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1 Reading guide

This manual describes the user interface of the NaviPac 4.0 for NaviSuite Kida Online
program. It provides you with an overview of how to get around in the program as well as a
description of the many dialogue boxes. The NaviPac Setup program is not described in
this document; please refer to the NaviPac Setup dedicated manual.

The NaviPac Online program is a Microsoft 32-bit program running on one or more
Windows workstations. You must be familiar with the Windows environment to be able to
operate the NaviPac software correctly.

The NaviPac Online manual is structured according to the main functions of the Online
program:

Chapter 2: Presents an overview of the main windows, functions, and how to start/stop the
program.

Chapter 3: Describes all the menu functions in NaviPac Online one by one.

Chapter 4: Contains general information about:

e Alarm handling in NaviPac
¢ Navigation modes/states
e Navigation scenarios

e Filtering components

e Dead reckoning

e Simulation

e Quality factors

Chapter 5: Lists definitions used in NaviPac user documentation. If you do not know the
meaning of a word, try this list for an explanation.

Chapter 6: Lists all tables and figures in this manual.

NaviPac_Online.docx
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2 Program overview

This chapter outlines an overview of the NaviPac Online program (eg the Online main
window) and briefly describes all menu functions.

The NaviPac Online process allows the navigator to perform all phases of surface, subsea
and remote navigation, to view all sensor data, to perform changes in navigation principles
and components, to perform various calculations etc. Beside the GUI-related parts, the
navigation system includes a kernel program for data calculation, a data 1/O function for
data acquisition and time stamping, a data communication part for exchange of data or
commands with other components and a data simulator for simulation of sensor data.

At start, the user may choose which Lines of Position (LOPS) to use (ie which surface
navigation systems and stations to use in the navigation process).

The program reads all basic information from the Setup database, which presents all
available stations and lets the navigator specify the stations wanted. All the information is
stored in the Online database file, which can be maintained by one or more Online
programs.

Any changes performed during operations (eg selection or de-selection of LOPs, changes in
C-0, weight or sigma) are also stored in the Online database, which ensures that a fast
restart after a stop can be performed without any user interaction.

If needed, the system administrator may keep more copies of Setup database / Online
database, which allows to store files (on tape etc.) for various jobs, functions etc. The
name/location of the Online DB is $EIVAHOME/DB/onlsetup.DB.

However, if a major change has been performed in the Setup database, there is a risk that

the change will not be useful later, and a manual start must be performed to re-initialise all
basic settings (estimated position, selected LOPs, selected dynamic positions etc).

Page 6 of 99
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2.1 Online main window

r v
| NaviPac - Online = S

File Edit View Mavigation Calibration Calculate Events Options Help

RRBFFEIEL M EBR A 2A
Gyro (T) 85.00 Reference Position  576098.65 £224401.35 DoOP 221 Unit  metric '
[ combined |[_ GPsz(sEc) || cPsipRM |

04.07.201611:47:07 | Alarm (Infa) | Switched to main naw loop: CF 1.000 Obsersed 1.000 [0]
04.07.201611:47:09 | Alarm (Info) | Free alarm not possible: D02 [0] #003

4 M |

For Help, press F1 04.07.2016 11:47:14

Figure 1 NaviPac Online main window

As illustrated above, NaviPac Online is built as a standard Windows program, for which the
primary purpose is to let the navigator operate and view the navigation system. The main
window consists of a menu bar, a toolbar and a scrolled list where different information
concerning changes to the Online system and alarms registered by the Kernel will be
shown. The messages in this window can also be logged in a log file if the administrator has
enabled it ([online] section in navipac.INI).

2.1.1 Toolbar

The toolbar can be disabled or moved to another place. It holds the following functions:

Online Teols =]
RREREEISLXITMEBR A LA

Figure 2 Toolbar

e Save settings

e Estimated Position

e Helmsman’s Display
e Online 3D

e Input Monitor

e Raw data

e Position Monitor

e Object Monitor

e GPS Status

NaviPac_Online.docx
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e Attitudes (Roll, Pitch, Gyro)

e Data Monitor

e Data Logging (one instance only)

e Data Logging - Custom (multiple instances)
e Instrument Spy

e Manual Event

e Manual Event (Note)

e Alarm Monitor

The following items are dynamically updated in the online main window:

2.1.2 Date & Time

Shows current date and time. Controlled by either GPS or internal clock. Presented in lower
right corner (status bar). Format depends on your regional settings.

2.1.3 Gyro

Shows current heading (true — that is, not corrected for meridian convergence) of the ship.
In range 0.00 - 359.99 degrees.

2.1.4 Reference Position
Shows ship reference position in geographical or grid coordinates

Easting field: Displayed as X (EEEEEEEE.EE), Longitude (DD°MM’SS.ss” or
DD°MM.mmmm’)

Northing field: Displayed as Y (NNNNNNNN.NN) or Latitude (DD°MM’SS.ss” or
DD°MM.mmmm’).

215 DOP

Shows standard deviation of the reference position. Unit: decimal number. The following
combinations exist:

e One GPS system
Shows horizontal dilution of precision (HDOP) from GPS.
e 2orfewer LOPs
Shows -1 as no over-determination is possible.
e More than 2 LOPs
Shows ordinary standard deviation based on least square fit of the LOPs.
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2.1.6 Unit

Display name of selected unit. For example:

e Metric
Positions are shown in metres.
e US Survey Feet
Positions are shown in US Survey Feet.

2.1.7 Status

Indicate the status of navigation computations. Possible colours are green, yellow, and red:

e Green: Allis OK
e Yellow: Watch out
e Red: Something is non-functioning

2.1.8 Alarms/messages

When alarms occur they will be shown in the lower part of this window. Also, when the user
makes changes to the setup (online.DB) the changes will be displayed in this window.

Note: The messages are also logged to a file, which can be displayed from Alarm &
Message File in the View menu.

Alarm/Messages have a check box. When alarms occur, the button is checked and the text
turns red. When checked off (by user) text turns green.

2.1.9 Navigation

The navigation buttons are as follows:

| Combired || GPS1(MME&)] || GPS2iNMEs) || GPs3NMEs] || GPS4(MMEa] || GPSSNMEA) |

Figure 3 Navigation buttons

These buttons show which source NaviPac uses for primary navigation input. It contains
one button called Combined and one button for each navigation group.

In the above figure, the current selection (GPS1 (NMEA)) is marked as if it were clicked.

NaviPac_Online.docx
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The Online program has 7 drop-down menus: File, Edit, View, Navigation, Calibration,
Calculate, Events, Options and Help, which will be briefly described below.

221 File

j MaviPac - Online

File Edit WYiew Mavigation Calibration Calculate

Open MaviPac Configuration... Ctrl+o
Display Configuraticn Report...

Save settings

View online setup
Exit Ctrl+x

Figure 4 File menu

This menu contains file-oriented menu entries.

e Open NaviPac Configuration

Starts the NaviPac definition program NaviPac Configuration.

e Display Configuration report

Show ASCII report on the configuration

e Save settings

4

(&

Saves the current window size and position of the NaviPac Online program.

e View online setup

Show NaviPac Online setup (selected LOPs, gyros, speed logs, motion sensors and

dynamic objects) as ASCII listing.
e Exit

Stops NaviPac Online. Exiting NaviPac Online does not stop data collection from
sensors and calculation of reference position; only the GUI part is stopped. A new
Online program can be started from Setup, Navigation, and Online Display.
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2.2.2 Edit

This menu contains entries for performing changes in the online navigation setup.

j MaviPac - Online

File ' Edit View Mavigation Calibration Calculate

u Date and Time... t

_= Estimated Position... Ctrlve [
Surface Position Control... Ctrl+|

Gy Positioning Systerns... Ctrl+p E
PO (User Defined Offsets)... Alt+o

h_? Vehicle Control... L

Figure 5 Edit menu

e Date and Time
Opens a new dialogue box for changing date/time control and setting the system
clock.

e Estimated Position
Opens a new dialogue box for inputting the new estimated position. This function
may be needed to ensure that calculations don’t get out of range.

e Surface Position Control
Opens a new dialogue box for manually specifying the weight, sigma (tolerance
limit) and C-O (Calculated - Observed) of each position observation in the
navigation computation algorithm.

e Positioning Systems
Opens a new dialogue box for changing the setup of surface and dynamic
navigation systems.

e (POI) User Defined Offsets
Opens a new dialogue box for changing fixed offsets (XYZ, name, and on/off).

e Vehicle Control
Opens a new dialogue box for check and control of gyro and motion sensor. Here,
you can select which unit to use as the primary source for position calculation.

NaviPac_Online.docx
Last update: 15/8/2019 Page 11 of 99
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View

View Mavigation Calibration

Position Format

Alarm Monitor..,

Attitudes (Rell, Pitch, Gyra)...

Data Monitor...
GPS Status..,

Helmsman's Display...

Helmsman's Display classic...

Input Monitor...
Log Data...

Log Data Custom...
Object Monitor...
Position Monitor...

Raw Data...

Alarm & Message file...

List Remotes

Clear Alarms & Messages

~  Status Bar
~  Toolbar
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The menu contains entries for opening new windows with detailed navigation information.

Calculate  Events Options Help

Ctrl+i
Shift+v
Ctrl+g
Ctrl+h

Shift+o
Ctrl+b
Ctrl+r

>

* XY Gnd
Latitude/Longitude (DD*MM'55.55")
Latitude/Lengitude (DD*MMM.mmmm’)

DoOF |2.4EI | [Init |metr||: |

[0] #0071 (] larm:
window and start again, Cloze Onling 'Window?
window and start again, Cloze Onling 'Window?

Figure 6 View menu

Position Format

A cascading button allowing the operator to select a format of the positioning
display. The system supports:

e X,Y Grid as easting/northing

e Latitude/Longitude (DD°MM ‘SS.ss”)
e Latitude/Longitude (DD°MM.mmmm?”)

Alarm Monitor

Ordered alarm display and control of user-defined alarms.
Attitudes (Roll, Pitch, Gyro)
Open a new window with detailed attitude and speed information, where a gyro,
motion and speed log system can be selected and data displayed. If, for example, 2
systems should be compared, the user may open 2 windows.
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Data Monitor

Open a new window with functions for selection of attitude, echo sounder channels
and Z-offsets that can be displayed in text views as well as graphical views. Display

can be time series plots or along kilometre points (KPs).

GPS Status

Open a new window with status information for up to 5 selected GPS systems.
Helmsman’s Display

Opens the Helmsman'’s Display for line-planning, steering control and vessel
tracking.

Helmsman’s Display classic

Opens the version 3 Helmsman'’s Display for line-planning, steering control and
vessel tracking.

Input Monitor

Open a dedicated input monitor window, which shows statistics on the incoming
data.

Log Data

Open a new window with logging functions.

Log Data Custom

Open a new window with custom logging functions.

Object Monitor

Open a new window for monitoring of the object positions, including fixed offsets,
remote positions and dynamic positions.

Position Monitor

Open a new window for display with detailed information of the position
observations included in the navigation calculation.

Raw Data

Open a new window with port data display/selection functions.

Alarm & Message file

Open a window with logged alarms and Online user actions.

List remotes

List number of connected remote displays (shown as message list).

Clear Alarms & Messages

Empty the message list in the Online window.

Status Bar

Toggle the status bar on and off.

Toolbar

Toggle the toolbar on and off.

Page 13 of 99
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2.2.4 Navigation

This entry contains menu items with various functions for changing navigation options.

Mavigation | Calibration Calculate Events Options  Help

Mavigation Mode L Combined Positicning

T Ctrlec Pricritized Positicning

Automatic change pricrity

Figure 7 Navigation tool

e Navigation Mode
Points to the two navigation mode radio buttons: Combined Positioning and
Prioritized Positioning. The current selected mode will be dimmed.

e Change Priorities
Only available for Auto Prioritised Positioning mode. This menu entry results in
opening of a new dialogue box, which allows the user to manipulate the LOP
grouping (ie to define which stations/systems should be part of which priority group).
Note: This can also be reached via buttons on the front page.

e Automatic change priority
Only available for Auto Prioritised Positioning mode. NaviPac automatically
switches to navigation group 2 if the primary navigation drops out (in other words, if
the primary is in red state). If selected, NaviPac switches navigation group if there
has been a red state for more than 3 seconds.
Note: NaviPac will not automatically switch back to the former priority— the user
must decide themselves when it is stable enough.
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Calibration

This menu contains menu entries with various functions for calibration.

Calculate Events Options Help

Position... Shift+p
Position Fix...
Range... Shift+r

USBEL Calibration...
DVL Calibration...

Wessel Gyro Calibration...
Wezzel Motion Calibration...

Remote Gyro Calibration...

Figure 8 NaviPac calibration tool

NaviPac_Online.docx
Last update: 15/8/2019

Position

Opens a new window for specification and performance of position calibration.
Range

Opens a new window for specification and performance of range calibration.
Position Fix

Starts a special XYZCal calibration function.

USBL Calibration

Starts the USBL Calibration tool (USBL Fix).

Vessel Gyro Calibration

Starts dedicated program to perform quay-based gyro calibration.

Vessel Motion Calibration

Starts dedicated program to perform quay based roll/pitch calibration. (For further
details, see dedicated manual.)

Remote Gyro Calibration

Starts dedicated program to perform dynamic gyro calibration. (For further details,
see dedicated manual.)

