appropriate intervals; 

 All installed systems should be subject to an annual inspection by qualified personnel; 

 GNSS systems should have the ability to use all GPS and/or GLONASS services without the need for further 

hardware modification; 

 GNSS systems should be capable of both relative (differential) and absolute (PPP) positioning techniques, 

providing greater redundancy and flexibility to the operator; 

 The system should have the option for an external graphical interface allowing users, e.g. DPOs, to 

instantaneously determine the health of the system and react accordingly; 

 GNSS systems should be capable of utilising augmentation data from different sources.  Examples could 

include satellite based delivery systems, radio transmission (UHF, MF and HF), internet based and the free-

to-air wide area augmentation such as WAAS and EGNOS. 
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Appendix 1 

Installation Checklist 

An installation checklist would help in ensuring that all matters highlighted during the pre-installation phase have 

been carried out properly and correctly.  Below is a sample of how a simple checklist could be used: 

 

Equipment/Job Work carried out Inspected 

Antenna  Installed according to installation drawings 

 Antenna mounted and secured 

Yes/No 

Antenna frames  Antenna frames are fabricated and mounted properly to ensure 

minimum vibration 

 Painted to prevent corrosion, which eventually spreads to antenna 

Yes/No 

Cables   Ensure that cable runs are not close to any hot work area or touching 

any hot surface such as funnel stacks or exhausts 

 Cables do not exceed minimum bend radius 

 Correct types of cables used 

 Cables secured appropriately and labelled 

Yes/No 

Connections  Ensure that all connectors are securely fastened 

 All antenna connections are properly weather sealed 

Yes/No 

Power  All power cables secured 

 If UPSs are used, simulate a power failure and ensure that all 

equipment is still online and how long the battery power would last 

 UPS independence check 

Yes/No 

System 

configuration 

 Services activated 

 Delivery links to primary and secondary systems 

 Reference station selection 

 Serial port selection and settings 

 Output settings and parameters, e.g. telegram formats 

Yes/No 

Offset 

measurements 

 Antenna offsets measured to CRP and other points of interest 

 Dimensional survey if required 

Yes/No 

Interference  All transmitting devices switched on 

 Test messages transmitted and received on all communication systems 

Yes/No 

 


