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Positioning challenges
- Why look at INS for DP?

Solar flare

DGPS
«  Sunspot activity / scintillation
— GPS can be lost for Jong periods of time

wenewy S0larscience. com
- Weak signals 10-'° watt/m2 ~ 40Watt light bulb @ 10.000 mile distance
— A simple 1 watt jammer may destroy commercial GPS in a 100km radius
— Unintentional jamming by faulty electronics has been seen.

+ Improvements are pursued but issues are unlikely to entirely disappear anytime

Acoustic positioning
« Aeration clouds, masking and increase in acoustic noise level
— Typically short term.

/ LY
I, LI N

+  LUSBL systems largely overcome these problems through - N\
redundancy but drop outs can still occur. \ __‘}" . "
‘ - : ‘
=> New reference type with “complimentary” characteristics needed ! v
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The Solution : Acoustically Aided Inertial Navigation System e, i = ﬁ

iiiiiiii
------------------

Independent . Mitigates GNSS interference
risks

« High availability . Bridges acoustic outages NAY PG i

Marksman

« Robust: high update rate increases DF

system integrity iwr’r’

 Precise : Three times more precise than |
standard USBL L

« Fast: Only 1 seabed reference needed

www.sonardyne.com




Principle of operation

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 gquality metrics for improved INS
integration

Acoustic update rate 3-4 sec in 2000m
depth

www.sonardyne.com




Principle of operation : Inertial navigation

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
— Earnth gravity and rotation is not easily disturbed!
Continuous output with very good short term accuracy

But drifts with time. ..

= Complementary to acoustic positioning

www.sonardyne.com




Principle of operation : Sonardyne Inertial

> 70's > Boeing 767 and 757 aircraft

80's > USAF ASM-135

= o~

90's > USAF F-16 Fighting Falcon
> SO,S > Sonardyne

SOUND IN DEPTH

. -

10's > Navy F/A-18 fighter-bomber

Exploit 40 years of Honeywell expertise
developing gyros

Most proven sensors available
400,000 hr MTBF

Highest performing sensors that are easy
to export (relatively)

www.sonardyne.com




Principle of operation : Sonardyne Inertial s § o

TeREEE W

:;."'-.:I :'.1 ret;.'ar'-:'.

Assembly

+ Triad of gyros and
accelerometers

+ Power and Processing

Environmental /
+ Temperature

+  Vibration

«  EMC

Performance ﬂ/
» Bias calibration

+ Scale factor calibration
+ Heading repeatability
+  Settling time
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DP INS : Complementary characteristics

DP IMS trial, 2008-10-28 Nerway, Trondheim Fjord

20 ! ! [ ] L
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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.
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Principle of operation : Sonardyne Inertial

Proven
Sensors

Flexible deployment II Reconfigurable systems

www.sonardyne.com
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DP INS system configuration

MAY PC runining
Marksman

MEH

=

OF Telegram GPS latitude and time

Navigation sensor hub allows seamless
integration with Marksman

1XxCAT6 used for acoustic transceiver
comms. Copper pair used to power Tcvr

1XCATG6 used for INS comms. Copper
pair used to power Lodestar

GPS for timing and latitude aiding only

Output Telegram to Converteam, L3, MT,
Kongsberg and other DP systems

www.sonardyne.com




INS installation

LRI EE R
EEEEEE RS

 Improvements in acoustic signals,
signal processing and transceiver
hardware means that mechanical
stability is becoming a dominant
contributor to system level error.

www.sonardyne.com




INS Installation

------------------
REERNe RN

Up to 0.3 degree
pitch bias directly

Pole resonates at affects position
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Integrity — 3 system vessel

onanhme
Nideband

Dual R ndant (Master {can be Dual B ndan lav
independent)

MAY PC running . MAN PC running

Markgman Marksman
MEH NEH
P HIL A JE GRS & -
Talagram uTe Talegram T DP Telegram GPS latitude and tirme

www.sonardyne.com




Integrity — 2 system vessel

Dual Independent 1 jman be Dual Independent 2

Indepandent}

« Low risk configuration

« DP INS system computes
NAV PG rumning INS and L/USBL solutions

AV P rurning
Klasksman

Marksman

MEH

f « Reverts back to L/USBL if
inertial data fails integrity
checks.

KNEH

oF e
GRS &
Telegrar LT DF Telegram

GPS latitucs and time

« Single DF telegram

www.sonardyne.com




Integrity : Integration into DP desk

Position only
(flexible)

INS message

(recommended)

Header

HHMMSS ss,

Target ID.