Page 15 of 99
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2.2.6 Calculate

This menu contains menu entries with various helpful calculation utilities.

Events Options Help
Coordinate Conversion... Shift+c
Distance To Stations... Shift+d
Grid Point... Shift+g
True Distance... Shift+t
WGES 4. Shift+w
ITRF...

Chen and Millera 1977...

Figure 9 NaviPac built-in calculators

e Coordinate Conversion
Open a calculator dialogue box for converting positions between X, Y grid and
geographical coordinates.
e Distance To Stations
Open a small calculator dialogue box for calculation of the distance to all stations in
use.
e Grid Point
Open a calculator dialogue box for calculating grid points based on range/bearing.
e True Distance
Open a calculator dialogue box for calculation of true distance between two points.
e WGS84
Open a calculator dialogue box for conversion between user datum and WGS84.
e |TRF
Test additional ITRF shift parameters (if enabled in NaviPac Configuration)
e Chen and Millero 1977
Calculate sound velocity based on temperature, pressure and salinity.
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This menu contains entries with various helpful events utilities.

Options  Help

Events

Manual event... Alt+rmn
Manual event (Mote)... Alt+n
Event Settings... Alt+s
Distance Event info... Alt+d

Figure 10 NaviPac eventing

2.2.8

This menu contains entries with various system options.

Options

Options = Help

¥ L]

Display events in message list
Display warnings in message list
Instrurnent control

System specific

Alarm filtering

Survey Motes...
MaviPac Raw Log...

Depth Calculation Parameters...
EIVA Stat...

Report Generator...

Graphics Editor (FileASC)...

Figure 11 NaviPac options tools

NaviPac_Online.docx
Last update: 15/8/2019
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E I\

MARINE SURVEY SOLUTIONS

Decides whether or not generated events will be displayed in the online message

list.

Display warning in message list

Decide whether generated warnings will be displayed in the online message list.

Instrument control

Lists commands and views closely related to instrument controls:
e Instrument monitor and control

Opens dedicated function to display incoming or outgoing data, including

Page 17 of 99
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option for data capture. In addition, allows the sending of commands to
connected inputs.
e Show Digicourse status
Opens dedicated status window for Digicourse bird monitor. For 2D
seismic.
e Geodimeter Control
Opens dedicated status and control window for Geodimeter ATS 600.
e Topcon Total Station Control
Opens dedicated status and control window for Topcon Total Station.
e Satel Modem Control
Opens small utility module to control SATEL modems.
e Telemetry watch-dog Monitor
Opens small tool for monitoring and fixing telemetry multiplexer
communication failures.
System specific
Includes special functionality for limited use, typically specialised for a single client
for special operation.
e NaviPac to UKOOA P2/94
Translator from NaviPac survey format to UKOOA P2/94
e Subsea7 - Dive number
Online control of diving number — related to ‘SCS ROV LOG2’ data output
Alarm filtering
Includes menus to filter out irrelevant alarms:
e Objects
Deselect alarms for objects (eg when ROVs are on deck)
e Instruments
Deselect alarms for dedicated instrument
e Reset on Warmstart
Decide whether NaviPac reset the filter definition on restart of the
navigation process
Survey Notes
Activates the EIVA common survey log application.
NaviPac raw log
Opens dedicated module for raw data logging (prepared for playback).
Depth calculation parameters
Enables dialogue box to specify parameters relevant for depth calculation.
EIVA Stat
Opens recording and statistics module for EOL reporting.
Note: This requires .NET 2.0 on the computer.
Report Generator
Opens special reporting and documentation application.
Note: This requires .NET 2.0 on the computer.
Graphics editor
Opens the small graphic file format viewer tool
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e FEIVATide
Link to the EIVA tidal file reader. Common in NaviPac and NaviScan

229 Help

This menu contains information and online help for Online.

Help
Contents...
FAQ and Training Site...
Search for help...

About Online...

Figure 12 NaviPac Help and About

e Contents
Shows this manual in HTML
e FAQ and training site
Provides access to EIVA documentation site
e Search for help
Search the EIVA web pages for help on entered topic
e Aboutonline
Opens dialogue with information about program

2.3 Start program

The Online program will normally be started as part of the navigation process (from NaviPac
Configuration or from the Windows start menu).

The program can also be started via the Windows start menu, but this will require that the
navigation cycle is running actively.

NaviPac_Online.docx
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3 Detailed function description

This chapter will describe the different menu functions in NaviPac Online in detail. A
dialogue box that appears when the user selects a function will be outlined by a figure and
an explanation of the different fields and buttons.

Note: The most menu functions can be reached through keyboard accelerator keys (eg
Quality control can be started by pressing Ctrl + q.

3.1 File menu

3.1.1 Open NaviPac Config

Starts the NaviPac definition program NaviPac Configuration.

3.1.2 Exit

Stops the NaviPac Online program. It does not stop the collection of data from sensors or
the calculation of reference positions; only the GUI part is stopped.

Before exiting, the operator is prompted to confirm:

Online l I

l L Quit MaviPac Online ¥

e [

Figure 13 Quit NaviPac Online dialogue box

Click Yes to exit the program. Click No to leave Online on the screen.
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Opens a new dialogue box for changing date/time control and setting the system clock if

desired.

Date & Time

===

settime manually
Date (dd mm s

Time (hh mm ss):

Cantralled by

Frequency:

|

4 12
10 a1
Clperator
30

2014

2

Cancel

Figure 14 Date & Time dialogue box

Normally date and time must be controlled by the GPS system (typically by the use of
dedicated ZDA/UTC input). Using the above dialogue box, the user can choose to control
date/time by the operator and if needed change the internal clock.

3.2.1.1 Controlled by

In the selection list, the operator can toggle between controlling date by the available GPS
systems, the input from a special GPS Time source UTC/NMEA ZDA or controlling date by
the computer clock (Operator).

Default is: Operator.

3.2.1.2 Frequency

If controlled by a GPS, the operator must specify how often the clock should be adjusted.

NaviPac_Online.docx
Last update: 15/8/2019
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3.2.1.3 Date
Format: dd mm yyyy.

As default the fields show the current date. If the above Controlled by is set to Operator,
the operator may here specify a new date.

Note: Will not be updated unless you click Fetch.

3.21.4 Time

Format: hh mm ss (00:00:00 to 23:59:59). As default the fields show the current time. If the
above Controlled by is set to Operator, the operator may here specify a new time of day.

Note: Will not be updated unless you click Fetch.

3.2.15 Apply

If the clock is operator-controlled, you may enter a new date/time and click Apply. The clock
will then be set and information about changes are written in the online list.

If the action results in a message box with the following text:
Could not set system time - have no SE_SYSTEMTIME_NAME privilege

Then, you do not have sufficient Windows rights to control the clock.

3.2.1.6 Fetch

To update the displayed time/date with current computer clock, just click Fetch and the new
values are shown. It will overwrite potential changes.

3.21.7 OK

If any changes have been performed, they must be acknowledged by clicking OK. This
closes the dialogue box and makes the changes active.

3.2.1.8 Cancel

Close the current dialogue box without applying the specified changes to the system.
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3.2.2 Estimated Position

The menu entry opens a new dialogue box for inputting new estimated position. This
function may be needed to ensure that calculations do not get out of range.

-
Estimated Position Lihj

Easting 619867, 169735
Morthing 2932445.79342

Latitude M 026 30’ 25.55538"
Longitude | | E 010® 12' 10.25572°
MOTE

Position Longitude - change format by right dick at the label

QI l l GFS pos. ] [ Cancel

Figure 15 Estimated Position dialogue box

To keep the navigation cycle algorithm on track, the operator might be forced to specify an
estimated position. For an example, see the following scenario:

Let us assume that the surface navigation is a Range-Range system with 3 LOPs only. To
start the position calculation the program needs an estimated position. Depending on the
geometry of the shore stations, the estimated position accuracy must be within £ 500 m to
+ 50 km.

When the program is navigating, it sometimes happens that 2 or all LOPs drops out. This is
possible if the vessel loses line of sight with the shore stations. This will cause the Kalman
position to take over. If the vessel is turning while using the Kalman position the program
might not accept the ranges again when they come back as they fall outside the acceptance
window of the predicted position.

NaviPac_Online.docx
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) Ships position

8 Kalmann position

® ®&8 ® @ @ @ @

Figure 16 Kalman position

To have the program accept the data again the user must activate Estimated Position and
accept the settings (to accept, click OK). The position displayed when pressing Estimated
Position will be accurate enough for the program to calculate the correct position. The
operator does not have to input new coordinates. However, if the correct position is very far

away and the geometry of the shore stations is very narrow, it can be necessary to input an
accurate position.

3.2.2.1 Position

You may enter the position as either grid coordinates (easting/northing) or geographical
coordinates (latitude/longitude). If you enter one, then the other is calculated automatically.

The latitude/longitude format may be changed by right-clicking the field label.

3.2.2.2 GPSpos:

Fetch the estimated position from the last GPS update. The selected position will be shown
in the position fields.
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3.223 OK

Close the Estimated Position dialogue box and apply the specified estimated position to
the navigation cycle.

3.2.2.4 Cancel

Closes the Estimated Position dialogue box without applying the specified estimated
position to the navigation.

3.2.3 Surface Position Control

Open a dialogue box for manually specifying the weight, sigma (tolerance limit) and C-O
(Calculated - Observed) of each navigation observation in the navigation computation

algorithm.
=
Surface Position Control @
Observation 1. Cor. 2Z2.Cor. C-0 Weight Sigma
P52 (S5EC): GPS5Z (MMER) — ( - 0.00 0.00 0.00 1.00 10.00
{SEC): GP5Z (MMEA) - ([ :

GPS51 (PRIM): GP5S1 (MMER) - =: 0.00 0.00 0.00 1.00 10.00
P51 (BRIM): EBES1 (MMER) - =: 0.00 0.00 0.0a0 1.00 10.00

Selected Observation (Fosition Parameter)

MName: -0 YWeight  Sigma

GPS2 (SEC): GPS2 (NMEA) - () 0 1 10 Apply

(0] ] ’ Cancel

Figure 17 Surface Position Control dialogue box

Each station/system in the current navigation setup (Online database) can be equipped with
one or two pre-defined correction values. These corrections will automatically be used in all
navigation computations. Furthermore, NaviPac allows the operator to specify local
corrections (C-O) values. The above list include one line per navigation observation (eg
Ashtech GPS) and one line per Online instrument (gyro, roll, pitch etc).

NaviPac uses a Weight value for each station in use, where the value 1 (On) indicates full
use of the data and the value 0 (Off) indicates that the station/system won’t be used.

NaviPac_Online.docx
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NaviPac maintains the weights automatically, but the operator may overrule the setting by
selecting the wanted LOP in the above figure.

In the above example some different LOPs are shown with a GPS station selected. The
LOP Name, C-O, Weight and Sigma values will be updated in the lower 4 fields. Here, new
values can be entered. Fields that cannot be changed will be dimmed (read-only).

To compute reference positions (and offset positions), NaviPac uses an acceptance window
for each navigation component (LOP). These values, which are named Sigma, have
influence on the position calculation, as LOPs with large sigma values will be weighted less
in the least square computations.

Note: Only experienced operators should change sigma values. The default values will
most often be suitable.

3.2.3.1 Observation name
Gives the name (type, name) for each station in use (LOP) and all additional navigation

components: roll, pitch, speed etc. The LOP part of the list will always be identical to the list
of selected systems.

3.2.3.2 1.Cor.

A read-only field containing the first correction value, as defined during station and/or
instrument setup.

3.2.3.3 2.Cor.

A read-only field containing the second correction value (if any), as defined during station
and/or instrument setup.

3234 C-O

Specify local supplementary correction values for each system/component. The correction
will not be applied in the permanent setup (Setup database). The value must be interpreted
as an add-value (ie the value will be added to the original, which has been corrected for the
above two corrections). The default is 0.

3.2.3.5 Weight
Specify the maximum weight of each station (LOP). 1 = On and 0 = Off. The dialogue box

shows the currently used settings as default. The weight will only be available for real LOPSs,
as roll and pitch will be disabled. Range: 0.0 to 1.0.
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3.2.3.6 Sigma
Enter new tolerance values for each LOP. A default of 10 will normally be acceptable. The

weight will only be available for real LOPs, as roll and pitch will be disabled. Range: 0.1 to
100.0.

3.2.3.7 Apply

If any changes have been performed, they must be acknowledged by clicking the Apply
button. This makes changes in the selected LOP permanent and updates the upper list
view. The dialogue box remains open.

3.2.3.8 Cancel

Close the current dialogue box. Changes performed since last Apply will be discarded.

3.239 OK

Close the current dialogue box. Changes (if any) will be made permanent.

3.2.4 User Defined Offsets
Note: Only present in NaviPac version 2.2 and above.

Open a new dialogue box for adding, removing and changing Fixed offsets in NaviPac.

POI - User Defined Offsets @

Offsets in "Selected" will be calculated

Awailable Selected

offsetd
= offsetz
offsetd

Mame:  offset]

Co) Camd) [

Figure 18 User-defined offsets
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3.2.4.1 Available List

Contains all offsets available — but not calculated (mode set to Off in the Setup database).
To add an item to the Selected list, it must be selected in this list. The Include button (right
arrow) is used to place an item in the Selected list. To move an item from the Selected list

to the Available list, select an item by clicking in the Selected list and click the Exclude
button (left arrow).

