Chapter 20: LBL & USBL Calibration

Acoustics, as used for the navigation and positioning of surface and subsurface
vehicles, are generally either Long Baseline (LBL) or Ultra-short Baseline (USBL).

LBL systems utilize a network of transponders located at known positions
throughout the work area to which ranges are measured, either directly or in-
directly, from a transducer attached to the vehicle to be positioned. These ranges
enable a range/range solution for that vehicle’s position. A single transducer
element within a transceiver is used, either to perform the ranging directly,
initiate a sequence of ranging, or send instructions to another transducer system
to perform the ranging. The term Long Baseline Acoustics is derived from the fact
that baselines between the known transponders can be up to several kilometers.
LBL acoustics can be used to position surface and subsurface vehicles.

USBL systems utilize multiple-transducers located very close together within a
single transceiver head to measure to beacons. They measure a single range to a
transponder and by using the very short baselines formed between the multiple
transducers, the horizontal and vertical angle can also be determined. The term
Ultra Short Baseline Acoustics is derived from the fact that the baselines between
the transceivers located on the transducer head are very short. USBL acoustics
can be used to position surface and subsurface vehicles.

In order to be used to their full capabilities, both systems require calibration.
This chapter details the calibration processes required and how WinFrog
performs them. Note: the actual addition of LBL. and USBL devices to WinFrog
and their association and use with vehicles is covered in the LBL and USBL
Acoustics chapters earlier in this manual.

WinFrog’s calibration functions use a rigorous least squares approach, utilizing
all available data. This is an important point to remember when collecting and
processing the data and will be covered in detail in the following sections.

LBL Calibrations

The purpose of an LBL calibration is to determine the position of the
transponders deployed in the work area. These transponders may be deployed
precisely mounted on an underwater structure, deployed using a Remotely
Operated Vehicle (ROV), positioned using USBL, or simply dropped from a
surface vehicle at the approximate desired location. Regardless of the
deployment method, a network, or array, of transponders is placed and the
accurate positions for the transponders are required. Until their positions are
known, they cannot be used to position another vehicle.
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The determination of the positions for newly placed transponders requires range
measurements from known points. The reason for stating it in this way is that
these known points could be other transponders already deployed and
calibrated, a vehicle positioned by alternative means, or a combination of both.
In the case of a surface vehicle, the vehicle’s position will probably be
determined using DGPS. In the case of a subsurface vehicle, its position will
probably be determined using DGPS and a calibrated USBL from a surface
vehicle. Regardless of the type of known points, the data are processed using a
rigorous least squares algorithm to produce either 2D or 3D (depending upon
operator selection) position solutions.

The calibration process requires the following steps:

. transponder array design;

. transponder deployment;

. estimation of initial approximate transponder positions;
. preparation for data collection;

. data collection;

. data review and editing;

. data processing; and

. application of the results.
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The data review and processing is an iterative process.

These topics are covered in detail in the following sections.

Important Notes:

It is critical that a valid Working Velocity file be loaded into WinFrog before any
LBL operation is undertaken. If an error is made and an invalid velocity file is
present at the time of the calibration data collection (or none at all), WinFrog
provides you with an option to apply a new velocity file during the processing.

It is important that a correct Working Transponder file is loaded and available
prior to the configuration for data collection. If an error is made in the Working
Xponders file, a station left out or incorrectly entered, WinFrog provides full
editing options within the Calibration Editing process. It is still however, better
to ensure the correctness and completeness of the Working Xponders file prior to
the Calibration data collection.

LBL Transponder Array Design

While the intricacies of network design are beyond the scope of this manual, the
following must be kept in mind.

Like any network of control stations, the array must be designed to provide
strong geometry in the required area. If the vertical component of the vehicle
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position is to be solved for using the acoustic ranges, the array design must
include vertical separation.

The reader should refer to Survey textbooks on this subject for more
information.

Other considerations for the array design are as follows:

* structures in the area that may cause blockage or reflection of the
acoustic signals;

* operations in the area that may result in damage to transponders, such
as anchoring operations resulting in anchor chains being dragged
through an array; and

» other acoustic operations in the area and the impact they will have on
the LBL acoustics, such as frequency interference.

LBL Transponder Deployment

The deployment of transponders in the array will depend upon the resources
available and the tolerance of the array design to variances from design location
to actual location.

In the case where the allowable variance from the design position to actual
position is very small, the transponders are often positioned in tripods using an
ROV tracked from the surface with a calibrated USBL system. Alternatively,
they may be lowered using a surface crane, again tracking the transponder using
a USBL transponder co-located with the LBL transponder and a calibrated
USBL system. If the transponder is being placed within an existing calibrated
array, it can be tracked using the existing array.

Where tolerances are less tight, or the resources are not available for the above
methods of deployment, the transponders are simply deployed from the surface
vessel. In this situation the vessel is positioned such that the transponder
deployment point is over the design location and the transponder is released to
free fall to the bottom. In this case the transponder is attached to an anchor with
a short rope. Since the transponder is free to move with the currents it is
inherently less accurate than using tripods.

In either case, it is important to obtain a reasonable approximate position of the
transponder deployment location. In the former, the design location will likely
be fairly accurate, depending upon the success of the deployment. In the latter,
the position of the transponder deployment point at the time of release is used.

LBL Calibration Preparation

Before performing the LBL calibration, WinFrog must be prepared. Although
WinFrog provides recourse during the processing to correct for omissions and
errors in the setup for the calibration, it is always better (and easier) to perform
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the setup correctly and eliminate the need to use these features. The following
covers the points to check for prior to calibration.

1

Ensure that there is a valid Working Velocity and Working Xponder file
opened in WinFrog. When performing the calibration, and when operating
the LBL for positioning, it is advised that the option to display the names of
the Working Velocity and Xponder files in the Vehicle window be exercised.

The Xponder file must contain, at a minimum, all transponders that are to
be calibrated. The initial approximate positions and depths for the
transponders must also be entered accordingly. The depth is important
because it is involved in the reduction of the observations to the map grid.
Depths for the transponders can be determined using depth interrogations if
they are equipped with a depth sensor. Alternatively, the ship can pass
directly over the deployment position while ranging to the transponder and
the shortest time travel converted to a distance and used for a depth. Other
options include passing over the transponder with a calibrated sounder and
using this information and the known height above the water bottom of the
transponder to determine the depth. One may also obtain the approximate
depth from a chart. Issues of Double Occupancy (sce the section Xponder
Files, Special Case: Double Occupancy in the Working Files chapter) must be
addressed. These are applicable when a USBL system is used to observe
surface ranges and an LBL system is used to observe baselines or if multiple
transponders are required at locations to support accurate baseline
observations (EHF) and deep water surface ranges (MF).

Ensure that all positioning and related devices are correctly configured,
including operational settings and sensor offsets. The LBL TRANSCEIVER data
item must be attached to the vehicle being used for the calibration and, while
it is recommended that it be configured to Positioning - Secondary, it can be
configured to Positioning - Primary without affecting the data collection and
subsequent processing. However, during the data collection process
WinFrog will perform a position determination using the LBL data
collected. Since this determination will be based upon estimated positions
for the array transponders, it may not agree with the other positioning
systems, resulting in a jump in the vehicle’s position. This may cause
comments and even alarm among those personnel using the WinFrog
screens, such as the helmsman. If a USBL system is to be used to collect
surface ranges, the USBL HYDROPHONE data item must be attached to the
vehicle and configured. The same issues as applied to the LBL TRANSCEIVER
configuration with respect to Primary and Secondary, apply to this data item.

The computer directories should be setup such that the calibration data have
a specific location to which they are saved. The saving and archival process
for the files should be decided upon at the beginning of the project to ensure
that the necessary steps are followed for safe file saving and archiving.
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LBL Calibration Data Collection

The calibration data collection process involves setting up WinFrog to collect
and log the data and the design of the path the vessel will take to collect the data.
WinFrog provides the capability to perform a rigorous least squares solution
using all available data in a single solution. This data includes surface
navigation (DGPS positions), subsurface ranges (surface to transponder ranges),
baselines (inter-transponder ranges) and depth observations. The collection
process should reflect this.

Note: if the calibration is for the purpose of extending an existing arrays, it is
probably not necessary to collect the surface to array data. Therefore, in these
circumstances the data collection process can proceed as detailed in the WinFrog
Setup for LBL Calibration Baseline Data Collection section later in this chapter.

There is no limit to the number of data points collected and used for the
calibration, other than the constraints of the available RAM and disk space on
the computer.

Overview of the Acoustic Calibration Dialog for Data Collection

The Acoustic Calibration dialog, from which all data collection, saving, loading,
editing, processing, and reporting is performed, can be accessed several ways.
To Access the Acoustic Calibration Dialog

1 Set the Vehicle Text window to display the information for the vehicle to
which the LBL Transceiver is attached.

2 With the cursor in the Vehicle Text window, right-click to access the pop-up
menu.

3 Select Acoustic Calibration.

4 From the Main Menu, select Configure > Vehicles.

5 Highlight the vehicle to which the LBL Transceiver is attached, and click
the Acoustic Calibration button.

6 From the Acoustic Window, click on Configure > Select Vehicle for
Calibration, then click on the vehicle to which the LBL Transceiver is
attached.

7 Then click on Configure > Calibration.

WinFrog 3.5 User’s Guide — LBL & USBL Calibration 20-5



Note: WinFrog is a multi-vehicle system. Ensure the vehicle that has the LBL
TRANSCEIVER data item added to it is the one selected/displayed before clicking
the Cal button or using the right mouse button to access the pop-up menu. If the
incorrect vehicle is selected and the Calibration dialog is accessed, you will still
be permitted to setup the calibration data collection, but no calibration will take
place because no LBL data items are associated with that vehicle. If it appears
that no data are being collected, check for this problem.

This problem is minimized accessing the dialog via the Acoustic Window. Only
those vehicles with LBL data items attached are listed and available for
selection, and the Calibration dialog cannot be opened until a vehicle is selected.

The Calibration dialog box is shown in the next figure. This dialog box is
modeless and does not restrict access to other WinFrog windows while open. It
is recommended that this be left open during the data collection process.

Calibration for ¥ehiclel

— Data Caollection/Cantral

i* EIfF Apply Data Collection Setup Mow |
" LBL Ranges 0 Paints in
™ || Banges Memory

I j [Elear |
™ USBL Data
ki Interval [zeconds] Graphics
[ " On = 0ff

" LEL Bazelines Setup |
" Depths Setup |

—Data Load/Save
Current File
Autas ave
Load | Save | Sutasave o

— Calibration Calzulations

Edit [ata | HecaIcLBLl XpdrHepDrtl

Calculate | [ ResetiseL || USBL Fipor

Siatistios || Fecalo USBL| | EdiXponder |

| QF. I Cancel | Help |

The following details those controls associated with the LBL Calibration data
collection process.
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Note: A Calibration data set for a given vehicle is initiated as soon as the
Calibration dialog is opened for that vehicle.

Note: Whenever the Calibration dialog is opened, WinFrog checks the current
Working Xponders file against the Xponder station information contained in
the Calibration data set. If no Xponder station information exists in this set, for
example, when the Calibration dialog is first opened, WinFrog automatically
copies the complete Working Xponders file into the Calibration data set. On
subsequent openings of this dialog, WinFrog performs a check and informs you
of differences between the Working Xponder file and the Calibration Xponder
station data (coordinate variations and discrepancies in stations present). You
can then decide whether to update or over write the Calibration data set station
information with that from the Working Xponders file, or ignore the differences
and keep the Calibration data set station information untouched.

Data Collection Control

You control the type of data to collect with the controls in this section. Once
selected, the Apply... button will change to reflect the changes that will be
applied if it is clicked. Alternatively, selecting the data collection type and
exiting the dialog with OK will also apply the settings.

Off Stops data collection

LBL Ranges Turns on the collection of LBL range data.
This is applicable to all LBL devices.

Il Ranges This allows you to specify the transponder to

interrogate using the Individual
Interrogation Frequency (IIF) for that
transponder. You then use the dropdown list
box to select the transponder to range to
with this command.

Note: This is specific to Sonardyne LBL
Compatts. Only those transponders in the
Working Xponder file set to LBL. Mode
Fixed and Model LBLL MK-II or MK-1V are
available for selection.

Note: Regardless of the Transmit Code
configured in the associated TRANSCEIVER data
item prior to using this mode, the Transmit
Code will be set to None when this mode is

stopped.
USBL Data Turns on the collection of USBL data.
Min Interval This controls the minimum data collection

interval for the above three data collection
options. The value entered is in seconds.
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LBL Baselines

Depths

Apply... button

Points In Memory

Clear

Graphics On/Off

During data collection, WinFrog checks for
the presence of new data from the associated
devices and then checks to see if the
minimum interval has been reached or
exceeded, and if so, logs the data. If either of
the preceding checks fails, no data are logged.
Turns on the collection of baseline
measurements between transponders. This
is not available to all LBL units. This is
setup via the associated Setup button and is
discussed later in this chapter. In addition,
there is a text display to the right of the
Setup button that presents the status of the
baseline collection process with respect to
completed or aborted.

Turns on the collection of depth
observations by transponders. This is not
available to all LBL units. This is setup via
the associated Setup button and is discussed
later in this chapter. In addition, there is a
text display to the right of the Setup button
that presents the status of the depth
collection process with respect to completed
or aborted.

The text of this button displays the collection
setup that will be applied when clicked. Click
this button to cause the current Data
Collection setting(s) to be applied without
exiting the dialog box with OK.

The total number of points currently
loaded/present in WinFrog memory. It is
very important to note that when collecting
calibration data, WinFrog logs the data to
memory and not directly to disk. It is only
written to disk when specifically directed by
the operator.

This will clear the current calibration data
in memory. Note: if these data have not been
saved to disk, they are not recoverable after
this 1s executed. A confirmation prompt
appears when the Clear button is clicked.
Controls the display of the data collection
positions in the Graphics and Bird’s Eye
windows. Note: baseline data does constitute
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Data Load/Save

Current File

Load

a data collection point and they will be
displayed if present. Thus, the Graphics
display provides both a means for
monitoring the progress of the data
collection and clear illustration of the
geometry. After setting this option, the
Apply... button must be clicked to the dialog
exited with OK in order for the changes to
take affect. There are additional graphic
features available directly within the
Graphics Window configuration options.
(see the Operator Display Windows chapter).

This is a read only control giving the path
and name of the currently loaded calibration
file or the last one that had been in WinFrog
memory.

Enables the browsing of available storage
media to select a calibration file (*.cal) and
load it into memory. Note: this action
automatically clears all data calibration
observation data currently in memory. You
are warned of this and given the option to
cancel the action. You are also prompted as
to whether or not you wish to purge the
current Calibration data set station
information. If there is a difference between
the station information of the Calibration
data being loaded and the current Working
Xponders file, you are informed of the
difference detected and given the option to
either update or over write the Calibration
data set station information from the
Working Xponder file or ignore the
Working Xponder file.

Note: When loading a calibration file pre-
version 13, the data is scanned to generate
data summary records (see LBL Calibration
Data Editing section). These generated
records are not as complete as those
generated and saved with the calibration file
post version 12.
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Save This is only available if there are calibration
data in memory.
Enables browsing of available storage media
to select an existing file or enter a new file
name to save all the data currently in
memory to disk. Note: when data are saved
to an existing file, that file’s contents are
replaced with the contents of the memory.
When this option is accessed, WinFrog
scans the calibration data in memory to
determine if there are any USBL data
present. If there are, you are prompted for
the file format to use. The next figure shows
the available options.

Configure File Save |

Select File Format

= GMS5 Format [USBL Spstern Cal Only)
= MeSa Fomnat [USEL Swstem Cal Only)

(] 4 I Cancel Help

The WinFrog format supports both LBL
and USBL calibration data, the GNS and
NeSA formats support only USBL
calibration data. In all cases, the data should
first be saved using the WinFrog format. It
can subsequently be re-saved in either of the
other formats. However, if only saved in
either GNS or NeSA formats, some data
will be un-recoverable and the file will not
be able to be processed by WinFrog to the
fullest capability of the software. If the radio
button for either the GNS or NeSA format
is clicked, you will immediately be
prompted to select the USBL beacon for
which to save the data on the Select USBL
Beacon dialog box.
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Select USEL Beacon x|

I1SEL Beacons

| 5o |
Cancel |

Select the beacon from the drop down list
and click OK to exit. Upon exiting the
Configure File Save dialog box with OK| you
are then able to browse the directories.

If there are no USBL data present, the
WinFrog format is defaulted to and
WinFrog goes directly to the browse.

AutoSave Future development.

LBL Calibration Range Data Collection Vessel Track

The ideal data collection scenario would have the surface vessel circle each
transponder in the array, at a distance of approximately 1.5 times the water
depth, while collecting range data to all the transponders. However, due to local
restrictions, such as other vessels and structures in the area and the expense of
ship time to perform this, it is not always possible, nor feasible, particularly with
arrays of more than 6 transponders.

Another consideration is the ability to measure baselines between the
transponders. If this is an option, as is the case with Sonardyne COMPATT's,
the requirement to circle each transponder is lessened.
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Be cautioned that collecting ranges to a transponder from only one side without
supplemental data, such as baselines, may bias the results of the solution. Range
data should be collected at opposing points around a transponder. Collecting data
in this manner will reduce the affect of error sources such as sound velocity errors.

The collection track should therefore be designed with the idea of circling as
many transponders as is reasonably possible, including those transponders at the
extreme reaches of the array. The figure above illustrates a possible vessel track
for a 5-transponder array with baseline measurement capabilities.

The lines drawn from a point on the track to transponders 101, 106, 110, and
113 represent the ranges to those transponders, all of which are logged.
Transponder 109 is considered out of range at this point for this example and,
therefore, a range to it is not available from this point on the track. It is not
required that the data for any one specific transponder be logged sequentially.
The track (illustrated above) circles or “boxes in” transponders 101, 109, and 110
and also provides additional ranges to transponders 106 and 113 from all points
along the track.

WinFrog Setup for LBL Calibration Range Data Collection

This section covers the collection of range data between the LBL transceiver
affixed to the data collection vehicle and the array transponders.

This section assumes that the LBL device has been added to WinFrog and the
associated LBL TRANSCEIVER data item, along with all other required data items
(1.e. POSITION, HEADING), have been added to the appropriate vehicle.
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Vehicle Configuration

The vehicle configuration consists of editing the data items associated with the
calibration vehicle. This is accomplished using that vehicle’s Configure Vehicle
Calculations dialog.

Note: all POSITION, LBL TRANSCEIVER and USBL HYDROPHONE (and PSEUDORANGE
if used) data associated with the calibration vehicle are logged to the calibration file,
along with general vehicle data. In addition, a standard deviation is logged for each
data item. This is used to determine the initial weighting for that data item in the
calibration processing (inverse of standard deviation squared). If a POSITION data
item is configured as Primary, the standard deviation logged for that data item is the
associated accuracy as entered. If a POSITION data item is configured as Secondary,
the standard deviation logged for that data item is 0, or Oft. The standard deviation
logged for the LBL TRANSCEIVER and USBL HYDROPHONE is the accuracy entered for
the respective data item. If the LBL equipment has baseline capability, the standard
deviation is based upon the frequency used.

The next figure illustrates a typical LBL TRANSCEIVER configuration as attached
to a vehicle. The Calculation should be changed to Secondary. As previously
mentioned, while setting this to Primary will not affect the calibration
processing, it will affect the real-time positioning. If set to Primary, WinFrog will
attempt to use the range data to the uncalibrated transponder array to position
the vehicle. This will likely produce incorrect positioning and thus position
jumps that may result in the mistrust of the navigation by those using it.

Note: In the case of Sonardyne hardware, do not set the Transmit Code to II. If it
is desirable to use the Il command for Calibration data collection, select the
respective option from the Calibration dialog.
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Configure LBL Transceiver

The transponders that are to be ranged to must also be configured. This
includes those transponders to be ranged to using the Il command. The next
figure illustrates an example of selected transponders. This is covered in greater
detail in the LBL Acoustics chapter. If the transponders are not selected, the
associated data will not be collected for the calibration data.
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In the case of the USBL HYDROPHONE data item, the specific transponders to
observe are not selected directly. WinFrog logs all USBL data output by the
USBL system that corresponds to Fixed USBL transponders in the Working
Xponder File.

Calibration Data Collection Configuration

The calibration data collection configuration is accomplished using the
Calibration dialog.
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To Initiate Data Collection of Surface Range Data

1 Set the minimum data logging interval.

Make sure this interval is not too long or any problems (i.e. acoustic noise)
during the data collection may result in unacceptable gaps in the data.

2 Toggle the LBL radio button to interrogate all enabled transponders and click
the Apply button.

Or

3 Toggle the Il Ranges radio button and select the transponder to interrogate
from the associated drop down list to interrogate only a specific transponder
and click the Apply button.

Or

4 Toggle the USBL radio button to interrogate all enabled transponders and
click the Apply button.

As points are collected, the Points in Memory text will update and, if the
Graphics On is selected, the data collection points will display in the Graphics
windows.

New data will not be collected until the minimum time has elapsed and then
only when the next data set is received.

5 When data collection is complete, or at any time the collection is to be
suspended, toggle the Off radio button and click the Apply button.

It is important to note that data collection can be suspended and resumed at any
time. In addition, an existing data file can be loaded and data collection turned
on to add more calibration data.

Note: Because WinFrog does not write the calibration data directly to disk as it is
collected, it is very strongly recommended that the data be regularly saved to a
file during the collection process. As mentioned above, when data are saved to
an existing file, the contents of that file are replaced with the complete data
currently in memory. Thus, though this provides an easy technique for
repeatedly saving the data to the same file during the data collection process,
care must be exercised to ensure that the correct file is selected.

The next figure illustrates a calibration collection in progress based upon the
track plan shown previously. Note the rings around the transponder locations to
assist the vessel in maintaining the required distance from the transponders.
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Graphics

WinFrog Setup for LBL Calibration Baseline Data Collection

If the LBL system being used is capable of measuring baselines between
transponders (for example, Sonardyne’s PAN with their COMPATTs), you can
configure WinFrog to initiate the measurement of these baselines and log them
with the rest of the calibration data.

In the Calibration dialog box, turn off current data collection. Click on the Setup
button associated with LBL Baselines. The next figure shows the baseline
configuration options.

