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DISCLAIMER

The information presented in this publication of the Dynamic Positioning Committee of the Marine
Technology Society (‘DP Committee’) is made available for general information purposes without
charge. The DP Committee does not warrant the accuracy, completeness, or usefulness of this
information. Any reliance you place on this publication is strictly at your own risk. We disclaim all
liability and responsibility arising from any reliance placed on this publication by you or anyone who
may be informed of its contents.
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1.1.1

1.2
1.2.1

1.3
1.3.1

1.3.2

1.3.3

INTRODUCTION
PREAMBLE

The guidance documents on DP (Design and Operations and People) were published by
the MTS DP Technical Committee in 2011, 2010 and 2012, respectively. Subsequent
engagement has occurred with:

o Classification Societies (DNV, ABS)

o United States Coast Guard (USCG)

o Marine Safety Forum (MSF)

o Oil Companies International Marine Forum (OCIMF)

Feedback has also been received through the comments section provided in the MTS DP
Technical Committee Web Site.

It became apparent that a mechanism needed to be developed and implemented to
address the following in a pragmatic manner.

o Feedback provided by the various stakeholders.

o Additional information and guidance that the MTS DP Technical Committee wished
to provide and a means to facilitate revisions to the documents and communication
of the same to the various stakeholders.

The use of Technical and Operations Guidance Notes (TECHOP) was deemed to be a
suitable vehicle to address the above. These TECHOP Notes will be in the following
categories:

o General TECHOP (G)
o Design TECHOP (D)
) Operations TECHOP (O)
o People TECHOP (P)

TECHOP NAMING CONVENTION

The naming convention, TECHOP (CATEGORY (G /D / O/ P) - Seq. No. — Rev.No. —
MonthYear) TITLE will be used to identify TECHOPs as shown in the examples below:

Examples:

o TECHOP (D-01 - Rev1 - Jan21) Addressing C3EI? to Eliminate Single Point Failures
o TECHOP (G-02 - Rev1 - Jan21) Power Plant Common Cause Failures
o TECHOP (O-01 - Rev1 - Jan21) DP Operations Manual

Note: Each Category will have its own sequential number series.

MTS DP GUIDANCE REVISION METHODOLOGY

TECHOPs as described above will be published as relevant and appropriate. These
TECHOP will be written in a manner that will facilitate them to be used as standalone
documents.

Subsequent revisions of the MTS Guidance documents will review the published
TECHOPSs and incorporate as appropriate.

Communications with stakeholders will be established as appropriate to ensure that they
are notified of intended revisions. Stakeholders will be provided with the opportunity to
participate in the review process and invited to be part of the review team as appropriate.
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2.1.1

2.2
2.2.1

222

SCOPE AND IMPACT OF THIS TECHOP
SCOPE

Many DP incidents involve DGNSS position reference sensors. This TECHOP addresses
issues associated with DGNSS from the following perspectives:

1. Operations.
2. Design.
3. People.

IMPACT ON PUBLISHED GUIDANCE

This TECHOP affects MTS DP Operations Guidelines, giving further practical guidance for
the usage of DGNSS.

The guidance is of a practical nature for first-line use for system operators and as such
further in-depth information would need to be sourced from manufacturers’ system
documents.
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3.11

3.2
3.2.1

3.2.2

3.2.3

3.24

3.2.5

3.3
3.3.1

3.3.2

3.3.3

3.4
3.4.1

CASE FOR ACTION
DP INCIDENTS

A significant number of DP incidents relate to position reference system issues and
Differential Global Navigation Satellite System (DGNSS) problems in particular. Origins
include configuration problems, external common cause failures affecting multiple DGNSS
receivers, as well as a lack of separation, independence and diversity between DGNSS
receivers, which permits internal common cause failures to defeat redundancy. This
TECHOP addresses three areas which have a bearing on the issues:

1.  DESIGN.
2. OPERATIONS.
3. PEOPLE.

DESIGN

Designers and suppliers of GNSS sensors put considerable effort into addressing the
vulnerabilities and failure modes of their solutions. A range of solutions and products is
available offering varying trade-offs between performance parameters.

Performance parameters usually referred to are Reliability (integrity), Availability and
Accuracy.

For a DP operation relying on different reference systems, reliability (integrity) might be the
most important performance parameter. In a worst-case scenario, misleading information
might lead to a DP incident.

Lack of availability or accuracy from one out of several reference systems usually just
means that it cannot be used for a period and that the operation needs to temporarily rely
on other reference systems.

A system designer must make trade-offs between these performance parameters
according to their assessment of the user’s needs and anticipated operation.

OPERATIONS

The performance and convenience of GNSS sensors make them universal choices for DP
vessels. However, some factors not related to design, for example poor installation,
configuration errors, poor integration with DP, lack of adaptation to the operation, lack of
adaptation to geographical location and inadequate maintenance can negate the benefits
of the best GNSS sensors.

It is unfortunate that the very qualities which make GNSS sensors so useful and popular
give rise to complacency and failure to recognise GNSS vulnerabilities and limitations for
certain type of operations and in some places.

Compared to other DP reference systems, the GNSS and associated augmentation
services are complex operations reliant on external operations, connecting to the DP
operation through the GNSS reference system.

PEOPLE

GNSS systems are complex and sophisticated with numerous options for settings and
installation providing flexibility to optimize performance. With such sophistication comes a
need for more simple and intuitive user interfaces, but also for operator familiarization and
training. Nevertheless, the risk of poor installation and configuration errors cannot be
completely removed due to this complexity.

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS 7
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3.5 SUMMARY

3.6 INTRODUCTION

3.6.1 Global Navigation Satellite System (GNSS) is a satellite based system used to determine
the geographical location of the user's GNSS receiver anywhere in the world. There are
currently two fully functional systems available; the American NAVSTAR Global
Positioning System (GPS) and the Russian Global'naya Navigatsionnaya Sputnikovaya
Sistema (GLONASS). There are also a number of other systems in various stages of
development, such as the Chinese Compass/Beidou System and the European Galileo
system.

3.6.2 A GNSS system consists of three segments: The space segment, the control segment and
the user segment. It is the user segment that is widely used by DP vessels.

3.6.3 Position information derived directly from the satellites may not be sufficiently accurate for
a vessel's industrial mission. Corrections can be applied using differential correction
methods that provide error correction data. The data is communicated to the vessel using
a large number of shore based reference stations distributed over all continents. These
systems with ‘differential’ corrections are known as DGNSS (previously known as DGPS).

3.64 There is guidance on DGNSS by IMCA and DNV, but these are largely out of date.

3.6.5 The issues related to GNSS and DGNSS systems are addressed by this TECHOP and fall
into three categories:

1. Design.
2. Operations.
3. People.

3.7 DESIGN

3.7.1 MTS DP vessel design guidance is based on the ‘seven pillars of wisdom’ in relation to the
design of fault tolerant dynamic position systems. The following attributes are intended to
create a DP system with ‘predictable’ failure modes:

o Independence.

o Segregation.

o Autonomy.

o Differentiation.

o Fault tolerance.

o Fault resistance.

o Fault ride-through.

3.7.2 Using these ‘seven pillars’ as a guide, this TECHOP provides guidance on the current
recommended practice.

3.7.3 The key design aspects given in this TECHOP related to DP are:

o Antenna type, location and spacing.
o Quality of installation and material quality.
o Earthing, grounding and cable segregation.
o Potential for interference from other equipment.
8 TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS
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o Potential for shadowing.

o Lightning protection for GPS antenna and cabling.

o Weatherization.

o Differentiation between user segment equipment suppliers.

o Redundancy through independent power supplies, independent differential
corrections etc.

o Segregation by having no cross connections.

o Full survey of antenna locations after installation, while still alongside.
o Failure mode handling.

o Methods to prevent configuration error and operator error.

o Simple and intuitive user interface.

. Motion compensation for roll and pitch if required.

o Use of inertial system adding to provide position information during short outages of

DGNSS.
3.8 OPERATIONS
3.8.1 The performance and convenience of GNSS sensors make them an almost universal

choice for DP vessels. Consideration has to be given both to the area of operation for the
vessel and its industrial mission. The key operations aspects related to DP given in this
TECHORP are:

o Avoiding over reliance on DGNSS.

o Failure mode handling.

o Ability to set different elevation masks on each system.

o Choice of correction services.

. Potential to use GPS alone and still achieve industrial mission.

o Operations at high latitudes (greater than 78 degrees).

o Operations in equatorial zones subject to solar disturbances in the ionosphere.
. Maintenance of the DGNSS installation.

o Shading from obstacles related to the industrial mission, e.g. alongside an offshore
facility.

o Spares holding to minimise downtime, especially after a lightning strike.

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS 9



TECHOP

3.9
3.9.1

3.9.2

3.10
3.10.1

3.10.2

3.10.3

3.10.4

3.10.5

PEOPLE

GNSS systems are complex and sophisticated with numerous options for settings and
installation, which provides flexibility to optimize performance. The key people aspects
given in this TECHOP related to DP are:

o Simple and intuitive user interface.

o Potential for configuration errors.

o Operator familiarization and training.

) Training in the use of GNSS/DGNSS equipment.

The operator must understand the principles of the systems, and how the actual raw
GNSS position is corrected, to give the DGNSS position that is used for DP purposes.

DGNSS BACKGROUND

GNSS - Global Navigation Satellite System positioning. All satellite-based position
systems providing reference data based on satellite-derived signals are generically known
as GNSS. Fully operational GNSS’ are currently operated by the United States and the
Russian Federation. The European Union and Chinese systems are in their initial
operation and deployment phases:

. USA GPS

) Russian Federation Global'naya Navigatsionnaya Sputnikovaya
Sistema (GLONASS) GLONASS

o European Union GALILEO

o China BEIDOU

DGNSS - Differential Global Navigation Satellite System positioning - Position information
derived directly from the satellites is not sufficiently accurate and may not be used for
dynamic positioning operations. Traditional network-based differential augmentation
systems apply relative methods to create correction data using a large number of globally-
distributed land-based reference stations. To ensure redundancy differential correction
signals are broadcast over multiple communications channels. The more recent
development of Precise Point Positioning (PPP) techniques using ‘orbit and clock’ data
allows accurate positioning information to be provided using a single receiver.

DP Class 2 and DP Class 3 vessels must have at least three independent position
references of which two must be based on different measuring principles (DGNSS
systems are all considered to be based on the same measuring principle, regardless of the
selection of signals and services). Additionally, for DP Class 3 at least one position
reference system must be separated from the main DP system by a suitable fire
subdivision.

DGNSS typically comprises two out of the three required systems but many vessels have
more than two DGNSS systems and may have other reference systems (for example
hydro-acoustic position references, taut wires and laser or microwave based relative
positioning systems) appropriate to their industrial mission.

Despite the fact that DGNSS systems share certain external common cause failures such
as ionospheric phenomena, radio interference, jamming and tropical rain showers,
classification societies are willing to accept DGNSS systems as being independent if their
respective power supplies, antennas and receivers are well separated (for both the GNSS
signal and their corrections) and that a range of corrections signals is provided to each
receiver.

10
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3.10.6

3.10.7

3.10.8

3.10.9

3.10.10

3.10.11

3.10.12

Receiver Autonomous Integrity Monitoring (RAIM) is a rather ambiguous term describing
the GNSS reference sensor’s capability to avoid sending misleading information to the DP.
It represents a self-assessment algorithm enabling the receiver to report the expected
accuracy of the position fix and even remove faulty measurements. RAIM performance will
usually improve with the number of satellite signals available and the accuracy of those
signals.