3.2.4.2 Selected List
Contains all offsets selected to be calculated to the navigation calculations (Mode set to

Calculated in Setup database). To remove an offset (ie set it to Off), it must be selected in
this list and then the Exclude button must be clicked.

1.1.1.1 Include Button

A selected offset (in the Available list) is moved to the Selected list, which indicates that
the offset is to be used in the navigation computation (Mode = Calculated). The Setup
database is updated. The Kernel in NaviPac will be updated with the change (eg the
selected offset will be calculated now).

3.2.4.3 Exclude Button

Remove a selected offset from the Selected list to the Available List — do not calculate it
(Mode : Off). The Setup database is updated. The Kernel in NaviPac will be updated with
the change (eg the selected offset will not be calculated any more).

3.24.4 Name

Specify/change the name for the selected offset.

3.245 X

Specify/change the X value for the selected offset.

3.246 Y

Specify/change the Y value for the selected offset.

3.247 Z

Specify/change the Z value for the selected offset.
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3.24.8 OK

Accept the last changes made (XYZ name) in Selected list and saves changes in the Setup
DB. If fewer than 2 LOPs have been selected, you are not allowed to perform OK.

3.249 Apply

Accept the last changes made (XYZ name) to selected offset in Selected list and saves
changes in the Setup database. The Kernel in NaviPac will be updated with the changes.

3.2.4.10 Cancel

Close the dialogue box.

3.2.5 Positioning systems

Open a new dialogue box for changing the setup of surface and dynamic navigation
systems:

Mavigation Systems &J

Available Selected
Surface Nawvigation Systems

GPS2 (SEC): GPS2 (NMEA)
GPS1 (PRIM): GPST (NMEA)

e

Useas: (O Combined @ Frioritized

Femote /W Position Systems (Dynamic Objects)
HFR 410/HIPAR: Towfish HFR 410/HiPAP: RCWA

Cancel

— BB

[
e

Figure 19 Navigation Systems dialogue box

During Online operation, the operator may change the LOPs used for the Online navigation
cycle, as stations may be added or removed. The above dialogue box is also presented to
the user during a manual start up.
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The dialogue box is divided into 2 sections. Section 1 allows the operator to select the
current navigation systems/stations. Section 2 holds offset navigation positioning: like
objects (ROV, Sweep, diver, etc) connected to the USBL system or remote vessel GPS
positions.

3.2.5.1 Available list

This list contains all items available in each group (Surface Navigation Systems,
Remote/UW Position Systems (Dynamic Objects). To add an item to the Selected list, it
must be selected in this list. The Include button (right arrow) is used to place an item in the

Selected list. To move an item from the Selected list to the Available list, select an item by
clicking in the Selected list and click the Exclude button (left arrow).

3.2.5.2 Selected list
This list contains all items selected to be used in the navigation calculations. To remove an

item, it must be selected in this list. Selecting an item in the Selected list will enable the
exclude function.

3.2.5.3 Include button
The selected item (in Available list) is moved to Selected list, which indicates that the items
are to be used/calculated in the navigation computation. If any limits are reached (ie 4

Motorola stations are already are included and we try to insert one more) the Include button
will be disabled.

3.2.5.4 Exclude button

Remove a selected item from the Selected list and move it to the Available list.

3.255 Useas

Select whether NaviPac uses the navigation as multi-positioning (Combined) or prioritised. If
Prioritize is selected then it will always use the top unit as the primary.

Note: This function will only be activated if you have made changes in the LOP list. It is not
intended to be used just to switch between multi- and prioritised positioning.

This feature is extremely helpful during a manual start, as it reduces start-up time.
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3.25.6 OK

Accept changes performed for the entire dialogue and saves the included systems in the
Online database. If less than 2 LOPs have been selected, you are not allowed to perform
OK.

3.2.5.7 Cancel

Close the dialogue box. If any changes have been performed, they will be discarded.

3.2.5.8 Additional object information

Double-click in Selected list on a Tritech SeaKing R/B or an AGA fixed-point object to open
an additional dialogue box:

Enter position (X/¥ in user dak x|

E asting: |5|:IEIDEEI
Marthing IE3UE5Dlj

Fecth | Cancel

Figure 20 Enter position dialogue box
Here, the references Easting and Northing for the range bearing system can be defined.

Clicking OK will save this position in registry for later use and send the position to the
NaviPac Kernel.

Double-click in the Selected list on a USBL object, and a Change Transponder number
dialogue box will pop up:

Change Transponder number Iél

TF name: ROMA

TF number. 1 -

0] l | Cancel

Figure 21 Change Transponder number dialogue box
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In this dialogue box the user can change the transponder name (TP name) and transponder
number (TP number).

3.2.6 Vehicle Control

This menu entry allows the operator to control which gyro, motion and depth sensor to use
in the primary calculation.

During start-up via the manual start NaviPac uses the setting as defined in the configuration
tool. You can re-assign this via this entry — but please be aware that it is reset at the next
manual start.

Yehicle cantrol oo

Object T awifizh w
Object details: 20

Apply Mew C-0

Bezet Kalman

Figure 22 Vehicle control dialogue box

The dialogue box shows:

e Object
Select the object to control (eg Vessel).
e Details

Shows a list of gyro and motion sensors attached to the unit. The list shows the
user-defined names for the sensors. The primary sensor (the one being used in
calculations) will have a red ‘P’ in the icon.

e System name
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The EIVA name for the selected unit. The text ‘PRIMARY’ will be added to the
primary sensor.

e Data
Shows a snapshot of the data for the selected sensor.
e C-O

Shows the defined correction values. The greyed-out read-only value is defined in
the configuration module and the editable field provides for additional correction
defined on-the-fly. You may enter new values and click Apply, and NaviPac will
apply those corrections immediately. The corrections will be reset to 0 when a
manual start is performed

To select another unit as primary, right-click the wanted sensor, select Set as Primary in
the pop-up menu and accept by clicking Yes:

=% Gyro
B COLRLG

Figure 23 Set as Primary

r ~
NMEA] Gyro l — I

Figure 24 Set as Primary dialogue box

A message is then passed on to the Kernel and a switchover is made. The list will be
updated accordingly.
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3.3 View menu

The View menu holds various functions for inspecting the navigation sensors and calculated
navigation data.

‘u’iew] Mavigation Calibration Calculate Events Options Help

Position Format B * XY Grid
Latitude/Longitude (DD*MM'55.55")
Latitude/Lengitude (DD*MM.mmmm’)

Alarm Monitor...

Attitudes (Roll, Pitch, Gyro)... Ctrl+i
Data Monitar... Shift+y B224400.45 DOF 073 L
GP5 Status... Ctrl+qg
Helmsman's Display... Ctri«h  3EC)

Lo sible: DWVL2 [0] #003
Log Data...

Log Data Custem
Object Monitor... Shift+o
Online 30...

Position Monitor... Ctrl+b LI

Raw Data... Ctrl+r

Alarm & Message file...

List remotes

Clear Alarms & Messages
v Status Bar
v Toolbar

Figure 25 NaviPac View menu

3.3.1 Position Format

Specify in what format the position should be presented in main window. The following
formats are available:

* XY Gnd
Latitude/Longitude (DD*MM'55.55")
Latitude/Longitude (DD*MM.mmmm’)

Figure 26 Data display format
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e X,Yinlocal grid (eg 543210.00 , 63501200.78)

e Latitude/Longitude in degree, minutes and seconds (eg 9° 12’ 23.66", 53° 47’
45.87")

e Latitude/Longitude in degree and minutes (eg 9° 12. 3943’ , 53° 47.7645 ")

If you have more Online windows opened on the network (slave Onlines), changes in one
Online will not affect the others.

3.3.2 Alarm Monitor

Open windows for alarm monitoring, alarm definition and control:

£ NaviPac Alarm Monitor - &larmbon

File Edt View Help
Type Limit W v2 vl Alarm Count

Dette er nummer 1 Postion 150.000 55579 142539 153.101 Defte e nummer 1: % 153.43 L 15000 1797
GPS OKT GPS 5000 0000 0000 5700 GFS OK7 ¥ 501 LS00 "
Dette er nummer 3 - nu med GYRO Gyro 0293 0000 0110 o410 o
Hvordan ruller det Rall 3100 2340 0660 3.000 0
PITCH 27 Pitch 1110 -0380 0450 0070 0
ez Heave 2000 1230 00z 1250 0

Hu b hvor det o oVL 1100 0000 0000 0005 0
Pos dev U Pas 2.000 0353 0245 0430 0

Ro 11 Posiion 10.000 0.000 -0.000 0.000 0
MMEA vs 2 Gyro 400000 360000 354981 5019 0
DA DAG 93000 126366 30451 a7.915 0
Soundvelocty OK = SVP 5.000 37734 1486100 32330 SoundVelacty OK = v 35.03 L 5.00 1797
NaviPac Error 0000 0.000 0.000 0.000 0
MaviPac Warring 0000 0.000 0.000 0.000 0
MNaviPac Infa 0.000 0000 0000 0000 0
Detelo InpLt 0,000 0.000 0.000 0.000 0
For Help, press FL LM

Figure 27 NaviPac alarm monitor

3.3.3 Attitude

Open a new window with detailed information of gyro, roll, pitch, heave and speed info. .

3.3.4 Surface Position Status

Open a new window with detailed information of the position observations included.

3.3.5 Data Monitor

Start the Data Monitor program. Many depths (echo sounders) and heights (positions) can
be viewed at the same time in this program.

3.3.6 GPS Status

Open a new window allowing the operator to view various status information on the GPS
system(s).
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3.3.7 Helmsman’s Display

Open a new program with line planning, steering information etc.

3.3.8 Input Monitor

Open a special input monitor window which collects statistics on incoming data.

3.3.9 Log Data and Custom Log Data

Open a new window with logging functions.

3.3.10 Object Positions
If the system is set up with objects, user-defined offsets, dynamic offsets (eg Trackpoint II)

or remote positions (external GPS), the data can be viewed in the Object Positions
window.

3.3.11 Raw Data
Open a new window where it is possible to inspect the raw ASCII data read on the serial

ports. This window also functions to interpret the data, and here it is also possible to set port
parameters and number of bytes per seconds.
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3.3.12 Alarm & M

Open a window with logged alarms and online operator actions:

essage file

17.02.1939 15:47:42
17.02.1933 15:47:43
17.02.1333 15:47:44
17.02.1939 15:47:45
17.02.1333 15:47:46
17.021933 15:47:47
17.02.1939 15:47:48
17.02.1933 15:47:43
17.021933 15:47:50
17.02.1939 15:47:51

- Ailarm [Error): Mo data for OFFSET ob; 3
- alarm [Error); Mo data for OFFSET abj 3
- dlarm [Error); Mo data for OFFSET aobj 3
- Alarm [Error): Mo data for OFFSET ob; 3
- alarm [Error); Mo data for OFFSET abj 3
- &ilarm [Error): Mo data for OFFSET obj 3
- Alarm [Errar): Mo data for OFFSET abj 3
- dlarm [Error); Mo data for OFFSET aobj 3
- &ilarm [Error): Mo data for OFFSET obj 3
- Alarm [Errar): Mo data for OFFSET abj 3

Figure 28 NaviPac Online alarm listing

3.3.13 Clear alarms & messages

Empty the message list in the Online window.

Note: The Alarm &

3.3.14 Status Bar

Message file is not cleared.

Toggle the status bar on and off.

3.3.15 Toolbar

Toggle the toolbar on and off.

3.4 Navigat

Contains menu entries with various functions for changing navigation options. These

ilon menu

functions will be described in detail in this section.

The Navigation Mode is a submenu to set the navigation mode. Change Priorities is
enabled, if Auto Prioritised Positioning in Navigation Mode is chosen, and can be used
to create different navigation groups having priority 1-5.

NaviPac_Online.docx
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3.4.1 Navigation Mode

Points to the following navigation mode radio buttons:

e Automatic Multi Positioning
All LOPs are combined in one group and the reference position will be calculated as
a weighted average, based on weight, sigma and error.
Note: Combining good (eg dGPS) and less good (eg Syledis) will not be better than
using the good alone. Combining different systems should be followed by
adjustment of sigma and weight.

e Auto Prioritised Positioning
The selected LOPs can be divided into priority groups (maximum of 5 depending on
the total number of LOPS), as the reference position will be calculated on basis of
group 1.

3.4.2 Change Priorities

Only available for Prioritized Positioning mode. This menu entry results in opening of a
dialogue box, allowing the operator to manipulate the LOP grouping (ie to define which
stations/systems should be part of which priority group).

Change Pricrities @

LOFs

GPS1 (PRIM): GPS1 (NMEA) - ()
GPS1 (PRIM: GPST (NMEA) - ()

GPS2 (SEC): GPS2 (NMEA) - (%)
GPS2 (SEC) GPS2 (NMEA) - ()

Mumber of groups Feference group
Insert Sep. Femowve Sep.

Figure 29 Controlling navigation priority
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The user can insert up to 4 separators between the LOPs indicating that they want to use 5
different priority groups. The number of available priority groups will however depend on the
number of LOPs selected as included, as each group must include at least 2 LOPs. Only
one of the groups can be used to calculate the final reference position. To do this, click the
Reference group button. The actual wanted Number of groups can also be selected.

As default all LOPs are gathered in one group (priority one), but the operator can change
this.