Bazeline Meazurement Control |

Fram Tao
(% Hponder [C101101, 7| [C202202 7]

= Mebwaork InetwnrkE "’I
teasurements per #ponder |'|

" Forward ' Reverse &+ Both

k. I Cancel | Help |

WinFrog provides the option to select between a manually controlled baseline
measurement process or an automated baseline measurement process. Although
the automated option is the simplest to implement, it is recommended that it
only be used in a good acoustical environment.
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Xponder

Network

Measurements per Xponder

Forward

Reverse

Both

Selection of this option enables you to
manually select the transponder stations to
measure between (from/to). The associated
From and To dropdown lists present those
transponders in the Xponder file that are
available for baseline measurements, i.e. set
to LBL Fixed. WinFrog initiates the
measurement of this baseline and stops
when this is completed. You must then re-
enter this dialog box to setup for the next
baseline measurement.

Selection of this option allows you to select
the network within which baselines will be
measured. WinFrog then automatically
steps through this network measuring all
possible baselines. When all of the possible
baselines have been measured, the process is
completed and stops.

Note: in a poor acoustic environment, this
approach can produce a lot of non-
measurements resulting in potentially more
operator intervention than if the baselines
were configured manually.

Enter the number of times the baseline
configured is to be measured.

The selected baseline is measured Forward
only, i.e. only from the From to the To
transponder.

The selected baseline is measured in Reverse
only, i.e. only from the To to the From
transponder.

The selected baseline is measured first
Forward and then in Reverse.

Once the baseline setup is complete, exit this dialog using OK. In the Calibration
dialog box, make sure to toggle the LBL Baselines option and click the Apply...
button. At this time, the Apply button will display Pause Baseline Collection. If
you wish to pause the process, click this button. If the baseline measurement
process has been paused, this button will display Restart Baseline Collection until
it is pushed again to resume collecting baselines. To halt the baseline collection

before the set is complete, select the Off radio button and click Apply.

You are informed of the completion or abortion of the baseline measurement

cycle with a message to the right of the Setup button.

20-18

WinFrog 3.5 User’s Guide — LBL & USBL Calibration



Note When collecting baselines, WinFrog performs the following automated

editing:

e The standard deviation (weight) assigned to a baseline is based upon the
acoustic frequency in use

LF, 0.5m
MF, 0.15m
HF, 0.04m
EHF, 0.02m

e Ifabaseline observation is flagged with an error, it is de-weighted.

e Ifa zero baseline is detected, it is considered a failed observation and de-
weighted

e Ifabaseline that is not with +/- 50% of the expected baseline distance it
is considered a failed observation and de-weighted.

WinFrog Setup for LBL Calibration Depth Data Collection

If the LBL system being used is capable of measuring the depths of the
transponders (for example, Sonardyne’s PAN with their Compatts), you can
configure WinFrog to initiate the measurement of the depths and log them with
the rest of the calibration data.

In the Calibration dialog box, turn off current data collection. Click on the Setup
button associated with Depths. The next figure shows the depth configuration

options.

Depth Meazurement Control E |
— Transponder 5 election
(% Hponder C101,101.1 |
™ Metwark Inetwu:urkE j

— Measurerment Caontral

Mumber of Depth Measurements |5

Digiquartz Temperature Cantral
% [Hf

) et Framspander, Eile
) Mhce at Stark af, Set

) Evennlepth M easurement

ak. I Cancel Help
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WinFrog provides the option to select between a manually controlled depth
measurement process or an automated depth measurement process. Like the
case of baseline observations, although the automated option is the simplest to
implement, it is recommended that it only be used in a good acoustical

environment.

Transponder Selection
Xponder

Network

Measurement Control

Number of Depth
Measurements

Digiquartz Temperature
Control

off

Get From Xponder File
Once at the Start of Set

Selection of this option enables you to
manually select the transponder stations to
measure depths for. The associated

dropdown list presents those transponders in
the Xponder file that are available for depth
measurements, 1.e. set to LBL Fixed. WinFrog
initiates the measurement of this depth and
stops when it is completed. You must then
re-enter this dialog box to setup for the next
depth measurement.

Selection of this option allows you to select the
network within which depths will be measured.
WinFrog then automatically steps through this
network measuring all depths. When all the
possible depths have been measured, the
process 1s completed and stops.

Enter the number of times the depths
configured are to be measured.

If the selected transponder is configured for
a digiquartz depth sensor, or if any of the
transponders in the selected network are
configured for a digiquartz depth sensor, the
following options are available to configure
the collection of the required Temperature
count data.

The Temperature Count query is never
issued for the transponder.

Future development.

The Temperature Count query is sent once
at the start of each depth measurement set.
If set to interrogate the network, each
transponder is queried before proceeding
with the depth queries.
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Every Depth

Measurement Each depth query is accompanied by a
Temperature Count query. This is very time
consuming and should only be used if
deemed to be necessary.

Once the depth setup is complete, exit this dialog using OK. In the Calibration
dialog box, make sure to toggle the Depth option and click the Apply... button.
At this time, the Apply button will display Pause Depth Collection. If you wish to
pause the process, click this button. If the depth measurement process has been
paused, this button will display Restart Depth Collection until it is pushed again
to resume collecting depths. To halt the depth collection before the set is
complete, select the Off radio button and click Apply.

You are informed of the completion or abortion of the depth measurement cycle
with a message to the right of the Setup button.

LBL Data Collection - Monitoring

The number of points collected are displayed in the Calibration configuration
dialog box. However, the data collection process is best monitored with the
Calibration Status window in the Acoustic Window (see the Operator Display
Windows section). Alternatively, the calibration summary data can also be
viewed via the Calibration dialog box by clicking the Edit Data button (see LBL
Calibration Data Editing).LLBL. Data Collection - General Issues

It is important to stress the versatility of the WinFrog calibration process, both
the data collection and the processing. It is not necessary to perform the data
collection in a set sequence, be this all data for a specific transponder
uninterrupted by data associated with another transponder, or all the ranges and
then all the baselines.

The calibration files (*.cal) are written to disk using ASCII text and, as such, are
easily accessible and readable. The format for these files is found in the WinFrog
File Formats appendix.

Note: once the data collection is completed, the original calibration data file
should be archived and set to read only. A copy is then made for actual use in
WinFrog. In this way, you always have recourse to the original data file if
necessary.

LBL Calibration Data Editing

The editing of the data can be performed at any stage when data are present in
WinFrog memory, whether loaded from an existing file or logged during a data
collection process.
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The purpose of viewing and editing the data is to locate and remove those data
that are considered to be invalid. WinFrog provides graphical editors that enable
easy inspection of the data, detection of any trends, and direct editing
capabilities. The graphical editors allow you to view the LOP data directly and
the LOP residuals. The former is best used for investigating trends and visually
detecting outliers, usually visible due to the break in the trend, especially prior to
any calibration calculations. The latter is valuable for refining the editing in
subsequent iterations.

Note: the term editing the data consists of setting the weighting value for any
given LOP and changing data item offsets. You do not have access to the actual
data for the purpose of altering values. The only exception to this is the
Temperature Count value used for reducing digiquartz data to a depth.

An initial review of the data should be made prior to any calibration
calculations. The purpose of this review is to find obvious flyers and bad data
and to remove them from the solution immediately. Then, after each calibration
solution, the data should be viewed again for analysis and any further required
editing.

Viewing and Editing the Data — The Calibration Station Window

From the Calibration dialog box, click the Edit Data button. (This button is only
available if there are data present in memory).
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Calibration for ¥ehiclel

— Data Caollection/Cantral

& Ot Apply D ata Collection Setup Mow |
" LBL Ranges B5 Paints it
™ || Banges Memary

I j Clear |
™ USBL Data
ki Interval [zeconds] Graphics
[ " On & Off

" LBL Baselines  Setup |
" Depths Setup |

—Data Load/Save
Current File
CAMAYDATAN zonardyne. cal

Load | Save |.ﬁ.ut05aue|%ﬁt05ave

— Calibration Calzulations

Edit Data | HecaIcLBLl XpdrHepDrtl

Feset USBL | UISBL Report |

Statisics | Rlecalc USBL|  Edit Xponder |

QF. | Cancel | Help |

WinFrog opens a Calibration Station dialog box as shown in the next figure. You
can view all LOPs in the Calibration data set alphanumerically from this dialog.

The example here shows the display of vessel position and LBL ranges or Lines
of Position (LOPs).
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Calibration Station

Records | Hangesl Baselinesl Depthsl Eonstlaintsl

—;FEI—Iecold Information - Cancel |

S5 191430 EOT1 032228 [ 5

o 3081 Aekve 301 931, Spct 0.052

BaseStn | ID | RawlOP | Scaled LOP | WF | Res | Deskew | Epoch |

SimGips N 50619.2329 N9301SE37Im  50.. O016700m  00%570m 1556382 Consraris |

Simbips E EONT030440  E45083751m  50. 0211600m  0111400m  155638.2

707 707 7 1E14206 1205346000m  30. 0559367m  0.000000m 1556326 :

408,408 B 1619934 1209661000m  30. 0247246m  0.00000Om 1556326 =

a3 o ZE N ook mw e K

. 3 . il LN A il . m I Gallng
Sensor Offset |

The Calibration Station dialog box presents you with several options for viewing
the calibration data. The available editing options accessed via the buttons
located on the right side of the dialog depend on the tab selected, and in the case
of the Records tab, the type of LOP selected.
To edit an LOP, simply select it and click the appropriate button on the right.
Make the editing changes as required and exit the editing dialog with OK to save
the editing changes or Cancel to discard any changes made.
The following details the options available and the associated windows and
dialog boxes.

Constraints If constraints have been added to the
calibration, clicking this button will
automatically find the Constraint data and
display it in this dialog. This button is
present only if constraints have been added
to the data set. This option is only available
with the Records tab.

off This simply sets the weighting factor for the
selected LOP to 0, which de-weights it from
the solution. This option is only available
with the Records and Constraints tabs.
When associated with a constraint, this
toggles it between applied and not applied.

On/Edit Wf This enables you to edit the actual
weighting factor for the selected LOP. This
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Gating

control extends to applying the new
weighting factor to the selected LOP in the
displayed epoch only, or in all epochs in
which this LOP is present. You can also
control if the new weighting factor is to be
applied to those LOPs already de-weighted.
The next figure shows the associated dialog
box.

Edit WF ]|
—weighting Factor

IE.EIEIm Aocuracy

" Thiz LOP in Only this Becord Cancel
= This LOP in All Records

Plik

Help
™ Apply to un-weighted LOPs also

Note: When a tab other than Records is
selected, the This LOP in Only this Record
option is not applicable and is disabled.

This enables you to apply residual gating to
the complete data set based on the current
results. This is a powerful tool for quickly
editing out flyers, but it can also edit out
good data and leave in bad if applied
incorrectly. It is important to note the
following points:

* The gating is only applied when this
option is accessed and exited with OK.

* The gating is applied based upon the
current residuals. If the gating is applied
before any editing or any processing of
solutions, the residuals will be based upon
approximate transponder coordinates and
as a result, the gating may have
unexpected and erroneous results.

* If the gating is turned off for any LOP
type and the dialog is exited with OK, all
LOPs of that type will be re-weighted into
the solution if they contain a non-zero
value.The next figure shows the Residual
Gating options.
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Configure Calibration Besidual Gating

— Range Residual Gatng———— — Bazeline Residual Gating
" On
o |9999.Dﬂm Gate |:aa:a:a.num Gate

& 0if

— Bearing Rezidual Gating

IEIEIEIEIEI.EI T [zate

— Position B ezidual Gating

IEIEIEI'EI. 00m [3 ate

= 0if % [ff

| ] 4 I Cancel | Help |

This option 1s only available with the
Records tab.

Plot Data button Click this button to access a graphical editor
for all of the instances of the selected LOP
in the Calibration data set. See Using the
Plot Panel: LOPs section later in this chapter
for details on this editing window.

Plot Res(iduals) button Click this button to access a graphical editor
for the residuals for all instances of the
selected LOP in the Calibration data set. See
Using the Plot Panel: Residuals later in this
section for details on this editing window.

Sensor Offset button This button is only available for those data
records involving sensor offsets, specifically
Position, LBL. and USBL Surface Range
and Transponder Depth LOPs. It allows
you to change the offsets for any sensor
involved in the LBL calibration. This
provides for corrections in the case of
incorrect configuration of the system prior to
data collection. You can enter the new
offsets and then select whether to apply
them to the associated system for the current
epoch only or for all epochs.  This option
is only available with the Records and
Ranges tabs.

The following shows the Cal System Offsets
dialog for those LOPs associated with
surface observations, 1.e. ranges and position

LOPs.
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Cal System Offsets

— Application
& iapplu Tao This Syster in thiz Fecaord Onl
" &pply To This Spstem in Al Becords

— Offsets
ForeAtft Puart/Stbd Depth
|-19.20m |7.80m {11.50m

(] 4 I Cancel | Help

Note: In the case of USBL observations, this
only affects the WinFrog offsets. The USBL
system offsets entered as part of the USBL
HYDROPHONE data item configuration
cannot be edited. In addition, offsets applied
when a USBL slant range LOP is selected
are appropriately applied to all LOPs
associated with the selected LOP’s system.

The following shows the Configure Depth
Sensor dialog for the depth LOPs.

Configure Depth Senzor EE

Transponder Senzor Paraneters

These settingz are applied to all depth obzervations
azzociated with this franzponder.

Depth sensar offzet fram the transducer Im_
Depth zenzor calibration IEI.EIEIm

= Wigrguartz lemperature Eount Editing

0= Sppl e thiz recend ol
% Lol this recard =2b anly
0 Apply e allldemtie fon this fansponder

Time count for Digiguartz zenzors ||:|_|:||:||:|
(] I Cancel | Help |

For all depth sensors, you can modify the
offset used to associate the sensor location
with the transponder’s transducer. In
addition, a calibration value can be
entered. For details on these settings, refer
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to the Working Xponders sections in the
Working Files chapter. These changes are
applied to all depth LOPs associated with

this station and transponder.

If the depth sensor is a digiquartz sensor,
you have the additional option of entering
a new temperature count value and
selecting whether to apply it to the
reduction of the raw depth observation for
the selected depth LOP only, or to all the
depths LOPs in the associated record, or to
all depths associated with this station and
transponder.

After each major stage of data editing, it is recommended that you save the
calibration file to disk. You should give each calibration file a unique name (i.e.,
the name can have a lettering or numbering code or even a short descriptive
message appended indicating the processing stage represented by the file) so that
it does not write over a preceding copy of the same calibration set. When given a
unique name, at any point in the processing you wish to return to a known
point or state in the editing and calculation process, you can reload the
appropriate file and resume the processing from that point.

Records Tab

This tab is in two sections. A slider bar located in the top left allows you to go
scroll through the complete data set essentially in chronological order. As you
move the slider, the data for the respective calibration record displays. Also in
the top left panel is the summary of the data record. This information varies
depending upon the data item being viewed.

The second section is the data panel itself. The List View window presents the
LOPs contained in the currently selected record. Again, this varies depending
upon the data item of the selected record.

LBL Calibration Data Editing — LBL Position and Range LOPs

The components of the Calibration Station window when viewing a
Position and LBL Range record are as follows:
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Calibration Station

Records |Hanges| Baselinesl Depthsl Eonstraintsl

N -

— Record Information

Data Point: 1 12-11-03 15:56: 326

50619.1430 E011 03.2228

9301 569 67mE 450637.83m

Hdg: 3031, Adve: 301.3331, Spd: 0.052

BassStn | ID | RawlOP | Scaled LOP [ wF | Res | Deskew | Epach [
SimGps M 506 19.2329 N9301569.71m  5.0.. O0.016700m  0.0557/00m  15.56:38.2
SimGps E EOT1 03.0440 E450637.5Tm 50.. 0211600m  0.111400m 15:56:38.2
707,707 7 1614.206 1205.345000m  3.0.. 055937m  0.000000m 15:56:32.6
408,408 ] 1619.994 1209.661000m  3.0.. -0.247244m  0.000000m 15:56:32.6
09512 12 1E19.242 1209.073000m  3.0.. 1.953085m  0.000000m 15:56:32.6
111.1M 11 1190.273 558, 785000m 0.0. 99.900000m  0.000000m 15:56:32.6
110110 10 1184.734 554 695000m 0.0. 99.900000m  0.000000m 15:56:32.6

oK
Cancel

Help

Corstraints

[ [k

On/Edit Wit

Gating

Plot Data

el

Plat Res

Senzor Offzet |

Data Point Selection

This section is the top left panel and provides you with the option of

scrolling through the complete data set using the slider bar. The position
information for the vehicle used to collect the data for the selected epoch
is displayed in this panel.

Line 1

Line 2

Line 3

Line 4

Data Point Summary

The calibration point number and the
date and time for the selected point.

The geographic coordinate for vehicle’s
CRP on the working ellipsoid.

The map grid coordinate for the
vehicle’s CRP.

The vehicle’s heading, CMG, and speed

in knots.

This section is the lower, larger panel and presents the data (LOPs)
collected at the selected epoch in a list window. Note: the list window
does not support sorting; the data are displayed in the order that the data
items are added to the calibration file. It is also important to note that the
selection of an LOP is only possible from the first column. The order
does not affect the calibration processing.

A single position data item provides two LOPs, a latitude and a

longitude.
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An LBL data item provides as many LOPs as there were transponders
that were logged at a given epoch.

Base Stn

Raw LOP

Scaled LOP

WF

Res

Deskew

This lists the name of the LOP. In the
case of a position LOP, the name of the
associated device is shown, in the case of
a range LOP (transponder), the name of
the station and address of the
transponder are listed.

This lists the associated ID of the LOP.
In the case of a position LOP, it is the
denotation of either N(orthing) or
E(asting). In the case of an LBL range
LOP, it is the transmit channel or
frequency of the transponder.

This is the raw LOP, or actual data,
logged for the LOP. For a position LOP
it is the WGS 84 latitude and/or
longitude. For an LBL range LOP, it is
the two way travel time in milliseconds.

This is the scaled LOP, or data reduced
to the map projection. In the case of a
position data item, the WGS 84 position
is transformed to the working ellipsoid
and then projected onto the working
map projection. For an LBL range LOP,
the data are corrected for any time
delays, reduced to a one way travel time,
converted to a distance using a
calculated sound velocity, and then
projected onto the map grid.

This is the weighting factor used for the
LOP in the solution.

This is the residual of the LOP for the
selected epoch.

The individual LOPs collected for a
given calibration epoch are actually valid
for different times. The calibration point
epoch is defined by the LBL data epoch
and, therefore, the deskew time for an
LBL range LOP is always 0. Other
LOPs are then deskewed to that epoch,
using velocity vectors generated as part
of the standard real-time positioning,
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and processed and logged with the
calibration data.

Epoch This is the time stamp for the LOP.

LBL Calibration Data Editing — USBL Position and Range LOPs

LBL calibrations can include surface ranges from a USBL system. The
following shows the Records Tab for this data item.

Calibration Station
Records |F|anges| Baselines | Depths | Canstraints |

N | |

 Recard Information Cancel

x

]
s

Data Point: 12 12-11-03 15:57:06.3
S0619.1430 EO011 03.2229

MN9301563.55mE 450637, 95m
Hdg: 3091, Adwve: 132.0038, Spd: 0.037

Help

Baz=Stn | ID | RawlOP | Scaled LOP | wF | Res | Deskew | Epoch [

B3R 1198562 1193 604615m  0.0. -1515748m 0000000 1557064 Constraints
707 B3-E 267 51,9980 267 49.0507 00. 2236 0.000000m 1557069
707 BN-D 170.67 1170870014 0.0, 1.809074m  0000000m 15570649
707 BT 1605.528ms 11986033068m 10, -1513841m  0000000m 1557064 0
SimGps M 50619.2330 N9IO1569.59m  5.0. -0.034469m  -0.000260m 1557068 v
SimGps E E011 030443 E450637.96m 5O. -0013753m  0000280m 1557068

Gating

Plot D ata

Plat Res

FEREEE e

Senzor Offzet |

The display and editing of the USBL epoch is the same as that for the
LBL epoch. The exception to this is the display of the USBL data itself.
The USBL data recorded by WinFrog consists of the XYZ data directly
from the USBL device, corrected for the USBL system offsets as entered
into WinFrog for the respective USBL HYDROPHONE data item. The data
is listed as 3 LOPs in this dialog, the calculated slant range, calculated
bearing, and the depth. If the USBL system used supports the output of
travel time data, this is presented as a 4™ LOP similarly to the LBL
surface range travel time. The LOP type is indicated in the ID column
where the character appended to the beacon code describes the LOP as
follows:

R = Range, B = Bearing, D = Depth and T = TWTT.

Note: Even if the travel time data is provided by the USBL system as a
one-way travel time, WinFrog converts this to a two-way travel time
(TWTT) value in milliseconds to conform to the process already in place
for standard LBL observations.
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Records |F|anges| Easelinesl Depthsl Eonstraintsl

LBL Calibration Data Editing - Baseline LOPs

The components of the Calibration Station window when a baseline
record is being viewed are as follows:

Calibration Station x|

OK
. S o]
— Record Information Cancel |
Data Point : 26 121103 15:58:14.5 Hel
From Station 309 Transpondar 512 LI
To | RawlOP | ScaledLOP | WF | Res |
707 707 £32.898ms 470384000m 10 0502217m
707 707 £33.742ms F101000m 10 -D124788m
707 707 8.004ms 11.903000m 00..  93500000m
408,408 0.000ms 0.000000m 0.0..  95.300000m Sl
408,408 7.208ms 10.721000m 00. 99.300000m :
408,405 433.302ms WETHEO0Om 10 0.270173m _OnEdiw |
111171 307.485ms 228531000m 10 -D137333m :
111 306.987ms 228161000m 10 0.232067m _ i |
111111 306.788ms Z28003000m 10 0.380067m
110,110 543.23ms 403746000 10 0.757048m Piot Data |
Plot Res |
Sensar Offset |
Data Point Selection
This section, within the top left panel, provides you with the option
of scrolling through the complete data set using the slider. In
addition, the basic record information is displayed in this panel.
Line 1 The calibration point number and
the date and time for the first
baseline logged in the selected
record.
Line 2 The name of the From Station and
the address of the transponder.
Data Point Summary
This section is the lower, larger panel and presents the data (LOPs)
that make up this record in a list window. Note: the list window does
not support sorting; the data are displayed in the order that the data
items are added to the calibration file. It is also important to note
selection of an LOP is only possible from the first column.
To This lists the name of the To station
and the address of the transponder.
Raw LOP This is the raw LOP (the observed
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Scaled LOP

WF

Res

two way travel time in milliseconds)
logged for the LOP.

This is the scaled LOP, the observed
LOP corrected for turn-around-time
reduced to a one way travel time,
converted to a distance using a
calculated sound velocity and then
projected onto the map projection.

