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“Perfect” position references don’t exist 

Surface 
• Weak GNSS signals  (~ 40Watt light bulb 

@ 10.000 mile distance) 
• A 1 watt jammer may destroy commercial 

GPS in a 100km radius 
• Unintentional jamming by faulty 

electronics  
• Interference from communications  

 

Subsea 
• Monitoring and control tasks require additional acoustic bandwidth currently used for DP  

• Potential incompatibility between different subsea acoustic activities 

• Acoustic PMEs can be very robust but aeration clouds, masking and noise mean 
availability is not 100% 

Solar flare 

Using latest technology can reduce these risks 
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1. Latest positioning systems for deepwater drilling 

2. Real world operation  

3. Lessons learned 

4. Summary 
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Tightly Integrated Acoustic-Inertial Navigation System 



www.sonardyne.com 

Marksman / Ranger 2 DPINS :  
Acoustically aided inertial navigation  
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Principle of operation 
USBL (6G acoustic aiding) 

• Positioning is based on measuring range 
and bearing from an acoustic transceiver 
to a seabed transponder and combining 
with attitude/heading 

• Improved USBL precision and robustness 
utilising Wideband 2 ranging and telemetry 

• Enhanced USBL array designs for 
improved noisy vessel and deepwater 
performance 

• Richer quality metrics for improved INS 
integration  

• Acoustic update rate 3-4 sec in 2000m 
depth 
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Principle of operation 
Inertial navigation 

• Inertial Navigation involves determining a position through dead 
reckoning. 

• An INS calculates position, velocity and attitude changes using 
gyros and accelerometers 

• It is completely self contained and therefore inherently robust 

– Earth gravity and rotation is not easily disturbed! 

• Continuous output with very good short term accuracy 

• But drifts with time… 

⇒ Complementary to acoustic positioning 

Solar flare 
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Complementary characteristics 
Accuracy, precision, update rate 

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. 
DP INS : Accuracy and robustness ++ 

1 2 3 4 5 
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Acoustic inertial integration types 
Loosely coupled, tightly coupled  

TIGHT integration

- Range, bearing, transponder settings and quality metrics
- Weight range and bearing data separately according to quality
- Don’t need a full observation set at each epoch

LOOSE integration

- Position and accuracy

USBL acoustic 
transceiver

INS

Acoustic 
positioning 

computations
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Tightly Integrated Acoustic-Inertial Navigation System 
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1. Latest positioning systems for deepwater drilling 

2. Real world operation 

3. Lessons learned 

4. Summary 
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Ocean Intervention II 
Gulf of Mexico 3,070m water depth 

 

 

• Single Ranger 2 DP-INS system 

• 3,070m water depth 

• 1 Transponder at 4 second update rate 

• Improves vessel utilisation 

• Reduces downtime 
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Ocean Intervention II 
Gulf of Mexico 3,070m water depth  

 
• Navigation sensor hub allows seamless 

integration with Marksman 
 

• Co-located INS and Transceiver using rigid 
deployment machine 
 

• 1xCAT6 used for acoustic transceiver 
comms. Copper pair used to power Tcvr 
 

• 1xCAT6 used for INS comms. Copper pair 
used to power Lodestar  
 

• GPS for timing and latitude aiding only 
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Ocean Intervention II 
Gulf of Mexico 3,070m water depth 

 

 

• Accuracy is <2m (<0.08% water depth) 
• No dependency on GNSS 
• Quick to set-up (single transponder) 
• Bridged acoustic outages 
• 1 – 5 Hz update, high integrity input to DP 
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Semi Sub 
Gulf of Mexico, 1000m 

 

 

• Dual independent Wideband LUSBL 

• One system upgraded to Tightly 
coupled DP INS 

• Acoustic update rate : 15 seconds 

• Up to 4 seabed transponders  

• 5G “Bighead” transceiver (Wideband, 
one generation old).  
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Semi Sub 
Gulf of Mexico, 1000m 

Setup : 
• 2 Independent inputs to the DP without 

GNSS 
• Tightly coupled INS integration (one 

pole) 
 