The Change Priorities dialogue box contains the following:

e LOPs
This list contains all active observations, as specified in Edit: Positioning
Systems. Each LOP will be presented as Instrument, System nhame, LOP name (eg
‘GPS 1:Ashtechl_RTK GPS1 - RTKY’, where GPS1 is instrument, Ashtechl_RTK
is user-defined system name and GPS1 - RTK1 is the user defined station (LOP)
name).
The list will be presented in same order as defined (included) in the Online
database. A dashed line will separate each group. If the operator selects an LOP in
the list (and the correct number of required priority separators aren’t inserted) the
Insert Sep. button will be enabled. If the user selects (by clicking in the LOP list) a
separator, it can be removed by clicking the Remove Sep. button.

e Number of priorities
Identify the number of wanted priority groups. If the button selected is 4, 3
separators must be inserted. If the operator increases the number of priorities, new
separators must be inserted. Maximum priorities = minimum (number of LOPs/2,
5).2

e Reference group
Select which of the priority groups should be used as the reference position group.
The reference position group will be the first displayed in the Base Position view.
The other groups will be numbered sequentially from the top.

e OK
If any changes have been performed in the dialogue box, the operator must click
OK to make them permanent. Note: If the number of separators inserted does not
fit the number of priorities -1, an error message will be given. No update of the
Online database will take place, and the dialogue box remains open.

e Insert Sep.
If an LOP is selected and at least 2 LOPs are between selected LOP and prior
separator, this button is enabled allowing the user to insert a new separator below
the currently selected LOP. Note: The number of priorities must also be set.

2 Equation presented in Microsoft Excel form.
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e Remove Sep.
If a separator is selected it can be removed by clicking this button. Note: The field
will be read-only until a separator is selected.

e Cancel
Close the dialogue box. If changes have been performed, they will be discarded.

3.5 Calibration menu

This chapter describes the built-in calibration features. It is possible to modify:

e Position calibration
e Range calibration

These give different ways of calibrating the main surface navigation sensors.

Each calibration method will be described as follows:

e General description

e Actions to be performed before start

e Actions to be performed during calibration
e Actions to be performed after completion
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3.5.1 Position Calibration

The first calibration possibility in NaviPac is the positioning calibration. Performing position
calibration in NaviPac results in opening the below dialogue box.

The dialogue box is separated into two parts. The upper part allows the operator to set up
the wanted calibration parameters and the lower part is used for displaying the information
and applying changes.

Position Calibration [
Time (in seconds): 22 lterations: 0
System: GPS1 (PRIM): GPS1 (NMEA) -

Current Position

Easting: 576047.01 Morthing: 6224400.49

Calibrate Mow Feset

Fesults:

Laps to go: 1

Measured Position
Easting: 576098 65 Narthing: G224401.34

Average Position
Easting: 57609865 Morthing: B224401.34

Std. Deviation
Easting: 0.01 Marthing: 0.08

C-0 (System)
Easting: Marthing:

Apphy Cancel

Figure 30 Simple position calibration

The position calibration dialogue box allows the operator to calibrate X/Y based systems (eg
GPS1) system by system or to measure stability of complete reference position. Only
systems selected in Positioning systems can be selected for calibration. The calibration is
performed by calculating an average X and Y and comparing it to a manually entered
position.
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3.5.1.1 Initial actions:

The following items must be considered before starting the calibration:

1. The vessel must be kept stable on a fixed position.

2. The system in action must be selected in Positioning systems, but it should be
weighted to zero.

3. A manual position must be entered before start. The manual position must be
entered with antenna position as reference for specific instrument or reference point
for All.

4. The calibration time (Iterations/Time) must be defined. The more noise on the
system in action, the more measurements.

5. If corrections for the system have been specified in NaviPac Setup (Stations), they
should be erased (ie set to 0) before stating the calibration, as it must be performed
on raw measurements.

3.5.1.2 Calibrating:

During the calibration period, the operator should supervise the incoming values and check
if the measurements have an acceptable stability.

3.5.1.3 Result:

After completion, the system calculates an average position, standard deviation and
proposed correction values (difference between average and correct values).

If the standard deviation is suitably small (within the accuracy of the selected system), the
correction can be applied by clicking Apply, if a specific system (eg GPS) was selected.

The operator must manually specify a permanent correction in Setup.

If the calibration was performed for the reference position (ie all selected surface navigation
instruments), no Apply can be performed. The operator must hereafter perform a system-
by-system calibration to determine which one introduced the error (if any).

3.5.1.4 Fields and buttons in Position Calibration

e Time
If the calibration must be performed for a specific period of time, the operator can
here enter the time in seconds.

e lterations
If the calibration must be performed for a specific number of program cycles, the
operator can here enter the number of iterations. Note: if any Time value is entered,
this will overrule lterations.

Page 42 of 99



NaviPac_Online.docx
Last update: 15/8/2019

E I\

MARINE SURVEY SOLUTIONS

System

In this list, the operator selects the system to be calibrated by selecting between ‘Al
for the reference position or by selecting a dedicated system like ‘Ashtech GPS 2.
Easting

In this field the operator must enter a manually calculated X position. As default, the
last reference position is given.

Northing

In this field the operator must enter a manually calculated Y position. As default, the
last reference position is given.

Calibrate Now

When the above parameters are set correctly, the operator clicks this button to start
the calibration. This first part of the dialogue will now be inaccessible and the
system will update variables in the second part. Note: The vessel should be
stationary before starting the calibration.

Laps to go

During the calibration, this field will continuously display the number of iterations to
be performed until end of calibration.

The field will be updated until the end has been reached (number of iterations or
amount of time). When finishing, the field will be replaced with the text ‘DONE’.
Measured position

During the calibration, these fields will continuously display the current position
measured in the calibration.

The fields will be updated until the end has been reached (number of iterations or
amount of time).

Average

During the calibration, these fields will continuously display the average values of
the position measured so far.

The fields will be updated until the end has been reached (hnumber of iterations or
amount of time). When finishing, the fields will be replaced with the complete
average values.

Std. Deviation

During the calibration, these fields will continuously display the standard deviation of
the position components measured so far.

The fields will be updated until the end has been reached (humber of iterations or
amount of time). When finishing, they will be replaced with the complete standard
deviation.

C-0

These fields will show the above mentioned correction values (ie a correction to add
to the Easting and the Northing for the current system).

)
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e Apply
When calibration is finished (Laps to go changes to ‘DONFE’), two C-O values have
been computed and the calibration was performed for a dedicated GPS system, the
Apply button will be enabled. By clicking this button, the computed correction value
can be applied to the local correction list. To make the correction permanent, the
operator must enter it in the setup.
Note: Not available when All is selected as system

e Reset:
Interrupt the current calibration (ie do not finish the outstanding iterations) if still
running. The Stop message will be written in the Laps to go field. The user can
now enter new values in upper part of the dialogue box.

e Cancel:
Close the calibration dialogue box. If Cancel is clicked before end of calibration, the
calibration procedure will be interrupted.

3.5.2 Range Calibration

Open the following dialogue box for the range calibration task:

Range Calibration [x] I
Time [in seconds): |25 ID

System: ISerdis SBEA: Range based system - SYL1 j
Lazer Position:
’7 H ID " ID Z ID
[ trate ey Reset |

— results:

Iterrations:

Laps to go: DONE

Station Fange: 41533.30

Average: 41526.18

Std. Deviation : 2.21

Lazer range: 41503.44

Manual range: 41500

2274

EAREREELE

C-0 [Syztem]:

Cancel |

Figure 31 Range Calibration dialogue box

The Range Calibration dialogue box allows the operator to calibrate range-based systems
(eg Syledis or Microfix) station by station. Only stations selected in Positioning systems
can be selected for calibration. The calibration is performed by calculating an average range
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and compares it to either a manually entered range or a range measured by a hand-held
laser meter.

3.5.2.1 Initial actions

The following items must be considered before starting the calibration:

The vessel must be kept stable on a fixed position.

The station in action must be selected in Positioning systems.

The station must be weighted to zero.

The laser meter must be selected in Positioning systems, if comparison to laser

meter will be used.

5. The laser fire point should be selected as close to the navigation antenna as
possible. Offsets must be entered before starting.

6. A manual range must be entered before start, if a manual range must be used for
comparison. The manual range must be entered with antenna position as reference.

7. The calibration time (Iterations/Time) must be defined. The more noise on the
station in action the more measurements.

8. If corrections for the station have been specified in NaviPac setup (Stations) they

should be erased (ie set to 0) before stating the calibration, as it must be performed

on raw measurements.

Ao

3.56.2.2 Calibrating

During the calibration period, the operator should supervise the incoming values and check
if the measurements have an acceptable stability.

The handheld laser meter must be activated during the calibration period, and only the last
measurement will be taken into consideration.

3.5.2.3 Result

After completion, the system calculates an average range, standard deviation and a
proposed correction value (difference between average range and correct range).

If the standard deviation is suitably small (below specified accuracy for the instrument in
action), the correction can be applied by clicking Apply C-O.

The correction will hereafter be applied as a local correction (corresponds to LOP control
corrections).

The operator must specify a permanent correction in Setup.

3.5.2.4 Field and buttons in Range Calibration

NaviPac_Online.docx
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e Time
If the calibration must be performed for a specific period of time, the operator can
enter the time in seconds here.

e lterations
If the calibration must be performed for a specific number of program cycles, the
operator can enter the number of iterations here.
Note: If any Time is entered, this will overrule Iterations.

e Station
ISelects the station to perform the range calibration against.

e Laser Position (X)
If the station range will be verified against a laser range meter system, the operator
must here specify the exact X-reference point of the laser. Positive to starboard.

e Laser Position (Y)
If the station range will be verified against a laser range meter system, the operator
must here specify the exact Y-reference point of the laser. Positive front.

e Laser Position (2)
If the station range will be verified against a laser range meter system, the operator
must here specify the exact height reference point of the laser. Positive up.

e Calibrate Now
When the above parameters are set correctly, the operator clicks Calibrate Now to
start the calibration. This first part of the dialogue will now be inaccessible and the
system will update variables in the second part.
Note: The vessel should be stationary before starting calibration.

e Lapstogo
During the calibration, this field will continuously display the number of iterations to
be performed before end of calibration. The field will be updated until the end has
been reached (number of iterations or amount of time). When finished, the field
value will be replaced with the text ‘DONE’. If stopped by the user, ‘Stop’ will be
written in the field.

e Station Range
During the calibration, this field will continuously display the current range measured
in the calibration. The field will be updated until the end has been reached (number
of iterations or amount of time).

e Average
During the calibration, this field will continuously display the average of the so far
measured ranges. The field will be updated until the end has been reached (number
of iterations or amount of time). When finishing, the field will be replaced with the
complete average value.

e Std. Deviation
During the calibration, this field will continuously display the standard deviation of
the so far measured ranges. The field will be updated until the end has been
reached (number of iterations or amount of time). When finishing, the field will be
replaced with the complete standard deviation.

e Laser Range
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During the calibration, this field will display the range measured by the hand held
laser meter (if any). During calibration it shows the raw value, but after completing
the last cycle, the value is corrected for offsets.

Note: Only the newest laser range value will be used.

Manual Range

If no laser is available, the user can enter a range measured manually. The range
must be related to the layback of the antenna in use. The range must be entered
before start of range. Note: A manual range overrules a laser range.

C-0

This field will show the above mentioned correction value (ie a correction to add to
the range given by the station). The field will be updated as soon the calibration is
finished.

Apply

When calibration is finished (the two first fields change to ‘DONE’) and a C-O value
has been computed, the Apply button will be enabled.

By clicking Apply, the computed correction value can be applied to the local
correction list. To make the correction permanent, the operator must enter it in the
Setup database.

Reset

Interrupt the current calibration (ie do not finish the outstanding iterations) if it is still
running. The ‘Stop’ message will be written in the Laps to go field. The user can
now enter new values in upper part of the dialogue box.

Cancel

Close the calibration dialogue box. If Cancel is clicked before the end of the
calibration, the calibration procedure will be interrupted.

USBL Calibration

Starts the USBL Calibration tool. Here it is possible to compute the USBL parameters from
the Edit: USBL Parameters menu item.

3.6 Calculate

Contains menu entries with various helpful calculating utilities, including Coordinate
conversion, True Distance, Calculate Grid-point, Distance to stations and WGS84 <->
User Datum.

NaviPac_Online.docx
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This menu opens a calculator dialogue box for converting positions between the XY grid
and geographical coordinates.

-

Coordinate Conversion

E=REE )

Latitude
Longitude
Convergence

Scale

Easting
Morthing

056° 09' 30.73731"
E010° 13 30.67742"

575097,00909 m
6224400.43491m

Position Latitude - change format by right dick at the label

Marthing

Close

Conwvert from Latitude
Longitude

Conwvert from Easting

Figure 32 Coordinate transformation

The Coordinate Conversion dialogue box allows the operator to convert positions between
geographical (latitude/longitude) and XY grid formats. The dialogue box is not modal and
can remain open without interfering with other operations.

e Latitude

The user may specify latitude in geographical coordinates for conversion to XY
which will include the result of Convert from Easting Northing calculations.
Format may be given as DD.DDDDD, DD MM.MMMM, DD MM SS.SSS or radians.
Select format by right-clicking on the label name.
e Longitude
The user may specify longitude in geographical coordinates for conversion to X, Y,
which will include the result of Convert from Easting Northing calculations.
Format may be given as DD.DDDDD, DD MM.MMMM, DD MM SS.SSS or radians.
Select format by right-clicking on the label name.

e Easting

The user may specify easting in XY grid for conversion to geographical coordinates.
This will include the result from the Convert from Latitude Longitude calculations.
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e Northing
The user may specify northing in XY grid for conversion to geographical
coordinates.
This will include the result from the Convert from Latitude Longitude calculations.
e Convergence
This field gives the meridian convergence calculated after a
Convert from Latitude Longitude or a Convert from Easting Northing
calculation.
e From Latitude/Longitude (->)
Convert the entered geographical values (longitude, latitude) to X, Y and presents
the results in easting, northing and convergence.
e From Easting/Northing (<-)
Convert the entered X, Y values (easting, northing) to geographical parameters and
present the results in longitude, latitude, and convergence.
e Close
Close the dialogue box.
e Printicon
Print screen capture via default printer setting (requires a high screen-resolution).