This is the weighting factor used for
the LOP in the solution.

This is the residual for the LOP.

LBL Calibration Data Editing - Depth LOPs

The components of the Calibration Station window when a depth record

is being viewed are as follows:

Calibration Station

Records |F|anges| Easelinesl Depthsl Eonstraintsl

Al m -

— Record Information

[rata Point - 34
Station 707 Tranzponder 707

|x

o
e

Cancel

Help

| Epach

RawLOP | CD/CO .. | Scaled LOP | Temper.. | TO Emor | WF | Res
- 0 1177.669..  MN/A N 10.. 03924
0 1178598 N/ NAA 1.0.. 053786

TE30:5.. Constraints

16305

]
On/Edit %/t

[Fating

Plot D ata

Plat Res

ELERE

Senzor Offzet |

5

Data Point Selection

This section, within the top left panel, provides you with the option of
scrolling through the complete data set using the slider. In addition, the
basic record information is displayed in this panel.

Line 1
Line 2

The calibration point number.

The name of the Station and the address
of the transponder.
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Data Point Summary

This section is the lower, larger panel and presents the data (LOPs) that
make up this record in a list window. Note: the list window does not
support sorting; the data are displayed in the order that the data items
are added to the calibration file. It is also important to note selection of
an LOP is only possible from the first column.

Raw LOP This is the raw LOP. If the sensor is a
strain gauge depth sensor, this is the
observed depth value in metres. If the
sensor is a digiquartz depth sensor, this
is the count of the frequency output of

the sensor.

CD/CQ Error This 1s the error state of the associated
query, 0 indicates no error.

Scaled LOP This is the scaled LOP, the observed

data reduced to represent the depth of
the station monument (see the Working
Xponders section in the Working Files
chapter).

Temperature Count This is the temperature count value
associated with the digiquartz
observation. If the sensor is a strain
gauge, N/A is displayed.

TQ Error This is the error state of the query for the
temperature count, 0 indicates no error.
If the sensor is a strain gauge, N/A is

displayed.

WF This is the weighting factor used for the
LOP in the solution.

Res This is the residual for the LOP.

Epoch This is the time stamp for the depth
query.

LBL Calibration Data Editing - Constraints

The components of the Calibration Station window when a constraint
record is being viewed are as follows:
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Calibration Station |

Records |Hanges| Baselinesl Depthsl Eonstraintsl

K
Cancel

Help

Pl

2 o 13|

— Record Infomation
Calibration Congtraints
FromStn | TaStn | Geographic LOP | Grid LOP | Applied |
110 FO7 12218 45.00 12215 47.91 Tes

OnsOff
i/ E it W

[Fating

Pt [ats

| e |
[ oz
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[ e
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Semson Hifset |

Data Point Selection

This section, within the top left panel, provides you with the option of
scrolling through the complete data set using the slider. In addition, the
basic record information is displayed in this panel.

Line 1
Line 2
Line 3
Line 4

Data Point Summary

Calibration Constraints
Blank
Blank
Blank

This section is the lower, larger panel and presents the data (LOPs) that
make up this record in a list window. Note: there are no sort capabilities
available, the data are displayed in the order that they were collected. It is
also important to note selection of an LOP is only possible from the first

column.

From Station
To Station
Geographic LOP

Grid LOP

Applied

This lists the name of the From station.
This lists the name of the To station.

This is the constraint on the working
ellipsoid.

This is the constraint on the Map
Projection.

This is the Applied status, either Yes or No.
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The only editing options associated with a Constraint LOP from this
window 1s to toggle the Applied status between Yes and No. This is
accomplished by selecting the appropriate constraint LOP and clicking

the On/Off button.

Ranges Tab

This tab allows you to view a summary of all surface ranges observed and
contained in the calibration file. The information presented is detailed here.

Calibration Station

Records Fanges |Easelines| Depthsl Constraintsl

Station | Type | Tx | Add...| Tatal # Ran... | # Uzed Han...|

Testl LBL 1 1m 153 93 Cancel |
Test2 LBL 2 202 182 112

Testd LBL 3 303 1583 133 Help |
Testd LBL 4 404 153 108

Testh LBL 5 505 153 33

Testl USBL [#v2) AZR AR 116 91

Testd USBL [#v2) B26 B2 115 ar

Testl USEL [TWTT) AZR AR 116 116

Testd USEL [TWTT) B2E B2 115 15

]
OndEdit

[Fating

Plot Drata
Plot Res

G

Sengar Offset |

Station

Type

Tx

Address

Total # Ranges

The name of the Xponder station
observed to.

The surface range may be a standard
LBL TWTT (LBL) observation, a USBL
XYZ based observation (USBL (XYZ)) or a
USBL travel time observation (USBL
(TWTT)).

The transmit channel (or frequency) or
beacon ID of the Xponder station
observed to.

The address of the Xponder station
observed to, which in the case of a USBL
beacon duplicates the ID.

The total number of observations made
to the Xponder station.
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# Used Ranges The total number of observations made
to the Xponder station that are weighted
into the solution.

The range data summaries are sorted by type (LBL, USBL derived from XYZ
and USBL TWTT). Within each of these subsets, the summaries are sorted by
station name and, for cases of double occupancy, then by address or beacon code
depending upon the data item. Thus, the order they are displayed in will remain
constant for a given calibration file.

Baselines Tab

This tab allows the operator to view a summary of all the baselines observed and
contained in the calibration file. The data for each baseline pair is given in two
lines in the window, one line for forward and one line for reverse. This provides
a more complete review of the data for analysis. The baseline summaries are
generated from the baseline data. To provide consistency in the presentation,
thus facilitate evaluation, the summaries are created and sorted as follows:

e For a given baseline pair, regardless of the direction any of the
observations are actually made, the FORWARD direction is always from
the station whose name is alphanumerically less than the other. For
example, given a baseline pair with the stations Transponder 1 and
Transponder 2, FORWARD is from Transponder 1 to Transponder 2.

e The primary sorting of baseline pairs is based on the FROM station name.
In the case of stations with the same name (double occupancy), these are
further sorted based on the FROM transponder’s address.

e The secondary sorting of baseline pairs is based on the To station name.
In the case of stations with the same name (double occupancy), these are
further sorted based on the TO transponder’s address.

This results in the display of the baseline summary data for a given calibration
file to always be in the same order with the same convention for forward and
reverse, regardless of the order or direction the data is collected in or subsequent
editing actions. This is also true for the display of this summary information in
the CALIBRATION STATUS window (see ACOUSTIC WINDOW section in the
OPERATOR DISPLAY WINDOWS chapter).

The information presented is detailed here.

Note: The summary includes baselines of zero length if any were observed.
These are considered to be failed observations.
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Calibration Station x|

Hecordsl Ranges EBaselines |Depths| Eonstraintsl

ok
From St | Add/Te | ToStn | Add/Te | Dit | HGood | #Failed | #'Weig.. | MeanFaw | MeanFed | Expected |
Test] 100/ Test2 022 Fud 2 3 2 WO7182 227.99Im  228.3%m Caricel |
Rev 2 3 1 07865 228.498m
Test] 101/ Testd W Fud 4 1 3 484802 399.821m  359.759m Help |
Rev 3 2 3 495,901 IE0.EIm
Test1 101/ Testd 044 Fud 1 4 1 492265 3E5.3EIm IEE.S5Tm
Rev 2 3 2 493721 6441 m
Test] 1071 Tests OS5 Fwd 4 1 4 252078 187.094m  187.228m
Rev 3 2 2 252153 187.149m
Test2 2022 Testd W2 Fud 3 2 3 47422 257.85¢m  257.1EEm
Fev 5§ 0 5 G426 25E.376m
Test? 202/2  Testd 4044 Fud 3 2 3 E04E37  374543m  275.0%9m
Fev 1 4 1 504125 374.163m
Test? 202/ TestS 5055  Fwd 5 0 4 EASA40  4D4.827m  405.450m
Fiev 4 1 4 545 23 405.415m
Test3 W33 Testd 4044 Fud 2 3 2 242805 180.211m  180.075m d
Fev 2 3 2 241211 179.027m Gating |
Test3 W33 Tests 5055 Fud 4 1 3 E15273  456.657m  456.948m
Rev 3 2 3 E16.271 457.398m
Testd 4044 Test§ 5055 Fud 3 2 2 515514 382615m  283.465m P"J‘DC"‘C"|
Rev 3 2 3 516372 393.253m
Plat Res |
Sensarn [Hifzet |
From Stn The name of the From Xponder station

in the baseline pair.

Add/Tx The address and transmit channel (or
frequency) of the From Stn.

To Stn The name of the To Xponder station in
the baseline pair.
Add/Tx The address and transmit channel (or

frequency) of the To Stn.

Dir Describes the observation direction for
that line of data in the window for the
given baseline pair, either forward (Fwd)
or reverse (Rev).

# Good The total number of successful baseline
observations. Note that being successful
does necessarily mean that the
observations themselves were good or
valid.

# Failed The total number of failed baseline
observations.

# Weighted The total number of baseline
observations currently weighted in the
solution.

Mean Raw The mean raw observation (TWTT) of
those baselines weighted into the
solution.
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Mean Red

Expected

Depths Tab

This tab allows the operator to view a summary of all the depths observed and

contained in the calibration file.

The mean reduced baseline (slant range)
of those baselines weighted into the

solution.

The calculated baseline (slant range)

length.

The depth summaries are sorted by station name. In the case of stations with the
same name (double occupancy), a secondary sorting based on the station’s
transponder address is done. This normalizes the presentation of the data to
facilitate evaluation, both in this tab and the CALIBRATION STATUS window (see
ACOUSTIC WINDOW section in the OPERATOR DISPLAY WINDOWS chapter).

The information presented is detailed here.

Calibration Station

Hecordsl Fiangesl Baselines Depths | Eonstraintsl

# Successful

observe a depth.

Station | f-‘-.dcllessl T= | Digi...l ﬂﬁ-‘n.ttempted| # Succes.. | ﬂWeightedl Mean Raw | tean Depth | Expected
Testt 101 1 MNo 5 4 4 101.450 100540m  101.000m Cancel |
Test2 202 2 MNo 5 4 4 102775 101865 102.000m
Test3 303 3 No 5 4 2 104.050 103.740m  103.000m Hep |
Testd 404 4 MNo 5 4 4 104925 104015m  104.000m
Test5 605 5 MNo 5 4 3 106.033 105123 105.000m
i
LOn/Edtw |
[Fating |
Plot Data |
Plat Res |
Sensar Offset |
Station The name of the Xponder station.
Address The address of the transponder.
Tx The transmit channel (or frequency) of
the transponder.
Digiquartz Indicates if the depth sensor is a
digiquartz.
# Attempted The total number of attempts made to

The total number of successful depth
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# Weighted

Mean Raw

Mean Red

Expected

Constraints Tab

observations. Note that being successful
does necessarily mean that the
observations themselves were good or
valid.

The total number of depth observations
currently weighted in the solution.

The mean raw observation of those
depths weighted into the solution.

The mean reduced depth of those
weighted into the solution.

The calculated depth.

This tab allows the operator to view a summary of all the constraints added to
the calibration file. The information presented is detailed here.

Calibration Station

Hecordsl Fiangesl Baselinesl Depths  Constraints |

0

From Station | To Station

|_Tupe

| Geographic

| M ap Projection | Applied |

110 707

Angle

12218 45.00

12215479 ez Cancel

Help

il

OndOf
R /E it W

[Fating

Bt Lrata
Blat Hez

L

Semsorn Hifset |

From Station

To Station

Type

Geographic

Map Projection

The name of the From Xponder station
in the constraint pair.

The name of the To Xponder station in
the constraint pair.

The type of constraint, either Angle
(azimuth) or Distance.

The constraint on the working ellipsoid.

The constraint projected onto the
Working Map Projection.
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Applied Shows whether or not the constraint is
enabled (Yes) or not (No).

Using the Plot Panel: LOPS - Position and Surface Ranges

When the Plot Data button in the Calibration Station window is clicked with
a Position or LBL range LOP selected, the following graphical editor is
opened. In the case of a USBL range or bearing LOP, a prompt pops up
asking if you wish to plot X or Y data respectively.

USEL Data Duzplay E

@ Dizplay USEL = Data?
ﬂ'z'l

Answering Yes to either of these prompts results in the graphical editor
plotting the scaled X or Y data used to produce the scaled range and bearing
LOPs. Answering No results in the graphical editor plotting the scaled range
and bearing LOPs respectively. The viewing of the X and Y data is
representative of viewing the components of the bearing LOP in greater

detail. This provides for comprehensive data viewing and editing options.

Note: it is recommended that you view the slant range or TWT'T residuals
when editing USBL data for the determination of a beacon position.

The LOP data are plotted as LOP (Y axis) versus epoch time (X axis). This
provides a valuable visual editing tool as the data trends are clearly evident
and breaks in trends indicating problems can easily be seen and examined.
Outliers are also easily detected. Data that are weighted in the solution are
drawn in blue; those that are de-weighted are drawn in red.

LBEL Range to Station Transponder 601 Data B4
503.47m
e
Cal File Record 13, LOP 5 : /
I
M LY
Value  308.48m / \‘ /
Residual -0.45m aar Y, . S=746{7 48
Weight  3.00 R Mn=-0.28m
; b SD=0.78m
ok | [J \
271.67m
07-29-99 16:33:34.3 Time 07-29-99 18:26:22.8
Edit Cantral Zoom Control
’7 On | aff Gate | ’7 In | Ot Fieset QK Cancel Help
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Time Axis The time axis (horizontal) is labeled with the
time/date for the left and right most extents of
the window. When the panel is originally
drawn and on a Reset (see below) this axis is
extended 10% of the total time span before
and after the actual data time span.

LOP Axis The LOP axis (vertical) is labeled with the
LOP value for the top and bottom, along
with the summary of the LOPs. This
summary includes the number of LOPs
weighted in the solution and the total
number of LOPs in the data set, and the
mean residual and its standard deviation
based upon those LOPs currently weighted
in the solution. When the panel is originally
drawn and on a Reset (see below) this axis is
extended 10% of the total LOP values span
at top and bottom.

Point Exam Double-click the left mouse button in the
plot panel to cause WinFrog to locate the
closest data point and display the
information for that point in a message
dialog box, as shown in the above figure.

Windowing Using the left mouse button (click and drag)
you can draw a window in the plot panel.
This provides WinFrog with the outline of
the area in which to perform subsequent
actions, as detailed below.

Edit Control

On If an area of the plot panel has been selected,
you are presented with the option to enter a
weighting factor to be applied to all points in
the selected area. The next figure shows the
associated dialog box.

Edit WF
“Wweighting Factor

Im Aocuracy

] I Cancel | Help
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Off

Gate

Zoom Control

In

Out

Reset

If an area has been selected in the plot
panel, all LOPs in that area will be de-
weighted (weighting factor set to 0).

This allows you to apply gating to a specific
LOP. This is preferred over blindly applying
gating to the complete data set, as described
above. The gating is applied to the data in a
selected area or if an area in the plot panel
has not been selected, to the complete LOP
set. The next figure shows the options
available for the gating.

Gating |
R eszidual Gating Linit

Gate (* BasedonZemm

" Based on Mean Fesidual

k. I Cancel Help

You can enter the gating value and then
select the application of the gate value. If
Based on Zero is selected, any LOP whose
residual is outside £ gate 1s de-weighted. If
the Based on Mean Residual option is
selected, any LOP whose residual is outside
the mean residual *gate 1s deweighted. The
default gate is the standard deviation for the
residuals for the respective weighted LOPs.

If an area has been selected in the plot
panel, this area is drawn to the extents of the
display. Otherwise the plot panel is zoomed
in by a factor of 2 vertically. The horizontal
time span remains the same.

Regardless of whether an area is selected in
the plot panel, this causes a zoom out of
10% vertically. The horizontal time span
remains unchanged.

Re-draws the plot panel to the original
coverage.
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To close the window and apply all changes made with this editor, click OK.
Clicking Cancel closes the window, discarding all changes made.

Note: If the data being viewed is a USBL XYZ based LOP (i.e., a calculated
slant range, X, bearing, Y or depth LOP but not the TWTT LOP), and
LOPs are de-weighted in the above process, the associated XYZ based LOPs

are automatically de-weighted. This does not apply to the weighting in of
LOPs.

Using the Plot Panel: Residuals

When the Plot Res button in the Calibration Station window is clicked with
any LOP selected, the following window is presented. In the case of a USBL
range or bearing LOP, a prompt pops up asking if you wish to plot X or ¥
data respectively.

USEL Data Dizplay E

@ Dizplay USBL = Data?
Mo |

Answering Yes to either of these prompts results in the graphical editor
plotting the scaled X or Y residuals. Answering No results in the graphical
editor plotting the scaled range and bearing residuals respectively.

Note: It is recommended that you view the slant range or TWTT residuals
when editing USBL data for the determination of a beacon position.

LEL Range to Station Transponder 601 Residuals

1.27m
— — — — ¥ 2L s ‘T—{f;i%ﬂ—‘-s%—w—*— g—u‘fgm -
"""" ;%‘*5«;‘9;:‘;25 sty A ‘w L
T oAy S ALK : W
f"xzf’g’ & " "{?' 5;
T, S5=746}748
R Mn=-0.28m
SD=0.78m
-4.69m
07-29-99 16:33:34.3 Time 07-29-99 18:26:22.8
Edit Contral Zoom Control
’VDn u]i] Gate | ’V It | Ot Reset (1] Cancel Help
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The window title gives the LOP type and the name of the specific LOP.
The capabilities and options are the same in this window as detailed in
Using the Plot Panel: LOPS - Position and LBL Ranges.

The horizontal lines represent the following:
* Long dashed magenta line is 0.
* Short dashed magenta line is the mean of all the residuals.

* Short dashed light blue line is the mean residual * standard deviation.

If the LOP being viewed is a Position, LBL range or Depth LOP, the
residuals are plotted against time, that is the time stamp for the data
reception. Data weighted in the solution is plotted in blue, that de-weighted
is plotted in red. The above figure is an example of an LBL range LOP.

If the LOP being viewed is a Baseline LOP, the residuals are plotted against
a baseline count. Forward baselines weighted in the solution are plotted in
blue, reverse baselines weighted in the solution are plotted in green. Any
points representing data that is deweighted from the solution are plotted in

red.

LEL Baselines: Station ‘xponder 208 to/from Station ‘zponder 406: Residuals

0.05m

$=19/19

e, A A A H MI'I:[l["]ITI
SD=0.02m

BL Mn=335.93m
$D=0.02m

-0.05m

-0047 Baseline Count 0025

Edit Contral Zoom Contrall——————————————
{ | o | Gae | [ | 0w | Resst | ok | Cancel | Hep |

Note: Though the graphically editing of Residuals is useful, it must be done
carefully and always after the initial calibration processing. It is important to be
aware that the least squares technique minimizes the residuals of all
observations. Consequently, it distributes any errors throughout the whole
array. The error from a single observation will appear in the residuals of all the
observations. The amount that appears in each observation depends upon the
geometry, number of observations, and the weight assigned to each
observation. One cannot assume that the observation with the largest residual
is necessarily the observation with the error (although this is where one
generally begins to investigate). Consequently, do not eliminate large blocks of
observations all at one time. Remove only a few of the largest then solve again.
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Note: If the residuals being viewed are for a USBL XYZ based LOP (i.e., a
calculated slant range, X, bearing, Y or depth LOP but not the TWTT LOP),
and LOPs are de-weighted 1n the above process, the associated XYZ based

LOPs are automatically de-weighted. This does not apply to the weighting in
of LOPs.

To evaluate the residuals to detect bad data

1 First ensure all the obvious bad data has been removed by looking at the
LOP (see Using the Plot Panel: LOPS).

2 Next, examine all the residuals. Then select only one observation at a time to
be turned oft. This can be the largest but also consider what was happening
during the data collection phase. If the ship rolled sharply at some point or
hit a wave that caused it to shudder, one may want to select the
observation(s) that occurred at this time. One may see some residuals that do
not part from the trend by very much but combined with knowledge of a
large ship roll may indicate the offending observations. After turning off the
bad observation re-solve, if the statistical test still fails turn this observation
back on and select another then repeat the procedure. One can shorten the
process by selecting a few observations to turn off then re-solve and if the test
passes turn back on, one observation at a time, re-solving after each, until the
bad observation is found. One should also consider the number of
observations there are. Given a large data set if a few good ones are turned
off along with a bad one there will not be much accomplished by spending
time finding the good ones to turn them back on.

Using the Plot Panel: Baseline and Depth LOPs

When the Plot Data button in the Calibration Station window is clicked with
a baseline or a depth LOP selected, the graphical editor opened plots the
data in histogram format.

If the LOP selected is a baseline, the data set is searched for all baselines
with the same From and To transponders as the one selected. It then searches
for all the reverse baselines. These are displayed in the histogram. This is a
powerful editing tool in that, in general, the correct baseline is the shortest
observed baseline, which is easily visible using a histogram.
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Edit Baseline Observations x|

6

Bin Size=0.20m  ‘Width=10m

SRR RN NN R NN AR L RN NN N R R RN R R RN AR AN R
32.89 35.09 37.29 39.49
i H 4] | H

Bins= &0

From: DBG0G6,606
To : DB202,202

Baseline Stats

TotaljUsed: 14414
Sigma: 0.12
Min Value: 35.74
Max Value: 36.10
Median: 35.79
Mean: 35.88
Bin Stats _-|
=
Num Meas: 6
Min VYalue: 35.74

Max Value: 35.78

Apply Editing

Mext BL

Prewviouz BL

Cancel

Help

o
st |
ot
_comel |
v |

5

If the LOP is a depth, the data set is searched for all depths associated with
the selected station and transponder.

Edit Depth Obszervations x|

-f84.47 -782.27 -780.07 -777.87

Bin Size=0.20m  ‘Width=10m

Bins= &0

Stn: Trans-001.101

Depth Stats
TotalfUsed: 20420
Sigma: 0.56
Min Value: -782.62
Max Value: -780.50
Median: -781.5¢
Mean: -T81.57

Bin Stats _-|

=

Num Meas: 2
Min VYalue: -782.62
Max Value: -782.58

Apply Editing

MHext Depth

Previouz Dept

Cancel

Help

onyoi
s |
s v
o |
e |

How WinFrog Bins the Data

1 Determines the central value of the set and calculates the bin size.

2 Using the following formula, calculates the difference between the central
value and the individual baseline values.

( ( (baseline-centralBaselineValue ) +width/2) / binSize)

3 With this information, determines which bin to place the baseline.

Using the Histogram Panel

The histogram display itself consists of the individual bins drawn with the
top of the panel representing the maximum number of baselines in the most
populated bin.