GNSS receivers may be equipped to receive two distinct signal frequencies (L1 and L2) in
an attempt to reduce the influence of ionospheric phenomena. The idea of GNSS
augmentation is almost as old as GPS itself — the first real GNSS. Augmentation was for a
long period necessary to eliminate the effect of the intentional degradation of GPS
accuracy (SA-errors) but has survived because of its ability to deliver improved
performance over unaugmented GNSS. Augmentation services can be categorized in
many different ways, for example local/regional/global, free-to-air/commercial or by their
performance levels.

On the one hand, augmentation services improve GNSS performance, but on the other
add complexity both to the installation and the operation.

All GNSS providers plan to improve and develop their systems well into the future. This
means that new signals will be available, new services will be introduced, performance
improved and some of the vulnerabilities gradually reduced. This development is also
expected to be taken up by designers and suppliers, making them able to offer new
solutions.

Corrections are also provided through terrestrial radio links provided by the International
Association of Light House Authorities (IALA).

DGNSS systems may be equipped to receive position information from GPS and
GLONASS providing a greater number of satellites than either system alone. The term
‘Precise Point Positioning’ (PPP) can be used to describe various augmentation services
and techniques. The term is ambiguous, but usually describes a positioning method
offering about 10cm accuracy via satellite signals offered by a commercial service
provider. Such solutions are sometimes called “orbit and clock” solutions. So far, accuracy
outperforms standard GNSS because of the use of extensive networks of reference
stations distributed all over the globe. PPP or “orbit and clock” solutions require the use of
dual-frequency (at least) GNSS signals. Integrity is also excellent because the increased
accuracy also improves RAIM performance. Availability will be limited to the coverage of
the satellite link based on geostationary satellites. lonospheric activity might block this
satellite link during the most active period. The satellite antenna receiving PPP signals
should not be the same as the GNSS antenna (single failure mode), and it is
recommended to combine several augmentation data if available. This allows for a
graceful degradation from PPP, to standard augmentation or differential services to non-
corrected GNSS.

Inertial Measurement Units (IMU) can be combined with DGNSS to allow the satellite
derived position reference to ‘ride through’ events such as ionospheric scintillation or
satellite aging that might otherwise invalidate the position reference. All current and
planned GNSS are compatible to some extent. That means that the signals from one or
more GNSS can be fed through the same antenna to one physical receiver module.
Measurements can also be processed in parallel and combined to a mixed position fix with
contributions from the different systems. Combining data from several GNSS can improve
performance since a large number of satellites is available, on the down side it will
introduce some risk of common mode failure.

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS 11
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3.10.13

3.10.14

3.10.15

3.1
3.11.1

3.11.2

DGNSS antennas are vulnerable to masking by superstructure on the DP vessel by
nearby fixed and floating structures. The technique of integrating GNSS and Inertial
Navigation Systems (INS) has been known for decades. The complementary qualities
used to be the GNSS’ ability to determine a precise absolute position in a georeferenced
co-ordinate system with a certain level of noise and the (INS) low noise measurements
affected by long term drift. In later years, the GNSS problem of noisy measurements has
been solved, and the measurement errors are much more similar to INS. The purpose of
integrating GNSS and Inertial Sensors is primarily to bridge limited periods with lack of
GNSS availability or degraded accuracy (typically ionospheric variations). It is not
recommended to use an INS aided by GNSS, but rather look for a fully integrated solution.
A downside of GNSS/INS integration is the increased complexity of the installation.

DGNSS receivers have been known to fail to broadcast mode and jam other DGNSS
antennas in close proximity. Manufacturers recommend a minimum spacing between
antennas.

Fault propagation paths can be introduced by interconnections between DGNSS systems
used for survey work and the DP control system and clear instructions and risk
assessment must be made before installing any signal splitting devices.

EXISTING GUIDANCE
Guidance on DGNSS can already be found in:

o IMCA M 141, The Use of DGPS as a Position Reference in DP Control Systems,
October 1997.

. IMCA M 199 and S 012, Guidelines on Installation and Maintenance of DGNSS -
Based Positioning Systems, August 2009.

) IMCA S 009, Guidelines for the Shared Use of DGPS for DP and Survey Operations.
October 2005.

o DNV-RP-E307, Dynamic Positioning Systems — Operations Guidance, January
2011. (MTS DP Operations Guidance)

o DNV-RP-E306, DP Vessel Design Philosophy Guidelines, September 2012. (MTS
DP Vessel Design Philosophy Guidelines)

Although valuable, much of the guidance listed above is now very old and updating the
guidance provided in the DNV/MTS documents is the objective of this TECHOP.

12

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS



TECHOP

4 SUGGESTED IMPLEMENTATION METHODOLOGY
4.1 DESIGN
411 MTS DP vessel design guidance aims to result in fault-tolerant DP systems with

predictable failure modes and following characteristics.
o Independence.

o Segregation.

o Autonomy.

o Differentiation.

J Fault tolerance.

o Fault resistance.

o Fault ride-through.
4.2 CURRENT RECOMMENDED PRACTICE

4.21 The following information provides guidance on the current recommended practice.
General Installation:
a. Antenna type, location and spacing:

o GNSS and DGNSS antennas are critical for DP operation and their location on
the vessel must have high priority; this starts with the design of the
radar/instrument mast.

. GNSS/DGNSS antennas should be separated both horizontally and vertically
to reduce the risk of in-band interference, lightning strike and mechanical
damage. If space is limited DGNSS antennas should get the better location.

Figure 4-1 Crowded Mast Figure 4-2 Good Layout

As modern vessels may have very many satellite communications antennas, there should
be a plan or standard for location of all satellite communications antennas to minimize
risks.

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS 13
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Figure 4-3 General Satellite Communications Arrangement

The top of the instrument mast (radar mast/main mast) should be reserved as a ‘protective
area’ for GMDSS (Inmarsat-C), GNSS/DGNSS (DP reference), GNSS/DGNSS (vessel
navigation) and other DP system (e.g. wind).

Installation of other equipment within the protected area must be approved by
captain/engineering/GNSS manufacturer.

Non-GMDSS satellite communication antennas (Iridium, VSAT, Inmarsat-B, etc.) should
be located at a lower level, i.e. w/h top to reduce risk of interference and local shading.

Antenna separation can be problematic for PSV/AHTS vessels with limited space in the
main mast, a possible solution might be to locate GMDSS antennas and wind sensors on
the centreline and GNSS/DGNSS on the port and starboard sides; a heli-deck is also an
option for GNSS.

For drilling units (semi—drill ship) instrument mast (radar mast), heli-deck and top of the
derrick are possible locations for GNSS/DGNSS, heli-deck might not be an option for
DGNSS as shading might influence the reception.
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Arctic operation requires special attention for DGNSS, and antenna location must be
customized for each vessel. Depending on the operation, it might be required to
double/triple the number of DGNSS antennas to avoid heading dependency due to local
shading and roll/pitch.
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a) Antenna survey.

A dimensional survey of potential GNSS antenna mounting points, IMU (if applicable),
centre of gravity and fixed reference points (NRP) at the heli-deck and derrick is
recommended. It should be a professional survey to 10 cm or better for the reference
points and minimum 0.1° for the IMU mounting angles.

Reference points must be clearly marked and defined in a survey report according to the
local vessel coordinate system.

b) Installation method and material quality, cabling, connectors, terminations etc.

Cable and connector-related problems are the single biggest cause of system failure.
Typical problems relate to water penetration in connectors, incorrect connector assembly,
use of low-quality coaxial cable or cable breakage caused by poor manual handling during
installation. Careful planning and installation of the cable and equipment can significantly
mitigate these problems.

The cable should be of a quality that can be expected to last for at least 10 years (probably
exceeding the life expectancy of the actual system) and should be routed according to
cabling plan and instructions from the vessel’s technical department to ensure separated
pathways for different systems.

Running the coaxial cable in parallel with high power AC or DC cables or high power
transmitter cables should be avoided.

All cables used should have 100% shielding using a foil or solid shield. Braided shielding is
prone to induced noise on the cables and the systems have limited capability of filtering it
out after the antenna.

The cable must be properly fixed to masts and cable gates with UV resistant cable ties.
Steel cable ties might be needed in some locations to secure the cable from falling down
and creating a hazard in case of fire.
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Sharp bends must be avoided and must never be less than specified bend radius of the
cable type. One meter of extra cable should be coiled up in each end for future repair or
connector replacements. At the antenna side the cable should end in a goose neck bend
or a drip-loop to prevent water penetration of the connector. The coil must be secured
tightly to the mast with UV resistant cable ties. Flexible pigtail cables should be used at
both ends of the main coax before connecting to the antenna.

Deck and bulkhead penetrations shall be of the same fire/flood rating/proofing as the
compartments they are transiting.

Cables must be terminated with connectors to cable manufacturers’ specifications,
following the assembly instructions for the specific connector.

Cable joints and connection points must be properly tightened.

The N and TNC connector should typically be tightened with 1.4N-m. In layman’s term this
mean a little tighter than finger tight.

Connectors and cable splices exposed to weather must be covered with a double layer of
half lapped rounds of self-amalgamating tape and an additional double layer of half lapped
rounds of UV resistant vinyl tape. The coverage should be about 3 cm/1 in down the cable,
past any cable sleeves, crimp sleeves or bend protectors.

c) Weatherisation.

Proper weatherproofing of the antenna and cable installation is straightforward and if done
carefully, will not need revisiting for several years. It protects against the harmful corrosive
effects of weather, salt, birds etc., which may result in complete signal loss but which more
usually manifests as weakened signals (where the system can appear to have fewer
satellites available then there actually are).

Exposed connectors or couplers must have both self-amalgamating and electrical tape
applied, as follows:

o Start with the self-amalgamating tape at one exposed end of the connector or
coupler. Using an overlapping method and a single continuous piece of tape,
completely cover any exposed metal until the opposite end is reached, then continue
back to the starting point.

o Apply the electrical tape in the same manner.

If birds are an issue they can be deterred from landing on or near the antenna by placing
uncut cable ties along the cable path, and around the antenna itself.

18
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Figure 4-9 Good Weatherisation

d) Lightning protection — potential to damage DP control system.

With ever increasing amounts of critical electronic equipment installed on vessels, lightning
protection is more important than ever. A variety of Surge Protection Devices (SPD) can
be used to protect hardware and personnel from direct and indirect lighting strikes.

A Lightning Protection Plan should be generated and reviewed by the project manager for
new build vessels; the vessel manager is responsible for inspection and replacement.

DGNSS equipment usually shares the DP’s power supply which has its own surge
protection, but it is impossible to prevent a direct lightning strike of high-up equipment like
antennas and cabling so the risk of other equipment being damaged can be reduced by
channelling any power surge to ground using SPDs.

SPDs should be properly grounded with the shortest-possible grounding cable and should
be installed where they can be easily inspected and maintained, strictly according to the
manufacturer’s instructions.

“Fine” SPDs provide very high voltage clamping with associated limitation on current.
“coarse” SPDs can handle much more current at the expense of allowing higher transient
voltage. A coarse SPD should be installed in the antenna cable outside the equipment
room, with a fine SPD near the equipment rack but clear of other equipment.

e) Power and distribution.

DGNSS equipment providing a DP position reference should be furnished with clean,
stable electrical power from the same uninterruptable power supply (UPS) equipment that
supplies the DP system.

This can mean using multiple UPS’s in order to maintain independence, for example a
class 2 certified vessel would require at least one DGNSS system to be powered by the
same UPS as DP 1, and a second DGNSS system to be on DP 2’s UPS. The vessel has
class 2 certification because the two DGNSS systems are independent from each other.
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f) Interfacing, survey, gyrocompasses etc.

A critical element of any positioning system is that it will need to be interfaced to the DP
system, survey systems and/or a number of other devices.

o Physical Connection

The nature of the physical connection is determined by the devices being connected
and the distance between them. Currently typical are serial and Ethernet, with fibre-
optic replacing wired metal cabling for longer distances.

