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Example drive off incident (IMCA #1018):

• Drill Center shut-in

• Found well / tree with a 5 deg inclination 

• 3.5 ft “crater” found behind conductor

• Visual damage to LMRP frame

• BOP and tensioner found to be damaged later 
during inspection

• Well was designed for a drive off event

RF Noise 

interference on 

GNSS 1.

6 GLONASS 

satellites lost.

GNSS 1 Position 

on screen moves 

NE.

DPO moves 

drillship SW.

Software error 

gives GNSS1 a 

perfect weight

GNSS 2 and HPR1 

rejected.

GNSS1 moves NE

DPO follows.

EDS initiated .

Drillship 

disconnects 

after 4:44min.

523 feet SW of 

location.
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How do we prevent this from happening again?

>15% drive off events are due to PRS issues.

Outcomes of drive off:

IMCA Publication 327: “Dynamic Positioning Station Keeping Incidents, 
Incidents reported from 2010 (DPSI 21)”, October 2012, IMCA M 218
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Industry Trends for DP3 Drilling Vessels

2023, typical to have

• Four GNSS satellite navigation systems

• ~45 satellites in view

• Two acoustic positioning systems

• Eight seabed transponders (two 
independent arrays)

• Three MRU’s

• Three gyros

• Some drill ships have integrated 
INS/Acoustic/GNSS solutions

In 2010, we had

• Two GNSS satellite navigation systems

• ~12 satellites in view

• One acoustic positioning system

• Five seabed transponders

• Three MRU’s

• Three gyros

DOES THIS REALLY HELP?
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Chapter # 1

INS-Centric Concept



© 2023 Chevron 6

INS- Centric Approach

Without aiding the system moves into - Free Inertial Drift

• A Navigation Grade INS system drifts about 20m in 15 mins.

• This will allow a vessel to lose all PRS (GNSS and acoustic) and 
maintain its watch circle long enough for drilling operations 
team and DPOs to clearly assess the situation.

• Any unaided INS drift can be monitored against the 
Electronic Riser Angle monitoring system (ERA)

The INS measures 
the vessels 

movement using its 
internal gyros and 
accelerometers to 

calculate and output 
a unique position, 

velocity, and attitude 
solution complete 
with quality data.

Each INS is aided by 
a GNSS and 

acoustic position 
reference system, 

either loosely 
coupled (position) or 

tightly coupled 
(range)

Years of 
development has 

gone into the 
advanced screening 

abilities of these 
INS’s allowing them 

to identify any 
position reference 

problems and 
suspect data.

6
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Chapter # 2

INS Centric DP System Design
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Design Overview

Combine inputs from:

– Navigation grade IMU

– GNSS 

– Acoustic LBL 

Design Considerations for the INS Centric System

- Integration with Dynamic Positioning System

- Segregation to align with DYNPOS AUTRO

- Split Power supplies

- Split Communication paths

- RF interference with other transmitting sources

- Location and Mounting of sensors

- HMI locations with DPOs

- Fail over to the conventional DP PRS use

Simplified Block diagram

Quality data also available 
for GNSS and LBL ranges
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Design Overview

Segregation of System Components with DP

1) .

Combine inputs from:

– Navigation grade IMU

– GNSS 

– Acoustic LBL 

Design Considerations for the INS Centric System:

- Integration with Dynamic Positioning System

- Segregation to align with DYNPOS AUTRO

- Split Power supplies

- Split Communication paths

- RF interference with other transmitting sources

- Location and Mounting of sensors

- HMI locations with DPOs

- Fail over to the conventional DP PRS use
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ERA considerations for PRS

Target is to provide a real-time, high resolution 

differential angle across the flex joint.

ERA must have high resolution and accurate 

inclinometers (accelerometers)

High update rate with low noise signal sampling

Precise time tagging of all data

Integration with the BOP mux system, installation on 

the stack
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PRS Monitoring System

Combine inputs from 

• INS solutions

• DP Model Positions

• GNSS

• Acoustics

• Heading/ Pitch/Roll

• ERA

Design Considerations

• Simplified UI

• Independent of DP solution

Simplified Block diagram

1) .

Quality data also available 
for GNSS and LBL ranges



© 2023 Chevron 12

Inertial Measurement Design Considerations 

The quality of the gyro and accelerometer within the IMU determine the performance. This performance is 
required through both a temperature range (-5°C to +55°C) and vibration range (IEC 60945/EN 60945). To 
understand the performance of the sensors integrated by KM initial bench tests were completed and the 
Allan variance plots from these tests reviewed.