What the colors mean:

* Bins containing data that are weighted in the solution are drawn in blue.
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* Bins containing data that are de-weighted in the solution are drawn in red.

* The portion of the bin representing the forward baselines (if applicable) is
lighter in color than that portion representing the reverse baselines. If a
bin has both forward and reverse baselines in it, the forward are on top.

* The bin that is currently selected for the display of its statistics is
drawn in light blue.

The Controls and Panels:

Edit Bars The edit bars represent the limits of the data
that are weighted in the solution and are
drawn in yellow, from the top to the bottom
of the panel. These can be moved to
graphically edit the data. Click and drag
either bar. When these are moved, the
previous position is drawn in dark blue until
the mouse releases the bar, at which time
the old position marker disappears. Any bin
outside the new edit bar position is de-
weighted from the solution, any bin inside
the new position is weighted in the solution.
All statistics are updated immediately in the
window, but the actual editing is not applied
until the Apply Editing button is clicked.

Histogram Controls Control of the width of the whole panel and
the number of bins in the panel. The actual
bin size is a derivative of these settings and

1s displayed.
Width The width the histogram panel represents.
Bins The total number of bins to be used to

represent the panel width.
Bin Size Width divided by number of bins.

Station Information In the case of baselines, the names and
addresses of the From and To transponders
are given. In the case of Depths, the station
name and transponder are given.

Baseline/Depth Stats

Total/Used The total number of measurements made
versus the total number weighted in the
solution.

Note: Zero length baselines are not included
in the histogram nor are they considered
when determining the total number of
baselines as displayed here. As a result, the
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Sigma

Min Value
Max Value
Median
Mean

Bin Stats
Num Meas
Min Value
Max Value

up/down arrows

Button Controls
Apply Editing
button

Next BL/Depth
button

Previous BL/Depth

button

total displayed here may not match that
derived from the Baseline Summary tab (see
Baseline Tab).

The standard deviation of the variance.

The minimum value.

The maximum value.

The median of this data set.

The mean of this data set.

Number of data in the selected bin.
Minimum value in the selected bin.
Maximum value in the selected bin.

Scrolls up and down the bins selecting the
bin for which to display the Bin Specs.

Applies editing performed with the
histogram. Note that closing the window
with OK does not accomplish this.

Looks for the next baseline or depth in the
calibration data set and displays the
histogram for it. Note that the changes made
to the histogram before clicking this button
are not applied unless the Apply Editing
button is clicked first.

Looks for the previous baseline or depth in
the calibration data set and displays the
histogram for it. Note that the changes made
to the histogram before clicking this button
are not applied unless the Apply Editing
button is clicked first.

Note: WinFrog bases the display of the number of observations used and the
color-coding of the histogram’s bins on the left and right most bins with
weighted in observations. Thus, if a de-weighted baseline/depth lies in a bin that

includes weighted in observations (this can be a result of an observation that

agrees with other good observations but is flagged with an error when decoded),
it is included in the count of used baselines/depths and is included in a bin
colored as weighted in. This can result in an apparent discrepancy between the

baseline and/or depth summary display and the associated histogram.
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LBL Calibration Calculations

WinFrog applies a rigorous least squares technique to the calibration
calculations, processing all of the data in a single adjustment. As this approach is
quite new, some users tend to wish to employ older techniques. These older
process includes: independently processing areas of several key transponders,
performing a second calculation where these transponder’s coordinates are held
fixed, and then computing the remaining transponders coordinates using
baseline observations. The flexibility of WinFrog allows you to perform the
calibration the “old way,” but you are losing the benefit (and speed) of
combining all the data to perform a more rigorous and complete solution.

From the Calibration dialog, click the Calculate button.

Calibration for Yehiclel

— Data Callection/Cantral

& Oif &pply Data Collection Setup Mo |
" LBL Ranges B5 Pairits in
" |l Ranges Memory
I j Clear |
i~ USBL Data
kin Interval [seconds] Graphics
f " On = Oif

" LBL Baselines  Setup |
" Depths Setup |

—Data Load/Save

Current File
C:AMAYDAT ANzonardyne. cal

Load | Save |.-’-'-.utl:15a-.,ae %L&tnﬁave

— Calibration Calzulations

Edit Diata | HecaIcLELl XpdrHepDrtl

Feset LISBL | LISEL Hepnrtl

Statisics | Fiecalo USBL|  Edit Xponder |

)4 | Cancel | Help |

The Calibration Results dialog opens.
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Calibration Results

— Statug

B aze Station Calculation
470 Data Points Collected
Bazeline a postenion 0,268 Total a posterion 7,960

Failed ChP test (22957, bad obaervation(z), offset, pitch and rall, velocity et

Baze Sin | Coordinate | Camection | Sigma | -
Trang-0001 M3731440.929m  -0.047 0,362
E403771.87E6m -0.029 0.304
787.45m Fixed WA,

Trans-002 M3731872.002m  -0.003 0325 |
E403544 522m 0014 0291
7E4.80m Fired WA,
Trans-003 W3732257 500m 0021 0.289
E404255.452m -0.003 0,350
793 25m Fired WA,

Trang-004 M3732461 626m  -0.010 0,295 ﬂ
EANARGY (190 N n2a7

Setup | Statigtics | |Jpdate |

Canecel | Help |

Note: the calibration edit settings are saved to the calibration file. Therefore, if
the data being processed are from a loaded file that was already processed, this
dialog box will present the options that have already been set. In addition, the

statistical results will also be available and displayed.

From this dialog you can configure the calculations (Setup), process the data
(Solve) and update the Working Xponder file (Update). At any stage, this dialog
displays the current solution results.

To Setup the LBL Calibration Solution

1 Click the Setup button to display the Calibration Setup dialog shown in the

next figure.
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Calibration Setup

Calibration Maode

i

" USEL Comections

— Calibration Data Contral Options

| e e S E B

GPS Data Attitude Data—————————————————
* Used ™ Apply to GPS Data
= Mot Used ™ Applyto LEL Data

USEL Data Options

LISEL Angles Range Data—————————
’7(‘ Uszed —‘ ’717 Uze calculated zlant ranges

& hob Uzed = Use TWTT slant ranges

Advanced Options
[V USBL Standard Collection pattern used

— Transponder Station Control

Depth Calculation—
[of tranzsducer]

i+ Calculate
" Fixed

|1 00.00rm

— Transponder Calculation
& Calculate

" Figed
" Don't Use

— Basze Stations

1.Base B01.601.0bl Occupancy
2.Baze 502,502
3.Baze 503,503
4 Baze 406 406
5. Baze 208 208
5 Base 601 404 Dbl Dccypancy

Conhstraints |

Ok, I Cancel Help

You now have the following options:

Calibration Mode

Transponder Positions

USBL Corrections

WinFrog will solve for the positions of the
transponders as configured. This must be
selected for LBL Calibrations.

WinFrog will solve the USBL calibration

corrections.

Calibration Data Control Options

GPS Data
Used

Not Used

Controls the use of the logged GPS data.
The GPS position data are used in the
calibration solution. This option must be
selected if you are performing a calibration
using the LOPs from the LBL transceiver to
the transponders.

The GPS position data are not used in the
calibration solution. Choosing this option
results in all LOPs from the transceiver to
the transponders to be not used, as they
require the GPS coordinates. Only baseline
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Attitude Data
Apply to GPS
Data

Apply to LBL
Data

Apply to USBL
Data

USBL Angles

Range Data

LOPs will remain unaffected and will be
used in the solution.

The pitch and roll data logged with the GPS
LOPs are applied to the GPS sensor offsets

in the solution.

The pitch and roll data logged with the LBL
range LOPs are applied to the LBL sensor
offsets in the solution.

This is only available if the option to use Use
TWTT slant ranges has been selected, in
which case the pitch and roll data logged
with the USBL TWTT LOPs are applied to
the USBL sensor offsets in the solution.

This applies to the application of USBL
data. For more information refer to the USBL
Calibration section later in this chapter.

Use calculated slant

ranges

Use TWTT
slant ranges

Advanced Options
USBL Xponder
Standard Cal

Select this option if the slant range data to
be used for the transponder beacon position
determination is derived from the XYZ data

(typical).

Select this option if the slant range data to
be used for the transponder beacon position
determination is derived from the observed
signal travel time. Note that if this option is
selected, the Attitude Data option Use Apply
to USBL Data becomes available. This is
because the travel time data is not corrected
to a vertical datum and therefore the
application of pitch and roll to the
application of the sensor offsets can improve
the solution.

This applies to the processing of a
transponder position for a USBL corrections
calibration. See the USBL Calibration section
later in this chapter.
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Transponder Station Control

Transponder Calculation

Calculate

Fixed

Don’t Use

Depth Calculation
Calculate

Fixed

Base Stations

This controls the horizontal position
solution for the station currently selected in
the Base Stations list box (see below).

Solves for the Northing and Easting of the
station.

The station is held fixed (known) in the
solution.

The station is not used at all in the solution.
Note: it is important that if a transponder
appears in the list, but there are no data for
it in the calibration data set, this option
must be selected for that transponder.
Otherwise, the solution will fail.

Solves for the depth of the station. If depth
observations are available and weighted in
the solution, they will be used.

Constrains the depth of the station in the
solution. You may enter a value here to use as
the fixed depth. The default is the last depth
value for this station, either originally from
the Working Xponder file when the calibration
was first started, or from the last solution.

This lists all stations available for the
calibration solution by station name and
transponder address Note that if a station 1s
entered twice with different transponders
assigned to it, it is considered a single station
and cannot be set to Calculate for one
instance and Fixed for the other. If the data
for one transponder but not the other is to be
used, this must be done in the appropriate
weighting of the respective data. All data
associated with a given station, regardless of
how many transponders are located on that
station, is used as weighted and the station is
solved for only once.

It is important to note that when the
Calibration dialog is first opened, the current
Working Xponder file is copied to the
calibration data set station information. It is
this information that is used throughout the
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Additional Controls

Constraints

calibration process, not the actual Working
Xponder file.

Note: it is for this reason that it is very
important to ensure that the Xponder file
contains all transponders involved in the
calibration and has their approximate
starting coordinates entered prior to starting
the calibration data collection, editing, and
calculation process.

Click this button to configure constraints for
the Least Squares Adjustment (see To Enter
Constraints for the Least Squares
Adjustment).

2 Set the appropriate configuration settings.

3 Select each transponder and configure appropriately using the options

available in this panel.

4 If constraints are to be applied, click the Constraints button and configure

the constraints.

5 Click OK to exit and use the configuration, or Cancel to exit this dialog and

discard the settings.

To Enter Constraints for the Least Squares Adjustment

The LBL calibration solution supports azimuth and baseline constraints. The
azimuth constraint allows the solution of an LBL array to be oriented as set by
the constraint. The baseline constraint allows for the entry of known distances
between stations that may not have been observed, for example between

transponders mounted on opposite sides of a structure that is being positioned.

The constraints are saved and loaded with the Calibration data set.

There is a limit of 10 constraints.

1 In the Calibration Setup dialog, click the Constraints button.
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LBL Calibration Constraint Configuration

—LBL Canstraint List

Fram | To | Data [Grid) | Data[Gea)| Applied |
=g 208,208 | 406,406 105231875 45454500 Ves
G 408,406 E01,601 41.84m 4512m Yes

add | Edt |  FRemove | EnableDisablel

Cancel | Help |

The overview window presents all the currently configured constraints. The
information presented is as follows:

* An icon indicating if the constraint is an azimuth or a baseline.

* The name and transponder address for the From Station

* The name and transponder address for the To Station.

* The constraint, Data (Grid), projected onto the Map Projection grid
* The constraint, Data (Geo), on the Working Ellipsoid.

* The status, Applied, of the constraint, Yes indicating that it is or will be
used in the solution, No indicating that it will not be used in the solution.
This enables you to enter a constraint and turn it off and on without
having to actually re-enter the constraint each time. This can also be
controlled from the Calibration Station dialog.

The options available from this dialog are as follows:

* Add, allows you to enter a new constraint.

* Edit, allows you to edit the constraint currently highlighted in the list view.
Double clicking on the constraint in the list view also allows editing of the
constraint.

* Remove, allows you to remove the constraint from the list. Note that once
a constraint i1s removed, it must be added again if it is to be used.

* Enable/Disable, toggles the Applied Yes/No setting for the currently
highlighted constraint.

Clicking Add or highlight an existing constraint and clicking Edit, or double
clicking an existing constraint accesses the Edit Calibration Constraint dialog.
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Edit Calibration Constraint Ed |

— Contraint Optionz

™ Conztrain B azeline

From

To
| 208,208 | |405.408 =l

Consztrained Azimuth
| 4545 45.00

¥ Geographic
= Grid

Cancel | Help |

* Select the Constraint type, either Azimuth or Baseline. Note that the data
entry controls will change slightly to reflect the different data entries, angle
or distance.

* Select a From and To station from the respective drop down lists. The
stations are listed by name and transponder address. If a station is
occupied by more than one transponder, only the first instance 1s listed.

* Enter the Constraint. This can be entered as either a geographic or a grid
value by selecting the appropriate radio button, Geographic or Grid
respectively.

* Exit with OK to keep the constraints added/edited, or Cancel to discard the
addition or editing of the constraint. Note that the default Applied setting
is Yes.

4 Click OK to exit and apply the constraints added/edited, or Cancel to discard
the changes.
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To Calculate the LBL Calibration Solution

Once the solution is configured, you perform the iterative calibration calculation
directly from the Calibration Results dialog box.

Calibration Results |

— Skatuz

Baze Station Calculation
470 Data Pairts Collected
Bazeline a postenon 0.268: Total a postenon 7,950

Failed ChE test (2095%, bad obeervation(s), offzet, pitch and rall, velocity et

Baze Sin | Coordinate | Comection | Sigma | -
Trans-001 M3731440929m  -0.047 1352
E403771.876m -0.029 01304
781.45m Fixed ik
Trans-002 NIFIE72002m  -0.003 0325 | |
E 403944 522m 0014 0291
754 80m Fired A
Tranz-003 M3732267 500m 0021 0289
E 404255 452m -0.003 [1.350
793.28m Fired Mk
Trans-004 N3732461 B26m 0010 1.295 ﬂ
FANARST 1170 AN 1297

Setup |

Statiztics | Update |

k. Cancel | Help |

The following details the components.

Status Panel

Displays the current status of the solution on the first line and the number of

points used in the solution on the second line. A third and fourth line are

used to present statistical information and are discussed later in this chapter
(see Analyzing the Results). The following are possible status messages:

No Calibration Solution

Defined

Solution Re-Defined, should

Re-Process

Solution Must be
Recalculated

Base Station Calculation

The Setup has not been performed for the
calibration. A solution is not possible.

The Setup has been re-executed and
therefore the solution should be re-
calculated.

The solution has been reset and it must be
re-calculated.

The solution for transponders was successful.
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Solution Calculation Failed  The solution failed. There are major
problems with the data that must be

investigated.
Processing... Calibration processing is occurring.
Data Panel
Station The name of the station. If a station is

occupied by more than one transponder,
each instance is listed but only the first lists
the following data. Subsequent listings
simply state Double Occupancy.

Coordinates The Northing, Easting, and Depth for the
station. Note: the Units/Coordinates/Grid
Coordinate Order controls the order of the
Northing or Easting.

Corrections The corrections determined and applied in
the last adjustment iteration. If the
associated coordinate component has been
held Fixed, instead of the correction value,
the term Fixed is displayed in brackets.

Sigmas The sigma of the associated coordinate
component as determined from the last
adjustment iteration.

As mentioned previously, the least squares solution is an iterative one.

1 Click the Solve button to perform one adjustment. If the solution is
successful (converges), the results of the adjustment are displayed.

2 Continue to click the Solve button until the value no longer changes with
each click.

The correction values continue to converge (get smaller) with each click
eventually reaching a value that remains unchanged on subsequent clicks of
the Solve button. This indicates that the calibration adjustment is complete
based upon the currently weighted data.

Note: in a “perfect” solution, the correction values would converge to zero.
However, in an actual calibration, they should converge to values consistent
with the accuracy of the acoustic system being used.

Problems with the calibration data are indicated by the following:

* Once the data appear to have converged, the value oscillates back and
forth between two values with each click of the Solve button.

* The correction values converge, but not to a value consistent with the
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accuracy capabilities of the acoustic system being calibrated. This indicates
that there are probably still bad data weighted in the solution. The LOPs
should be re-examined using the graphical editor.

* The correction values jump about without converging, or appear to
converge, but before reaching a static result start to increase again. This
again indicates that there are probably still bad data weighted in the
solution. The LOPs should be re-examined using the graphical editor.

* GPS Data is set to Not Used and there are no transponders held fixed
and/or there are insufficient baseline LOPs

® The solution fails. Probable causes are:

A A transponder has no data associated with it but is not set to Don’t Use.

B The initial transponder coordinates and/or depths are not sufficiently close to the
actual locations. Also check that the correct transponder was dropped or located
at the correct location, see Editing Calibration Station Information.

C There are flyers that have not been de-weighted from the solution, see LBL
Calibration Data Editing.

D Incorrect transponders in the file, see Editing Calibration Station
Information.

Analyzing the Results: the Chi Squared Test and A Posteriori Variance
factor

Once you click the Solve button, at least once, two more status lines display.

Calibration Results X

— Shatuz
B aze Station Caloulation
470 D ata Points Collzcted
Baszeline a posterion 0.268;  Total a posterion 7,960
Failed Che test (2295%, bad observation(z], offzet, pitch and rall, velocity ete.

Baze Stn | Coordinate | Corection | Sigma | -
Trans-0071 MN3731440929m 0047 0.362
E403771.876m 0029 0.304
781 45m Fixed M,

Trans-002 NITIE72.002m 0003 0.325 |
E403344.522m 0014 0.291
TE4.80m Fixed A,
Trans-003 N3732257.800m 0.0 0.289
E404255.452m 0003 0.350
793.25m Fixed M,

Trans-004 N3732461.626m 0010 0.295 j
EANARD] N7re i 197

Setup | Statistics | |Jpdate |

0k, Cancel | Help |

20-60 WinFrog 3.5 User’s Guide — LBL & USBL Calibration



Two a posteriori values (baseline and total) display on the first new line and, on
the second new line, the results of a statistical test performed on the total a
posteriori. Before the a posteriori values can be used, the solution must reach
convergence or it is no longer productive to click the Solve button.

The a posteriori is a variance and is the sum of the square of each residual
multiplied by its weight all divided by the number of observations less the
number of unknowns. The baseline a posteriori is calculated just using baseline
residuals. These values can be used as an aid in assessing the quality of the least
squares adjustment.

Unless indicated, a reference to a posteriori refers to the Total a posteriori not
the Baseline a posteriori. The a posteriori is compared statistically to the a priori
variance using the statistical test termed the Chi squared test. This test is
performed at a 95% confidence interval. The value of the a priori variance is 1
because the standard deviation of each observation is known and set by the
operator.

Why could the Chi Squared Test Fail?

If the test fails and the a posteriori variance is large, the adjustment and
consequently the calculated coordinates of the transponders are unreliable. A
failure of this statistical test can occur for three reasons:

* bad mathematical model
* unmodeled biases in the data (some bad observations)

* incorrect initial weighting (wrong Weighting Factor)

The first possible cause of the failure can be discounted as the mathematical
model has been proven sound by several authors over many years.

The second cause of the failure, unmodeled biases in the data, is usually the
cause that requires investigation. This can be due to the following:

* There is one or more bad observation: a baseline, surface-to-transponder
range, depth or GPS fix.

* Excessive pitch and roll of the vessel during recording of the transceiver-
to-transponder ranges without an attitude sensor input to WinFrog and
enabled for use in the Vehicle positioning. This could effect all surface-to-
transponder ranges and GPS positions. In this case, the unmodeled bias in
the data is the un-calculated change in range due to pitch and roll.
(Actually the ship rocks so the offset between the GPS antenna and the
transponder is not correct so the transponder coordinates are calculated
incorrectly at the time the observation is made.) If an attitude sensor is
available when the data is observed, WinFrog can be configured to use it
and log the data to the calibration file for use during the calibration
process.
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If an attitude sensor is not available and there is excessive ship pitch and
roll the residuals will show a marked sinusoid pattern. The crests and
troughs will usually straddle the mean, but not always evenly as the ship
may roll to one side more than the other. If there are a large number of
observations and all the larger outliers are removed, the pitch or roll to one
side should cancel the pitch or roll to the other and the adjustment should
be good. However, you should change the weight factor on the
observations to reflect this error. If this is not done you should multiply
the geometric error ellipses by the square root of the total a posteriori
variance to obtain the actual absolute error ellipses. This will then reflect
the uncertainty in the absolute accuracy of the transponders due to the un-
modeled pitch and roll.

e Certain inter-transponder baselines may be subject to excessive ray
bending causing the range to be short or long yet appearing consistent.
Generally this is more likely to happen with the longer baselines than the
shorter or otherwise the error is likely to be larger with the longer rather
than the shorter. Should this happen the residuals and the a posteriori
will be large. Redesigning the array is the best solution, however, you can
improve the adjustment by increasing the standard deviation of those
baselines that are suffering from the ray bending while leaving the others
as they are. Conversely, all of them may be changed as a function of
distance. Excepting obvious bad measurements, judging the poorest
measurement based upon the residual is not valid as the errors get
pushed into the baselines with the poorest geometry.

* Invalid velocity profile.

The size of the a posteriori is a qualitative indicator of how many bad
observations there are. It usually only requires one bad observation to cause the
failure. However, when this happens the a posteriori variance is usually smaller
(say less than 10). The more bad observations there are, the larger the a
posteriori variance can become. If it is greater than 999, it indicates that there are
several bad observations. Note: one large error is roughly equivalent to a few
smaller errors.

The third possible reason that the test on the a posteriori variance factor can fail is
incorrect initial weighting. The initial weighting is the weighting factor value
assigned to each observation. The status line may display the message, OK, but
residuals much smaller than initial WF indicates. This means that the statistical
test failed, but not due to bad data. This is caused by assigning weighting factor
values that were too pessimistic to the observations, i.e. the standard error of each
observation is better than that entered, as determined by the least squares
adjustment. In this case, the solution is still good and the coordinates are reliable.

The weighting factors can be reduced and the solution re-processed to determine
if this improves the a posteriori variances. However, it is important not to reduce
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them to unreasonably small values simply to achieve satisfactory a posteriori
variances. If the weighting factors are reasonable, accept the results and use the
geometric error ellipses for the absolute error ellipses and the error ellipses
estimated from the Baseline a posteriori as the bottom relative error ellipses.