Cables: It is important to use the recommended cables for the interface protocol
(e.g. RS-232, RS-422, TCP/IP) being used. As an example, RS422 and Ethernet
cables should be stranded, twisted pair.

Connectors: Should be high quality and installed by experienced technicians e.g.
DB9, RJ45 etc.

Isolation: Ideally the outputs from the positioning system should be opto-isolated
from all other devices to prevent voltage spikes, data errors and other system faults
from occurring. It is also recommended that any unnecessary data lines in the
standard interface cable be physically disconnected.

. Data Interface

The port configuration between the positioning system and connected device must
match (data, stop and parity bits, flow control) and should be appropriate to the type
and amount of data transmitted.

The appropriate data telegrams must all be enabled and configured in both the
positioning reference system and the connected device, e.g. NMEA GGA (position),
NMEA HDT (Heading), NMEA GST (position error).

Currently, positioning equipment only needs type-approval to be used with the DP. If
an output is needed for any equipment used for the safe navigation of a vessel, it will
fall under the International Convention for the Safety of Life at Sea (SOLAS)
regulations which may have different requirements.

g) Physical location of equipment, monitors, keyboards etc.

The equipment should be located in a clean, dry, secure and temperature-controlled
but easily-accessible space so that the DPO can conveniently check all functions are
operating correctly.

The Human Machine Interface (HMI) needs to be close to the desk so that inputs
can be made without leaving the DP console.

The siting of the GNSS monitor should be such that it can easily be seen from the
DP operating position, in conjunction with the DP monitors. The best mounting
location is above the DP console or as close as possible to it.

4.3 REQUIRED DOCUMENTATION

4.31 Vessel specific documentation is a good tool for the operators to familiarize themselves
with the system and see how it interacts with other systems on-board. Available
documentation should include installation and service reports with a schematic drawing,
user and installation manuals and a customer acceptance test (CAT) report.

4.3.2 Installation report, service report and Installation drawings:
) An installation report should as a minimum contain:

. Date of installation.
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o Vessel name and/or IMO number.
o Name of the company and the engineer doing the installation.

o Contact information to relevant system suppliers’ contact person or support
line.

. Information about equipment models, serial numbers, software/firmware
versions, demodulator expiry dates, antenna types and locations, system offset
coordinates.

o Setup information like baud rates, IP addresses port numbers for both
interconnections and connections to external equipment.

o System functionality explained (can be related to a pre-issued customer
specification document).

o Installation drawings showing the location of all equipment and
interconnections. It should indicate the dependencies and separations between
the various items on the drawing.

o If allowed, pictures of the various objects’ locations.

Service reports should contain most of these items but can be less detailed and as a
minimum only containing information about changes done since the last service or
following installation.

An important part of the service report is an explanation of the purpose of the visit. The
purpose statement should be issued prior to mobilizing an engineer so that all involved
parties can prepare for the job and make sure nothing operational prevents service from
being effected.

All systems should be delivered with installation and operation manuals. Manuals should
be delivered in duplicate and a minimum of one copy kept on-board.

After installation is completed a Customer Acceptance Test (CAT) should be performed.

System service work might be subject to CAT if changes have been made that can affect
the operation of the equipment or any equipment connected to it. This might range from
changes in HMI (visible to operator) to signalling with external equipment (invisible to
operator).

The main object of the CAT is to ensure that the client receives the functionality they have
specified and that the system is working according to rules and regulations that apply to
the vessel.

The CAT should never be expected to be a failure mode and effects analysis (FMEA)
proving trial. The FMEA is an analysis of a DP system and all its sub systems. The
purpose is to identify potential design failures and the effect these failures have on the
operation of the vessel. The DGNSS system should be designed to meet requirements in
the FMEA and be installed thereafter.

Neither should the FMEA proving trial be expected to replace a CAT. The DGNSS system
might hold functionality or requirements that are not covered by the FMEA.

What to test greatly depend on system design and the vessel’s class, situation (dry dock,
quayside or at sea) and operational state.

Typical tests are:

o General operation test; to see that the system works with its basic functions (Signal
tracking levels, internal signalling and HMI)
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4.4
441

Interface test; test all inputs and outputs to external systems in all possible
operational states (PPP Solution, Basic L1 solutions, WAAS/EGNOS solutions,
Uncorrected).

Correction redundancy test; loss of correction sources should be simulated to look at
the effect on DP operations.

Blackout recovery test and power source redundancy test; a blackout recovery
should be simulated by cutting power to the system then re-applying it. The DGNSS
system should become available in its expected operational state with no
intervention from the operator. The time to recover can also be measured.
Redundancy should be ensured so that a single power failure should only affect one
of the positioning systems, including any alternative design to DGNSS.

Interference testing; going through all the transmitting devices with antennas in close
proximity to any of the DGNSS systems antennas (<10m).

Antenna offset and blind sector check; the antenna offset value settings should be
controlled in the DP by the DP operator. The coordinates should come from the
dimensional survey report. If the vessel is at sea and the operational state permits it,
a 360° turn should be performed to monitor for blind sectors or interference issues.
By monitoring different position systems on the DP, you can get a verification of the
entered offset coordinates. An error in the coordinates will appear as a drift off of one
or more of the position systems. Be aware that a problem with the gyro or the VRU
might give the same result. If location or operational state makes a turn impossible
the blind sectors should be visually estimated. Obvious obstructions like drill rig
derrick, cranes or funnels should be marked up in the CAT report.

GNSS PRINCIPLES

A GNSS system consists of three segments: space, control and user:

1.

The Space Segment

GNSS satellites are in a Medium Earth Orbit (MEO) approximately 20,000km above
the earth’s surface. A fully deployed constellation consists of at least 24 satellites.
Each satellite circumnavigates the earth approximately twice per day. Each satellite
is equipped with an atomic clock and transmits low powered radio signals (~20-50
Watts) on several frequencies. (L1, L2, L2C, L5 etc.).

Due to this low power, GNSS signals are highly susceptible to interruption and
interference. The L1 signal contains a pseudorandom code, determining the time this
code takes from the satellite to the user’s receiver and multiplying by the speed of
light allows the receiver to calculate its range (or more accurately pseudo-range)
from that satellite (Figure 4-10).
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Distance = Velocity * Time

Figure 4-10 Pseudorandom Code Transmitted from a Satellite used to Calculate Ranges

Three satellites are used to calculate range measurements (Figure 4-11) and an additional
satellite to help synchronize the user’s receiver clock so that the receiver can calculate an
absolute geographic position.

Figure 4-11 Range Measurements used to Calculate user Location on Earth

2.  The Control Segment

This consists of a number of control stations that track the satellites in the space
segment and then provide them with corrected clock and orbit information.
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3.  The User Segment

The user segment is the GNSS antenna and receiver. There is a vast array of
receivers and they are now most common in cellular phones and vehicle navigation
systems. Survey grade receivers exhibit the lowest measurement noise and are
capable of tracking multiple frequencies and multiple constellations, e.g. GPS
L1/L2/L2C/L5, Glonass L1/L2, etc.

Unfortunately, a position generated from the GNSS systems described above is not
100% accurate. There are errors due to ephemeris prediction (orbit errors), residual
satellite clock (clock errors), ionospheric and tropospheric delays (atmospheric
conditions), multipath, and receiver measurement noise.

Table 4-1 GNSS Errors
Error source Typical error A number of augmentation techniques is available
. to improve the accuracy, reliability and availability
Orbit errors ~1m of standalone GNSS though the integration of
Clock errors ~1m external information into the calculation process.

- — The most commonly used methods in the Marine
Atmospheric conditions | ~0.5-2m industry are Differential GNSS (DGNSS), Multiple
Multipath errors ~0-3m Reference Station Carrier Phase method and

Precise Point Positioning (PPP)
Measurement noise ~0.1-0.3m

A number of other methods, such as Real Time Kinematic (RTK), Static and Kinematic
Survey, Post-processed PPP can be used but are generally not suitable for maritime
applications.

4.5 DIFFERENTIAL GNSS (DGNSS)

A GNSS receiver is established in a fixed location and this location is determined to a high
degree of accuracy. This receiver is the reference station or base station; it calculates the
ranges1 to the GNSS satellites using two methods and compares them:

1.  Calculated based on GNSS observations using the code-base principle described in
the previous section.

2.  Calculated theoretically using its precisely known reference station coordinates and
the precisely known satellite coordinates obtained from the broadcast ephemeris
message.

The observed range (1) is then compared to the known range (2) and the difference is the
correction. A correction is calculated for each GNSS satellite and then transmitted to the
user.

This correction is applied to each satellite that the user and the reference station have in
common; if they have at least four satellites in common, a corrected position may be
calculated.

" ‘Ranges’ is generally used to refer to pseudo-ranges in GNSS vernacular but strictly speaking pseudo-ranges differ from ranges because
they are generated based on time calculations and thus will have a clock error associated with them.
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Figure 4-12 Calculating Pseudo-range Corrections

These corrections can be attributed to orbit and clock errors but are mostly associated with
atmospheric delays. As long as the user and the base station are relatively close to each
other these corrections are valid because the GNSS signals will be travelling through
similar atmospheric conditions. As the user moves further away from the reference station
and into different atmospheric conditions, the validity of the corrections will decrease.

To increase the range of validity of the corrections, a network of reference stations can be
placed in strategic locations. The corrections from all of these reference stations can then
be broadcast to the user via a central processing facility and the user can interpolate these
corrections to calculate a correction set for its location. In general, corrections are valid
within 2000km from the reference stations.

CORRECTION DELIVERY METHODS (NETWORK SECURITY)

A variety of methods for transmitting GNSS corrections to the user is in use. Most
commonly used are Satellite Based Augmentation Systems (SBAS), where corrections are
transmitted via communication satellites maintained in geosynchronous orbit above the
equator. Alternatively, other non-geosynchronous low earth orbit satellite constellations
such as Iridium and Globalstar can be used.

Examples of SBAS systems are: Veripos, Fugro, C-Nav, WAAS (USA), EGNOS
(EUROPE), and QZSS (JAPAN).

With Ground Based Augmentation System (GBAS) corrections are transmitted by surface
based stations. Typically (it depends on the frequency used) range of GBAS may be
limited to line-of-sight communications between the transmitting and receiving stations.

Examples of GBAS systems are Petrobras UHF, IALA, and HF.
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4.6.5 Where vessels have difficulty receiving either SBAS or GBAS corrections but have a
robust internet connection, protocols such as NTRIP (Networked Transport of RTCM via
Internet Protocol) can be used. With this relatively recent development, internet security
may be an issue and the manufacturer and the vessel’'s IT manager will need to work
closely to ensure that internet usage guidelines are upheld and that the equipment is
protected from being affected by external sources.
4.7 EQUIPMENT / HARDWARE TERMINOLOGY
4.71 Common terminology will improve communication and save time with reports and
requesting support.
4.7.2 Most DGNSS installations comprise five main components.
Table 4-2 Characteristics of a Typical GNSS Receiver System
Control and Display Sometimes called Human Machine Interface (HMI)
Unit (CDU) Used to configure the DGNSS and monitor system performance
GNSS receiver This equipment is capable of tracking signals from the satellites. Options
GNSS receiver: capable of tracking the different GNSS signals, correction
signals, and outputting position, velocity and time (PVT), along with
quality information.
GNSS receiver with separate receiver/demodulator for tracking correction
data
GNSS receiver with separate processor for calculating PVT.
Demodulator Receives and converts correction data into usable format so that it can be
fed to the DGNSS receiver and be used to calculate the position solution
Antennas With a clear view of the sky for tracking GNSS and communication
satellites. Options:
e One antenna for GNSS and correction data.
e Separate antennas for GNSS and correction data.
¢ High-latitude operations — One antenna for GNSS and separate
antenna to track communication satellites low on the horizon.
e Other communication antennas may be available on the vessel to
receive the correction data.
Networking / Cabling | Antenna cabling — coaxial cable between antenna and DGNSS receiver.
Data cabling — copper or fibre optic cable for distribution of PVT and
quality info from the DGNSS receiver to the DP in serial or Ethernet
format.
The data flow to DP and the CDU should be independent so the CDU can
be taken offline without affecting data flow to the DP.
4.8 INERTIAL NAVIGATION SYSTEM (INS) INTEGRATION
4.8.1 GNSS/INS integration has been a well-established practice in survey operations for many
years. In recent years GNSS/INS solutions for DP operations have become available from
the main GNSS providers and are today commonly used for various operations.
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The different characteristics of GNSS sensors and gyros/accelerometers in the inertial
measurements units (IMUs) are in many ways complementary and integration results in a
more stable position solution, especially during difficult GNSS signal tracking conditions, or
short term loss of GNSS signals due to intermittent shading or interference, (ride thru
situation).