Marksman DP-INS : 
• GNSS accuracy with 3 transponders 

 
• 1 – 5 Hz update, high integrity input to 

DP 

 
• Bridges acoustic outages 

 
• Fewer seabed transponders 

 
• Diversity of technology 
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Semi Sub 
Gulf of Mexico, 1000m 

 
 

Two transponder aided INS, 1000m 

 

Three transponder aided INS, 1000m 
 

• GNSS levels of performance from 3 transponder DP INS 
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Marksman / Ranger 2 DPINS :  
DP weighting  

 DP-INS  (HPR-1 LBL) given equal weighting in DP desk to GPS. 
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Marksman / Ranger 2 DPINS :  
GNSS outage 

2 Independent PMEs station keeping during simulated GPS outage : DP INS  (HPR1) 
and LUSBL (HPR2)  
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Vantage Tungsten Explorer, 
Myanmar, 1000m 

 

 

• Dual independent Marksman DPINS 

• Acoustic update rate: 12 seconds or  6 
month battery life 

• 2 Wideband transceivers (sixth generation) 

• 6 seabed transponders (3 per system)  
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Vantage Tungsten Explorer, 
Myanmar, 1000m 

 
 

Setup: 

• 2 independent, 1Hz inputs to the DP 

• Tightly coupled INS integration (both poles) 

• Split or shared 6G array 

 

Dual DP INS: 

• Accuracy and repeatability equal to GNSS 

• Bridges acoustic outages 

• High update rate increases DP system 
integrity 

• Fewer seabed references without 
compromising redundancy (independent 
through water signals) 

• Graceful degradation to conventional LUSBL 
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Vantage Tungsten Explorer, 
Myanmar, 1000m 

 
 

• GNSS levels of performance from 3 transponder DP INS 
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Tightly Integrated Acoustic-Inertial Navigation System 
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1. Latest positioning systems for deepwater drilling 

2. Real world operation 

3. Lessons learned 

4. Summary 
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Gulf of Mexico, 2800m 
Single transponder DP-INS position rejected by DP desk 

 X USBL angle precision 
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Heading change degrades USBL angle measurements due to riser masking. 
Marksman DP- INS accuracy also affected 

For drilling, work-over, diver operations, etc use more than 1 transponder to 
maximize spatial diversity and accuracy 
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Gulf of Mexico, 2800m  
2 transponder loosely coupled position rejected by DP desk 

Worse case loosely 
coupled acoustic inertial 
accuracy > 5m  

(using acoustic position 
measurements from 2 
transponders) 
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Tightly coupled acoustic 
inertial accuracy <2m  

(using acoustic range 
and bearing 
measurements from 
same 2 transponders) 

Loosely coupled 

Tightly coupled 
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1 2.3 14 

2 0.63 2.6 

3 0.21 1.3 

4 0.18 0.80 

Gulf of Mexico, 2800m  
How many transponders should I deploy when using INS? 
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INS Installation 
Where should the INS be installed? 

Movement of customer stem tube 

Up to 0.3 degree 
pitch bias directly 
affects position 
accuracy (15m in 
3000m) 

Pole resonates at 
2Hz approx 
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INS Installation 
Consider GyroUSBL? 

Thruster 
(Manual control) Thrust disturbancy 

causes bias but 
control remains good.

INS + USBL
transceiver

INS (HPR LBL) only 
enabled reference
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Tightly Integrated Acoustic-Inertial Navigation System 

www.sonardyne.com 

1. Latest positioning systems for deepwater drilling 

2. Real world operation 

3. Lessons learned 

4. Summary 
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 Co-locate the INS and acoustic transceiver to minimize 
errors (consider a GyroUSBL). 

 

 Tightly couple acoustic and inertial data to maximize  
accuracy and integrity (use at least 3 transponders)  

Only 2 things to remember………… 

Accurate, high integrity acoustic inertial position reference 

……………………Its really that simple! 
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Thank you 

 

 Questions? 
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