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Introduction

* Absolute accuracy and repeatability (for subsea
positioning systems)....what can be expected?

* Very difficult question to answer!

« Many factors involved...it is not just a simple case of
looking on a data sheet (can be misleading)

 Pragmatic approach:

— Understanding characteristics of the positioning
system

— Planning and analysis
— Real time considerations

— What help is available to answer this question going
forward?
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Characteristics of the Positioning System:
Accuracy and Precision in 1D
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Characteristics of the Positioning System:
Long Base Line (LBL) Positioning

* Positioning relative to an array of seabed transponders deployed at fixed and
known locations.

* Precision dependent upon: range precision
array size & geometry
depth sensor precision
» Accuracy dependent upon: range measurements,
sound speed
transponder positions (box in & calibration)

hal. 2
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Characteristics of the Positioning System:
Principal error sources in LBL

Random

Range ‘jitter’ due to in-band
noise

Systematic

Sound speed

Mistake / Gross

Incorrect TAT applied in
computation of range from
timing observation

Transponder timing

Incorrect offsets

Multipath

Un-calibrated or using in-
correct calibration figures

Ray bending

Float deflection

Tide

The least squares stochastic model is concerned with random error only.
Least squares does not usually account for systematic errors, however
some gross errors should be rejected by the least squares process.
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Characteristics of the Positioning System:
Ultra Short BaseLine (USBL) acoustic positioning

*Range and bearing measurement
of transponder position relative to
USBL transceiver

Accuracy decreases with depth:

1-2m per 1000m depth (dependant
on SNR)

Modern strap-down inertial sensors
(AHRS) improve accuracy:

-0.12% slant range (6m, 1IDRMS)
was achieved in 4950m water
depth.

-Deep water: Update rate ~5 sec @
3000m
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Characteristics of the Positioning System:
Principal error sources in USBL

Random Systematic Mistake

Incorrect TAT applied in
Sound speed computation of range from
timing observation

Range ‘jitter’ due to in-band
noise

. Multipath
Transponder timing Incorrect offsets

Un-calibrated or using in-

Attitude or gyro sensor drift correct calibration figures

Angle Measurement

The observation model for the position solution is based on
standard (random) error only.
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Characteristics of the Positioning System:

Acoustically Aided INS (AAINS)?

INS:
— Good short term accuracy but long term drift

— Inherently self-contained and robust

— High update rate

Acoustics:

Good long term

accuracy

Precision can
degrade with depth
and environment
(SNR)

AAINS:

Accuracy and
robustness

‘Best of both worlds’
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Characteristics of the Positioning System:
USBL vs. SPRINT (USBL & DVL) INS Precision

USBL + DVL Aided SPRINT INS:
4-6 times precision improvement over ‘raw’ USBL

Depth:

500m
* USBL = 1m

SPRINT (USBL & DVL) + 0.2m

Depth:

) S000M  ySBL + 6m

SPRINT (USBL & DVL) £ 1m
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Characteristics of the Positioning System:
USBL & SPRINT (USBL & DVL) INS: Systematic Errors

USBL Sources of Error:

e Blunder (Offset, Incorrect Survey Config.)
« DGPS (e.g. Loss of corrections)

e Sound Velocity Profile

e Multipath

* Vessel Attitude Sensor Quality

e Poor/Incorrect Calibration

« Etc.

USBL Aided INS:
« Can reject short-term position outliers
« Will not resolve USBL systematic errors

Depth:
3000m USBL + 6m

) SPRINT (USBL & DVL) + 1m
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Characteristics of the Positioning System:
(SPRINT) LBL INS

« Dramatically enhanced robustness over acoustics only:
— Resilience to acoustic outages & outliers
— High update rate
e Accuracy with 2 or more transponders:
— Centimetre level (dynamic) similar to conventional static LBL (**)
— Requires:
* Good geometry

» Excluding effect introduced by errors in transponder position/depth and
sound speed _
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Characteristics of the Positioning System:
Sparse LBL Array Geometry

 Good geometry  Poor geometry
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Characteristics of the Positioning System:
Sparse LBL Case Study: Umbilical Lay
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Planning and Analysis:
The Example Corridor Array

e Conclusion

— The corridor array is well designed and meets the
positioning requirement of 1.5m (3 sigma) with
adequate redundancy, geometry, precision and
reliability.

 However, wouldn’t it be nice If...

— the positioning requirement could be met with less
seabed equipment

— and for this sparse array to be calibrated using
traditional baseline collection and network adjustment?

— Array could be sparser still....
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Planning and Analysis:
USBL Performance Prediction

Time and again we are asked to comment on:

— the accuracy and precision of USBL

— can system performance be improved over existing installation
Answering the above is not just a simple case of looking on a data sheet

As with all navigation systems capability and switch on performance are very
different and if any assumptions change (environment, constellation, array)
then performance will likely be affected
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Planning and Analysis:
USBL Performance prediction — The Customer Deliverable

 If you want to know USBL performance, we need to know the
following...