Two approaches exist for integration of IMUs with GNSS systems:

1.  GNSS aided by IMU (where GNSS is the 'primary position sensor', requires a
medium specification IMU)

2. IMU aided by GNSS (where the IMU is the 'primary position sensor', needs a high
performance IMU).

Each approach has its merits and there is no 'one solution fits all'.

Because of the added complexity when integrating IMUs and GNSS, the benefits are
offset to some degree by a potentially higher risk of failure. GNSS/INS systems should be
used in conjunction with standard GNSS system and acoustics to reduce risk/effect of IMU
failure/drift-off, and the GNSS/INS should be able to operate on GNSS only in case of IMU
failure.

VESSEL MOTION COMPENSATION

GNSS systems provide antenna position to the DP controller, which in turn offset the
antenna position to NRP (CG) using VRS and gyrocompass (gyro) information.

The VRS and gyro sensors are critical to vessel positioning and are sensitive instruments;
they must be installed properly in a controlled environment.

This requires that VRS sensors should have an accuracy that allows for installation away
from the actual measurement point(s) tolerate medium to long lever arms without degrade
the actual measurements. Location of the VRS and gyro must allow for survey of the
mounting angles, (roll, pitch and yaw).

Errors induced by environment (vibration, temperature changes, etc.) might be overriding
errors induces by lever arms.

If the GNSS system requires gyro and/or VRS information for position calculation or for
HMI/displays, it should be the same as used by the DP controller to avoid position
mismatch due to variations/drift in gyros.

If the GNSS system does the offset compensation, the VRS and gyro must be of high
quality. Loss of either gyro or VRS, the GNSS system must have algorithms to handle the
lever arm uncertainty, give both visible and audible alarm, or stop the output to the DP
controller to avoid drive-off.

OTHER APPLICATIONS FOR DGNSS

DGNSS has wider applications than pure vessel positioning. Using two antenna inputs,
where the antennas have been surveyed-in relation to the vessel’s centreline (and have a
reasonable separation) can result in a moving baseline vector, in other words, a precise
vessel heading solution (generally accurate to 0.1° at > 3m separation).

GNSS can also function as a reference clock for network time protocol (NTP) servers.
Local servers can then be time-synced, ensuring all messages are time stamped in the
same time reference frame.

Subsea acoustic positioning systems often use DGNSS for calibration, as well as,
updating and syncing their internal UTC time. This allows a position obtained from an
acoustic system to be sent to the DP with the correct UTC timestamp.
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Figure 4-13 Example of an ‘Ideal’ DGNSS Installation
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OPERATIONS
OVER RELIANCE ON DGNSS

Over-reliance on any particular DP position reference source (PRS) is an unsound
practice. Extra consideration is needed with DGNSS to ensure that complacency does not
develop when system monitoring; because of the rapid position feedback operators may
end up trusting the DGNSS too much, mainly because the DP system relies on it.

However, if something causes an error with DGNSS, its fast position update rate will result
in a faster deterioration of station keeping.

If there are more than two DGNSS in use, using the same satellites, but using different
delivery methods, a similar error could occur with two systems, resulting in the DP system
thinking that the good system is bad and follow the erroneous signal(s). The delivery
methods for similar DGNSS are limited, so having more than two usually means that two
of them are using the same delivery method, thus introducing the same errors on two of
the PRS in use for station keeping.

If using a variety of PRS, the concern is decreased due to the internal voting which will
create a significant barrier to choosing an erroneous signal.

In some DP systems, manual weighting is not available. The only way to reduce the
impact of GNSS weighting is to use what is termed a "reduced GPS" function, where the
weighting for DGNSS is reduced by half. Usually this used when ionic disturbances are in
place and/or satellite geometry is poor.

USE OF ELEVATION MASKS

Setting an elevation mask tells a receiver to exclude GNSS satellites from the position
solution when they are at a very low elevation above the horizon.

A higher mask value helps to eliminate inaccuracies caused by sea-surface multipath
reflections, but simultaneously reduces the number of satellites available to use; typical
manufacturer recommended values might be 8°-10°.

However, now GLONASS has almost doubled the number of available satellites, the need
to be able to set a lower elevation mask to bring more satellites into view is much reduced;
consequently, many manufacturers are removing this option.

CHOICE OF CORRECTION SERVICES IN RELATION TO THE TYPE AND
AREA OF OPERATION

Many correction service options are available in the market, to meet the needs of a wide
range of vessel operations and geographical locations. Selection of correction services is
usually done according to an assessment of the accuracy, precision, and stability
performance characteristics of each candidate.

Accuracy — defined as “the ability of a measurement to match the actual value of the
quantity being measured”. Within the realm of DGNSS this is how true of a latitude and
longitude is being provided. In operations where the vessel’s position is required to be on a
specific latitude and longitude then the accuracy of the system would be of utmost
importance. i.e. survey work, crane operations for deep-water construction.

Precision — defined as “the ability of a measurement to be consistently reproduced”. This
would correlate to how much movement is seen from one position fix to another, or
repeatability. This is of value when operations call for the vessel to have limited
movement. i.e. drilling operations, working next to a platform.

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS 29



TECHOP

4.14.4

4.14.5

4.14.6

415
4.15.1

4.15.2

4.15.3

4154

4.15.5

4.15.6

4.16

4.16.1

Stability — Defined as “the ability to resist change, deterioration, or displacement”: In
DGNSS this is the reliability, or robustness, of the system. This is determined by quality
and control systems within the correction service being used. The way a service handles
satellite changes, errors, and drop-outs will determine its overall stability. A less reliable
service would diminish the stability positioning for operations.

Then the vessel's operational location should be considered. Some solutions have a
limited operational range. The International Association of Marine Aids to Navigation and
Lighthouse Authorities (IALA) GBAS system generally has a range of 150 to 200 miles
offshore from its stations, but performance reduces as range increases. Regional SBAS
systems e.g. WAAS in the US and EGNOS in the UK, have a limited coverage area. Paid-
for DGNSS correction services have a typical validity of 1500-2400 km from their
reference stations, while PPP services can provide valid corrections anywhere an antenna
can receive them.

In less-remote locations where more than one choice is available, it is preferred to back
the primary solution up with second that uses a different method.

CHOICE OF GNSS SERVICES IN RELATION TO INDUSTRIAL MISSION

For many years only GPS was available. Now the GLONASS system offers a full
constellation of positioning satellites a choice exists to use GPS or GLONASS on their
own, or both together.

The GPS constellation has 32 in-service satellites and provides adequate coverage all
over the world. However, some locations experience a bare minimum of satellites in view
at some point in the day. At such times signal blockage of just one satellite could result in
a positioning failure. GLONASS’ 24 operational satellites suffer the same limitations.

However, if the user’s operations are closer to the North or South poles, then GPS or
GLONASS alone should provide adequate coverage since the orbits of the positioning
satellites will all generally bring them pass this area.

Utilizing both GPS and GLONASS at the same time makes a 56 satellite constellation
available which dramatically reduces the incidence of drop-outs due to satellite
unavailability and provides additional robustness during scintillation periods. Additionally,
systems on vessels particularly affected by signal blockage are able to reduce the
importance given to any one satellite by virtue of the fact that many more are available.

Not all DGNSS solutions provide corrections for both GPS and GLONASS so when
choosing a GNSS service this is an important consideration.

When the developing GNSS systems make two more full constellations available the
possibility of fully redundant independent GNSS systems could become a reality. For
example, a user could have one GNSS system combining GPS and China’s Beidou and a
second using GLONASS and the EU’s Galileo. This would potentially mean that there
would not be a single issue that brings down all GNSS systems.

ASSIGNMENT OF CORRECTION SERVICES TO GNSS SYSTEM TO PROVIDE
REDUNDANCY

In order to determining the best configuration for a GNSS receiver in a DP application, the
following factors should be considered:

) How many GNSS sensors are being used in the DP package?
o Is it a requirement to have two independent GNSS solutions?

o Does the DP blend two or more GNSS solutions or keep them independent?
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. What correction services are available?

) Is dedicated hardware required for the positioning sensors or can the vessel's
Satcom system be used to receive GNSS augmentation service?

Table 4-3 Correction Service Options
Advantages Disadvantages

Commercial GNSS Better accuracy and stability. Paid subscription required — No tax
Augmentation Real-time system integrity payer support.
Service (CAS) monitoring.

24-7 support.

Accountability.
Free Satellite Based | No cost for service Regional network — best
Augmentation Same frequency range as CAS so performance in centre of network
Service (SBAS) SBAS can be used as backup in (land based).

some CAS hardware. Limited range offshore.

Limited quality indicators.

Ground Based No cost for service. Low accuracy.

Augmentation Low cost hardware. Limited range.

Service (GBAS) N f .

(e.g. IALA) o guarantee of service.
Single reference point rather than
network results in single point of
failure.

UFH Radio Based No cost for service. Low accuracy.

Augmentation Limited range.

Service

No guarantee of service.

Single reference point rather than
network results in single point of
failure.

Limited coverage.

HOW TO SELECT THE BEST OF SEVERAL AVAILABLE AUGMENTATION
SERVICES

CAS: The preferred choice is one of the CAS because of their inherent reliability and
redundancy. Installing two different CAS installed gives two completely independent
solutions. In this case the sensors may be configured to operate in All-In-View mode so
they can cascade through the different operation modes in a priority sequence. This allows
the receiver to select/fallback to a different operation mode (different satellite network
and/or different correction format) if the first option gets blocked. Practically, this means
the receiver can alert the operator but switch to an alternate mode rather than shutting
down.

If two or more of the same CAS sensors are installed, each should be configured to have a
different primary mode of operation. Another option is to “lock” each of the sensors to a
different mode of operation rather than using the auto-select feature which allowing the
internal software to analyse available modes and select an alternate if blockage occurs. If
the sensors are “locked” to a single mode, the operator should know how to manually
select the next best mode of operation should the need arise. This is not difficult but if it
happens when the DPO is busy with other tasks, the DP system will reject the sensor until
the DPO has time to reconfigure it to a different mode of operation.
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4.17.2

417.3

418
4.18.1

419
4.19.1

Note that modern DGNSS sensors have the ability to track different satellite networks and
augmentation services so often 10 or more modes of operation can be available in an
auto-select mode to provide seamless operation while staying within the required
accuracy. The internal software is able to evaluate all available satellites and modes of
operation for the best performance option.

SBAS: Where available, this free augmentation service can be used as backup to CAS in
the All-In-View (auto-select) mode mentioned above; or most receivers can be locked to
SBAS for an independent solution.

GBAS: Are only available in limited parts of the world so this hardware is often only
installed as backup if the vessel is going to work in fields where it is available. In these
applications, an additional GNSS receiver can be added along with the radio hardware or if
you have a modern DGNSS receiver with auto-select mode, the GBAS can be added for
yet another level of redundancy. In this case GBAS will be used as the last resort, or some
receivers be locked to GBAS for an independent solution.

