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Presentation Outline

• The problem with current acoustic 

systems.

• Future System Considerations

– Technical

– Commercial

• Conclusions
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Typical Deepwater Field Development
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The Medium Frequency Band
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System Requirements

• Technical Requirements

• Commercial Requirements

• Important that we consider all  

requirements

• None should be considered in 

isolation
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Flexible Acoustic Positioning
System Architecture 

TECHNICAL REQUIREMENTS
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Acoustic Update Rate

• Acoustic Signals Travel at 

approx 4,900 feet per 

second.

• Update rate of up to 6 

seconds in 10,000 feet.

• DP model needs more 

frequent updates and not 

repeats of old telegrams.
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Pinger operation

• Some Systems operate 

with Free running pingers.

• Update rate increased.

• No control leads to 

problems with acoustic 

pollution.
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Ping Stacking

• Transponder 

interrogations are sent 

every second.

• On receipt, replies are 

sent every second.

• Maintain acoustic control.
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Battery Life

• Need working life of 3-4 months to 

cover one well operation.

• Detection is determined by signal 

strength regardless of signal type –

analog or digital.

• Output power level required 

determines battery life.
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The Sonar Equation

SNR=SL-TL-N SOURCE 
LEVEL

NOISE NOISE

TRANSMISSION LOSS

Where:

SNR = Signal to Noise Ratio, SL = Source Level

TL = Transmission Loss, N = Noise
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SONAR Equation

• Governs performance of any acoustic 

system.

• Allows determination of system 

performance.

• Shows that any acoustic system 

performance is limited by Acoustic 

Noise.
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Accuracy of Acoustics

Accuracy – term used to describe degree of 

error associated with a position.

Different system types have different 

associated accuracies.

e.g. LUSBL can provide 
accuracy <3 feet at surface.

Total USBL system accuracy 
limited to 1% slant range i.e. 
+/- 100 feet in 10,000 feet.
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Most of this error due to vessel motion and heading 
sensor errors.
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What Determines Accuracy?

• SONAR Equation. Higher SNR 

(more signal received) = greater 

accuracy.

• Geometry

• Signal Type
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Noise Rejection

NOISE NOISE
Signal mixed 
with noise

Signal clear 
of noise 

direction -
more easily 

detected
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Geometry

Beacon direction 
according to measured 
elevation angle of 
incoming signal

However, ray elevations 
errors can be reduced by 
measuring the depth of 
the transponder.
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Minimizing Geometry & Noise Effects

• Large horizontal offsets are, 

where possible, to be avoided in 

the design of a positioning 

system.
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Signal Type

• Analogue vs. Digital

– Analogue signals used in many 

positioning systems.

– Digital transmissions use an analogue 

carrier frequency to transmit a coded 

signal.

• Coded Signal
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Signal Type (contd.)

• Digital signals allow greater range 

measurement resolution.

• Passing coded digital signals through a 

bubble cloud can destroy the coded 

information.

• Analogue signal is less vulnerable in a 

bubble cloud environment.
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Digital Detection and Processing

Analogue Transceiver Digital Transceiver

Data from Gulf of Mexico trial in 6,000 feet.
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Independent Operations between Vessels
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Sub-divide the MF Band

1 2 3 4 5 6 7 8 X 9 Y 6 7 8 9 1 2 3 X 4 5 Y

1 2 3 4 5 6 7 8 E6
O6

E7
O7

E8
O8

E1
O1

E2
O2

E3
O3

E4
O4

E5
O5TELEMETRY

SIMRAD
418

LBL
1 2 3 4 5 6 7 8 9 (CIF)

SIMRAD
418 LBL

SIMRAD
300

NAUTRONIX
RS5D

NAUTRONIX
910/925

SONARDYNE

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Frequency, kHz

Capacity is limited.

Not all subdivisions offer truly independent channels.
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Use Digital Signal Processing (DSP)

• Over 1,000 different codes (channels) 

are theoretically possible.

• HOWEVER – not all codes are robust 

and the reality is more like 60.

– Code below would not be a practical 

code to use.
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Bubble Cloud

Signal Distortion

Path from transponder 
with large horizontal 
offset spends longer in 
cloud

Path from transponder 
almost vertically 
beneath the vessel 
suffers less distortion.
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Use Non-Acoustic Devices

• Inertial Navigation Systems (INS) 

and Doppler Velocity Logs (DVL) 

could be used to aid acoustic 

positioning systems.
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Inertial Navigation Systems

• Inertial Navigation Systems (INS) 

measure accelerations and rotations 

about 3 orthogonal axes.

• Measures relative motion as it is a ‘Dead 

Reckoning’ Device

acceleration

rotation
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INS Issues

• Some sensors can sense the earth’s 

rotation which must be corrected for.

• Either use precise gyro (export restrictions) 

or more frequent external position updates.

acceleration

rotation
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Position improvements from INS

• Even low grade sensors (no export 

restrictions) can improve acoustic 

positioning through:

– Decrease volume of acoustic traffic.

• Also extends battery life

– Reduce number of acoustic ranges required.

acceleration

rotation
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Doppler Velocity Logs (DVL)

• DVL uses doppler effect to 

measure speed over 

ground.

• Can augment acoustic 

positioning devices to 

reduce number of ranges 

required.
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Synchronised ArraysSynchronised Arrays

INSINS

DVLDVL
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Shared Transponder ArraysShared Transponder Arrays
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Shared Arrays (contd.)

• Practical Issues:

– Vessels need to be very close to benefit 

from same seabed array.

– Transponder design – most transponders 

for deepwater DP have directional 

transducers.

– Geometry & Accuracy. Not all vessels will 

achieve required accuracy from same 

seabed array.
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Position of Variety of Targets

Any system must allow positioning of many 

targets e.g. drilling units, construction & 

survey vessels, geophysical equipment, 

ROV’s & AUV’s.

– All have different positioning requirements and 

it is not possible for one dedicated system to 

achieve all of them.
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Allow deployment from Operating Vessel

• To achieve self sufficiency and 

acceptable performance, the 

acoustic positioning system 

should be able to be deployed 

and calibrated from the vessel to 

be positioned.
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System Architecture 

COMMERCIAL REQUIREMENTS
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Maintain Contractual Independence

• Interaction between vessels may 

cause contractual problems when 

the actions of one interferes with 

the work of another. 

• Future acoustic systems need to 

allow contracts to be executed in 

isolation.

Otherwise, who underwrites the risk?
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Maintain Revenue Stream for Contractors

Flexibility to operate worldwide is Flexibility to operate worldwide is 

essentialessential..
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Reduce Installation & Set-up Time

When aiming to maximise

profitability then,

Must be careful not to compromise 

system performance through 

reducing time spent on set-up of 

acoustic systems.
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CONCLUSIONS
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Conclusions

• Current Systems not flexible enough 

for multi-user.

• New signal transmission techniques 

have much to offer but must be 

proven in multi-user DP environment.

• Non-acoustic sensors have a role to 

play but further trials required.

• Low risk solutions required.
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Conclusions

• Greater consideration should be 

given to acoustic systems in the 

planning stages of a field 

development.

• Acoustics may not be a significant 

CapEx portion of field cost, but 

can have major impact on OpEx.
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