Status:

Quality Indicator

— Flags degraded data / full accuracy
data based on inertial QC

Position

Position error

Depth

NAVAANAEREANEN

Speed

Speed error

Pitch

Roll

Heading

AANAN

Heading Accuracy

Aiding

NSSSNNSKSKINNAKISS

o USBL /LUSBL / GPS / Unaided

www.sonardyne.com




{‘'® Sonardyne Marksman LUSHL E |E

System View Tools Help Fame (@ World

“ P23 INS S os
Eastings 650726.9m
Morthings 56838204”1
Depth 0.0m

650726.9m
5688820.4m
0.0m

0.0m

1.0s
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DP INS — Proven in Brazll
Petrobras P23, Ronhcador field Feb 2010

Setup:

. Dual independent Wideband LUSBL
. Sonardyne deployment machine

. One system upgraded to DP INS

. DP from 1 or 2 Life of Field transponders
(single reference transponder + wet spare)

Customer Benefit:
« Scintillation risk mitigated System View Tools Help

« Bridged acoustic outages Ship1

« 1 -5Hz update, high integrity input to DP Northings

Depth

Eastings 422035.5m
« System accepted as independent PME Northings 7569615.4m
Depth 0.0m |,

+ Reduced number of seabed references

www.sonardyne.com




DP INS — Used during drilling operations
Petrobras P23, Ronhcador field Feb 2010

LRI EE R
EEEEEE RS

Vessel Track

7570600 -~

7570400 -

7570200 -

7570000 -

T
|

Northings

7569800 -

7569600 -

7269400

421600 42130ﬂ 4EEDDD 422200 4224GD 4EEEUD 4223ﬂﬂ

Eastings
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DP INS — Independent from GPS

Vessel Track

Position difference [m]

Nohirgs

Toeco- | Test 1 Performance:
75T +  0.84m 1DRMS wrt a decimetric DGPS system
| « Equates to 0.05% water depth (1800m)
B () - » Single seabed transponder
[ L e, T e N 52 =
: ; J . ' | —East
Positioning acctracy: 084m (1DRMS) \ | —Radia
: :

=
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DP INS — Bridges acoustic outages

Position difference [m]

Vessel 'I'rack

TETOEO0 -

TET000 -

FETRA00-L

5

E FETO00D-L
TRGOEDD

TG00

TS

o

421600 42‘1B-III 423000 42‘22III u?-l-llll:l I?.BEIII 472800

nnnnnnnnn

Test 2 Performance:

«  0.89m 1DRMS wrt a decimetric DGPS system
+ Equates to 0.05% water depth (1800m)

+ Single seabed transponder

= North 2
- East
= Radial

— 1DRM$[m]{Kalman} ................ i

|
750
Time [minutes)

850
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DP INS — Improves DP integrity

PETROBRAS XXIII
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el

+ 10m fwd/aft and sthd/port position change with good control using standalone DP INS.

359.3°

DP WS2
350 10

||IIFI||||||| |||r|i|||l|

A
SetHdg  000.0°
r T T I T ] T L

Rateof | g.02%fs (O | ActweDispiay
DP WS2

weex @ Q@

PME Channel

g 1 2 3
L J 1

I T4 T [T

POSITION MEASUREMENT EQUIPMENT
Scale 1: 200 al @.| Orientation | Chart Centre | Display CIpIimH Summary Medians Weightings
|

[l
A DGPS1 |-a| I :::
DGPS2 | 0.1m
B @ 0. 1m

0 DGPs4

+ Accuracy and repeatability is comparable to DGPS and same weighting can be used.
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DP INS — Proven in Gulf of Mexico — 1650m

IR
ARSI EEEAEE

] H
LTIl ]
rEREEE

G T T T T T - T T
IMS initialised {Acoustics enabled) Acoustics disabled
i Morth
4 | / AW |
% 7] TR : —— East
/|
E l ¥ ]M ki | 4 daod i I ;
T 0! w * ' H O DA Er WA 1DRMS
2 l'}d.'." i Wl m ‘luh " l'v'u R AR E'um ‘i
% | ||,|||l|. il Il lll U I-l IIJL h 'I'
= -2 IE
S : N oRmMS = 0.93m
S 4 . ) (Relative Veripos
| ULTRA DGPS)
-6 i i '
320 340 360 380 400 420 440 A60 480 500 520
Time [minutes]
Real World
Performance.........
System Precision (1DRMS) Update rate
USBL 0.12-027% depth 1 pers /6 seconds
DP-INS {acoustically aided)” 0.05-01% depth 1to 5Hz
DGPS 0 1m-0.5m 1Hz

* Bingle transponder used
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DP INS — Improves DP integrity

DP-INS (HPR-1 LBL) given equal weighting in DP desk to GPS.

www.sonardyne.com




DP INS — Independent from GPS

2 Independent PMEs station keeping during simulated GPS outage : DP INS (HPR1)
and LUSBL (HPR2)

www.sonardyne.com




Typical free inertial performance after complete loss of aiding
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Conclusion

» Independent : Mitigates GNSS interference risks

« High availability : Bridges acoustic outages

» Robust: high update rate increases DP system integrity

+ Precise : Three times more precise than standard USBL

« [ast: Only 1 seabed reference needed

Are your DP operations resilient to positioning system
interference?

Yes, with DP-INS

www.sonardyne.com
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