REDUNDANCY

In many parts of the world, one DGNSS sensor can have 5 or more augmentation options
available to it. Sensors can also track different Global Navigation Satellite Systems
(GNSS) like GPS, GLONASS, and Galileo. Existing technology running inside these
sensors is capable of evaluating all options and selecting the best performance at any
given time. These broad capabilities should be considered when developing the FMEA
and the well plan in order to take full advantage of the available redundancy.

OPERATIONS AT HIGH LATITUDES

The plots below, from Longyearbyen in Svalbard at 78°N demonstrates that even at such
high latitudes, both currently available GNSS are effective, with many satellites in view.
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4.19.2

4.19.3

4194

4.19.5

4.19.6

Figure 4-14 24H GPS Sky Plot Figure 4-15 24H GLONASS Sky Plot
from Longyearbyen from Longyearbyen

The sky plot also demonstrates there is a
large portion of the sky directly above the
poles that will never be covered with any
{ et GNSS  satellites. This is because the
satellites do not pass over the poles but
instead orbit around planes at a fixed
inclination to the equator.
At 65°, the GLONASS orbital plane
inclination is about 10° higher than GPS,
resulting in improved sky coverage for high
latitude areas.

Figure 4-16 Orbital Plane Inclination

However, antenna gain is typically reduced with lower elevation and in addition the satellite
signal loss in the atmosphere is higher. This makes high-latitude reception vulnerable to
interference from other transmitters, cable or installation problems.

If the GNSS antenna is in a location where vessel structures obstruct its view to the
horizon the number of tracked satellites will be directly affected. Installation of antennas in
high and obstruction-free locations is very important.

Another issue with high latitude operations is the availability of differential correction
services: there are few reference stations available in high latitude regions and none of the
free-to-air services have coverage.

DGNSS operations in these regions are mainly dependent on CAS PPP services providing
globally valid clock and orbit corrections for both GPS and GLONASS. These services
require the user to be equipped with dual frequency DGNSS systems supported by the
PPP service provider.

The problem lies not with regard to correction data validity but rather with delivery of this
data because the communications satellites that are generally used are in
geosynchronous orbit over the equator, and their coverage footprint is limited to around
70° north using standard spot beam antennas.
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The use of special design helix L-Band antennas or a tracking antenna like Inmarsat Fleet
77 or Fleet Broadband 500 can bring this limit up to about 78° under good conditions.

0 10 20 30

Typical Patch L1/L2 GPS/ LOW ELEVATION HELIX
GLONASS/L-BAND ANTENNA L-BAND ANTENNA
Figure 4-17 Antenna Radiation Pattern Comparison between a Typical Patch Antenna and a Low

Elevation Helix Antenna

4.19.7 Alternative delivery channels should also be considered. Most commercial service
providers offer internet based delivery services, either through the vessel’s own internet
connection or through the Iridium open port service (lridium operates a low earth orbit
network of satellites with an inclination of 86° and has good coverage all the way to the

poles).
4.19.8 Standard V-Sat services suffer from the same limitations as L-Band tracking.
4.20 OPERATIONS IN EQUATORIAL REGIONS
4.20.1 The ionosphere is the thickest and the densest around the two bands shown in Figure

4-18. Thus, GNSS signals propagating through the atmosphere in these regions are the
most susceptible to interference when solar phenomena cause disturbances in the
ionosphere.

Frequent

http:/Awww insidegnss_com/auto/popupimage/Sun_Figure_1 jpg | n f requen t

Figure 4-18 Frequency of Disturbances at Solar Maximum.
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4.20.2

4.20.3

4.21
4.21.1

4.22
4.22.1

4.22.2

Scintillation is most intense / frequent in two bands surrounding the magnetic equator (<
100 days/year). At polar latitudes, it is less frequent and it is least frequent at mid-latitudes
(<10 days per year).

Two techniques can mitigate these effects:

1. Use of dual or multi-frequency GNSS receivers. The ionosphere has a dispersive
effect on GNSS signals and causes delays based on the frequency of the signals.
These effects can be significantly reduced or even eliminated by computations using
range observations at two frequencies. Alternatively, an ionospheric correction
calculated in a similar manner at the reference station and transmitted to the users
has also been effective.

2. Even using dual-frequency receivers, the disturbance can be significant enough to
cause them to lose lock on a number of satellites resulting in position degradation. In
these cases, increasing the number of satellites that the receiver can track and being
able to track more signals, such as the new GPS stronger civil signal (L2C) has
proven most effective.

Both are recommended when operating in equatorial regions.

EXTERNAL COMMON CAUSE FAILURES

One of the most common causes of position loss is equipment failure, in the following in
order of likelihood:

o RF cables and connectors. These experience wear and tear over time and often
experience physical damage or corrosion due to the offshore environment. Poor
installation, increasing the likelihood of failure, is common. Intermittent failures are
characteristic, making problems difficult to diagnose. RF cables and their connectors
should be the starting point of any investigation into signal tracking problems.

o Antennas. Being exposed to harsh offshore environments, antennas are the next
likely failure points. GNSS antennas have active elements and thus can be damaged
by voltage surges and transients. They can also be damaged by lightning strikes,
water ingress or corrosion, physical strikes etc. Faulty antennas and even cables can
also act as re-radiators and cause interference effects in surrounding antennas.

o Data cables and connectors are also susceptible to the same effects as RF cables
and connectors but occur less often only because they are usually in a more
protected environment.

. Electronic hardware failure: PCs, GNSS receivers, demodulators etc. are subject to
normal failures as are all other electronic devices. To protect against lightning
strikes, it is highly recommended that inline lightning arrestors be placed on the RF
cables to protect the below deck equipment.

INTERFERENCE

Because GNSS signals are extremely weak at the Earth’s surface they are susceptible to
interference. In the early days of GPS use offshore, where only L1 receivers were
employed, possible interference was limited to the narrow 1575 MHz (L1 frequency) band.
Modern receivers have a much wider antenna and front-end design (to allow them to track
more frequencies) and this, combined with the increasing number of electromagnetic
devices used offshore, makes interference a significant and, as these trends continue,
growing threat.

Mostly in the offshore environment, interference is unintentional, though intentional
interference, for example GNSS jamming and spoofing can occur.
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4.22.3

4.22.4

Interference affects GNSS signal quality by increasing measurement noise in the receiver;
this increases the number of cycle slips, thus deteriorating the accuracy and stability of the
position. It reduces signal strength by decreasing the signal to noise ratios (SNR) of the
satellites, potentially causing loss of signal tracking. At its worst, interference may saturate
the front end of the GNSS receiver causing it to stop tracking satellites altogether.

Mitigation against interference can be difficult. Local sources of interference should ideally
be approached from the perspective of eliminating the source:

Design Phase: the GNSS antenna should be installed in a protected environment at
least two meters from any transmitting antennas. It should also not be installed in the
line-of-sight of any transmission antenna and it target (consider all headings of the
vessel). RF cables should be routed carefully, ensuring bundled with other cables for
radio systems, power generation or any other high electromagnetic noise sources. If
cables need to be crossed, they should cross at right angles to minimize
interference.

Operation Phase: if an installed system is exhibiting interference effects, it is best to
find the source of interference and eliminate it. Most often the equipment causing the
interference has a faulty antenna that is reradiating and will not be affected itself.
The offending equipment can be found by either turning off systems one at time until
the interference is eliminated or by using a spectrum analyser to pinpoint its source.

Lower L-Band > €= Upper L-Band s

[ epsgands [ ctonasseands [ cauneo Bangs [ | interference

SECONDARY
HARMONICS

I o L
| | GPSRX | |

Figure 4-19 Likely Local Sources of Electromagnetic Interference

Other sources of interference may not be locally generated.

36

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS



TECHOP

Table 4-4 Sources of Interference

Interference Type Telecommunications System Affected Bands

Distance Measuring Equipment
(DME)

Tactical Air Navigation (TACAN)
Secondary Surveillance Radar (SSR)
Multifunction Information Distribution

. — System (MIDS) GPS: L5
Aeronautical Communication . . . P .
Systems (ACS) Joint Tactical Information Distribution | Glonass: G3

System (JTDS) Galileo: E5a, E5b

Traffic Collision and Avoidance
System (TCAS)

Identity Friend and Foe (IFF)

Automatic Dependent Surveillance-
Broadcast (ADS-B)

; . GPS: L2
Air Traffic Control radar
RADAR T Glonass: G2
Solid State radar Galileo: E6
TV Channels GPS: L1
Secondary Harmonics Digital V_|deo Broadcasting - Glonéss: G1
Terrestrial (DVB-T) Galileo: E1

Digital Video Broadcasting (DAB)

Satellite Communication . . . Glonass: L1
Systems (SCS) Mobile Satellite Service (MSS) Close to GPS L1

Personal Electronic Device (PED)

VHF Omni-direction Range (VOR)
Other and Instrument Landing System (ILS) | ALL
harmonics

Ultra Wide Band (UWB) Systems

Space weather

There are a number of space weather phenomena that when strong enough can create
disturbances in the earth’s ionosphere and magnetosphere and affect GNSS positioning
performance.

Sunspots

The solar cycle describes a period of increased solar activity that repeats approximately
every eleven years. Most (but not all) space weather phenomena are related to the solar
cycle.

On December 2008, Solar Cycle 24 began and is expected to reach its peak in 2013. This
phenomenon is characterized by the number of dark areas or sunspots on the sun’s
surface increasing until it reaches a peak and then decreasing to a minimum. Thereafter
the cycle repeats again. The dark sunspots are relatively cool areas caused by extremely
strong magnetic field lines.
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Cycle 24 Sunspot Number Prediction (2013/08)

Hathaway/NASA/MSFC

Figure 4-20 Solar Cycle 24 Sunspot Prediction

Solar Wind

Solar wind is the plasma of charged particles being ejected from the sun at extremely high
speeds (almost a million miles per hour). The earth’s magnetosphere deflects these
charged particles but during particularly violent eruptions in the corona, it can result in
geomagnetic storms on earth. These storms are responsible for the Aurora Borealis and
Aurora Australis and can cause electrical current surges in electrical lines, damage to
satellites, interference with signal transmissions and odd behaviour in navigation
equipment.

Coronal Mass Ejection (CME)

A CME is a massive blast of solar wind and magnetic fields from the sun’s corona. If
directed towards the earth, it can also cause Geomagnetic storms.

Solar Flares

A solar flare is a sudden, intense brightening on the sun’s surface that is interpreted to be
a huge release of energy. They are usually followed by a colossal CME. Solar flares have
been known to affect low frequency transmissions such as Loran-C and HF signals in
sunlit areas.

4.23 FAILURE MODE HANDLING
4.23.1 Failures that can potentially affect all the GNSS systems on-board are addressed.
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4.24

4.24 .1

4.24.2

4.25
4.25.1

4.26
4.26.1

4.26.2

ENVIRONMENTAL ISSUES
Multipath and Signal Blockage

It is possible for satellite signals to be reflected off surrounding structures on the vessel or
in some cases blocked entirely. This can cause degradation in the position. Figure 4-21
shows the modelling of the multipath on the GNSS QC/QA software. If the values persist in
fluctuating above 2-5 meters or some of the values stay persistently high then the area
may be prone to multipath.

If possible, remove the sources of the reflection/blockage or maintain a heading to
minimize the effect. In most cases, however, the affected antenna will need to be moved to
a new location. Spatial separation of the antennas on-board is also important to prevent
these effects from affecting the different GNSS systems at the same time.
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Figure 4-21 Multipath Modelling by GNSS Engine

INTERFERENCE

See the previous section; every effort should be made to determine the source of
interference and eliminate it.

CONSTELLATION CHANGES

As GNSS satellites rise and set they can also cause degradation in the position. In rare
cases, GNSS satellites can also transmit corrupted data and cause GNSS receiver
failures.