NaviPac_Online.docx
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3.6.2 True Distance

This menu opens a calculator dialogue box for the calculation of true distance between two

points.

True Distance I. = —th

Origin
Easting 576097,00959 m
Marthing 6224400.49431m
Height 7.67m
Latitude M 056% 09 30,737317 Fesult:
Longitude E010® 13 30677427
Convergence 1°01 03.4282 .

g True bearing: 304.735
Target
Easting 575085.178743 m Giridd bearing: 303.777
Marthing 6224408,40816 m
e 12m Spheroidal slope distance: 14882
Latitude M 056% 09 317
Longitude E010% 13 307 Spherodial distance: 14,238
Convergence | | 001° 01 02,86875

Grid distance: 14.233
Line scale factar: 0.99366376
Latitude - change format by right dick at the label
Calculate ] l Close l ISi

Figure 33 Distance between points

The True Distance dialogue box allows the operator to calculate the distance between two

points.
e Origin
Enables operator to enter position as either X/Y or Latitude/Longitude and height for
the first point. The module automatically converts X/Y to Latitude/Longitude, and
vice versa.
e Target

Enables operator to enter position as either X/Y or Latitude/Longitude and height for
the second point. The module automatically converts X/Y to Latitude/Longitude and
vice versa.

e True Bearing
Shows the true bearing (direction) from the first object to the second object.
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Grid Bearing

Shows the grid bearing (direction) from the first object to the second object.
Spheroidal slope distance

Shows the spheroid slope distance from the first object to the second object.
Spheroidal distance

Shows the spheroid distance from the first object to the second object.

Line scale factor

Shows the line scale factor obtained from the distance calculation.

Grid distance

Shows the grid distance from the first object to the second object.

Calculate

When the operator has entered parameters for the two objects, they must press this
button to activate the distance computation. The result will afterwards be presented
in the above fields.

Close

Closes the dialogue box.

Print icon

Prints screen capture via default printer setting. Requires high screen resolution.

Distance to stations

Opens a dialogue box for calculation of the distance to all stations in use.

Calculate Distance to stations !EI

— Origin

Easting | 299202676 Morthing | 32641492

— Diztance to stations

AYL
2YL
3YL
SYL

1 : 41514 K5
Z : 41506_88
3 o 414859 168
4 o 414591 45

Cancel |

Figure 34 Distance to range/bearing stations
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The dialogue box is separated in two parts: position fields and a result list field. The result
list (in a scrolled text widget) will contain one line per station in use. In the bullets below, this
line will be treated in general.

e Origin - Easting
Easting coordinate of the original point (present as default current position).

e Origin: Northing
Northing coordinate of the original point (present as default current position).

e Distance to stations
For each station in use, the first part of the result string identifies the station by
giving station type and name. The second part of the result string shows the exact
distance in metres from the origin point to the station.

e Calculate
When the operator has entered the top 2 parameters, she must click the Calculate
button to activate the distance computation. The result will afterwards be presented
in the Distance to stations field.

e Close
Close the dialogue box.

e Printicon
Print screen capture via default printer setting (requires high screen-resolution).
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Opens a calculator dialogue box for calculating grid points based on range/bearing.

-

Calculate Grid Point

Origin
Easting 576097,00909 m

Mor thing 6224400.49491m

Latitude M 058% 09" 30,737317

Longitude E010° 13 30.677427

Convergence 001%01' 03.42828"

Target

Range 1000

Bearing 47.33

Bearing Format | | 047= 19' 48"

Bearing as TRUE

Result

Easting 576820,126112m

Marthing 65225091.22108 m

Latitude M 056% 09" 52.65625"

Longitude E 010° 14 13,29707"

Convergence 001® 01" 39.09092°

Bearing to target in decimal degree - true ot grid as selected

Calculate Close

Figure 35 Calculate Grid Point dialogue box
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e Origin
This section gives the position (as either Easting/Northing or Latitude/Longitude)
of the basis point. If entered as, for example, Easting/Northing, then the system
calculates automatically the corresponding Latitude/Longitude and vice versa. The
Latitude/Longitude fields can be formatted by right-clicking the field label.

e Target
In this section the operator may enter range and bearing to the target. Bearing can
be given as either TRUE (checked) or grid. Bearing can furthermore be entered as
decimal degree or formatted degree/radians

e Result
Presents the resulting position as both Easting/Northing and Latitude/Longitude.
It is updated when operator clicks Calculate.

e Calculate
When the operator has entered the top 4 parameters, they must click the Calculate
button to activate the grid computation. The result will afterwards be presented in
the calculated fields.

e Close
Closes the dialogue box.

e Printicon
Print screen capture via default printer setting. Requires high screen resolution.
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This menu entry opens a calculator dialogue box for conversion of positions between user
datum and WGS 84 (eg projection UTM32 and Ellipsoid ED50 and WGS 84 (the GPS

system)).
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=

Calculate WGS 84

= 2 ]

Easting
MNorthing
Height

Latitude
Longitude
Datum

575093. 209168 m
6224262.73807 m

Oom

M 056 03" 25.28474"
E 010® 13 30.31888™

‘ WGES B4 to Ulser Datum ‘

Llser Daturn to
WSS 84

Input | Datum Shift | WS84 | International 1924

Fesult

Projection: LM (horth]

Ellipsoid; WGES B4 International 1924
Easting: B76093.2692 57517254971
Morthing: B224262.73581 E22446E 9547
Latitude: M OBE" 09" 26.28474" M 056° 09" 253.39036"
Longituge:  E010°13'30.31888" E 010713 34.767"

Close

Figure 36 Datum shift calculator
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e Input
In this section the operator enters the position that they need to convert. As default,
the system displays the current reference position in user datum. The position can
either be entered as grid coordinates (Easting/Northing) or geographical
coordinates (Latitude/Longitude). As soon as the operator accepts one of the two
types, the other is forced to zero.
The geographical coordinates can be entered and presented using various formats.
Format can be selected by right-clicking on the label name.

e Result
Presents the resulting position in both WGS84 and User Datum. The same
information can be found at the two panels at the top part.

e Datum Shift
Displays the shift parameters being used for this conversion:

RX -000% 00" 00.333
RY -000= 00" 00,077

PPM -1.994

| Input | Datum Shift |WGSB4 | International 1924

Figure 37 Shift parameters

e Close
Closes the dialogue box.
e Printicon
Prints screen capture via default printer setting. Requires high screen resolution.
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3.6.6 ITRF
NaviPac may include time-based datum shift parameters to account for situations where the
datum shift is changing over time. The basic NaviPac datum shift parameters will be

adjusted daily using the ‘speed of change’ parameters based on the reference date.

This type of datum shift can, for example, be relevant in North America where the use of
ITRF to NAD83 is widely used, and in Europe to shift from ITRF to EUREF89.

This calculation may be tested here:

Check ITRF Shift = e

Reference Shift

MNew

Day 13
Maonth 7
Year 2016
Mew Shift =

T 100392272416 m
RX

RY
RZ

Enter Date

2 mas Entertest paint

Shift Paint

Scale

Lat

Long
Lat (Res) 059" 59' 59,94885
Long (Res) -030° 00" 00.03933

Enter latitude and longitude to test the shift. For NADE3
compare with

http: ffwww.geod.nrcan. g, cafapps ftrnobs ftrnobs_e.php

Figure 38 Testing ITRF
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Enter the date you want to test, click Calculate Shift, enter the source Latitude/Longitude
and click Shift Point. The result is shown in New Shift (coordinate corresponding to the
date) and Lat/Long (Res).

The result has been validated with the Canadian test site for NAD83.

3.6.7 Chen & Millero 1977

The Calculate Chen & Millero dialogue box allows you to perform calculations on CTD
data:

Chen & Millero 1977 28 |

Fres (dBarl Temp (C1 Sal (PSS SV (m/s)

1551 4.3 11.45 1462.5449557

Calculate S | Calculate Sal

Close |

Figure 39 Calculating sound velocity

If you enter pressure (in d(eci)Bar), temperature (degree Celsius) and salinity (PSU) and
click the Calculate SV button, then it calculates the sound velocity based on the official
UNESCO formula.

If you instead input pressure, temperature and sound velocity and click the Calculate Sal
button, then it makes an iterative calculation on the corresponding salinity. The calculation is
done in a cyclic process, where the function searches for the salinity that gives the best
fitting sound velocity.

3.7 Events

Contains menu entries with various event utilities.

3.7.1 Manual Event

Generates a manual event. The event will be displayed on Helmsman'’s Display if enabled
there. Also, if logging is enabled, the event number can be logged.
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3.7.2 Manual event (Note)

Generates a manual event with a note. The event will be displayed on the Helmsman’s
Display if enabled there. Also, if logging is enabled, the event number can be logged.

Manual Event I&

Ewent Mote:

OB

Ewentis not generated before wou press OK I

Figure 40 Manual Event dialogue box

If so desired, you can specify a range, bearing and symbol humber in the Event Note field.
This can be used to add a range and bearing to current position (Vessel) and the events will
be stored in a file in the current logging directory (Julian day) and named NAVILINE.EVT.
Syntax:

#<range> <bearing> <symbol_no>

Example:

#45 350 67

Range=45 m, bearing=350, symbol=67 in NaviLine symbol table.

NaviPac_Online.docx
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If you have defined some fixed event texts, they can be activated by right-clicking in the

message window:

03.04.2001 13:07-11 - Alarm (Ferart Bla Nata - Park | Cpcles 3950
Stop For boday

Miels Jgrgen on the phone

Man over board

trument=

Figure 41 Predefined event texts

This gives a faster event generation than entering the texts manually.

3.7.4 Event Settings

Opens a dialogue box to set up how to generate events in Online. This feature can also be

set up in the Setup program.

WEngh Filr  CADATA\EVENTS.LOG

r o
Event Settings @
‘ Printing Ewents | Trigger | Distance Events
‘ General Tirne Events | External Events ‘ Ewventlog file

l Ok I [ Cancel ] [ Apply

Figure 42 Event log file
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Note: You cannot change COM port settings for Trigger events and External Events in
Online.

3.7.5 Re-shoot partly surveyed line

If NaviPac is operated in distance events mode (like in typical seismic jobs), and something
goes wrong in the middle of a line, you may not want to start from beginning of the line.
Instead, the distance events can be set in a re-shoot mode.

In the Event Settings dialogue box, click into the Distance Events tab:

Event Settings @

General Time Events External Events Eventlog file |
Printing Events | Trigger Distance Events *

Enahle Distance Shooting

Distance shooting (events) requires active runlinel
hode

) Projected Distance {(kp slong the line)

@ Accumulated Distance (track)

Distance between events 150 i
Running up ewvents 4
Ewent multiplier (ewvents at mult*dist) 1
MNumbering
[¥] Automatic calculate event number
Ewent number at kF 0 1000
Max time between events: a 5

Re-shoot partly surveyed line ]

oK. || cancel || Appy

Figure 43 Distance shooting
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The Re-shoot partly surveyed line button activates the function. The button is only
enabled when distance events is selected by selecting the Automatic calculate event
number checkbox.

Re-shoot line I&

Enahkle re-shoot mode

Last event number; 4431

Cherlap: 100

Fun-in distance: 300] m
Ok l | Cancel |

Figure 44 Partial re-shoot of line

If enabled, the operator can select:

e Last event number
Enter the last accepted event number from last time the line was surveyed.
e Overlap
Enter in how many events desired in an overlap. Typically, this would correspond to
the length of the streamer. The sign must follow the event step size etc.
e Run-in distance
Enter the desired run-in distance in metres required.
e OK
Accept the changes and enable (or disables) the re-shoot mode. When clicked, a
message is sent to the Helmsman'’s Display.
e Cancel
Skip any changes and leave the setting as it is.