It should also be noted that there is a phenomenon with electronic instruments
in that they produce precise results over short periods of time under steady
environmental conditions. This can lead to the a posteriori variances indicating
that the weighting factors are too pessimistic for the observations. Data collected
over a short period of time when the seas are very calm and the water column
has no discontinuity in velocity.

Analyzing the Results: the Error Ellipse and RMS

Clicking on the Statistics button in the Calibration Results dialog accesses Least
Squares Statistics dialog.

Least Squares Statistics

FikdS I Relative ErrorEIIipsesI

— a postenon Yanance Factar

Baseline a posterion 0.006: Total a postenaon 0.025:

OF. but residuals much smaller than entered WF indicates.
Station | a [estimated... I b [estimated... | azimuth | a [Geometric) I b [Geomel
601,601 0.03m 0.02m 100 0.33m 0.28m
502502 0.03m 0.02m 84 0.42m 0.27m
503503  0.03m 0.02m A 0.34m 0.29m
406,406 0.03m 0.02m 55 0.37m 0.28m
208,208 0.04m 0.02m 9 0.52m 0.29m
q ol

ak. I Cancel I Ly I

You can view the Station Error Ellipse, the Relative Error Ellipse and the
solution RMS values.

For details, see Viewing the LBL Solution Statistics section later in this chapter.

Examining the Results and Repeating the Process

The process of reviewing and editing the data and then performing an
adjustment should be repeated several times. The actual number of cycles
depends upon the quality of the data. The objective is to achieve a reliable
solution with acceptable statistics while using most of the data.

When editing the data by looking at the residuals, be aware that the least
squares technique minimizes the residuals of all of the observations.
Consequently, it distributes any errors throughout the whole array. The error
from a single observation will appear in the residuals of all the observations. The
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amount that appears in each observation depends upon the geometry, number of
observations, and the weight assigned to each observation. One cannot assume
that the observation with the largest residual is necessarily the observation with
the error (although this is where one generally begins). Consequently, do not
eliminate large blocks of observations all at one time. Remove only a few of the
largest and then solve again.

Note: as previously mentioned, it is recommended that the calibration be saved
after each cycle. In this way, you can return to a known point or resume
processing, if required. Once the calibration is considered complete and the final
calibration file is saved to a new file, the intermediate files can be removed. At that
time, the remaining files are the original untouched file and the final result file.
By loading the final result file, the calibration can be reviewed and/or printed at
any time without having to perform any step other than loading the file.

Updating the Xponder File with the Calibration Results

Once you consider the calibration complete, the Working Xponder file can be
updated directly from the Calibration Results dialog.

1 Click the Update button to display the dialog box shown in the next figure.

Update From Cal |

— Transponders

Trans-001, dM -231.24m dE 220.4¥m  d -0.050m
Trans-002, dM 0.00m dE 0.00m 42 0.000m
Trans-003, dM 0.00m dE 0.00m d< -0.050m
Trans-004, oM 0.00m dE 0.00m &£ 0.000m
Trans-005, dM 0.00m dE 0.00m 42 0.000m
Trans-006, dM 0.00m dE 0.00m d< -0.050m
Trans-007, dM -206.44m dE 3314m 42 3.450m
Trans-003, dM 0.00m dE 0.00m  d2 0.050m

ak. Cancel Help

Each transponder present in the calibration copy of the Xponder file is listed
by name, along with the corrections to be added to the respective Northing,
Easting, and depth values in the Working Xponder file.

2 Ifatransponder is present in the calibration transponder list, but not in the
Working Xponder file, instead of corrections “(Not in Working File)” is
displayed opposite the respective transponder. To update the transponder,
highlight the desired transponder, and click Update.

Once updated, the corrections for that transponder will change to 0 in the
list.
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Viewing the LBL Solution Statistics

When a least squares adjustment of the station coordinates is performed the
variance co-variance matrix of all the stations is also computed. These values are
independent of the observations. They are dependent upon geometry and the
weighting factors assigned to each observation.

WinFrog uses the variance co-variance matrix to produce basic statistic analysis
tools, specifically Error Ellipse, RMS and Relative Error Ellipse.

To view the statistics for the LBL solution, click on the Statistics button in either
the Calibration dialog or the Calibration Results dialog. This will access the Least
Squares Statistics dialog. This dialog has three tabs to view the information in,
Error Ellipse, RMS and Relative Error Ellipse.

Error Ellipse Tab

Least Squares Statistics |

| RS I Felative EerrEIIipsesl

— a posterion Y ariance Factors
Bazeline a posternion 0.006; Total a posterion 0.025:;
QE., but regiduals much zmaller than entered 'WF indicates.,

Statior | a [esztimated. .. | b [eztimated. .. | azimuth | a [Geometric] | b [Geomel
601,601 0.03m 0.02m 100 0.33m 0.28m
502,502 0.03m 0.02m a4 0.42m 0.2%m
503,503 0.03m 0.02m 21 0.34m 0.29m
406,406 0.03m 0.02m A3 0.3%m 0.28m
208,208 0.04m 0.02m 3 0.52m 0.29m

1| | B
(] I Cancel | Spply |

This tab presents the station error ellipse.

The first column gives the station name and the associated transponder address.
If a station is occupied by more than one transponder, only the first transponder
found is displayed.

The values a Geometric and b Geometric are the semi-major and semi-minor
axes of the error ellipse determined directly from the variance co-variance
matrix.
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The values a (Estimated using baseline a posteriori) and b (Estimated using
baseline a posteriori) are the a Geometric and b Geometric values scaled by the
root of the baseline a posteriori variance factor. This is the estimate of the error
ellipse of each transponder as if it were calculated using baselines only. It still
involves the geometry of the whole system but reflects the more accurate
baseline measurement.

The azimuth is the azimuth of the semi-major a axis.

RMS Tab

Least Squares Stalistics |

| Felative Emor Elipses I

— a pogtenion anance Factors
Baszeline a pozterion 0.006: Tatal a posterion 0.0:25:
k., but regidualz much smaller than entered 'WF indicates.

Station | Baseline B, | Depth PMS | Total RMS |

B01.601 0.06%m 0.000rm 0.395m
B02502  0.087m 0.000rm 0.728m
503503  0.093m 0.000rm 0.333m
406,406 0.043m 0.000rm 0.043m
202,208 0.024m 0.000rm 0.541m

()4 I Cancel Sl

This tab presents the solution RMS values.

The first column gives the station name and the associated transponder address.
If a station 1s occupied by more than one transponder, only the first transponder

found is displayed.

The Total RMS values are the square root of the mean of the sum of squares of
all residuals associated with the indicated station. The Base line RMS involves
only baseline observation residuals. The Depth RMS only pertains only to the
depth observations.

These values are a good indicator to the quality of the data used. They can also
assist detecting where a bad observation may be.
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Relative Error Ellipse Tab

Least Squares Statistics |

Errar E||ip3|33| Rtd5 i Relative Emor Elipses |

— a pogtenon anance Factorz

Bazeline a pozterion 0006 Tatal a posterion 0.0:25:

k., but regiduals much smaller than entered 'WF indicates.
Bazeline | a [estimated... | b [estimated... | azimth | a [Geametric] | b [Geamel
BOT-502  0.04m 0.07m 176 0.49m 0.15m
BOT-503  0.03m 0.07m 1119 0.32m 0.13m
BO01-406  0.02m 0.07m a5 0.24m 0.13m
BOT-208  0.04m 0.07m 1 0.47m 014m
A02-503  0.03m 0.07m 29 0.43m 014m
G02-406  0.04m 0.07m 14 0.53m 0.13m
A02-208  0.04m 0.07m 121 0.50m 0.16m
B03-406  0.02m 0.07m 152 0.24m 014m
A03-208  0.05m 0.07m a2 0.63m 0.16m
406 - 208 0.05m 0.07m B7 0.60m 0.13m
1] | H

] I Cancel | Sppl |

This tab presents the relative error ellipse. A relative error ellipse calculated from
the variance and co-variance of two stations. It involves the geometry and
correlation between the two stations. If one had measured the base line between
two stations then the correlation between these two would be some finite
positive number. If the baseline had not been measured the correlation would
most likely be smaller. But the proximity of the surrounding stations and
number of other measured baselines also plays a factor.

If the baseline between two stations is measured the resulting relative error
ellipse would be smaller than if the baseline was not measured. However the
relative error ellipse still may be larger than either of the original station error
ellipses. The relative error ellipses are a good indicator of the geometric strength
or weakness between two stations. Smaller ellipse indicate strong geometry,
larger ellipse indicate weaker geometry.

The first column gives the station name and the associated transponder address.
If a station 1s occupied by more than one transponder, only the first transponder

found is displayed.

The values a Geometric and b Geometric are the semi-major and semi-minor
axes of the error ellipse determined directly from the variance co-variance
matrix.
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The values a (Estimated using baseline a posteriori) and b (Estimated using
baseline a posteriori) are the a Geometric and b Geometric values scaled by the
root of the baseline a posteriori variance factor. This is the estimate of the error
ellipse of each transponder as if it were calculated using baselines only. It still
involves the geometry of the whole system but reflects the more accurate
baseline measurement.

The azimuth is the azimuth of the semi-major a axis.

Editing Calibration Station Information

The station information contained in the Calibration data set is essentially a
copy of the Working Xponders file that was active when the calibration dialog
was first opened to start a calibration data collection.

This Calibration data set station information is checked against the current
Working Xponders file every time the Calibration dialog is re-opened or a
Calibration data file is loaded. At these times you are informed of differences
detected between the coordinates for the same station in both the Working
Xponders file and the Calibration data set. In addition, stations that are in the
Working Xponders file but not in the Calibration data set are detected and you
are so informed of the discrepancy. You can choose to update the Calibration
data set from the Working Xponders file or ignore the Working Xponders file and
continue only with the station information in the Calibration data set.

In addition to the aforementioned checks and options, when loading a
Calibration file, you are prompted to either purge the existing Calibration data
set station information before loading in new information or leave it and add the
station data from the new Calibration data set to it.

Ultimately, the chance exists that the station information contained in the
Calibration data set requires editing and/or cleaning out.

The editing of the Calibration data set station information may also be required
to configure settings not supported in previous WinFrog versions and therefore
not optimally configured when an old Calibration file is loaded for review or re-
processing.

And finally, the editing of the Calibration data set station information may be
required due to a calibration processing that due to bad data that was not edited
out first, corrupting the solution to the point where the coordinates for the
stations are in error to the magnitude that a solution with properly edited data is
not possible without re-initializing the starting station coordinates.

To edit the Calibration data set station information, click the Edit Xponder
button in the Calibration dialog. This accesses the Update Calibration Base
Stations dialog.
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Update Calibration Baze Stations |

— Calibration File Station pdate/Edit Control

Calbration Base Stations Yworking #ponder File Stationz
(B0 EOT Linknown C101, 101, Fized
502, 502 Unknovin C202, 202, Fized
A03, 503,k nown C303, 303, Fired
406, 406, ko C404, 404, Fized

208, 208, Unknown

Edit Remove Edit Add
_Ed | Remow | | |

r S aye wWorkingseandern Eile
T [iek

Cancel | Help |

The Calibration Base Station list box lists the stations currently in the

Calibration data set by station name, transponder address and type. Note that if
a station is occupied by more than one transponder, all instances are listed here.
You must take care not to corrupt the coordinates. They are all available because
the Height Above Monument setting can be configured from here. If the
coordinate for one changes, you must also change the other from here.

The Working Xponder File Stations list box lists the stations contained in the
current Working Xponder file. Note that if there is currently no Working
Xponder file, this list box states this and no editing or adding of Working
Xponder file stations can be performed.

The options available are as follows:

¢ Edit a Calibration Base station
* Remove a Calibration Base station
* Copy a new station from the Working Xponder file to the Calibration data

* Update an existing station in the Calibration data from the Working
Xponder file

Edit a Working Xponder file station

Add a Working Xponder file station

Force the Working Xponder file to write out to the disk when exiting this
dialog.

To Edit a Calibration Base Station

1 Highlight a station in the Calibration Base Station list.
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2 Click the Edit button directly below this list box.

Or

3 Double click on the station in the Calibration Base Station list that is to be
edited.

Cahbration Baze Staition Data E |

— Calibration B aze Station D ata
S tatian: |5EIS
Address: |5EIB Cancel
LEL Tx Channel: |3
ISEL Ben En:u:le:|N,.{.t-.,

Fozition af Monument:
|NEE 02 30.426712 ¥ Geo

K

Help

i

EO00 33 05.673336  Gnid

Drepth of Maonument:
| 230.90m

Height Abowve Monument:
|0.00m

4 This dialog displays the station name, address of an LBL transponder, the
transmit channel or frequency of an LBL transponder and the beacon code
of a USBL transponder. These are not configurable from this dialog. To
change any of these settings, the same station in the Working Xponder file
must be edited (see To Edit a Working Xponder File Transponder) and then
used to update the Calibration data set version (see To Update the
Calibration Data Set Station Information).

You can edit the following items:

* Type
® Position of Monument
* Depth of Monument

Height Above Monument

5 Edit the station information as required.

6 Click OK to exit and apply the station information changes, or Cancel to exit
and discard any changes made.
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To Remove a Calibration Base Station

1 Highlight a station in the Calibration Base Station list.
2 Click the Remove button directly below this list box.

3 Respond to the confirmation prompt accordingly, Yes to continue with the
remove process or No to cancel the operation.

To Edit a Working Xponder File Station

1 Highlight a station in the Working Xponder File Stations list.
2 Click the Edit button directly below this list box.

Or

3 Double click on the station in the Working Xponder File Stations list that is
to be edited.

Tranzponder/Beacon E
— Mame/Position Type
Mame todel |
Im Depth Sensnll
Depth of Monument HeL M.DdejType
5D % Figed
-m ' Relay
: = Besponder
Height of transducer above monument 0 ChmlEreEE
10.00m " Cyclic
Pusit ' Sequential
ND::IZZ T " Static Transceiver
; ! € Static Simultaneous
"w/0E5 34 40654000 A
 Giid ' Dynamic Srray
USBEL Mode
' Fired
Sensor Setup | [EyElie SEfn | " Tracking
SEwE | Euternded Statuz | Jolil Type
€ Finger
% Trarzponder
) Hesponder
Cantral Parameters -
LEL Range comection | USBL
to be subtracted
Transmit  Receive  Addresz by 'WinFrog Code
[ =] |oF =] [e03 fooms = ]
0k I Cancel | Print | Help |

4 Sece the Working Xponders File section in the Working Files chapter for
information on editing the Xponder station. Edit the station information as
required.

5 Click OK to exit and apply the xponder station changes, or Cancel to exit and
discard any changes made.
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To Add a Working Xponder File Station

1

2

To

Click the Add button directly below the Working Xponder File Stations list.

Transponder/Beacon (%]
— Name/Poszition Tupe
Name Mode!
Im Diepth Sensorl 4'
Depth of Monument LE;'..' h;i::Za"Type
125.0m @ Fle
_ ! Hesponder
Height of transducer abowve monument W Shoderems
0.00m " Cyclic
P ' Sequential
ND::T; a0 . € Static: Transceiver
: B € Static Simultaneous
w/0E5 34 40.654000 i
" Grd © Diypmamic Anay
USEL Mode
" Fized
Senzor Setup | [Eyelic Setun | " Tracking
Save | Extended Status | USBL Type
£ Firger
%) Tiransponder
) Fesponder
Cantral Par.
LEL Range comection | JSEL
ta be subkracted
Transmit  Receive Address  by'WinFrog Code
[ = JoF =l [z fooms =] ]
ak I Cancel | Frint | Help |

See the Working Xponders File section in the Working Files chapter for
information on editing the Xponder station. Edit the station information as
required.

Click OK to exit and add the new xponder station, or Cancel to exit and
discard the new Xponder.

Update a Calibration Base Station

Highlight a station in the Working Xponder File Stations list.
Click the arrow button located between the two list boxes.

The calibration data set station information is checked for the existence of a
selected station. The match is based first on matching the Station name.
Then, in the case of the calibration data set station being an LBL.
transponder, a match of the address is checked for, or in the case of those
transponders that do not use addresses, the transmit code. If the calibration
data set station is a USBL beacon, the beacon code is checked for a match. If
a match is found, the Calibration copy is updated with the Working Xponder
file version.

If the station does not already exist in the Calibration data set station
information, the station is added.
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Note: If a calibration data set station requires an update of the address,
transmit code or beacon code, you must first remove the calibration data set
copy, then select the required Xponder File station and then follow the steps
above.

To Complete the Base Station Editing

1 Ifany changes to the Working Xponder file have been detected, the Save
Working Xponder File to Disk checkbox is activated. If the modified Working
Xponder file is to be immediately saved to disk, check this box.

2 Click OK to exit the Update Calibration Base Stations dialog and apply the
changes made, or click Cancel to exit discarding all changes made.

LBL Calibration Report

You can print an LBL Calibration Report at any time during the LBL calibration
processing. The report can be printed directly to the default Windows printer or
to an rtf format file.

To Print an LBL Calibration Report

1 From the Calibration dialog box, click the Xpdr Report button to access the
Transponder Calibration Report dialog.

Tranzponder Calibration Report

r— Print Option
The Tranzponder Station FPozition summary iz always printed,
Select the supporting data and print options.

 Statistics

[™ Standard Deviations

- Ellipse [ Covariance Matrix
™ Relative Ermar Ellipse [~ Baseline Summary
— Graphics

[ Inchude calibration Graphics in Feport
Setup |

— Drata
" &l Baseling Data [" Baseline Data Llsed

[" Surface Fange and/or Range/Bearing Data
[ DepthData

— Dutput T arget

™ TaoPrinter

¥ ToFile
™ * L5 Format [graphics not supported)
€ *RTF Farmat [graphics supported)

Browse |

|C:\navdata‘\CaIibrationHepc-rt.rtf

Frirt Mows | Exit Help
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2 The report always includes the following items:

* Calibration Overview

- Date report printed

- Date/time calibration data collection was started

- Date/time calibration data collection was completed

- Total number of surface ranges observed/used (percentage)
- Total number of baselines observed/used (percentage)

- Total number of depths observed/used (percentage)

Files

- Name of current calibration file and dated/time saved

- Current Working Xponder file (not necessarily the one used for the
calibration)

- Current Working Velocities file (not necessarily the one used for the
calibration)

Geodetics

- Datum name

- Ellipsoid name
- Map Projection

Calibration Configuration and Constraints

- Station solution configuration (what was solved for, what was held
fixed, what was not used)

- Constraints used

Basic Statistical Analysis

- a posteriori variance factor for complete adjustment
- a posteriori variance factor for baselines only

- Chi Squared test results

* Transponder Station Position Summary Table

1

Station name

\

Geographic coordinates

- Map Projection coordinates

- Depth

3 The supporting data options to include with the report are selected. The
options are as follows:

e Statistics
- RMS for each station
* Based upon baselines only

* Based upon depths only
* All associated observations
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1

Absolute error ellipse for each station

* Semi-major and minor axis scaled by the a posteriori variance factor
(for the baseline component only) representing both the geometry
and the quality of the baselines.

* Orientation of the semi-major axis

* Semi-major and minor axis not scaled by the any a posteriori
variance factor and therefore representing the geometry only

Relative error ellipse for all stations

* Semi-major and minor axis scaled by the a posteriori variance factor

(for the baseline component only) representing both the geometry
and the quality of the baselines.
* Orientation of the semi-major axis

* Semi-major and minor axis not scaled by the any a posteriori

variance factor and therefore representing the geometry only

1

Standard Deviations

- Covariance Matrix

Baseline Summary

* For every baseline pair the following information is presented for all
observations made Forward and Reverse (note that observations are
displayed as slant ranges reduced to the Map Grid):

o Number of observations made
o Number of observations weighted in the solution (used)
o Percentage of observations weighted in the solution (used)
0 Mean of the weighted observation
o Standard deviation of the weighted observations.
o Minimum weighted observation
o Maximum weighted observation
o RMS of residuals of the weighted observations
* Graphics
- Graphic representation of the transponder array and supporting data
(see step 4)
* Data
- All Baseline Data

* The data set is searched and all baseline observations are grouped by

their to/from stations and presented in separate tables, with each

pair being presented in two tables — one each for observations in
cach direction.

* The data includes the raw TWTT observations, scaled LOPs (slant
range distances reduced to the Map Grid), weighting factor and
residuals.

* The mean raw baseline (TWTT in ms), mean reduced baseline
(grid slope range) and the RMS for the residuals are included in the
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table, though it should be noted that the mean values are not used
directly in the calibration solution and are included for evaluation
only.

* The data is presented in tabular form.

- Baseline Data Used

* Same as the All Baseline Data option except only those baseline

observations weighted in the solution are presented.
- Depth Data

* The data set is searched and all depths for each station are grouped
and presented in separate tables.

* The data includes the raw data, scaled data, weighting factor and
residuals.

* The mean raw data, mean scaled data and the RMS for the residuals
are included in the table, though it should be noted that the mean
values are not used directly in the calibration solution and are
included for evaluation only.

- Surface Range or Range/Bearing Data
* For each data collection epoch the following is printed:
The data point number, epoch date/time and data item

Vehicle geographic and grid position at this epoch

Vehicle heading, course made good and speed at this epoch

1

The LOP data is then presented in a table listing the following:
* LOPID

Base Stn Name

Raw LOP

Reduced LOP

Weight Factor

Residual

Deskew value

4 If selected to include in the report, configure Graphic options. Click the
Setup button in the Graphics panel.

* The Calibration Graphics window pops up.
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: Calibration Graphics Mi=] E3

Zoam In | Zoom Dut Configure Cloge Window

™

The Zoom In and Out buttons can be used to examine the graphics window

in detail. However, the printing of the graphics has been normalized to
always plot the same size on paper.

* Click the Configure button.
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Calibration Graphics Configuration HE

—Scale

Map Scals 1: |355|:| — Elipze Scale Factar
280 *Map Scale
Zoom Factar: I'I 5 P

— Data Plot Options
— Emor Elipzes — [rnids

™ Mo Emnaor Ellipzes [ Show Projection Grid
= Draw Geometric Elipze ¥ Show Geographic Giid
" Diraw E stimated E lipse

— Mizcellaneous

~ LinesAwappgints—— | ¥ Diraw Baselines
¥ Plat Survey Lines IV Diraw Morth &rmow
# Plot W appoints V¥ Plot Scale

— Background
[ Picture File
[~ DF File

Cancel Help

* Select the options:
- Scale
* Map Scale
* Zoom Factor (only affects viewing the Calibration Graphics

window, the print out is normalized to always print the same size
and area.