— Scenario & Tilt of USBL head

— Transceiver Type

— Frequency

— Transceiver location relative to noise
— Noise

— Area of interest (depth and layback)
— Transponder type

— Source level

— Signal type

— Roll Pitch Heading

e Otherwise assumptions can be made but these may be
Incorrect
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Real Time Considerations

* Analysis and planning predominantly uses assumptions with
random errors

 Ensure that analysis and planning assumptions are still valid
for real time system by avoiding:

— Blunders

— Systematic Errors
 Good Practice:

— Training

— Installation & Configuration

— Real Time Monitoring

— Verification
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Real Time Considerations:
LBL INS: Effects of Depth Errors

« If Depth is incorrect in a calibrated C6 position used for aiding:

— The INS depth will still be at the correct depth as it will be using the
ROV mounted sensor so the depth error will translate into a
horizontal depth error

Same Baseline Length
_ I I I I I L L I

www.sonardyne.com



Real Time Considerations:
LBL INS: Effects of Sound Velocity Error

o 2 xtransponder Sparse LBL & DVL INS (good geometry, 50-500m baselines)
* Plot shows difference between Sparse LBL & DVL INS and RTK GPS ‘truth’

Fosition difference [m]

Systermn Time [min]

« Simulated systematic range error (sound velocity incorrect by 1m/s):
*\Very poor accuracy (2-4m error)
sLoss of INS integrity (accuracy worse than INS position uncertainty)

www.sonardyne.com



Real Time Considerations:
LBL INS: Monitoring Errors with Real Time Residuals
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Lat 32° 03.1867' N
Long 030° 29.5173'E
Depth 33875 m
Forward 0.01 m/s
Down 0.00 m/s
Quality

Horiz.S.Major {1a) 0.27 mr
Depth (1a) 0.06 m|
Heading (1a) 0.07 *

~Aiding
USBL (CRP) Os

Accepted 0/12 in last min

Lat 32° 03.1868" N
Long 030" 29.5176"'E
Depth 335.88 m

Quality 0.80 m|
Pressure Depth (CRP) 0s

Accepted 60/60 in last min
Depth 349.16 m|
DVL (Raw) 0s
Accepted 279/284 in last min

Altitude 2222 m|
Sound Velocity 1517.30 m/4

Reszidualzm)

~INS to USBL Difference —

Horizontal 0.48 mj| ! ! ! ! !

—I:I.ql:”:l 1 1 1 1 1
14:50:40  14:50:50  14:51:00 145100 14:51:20  14:51:30

~Time Synch

Quality (1a)

L LY SR B 5720 LAk \ ) P

2e:18:00 2z:z0:00 ze:zz.on 22:24:00 22:26:00 22:28:.00

WWW.sonardyne.com




ooooooooooooooo
oooooooooooooooooo

Real Time Considerations: ~~ B70 &
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e Positioning checks with independent references:
— USBL =» GPS (Surface)
— LBL =» Transponder Array (Seabed)
— Possible in SPRINT =~ EESS=SSs —
using Sparse array
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What Help is Available?
Sonardyne Survey Support Group

.................

Through the following...

The primary role of the Group is to support survey and construction
customers in the most efficient use of Sonardyne systems in all
operational stages from field planning through to post operation
analysis.

Training and Workshops

Product and System Awareness
Equipment and System Optimisation
Onshore and Offshore Support

LBL, USBL & Inertial analysis and
modelling

Field Planning

Mail: survey.support@sonardyne.com
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What Help is Available? o
Workshops

Acoustic Positioning Concepts
Autonomous Monitoring Transponder
IUSBL

LBL

Life of Field

Metrology

USBL & GyroUSBL

CASIUS

LBL Box-in

Structure Placement

Inertial Everyone is invited or can be
Performance Prediction & Errors tailored and run for your company

Free of charge

Topics of discussion are flexible

Mail: survey.support@sonardyne.com

WWW.sonardyne.com
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Conclusion

e Itis possible to reasonably determine expected absolute
accuracy and repeatability (beyond simple ‘data-sheet’

statistics).
e But:
— Careful planning & analysis must be performed

— Real time operation must strive to identify & avoid
errors which invalidate the planning & analysis

 Resources are available to assist: Sonardyne Survey
Support Group

www.sonardyne.com



Sonardyne

SOUND IN DEPTH

Questions?

For more information please visit
www.sonardyne.com

Global Headquarters

Sonardyne International Limited T. +44 (0) 1252 872288
Blackbushe Business Park F. +44 (0) 1252 876100
Yateley, Hampshire, GU46 6GD E. sales@sonardyne.com

United Kingdom www.sonardyne.com
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