Note: The runline in action must be selected in the Helmsman'’s Display.
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When NaviPac goes into re-shoot mode, it generates three waypoints:

% Map view: 0000 Yessel o ] 4|
R ® @ S scae1245 ||W ABCDEF G
ME300495.20
ME255575.40 e C e
T T TRLTT=TTT
®1526 Overlap
= & )

ME255257 .60 ue] o o 15823 Last e

= =] i)

o] = =

= Lo g}

Figure 45 Helmsman's Display during re-shoot

e Run-in
The run-in point
e Overlap

The overlap point
e Lastevent
The point corresponding to the last accepted event

When the runline is in survey mode, no event will be generated until the vessel (or other
selected point) crosses the overlap point.
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The distance event window displays information about the actual event calculation:

Distance Event Info

Diztance:

KP in kMeter:

Speed:

Diztance bhw. lazt events:

Mext Calculated KPP [m);

Time to next event:

Delta Time ratio;

Delta Time event:

b ax Time event;

Diztance zince last update;

Accumulated distance:

[9%]

f] o]
= o
[R] =
[ [=]

1.00

0.0

=
I~ — = (o8]
= = = o
[ — [mu] [ (]

5.23

Digplay Event Log file ]

[ Cloze

%]

Figure 46 Distance Event Info dialogue box

e Distance

The selected distance in metres

e KP

Actual KP value in metres.

e Speed
Speed of vessel.
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e Distance between last events
Distance between the two last generated events in metres.
e Next calculated KP
The KP at which the next event will be generated.
e Time to next event
Time until the next event will be generated.
e Deltatime ratio
Difference between expected time between events (distance divided by speed) and
observed time.
e Deltatime event
Time between the two last events.
e Max time between events
The maximum time allowed between events, as specified by operator. 0.0 implies
infinity.
e Accumulated mode
If selected, then the shooting is performed as distance along the track rather than
along the line.
e Distance since last
Distance since last update (track).
e Accumulated distance
Distance since last event (track).

3.8 Options

This part contains menu entries concerning various options, including what to display in the
Message window.

3.8.1 Display events in message list
If selected, then Online displays events in a message list. Default is to display events.

Note: This option is local to Online. Other Online programs can have other settings.

3.8.2 Display warning in message list
If selected, then Online displays warnings in message list. Default is display warnings.

Note: This option is local to Online. Other online programs can have other settings.

3.8.3 Alarm filtering

If NaviPac is used in dynamic scenarios where multiple vehicles are operated at the same
time (vessel, ROV, towed ScanFish etc) then we often see that some objects are inactive
during some of the operation.
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If you, for example, have ROVs on deck for a period, then you either get a lot of inactivity
alarms or must restart navigation with the involved instruments turned off.

From NaviPac 3.4D patch 2, you may handle alarms more smoothly using alarm filters. The
filters will apply to the following set of alarms:

¢ ‘No Data: Port %d Cycles %.0f

e ‘Syntax error: Port %d’

¢ ‘No data for OFFSET obj %d’

¢ ‘No data from radar’

e ‘Radar data don't fit’

e ‘Change in USBL X too high (Check Setup - USBL tolerance)’
e ‘Change in USBL Y too high (Check Setup - USBL tolerance)
e ‘Motion sensor is not aided’

3.8.3.1 Objects

In this dialogue box you may enable and disable all alarms related to selected objects:

ra

Include/exclude @

Exclude

11: LUSBLT reference

Ik ] [ Cancel

Figure 47 Vehicle-based alarm filtering
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The dialogue box shows as default all dynamic objects defined in the setup. To ignore
alarms for an object just move the object to the Exclude field and click OK.

3.8.3.2 Instruments

In this dialogue box you may enable and disable all alarms related to specific instruments:

Include/exclude ﬁ

Exclude Include

09 Aflas Deso 20/25 00: GFS1 (PRI

01: GFS2 (SEC)

0Z: MMEAT Gyro

03 TS5 DMS05/T35 335
04 HFR 410/HIFAF

05: offset]

0&: offset?

07 offset3

N8: offsetd

0] | | Cancel

L

Figure 48 Instrument-based alarm filtering

The dialogue box displays as default all instruments (numbered by internal index) as
included. To ignore alarms for an instrument, move it to the Exclude field and click OK.

3.8.3.3 Reset on warm start

NaviPac will as default reset the alarm filtering each time Online is restarted (warm or cold)
as this protects against forgotten filter settings etc.

This can be deselected in this option menu.
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3.8.4 Depth calculation

If operating an ROV or ROTV, you need to inform NaviPac how to convert the pressure to
depth, as there exist several methods.

Depth Calculation Parameters I&

saunders and Fofonoff - Simple

YWater density: 1028 L /dm I
Fressure at surface: 101326 hPa -
Gravvity: 482 /s 2

Sound welocity: 1500 g
LUMNESCO Formula

[¥[Use UNESCO (Redquire selection of CTD Frafile)

| CTD: .. |

[ ] l | Cancel |

Figure 49 NaviPac's pressure-to-depth calculation

Water density:

Specify the water density, given in kg per cubic decimetre.
Pressure at surface:

Specify the local pressure at surface given in various units. By default, the selected unit is
hectoPascal (hPa). You may change the unit via the unit drop-down list box on the right.

Gravity:

The gravity, given in m/s"2.
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Sound velocity:

Defines the current valid speed of sound in water. Sound velocity is used, for example, for
calculations between range and time.

The parameters will be used in a depth calculation as:

Depth = (Pressure — PressureAtSurface)/(1000 * Gravity * WaterDensity).

Use UNESCO Formula:

You may improve the depth calculation by adding a CTD profile and performing a full
integration through the water column. The file is selected by selecting the Use UNESCO
checkbox and then clicking the CTD button.

CTD:

Select and parse CTD file. A special Choose CTD Template dialogue box pops up for this,
as seen below.

Choose CTD Template... fgl
Filenanme:
CAENVANDatahCTD_201 20303 _1620.ctd_h
Template:
DOF_Caspian_ertical MNew. ..
FSlacg prr &]
Geobay CTD
SeaBird SBE13 -Edit...
k
Depth [m. da... Soundvelocit.. | Pressure (Bar) Dengity (kg/m3]  Salinity [p £
. 144997 019 - .

1465.61 0.29

1476.80 052

147359 0.6

148117 .88

148212 1.02

148274 116

1483.38 1.59

148275 1.88

148152 216

1480.59 244

1479.76 287

1473.66 am

148013 318

1480.51 330

1481.51 ihs2 - -

1482.04 366 - - v
< >
Ok,

| ok | ’ Cancel ]

Figure 50 Choose CTD template
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This is based on the general ASCII importer in EIVA (like known in NaviEdit).

At the top level you select the file and action. Note: The file at minimum must include
Conductivity, Pressure and Temperature. The middle part (the Template field) includes
the supported templates, where you select the one to use. You may modify the list via New,
Edit and Delete.

The lower part of the dialogue box shows interpretation of the first rows of data.
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4 Navigation principles

This section gives a detailed description of navigation principles, used terms and attributes,
typical scenarios etc.

NaviPac is a real-time integrated navigation and data acquisition system, which makes it
possible to escalate one or more positions from various sensors.

Combining this information with real-time roll and pitch values gives the best-suited data
resolution and correctness.

4.1 Special features

NaviPac includes a series of special features such as:
4.1.1 Flexible choice of geodesy

e Mercator

e Transverse Mercator (UTM, RT-38, Gauss Krueger, NGGB)
e Equatorial Stereographic

e Polar Stereographic

e Obligue Stereographic

e Lambert’s Conical

e etc

4.1.2 Flexible choice of navigation instruments

e Latitude/Longitude (GPS receivers)

¢ Range/Range (Mini-ranger, Microfix, Syledis, etc)
e Range/Bearing (Polartrack, AGA, Leica)

e Hyperbolic Range (Hyperfix)

e Doppler log (RDI)

e Gyro (S.G.Brown, Robertson, Lemkiihl etc)

4.1.3 Precise time tagging of all sensor data

e Surface navigation

e Gyro, roll, pitch, speed log

e Subsea and remote positioning systems
e Data acquisition
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Kalman filter used for position prediction

Reduces computation time
Checking of LOPs using robust estimation techniques

Correction of antenna swing

Correction will be made using gyro, roll, pitch with the correct age
Correction will be 3D

Local coordinate system for calculation of offsets
A three-dimensional calculation will be performed.
On-line transformation of WGS 84 coordinates

A 7-parameter transformation will be used to transform the WGS 84 position from
the GPS instruments to user datum

Furthermore, the North Sea method is available

The US NADCON method is also available

4.2 Surface navigation

NaviPac Online uses least squares computation of position and quality of fix from any
positioning system, using up to 50 LOPs for each position.

An LOP may be range, bearing, hyperbolic range, position in geographical or UTM grid,
gyro reading or speed.

LOPs of different types (range, coordinate, reading from radar) can be combined to give an
integrated position.

For each LOP the operator can set the following parameters:

First -, second -, third -, fourth-, fifth-position
LOP weight [0...1]
LOP sigma [0,1...999]

Any position may be selected as the primary reference position.
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All sensors (surface navigation, gyro, roll, pitch, etc) can be selected as:

On

This is the normal selection for instruments. The data from the sensor will be read
from the interface.

Simulated

The simulation mode may be switched on by itself to allow for preliminary testing of
the navigation system. A random number generator varies the sensor data to each
parameter selected in order to simulate a typical seagoing operation. This is a very
useful function for operator training.

Calculated

Under certain conditions (such as if, for example, there is no gyro onboard) it is
convenient to select a sensor as Calculated. These sensors can be gyro, speed log
etc.

The mode of LOPs can be changed online at any time without disturbance to the survey
task. C-O corrections can be made online to establish local calibration. All measured LOPs
are checked using robust estimation techniques. This technique will trace and weight
measurement blunders.

All LOPs are corrected for antenna swing, and the output of the position calculation is in the
selected datum of the vessel.

A second-order Kalman filter is incorporated for position prediction in order to reduce
computational time spent in the position calculation. The filter has no effect on the quality of
the position calculations.

The surface position calculation can be swapped online between the following modes:

Method 1: Using all LOPs to give a multifix

If gyro and speed log are amongst the selected LOP’s a dead-reckoning position can be
calculated using these two sensors.

Method 2: Using each individual positioning system separately or in any combination for an
on-line comparison between calculated positions.

The primary position can be selected from any positions.

NaviPac_Online.docx
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Before using a measurement in the position calculation, the following actions are taken:

e For each navigation cycle, a line scale factor will be computed for each LOP. The
line scale factor will be computed using Bessel's method.

e For each navigation cycle, the convergence will be calculated.

e Arange will be multiplied with the appropriate line scale factor.

e Position will be converted from WGS 84 to the ellipsoid in use.

e A bearing will be compensated for convergence, if it is a true bearing.

Because the LOPs are measured in different instances in time, the LOPs are de-skewed to
the same instant in time. The data output from many surface navigation instruments has an
age of up to two seconds. This age will be taken into account when de-skewing the data.

4.2.1 The measurement is gated

The measurement is first checked for the presence of errors. For this purpose the
measurement is compared with its predicted values. The Kalman filter from the predicted
position at the time of measurement computes the latter. The measurement is first corrected
for the projection system and other physical and geometrical aspects.

The difference between measurement and prediction is compared to its standard deviation
(mean square error). A gate of two times the standard value is used. If the difference is
acceptably small, the measurement is conditionally accepted for further calculations.
Otherwise, the measurement may be either fully rejected or weighted depending on the
magnitude of the difference found (robust estimation).

4.2.2 The measurement is corrected for layback

In using the measurement for positioning one has to remember that ranges of direction are
usually not measured to the ship’s reference point for which primary coordinates are
required, but to various antenna positions on the vessel.

Thus, the relative position of the antenna to the ship’s reference point and the roll, pitch and
heading of the vessel must be taken into account. In NaviPac a rigorous treatment of this
layback is made, and corrections to measured values are avoided. This both speeds up the
computation and eliminates inaccuracies with large layback values or with short ranges, and
is achieved by relating the measurement directly to the proper position.

4.2.3 Least squares adjustment
In NaviPac a weighted least squares adjustment is performed, considering simultaneously

all measurements at one instant in time. If one particular measurement is not available or is
not desired, its weight is set to zero.
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A least squares adjustment requires a linear relationship between the measurements and
the unknowns. For this purpose the observation equations are based around the predicted
position that results from the Kalman filter.

The corrections dX and dY resulting from the least squares adjustment are applied to the
predicted position of the ship’s reference point and the computation is repeated to
compensate for errors in the linearisation. In NaviPac, however, due to the accurate
prediction of the ship’s position, no new compensation is necessary, and in fact not even a
repetition of the least squares method is necessary. This repetition (iteration) is only
necessary in the presence of errors. This saves a considerable amount of computation time.

4.2.4 Accuracy of least squares:

After least squares adjustment, NaviPac estimates both the accuracy of the original
measurement and the adjusted coordinates. In commencing the least squares adjustment,
variance and weights were assumed for the individual measurements. Finally, the exact
variance is estimated based on the adjusted result and the assumed estimate. If these
variance properly describe the accuracy behaviour of the sensors, the conversion factor will
be a round unity.

The conversion factor, also called variance of unit weight, is computed to:

E(1)2 x P(1)?

Variance =) | 5 x(a00-2)

Where:

E(l) = RC(I) - RA(l)

RC = Range Converted
RA = Range Adjusted

Acc = Total number of measurements (accuracy)

If this variance factor (accuracy) differs very strongly from unity, and the previously
assumed variance was chosen to the best knowledge, an error in the measurements must
be suspected. NaviPac will during the next fix adapt itself to the erroneous sensor using
robust estimations. Thus, no user interaction is necessary.

Accuracy of the coordinates is monitored by computing error ellipse, which shows shape
and direction of the cloud of points that would emerge if the same fix were to be taken a
large number of times. Around 39% of the fixes would be inside the ellipse and 86% inside
two times the error ellipse.
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4.2.5 The Kalman filter

NaviPac uses a Kalman filter to correct adjusted vessel position for an assumed smooth
movement. This is implemented as independent filtering of X and Y coordinates or as
cooperate filtering. The filtered values can be used to obtain corrected positions or to predict
future positions. Filters may also be applied to data sources (eg gyro or ranges may be
included).