- Ellipse Scale Factor
* In order to better see the error ellipse, they can be scaled relative to

the map scale used to draw the rest of the graphics.
- Data Plot Options

* Error Ellipses
- No error ellipses drawn
- Draw the Geometric ellipse (non-scaled ellipse)

- Draw the Estimated Ellipse (scaled by the baseline a posteriori
variance factor)

* Lines/Waypoints
- Plot current Survey Lines file
- Plot current Waypoint file
* Background
- Plot current Picture file
- Plot current DXF file
* Grids
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- Plot the Map Projection grid
- Plot the Geographic grid

* Miscellaneous
- Draw the baselines observed
- Draw a North Arrow

- Draw the scale used

* Click the OK button to exit and apply the settings or Cancel to exit
discarding the settings.

5 Select the output options from the following:

* To Printer
The data is formatted and printed directly to the printer in a report ready
format utilizing *.rtf file formatting features using a temporary rtf file.

* To File
The report is written to the selected file.

* *.csv Format
The data mimics the printed report except that all data is comma delimited,
including the tables. It ports directly into Excel. This format does not

support graphics and therefore, even if selected, are not printed to this file.

e * rtf Format

This file report is the same as the printed report. The temporary rtf file
used to generate the printed report is copied to the selected file. This
format supports the graphics option.

* Browse to select/set destination file
- Enables you to browse and select/set the destination file

* Display/edit destination file directly
- Displays the name and path of the destination file as well as allowing

for direct entry of the destination file.

6 Click Print Now to exit the dialog and generate the printout or file as set.
When printing the report to a file, WinFrog checks for duplicate file names.
If a duplicate file name is found, you are asked if you wish to select a new
file, in which case you can browse to select/set the new destination file. If
this option is refused, you are asked if you wish to over-write the existing file
or not. If it is decided not to over-write the file, the output to the file is
aborted.

Or

7 Click Exit to exit without generating a report.
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Recalculate LBL Data

Due to the configuration of WinFrog at the time of observation, it may be
necessary to recalculate the reduced LOPs.

Examples of such situations are as follows:

* Invalid Working Velocities file used or a better one is now available.
* Incorrect turn-around-time (TAT) used for a transponder(s).

* Initial depth values used for the stations in error by tens of meters or more
and thus potentially impacting the realtime projection of the observed
range and baseline data to the map projection.

* Incorrect HI used for a transponder(s), depth sensor offset or calibration
value.

* Incorrect digiquartz depth sensor coefficients used.

* Dual frequency COMPAT'T detection time correction was not applied
when data was collected. (Sonardyne COMPATT's only)

WinFrog allows for the recalculation of the reduced data from the raw data
provided that correct Working Velocities and Working Xponders files are
present when this is executed.

Note: The calibration file base station data is not automatically updated from
the Working Xponder file data when the recalculate option is executed. The
exception is any base station that has a depth observation associated with it. You

must use the Edit Xponder feature to do this (see Editing Calibration Station
Information).

Click the Recalc LBL button in the Calibration dialog. The following message
box appears to inform you of exactly which recalculations will be performed.
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Recalculate LBL Option x|

The re-calculation of LEL Calibration data option accesses
the current Warking Yelocity and Marking Xponder Files
ko perform the Following:

1, Obtain the TAT for the respective transponder,
calculake a new velocity of sound and apply these
ko the raw observed surface to transponder and/or baseline
TWTT ko dekermine an inkermmediate Reduced LOP,

2, Obtain the respective transponder depth data and
apply this ko reduce the intermmediate Reduced LOP
to the Reduced LOP on the Map Projection.

3. Obtain the respective transponder height af inskrument,
depth sensor offsets and depth sensor calibration and,
if applicable, the digiquartz depth sensar coefficients,
and reduce the raw depth LOP ko a Reduced LOP
i.e. the actual monument depth.

4, Optionally correct Far the ME/EHF detection time difference
when dual frequency COMPATTS were used for baseline ranges
and were obtained with the Frequency other than that of
the deck unit, This only applies ko baselines, When
selected the first abowve three are also applied.

Click Ok ko Conkinue, Cancel to exit,
Cancel |

Click OK to continue with the recalculation process or Cancel to abort. Clicking
OK results in the display of the Apply Dual Frequency Correction Time dialog box.

Apply Dual Frequency Correction Time El

— Caorechons
al Do Mot Apply Frequency Band Detection Time Difference (itemsl,2,3)

bl & Apply Dwal Freq. Detection Time Comechion [Items 1.2.3,4F
Only bazelines within the selected range are proceszed.

c]  Process all records selected applying all corrections as applicable [[tems 1.2.3.4]

Mote: The raw obzervations are not altered with any of theze optionz. Reproceszing
with option 'a* will eliminate the detection time comection.

— PAM Freguency [for detection time comrection)
f* MF PAM uzed with EHF baseline measurement, Cl commands [add 1.2ms)

" EHF PAM used with MF baszeline measurement, Gl commands [subtact 1. 2m:s)

— Records to Correct
f+ Apply to all applicable records

{ Apply to these Becords, if applicable

First Record |1 Lazt Record IEEISEI
k. I Cancel |
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Corrections

The top choice ‘a’ is for all but Sonardyne transponders. It is also the choice
if the Sonardyne transponders were not dual frequency.

The second choice ‘b’ will allow one to correct baseline measurements if
dual frequency Sonardyne transponders were used to collect the baselines
and the frequency correction was not applied. This situation arises when the
PAN or MKS5 RovNav is one frequency, say MF, but the baselines were
measured with the other frequency of the COMPATTS, in this case EHF.
Because the PAN in this example is MF it will remove the MF detection
time so the baselines need to be corrected by the difference between the EHF
and MF detection times. Choose whether to add or subtract the correction
from the group box PAN frequency below. Since the correction is applied to
the raw data, all the computations listed (e.g. sound velocity, TAT, etc.)
need to be performed. In this selection only baselines are recomputed.

The third choice ‘¢’ will reprocess all observations and will apply the
detection time correction mentioned above to the baselines.

Records to Correct

The Records to Correct group allows you to select specific records to process
or all of them. The reference to ‘those applicable’ means that if option b
above is selected only baselines will be recomputed.

If the re-calculation of the scaled LBL LOP is successful, you will see an
information message box stating:

Re-calculation of Scaled LBL LOPs successfully completed

If the re-calculation was unsuccessful, a warning message box appears and
provides information concerning the problem encountered. The warning
messages are listed below:

General

* No Working Xponder File, unable to re-process LOPs
* No Working Velocity File, unable to re-process LOPs

* Continued un-reported errors...

The message ‘Continued un-reported errors’ only appears if the number of
warnings results in a message that exceeds the allowed length.

Baselines

* Record 278, Transponder T106 to T110 (BL 4) depth(s) outside Velocity File extents.

* Record 281, Transponder Address 106 baseline to Tx code 13 , To Transponder not
in Xponder File.

* Record 276, Transponder Address 113 not in Xponder File.
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Ranges

* Record 23, Transponder T'106 depth outside Velocity File extents.

* Record 56, Transponder Address 107, Tx Code7, not in Xponder File.
Depths

* Record 23, Station T106, Transponder Address not in Xponder File.

Note: the appearance of any warning at all indicates the need to review the
associated files to ensure the processing is being correctly applied.

Summary of the LBL Calibration Process

1

Evaluate the requirements and design the network array to provide the
required coverage and geometry. Prepare the route that the vessel will follow
to perform the data collection.

Deploy the array ensuring that reasonable estimates of the transponder
positions are logged.

Review the directory on the WinFrog computer, to ensure that there is an
appropriate directory in which to store the calibration file(s. Prepare the
naming procedure for the calibration files. It is recommended that the name
reflect the transponder array, calibration number, and the date.

Ensure that the correct Velocity file is opened and set to be the Working
Velocity file (first toggle any existing Working Velocity files to not working).
Configure the Vehicle Text window to display the Working Velocity file
name.

Create a new Xponder file, open it, and set it to be the Working Transponder
file. Add the relevant stations and transponder information with the correct
parameters, including the best estimates for the positions. Address any
double occupancy issues. The Vehicle Text window should be configured to
display the Working Xponder file name.

Determine the depths of the deployed transponders as accurately as possible
and enter these depths for the respective stations in the Xponder file.

Review the devices (as added to WinFrog) and the data items (as attached to
the calibration vehicle).

* Ensure that all devices are valid. Remove any from the vehicle that are not currently
operational.

* Check the configurations for the data items. Pay specific attention to the offsets and
accuracy settings.

Finalize the data collection procedure and collect the data. Monitor the
process to ensure any problems are detected quickly and addressed
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immediately. Save the data regularly to disk.

9 Upon completion of the data collection process, make sure the data are saved
to disk. Using Windows Explorer™ or a similar application, copy the file to
an archive directory, and set it to read only. This will secure the data prior to
proceeding with the calibration processing.

10 Review the data, editing out (de-weighting) the obvious outliers. Use the
graphical editor, to view the LOPs, not the residuals.

11 Setup the calibration and solve. If the solution does not converge, review this
manual for potential reasons and address them. If the solution does
converge, review the data using both the LOP and residual graphical editors.
Refine the editing by removing any questionable data.

12 Repeat Step 11 until the calibration solution is optimized, indicated by the
transponder coordinates remaining unchanged between iterations, the
correction values remaining unchanged between iterations, residuals for the
used LOPs consistent with the expected accuracy of the systems used, an
acceptable a posteriori variance, and passing of the ¢? test.

13 Save the calibration data to a final calibration file and print a report. Remove
any unwanted, intermediate calibration files from the directory.

USBL Calibrations

The purpose of the USBL calibration is to determine the errors associated with
the mounting orientation of the USBL hydrophone with respect to pitch, roll,
and heading and the velocity errors associated with the velocity of sound data
used in the USBL system. This is required in order to eliminate these sources of
errors when using the USBL system to either position a remote vehicle with a
beacon attached or the vehicle with the hydrophone attached from a fixed
beacon.

The USBL calibration, as performed by WinFrog, uses a rigorous least squares
adjustment to first determine the position of the beacon used for the calibration,
and then to simultaneously solve for the four unknowns, pitch correction, roll
correction, heading correction, and velocity (scale) correction.

When WinFrog performs the least squares adjustments it uses the USBL
observations as ranges from the hydrophone to the beacon. If the data is
collected in a symmetric pattern about the beacon, the use of ranges in the least
squares adjustment will eliminate most of the effects of ray bending. This is
because the ray bending mostly affects the direction of the ray with only a small
effect on its length. And the length effect will mostly be eliminated with
symmetrically collected data. WinFrog also allows you to calculate the effect of
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ray bending. This requires that the data come from a Sonardyne USBL system
outputting the CSV Surveyor’s Acoustic message.

This section details the steps to follow to perform the USBL calibration,
including the following:

* Preparation of WinFrog for performing the calibration data collection and
processing.

*  Vessel track for data collection.

* Collecting the data.

* Reviewing and editing the data.

* Processing the calibration.

* Application of the results.

* Troubleshooting the process.

Reviewing and editing of the data and the processing is an iterative process.

Note: You can also use this technique to simply calculate the position of USBL
beacons. In this case, the differences between what is discussed in the
remaining part of this chapter and what would be required are the data
collection pattern, the design of which would follow the guidelines
discussed in the preceding LBL Calibration section, and the processing,
which would stop once the beacon positions were determined.

USBL Calibration Preparation

In preparation for performing a USBL Calibration, WinFrog must be properly
configured. Although WinFrog provides recourse during processing to correct for
omissions and errors in the setup for the calibration, it is always better (and
easier) to perform the setup correctly and eliminate the need to use these features.

Key Points to Review Prior to USBL Calibration

1 Itis important that the correct Working Transponder file is loaded and
available prior to the configuration for data collection. Check that there is a
working file and it is the correct one.

When performing the calibration and when operating the USBL for
positioning (if fixed beacons are being used), configure the Vehicle window
to display the name of the Working Transponder file.

2 The Transponder file must contain, at a minimum, the beacon that is to be
used for the calibration, the initial approximate position and depth for this
beacon, and if the Sonardyne CSV acoustic message is used then the beacon
turn around time must be entered. The depth is important because it is
involved in the reduction of the observations to the map grid. Depths for the
beacon can be determined using depth interrogations, if it is equipped with a
depth sensor. Alternatively, the ship can pass directly over the deployment
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position while ranging to the beacon and the shortest range can be used for
the depth. Other options include using a sounder or from a chart.

Note: A working velocity file is only required if the travel time from the
USBL system is to be used, such as the Sonardyne CSV acoustic message or
Simrad $---SSB telegrams. Otherwise, the velocity is entered into the USBL
system itself.

Ensure that all positioning and related devices are correctly configured,
including operational settings and sensor offsets. These devices must be
active and receiving data. If new data are not present for any POSITION or
USBL device that is attached to the calibration vehicle, no calibration data
will be collected. The USBL HYDROPHONE data item must be attached
to the vehicle being used for the calibration.

If an attitude sensor is present it must be injected directly into the USBL
system. WinFrog does not currently support application of attitude data to
USBL data or sensor offsets. Note that this is the only device for which this
is true, all other devices and offsets support application of attitude data.

Offsets from the USBL system’s hydrophone to a reference point on the
vessel must be entered into the USBL system. In most cases, these are
already present because they are required to reference the data to the Center
of Gravity (COG) of the vessel for output to a Dynamic Positioning (DP)
system. If this is not the case, offsets to the same Common Reference Point
(CRP) that will be used by WinFrog are to be entered, making sure that the
vertical reference is the waterline. This is done so that the leaver arm to the
transceiver is corrected for attitude, as well as the observations from the
transceiver to the beacon.

NOTE: The USBL system must not be configured to operate in Fixed Beacon
Depth or Telemetered Beacon Depth mode, or similar. The Z component as
determined from the analysis of the return signal at the hydrophone head is
critical for the USBL Corrections Calibration process, in particular for the
resolution for pitch and roll correction determinations. The use of an
operating mode that uses some other means of determining the Z
component will result in un-usable calibration data. It should be noted that
once observed and recorded, the data cannot be re-engineered to make it
usable.

It is strongly recommended that the USBL HYDROPHONE data item
always be configured to Positioning - Secondary. While it can, in most cases,
be configured to Positioning - Primary without affecting the data collection
and subsequent processing, there are situations (discussed later) that require
it be set to Secondary. Another consideration is that when set to Positioning —
Primary, WinFrog will use the USBL to compute the position of the vessel.
Since this determination will be based upon an estimated position for the
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fixed beacon, and USBL is less accurate then the DGPS likely used, it will
result in a jump in the vehicle’s position. This situation may cause alarm
among personnel, such as the helmsman, who are using the WinFrog
screens.

5 The computer directories should be setup such that the calibration data have
a specific location to which they are saved. The saving and archival process
for the files should be decided upon to ensure that the necessary steps are
followed to ensure safe file saving and archiving.

6 The USBL beacon used for the calibration should be deployed in an area
that will permit adequate maneuverability to perform the data collection
pattern.

The Acoustic Calibration Dialog for Data Collection

The Acoustic Calibration dialog, from which all data collection, saving, loading,
editing, processing, and reporting is performed, can be accessed in several ways.

To Access the Acoustic Calibration Dialog

1 Set the Vehicle Text window to display the information for the vehicle to
which the USBL Hydrophone is attached.

2 With the cursor in the Vehicle Text window, right-click to access the pop-up
menu.

3 Select Acoustic Calibration.
Or
4 From the Main Menu, select Configure > Vehicles.

5 Highlight the vehicle to which the USBL Hydrophone is attached, and click
the Acoustic Calibration button.

Or

6 From the Acoustic Window, click on Configure > Select Vehicle for
Calibration, then click on the vehicle to which the USBL Hydrophone is
attached.

7 Then click on Configure > Calibration.

Note: WinFrog is a multi-vehicle system. Ensure the vehicle that has the USBL
HYDROPHONE data item added to it is the one selected/displayed before clicking
the Cal button or using the right mouse button to access the pop-up menu.
Normally this is not a problem as the button is disabled or the menu item isn’t
available, however, it may be enabled if another acoustic data item is present,
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such as LBL HYDROPHONE. If the incorrect vehicle is selected and the
Calibration dialog is accessed, you will still be permitted to setup the calibration
data collection, but no data will be collected because no USBL data items are
associated with that vehicle. If it appears that no data are being collected, check
for this problem.

The Calibration dialog box is shown in the next figure. This dialog box 1s
modeless and does not restrict access to other WinFrog windows while open. It
is recommended that this be left open during the data collection process.

Calibration for ¥ehiclel

— Data Caollection/Cantral

i* EIfF Apply Data Collection Setup Mow |
" LBL Ranges 0 Paints in
™ || Banges Memory

I j [Elear |
™ USBL Data
ki Interval [zeconds] Graphics
[ " On = 0ff

" LEL Bazelines Setup |
" Depths Setup |

—Data Load/Save
Current File
Autas ave
Load | Save | Sutasave o

— Calibration Calzulations

Edit [ata | HecaIcLBLl XpdrHepDrtl

Calculate | [ ResetiseL || USBL Fipor

Siatistios || Fecalo USBL| | EdiXponder |

| QF. I Cancel | Help |

The following details those controls associated with the USBL Calibration data
collection process.

Note: The first time this dialog is opened for a vehicle, it creates a calibration
data set including a copy of the information from the working transponder
file. Each subsequent time the Calibration dialog is opened, WinFrog
compares the current Working Transponder file against the transponder
station information contained in the Calibration data set and informs you of
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differences between the Working Transponder file and the Calibration
Transponder station data (coordinate variations and discrepancies in stations).
You can then decide whether to overwrite the Calibration data set station

information with that from the Working Transponder file, or ignore the
differences and keep the Calibration data set station information untouched.

Data Collection Control

You control the type of data to collect with the controls in this section. Once
selected, the Apply... button will change to reflect the changes that will be
applied if it is clicked. Alternatively, selecting the data collection type and

exiting the dialog with OK will also apply the settings.

Off

LBL Ranges
Il Ranges
USBL Data

Min Interval

LBL Baselines
Depths
Apply... button

Points In Memory

Clear

Stops data collection
Not applicable to USBL.
Not applicable to USBL.

Turns on the collection of USBL data.
This is applicable for all USBL systems.

This controls the minimum data collection
interval, in seconds, for the USBL data.
During data collection, WinFrog checks for
the presence of new data from the associated
devices and then checks to see if the
minimum interval has been reached or
exceeded, and if so, logs the data. If either of
the preceding checks fails, no data are
logged.

Not applicable to USBL.

Not applicable to USBL.

The text of this button displays the collection
setup that will be applied when clicked. Click
this button to cause the current Data
Collection setting(s) to be applied without
having to close the dialog.

The total number of points currently
loaded/present in WinFrog memory. It is
very important to note that when collecting
calibration data, WinFrog logs the data to
memory and not directly to disk. It is only
written to disk when specifically directed by
the operator.

This will clear the current calibration data

in memory. Note: if these data have not been
saved to disk, they are not recoverable after
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Graphics On/Off

Data Load/Save
Current File

Load

Save

this is executed. A confirmation prompt
appears when the Clear button is clicked.

Controls the display of the data collection
positions in the Graphics and Bird’s Eye
windows. Thus, the Graphics display provides
both a means for monitoring the progress of
the data collection and clear illustration of the
geometry. After setting this option, the
Apply... button must be clicked or the dialog
exited with OK in order for the changes to take
affect. You may also have to refresh the
graphics window by resizing.

This is a read only control giving the path
and name of the currently loaded calibration
file or the last one that had been in WinFrog
memory.

Enables the browsing of available storage
media to select a calibration file (*.cal) and
load it into memory. Note: this action
automatically clears all calibration data
currently in memory. You are warned of this
and are given the option to cancel the action.
You are also prompted as to whether or not
you wish to purge the current Calibration
data set transponder information. If there is
a difference between the station information
of the Calibration data being loaded and the
current Working Transponder file, you are
informed of this and given the option to
overwrite the Calibration data set station
information from the Working Transponder
file or ignore the difference.

This is only available if there are calibration
data in memory.

Enables browsing of available storage media
to select an existing file or enter a new file
name to save all the data currently in
memory to disk. Note: when data are saved
to an existing file, that file’s contents are
replaced with the contents of the memory.
When this option is accessed and USBL
data is present, you are prompted for the file
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AutoSave

format to use. The next figure shows the
available options.

Configure File Save |

Select File Farmat

" GMS Format [USBL Spstern Cal Only)
" MeSa Formnat [USBL Swsterm Cal Dnly)

| k. I Cancel Help

The WinFrog format supports both LBL
and USBL calibration data; the GNS and
NeSA formats support only USBL
calibration data. In all cases, the data should
first be saved using the WinFrog format and
if desired, resaved in the other formats. If
only saved in either GNS or NeSA formats,
some data will be un-recoverable and the file
will not be able to be processed by WinFrog
to the fullest capability of the software. If the
radio button for either the GNS or NeSA
format is clicked, you will immediately be
prompted to select the USBL beacon whose
data you want to save.

Select USBL Beacon x|

ISBEL Beacans

| ook |
Cancel |

Select the beacon from the drop down list
and click OK to exit. Upon exiting the
Configure File Save dialog box with OK| you
are then able to browse the directories.

If there are no USBL data present, the
WinFrog format is defaulted to and
WinFrog goes directly to the browse.

Future development.
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USBL Calibration Data Collection

This section addresses the preparation for data collection and the data collection
and saving itself. It includes the design of the pattern the vessel will take to
collect the data and the configuring of WinFrog to collect and log the data.

There is no limit to the number of data points collected and used for the
calibration, other than the constraints placed by the available RAM and disk
space.

USBL Calibration Vessel Track for Data Collection

The objective of the vessel track, or data collection pattern, for the calibration
data collection process is to present all sides of the ship to the beacon in a
uniform and controlled manner. To be more specific, the objective is to collect
data while orienting the USBL hydrophone relative to the deployed beacon such
that the direction from the hydrophone to the beacon is (at a minimum) as
follows:

* Along the fore/aft alignment with presentation to the beacon in both the forward
and aft direction.

* Along the port/starboard alignment with presentation to the beacon in both the port
and starboard direction.

Though the WinFrog calibration processing will process data collected in any
manner, there are industry-standard patterns that are recommended. These are
the triangle and cardinal points patterns.

