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Sparse LBL - User procedure

Sparse LBL enables LBL positioning of an ROV using only two cNODE seabed
transponders. This function can be combined with HAIN.

Functional Description

Sparse LBL calculates an ROV position by combining ranges from the ROV to LBL
transponders, SSBL horizontal position of the ROV (as measured from a surface
vessel), and data from a depth sensor.

The ROV position is calculated using a Weighted Least Squares algorithm, which finds
the optimal combination of the data. LBL range standard deviations, SSBL covariance,
and depth sensor 1-sigma forms the basis of the weights. We refer to this as the
combined position. The error ellipse from the calibrated LBL coordinates have impact
on the sparse LBL positioning error ellipse through its influence on the LBL range
standard deviations.

To compensate for lever arms on the ROV, roll, pitch and heading must be available. If
no motion data is received, the error ellipse/covariance for the SSBL position will be
increased prior to calculating the ROV position.

The calculation of the ROV position is triggered by the reception of the LBL ranges. For
the SSBL position to be used in the calculations, it must be less than 10 seconds old,
and not been used in a previous calculation. Without available SSBL, the resulting ROV
position equals the LBL position (based on ranges and depth).
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When the ROV position calculation starts, the SSBL position is adjusted using the
estimated ROV speed and SSBL age. The SSBL covariance is increased to compensate
for error in the speed estimate.

The figure below shows three scenarios (normal operation, missing SSBL position, and
a LBL time out) each with three ROV positions calculated as time goes by.

Color coding: SSBL, LEBL, ROV
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Combined position

The picture below shows a normal situation where the sparse LBL computes a
combined position of SSBL and LBL. If a measurement to one LBL location times out,
the algorithm proceeds as long as SSBL data is available to establish an ROV position.
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Inconsistent ROV position

A situation may occur that the calculated ROV position jumps from one calculation to
another. The LBL error ellipse is large, yet, the calculation of the ROV position does
not take the SSBL position into account. See picture below:
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A plausible cause involves two issues appearing at the same time:
1. LBL range error
2. SSBL interrogation interval > LBL interrogation interval

Because of 2. there will be times where an SSBL position is unavailable when the
calculation is triggered. Then, the LBL solution alone, with ranges and depth, will be
used as ROV position. Any error in the LBL ranges will result in jumping ROV positions.

If LBL range error occurs (incorrect range), the ROV position will be based on both
SSBL and LBL position; a combined position will be calculated.

If there is timeout on one range, the algorithm will compute a position weighted
strongly towards the SSBL position.

If the SSBL interrogation interval is > LBL interrogation interval and the pure LBL
position is different from the SSBL position: the Sparse LBL position will alternate
between the pure LBL position and the combined position. This will then appear as a
jumping position.

A typical scenario can be positioning an ROV with sparse LBL on at water depth of
1800m. The sparse LBL transponder may be located with a baseline of 100m. The
error ellipse of the sparse LBL transponder location will be 2-4m and for the ROV
position 3-5m. SSBL position update every 2.5 sec. The ROV LBL ranges updated every
1 sec. We will then have 2 LBL measurements for every SSBL update.

The system will compute an ROV position when receiving the LBL measurements, and
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a valid SSBL position (less than 10 seconds old, and not used in a previous calculation)
is available. Because of the interrogation interval configuration, the next time LBL
measurements are received, there will be no new valid SSBL position. The ROV
position is then formed by the LBL measurements and the depth, using the previous
ROV position as a starting point for the Sparse LBL computation.

Setup procedure
1. Make sure the HiPAP system is well calibrated with respect to lever arms, roll, (
pitch and heading sensors.
2. Always use a recent sound velocity profile.

3. Establish transponder locations for the two LBL transponders using the Position
Average function. The more time-consuming Box-in utility may also be used.