The different GNSS position systems onboard should employ different GNSS receiver
manufacturers and should be set to use different elevation masks so the different GNSS
systems will start tracking satellites at different times and will not experience constellation
change issues at the same time.
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4.27

4.27 .1

4.27.2

4.28
4.28.1

4.28.2

4.29
4.29.1

4.29.2

EQUIPMENT ISSUES
Common points of failure

The idea of dual or multiple DGNSS systems is, where possible, to eliminate single points
of failure.

While the common approach is to use different suppliers, this does not ensure that the
best solution has been achieved. The following should be verified, at a minimum, to be
independent between at least two of the GNSS systems:

1. Different GNSS receivers.
Different DGNSS demodulators (corrections).
Different hardware.

Different software.

o bk~ 0N

Different GNSS computational engines.

VESSEL SENSORS

Before it is used by the DP, the DGNSS position from the antenna is motion compensated
for pitch and roll and resolved to the centre of gravity (COG) of the vessel. The Vertical
Reference Sensor (VRS) and the gyro, respectively, are used for these calculations.

The smallest of errors in these sensors can translate to large errors in the calculated
position in the DP. Antennas mounted in high locations like the derrick are greatly affected
by VRS errors and antennas mounted further away from the COG are greatly affected by
gyro errors. Thus, it is extremely important that these sensors are kept in proper working
order.

USE OF NON-CORRECTED GNSS FOR DP

Modern GNSS systems are able to provide non-corrected position solution with sub-meter
accuracy. DP operation requirements do not allow for un-corrected GNSS as a position
reference, but for certain operations un-corrected GNSS might be the only alternative or
the more reliable backup.

Most DP operations are not critical when it comes to reference system accuracy, but more
accurate reference system might save fuel cost due to less thruster usage and thruster
wear and tear.
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Table 4-5

Industrial Mission — GNSS requirements

Reliability | Availability | Accuracy PPP

(integrity)
Drilling Medium Conditional
Diving Required
Dredging Required
Pipe Lay Conditional
Umbilical Lay Conditional
Heavy Lift Required
Accommodation Conditional
Floating Production Conditional
Shuttle Off Take Conditional
ROV Support Conditional
Seismic and Survey vessels Required
Well Stimulation Conditional
Logistics Operations Conditional

4.29.3

riser angle, normally limited to 1-2°.

Table 4-6

Riser Angle vs Footprint Relationship

Position accuracy — deep water drilling, position accuracy requirements are dependent on

Water depth (m) Error @ 1° riser angle (m) Error at 2° riser angle (m)
50 0.9 1.7
100 1.7 3.5
300 5.3 10.5
1000 17.5 34.9
3000 52.4 104.8

o Accuracy with non-differential GNSS is today good enough for most DP applications.

o HDOP used to be a major problem but is solved by using systems that combines
several GNSS systems.

o Introduction of Galileo will improve GNSS integrity.

o Introduction of new signals from GPS (L5) and Glonass (L3) will further improve
integrity and accuracy.

) Problems with positioning during solar cycle 24, have mostly been related to loss of

differential signals.

o Use of integrated GNSS/INS will be preferable, due to the added integrity.

TECHOP (D-06 - Rev1 - Jan21) DGNSS POSITION REFERENCE SENSORS

41



TECHOP

4.30
4.30.1

4.30.2

4.30.3

4.30.4

4.31
4.31.1

6.7.3 Positioning reference systems shall provide new position data with a refresh rate and accuracy suitable
for the intended DP operations.

Guidance note 1:

Systems that only produce new position data with long intervals relative to the response time of the DP vessel, will not be
considered as positioning reference systems, as required in Table 7, unless it can be demonstrated that the performance is
adequate in all operational modes and operational weather conditions.

---e-n-d---o-f---g-u-i-d-a-n-c-e---n-o-t-e---

Guidance note 2:
The accuracy of the position reference data shall generally be within:

— a radius of 2% of water depth for bottom-based systems

— within a radius of 3 m for surface-based systems.
---e-n-d---o-f---g-u-i-d-a-n-c-e---n-o-t-e---

Guidance note 3:
For satellite based systems, interface and necessary equipment for receiving differential correction signals shall be installed.

---e-n-d---o-f---g-u-i-d-a-n-c-e---n-o-t-e---

Extract 4-1 Class Requirements: DNV

11.9 Signal Processing

Position reference systems are to be capable of providing new position data with an update rate and
accuracy suitable for the intended automatic DP operations. The individual position reference system is to
be self-operational, and not dependent on the DP control system for operation.

For satellite based systems, interface and necessary equipment for receiving differential correction is to be
installed. Where several position reference systems are required, the DP control computers are to use
signal processing technigues to validate the data received. The reference position of each system is to be
available at the operator's request. Position reference systems that rely on motion reference compensation
are to be provided with a means of selecting available motion reference units for use.

When several systems are combined, the resulting value used in further processing is not to change
suddenly or significantly if one or more systems are selected or deselecied. Failures in a positioning
reference system that mighi affect positioning or redundancy adversely are to initiate an alarm. If a
positioning reference system can stall or in other ways produce corrupt or out of range data, a method is to
be provided to enable rejection of the data and an alarm is to be initiated.

Extract 4-2 ABS Guide For Dynamic Positioning Systems April 2020

METHODS TO PREVENT CONFIGURATION ERROR AND OPERATOR ERROR

The best method by far for preventing configuration error or operator error is provision of
system-specific training and well-written manuals.

Configuration errors typically occur during installation and commissioning of the system,
and as a result of operator error.

Configuration errors during installation are most often a result of miscommunication
between the DP provider and the DGNSS provider. This can by a large degree be
prevented by better communication between the two suppliers and clearer specifications
and regulations. It is also important to make sure that installations are done by qualified
personnel.

Configuration error by the operator can to some extent be controlled through set limitations
in the equipment, requiring the operator to log-in or at least confirm access to
configuration.

RECOMMENDED SPARE PART CATALOGUE

To prevent extended downtime in the event of a system failure consideration should be
given to what spares should be carried onboard as part of the vessel’s inventory.
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4.31.2

4.31.3

4314

4.32

4.32.1

4.32.2

4.32.3

4.32.4

4.33

4.33.1

4.33.2
4.33.3

4.33.4

4.34

4.35
4.35.1

The manufacturers should be consulted and their suggested spare parts should be carried
at all times. Each time a service engineer visits the vessel they should check the spares
and any recommendation on additional parts should be noted and ordered if necessary.

The reliability of the equipment is usually very good and this can lead to complacency with
regard to the spare parts. A good index of the parts should be made and the actual
location and condition of the parts verified at regular intervals.

When a number of company vessels are operating in the same area it is a good idea to
have a more comprehensive set of spare parts kept at a central shore location for all the
vessels to have access to. If possible, a contract should be made with the manufacturer to
have a whole system ready for deployment at all times.

DOCUMENTATION AND REPORTING
Management of change

In the planning phase for upgrades or system service the FMEA report should be
reviewed. Any changes to the current configuration that have an effect on failure modes or
failure mode testing should be documented and stored in the vessel’'s FMEA
documentation. If retesting is required or advisable the tests should be performed after the
CAT. All test results should be stored with the FMEA documentation.

Depending on the degree of change the vessel’s class society might need to be involved in
the FMEA review. Class rules and recommendations for FMEA handling vary between the
different class societies.

FMEA documentation needs to contain information of all changes made since the FMEA
testing for classing the vessel. Installation reports, service reports and software upgrades.

Scheduled maintenance should cover upgrades of software and firmware at the suppliers’
recommendations. Software upgrades should be handled through a management of
change system with focus on changed functionality, user interface or operation.

RECOMMENDED MINIMUM INFORMATION FOR FAULT
REPORTING/ASSISTANCE REQUIRED

The different system and service suppliers require a basic set of information to be able to
assist the operators.

The first and most important information is an accurate description of the problem seen.

Different suppliers request different information depending on what hardware or service
they are supplying. Additional information like equipment type and model, serial numbers,
CAS service subscription information or expiry dates will always be helpful for the supplier.

The operator might be required to perform simple tests to analyse the problem and the
effect of the problem. In many cases a failure in the DGNSS system is caused by
operational conditions, interference from external equipment or a DP system
misinterpreting the data received. In none of these cases can the DGNSS system or
service provider offer any assistance.

PEOPLE
TRAINING IN THE USE OF GNSS/DGNSS EQUIPMENT

Training in any equipment use is essential for the operators to gain maximum benefit from
the equipment. This is very much the case when using GNSS/DGNSS for position
referencing during DP operations.
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4.35.2

4.35.3

4.354

4.35.5

4.36
4.36.1

4.36.2

4.36.3

4.36.4

4.36.5

The operator must understand the principles of the systems, and how the actual raw
GNSS position is corrected to give the DGNSS position that is used for DP purposes.

Different systems have different modes of operation and in addition to generic training
manufacturers’ own training should be undertaken to ensure the operator understands the
correct use of the actual equipment installed on their vessels.

The training should be sufficient so that the operator understands all aspects of the use of
the equipment, the satellite constellations and the different differential correction signals
and the importance of selecting the correct ones to use. The importance of maintaining the
equipment in good condition, including the external aerials/antennas and safe guarding
them from vessel sourced inference.

The training should ideally include a written assessment to ensure that the attendees have
absorbed the information.

WHO NEEDS TO KNOW WHAT ABOUT GNSS?

Obviously, everyone directly involved in the DP operation of the vessel needs to know the
fundamentals of the systems.

In addition to those mentioned above everyone on board should be made aware of the fact
that the vessel is using antennas and aerials to gain signals to allow the vessel to position
on DP.

It should be made clear to all on board that they must not interfere with this equipment and
that they should report any apparent defects or potential hazards to the signal stream. This
is particularly important when engaged in crane operations and the travel of the boom
could obstruction the signal path.

Most of the spares carried for the equipment will be computer boards and will require
careful handling and storage in a controlled environment, therefore all engaged in the
handling and storage should be made aware of the requirements.

When dealing with inertial GNSS, freight handlers need to be aware of the restrictions on
transportation of IMU’s that are imposed by certain countries.
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5 MISCELLANEOUS
Stakeholders Impacted Remarks
MTS DP Committee To track and incorporate in next rev of MTS DP
‘/ Operations Guidance Document.

Communicate to DNV, USCG, Upload in MTS
website part.

USCG MTS to communicate- FR notice impacted when
Rev is available.

DNV MTS to Communicate- DNV RP E307 impacted.

Equipment vendor community MTS to engage with suppliers.

Consultant community MTS members to cascade/ promulgate.

Training institutions MTS members to cascade/ promulgate.

Establish effective means to disseminate
information to Vessel Management and Vessel
Operational Teams.

Vessel Owners/Operators

SN XS X

Vessel Establish effective means to disseminate
Management/Operational information to Vessel Operational Teams.
teams
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	3.2.3 For a DP operation relying on different reference systems, reliability (integrity) might be the most important performance parameter. In a worst-case scenario, misleading information might lead to a DP incident.
	3.2.4 Lack of availability or accuracy from one out of several reference systems usually just means that it cannot be used for a period and that the operation needs to temporarily rely on other reference systems.
	3.2.5 A system designer must make trade-offs between these performance parameters according to their assessment of the user’s needs and anticipated operation.

	3.3 OPERATIONS
	3.3.1 The performance and convenience of GNSS sensors make them universal choices for DP vessels. However, some factors not related to design, for example poor installation, configuration errors, poor integration with DP, lack of adaptation to the ope...
	3.3.2 It is unfortunate that the very qualities which make GNSS sensors so useful and popular give rise to complacency and failure to recognise GNSS vulnerabilities and limitations for certain type of operations and in some places.
	3.3.3 Compared to other DP reference systems, the GNSS and associated augmentation services are complex operations reliant on external operations, connecting to the DP operation through the GNSS reference system.