Note: It is important that the manufacturers specifications, recommendations
and guidelines are followed to ensure the optimum performance of the USBL
system is achieved, both for calibrating and real time operations. Of particular
importance is the horizontal distance from the beacon that the vessel should use
when designing the collection pattern. The following documentation states 1.5
times the water depth, but this should be adjusted as required in order to achieve
the optimum performance from the USBL system.

Triangle Pattern

The triangle pattern consists of an equilateral triangle with apices approximately
1.5 times the water depth from the beacon (horizontally distant). The vessel
travels along the track maintaining a constant heading, the heading being
determined as perpendicular to one of the sides of the triangle. Data collection is
continuous while traveling along the route. The next figure is an example of a
triangle pattern vessel track. Data should also be collected directly over the
beacon.
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Cardinal Points

The term Cardinal Points pattern comes from the four main points of the
compass. Designing the pattern involves assessing the current environmental
conditions and determining the optimum heading that the vessel can maintain
while holding station. Then using this heading as a reference, determine four
points that are at a distance of approximately 1.5 times the water depth of the
beacon from the beacon (horizontally distant) such that the azimuth from the
beacon to the first point is equal to the aforementioned vessel heading, the
azimuth to the second point is this same vessel heading plus 90 °, the azimuth to
the third is this heading same vessel heading plus 180° and the azimuth to the
fourth is this same vessel heading plus 270 °. A fifth point directly over the beacon
is also usually included.

The following figure illustrates the location of the four cardinal points
determined for a vessel heading of 0°. Note that the same points would be used
if the vessel heading was determined to be 90°, 180° or 270 °. They are labeled
Cal-N (where the vessel is shown to be), Cal-E, Cal-S and Cal-W respectively.
The beacon is shown as C2.
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At each of the four cardinal points and the point directly over the beacon, the
vessel collects data while holding station at four different headings. These
headings are equal to the azimuths from the beacon to the four cardinal points
as described above. In the above example, these headings would therefore be 0°,

90°,180° and 270°.

The following figures illustrate the orientation of the vessel for the five data
collection positions (each cardinal point and one over the beacon) based upon
the above example.
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The data collection is not continuous, but is started and stopped such that data
is only collected when the vessel is at a cardinal point and is maintaining one of
the four required headings. It is stopped while the vessel changes from one
heading to the next and while transiting between the cardinal points.

Alternatives

The first pattern is only suited to vessels equipped with a dynamic positioning
(DP) system. WinFrog employs a least squares adjustment to simultaneously
solve for the four unknowns of the USBL calibration or the beacon coordinates
that is not constrained by the pattern employed. Therefore, alternatives to these
patterns are possible. T'o eliminate biases the pattern should have observation on
opposite sides of the beacon.

Note: it is very important to note that the use of an alternative data collection
pattern may influence the calibration setup, processing and results. (See the
WinFrog Setup for USBL Calibration Data Collection and the Transponder
Position Calibration sections for more details.)
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General

It should be noted that in the case of the triangle and cardinal points patterns, it
is the relative relationship and orientation between the vessel and the beacon
that is important, not the absolute. Thus, in the case of the triangle pattern, the
triangle can be rotated to any orientation as long as the vessel maintains the
same heading (perpendicular to one leg of the triangle). Similarly, in the case of
the cardinal points pattern, the actual pattern could be rotated to any orientation
as long as the vessel’s headings at each collection point matched the azimuths
from the beacon to each of the points. This would hold true for an alternative
pattern too.

WinFrog Setup for USBL Calibration Data Collection

This section explains the setup of WinFrog for the purpose of collecting data for
a USBL calibration. The assumption is made that the USBL device and other
required devices have been added to WinFrog and that the associated data items

(USBL HYDROPHONE, POSITION, HEADING, etc.) have been attached

to the calibration vehicle.

USBL Hardware

The setup of the USBL system is important in order to obtain optimum results
from the calibration. The following steps must be followed.

1 Ifan attitude sensor is present, it must be injected directly into the USBL
system. WinFrog does not currently support application of attitude data to
USBL data or USBL sensor offsets. Note: this is the only device for which
this is true, all other devices and offsets support application of attitude data.

2 Offsets from the USBL system’s hydrophone to a reference point on the
vessel must be entered into the USBL system. In most cases, these are
already present because they are required to reference the data to the Center
of Gravity (COG) of the vessel for output to a Dynamic Positioning (DP)
system. If this is not the case, offsets to the same Common Reference Point
(CRP) that will be used by WinFrog are to be entered, making sure that the
vertical reference is the waterline. This is done so that the leaver arm to the
transceiver is corrected for attitude, as well as the observations from the
transceiver to the beacon.

3 The USBL system must not be configured to operate in Fixed Beacon Depth
or Telemetered Beacon Depth mode, or similar. The Z component as
determined from the analysis of the return signal at the hydrophone head is
critical for the USBL Corrections Calibration process, in particular for the
resolution for pitch and roll correction determinations. The use of an
operating mode that uses some other means of determining the Z
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component will result in un-usable calibration data. It should be noted that
the data cannot be re-engineered to make it usable.

4 The USBL systems may support the direct entry of USBL corrections. Since
these are used to correct the data prior to output to peripheral hardware, they
can be left in the system and the WinFrog calibration is then used to refine
the corrections. This 1s particularly true for corrections entered to correct for
gross USBL installation errors, such as the mis-alignment of the transducer
head by 180°. WinFrog applies a rigorous least squares adjustment and
makes no assumptions that the corrections are small angles. However, it is
unable to resolve a heading error of 180°.

Note: due to the possibility of confusing sign conventions, it is recommended
that the results of the WinFrog USBL Calibration not be entered directly
into a USBL system. Rather, they should be entered and applied within
WinFrog. The sign conventions used by WinFrog and presented to you are
provided in such a manner that the sign conventions are easily followed. The
WinFrog results of the calibration are entered into the WinFrog USBL
hydrophone configuration exactly as shown and printed.

Vehicle Configuration

The vehicle configuration consists of editing the data item’s associated with the
calibration vehicle. This is accomplished using that vehicle’s Configure Vehicle-
Devices dialog.

It is recommended that the Kalman Filter be turned on and Dead Reckoning
enabled for the USBL Hydrophone vehicle.

Note: all POSITION and USBL HYDROPHONE data associated with the
calibration vehicle will be logged to the calibration file, along with general
vehicle data. In addition, a standard deviation is logged for each data item. This
is used to determine the initial weighting for that data item in the calibration
processing (inverse of the standard deviation squared).

If a POSITION data item is configured as Primary its standard deviation is logged
in the calibration file. If a POSITION data item is configured as Secondary, the
standard deviation logged for that data item is 0 or Off. The standard deviation
logged for the USBL HYDROPHONE is the accuracy entered for this data item.

Note: it is recommended that the accuracy settings be “pessimistic” and relative
with respect to the different systems involved. Reasonable settings for a DGPS
are 3 to 5 meters and 7 to 10 meters for a USBL system (HYDROPHONE and
BEACON). The same relative relationship should be maintained in real-time
and calibration processing.

The following figure illustrates a typical USBL HYDROPHONE configuration
as attached to a vehicle.
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Note: it is set to Secondary. As previously mentioned, while setting this to
Primary may not affect the calibration processing (see note below), it will affect
the real-time positioning. If set to Primary WinFrog will use the fixed beacon
and USBL data to position the vessel. This will likely produce inaccurate
positioning with respect to DGPS and thus position jumps that may result.

Note: a general procedural recommendation is that the USBL HYDROPHONE
data item always be set to Positioning - Secondary. If an alternative data
collection pattern is used, it is critical that the USBL HYDROPHONE data
item be set to Secondary. If set to Secondary, you are not constrained during the
processing by an incorrect decision made at the data collection.

Though it will not affect the data collection, it is recommended that the Use for
Relative USBL Beacon Positioning and Determine Vehicle height from Z check
boxes be unchecked.

To Configure the Transducer Settings

1 Click the Configure Transducer button associated with the Transducer
selected for use. The Configure USBL Transducer dialog is shown in the
next figure.
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Is the calibration a confirmation or initial calibration? If it is a confirmation
calibration, the settings for the Calibration Corrections will probably already
reflect the results of a previous calibration and should be left as they are. If the
calibration is the initial determination of the correction values, the settings for

the corrections must be reset to the following:

Range Scale Factor
Head Rotation Correction
Pitch Correction

e e -

Roll Correction

Note: during the calibration process you have recourse to reset the process, i.c.,
to revert to the original raw data unaftected by any calibration corrections
applied either at the time of data collection or during the processing to that
point. Therefore, an incorrect decision at this point is not irreversible.

The offsets must also be confirmed to be correct. There are two sets of offsets to
enter for a USBL system. The first are the offsets currently entered into the
USBL system itself to reference the data to a specified vessel reference point (i.e.
COG). Note the sign convention of these offsets; the values are entered as
measured from the said reference point to the transducer. A vertical offset is
positive if the transducer is below the reference point.
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The second set of offsets are the standard WinFrog sensor offsets with the
respective sign convention, 1.e. values are as measured from the CRP to the
sensor and a vertical offset is positive if the sensor is below the CRP. Remember,
the WinFrog CRP must be at water level and thus, the vertical offset is actually
the draft of the transducer.

Note: there is no recourse to the entry of incorrect USBL system offsets within
WinFrog once the data is logged, i.e. if the offsets from the USBL reference
point back to the transducer (as entered directly into the USBL system) are
incorrectly entered into WinFrog, the data can not be used for the calibration. If
this happens, the calibration data file can only be recovered through
manipulation using a spreadsheet program. There is however, recourse for the
incorrect entry of the WinFrog sensor offsets.

The previous figure is an example of the WinFrog CRP and the USBL system’s
reference point being, in fact, the same point.

To Collect USBL Calibration Data

The collection of the calibration data is controlled directly from the Acoustic
Calibration dialog.

1 Set the minimum data logging interval.

Since the only limit on the amount of data logged is the available computer
memory and available storage media space, it is better to set this interval
fairly small. If too long, any problems (i.e. acoustic noise) during the data
collection may result in unacceptable gaps in the designed collection track. It
is easier to edit out data than wish there was more data present.

2 Toggle the USBL Data radio button.
3 Click the Apply button.

As points are collected, the Points in Memory text will update and, if the
Graphics On is selected, the data collection points will be displayed in the
Graphics windows.

New data will not be collected until the minimum time has elapsed and then
only when the next new data are received for all USBL HYDROPHONE
and POSITION devices attached to the vehicle.

When the data collection is complete, or at any time the collection is to be
suspended, toggle the Off radio button and click the Apply button. It is
important to note that the data collection can be suspended and resumed at
any time. This is particularly relevant when using the cardinal points
pattern.
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WinFrog does not support the writing of the calibration data directly to disk as it
is collected. The saving of the calibration data to file is an operator-initiated
action.

To Save Calibration Data to File

1 From the Acoustic Calibration dialog, click the Save button.

This can be performed at any time there are data present in memory. It is
very strongly recommended that the data be saved regularly to a file during
the collection process. Remember, as mentioned previously, when data are
saved to an existing file, the contents of that file are replaced with the
complete data currently in memory. Thus, though this provides an easy
technique for repeatedly saving the data to the same file during the data
collection process, care must be exercised to ensure that the correct file is
selected.

In addition, an existing data file can be loaded and data collection turned on
to add more calibration data.

The following figure illustrates a completed calibration collection based
upon the Triangle pattern.
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The calibration files (*.cal) are written to disk using ASCII text and as such
are easily accessible and readable. The format for these files is given in the
WinFrog File Formats appendix of this manual.

Note: once the data collection is complete, the original calibration data file
should be archived and set to read only. Then, make a copy for actual use in
WinFrog. In this way, you can always revert to the original data file if
necessary.

USBL Data Collection - Monitoring

The number of points collected are displayed in the Calibration configuration
dialog box. However, the data collection process is best monitored with the
Calibration Status window in the Acoustic Window (see the Operator Display
Windows section).

USBL Calibration Data Editing

The data editing can be performed any time there are data available in WinFrog
memory, though it is generally done once the data collection process is
complete.

The purpose of viewing and editing the data is to locate and remove those data
that are considered to be invalid. WinFrog provides you with graphical editors
that enable easy inspection of the data, detection of any trends, and direct
editing capabilities. The graphical editors allow you to view the LOP data
directly and the LOP residuals. The former is best used for investigating trends
and visually detecting outliers, usually visible due to the associated break in a
trend, and thus, is a very important pre-processing tool. The latter is valuable for
refining the editing in subsequent iterations.

Note: the term editing the data consists of setting the weighting value for any
given LOP and changing data item offsets. You do not have access to the actual
data for the purpose of altering values.

An initial review of the data should be made prior to any calibration
calculations. The purpose of this review is to find obvious flyers and bad data
and remove them from the solution immediately. Then, after each calibration
solution, the data should be viewed again for analysis and any further required
editing.

To View USBL Calibration Data for Editing

1 From the Calibration dialog box, click the Edit Data button.
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Calibration for ¥ehiclel

— Data Collection/Control

& 0ff Apply Data Collection Setup Maow |
{~ LEL Ranges E1 Poirts in
|l Ranges Memory

il Clear |
™ USBL Data
Mir Interval [zeconds) Graphics
[  On & 0f

{~ LBL Baselines Setupl
" Depths Setupl

—Data Load/S ave
Current File
CAMAYDATANMISBLR ayBent2. cal

Load | Save |Aut05ave|gﬁtnsave

r— Calibration Calculations

Recalc LEL | Fpdr Beport |

Calculate | ResetUSBL | USBL Report |

Sististics | RecaleUSBL | EditXponder |

Ok | Cancel | Help |

(The Edit Data button is only accessible if there are data present in memory.)

WinFrog opens a Calibration Station dialog box, as shown in the next figure,
which displays the vessel position, GPS position LOPs and USBL range,
bearing, depth (and if available TWTT) LOPs.

Calibration Station

Records IHangesl Baselines | Depths | Constraints |

o I [

— Record Information Cancel

Ix

o
e

Data Paint : 12 12-11-03 15:57:06.9
S0619.1430 EO11 03,2223
9301569, 55mE 450637, 95m

Hdg: 30,91, Adwe: 1320038, Spd: 0.037

Help

[l

BaseSn | ID | RawlLOP | Scaled LOP | 'wF | Res | Deskew | Epoch [

BI-A 119862 1198.604615m  0.0.. -1.515148m  0.000000m 1557069 Canstaints
707 BB 267 51.9380 267 49,0507 00. 2236 0000000 15:57:.06.3
07 B30 -1170.57 1170.970014m 0.0 1.808074m  0.000000m 1557063
07 BT 1605.528ms 1198.603308m  10.. -1.513841m  0.000000m 1557069 Oif
SimGps N 506 19,2330 NO3SE958m 5.0, -0.03459m  -D.O00ZE0m  1557:06.8 /et wi
SimGps E EO11 03.0443 E 450537 96m 50. 0013753 0.000280m 1557063

Gating

Plot D ata

Flat Fes

Gl

Sensor Offset |
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Note: the example shown above includes four USBL based LOPs, R, B, D
and T. The T LOP is two-way-travel-time and is not available for all USBL
devices. If it is not supported by the respective USBL driver in WinFrog, this

LOP is not displayed.

The Calibration Station dialog box presents you with several options for viewing
the calibration data. For a USBL Corrections calibration, generally only the
Records and Ranges tab are relevant. The available editing options accessed via
the buttons located on the right side of the dialog depend on the tab selected,
and in the case of the Records tab, the type of LOP selected.

To edit an LOP, simply select it and click the appropriate button on the right.
Make the editing changes as required and exit the editing dialog with OK to save
the editing changes or Cancel to discard any changes made.

The following details the options available and the associated dialog boxes.

off

On/Edit Wf

Gating

This simply sets the weighting factor for the
selected LOP to 0, which de-weights it from
the solution. This option is only available
with the Records and Constraints tabs.
When associated with a constraint, this
toggles it between applied and not applied.

This enables you to edit the actual
weighting factor for the selected LOP. This
control extends to applying the new
weighting factor to the selected LOP in the
displayed epoch only, or in all epochs in
which this LOP is present. You can also
control if the new weighting factor is to be
applied to those LOPs already de-weighted.
The next figure shows the associated dialog
box.

X |

—Weighting Factor

|3.I]Elm Aocuracy

€ Thiz LOP in Orly this Becaord Cancel
' This LOP in All Recards

Pk

Help
[ Apply to un-weighted LOPs also

Note: When a tab other than the Records is
selected, the This LOP in Only this Record
option is not applicable and is disabled.

This enables you to apply residual gating to
the complete data set based upon the
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current results. This is a powerful tool for

quickly editing out flyers, but it can also edit

out good data and leave in bad if applied
incorrectly. It is important to note the
following points:

* The gating is only applied when this
option is accessed and exited with OK.

* The gating is applied based upon the
current residuals. If the gating is applied
before any editing or any processing of
solutions, the residuals will be based upon
approximate transponder coordinates and
as a result, the gating may have
unexpected and erroneous results.

* If the gating is turned off for any LOP
type and the dialog is exited with OK, all
LOPs of that type will be re-weighted into
the solution if they contain a non-zero
value.The next figure shows the Residual
Gating options.

Configure Calibration RBesidual Gating

— Range Residual Gating

" On
_ IEIEIE'EI.EIEIm [Gate

— Bazeline Reszidual Gating

IEIEEIEI.EIEIm Gate

) [ff

— Position R ezidual Gating

IElEIEIEI. 00m [ ate

— Bearing Rezidual Gating

IEIEIEEEI.D £ [3ate

& 0if

% [Off

o]

Caricel | Help |

Plot Data button

Plot Res(iduals) button

This option is only available with the
Records tab.

Click this button to access a graphical editor
for all of the instances of the selected LOP
in the Calibration data set. See Using the
Plot Panel: LOPs section later in this chapter
for details on this editing window.

Click this button to access a graphical editor
for the residuals for all instances of the
selected LOP in the Calibration data set. See

WinFrog 3.5 User’s Guide — LBL & USBL Calibration

20-105



Sensor Offset button

Using the Plot Panel: Residuals later in this
section for details on this editing window.
This button is only available for those data
records involving sensor offsets, specifically
Positionand USBL Surface Range. It allows
you to change the offsets for any sensor
involved in the calibration. This provides for
corrections in the case of incorrect
configuration of the system prior to data
collection. You can enter the new offsets and
then select whether to apply them to the
associated system for the current epoch only
or for all epochs. This option is only
available with the Records and Ranges tabs.

The following shows the Cal System Offsets
dialog for those LOPs associated with
surface observations, 1.e. ranges and position

LOPs.
Cal System Offsets
— Application

& 4ol To This Spstem in this Fecord Dnly
= Apply Ta This System in Al Fecords

— Offzets
Fareddft Puort#Stbd Depth
[-19.20m |7.50m {11.50m

k. I Cancel | Help

Note: In the case of USBL observations, this
only affects the WinFrog offsets. The USBL
system offsets entered as part of the USBL
HYDROPHONE data item configuration
cannot be edited. In addition, offsets applied
when a USBL slant range LOP is selected
are appropriately applied to all LOPs
associated with the selected LOP’ s system.

After each major stage of data editing, it is recommended that you save the
calibration file to disk. You should give each calibration file a unique name (i.c.,
the name can have a lettering or numbering code or even a short descriptive
message appended indicating the processing stage represented by the file) so that
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it does not write over a preceding copy of the same calibration set. When given a
unique name, at any point in the processing you wish to return to a known
point or state in the editing and calculation process, you can reload the
appropriate file and resume the processing from that point.

The following detail the Records and Ranges tabs.

Records Tab

This tab is in two sections. A slider bar located in the top left allows the operator
to go scroll through the complete data set essentially in chronological order. As
you move the slider, the data for the respective calibration record displays. Also
in the top left panel is the summary of the data record. This information varies
depending upon the data item being viewed.

The second section is the data panel itself. The List View window presents the
LOPs contained in the currently selected record.

Data Point Selection

This section 1s the top left panel and provides you with the option of
scrolling through the complete data set using the slider bar. The position
information for the vehicle used to collect the data for the selected epoch is

displayed in this panel.

Line 1 The calibration point number and the date
and time for the selected point.

Line 2 The geographic coordinate for vehicle’s
CRP on the working ellipsoid.

Line 3 The map grid coordinate for the vehicle’s
CRP.

Line 4 The vehicle’s heading, CMG, and speed in
knots.

Data Point Summary

This section is the lower, larger panel and presents the data (LOPs) collected
at the selected epoch in a list window. Note: there are no sort capabilities
available, the data are displayed in the order that the data items are added to
the associated vehicle. It is also important to note that the selection of an
LOP is only possible from the first column. The order does not affect the
calibration processing. A single position data item provides two LOPs: a
latitude and a longitude. A USBL data item provides three LOPs: slope
range, bearing, and depth.

Base Stn This lists the LOP’s name. In the case of a
position LOP, the name of the associated
device is shown, in the case of the USBL
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Raw LOP

Scaled LOP

WEF

Res

Deskew

LOPs, the name of the station is given.

This lists the associated ID of the LOP. In
the case of a position LOP, it is the
denotation of either N(orthing) or E(asting).
In the case of a USBL range LOP, it is the
beacon ID with a code identifying the LOP
type:

R = Range, B = Bearing, D = Depth and
T=TWTT.

This is the raw LOP, or actual data, logged
for the LOP. For a position LOP it is the
WGS 84 latitude and/or longitude. For
USBL LOPs, they are the raw slope range,
bearing, depth and TWT'T as obtained from
the USBL system (corrected for the USBL

system offsets).

This is the scaled LOP, or data reduced to
the map projection. In the case of a position
data item, the WGS 84 position is
transformed to the working ellipsoid and
then projected onto the working map
projection. For the USBL LOPs, the data
are projected onto the map grid and
corrected with the current USBL calibration
corrections, either as they were applied in
real-time (during data collection) or
determined and applied as part of the
current calibration processing.

This is the weighting factor used for the
LOP in the solution. Note: the lower the
value, the greater affect the LOP will have
on the solution.

This is the residual for the LOP for the
selected epoch.

The individual LOPs collected for a given
calibration epoch are actually valid for
different times. The calibration point epoch
is defined by the vessel position epoch.
Position LOPs are deskewed to the vessel
epoch using velocity vectors generated as
part of the standard real-time positioning
and processing and logged with the
calibration data. In the case of USBL LOPs,
the vessel position is dekewed to the USBLL
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Epoch

Ranges Tab

This tab allows you to view a summary of all surface ranges observed and

epoch and as a result the deskew value for
USBL data is shown as 0 in this window. In
fact, the data capture and logging is driven
by the reception of the USBL data and as a
result, if the vehicle positioning is set to use

Kalman Filter and Dead Reckoning

(recommended settings) the vessel epoch

and USBL data epoch will be virtually the

same.

