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Motivation 
- Why look at INS for DP?
Few systems suitable for offshore deep water use!
DGPS
• Sunspot activity & scintillation

– GPS can be lost for long periods of time

• Weak signals
– 10–16 watt/m2 ~ 40Watt light bulb @ 10.000 miles distance
– A simple 1 watt jammer may destroy GPS in a 100km radius
– Unintentional jamming by faulty electronics has been seen.  

• Improvements are pursued but issues are unlikely to entirely disappear anytime soon.

Acoustic positioning
• Aeration clouds, masking and increase in acoustic noise level

– Typically short term. 

• LUSBL systems largely overcome these problems through 
redundancy but drop outs can still occur.

Solar flare



 

Third reference type with “different” characteristics would be useful!
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Motivation 
- Why look at INS for DP?

Inertial navigation
• Highly refined core military / aerospace technology: Space race and Cold War era 

• Inertial navigation is completely self contained and therefore inherently robust
– Earth gravity and rotation is not easily disturbed!



 

standalone INS is used as primary means of navigation for 
e.g. nuclear submarines, ICBM’s, and intercontinental airliners 

• Continues output with very good short term accuracy

• But drifts with time…


 

Complementary to both acoustic positioning (and GPS)!

Solar flare
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Motivation 
- Acoustic and INS complementary characteristics

INS:    Good short term accuracy but long term drift 
Inherently self-contained and robust

Acoustics: Good long term accuracy, some risk of 
drop outs due to noise and the environment.

AAINS: Accuracy and robustness ++



www.sonardyne.com

Motivation 
- severely degraded acoustics, 26. October 2008 Norway

• Dramatic improvement during periods of extreme noise / aeration.
• Periods of aeration typically lasted for 30 -120 seconds. 
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Ultra Short Baseline System (USBL) 
- principle of operation

Positioning is based on measuring range 
and direction from an acoustic transceiver to 
a seabed transponder and combining with 
attitude/heading to derive ship position.  

• Accuracy decreases with depth: 
1-2m per 1000m depth (Lodestar AHRS)

• Modern AHRS is replacing gyro/MRU: 
0.12% slant range (6m, 1DRMS) has been 
achieved in 4950m water depth.

• Operationally efficient; a single transponder 
is placed close to boresight.

• Direction measurement is somewhat 
susceptible to acoustic degradation. 

• Update rate 3-4 sec in 2000m depth 
or ~1Hz with ping stacking (deep water)

Roll 
Pitch
Heading
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Long & Ultra Short Baseline System (LUSBL) 
- principle of operation

Positioning is based on measuring range and 
bearing from an acoustic transceiver to a 
seabed array of transponders. 

• Redundant position solution dominated by 
robust range measurements.

• ~0.5m accuracy, also in deep water

• NEW: High precision Wideband acoustics 
allow transponder deployment by platform 
ROV

• Often installed in dual redundant or dual  
independent configurations (>=2 transceivers).

• Update rate 4-5 seconds in 2000m water. 

• ROV positioning, structure placement, BOP 
control, acoustic telemetry etc.
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Brief introduction to INS 
- strap-down inertial navigation system (INS)
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• Strap-down inertial sensor triads

• Gravity, Coriolis force, transport rate, Earth rate, …

• Integrate gyros into platform orientation, 
transform acceleration to navigation frame

• Integrate into velocity and position.

IMU - Inertial Measurement Unit

“An inertial navigation 
system does for position, 
orientation and velocity 
what a clock does for time”
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Brief introduction to INS 
- generic Aided INS framework
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Acoustically Aided INS for DP 
- system configuration

INS

USBL

Transponder(s)
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Acoustically Aided INS for DP 
- system configuration

• Complementary to DGPS and LUSBL

• Fixed update rate (1-5Hz) independent of 
water depth. Same weighting as DGPS.

• Immunity to periods of degraded acoustics 
and acoustic drop-outs

• One or two transponders deployable by 
vessel ROV – no horizontal offset required. 

• Simple and reliable installation
– RS485 + DC power 

from bridge (single cable)

• GPS is only required for initial installation 
and transponder “top-down” calibration

• Conventional (L)USBL mode of operation. 
– New user friendly “Marksman” SW
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Acoustically Aided INS for DP 
- Sonardyne “Lodestar” Marine INS

INS made practical:
• Purpose designed Marine AHRS & AAINS, IMO certified (DP)
• Highest performance (non-military) inertial sensors. 
• Proven immunity to temperature change and vibration.
• Inertial sensors: 300-400,000 hrs proven MTBF
• Internal back-up battery – brownout and power glitch immunity
• 32GB SD internal data storage for improved diagnostics 
and support. No loss of data. 

• Embedded INS computations
– No loss of IMU data
– Added robustness

•Direct sensor interfaces and PSU
– Superior and robust timing
– Simple and reliable installation

• Tight integration between INS and 
tailored acoustic observations
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Improvements in acoustic signals, signal processing 
and transceiver hardware means that mechanical 
stability is becoming a dominant contributor to USBL 
positioning error.

• Deep water USBL and USBL aided INS benefit from tight 
mechanical integration.