¥ Simrad: WinHPR - [WinHPR1:3]
File View Positioning APOS W 0S 121
e Operator
Utility 27 nov 18 - 12.36.46 u
1 =
Transducer Alignment J u @ 52 y .
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simad | Ttem North
Auto Range Measurement._. il
ch data to disk . | Position Window
Properties...
System Report Trensponder...
Set Name...
Transponder Report Position Average...
Measure Range
System Backup and Restore.. Center
Kalman Filter...
Copy Logged Data... Histery track
Log to File
On Screen Keyboard Position Alarm...
Graphic Symbol...
Remote support... Delete
-
i
Box In Position Average

NOTE: The LBL array wizard will not work for Sparse LBL.. The wizard requires a minimum of three
transponders in the array. Establishing the array must be performed manually.
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4. Decide upon a geographic origin for the array

LEL Array data

Locations ITp Aray & Tp parameters I Measured baselines I Position setup | Geographical calibration I

Location | Tp Serial | Tp Chan | Maorth |

Positions
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Depth |
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E
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UTH Morth |B587170.00
LITH Eazt |5?3?BD_DD

Update

" Move Al to new Position

& Move only Origin

Cancel |

[~ Show emor ellipsis [ Show baselines

Presentation Insert active Tp's | 5 .
0 mert
 Local Geographic origin | - e
" Geographic Insert Average position for Tp's | I 0.000

Export LBL Data |
Import LBL Data |
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Array geographic origin

5. Use LBL Array Data, Insert Average position for Tp’s to set transponder
locations. This will suggest the transponder locations established in 3.
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6. Optional: Measure baseline. Measuring the baseline will in most cases improve

the final position accuracy.
a. If the baseline was measured, run the LBL calibration algorithm

LBL Array data [ ]
Locations | Tpluray & Tpparameters  Measued baseines | Prosilion setup | Geographical calibration |
Transponder amay: Meazured bassines data
Super Anay Master | Slave | Status | Time | Rangs | Expected | Difference | #t4.. | Std.. | Fesid| Soundvel|  wiest| par | S| -
B 4oz < 2 Sum 0318 94678 945639 0109 13 0003 0.947 05
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Master [Pllocs  ~] |, 2 0K 0218 94673 94,569 0,104 1 1434.18
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L og i — . 94 . ; )
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2 1 Ok 0%18... 94678 94. oi0a 1 143498 —
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M easurement Calculation
¢ FETEy Efun"'z:?l 7 - Time: /
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oK

Help

Calculate 3D

7. Suggest turnaround delays — press OK to accept the suggestion

LEL A .
Locations | Tp Aray & Tp parameters | Measured baselines  Postion setup ]Geogmphical calibration || Sug9ested tumaround delays x
L shonder oy Ui dEse ez el e Location name:  Tumaround delay: B
" TR * s rosoncen [T
e Moz S3BLTp 0.060 2 073

Show

Suggest Tumaround delays

Set allin LEL pos mode
LBL Intemogation Channe! : 0K | Cancel |
Set all to LBL disabled mode
(LIC)  |Mone -

oK Help

Suggest turnaround delays
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8. Select LBL Interrogation Channel

LEL Array data

Locations ] Tp Amay & Tp parameters ] Measured baselines  Position setup lGeographicaI calibration ]

Transponder amray: Tumaround delays for selected amay
Amay 1 Location | Channel | Mode | Amay TAD |
1 Mol SSBLTp 0.150
2 Mo2 SSBLTp 0.730

LBL Intermogation Channel :

(LIC)  |Mm&D -

Collizions

Posttion depth 0
Show

Suggest Tumaround delays |

Set allin LBL pos mode |

Set all to LBL disabled mode

Help

Select LIC

9. Set the transponders in LBL position mode, either one by one or as shown

below, or by using Set all in LBL pos mode

LEL Array data
Locations ] Tp Aray & Tp parameters ] Measured baselines  Position setup ]Geographical calibration ]

Transponder amay: Tumaround delays for selected amay

Amay 1 Location | channel | Mode | Amay TAD |

MO1 SSBL Tp 0.150
Moz SSBL Tp 0.730

Edit TAD...

Set LEL position mode...
Set S5BL position mode...
Suggest Master...