For this requirement 20m (1 sigma) free inertial drift over 15 minutes. The following sensor specification 
can be defined based on simulation:

Gyro*:
Range (Drillship) <+/- 150°/s
Bias Instability 0.0002°/h
Angle Random Walk 0.0008°/√h

Accelerometer*:
Range (Drillship) <8g
Bias Instability  0.5 micro g
Velocity Random Walk 3.6 micro g/√hz

*These sensor specifications were used to run the simulated Monte Carlo analysis, they are not indicative of the MGC-R5 sensors
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IMU Free Inertial Drift Simulation

• The sensors specified on the previous slide can then 

be simulated through Monte Carlo analysis to 

provide the resulting mean free inertial drift.

• In the plot to the left 1,000 free inertial drift 

simulations are propagated to determine the 

expected performance of an IMU using the specified 

sensors.

• Prototype IMU - 20m Free inertial drift in 8.5 minutes -

tested in Trondheim May 2019. 

• Production IMU - 20m Free inertial drift in 15 minutes 

- tested Trondheim May 2020. 
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Chapter # 3

System Trials and Acceptance
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Project Timeline

Oct 2019

First Dynamic Trial

Trondheim

Feb 2021

Dynamic Trials,

Monitoring system testing

Trondheim

May 2021

MGC-5 FAT

Monitoring System FAT

Trondheim

Oct 2022

Traditional DP FMEA

Singapore

Mar 2023

CAT Testing

Singapore

May 2023

IAT acceptance Trials

GOM
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Dynamic Trials, Trondheim 

October 2019 - Dynamic trials on R/V Gunnerus:

MGC-R4 Inertial sensor with GNSS and LBL

Some immediate positive indications, System 

performing close to MGC-R5 specification

February 2021 - Dynamic trials on R/V Gunnerus:

MGC-R5 Inertial sensor, with GNSS and LBL

Improvements in acoustic coupling, one acoustic 

range (no GNSS) was sufficient to keep MGC-R5 aided 

without impact over a 20min test. 

Free inertial tests were within specification.

The importance of an accurate speed of sound and the absolute 

array calibrations were noted during these trials. 
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CAT Singapore

The “just out of the shipyard” shallow water CAT was completed offshore Singapore 
early in 2023. This was our first chance to evaluate the integrated GNSS, INS (MGC-
R5 and MGC-R4) and acoustic solution as delivered and installed on the vessel.

Detailed QC of the dimensional control data for the PRS components was performed.

The primary focus was the free inertial performance of the three Onyx systems and 
the performance of the DP system when aided with the Onyx solutions.

Free Inertial Drift Test Results
Onyx 3 MGCr5Onyx 2 MGCr4Onyx 1 MGCr5

15 min test8 min test15 min test

StaticDynamicStaticDynamicStaticDynamic

10.1725.0223.033.0816.699.49

6.763.113.4719.3018.3419.48

15.2419.3022.23

24.3310.7724.94

15.01Mean of above
3.08Minimum value25.02Maximum value
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Final Sea Trials GoM

During May 2023 the final sea trials were concluded upon the 
vessel arrival into the GoM. Final punch items were reviewed, 
and the systems signed off. This included the first deep water 
absolute dual-LBL array deployment and calibration. The final 
acceptance of the monitoring system was part of this work.

The agreement between the two LBL/GNSS aided Onyx 
solutions were within 0.35m – this in 1,290m water.
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Chapter # 4

Key Changes to Operations and Lessons 

Learned
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Well Specific Operating Criteria

Considerations to be given for the WSOC

• Ability to change between 'conventional' PRS 

configuration in DP or INS-Centric

• For the inertial based solutions that have two PRS 

inputs , what is the impact on the WSOC

An Example WSOC

(Specific to the INS Centric PRS inputs )

• GREEN (INS Centric) 

All INS systems functioning and principles

• ADVISORY 

Loose one INS system

• YELLOW (INS Centric) 

Loss of one principle (GNSS or Acoustics) into INS

• RED (INS Centric) 

No reference systems avail
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The LBL system in an absolute reference frame

• Because the INS is being aided with both GNSS and LBL/USBL - the acoustics have to be 
calibrated in an absolute reference frame

• Historically the DP sector has used acoustic solutions as relative PRS

• Attention to detail is needed beyond what has conventionally been completed:
–A regularly updated speed of sound profile (once per week)
–A good absolute calibration for the LBL array
–Recent calibration for the USBL system (USBL head, Gyro, VRU, etc.)

• Much of the work for this vessel is production drilling at defined drill centers.
• Chevron have pre-calibrated LBL transponder frames.
• Vessel arrives on site – populate these frames and goes to work.
• Vessel has already fully deployed and calibrated an LBL array at an exploration site without 

frames
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Chapter # 5

Next Generation and the Future
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Where Next – Future Improvements?