– Sonardyne deployment machine (rigid)
– USBL transceiver
– Lodestar AHRS/INS

• Even tighter mechanical integration is possible
– “GyroUSBL” (Oceanology International 2010)
– Simplified installation and operation

• Practical USBL system level accuracy in deep water is 
approaching 0.1% slant range with new transceivers and 
AHRS/INS

Acoustically Aided INS for DP 
- Sonardyne “Lodestar” Marine INS
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Configuration
– USBL: GDT “Big Head” Wideband
– INS: Sonardyne Lodestar
– 1 transponder (Compatt 5)
– Marksman software

• 1765m water depth, 470m offset
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Top-down calibration of transponder 814 (COMPATT 5)
• 1765m depth, 470m horizontal offset 

– large horizontal offset is not required but was imposed by platform operations.
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• USBL aided INS – accuracy: 1-2m (1DRMS) relative Veripos reference GPS.
• Single transponder, 1765m depth, 470m horizontal offset, update rate 6 sec
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• 60 deg heading change. Will cause position error if acoustic system is poorly calibrated 
and/or the inertial sensors have large or unstable bias errors.
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Half way through 60 deg heading change 
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• 60 deg heading change complete, still good accuracy
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• 60 deg heading change complete, still good accuracy, zoom out
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• 60 deg heading change complete, still good accuracy, zoom in
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Disabling acoustics to mimic drop-out, 
• 24 sec – positioning unaffected
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Disabling acoustics to mimic drop-out
• 60 sec
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Disabling acoustics to mimic drop-out
• 2 minutes
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Disabling acoustics to mimic drop-out. Zoom in. INS follows vessel motion perfectly.
• >3 minutes – (better performance than expected on average). 
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Disabling acoustics to mimic drop-out
• >5 minutes – (typical error is 10m+ after 4 minutes).
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Disabling acoustics to mimic drop-out
• 7 minutes
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Results – Use onboard a Semisub in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• Re-enabling acoustics 
• Positioning is almost instantaneously corrected to the 1-2m level (a few updates).
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Results: Positioning accuracy in 1765m water depth 
- Petrobras P23, Roncador field, Campos basin, Feb 2010
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Results: Positioning accuracy in 1765m depth 
- Petrobras P23, Roncador field, Campos basin
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Loss of acoustics for ~2 minutes 
- operational procedure sharing transponder (fixed). 

Positioning accuracy: 0.84m (1DRMS)
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Results: Positioning accuracy in 1765m depth 
- Petrobras P23, Roncador field, Campos basin
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Positioning accuracy: 1.54m (1DRMS)

No acoustics for 1.5 - 2 minutes
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Results: Positioning accuracy in 1765m depth 
- Petrobras P23, Roncador field, Campos basin
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Results: Positioning accuracy in 1765m depth 
- Petrobras P23, Roncador field, Campos basin
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No acoustics for 2.3 minutes

Positioning accuracy: 1.6m (1DRMS)
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Results: Positioning accuracy in 1765m depth 
- Petrobras P23, Roncador field, Campos basin
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No acoustics for 1.5 - 2 minutes

Positioning accuracy: 1.2m (1DRMS)

1100 1150 1200 1250 1300 1350
-100

0

100

200

300

400

A
ng

le
 [d

eg
]

Orientation [deg]

 

 

INS Roll
-Pitch
-Heading
Ref Roll
-Pitch
-Heading



www.sonardyne.com

Agenda

1. Motivation – why look at INS for DP?
• Few position reference systems available in deep water far offshore

2. Acoustic positioning - Concept of operation
• Ultra Short Baseline - USBL
• Long and Ultra Short Baseline – LUSBL

3. Brief introduction to INS (Inertial Navigation System)
• Inertial Navigation
• Acoustically Aided INS (AAINS)

4. Acoustically Aided INS for DP
• System configuration and key features

5. Results from a semi-submersible drilling vessel in deep water – Petrobras P23
• Positioning accuracy and operation
• Integration and active use by DP desk

6. Conclusion and Q & A

www.sonardyne.com



www.sonardyne.com

Interfacing and trialling with Converteam DP desk 
- Petrobras P23, Roncador field, Campos basin, Feb 2010

• The INS was interfaced and actively trialled with the Converteam DP desk.
• 10m fwd/aft and stbd/port position change with good control using standalone AAINS.
• Accuracy and repeatability is comparable to DGPS and same weighting is used. 
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Acoustically Aided INS (AAINS) for DP 
- Conclusion and Q+A

• Acoustically Aided INS complements LUSBL and DGPS
– Operationally efficient, saves vessel time

• AAINS weighting by DP is identical to DGPS
– Accuracy: 1-2m (1DRMS) @ 1765m water depth
– 1Hz+ update rate independent of water depth
– Improves immunity to upcoming scintillation events

• Ride through capability
– INS can bridge acoustic drop-outs

• Lodestar INS - Integrated approach customised for DP
– Direct interfacing: No latency, robust installation
– Optimal combination acoustics and inertial
– Mechanical stability between INS and USBL

• Interfaced and successfully trialled with Converteam DP desk 
onboard the Petrobras P23 semi submersible drilling vessel in 
1765m water, 2010 Feb. Thanks to Petrobras!
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