	3.4 PEOPLE
	3.4.1 GNSS systems are complex and sophisticated with numerous options for settings and installation providing flexibility to optimize performance. With such sophistication comes a need for more simple and intuitive user interfaces, but also for opera...

	3.5 SUMMARY
	3.6 INTRODUCTION
	3.6.1 Global Navigation Satellite System (GNSS) is a satellite based system used to determine the geographical location of the user’s GNSS receiver anywhere in the world. There are currently two fully functional systems available; the American NAVSTAR...
	3.6.2 A GNSS system consists of three segments: The space segment, the control segment and the user segment.  It is the user segment that is widely used by DP vessels.
	3.6.3 Position information derived directly from the satellites may not be sufficiently accurate for a vessel’s industrial mission. Corrections can be applied using differential correction methods that provide error correction data. The data is commun...
	3.6.4 There is guidance on DGNSS by IMCA and DNV, but these are largely out of date.
	3.6.5 The issues related to GNSS and DGNSS systems are addressed by this TECHOP and fall into three categories:

	3.7 DESIGN
	3.7.1 MTS DP vessel design guidance is based on the ‘seven pillars of wisdom’ in relation to the design of fault tolerant dynamic position systems. The following attributes are intended to create a DP system with ‘predictable’ failure modes:
	3.7.2 Using these ‘seven pillars’ as a guide, this TECHOP provides guidance on the current recommended practice.
	3.7.3 The key design aspects given in this TECHOP related to DP are:

	3.8 OPERATIONS
	3.8.1 The performance and convenience of GNSS sensors make them an almost universal choice for DP vessels.  Consideration has to be given both to the area of operation for the vessel and its industrial mission.  The key operations aspects related to D...

	3.9 PEOPLE
	3.9.1 GNSS systems are complex and sophisticated with numerous options for settings and installation, which provides flexibility to optimize performance.  The key people aspects given in this TECHOP related to DP are:
	3.9.2 The operator must understand the principles of the systems, and how the actual raw GNSS position is corrected, to give the DGNSS position that is used for DP purposes.

	3.10 DGNSS BACKGROUND
	3.10.1 GNSS – Global Navigation Satellite System positioning.  All satellite-based position systems providing reference data based on satellite-derived signals are generically known as GNSS. Fully operational GNSS’ are currently operated by the United...
	3.10.2 DGNSS – Differential Global Navigation Satellite System positioning - Position information derived directly from the satellites is not sufficiently accurate and may not be used for dynamic positioning operations. Traditional network-based diffe...
	3.10.3 DP Class 2 and DP Class 3 vessels must have at least three independent position references of which two must be based on different measuring principles (DGNSS systems are all considered to be based on the same measuring principle, regardless of...
	3.10.4 DGNSS typically comprises two out of the three required systems but many vessels have more than two DGNSS systems and may have other reference systems (for example hydro-acoustic position references, taut wires and laser or microwave based rela...
	3.10.5 Despite the fact that DGNSS systems share certain external common cause failures such as ionospheric phenomena, radio interference, jamming and tropical rain showers, classification societies are willing to accept DGNSS systems as being indepen...
	3.10.6 Receiver Autonomous Integrity Monitoring (RAIM) is a rather ambiguous term describing the GNSS reference sensor’s capability to avoid sending misleading information to the DP. It represents a self-assessment algorithm enabling the receiver to r...
	3.10.7 GNSS receivers may be equipped to receive two distinct signal frequencies (L1 and L2) in an attempt to reduce the influence of ionospheric phenomena. The idea of GNSS augmentation is almost as old as GPS itself – the first real GNSS. Augmentati...
	3.10.8 On the one hand, augmentation services improve GNSS performance, but on the other add complexity both to the installation and the operation.
	3.10.9 All GNSS providers plan to improve and develop their systems well into the future. This means that new signals will be available, new services will be introduced, performance improved and some of the vulnerabilities gradually reduced. This deve...
	3.10.10 Corrections are also provided through terrestrial radio links provided by the International Association of Light House Authorities (IALA).
	3.10.11 DGNSS systems may be equipped to receive position information from GPS and GLONASS providing a greater number of satellites than either system alone. The term ‘Precise Point Positioning’ (PPP) can be used to describe various augmentation servi...
	3.10.12 Inertial Measurement Units (IMU) can be combined with DGNSS to allow the satellite derived position reference to ‘ride through’ events such as ionospheric scintillation or satellite aging that might otherwise invalidate the position reference....
	3.10.13 DGNSS antennas are vulnerable to masking by superstructure on the DP vessel by nearby fixed and floating structures. The technique of integrating GNSS and Inertial Navigation Systems (INS) has been known for decades. The complementary qualitie...
	3.10.14 DGNSS receivers have been known to fail to broadcast mode and jam other DGNSS antennas in close proximity. Manufacturers recommend a minimum spacing between antennas.
	3.10.15 Fault propagation paths can be introduced by interconnections between DGNSS systems used for survey work and the DP control system and clear instructions and risk assessment must be made before installing any signal splitting devices.

	3.11 EXISTING GUIDANCE
	3.11.1 Guidance on DGNSS can already be found in:
	3.11.2 Although valuable, much of the guidance listed above is now very old and updating the guidance provided in the DNV/MTS documents is the objective of this TECHOP.


	4 SUGGESTED IMPLEMENTATION METHODOLOGY
	4.1 DESIGN
	4.1.1 MTS DP vessel design guidance aims to result in fault-tolerant DP systems with predictable failure modes and following characteristics.

	4.2 current recommended practice
	4.2.1 The following information provides guidance on the current recommended practice.

	4.3 Required documentation
	4.3.1 Vessel specific documentation is a good tool for the operators to familiarize themselves with the system and see how it interacts with other systems on-board. Available documentation should include installation and service reports with a schemat...
	4.3.2 Installation report, service report and Installation drawings:

	4.4 GNSS principles
	4.4.1 A GNSS system consists of three segments: space, control and user:

	4.5 Differential GNSS (DGNSS)
	4.6 Correction delivery methods (network security)
	4.6.1 A variety of methods for transmitting GNSS corrections to the user is in use. Most commonly used are Satellite Based Augmentation Systems (SBAS), where corrections are transmitted via communication satellites maintained in geosynchronous orbit a...
	4.6.2 Examples of SBAS systems are: Veripos, Fugro, C-Nav, WAAS (USA), EGNOS (EUROPE), and QZSS (JAPAN).
	4.6.3 With Ground Based Augmentation System (GBAS) corrections are transmitted by surface based stations. Typically (it depends on the frequency used) range of GBAS may be limited to line-of-sight communications between the transmitting and receiving ...
	4.6.4 Examples of GBAS systems are Petrobras UHF, IALA, and HF.
	4.6.5 Where vessels have difficulty receiving either SBAS or GBAS corrections but have a robust internet connection, protocols such as NTRIP (Networked Transport of RTCM via Internet Protocol) can be used. With this relatively recent development, inte...

	4.7 Equipment / hardware terminology
	4.7.1 Common terminology will improve communication and save time with reports and requesting support.
	4.7.2 Most DGNSS installations comprise five main components.

	4.8 Inertial navigation system (INS) integration
	4.8.1 GNSS/INS integration has been a well-established practice in survey operations for many years. In recent years GNSS/INS solutions for DP operations have become available from the main GNSS providers and are today commonly used for various operat...
	4.8.2 The different characteristics of GNSS sensors and gyros/accelerometers in the inertial measurements units (IMUs) are in many ways complementary and integration results in a more stable position solution, especially during difficult GNSS signal t...
	4.8.3 Because of the added complexity when integrating IMUs and GNSS, the benefits are offset to some degree by a potentially higher risk of failure. GNSS/INS systems should be used in conjunction with standard GNSS system and acoustics to reduce risk...

	4.9 Vessel motion compensation
	4.9.1 GNSS systems provide antenna position to the DP controller, which in turn offset the antenna position to NRP (CG) using VRS and gyrocompass (gyro) information.
	4.9.2 The VRS and gyro sensors are critical to vessel positioning and are sensitive instruments; they must be installed properly in a controlled environment.
	4.9.3 This requires that VRS sensors should have an accuracy that allows for installation away from the actual measurement point(s) tolerate medium to long lever arms without degrade the actual measurements. Location of the VRS and gyro must allow for...
	4.9.4 Errors induced by environment (vibration, temperature changes, etc.) might be overriding errors induces by lever arms.
	4.9.5 If the GNSS system requires gyro and/or VRS information for position calculation or for HMI/displays, it should be the same as used by the DP controller to avoid position mismatch due to variations/drift in gyros.
	4.9.6 If the GNSS system does the offset compensation, the VRS and gyro must be of high quality. Loss of either gyro or VRS, the GNSS system must have algorithms to handle the lever arm uncertainty, give both visible and audible alarm, or stop the out...

	4.10 Other applications for DGNSS
	4.10.1 DGNSS has wider applications than pure vessel positioning. Using two antenna inputs, where the antennas have been surveyed-in relation to the vessel’s centreline (and have a reasonable separation) can result in a moving baseline vector, in othe...
	4.10.2 GNSS can also function as a reference clock for network time protocol (NTP) servers. Local servers can then be time-synced, ensuring all messages are time stamped in the same time reference frame.
	4.10.3 Subsea acoustic positioning systems often use DGNSS for calibration, as well as, updating and syncing their internal UTC time. This allows a position obtained from an acoustic system to be sent to the DP with the correct UTC timestamp.

	4.11 OPERATIONS
	4.12 Over reliance on DGNSS
	4.12.1 Over-reliance on any particular DP position reference source (PRS) is an unsound practice. Extra consideration is needed with DGNSS to ensure that complacency does not develop when system monitoring; because of the rapid position feedback opera...
	4.12.2 However, if something causes an error with DGNSS, its fast position update rate will result in a faster deterioration of station keeping.
	4.12.3 If there are more than two DGNSS in use, using the same satellites, but using different delivery methods, a similar error could occur with two systems, resulting in the DP system thinking that the good system is bad and follow the erroneous sig...
	4.12.4 If using a variety of PRS, the concern is decreased due to the internal voting which will create a significant barrier to choosing an erroneous signal.
	4.12.5 In some DP systems, manual weighting is not available. The only way to reduce the impact of GNSS weighting is to use what is termed a "reduced GPS" function, where the weighting for DGNSS is reduced by half. Usually this used when ionic disturb...

	4.13 Use of elevation masks
	4.13.1 Setting an elevation mask tells a receiver to exclude GNSS satellites from the position solution when they are at a very low elevation above the horizon.
	4.13.2 A higher mask value helps to eliminate inaccuracies caused by sea-surface multipath reflections, but simultaneously reduces the number of satellites available to use; typical manufacturer recommended values might be 8 –10 .
	4.13.3 However, now GLONASS has almost doubled the number of available satellites, the need to be able to set a lower elevation mask to bring more satellites into view is much reduced; consequently, many manufacturers are removing this option.

	4.14 Choice of correction services in relation to the type and area of operation
	4.14.1 Many correction service options are available in the market, to meet the needs of a wide range of vessel operations and geographical locations. Selection of correction services is usually done according to an assessment of the accuracy, precisi...
	4.14.2 Accuracy – defined as “the ability of a measurement to match the actual value of the quantity being measured”. Within the realm of DGNSS this is how true of a latitude and longitude is being provided. In operations where the vessel’s position i...
	4.14.3 Precision – defined as “the ability of a measurement to be consistently reproduced”. This would correlate to how much movement is seen from one position fix to another, or repeatability. This is of value when operations call for the vessel to h...
	4.14.4 Stability – Defined as “the ability to resist change, deterioration, or displacement”: In DGNSS this is the reliability, or robustness, of the system. This is determined by quality and control systems within the correction service being used. T...
	4.14.5 Then the vessel’s operational location should be considered. Some solutions have a limited operational range. The International Association of Marine Aids to Navigation and Lighthouse Authorities (IALA) GBAS system generally has a range of 150 ...
	4.14.6 In less-remote locations where more than one choice is available, it is preferred to back the primary solution up with second that uses a different method.