In NaviPac, the user is also allowed the option to choose a robust Kalman filter, which
automatically adapts to changing vessel behaviours. This is a very significant feature
because it avoids problems with determination of the position at the end of survey lines,
when the vessel starts a turn or with other sudden changes of the ship’s course.

4.2.6 Weighting and robust estimation

The least squares algorithm in NaviPac is a weighted least squares algorithm, thus allowing
the user to make optimal use of his knowledge of different accuracies of different ranges,
bearings or sensors. It also allows the user to enhance or diminish the influence of
individual measurements on the results. Weight changes may be introduced online.

This weighted least squares adjustment is a prerequisite for the possible interpreted
adjustment of all sensor types in NaviPac and it creates a unique feature for the user as
compared with competitive systems.

Using least squares and the Kalman filter yields only optimal results in case of purely
normal distribution of the measurements and errors. Any deviation from this normal
distribution (eg the presence of errors in the measurements) makes the classical least
squares and Kalman methods extremely ineffective. In fact, errors often become completely
unnoticeable in the least square result, although they seriously distort the adjusted position.

Thus, even though the least squares method and Kalman filter have found
acceptance in offshore survey systems, we seriously warn against the uncritical
application of these methods.

NaviPac gives the user the option to use robust estimation principles both in the least
square module and in the Kalman module. We regard this option of robust adjustment and
filtering as a very important improvement in comparison with the classical computation
methods, as errors are automatically and properly detected without time delay and have no
influence on the resulting position determination.
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4.2.7 Automatic computations

Depending on the processor and number of LOPs the system can achieve a navigation
cycle-time of 0.1 to 1.0 seconds and a stacking sampling speed of 0.1 second.

As the navigation sensors are sending data asynchronously the NaviPac program will de-
skew the data forward in time so all sensors can be used and compared at the same instant
in time.

Because processing time can take 1 - 2 seconds, the data output from various navigation
sensors is old when it is being output to the NaviPac system. In NaviPac, it is possible to
insert the age of the data, and the data will be de-skewed forward in time to compensate for
the age.

If a roll and pitch sensor is available, the navigation data will be corrected for antenna
swing. Again, because the measurements are done asynchronously, it is important to use
the correct roll and pitch with respect to age. The NaviPac system will collect and time tag
all roll and pitch data available so the correct inclination value can be used for the
correction.

If more than one navigation sensor is available, the NaviPac software can integrate many
systems into one position or calculate many position for comparison between systems.
When many systems are integrated into one position, the influence of each system can be
controlled by the operator by inputting the weight of each LOP. Weight settings of each LOP
will be stored on files for use next time the system is switched on.

If two navigation systems are available it is possible to specify one system as primary and
the other as secondary. The secondary system could typically be speed log and gyro. If the
secondary system consists of gyro and log (dead reckoning) they can continuously be
calibrated from the primary system. If the data from the primary system is discontinued, the
operator is warned and he may switch over to the secondary system as a fallback system.

4.2.8 Semiautomatic computations

It is possible to do semiautomatic position calculations using a radar or a laser range meter.
Before a position can be calculated, the operator must specify the target location by pointing
at the target on the electronic map. The coordinates will automatically be fetched from the
map database or calculated from the cursor position.

4.2.9 Manual computations

Using the Utility library it is possible to manually input data for position calculation. The
target positions can be obtained from the electronic chart or manually input.
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4.3 Alarm handling in NaviPac

NaviPac Online displays alarm messages in different situations (see example below). If, for
example, a position system is not sending any data, Online will go from ‘green’ to ‘red’. The
messages will continue each cycle until the error source has been found and fixed.

J NaviPac - Online — 3

File Edit View  Mavigation = Calibration Calculate Events Options Help

RRESFETEX W ERI A 2A

Gyro (T) 10,00 Rafarence Posiion | 576097.01 £224400.49 DOF -1.00 Unit  metric .

[ combined |[_cPsiERM__ ||  cPszisEc) |

13.07.2016 16:08:55 | Alarm (Error) | LOP 3 weighted to zero (code 2) [7003]
13072016 16:0912 | Alarm (Error) | Cannot calculate position: 1 [5001]#017
13.07.201616:0912 | Alarm (Error) | Cannot calculate position: 2 [5002] #017
13.07.201616:09:12 | Alarm (Error) | Mo Data: Port1 Cycles 21 [1]#005

( ¥ Alarms
(
E
13072076 16:09:12 | Alerm (Error) | Mo Data: Port 2 Cycles 21 [2]#005
(
(
(
(

>

13.07.201616:0912 | Alarm (Error) | Mo Data: Port 3 Cycles 21 [3]#005
13.07.201616:09:12 | Alarm (Error) | Mo Data: Port 7 Cycles 21 [7]#005
13.07.2016 16:09:12 | Alarm (Error) | Checktiming LOP 0 Age 2942218 [25000) #0115
13072016 16:09:12 | Alarm (Eror) | Checktiming LOP 2 Age 2942218 [25002] #0115

m

For Help, press F1 13.07.2016 16:09:13

Figure 51 NaviPac red alert

Each alarm is given a unique code (No data: Port 1 Cycles 21 [1] #005 etc) —this number is
currently shown in the above figure as [1].

A repeated alarm will not result in continuous scrolling — instead the alarm line will be
updated and a number (#0004) will indicated how many times it has occurred.

05102009 09:36:36 | Alarm [Errar] | Mo data for affset number 26 [12026] $004
05102009 03:36:32 | Alarmn [Errar] | Mo data for affset number 13 [12019]

05.10.2009 09:36:32 | Alarm [Eror] | Mo data for offzet number 23 [12023]
Figure 52 Alarm details

When the system generates an alarm, you may configure Online to give an acoustic alarm
(\WAW file) and the window start to flicker. If the Online view is minimised, the icon in the
task bar will flicker too.

The label to the top of the Alarms/Messages check box becomes red when one or more
alarms occur. This indicates that new alarms have appeared. The user can accept the alarm
by un-checking the button. This should normally only be done when the reason that the
alarm appeared has been solved.
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The following major alarms will be generated in NaviPac:

NaviPac_Online.docx
Last update: 15/8/2019

No Data: Port <P>

Warning: This message is generated if the instrument on port <P> hasn’t delivered
data within the expected delivery time.

Syntax error: Port <P>

Warning: The message received on port <P> cannot be interpreted correctly.

No data: Object

If no data arrives from USBL-system for object (ROV, Sweep, fish, diver etc) or no
data from Remote GPS.

GPS: non-differential

Warning: This message is generated if the GPS was operating in differential mode
and suddenly changed to non-differential.

GPS error value high

If a GPS system is selected as the only primary navigation system, this alarm will
appear if the received GPS position differs from the calculated filtered position
(Kalman filtering) with more than (sigma).

GPS: Differential

This message is generated if the GPS changes from non-differential to differential
and has proved stable for one minute.

GPS: Non RTK

This message is presented if an attached GPS loses the RTK state.

GPS and system clock differs

When the GPS clock and the computer’s internal clock differs more than one hour,
this alarm will be generated.

Age for GPS type <T> = aa.aaa TOO HIGH

The GPS receiver has reported an age above 5 seconds.

The GPS positions differ too much: Std. Dev dd.ddd

If more than one GPS is attached; the reported GPS position is monitored
continuously. If they differ too much (see global parameters), a warning is given.
The GPS height differs too much: Std. Dev dd.ddd

If more than one RTK GPS is attached; the reported GPS height is monitored
continuously. If they differ too much (see global parameters), a warning is given.
Cannot calculate position

If NaviPac, by four cycles, cannot calculate the vessel reference position, the above
alarm will be generated (Status -> Red).

Alarm on standard deviation (<G>)

If the standard deviation gets too high for priority group G (1 to max 5), this
message is generated. The message will be generated every time the group
changes from below to above the limit.
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e LOP <L>weighted to zero
This message will be given if an LOP (number L) is weighted down to zero by
NaviPac. This is caused by the comparison between estimated and observed
values or similar.

An additional code defines the exact reason:

1: Error to big (raw data vs. prediction)
No data on port or zero measurements (eg range = 0)
2:
GPS non RTK and RTK required
3/5:
GPS non diff and diff required
4/6:
GPS HDOP above limit
8/11:
Unknown GPS quality flag (code 0)
9/10:

Table 1 Weighted code reasons

e LOP<L>disabled
This message is generated if the operator has disabled an LOP by setting the
weight factor to zero (LOP Control, Weight).

e LOP<L>enabled
This message is generated if the operator has enabled a previously disabled LOP
by setting the weight factor to a value greater than zero (LOP Control, Weight).

e Position adjusted with GPS
The position could not be calculated, and the system has performed automatic
estimated position using input from GPS.

e Position outside Geoidal area
If the system uses a geoidal file for establishment of local datum, this warning is
generated if the vessel moves outside the area.

e Event generated
This info is given each time an event is generated.

e Too few RTK GPS for gyro calc.
If the system uses two RTK GPSs for heading calculation, this message is given if
less than two RTKs exists.

e Distance Event OBJ <no> not selected
The object defined for distance events is not active.
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e Time since last event too high: <time>
The time since last event has exceeded maximum allowed.
e Check timing USBL <id> -> Age <time>
NaviPac has calculated a strange age of USBL data. Check if time sync is OK on
both NaviPac and USBL.
e Check timing LOP <no> Age <time>
NaviPac has calculated a strange age of navigation data. Check if time sync is OK.
e Age for port xx (GPS aa.aa) wrong - resync time?
NaviPac has calculated a strange age of GPS data. Check if time sync is OK.
e Primary vessel gyro lost - changing to secondary ...
The first gyro has dropped out — NaviPac shifts to secondary.
e Primary vessel motion sensor lost - changing to secondary ...
The first motion sensor has dropped out — NaviPac shifts to secondary.
e Could not open the selected EGG97 file \n Please check settings in NaviPac
Geodesy setup
The selected EGG97 geoidal file could not be opened.
e Could not allocate memory for the EGG97 file - %ld bytes was required
Could not allocate memory for EGG97 file. Please try to minimize the file size.
e Eventlog path is invalid - no events in ASCII format!
The specified event log file path is invalid, and no event recording will take place.
e LEMS3O0 Height changed from %.3If to %.3If
The input from LEM30 dynamic antenna offset has changed.
e Changein USBL X/Y too high (Check Setup - USBL tolerance)
The USBL data have produced erroneous data — please verify against USBL
tolerance settings in the instrument setup.

You may get a better overview of alarms and info messages using the special alarm monitor
program called Alarm Monitor.

4.4 Navigation modes

NaviPac can be operated in three modes: automatic, semi-automatic and manual.

As default, NaviPac offers the automatic mode, where all surface navigation systems (GPS,
Range/Range, Range/Bearing, Gyro, and Log) will be used for computing the ship’s
reference position with the wanted update rate. This will happen without any interference
from operators.

During operation, all data will be validated through check-sum, predicted filtered values etc,
and if problems occur, one or more LOPs will be weighted up or down. If the navigation
program changes any parameters used for navigation, a warning will be generated, and the
operator may perform actions to solve possible problems.

During operation, the operator may change the LOPs used for navigation, as they may
select new stations and de-select existing station.
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The automatic mode may be separated in two sub-modes, where the operator can choose
between multi-positioning and prioritised positioning.

As default, NaviPac selects the multi-positioning mode, where all LOPs are used for
calculating the final ship’s reference position, as the user-defined weight factor will be taken
into consideration. All components will be shown on the Base Positions window, where
each LOP will be displayed with measured, converted and predicted values, which allow the
operator to monitor quality of each component.

If needed, LOPs can be grouped in up to 5 priority groups using the Navigation: Change
Priorities function. Doing this, the operator can monitor each priority group and compare
the groups. This might, for example, be used for checking correctness of one system
against another etc. The ship’s reference position will only be calculated on basis of priority
one LOPs. All components will be shown on the Base Positions window, where each LOP
will be displayed with measured, converted and predicted values, which allows the operator
to monitor quality of each component. When using the prioritised setup, each priority group
will be displayed together, and all secondary groups will contain comparison values, which
allows operator to compare quality of two or more systems (groups).

If no radio-based surface navigation systems are functional, NaviPac allows semi-automatic
or manual navigation, which can be combined with dead reckoning.

Changing the mode from automatic to semi-automatic or manual can only be performed
without errors if gyro and speed-log is selected as navigation instruments. Doing the
change, the system automatically weights down all ordinary instruments (GPS etc) and
weights up gyro and speed log. Furthermore, the navigation state is changed to yellow.

In semi-automatic navigation mode, NaviPac can compute actual position based on ranges
to known objects. The ranges can be calculated on basis of either hand held laser meter or
radar. These semi-automatically calculated estimations may be performed from time to time
(can be calculated automatically with the radar tracking function) or can be used as a base

position for dead reckoning.

If laser or radar is not available, the operator may choose the last possibility: manual
navigation. Here the operator may enter the position manual, fetch it from a map or

calculate it on basis of ranges (or bearings) to known objects. This calculation can be done
from time to time or can be used as basis for dead reckoning.