Improvements to current INS-Centric configuration

• Integration of the INS directly into the DPCS system and moving to real-world coordinate basis is the 
next step for the integration of INS. Less cascading of filters.

• Development of a more sophisticated Monitoring system that takes the load off the DPOs. An intelligent, 
independent Monitoring System should be part of all DP systems advising the DPOs as to where 
potential issues are.

• Ability to use ERA data as a primary PRS. A high-resolution ERA and Riser model will minimize riser 
fatigue and will allow the goal of no differential angle at the flex joint.

Application of INS technology across the wider DP industry:

• Lower cost INS sensors should be correctly coupled within all systems leading to improved stability 
alongside structures.

• Differential corrections may be eliminated with correct coupling to low-cost MEMS IMUs

• LBL array sizes may be reduced and update rates much longer (saving battery life).

AIM IS TO PROVIDE STATION KEEPING CAPABILITY WITH ZERO CHANCE OF

DP RUN OFF DUE TO POSITION REFERENCE SENSORS
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INS Integration Directly to DP Solution

A high specification IMU is not only invaluable for integrating positioning 
systems and providing long term aiding system outage coverage in free 
inertial. It is also a very accurate heading and attitude sensor. 

For the DP system – these IMU’s can also supply very accurate velocity 
and replace the equations of motion that are developed within the DP desk 
today. Currently we have a Kalman feeding data into a Kalman (feeding 
data into a Kalman).

In the future the IMU needs to be directly interfaced (fused) within the DP 
model that is running within the DP desk, rather than just integrating the 
PRS’s.

This will allow the control within the DP solution to significantly improve 
based on immediate highly accurate velocity/acceleration feedback once 
thrust is demanded.

Leading to less fuel consumed, less wear and a far greener solution
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Monitoring system needs to be more intelligent

We need to reduce the load on the DPO, not increase it

With the IMU more closely coupled into the DP system, then the 
monitoring system can also advise the DPO’s where issues are arising. 

A RAIM solution that predicts issues (RF interference, spoofing, 
incorrect GNSS corrections) within one of the GNSS constellations will 
be able to unload the DPO and provide them with the source of any 
issues with the PRS’s or system. 

The next step would be to automate the removal of the failing 
component.

The current system is a start – but the DPO has to dig to find potential 
problems. Today the system presents data, no guidance as to how to act 
on this data.

The next generation monitoring system really needs to provide answers 
to DPO’s, not just (more) data.
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Next Generation ERA

• To make an ERA a reliable PRS the following is 
required – no latency, low noise, high resolution data:

- Real time riser model based on ADCP data

- Surface launch angle – IMU below the slip joint

- Slip joint extension data

- Dynamic Riser tension data

- Above flex joint IMU – that can determine heading

- LMRP IMU – that can determine heading

• A short calibration procedure will be required to 
calibrate the riser model with "motion input" at the 
surface being quantified into flex joint movement at 
the seabed.



© 2023 Chevron 27

We have deployed the first INS-Centric DP system

ACHIEVEMENTS:

An Inertial Navigation-Centric approach has been developed.

An Independent Monitoring system is included to assist DPO’s

An improved Electronic Riser Angle monitoring system adds additional independent reference.

The systems and vessel has Class approval.

IMPACT:

Improved stability of PRS information in DPCS.

Improves the monitoring of Satellite v Acoustic systems – INS knows which is good!

Monitoring System Assists DPO’s in making decisions early.

ERA system provides ground truthing to where the well is.

INS approach allows 15 minutes of DP operation after all GNSS and Acoustic systems fail.

Revised WSOG assists DPO in procedures in event of a problem.

AIM IS TO PROVIDE STATION KEEPING CAPABILITY WITH ZERO CHANCE OF DP RUN OFF DUE 

TO POSITION REFERENCE SENSORS
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DPO Feedback From Early Operations

PRS Monitoring system comment:

“PRS Monitoring provides additional confidence in 
the overall system with an independent check on the 
health and status of each of our reference systems, 
at a glance. Instead of spending time at a critical 
juncture clicking into each reference, we’re able to 
establish which position references are valid and 
which may have issues simply by looking at the 
monitor.”

Senior DPO

INS Comment:

"Since ONYX utilizes the conventional 
reference inputs to provide additional precision, 
redundancy, and reduced drift in the event of a 
catastrophic loss of references, we can multiply 
our ability to provide stable and dependable 
station keeping. We are also able to maintain 
the flexibility of swapping back to conventional 
GNSS/HPR inputs as needed“

Senior DPO

We are still on first well at time of delivery of paper. Feedback will continue to be invaluable.