	4.15 Choice of GNSS services in relation to industrial mission
	4.15.1 For many years only GPS was available. Now the GLONASS system offers a full constellation of positioning satellites a choice exists to use GPS or GLONASS on their own, or both together.
	4.15.2 The GPS constellation has 32 in-service satellites and provides adequate coverage all over the world. However, some locations experience a bare minimum of satellites in view at some point in the day. At such times signal blockage of just one sa...
	4.15.3 However, if the user’s operations are closer to the North or South poles, then GPS or GLONASS alone should provide adequate coverage since the orbits of the positioning satellites will all generally bring them pass this area.
	4.15.4 Utilizing both GPS and GLONASS at the same time makes a 56 satellite constellation available which dramatically reduces the incidence of drop-outs due to satellite unavailability and provides additional robustness during scintillation periods. ...
	4.15.5 Not all DGNSS solutions provide corrections for both GPS and GLONASS so when choosing a GNSS service this is an important consideration.
	4.15.6 When the developing GNSS systems make two more full constellations available the possibility of fully redundant independent GNSS systems could become a reality. For example, a user could have one GNSS system combining GPS and China’s Beidou and...

	4.16 Assignment of correction services to GNSS system to provide redundancy
	4.16.1 In order to determining the best configuration for a GNSS receiver in a DP application, the following factors should be considered:

	4.17 How to select the best of several available augmentation services
	4.17.1 CAS: The preferred choice is one of the CAS because of their inherent reliability and redundancy. Installing two different CAS installed gives two completely independent solutions. In this case the sensors may be configured to operate in All-In...
	4.17.2 SBAS: Where available, this free augmentation service can be used as backup to CAS in the All-In-View (auto-select) mode mentioned above; or most receivers can be locked to SBAS for an independent solution.
	4.17.3 GBAS: Are only available in limited parts of the world so this hardware is often only installed as backup if the vessel is going to work in fields where it is available. In these applications, an additional GNSS receiver can be added along with...

	4.18 Redundancy
	4.18.1 In many parts of the world, one DGNSS sensor can have 5 or more augmentation options available to it. Sensors can also track different Global Navigation Satellite Systems (GNSS) like GPS, GLONASS, and Galileo. Existing technology running inside...

	4.19 Operations at high latitudes
	4.19.1 The plots below, from Longyearbyen in Svalbard at 78 N demonstrates that even at such high latitudes, both currently available GNSS are effective, with many satellites in view.
	4.19.2 However, antenna gain is typically reduced with lower elevation and in addition the satellite signal loss in the atmosphere is higher. This makes high-latitude reception vulnerable to interference from other transmitters, cable or installation ...
	4.19.3 If the GNSS antenna is in a location where vessel structures obstruct its view to the horizon the number of tracked satellites will be directly affected. Installation of antennas in high and obstruction-free locations is very important.
	4.19.4 Another issue with high latitude operations is the availability of differential correction services: there are few reference stations available in high latitude regions and none of the free-to-air services have coverage.
	4.19.5 DGNSS operations in these regions are mainly dependent on CAS PPP services providing globally valid clock and orbit corrections for both GPS and GLONASS. These services require the user to be equipped with dual frequency DGNSS systems supported...
	4.19.6 The problem lies not with regard to correction data validity but rather with delivery of this data because the communications satellites that are generally used are in geosynchronous orbit over the equator, and their coverage footprint is limit...
	4.19.7 Alternative delivery channels should also be considered. Most commercial service providers offer internet based delivery services, either through the vessel’s own internet connection or through the Iridium open port service (Iridium operates a ...
	4.19.8 Standard V-Sat services suffer from the same limitations as L-Band tracking.

	4.20 Operations in equatorial regions
	4.20.1 The ionosphere is the thickest and the densest around the two bands shown in Figure 4-18. Thus, GNSS signals propagating through the atmosphere in these regions are the most susceptible to interference when solar phenomena cause disturbances in...
	4.20.2 Scintillation is most intense / frequent in two bands surrounding the magnetic equator (< 100 days/year). At polar latitudes, it is less frequent and it is least frequent at mid-latitudes (<10 days per year).
	4.20.3 Two techniques can mitigate these effects:

	4.21 External common cause failures
	4.21.1 One of the most common causes of position loss is equipment failure, in the following in order of likelihood:

	4.22 Interference
	4.22.1 Because GNSS signals are extremely weak at the Earth’s surface they are susceptible to interference. In the early days of GPS use offshore, where only L1 receivers were employed, possible interference was limited to the narrow 1575 MHz (L1 freq...
	4.22.2 Mostly in the offshore environment, interference is unintentional, though intentional interference, for example GNSS jamming and spoofing can occur.
	4.22.3 Interference affects GNSS signal quality by increasing measurement noise in the receiver; this increases the number of cycle slips, thus deteriorating the accuracy and stability of the position. It reduces signal strength by decreasing the sign...
	4.22.4 Mitigation against interference can be difficult. Local sources of interference should ideally be approached from the perspective of eliminating the source:

	4.23 Failure mode handling
	4.23.1 Failures that can potentially affect all the GNSS systems on-board are addressed.

	4.24 Environmental issues
	4.24.1 It is possible for satellite signals to be reflected off surrounding structures on the vessel or in some cases blocked entirely. This can cause degradation in the position. Figure 4-21 shows the modelling of the multipath on the GNSS QC/QA soft...
	4.24.2 If possible, remove the sources of the reflection/blockage or maintain a heading to minimize the effect. In most cases, however, the affected antenna will need to be moved to a new location. Spatial separation of the antennas on-board is also i...

	4.25 Interference
	4.25.1 See the previous section; every effort should be made to determine the source of interference and eliminate it.

	4.26 Constellation Changes
	4.26.1 As GNSS satellites rise and set they can also cause degradation in the position. In rare cases, GNSS satellites can also transmit corrupted data and cause GNSS receiver failures.
	4.26.2 The different GNSS position systems onboard should employ different GNSS receiver manufacturers and should be set to use different elevation masks so the different GNSS systems will start tracking satellites at different times and will not expe...

	4.27 Equipment issues
	4.27.1 The idea of dual or multiple DGNSS systems is, where possible, to eliminate single points of failure.
	4.27.2 While the common approach is to use different suppliers, this does not ensure that the best solution has been achieved. The following should be verified, at a minimum, to be independent between at least two of the GNSS systems:

	4.28 Vessel Sensors
	4.28.1 Before it is used by the DP, the DGNSS position from the antenna is motion compensated for pitch and roll and resolved to the centre of gravity (COG) of the vessel. The Vertical Reference Sensor (VRS) and the gyro, respectively, are used for th...
	4.28.2 The smallest of errors in these sensors can translate to large errors in the calculated position in the DP. Antennas mounted in high locations like the derrick are greatly affected by VRS errors and antennas mounted further away from the COG ar...

	4.29 Use of non-corrected GNSS for DP
	4.29.1 Modern GNSS systems are able to provide non-corrected position solution with sub-meter accuracy. DP operation requirements do not allow for un-corrected GNSS as a position reference, but for certain operations un-corrected GNSS might be the onl...
	4.29.2 Most DP operations are not critical when it comes to reference system accuracy, but more accurate reference system might save fuel cost due to less thruster usage and thruster wear and tear.
	4.29.3 Position accuracy – deep water drilling, position accuracy requirements are dependent on riser angle, normally limited to 1–2 .

	4.30 Methods to prevent configuration error and operator error
	4.30.1 The best method by far for preventing configuration error or operator error is provision of system-specific training and well-written manuals.
	4.30.2 Configuration errors typically occur during installation and commissioning of the system, and as a result of operator error.
	4.30.3 Configuration errors during installation are most often a result of miscommunication between the DP provider and the DGNSS provider. This can by a large degree be prevented by better communication between the two suppliers and clearer specifica...
	4.30.4 Configuration error by the operator can to some extent be controlled through set limitations in the equipment, requiring the operator to log-in or at least confirm access to configuration.

	4.31 Recommended spare part catalogue
	4.31.1 To prevent extended downtime in the event of a system failure consideration should be given to what spares should be carried onboard as part of the vessel’s inventory.
	4.31.2 The manufacturers should be consulted and their suggested spare parts should be carried at all times. Each time a service engineer visits the vessel they should check the spares and any recommendation on additional parts should be noted and ord...
	4.31.3 The reliability of the equipment is usually very good and this can lead to complacency with regard to the spare parts. A good index of the parts should be made and the actual location and condition of the parts verified at regular intervals.
	4.31.4 When a number of company vessels are operating in the same area it is a good idea to have a more comprehensive set of spare parts kept at a central shore location for all the vessels to have access to. If possible, a contract should be made wit...

	4.32 Documentation and reporting
	4.32.1 In the planning phase for upgrades or system service the FMEA report should be reviewed. Any changes to the current configuration that have an effect on failure modes or failure mode testing should be documented and stored in the vessel’s FMEA ...
	4.32.2 Depending on the degree of change the vessel’s class society might need to be involved in the FMEA review. Class rules and recommendations for FMEA handling vary between the different class societies.
	4.32.3 FMEA documentation needs to contain information of all changes made since the FMEA testing for classing the vessel. Installation reports, service reports and software upgrades.
	4.32.4 Scheduled maintenance should cover upgrades of software and firmware at the suppliers’ recommendations. Software upgrades should be handled through a management of change system with focus on changed functionality, user interface or operation.

	4.33 Recommended minimum information for fault reporting/assistance required
	4.33.1 The different system and service suppliers require a basic set of information to be able to assist the operators.
	4.33.2 The first and most important information is an accurate description of the problem seen.
	4.33.3 Different suppliers request different information depending on what hardware or service they are supplying. Additional information like equipment type and model, serial numbers, CAS service subscription information or expiry dates will always b...
	4.33.4 The operator might be required to perform simple tests to analyse the problem and the effect of the problem. In many cases a failure in the DGNSS system is caused by operational conditions, interference from external equipment or a DP system mi...

	4.34 PEOPLE
	4.35 Training in the use of GNSS/DGNSS equipment
	4.35.1 Training in any equipment use is essential for the operators to gain maximum benefit from the equipment. This is very much the case when using GNSS/DGNSS for position referencing during DP operations.
	4.35.2 The operator must understand the principles of the systems, and how the actual raw GNSS position is corrected to give the DGNSS position that is used for DP purposes.
	4.35.3 Different systems have different modes of operation and in addition to generic training manufacturers’ own training should be undertaken to ensure the operator understands the correct use of the actual equipment installed on their vessels.
	4.35.4 The training should be sufficient so that the operator understands all aspects of the use of the equipment, the satellite constellations and the different differential correction signals and the importance of selecting the correct ones to use. ...
	4.35.5 The training should ideally include a written assessment to ensure that the attendees have absorbed the information.

	4.36 Who needs to know what about GNSS?
	4.36.1 Obviously, everyone directly involved in the DP operation of the vessel needs to know the fundamentals of the systems.
	4.36.2 In addition to those mentioned above everyone on board should be made aware of the fact that the vessel is using antennas and aerials to gain signals to allow the vessel to position on DP.
	4.36.3 It should be made clear to all on board that they must not interfere with this equipment and that they should report any apparent defects or potential hazards to the signal stream. This is particularly important when engaged in crane operations...
	4.36.4 Most of the spares carried for the equipment will be computer boards and will require careful handling and storage in a controlled environment, therefore all engaged in the handling and storage should be made aware of the requirements.
	4.36.5 When dealing with inertial GNSS, freight handlers need to be aware of the restrictions on transportation of IMU’s that are imposed by certain countries.
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