4.5 Navigation state

The Navigation state (ie the quality factor for the calculated position) depends on the
selected mode and the amount of generated alarms.
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The following table lists the state dependencies for automatic navigation:

Type

Status change in

Status change in

. Alarm ) quality control Note
See section 6.2 Online
(group)
Yes:
Yes:
No data - Surface If all less than 2 Status:
Yes If less than 2 LOPs L
Nav ) LOP’s accepted in | Yellow first time, then red
accepted in group 1
group
No data - Laser Data displayed in laser
No No No L R
meter navigation window
No data - Gyro Yes Yes Yes Yellow first time, then red
Yes: Yes:
If part of priority 1 If number of o
No data - Log Yes Yellow first time, then red
and number of acc. |accepted less than
less than 2 2
No data - TSS332 | Yes Yes Yes Yellow first time, then red
No data:
. Yes No No
TP-I1I obj
No data:
Yes No No
SAM (1/2)
) Yes (special GPS . .
GPS: no diff. Yes No . GPS quality control icon red
icon)
) Yes (special GPS . .
GPS: diff. Yes No . GPS quality control icon green
icon)
Yes:
Yes:
If all less than 2 o
GPS error Yes If less than 2 LOPs ) Yellow first time, then red
. LOPs accepted in
accepted in group 1
group
Cannot calculate o o
P Yes If priority 1 Yes Yellow first time, then red
0s
Std deviation too o
) Yes If priority 1 Yes Yellow
high
Yes: . .
Yes: Results in a ‘Cannot calculate
. If all less than 2 , i
LOP weightedto O | Yes If less than 2 LOPs Pos’ alarm if too few LOPs

accepted in group 1

LOPs accepted in
group

Table 2 State dependencies for automatic navigation
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4.6 Navigation scenarios

NaviPac includes three error detection and avoidance functions, which will be described in
the following sections: LOP drops out, LOP weighted down and estimated position.

46.1 LOPdrops out:

Let us assume that the surface navigation is a Range-Range system with 4 LOPs. The
mean error on each LOP is 2 m. The NaviPac program will continuously calculate the mean
error for each LOP.

%“Q» Q:{J:f‘
.
Q}*Pﬂ . &&Dh
]
.
.
.
)
.
.

Figure 53 LOP error
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If an LOP drops out the NaviPac program will use the predicted range from the Kalman filter
and will add the mean error to the range. The result is that no jump in position will take

place.

Figure 54 Add mean error to range

If the LOP does not come back, the error value for that LOP will converge to zero at a speed
determined by the LOP filter setting. The influence on the position is shown below.

&

Figure 55 LOP convergence
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4.6.2 LOP automatically weighted down

Let us assume that the surface navigation is a Range-Range system and a GPS system.
The program will calculate a combined position using all 6 LOPs. As the Range-Range
system has 4 LOPs and the GPS system only 2, the combined position will bias towards the
Range-Range system, as shown in the figure below.

Fange 1

Range 2

Longitude &

o
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L L T e "

™ FRange 3
Range 4

©C O 0000000
]

Figure 56 Position bias towards Range-Range system
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If the GPS system starts to drift away the combined position will naturally be influenced from
the GPS system, but after a while the combined position will fall outside the acceptance
window for the GPS system and will slowly be weighted to zero. This means that the
combined position will converge toward the Range-Range system, as shown in the below

figure.
® a
] G
o
o
o
9]
o - o
O . o]
O = O
O O
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e O
O« O
o 0
oe O
:::i?ieu-nl?ange % Oé o eLaULon position
Cambined
position

Figure 57 Position convergence towards Range-Range system

4.6.3 Estimated Position

If the calculated (eg on basis of dead reckoning or pure Kalman filter) is too far away from
observed values (ie weight of each LOP is below 0.05), the operator must manually bring
the calculation back on track. This is done by the Estimated Position function

4.6.4 Differential GPS

The GPS system operates in three quality levels--RTK, differential and ordinary—which can
be detected in the GPS Status window. The RTK and differential mode offers the highest
accuracy, and is preferable. Because of this difference, it is very important that NaviPac
handles the RTK and differential modes differently.
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When the GPS changes from RTK/differential to ordinary, the following actions will be
taken:

e NaviPac generates an alarm telling that the system has changed to ordinary
navigation. The alarm will be handled by the main system and presented in online
window.

e The GPS LOPs are weighted to a lower weight factor, which is defined as half of the
defined maximum.

When the GPS changes from ordinary to differential, NaviPac waits until it has proven
stable (RTK/differential for minimum 1 minute) before the following actions will be taken:

¢ NaviPac generates a message (alarm) telling that the system has changed to
differential navigation. The alarm will be handled by the main system and presented
in online window.

e The GPS LOPs are weighted back to their maximum weight.

If GPS is used as the only navigation instrument, the state of the GPS also has influence of
the calculated standard deviation:

RTK, dGPS:  StdDev = (Sigma * HDOP)/10

GPS: StdDev = Sigma*HDOP

4.7 Filtering components

As indicated in the introduction, the NaviPac Kernel uses three complex attributes in the
calculation process: sigma, weight and filter value.

We will not give the mathematical definition of the attributes, but to be able to understand
and use the components correctly, we will give a popular (and sufficient) description.

4.7.1 Sigma

The sigma setting allow an operator to specify tolerance windows on each LOP in use
(range, bearing, GPS reading, gyro and speed log), or in other words, to specify how much
a reading may vary before it must be considered as an error.

The sigma is used by NaviPac in comparing the actual LOP reading with the value
compared by the predicted value (Kalman estimation), where the difference must be lower
than or equal to the sigma. If an LOP value lays outside the tolerance, it is considered
wrong, and the LOP will be weighted down (or simply use the predicted value instead of the
actual).
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If the operator has specified a maximum weight lower than 1, the system will use
Sigma/Weight as the tolerance window instead. If, for example, the weight is set to %, the
tolerance window will be doubled.

4.7.2 Weight

As described in previous sections, NaviPac uses a weight attribute for each LOP to handle
unreliable readings. A weight can be between 0.0 (none) to 1.0 (full). If an LOP is known to
be incorrect in certain areas or just unstable or out of spec for a period, the operator may
use the weight figure in the LOP control, where he may specify the maximum weight to use.

As default all LOPs (except gyro and speed log) are given full weight (1.0), and if the
operator at any time change a weight to, for example, Q, this value will be used as the
maximum weight (ie the LOP will at maximum contribute with 50% in the final computation).

As described above, the weight has also an influence on the tolerance window.

4.7.3 Filter value

Probably the most important feature in the navigation kernel is the data filtering using least
square adjustment for computing CMG/SMG, which helps removing errors and navigation
without data.

The filter theory is quite complex, but in short, the filtered value at time t can be calculated
with the following algorithm:

Vf, = (1- GAIN) xV, + GainxVf,_,
where Vt gives the unfiltered value at time t and Vf.1 the filtered value at time t-1.

In the above equation you see that Gain close to 0 implies that filtered values are most
influenced by the new raw values and Gain close to 1 result in more influence from old
filtered values.

For large vessels or stable ROVs, this implies that the use of relative large Gain is
preferable, as the movement will be stable. This will most certainly allow NaviPac to remove
errors and produce a smooth and realistic track for low event quality navigation systems.

If the system is used for small unstable vessels, where fast turns and jumpy movements
might occur, you have to specify low Gains to allow these movements.

The above equation is simplified, as the Gain must include information about time difference
between each computation. If you let CT denote the time (eg ¥ second) between each
navigation cycle and let F denote a filter setting, NaviPac uses the exponential definition of
Gain:
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GAIN =

In this example, we then obtain the following Gain values, with CT = %.
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Figure 58 Correlation between Gain and filter value
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For most common vessels, the default value of 60 is sufficient. For dead reckoning, the

default value of 200 is usually sufficient.

Current and incorrect sensors might cause the difference between the dead reckoning

position and the correct position.

4.8 Simulation

NaviPac includes a simulation feature, where one or more sensors may be selected as
‘simulated’. Instead of reading physical data on serial ports, NaviPac calculates realistic

data allowing operators to practice in realistic environments.

The selection of sensors to be simulated is performed in the NaviPac Setup program.

If NaviPac Online is started with one or more simulated instruments, a dedicated simulator
window is opened. The window will remain open until no instruments are set to simulated.

Note: The simulator window will not be present on next start/restart when no instruments
are simulated.
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Figure 59 NaviPac simulator

In the simulator window, the operator may specify the current position, current heading and
current speed.

Based on this information, NaviPac generates simulated data from the sensors, where the
data will include noise to make it as realistic as possible.
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Realistic simulations will be performed for the following sensors:

e Gyro based on the given course.

e Speed based on the entered speed.

e Surface navigation LOPs based on the given position, the given course and the
given speed.

All other instruments can also be simulated, but the simulation will be more random/static.
4.8.1 Description of fields and buttons

48.1.1 Speed

This field shows the current speed in metres per second. The operator may change the
speed by typing a new value or clicking Spin (interval of 0.1 m/s). Clicking Apply will
activate the new speed component. Range: -50 to 50 (m/s).

4.8.1.2 Gyro

This field shows the current heading in degrees (ie the simulated gyro). The operator may
change the heading by entering a new value or clicking Spin (interval of 5 degrees).
Clicking Apply will activate the new component. Range: 0 to 359.99 °

4.8.1.3 Current Position (Easting)

This field shows that the current estimated position’s easting component (ie the base

position used by the simulator). The operator may change the easting component by

clicking Change Pos. and entering a new easting value. The value will be active after
clicking Apply.

4.8.1.4 Current Position (Northing)

This field shows that the current estimated position’s northing component (ie the base

position used by the simulator). The operator may change the northing component by

clicking Change Pos. and entering a new northing value. The value will be active after
clicking Apply.

Page 92 of 99



E I\

MARINE SURVEY SOLUTIONS

4.8.1.5 Change Pos.
When this button is clicked the user can insert a new current position. This enables the

current position button Apply, which must be clicked to accept changes. Note: The
simulator stops during Change Pos..

4.8.1.6 Apply

Apply the entered speed and heading to the simulator, and calculate new positions based
on these quality factors.

This section summarises the various quality factors offered by the navigating system during
operation.

4.8.2 LOP monitoring

Each LOP measurement is compared to the Kalman prediction. The obtained error can be
seen in the Position Monitor window.

4.8.3 Reference position

During the computation of the final position (primary, secondary etc for prioritised navigation
mode), NaviPac computes standard deviation of the position. The standard deviation can be
monitored in the Position Monitor window.

Furthermore NaviPac computes error ellipse parameters (size of the two axes and the
directions) for each priority group.

4.8.4 Dynamic positioning
Each object (SAM, Sweep etc) is also monitored for positioning quality.

All objects will give a raw position, a filtered position and a quality factor (sigma), which
gives a total accuracy factor in metres.

Filtered positions will be calculated using a linear filter:

Xiered (T) = (1— GaIN)* X e (T —1) +Speed  * A + Gain * Xg,, (T)

The GPS-based objects (SAM 1-a and SAM 1-b) gives a direct quality factor in the HDOP
factor.
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All subsea objects are calculated based on the reference position and partial XYZ from the
Trackpoint-Il system. Therefore the corresponding quality factor consists of two parts:
quality of reference position plus quality of subsea positioning. The system uses the

maximum values of Error Ellipse for surface navigation and the distance between the raw
and the filtered position.
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5 Definitions

In this chapter, terms and definitions related to NaviPac will be explained.

Keyword Description

CMG Course Made Good. Calculated course based on selected navigation LOPs.
Custom ID A customer-specific number, which opens for special routines, inputs and outputs.
Data I/O The program that collects data in real time from various instruments.

EIVAHOME A path set in the environment which identifies where NaviPac is installed.

GUI Graphical User Interface.

Gyro Positive clockwise, zero against north. Rotation around z-axis.

Heave Movement of vessel due to waves. Positive above datum.

Height error calculated on basis of GPS RTK height or 3D laser tracking system

Heave Correction corrected for geoidal separation, 3D offsets and heave. (Gives a value for eg tide and
heave bias.)
K | Program (non-interactive) that among other functions, calculates a reference position
erne
based on selected LOPs in the Online program.
LBL System Long Base Line. Underwater positioning system (eg Sonardyne and Kongsberg).
LoP Line Of Position. Each sensor that can input data to NaviPac and be used to the position
calculation.
Navigator The NaviPac operator (eg a surveyor, the helmsman).
Obiect The term covers all static and dynamic offsets (ie position of offset on vessel, position of
ec
) ROV, position of remote vessel etc).
Online The online GUI program in the NaviPac Software for Windows NT.
Online DB A database file where the current selected set-up (actual used LOPs in position
nline
calculation etc.) is saved. Located in $EIVAHOME/DB/onlsetup.DB.
Pitch Positive, when bow raises from horizontal plane. Rotation around x-axis.
oc Quiality Control in NaviPac. Calculations made in a GUI program started from Online
(View menu).
Roll Positive, when starboard (right side of ship) sinks from horizontal plane.
Set The program to set up projections, instruments etc in NaviPac. (From 3.5 onwards, this is
et-up

handled in NaviPac Configuration.)

A database file where the setup (created in Setup program) is stored. Located in

Setup database
$EIVAHOME/DB/gensetup.DB

SMG Speed Made Good. Calculated speed on basis of selected LOPs.
USBL system Ultra Short BaseLine (eg HiPap APOS, Trackpoint Il, etc).
User ID See Custom ID.
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X offset Offset across vessel/object; positive starboard.

X position East or west direction, given in selected projection.
Y offset Offset along vessel; positive front.

Y position North or south direction, given in selected projection.
Z Offset Offset height; positive up.

Table 3 Terms and definitions
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