Select as master

Select as backup master

Read LEL parameters

Adapt to current settings

Show LBL parameters
ey | -

Colligions

Position depth 0
Show

Suggest Tumaround delays ‘

Set allin LBL pos mode ‘

Set all to LBL disabled mode

Set LBL position mode

21-Feb-2019/ Page 7 of 10




10. Start interrogation of the SSBL aiding transponder (the one on the ROV)
a. Note the Measured Interval Rate of the positioning (2.7s in this example)

B ' Position overview >

I arme | Typel Statusl ‘whanted Int.ratel Meas.lnt.ratel Transceiverl Transducerl C..

7 Simrad aff

2 Moz S5EL 0ff 10 HPAP Pot  HiPapson M ~ddssBL |
G LEL Off 31 ROV LELonly TD.. M.

03 SSEL Off 1.0 HPAPFoit  HIPAPSOD M. .
S sseL On 25 27 HPAPPot  HPAPEOD M. &l
2T SSEL Oif 1.0 HiPAP Pot HIPAP SO0 M.

Add LBL |
£ >
Cloze | Help |

Measured interval rate

11.Create a new position object “Sparse LBL Positioning”.

|
File | View | Positioning | LBLAmay |

Position Overview...
S5BL Positioning...
New SSBL Positioning Wizard...

LBL Paositicning. ..

Sparse LBL Positioning...
External SSBL Positioning...

Structure Positioning...

Positioning — Sparse LBL Position
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Sparse LEL Positicning Rowvl
Fogitioning
Ink ! <
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g HPR400 1 wide/Medium Beam 30 kHz,
| ISy S SR T B NS Loc 2 v
< >
Trangmit Power
¥ Defaul hax Range ¥ Show Ranges
o v Default Receive Beam
E: Range
S5BL Poszition Source Offzet  Forward Starboard Diown
& Select |MO7 -] R - Y
O Select [M03 v | 148 | 03 | .56
Calculation data m T Fo— —
¥ Auto exclude ahual exclude ranzducer dep
Loc 1 B Sengor offzet /M anual depth
[ Deskew Les 2 r Depth source |72D
" Transducer parameters
External zenzor / Manual:
+ Ewternal senzor/Manual t anual A
™ Range Filker " Free [calculated) Depth 1 Sigma 2
Factor 3
Cancel Apply Help
Sparse LBL Positioning

a. Select the transmit and receive transducer on the ROV (uncheck the
Default checkbox if necessary).

b. Select the SSBL Position Source(s), and enter the offset(s). The offset is
given as the vector from the ROV reference point to the SSBL source. In
the above picture, the MO07 transducer is placed 1.51m in front, 0.32m
port, and 0.54m above the ROV reference point.

c. Inthe above picture, the ROV is fixed at 20m WD and External
Sensor/Manual it ticked and the depth is set to 20m. The ROV depth may
be received from a depth sensor on the ROV. Any depth sensors
interfaced to APOS through External Interfaces will be available in the
External sensor / Manual pull-down menu. The Sensor offset (in meters)
relative to the SSBL transducer must be entered for Sensor offset/Manual
depth.

d. Make sure that the Sparse LBL interrogation interval is > the measured
interval rate of the SSBL transponder and that the Max Range setting is
equal to the operating distance +10%.

21-Feb-2019/ Page 9 of 10



Comments

After setting up Sparse LBL from the Positioning menu any changes to the ROV
positioning must be done by using the Properties by right clicking the ROV tool bar
icon. See figure below:

B Kongsberg: APOS - WinHPR2
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10 des 18- 15:13:41 Simulation %
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Simrad Ri o T
Pasition WindV
Properties... Data

Position Source...

Item Set Name... Depth

Center

Kalman Filter...
History track

Log to File
Position Alarm...
Graphic Symbaol...
Delete

ROV Properties

Position output

The Sparse LBL position output is set up as a standard output for LBL positions in the
Configure->Output dialog, NMEA Positions:

LBL
\‘H_ Local Local format
Posttions {* Morth/East
T Geographic (" East/Maorth
Positions
[~ Ranges - Ranges and

angles

[ SensorData [ PSOMALL

Choices for position output
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