This is the time stamp for the LOP data.

contained in the calibration file. The information presented is detailed here.

Calibration Station

Records FRangss |Easelines| Depthsl Constraintsl

Station | Type | Tx | Add...| Tatal # Ran... | B Used Han...|
Testl LBL 1 1m 153 33

Test2 LBL 2 202 182 112

Testd LBL 3 303 183 133

Testd LEL 4 404 1583 108

Testh LEL 5 505 153 93

Testl USEL (2] A28 A28 116 Ell

Testd USEL (2] B2E B2 115 ar

Testl USEL [TWTT) A28 A28 116 116

Testd USBL [TWTT] B2E B2 115 115

il

R Lk

0
Cancel

Help

[Ff
On/Edit

[ ating

Plat Drata
Plot Res

Sengor Offset |

Station

Type

Tx

The name of the Xponder station
observed to.

The surface range may be a standard

LBL TWTT (LBL) observation, a

USBL

XYZ based observation (USBL (XYZ)) or a
USBL travel time observation (USBL

(TWTT)).

The transmit channel (or frequency) or

beacon ID of the Xponder station
observed to.
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Address The address of the Xponder station
observed to, which in the case of a USBL
beacon duplicates the ID.

Total # Ranges The total number of observations made
to the Xponder station.

# Used Ranges The total number of observations made
to the Xponder station that are weighted
into the solution.

Using the Plot Panel: USBL LOPS

When you click the Plot Data button in the Calibration Station window with
a Position or USBL LOP selected, the following graphical editor is opened.

In the case of a USBL range or bearing LOP, a prompt pops up asking if you
wish to plot X or Y data respectively.

USBL Data Dizplay ]

@ Dizplay USEL & Data?
Mo |

Answering Yes to either of these prompts results in the graphical editor
plotting the scaled X or Y data used to produce the scaled range and bearing
LOPs. Answering No to results in the graphical editor plotting the scaled
range and bearing LOPs respectively. The viewing of the X and Y data is
representative of viewing the components of the bearing LOP in greater
detail. This provides for comprehensive data viewing and editing options.

Note: it is recommended that for the initial viewing looking for trends and
outliers, the actual range and bearing LOPs be viewed.

The LOP data are plotted as LOP (Y axis) versus epoch time (X axis). This
provides a valuable visual editing tool as the data trends are clearly evident
and breaks in trends indicating problems can easily be seen and examined.
Outliers are also easily detected. Data which are weighted in the solution are
drawn in blue, those which are de-weighted are drawn in red.
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USBL X Transponder 167 Data

73.36m
Data Point L -
Cal Filz Recard 71, LOP 1 kY
Walue  37.18m .
Residual -0.11m $=363/413
‘wieight  3.00 R Mn=-0.17m
SD=1.98m
= \b‘/
-132.05m
05-14-99 12:04:08.3 Time 05-14-99 12:51:57.5

on | o | Gae |

"Edit Caontrol "ZDDI‘H Cantrol

In |

Out | Feset | ok | Cancel | Help |

Time Axis

LOP Axis

Point Exam

Windowing

The time axis (horizontal) is labeled with
the time/date for the left and right most
extents of the window. When the panel is
originally drawn and on a Reset (see below)
this axis is extended 10% of the total time
span before and after the actual data time
span.

The LOP axis (vertical) is labeled with the
LOP value for the top and bottom, along
with the summary of the LOPs. This
summary includes the number of LOPs
weighted in the solution and the total
number of LOPs in the data set, and the
mean residual and its standard deviation
based upon those LOPs currently weighted
in the solution. When the panel is originally
drawn and on a Reset (see below) this axis is
extended 10% of the total LOP values span
at top and bottom.

Double-click the left mouse button in the
plot panel to cause WinFrog to locate the
closest data point and display the
information for that point in a message
dialog box, as shown in the above figure.
Using the left mouse button (click and drag)
you can draw a window in the plot panel.
This provides WinFrog with the outline of
the area in which to perform subsequent
actions, as detailed below.
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Edit Control
On

Off

Gate

If an area of the plot panel has been selected,
you are presented with the option to enter a
weighting factor to be applied to all points in
the selected area. The next figure shows the
associated dialog box.

Edit WF
“Wweighting Factor

Im Aocuracy

] I Cancel | Help

If an area has been selected in the plot
panel, all LOPs in that area will be de-
weighted (weighting factor set to 0).

This allows you to apply gating to a specific
LOP. This is preferred over blindly applying
gating to the complete data set, as described
above. The gating is applied to the data in a
selected area or if an area in the plot panel
has not been selected, to the complete LOP
set. The next figure shows the options
available for the gating.

N

Fesidual Gating Limit

Gate (* BasedonZem
" Based on Mean Residual

ak. I Cancel Help

You can enter the gating value and then
select the application of the gate value. If
Based on Zero is selected, any LOP whose
residual is outside = gate is de-weighted. If
the Based on Mean Residual option is
selected, any LOP whose residual is outside
the mean residual *gate 1s deweighted. The
default gate is the standard deviation for the
residuals for the respective weighted LOPs.

20-112

WinFrog 3.5 User’s Guide — LBL & USBL Calibration



Zoom Control

In If an area has been selected in the plot
panel, this area is drawn to the extents of the
display. Otherwise the plot panel is zoomed
in by a factor of 2 vertically. The horizontal
time span remains the same.

Out Regardless of whether an area is selected in
the plot panel, this causes a zoom out of
10% vertically. The horizontal time span
remains unchanged.

Reset Re-draws the plot panel to the original
coverage.

To close the window and apply all changes made with this editor, click OK.
Clicking Cancel closes the window, discarding all changes made.

Note: If the data being viewed is a USBL XYZ based LOP (i.e., a calculated
slant range, X, bearing, Y or depth LOP but not the TWTT LOP), and
LOPs are de-weighted in the above process, the associated XYZ based LOPs

are automatically de-weighted. This does not apply to the weighting in of
LOPs.

Using the Plot Panel: USBL Residuals

When you click the Plot Res button in the Calibration Station window with
any LOP selected, the following window is presented.

In the case of a USBL range or bearing LOP, a prompt pops up asking if you
wish to plot X or Y data respectively.

USBL Data Dizplay ]

@ Dizplay USEL & Data?

Answering Yes to either of these prompts results in the graphical editor
plotting the residuals based upon the scaled X or Y data. Answering No to
results in the graphical editor plotting the residuals based upon the scaled
range and bearing data.
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USBL X Transponder 167 Residuals x|

108.43m
Cal File Record 51, LOP 1
Walue  39.55m
Rezidual 0.19m . 5=363/413
Weight  3.00 R Mn=-0.1fm
5D=1.98m
)8 | *
-30.01m
05-14-99 12:04:08.3 Time 05-14-99 12:51:57.5
Edit Contral Zoom Control
’V On | u]i | Gate | ’V It | Ot | Reset | Ok | Cancel | Help

The window title gives the LOP type and the name of the specific LOP.
The capabilities and options are the same in this window as detailed in
Using the Plot Panel: USBL LOPS.

The horizontal lines represent the following:
* Long dashed magenta line is 0.
* Short dashed magenta line is the mean of all the residuals.

* Short dashed light blue line is the mean residual * standard deviation.

The residuals are plotted against time, that is the time stamp for the data
reception. Data weighted in the solution is plotted in blue, that de-weighted
is plotted in red.

Note: Though the graphically editing of Residuals is useful, it must be done
carefully and always after the initial calibration processing. It is important to
be aware that the least squares technique minimizes the residuals of all
observations. Consequently, it distributes any errors throughout the whole
array. The error from a single observation will appear in the residuals of all
the observations. The amount that appears in each observation depends
upon the geometry, number of observations, and the weight assigned to each
observation. One cannot assume that the observation with the largest
residual is necessarily the observation with the error (although this is where
one generally begins to investigate). Consequently, do not eliminate large
blocks of observations all at one time. Remove only a few of the largest then
solve again.

Note: If the residuals being viewed are based upon a USBL XYZ based LOP
(1.e., a calculated slant range, X, bearing, Y or depth LOP but not the
TWTT LOP), and LOPs are de-weighted in the above process, the
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associated XYZ based LOPs are automatically de-weighted. This does not
apply to the weighting in of LOPs.

USBL Calibration Processing

The solution of the USBL calibration is a two-step process. The first step is to
determine the position of the beacon used. The second step is to use this known
beacon to determine the USBL calibration correction values. This process can be
repeated to confirm the results. However, it is recommended that the cycle not
be repeated more than twice as this has a tendency to bias the results and the
solution of the calibration corrections may diverge from the correct results.

Each step of the process has different data requirements and, as a result, the
editing of the data is approached differently for each.

The following sections detail the two steps.

Transponder Position Calibration

As mentioned, the USBL calibration requires that the position of the beacon
used be determined.

Note: the USBL range and USBL Angles (bearing LOPs) can both be used for
the determination of the beacon position (at present, the depth LOP is available
only as an editing tool, not an observable for the solution of the beacon
position). However, it is recommended that only the range LOPs be used.
Experience has shown that the slope range, as extracted from the XYZ data, 1s
more reliable than the range and bearing for many USBL systems. More
importantly, with the use of the range LOPs only, the effects of any unapplied
USBL corrections are minimal and appear to the least squares solution as noise.
If a good data collection pattern has been employed (i.e. either the triangle or
cardinal points patterns), this noise has a minimal affect on the solution of the
position as it tends to be cancelled out.

Note: the USBL range data used to calibrate a beacon position can either be that
calculated from the XYZ data or that calculated from the travel time, but not
both. In the case of the latter, a Working Velocity file must be present.

Data Editing

The editing of the data requires an initial editing prior to performing any
position calculations. This is followed by a review of the data once the first
position solution has been successfully performed, to refine the selection of valid
data.

Pre-Position Solution Editing

Using the Plot Data option, as detailed previously in the USBL Calibration Data
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Editing section, the POSITION and USBL range LOPs collected for the
calibration should be reviewed specifically for those points that appear to break a
trend or are obvious outliers. These changes may be exaggerated, as in the case
of a bad hit on the beacon, resulting in a jump in the range to the beacon of
many meters. They may also be subtle, as in the case of the GPS losing the
differential corrections and beginning to drift from a DGPS solution.

It is equally important to re-weight into the solution those points that for one
reason or another were automatically de-weighted during the data collection
process, but in review appear to be valid.

It is important to remember that at this point, the USBL corrections are
“unaccounted for.” This may cause good data to appear to break a trend,
especially in the case of the bearing and depth LOPs. It is for this reason that
these LOPs are not examined at this stage in the processing.

The graphical editor should be used to its full capability to zoom in on
questionable areas of the data. If there is doubt as to whether the data are indeed
breaking a trend, do not de-weight it at this stage.

Post-Position Solution Editing

Once a position has been solved for, the data should be reviewed again. The
graphical editors are the best editing tools to use.

It is important to remember that, at this point, the USBL corrections are still
“unaccounted for.”

Review the data using the Plot Data to ensure no outliers or trend breakers were
missed. Then use the Plot Residual option to view the residuals for the
POSITION and range LOPs. At this stage, the residuals should be fairly
consistent, in that they are not excessive, though in the case of the USBL LOPs,
they will probably be offset from zero. The standard deviation will generally
indicate the range of the errors due to the unaccounted for USBL corrections.
Remove those points with large residuals. Depending upon the quality of the
data, the gating feature may be used to apply further editing of the data,
although very carefully. If used, it should be applied to the Mean Residual, not
Zero, as illustrated in the following figure.

Gating |
Rezsidual Gating Lirit

I'I.EIEm Gate © Based onZem

¥ iEazed on Mean Fesiduat

k. I Cancel Help
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Setup

To Setup for the Determination of the Beacon Position

1 In the Calibration dialog, click the Calculate button.

Calibration for ¥ehiclel

— Data Collection/Contral

= [ff Apply Data Collection Setup Now |
{~ LEL Ranges £1 Paints in
|l Ranges Memory
I 'I Clear |
= USBL Data
Mir Interval [zecondsz) Graphics
|'|  0On & 0ff

" LBLBaselines  Setup |
" Depths Setupl

—Data Load/Save

Current File:
C:ANAYDATANVISBLRayBent2. cal

Load | Save |Aut08ave|gﬁtnsave

— Calibration Caleulations

Recalc LBL | Fpdr Report |

Calculate | ResstUSBL | USBL Report |

S | ReealeUSEL | Edit<ponde |

Ok | Cancel | Help |

The Calibration Results dialog box opens.

Calibration Results 3

— Status
Solution Calculation Failed
2042 D ata Points Collected

Base Stn | Coordinate | Correction | Sigma |

F-C1_503 M4058016.039m  0.000 0.00o
E423449.943m 0.000 0.000
B73.97m 0.000 0.00o

TEetup Solve | Statistics | Update |

QK | Cancel | Help |
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2 Click the Setup button to configure the solution type and parameters.

This opens the Calibration Setup dialog, shown in the next figure. The
sample shown reflects typical settings.

Cahbration Setup | x| |

— Calibration Mode
e

€ 1JSBL Corections

— Calibration D ata Contral Options

GPS Data Attitude Data—————————————————
& Uzed [ Apply bo GPS Data
Mot Used [ Apply to LEL Data
I= | EpplutalUEEL Data
—IJSBL Data Options

—USBEL Angles Fange Data———————
" Used —‘ ’75' Use calculated zlant ranges

& ot Used  Uze TWTT slant ranges

—Advanced Options
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" Calculate
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Cancel Help
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The calculation options are as follows:

Calibration Mode

Transponder Positions WinFrog will solve for the positions of the
transponders/beacons as configured. Select
this option for this phase of the processing.

USBL Corrections WinFrog will solve the USBL calibration
corrections as configured.

Calibration Data Control Options
GPS Data Controls the use of the logged GPS data.
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Used

Not Used

Attitude Data
Apply to GPS
Data

Apply to LBL
Data

Apply to USBL
Data

USBL Angles

Range Data

Use calculated
slant ranges

Use TWTT
slant ranges

The GPS position data are used in the
calibration solution. This must be selected
for a USBL beacon position solution.

The GPS position data are not used in the
calibration solution. This is not applicable
for a USBL beacon position solution.

If available during the data collection, the
pitch and roll data logged with the GPS
LOPs are applied to the GPS sensor offsets

in the solution.

Not applicable to a USBL beacon position
solution.

If available during the data collection, the
pitch and roll data logged with the USBL.
TWTT LOP are applied to the USBL.
sensor offsets in the solution. Note that this
1s applicable to the transponder position
portion of the calibration process when
TWTT data is used and never for the actual
USBL correction portion of the calibration
process.

This allows the use of USBL bearing LOPs
to be used in the solution of a USBL beacon
position. For the determination of a USBL
beacon position for the purpose of then
solving the USBL corrections, this is not to
be used. However, it is a useful tool if the
position of a beacon is required and data
from a calibrated USBL system are used to
collect data without actually circling the
beacon.

Note: The radio button labels change
depending upon the data recorded.

Select this option if the slant range data to
be used for the transponder beacon position
determination is derived from the XYZ data

(typical).

Select this option if the slant range data to
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Use Travel Time

Advanced Options
USBL Xponder
Standard Cal

be used for the transponder beacon position
determination is derived from the observed
signal travel time. Note that if this option is
selected, the Attitude Data option Use Apply
to USBL Data becomes available. This is
because the travel time data is not corrected
to a vertical datum and therefore the
application of pitch and roll to the
application of the sensor offsets can improve
the solution. This will be disabled if the data
does not contain two way travel time.

This radio button will be present if the data
contains two way travel time with no XYZ
data. This is the case with Sonardyne’s
surveyor’s acoustic CSV telegram. When
this button is present the other two will not
be present.

This is an important setting. A standard
calibration is considered to be one that
specifically meets the objective of the design
of the data collection pattern.

To summarize the objective here, this is a
collection pattern that evenly distributes the
collection points about the beacon while
presenting the hydrophone to the beacon
such that observations fore and aft, port and
starboard are equal. If the triangle or
cardinal points pattern is used, this should
be checked (default setting). If any other
pattern is used, this should be unchecked in
order to ensure that any non-symmetry of
the pattern does not bias the results.

In a Standard Cal, the vessel’s position is
considered an observation and is adjusted
using the data collected during the least
squares adjustment. In a non-Standard Cal,
the vessel’s position is considered a known
and 1s held unaltered during the processing
from the original position logged during the
data collection.

Note: If processed as Standard Cal, in order
to revert back to the original data to try
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processing as a non-Standard Cal, use the
Reset USBL option in the main Calibration
dialog (see Using the Reset USBL Option)
Alternatively, reload the original data and
repeat the processing as a non-Standard Cal.
Note: if the data were collected with the
USBL HYDROPHONE data item
configuration set to Positioning-Primary, it is
recommended that the data be processed as
a standard calibration. This is due to the
real-time positioning of the vessel having
been affected by the positioning from an
uncalibrated beacon and, therefore, must be
adjusted during the processing.

Transponder Station Control
Transponder Calculation This controls the horizontal position
solution for the beacon selected in the Base
Stations list box.

Calculate Solves for the Northing and Easting of the
beacon.
Fixed The beacon is held fixed (known) in the

solution. This is not applicable in the
processing of a USBL beacon for the
purpose of performing a USBL calibration.
Don't Use The beacon is not used at all in the solution.
It is important that if a transponder appears
in the list, but there are no data for it in the
calibration data, this option is selected for
that transponder. Otherwise, the solution

will fail.

Depth Calculation

This is an important setting in any calibration, but especially in the case of a
USBL calibration. The errors solved for in the USBL calibration include a
scale factor, which (even if excessive) is largely accounted for in the least
squares solution with respect to the horizontal position determination. It can
however, influence the determination of the depth, which will subsequently
greatly impact the solution of the USBL corrections. If at all possible, the
depth of the beacon should be determined using a depth sensor in the actual
beacon and then held fixed for processing. As a check, once calibrated, the
same data can be used to solve for the depth to confirm the validity of the
solution.
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Note: Do not confuse the term Fixed as discussed here in the context of the
data processing with the term Fixed in the configuration the actual USBL
system itself. They are completely different aspects of the calibration process.
You are reminded here that the USBL system itself must not be configured
to use Fixed Depth or Telemetered Depth or similar during the collection of
calibration data.

Calculate Solves for the depth of the beacon.

Fixed The depth for the beacon is held fixed in the
solution. You may enter a value here to use
as the fixed depth. The default is the value
present in the Working Xponder file when
the calibration is first started or the depth
solved in subsequent processing.

Base Stations

This lists all the stations available for the calibration solution (set to USBL
Fixed in the Xponder file at the start of the calibration setup process or edited
with the Calibration Edit Xponder option) by station name and, if it has been
entered at some point (e.g. if the beacon is a dual purpose Sonardyne
Compatt), the transponder’s address. It is important to note that when the
Calibration dialog is first opened, the current Working Xponder file is copied
to a calibration local copy of that file. It is this copy that is used throughout
the calibration process, not the actual Working Xponder file. It is for this
reason that it is very important to ensure that the Xponder file contains all
transponders involved in the calibration and has their approximate starting
coordinates entered prior to starting the calibration data collection, editing,
and calculation process. If there are problems, the calibration data set station
information can be edited using the Edit Xponder feature.

Select each transponder and configure appropriately using the options
available in this panel. Once the configuration is complete, use the OK
button to exit this dialog.

Additional Controls

Constraints Clicking this button allows you to configure
constraints for the Least Squares
Adjustment (see To Enter Constraints for the
Least Squares Adjustment).

Solving

Once the solution is configured, you can perform the iterative calibration
calculation directly from the Calibration Results dialog box. Continue clicking
the Solve button until the solution has converged.
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Total & pogterion 0.002
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Setup |
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k. Cancel | Help |

The Calibration Results Dialog Box

The Calibration Results dialog box is shown in the previous figure. The

following details the components.

Status Panel

Displays the current status of the solution (first line) and the number of

points used in the solution (second line). The following are possible status

messages:
No Calibration Solution
Defined

Solution Re-Defined, should
Re-Process

Solution Must be
Recalculated

Base Station Calculation
Solution Calculation Failed

The Setup has not been performed for the
calibration. A solution is not possible.

The Setup has been re-accessed and exited
with the OK button. Therefore, the solution
should be re-calculated.

The solution has been reset and it must be
re-calculated.

Solution for transponders was successful.

Solution failed. There are major problems
with the data that must be investigated.
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Processing... WinFrog is executing the calibration
processing.

Data Panel
Base Stn The USBL beacon name of the station.
Coordinates The Northing, Easting, and depth for the
station. Note: the Units/Coordinates/Grid
Coordinate Order controls the order of the
Northing or Easting.

Corrections The corrections determined and applied in
the last adjustment iteration. If the
associated coordinate component has been
held Fixed, instead of the correction value,
the term Fixed is displayed in brackets.

Note: the term corrections here refers to the
adjustments to the unknowns determined by
the least squares adjustment, not the USBL
corrections. The unknowns in this
processing are the beacon coordinates and
depth, if it is to be solved.

Sigmas The sigma of the associated coordinate
component as determined from the last
adjustment iteration.

To Perform the Adjustment

As mentioned previously, the least squares solution is an iterative one.

1 Click the Solve button to perform one adjustment. If the solution is
successful (converges), the results of the adjustment are displayed.

2 Continue to click the Solve button until the value no longer changes with
each click.

The correction values continue to converge (get smaller), eventually
reaching a value that remains unchanged on subsequent clicks of the Solve
button. This indicates that the calibration adjustment is complete based
upon the currently weighted data.

Note: in a “perfect” solution, the correction values would converge to zero.
However, in the actual calibration, they should converge to values consistent
with the accuracy of the acoustic system being used.

Problems with the calibration data are indicated by the following:

The solution fails. Probable causes are:
* A transponder has no data associated with it, but is not set to Don’t Use.
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* The initial transponder coordinates and/or depths are not sufficiently
close to the actual locations. Also, check that the correct transponder was
dropped or located at the correct location.

* There are flyers that have not been de-weighted from the solution.

* Incorrect beacons in file. To correct:

A - Exit the calibration process

B - Confirm the validity and completeness of the Working Xponder file

C - Start a new calibration

D - Save to a dummy file.

E - Use a text editor to replace the 901 records in the real calibration file with those
in the just created dummy file.

* GPS Data is set to Not Used

* The correction values converge, but not to a value consistent with the
accuracy capabilities of the acoustic system being calibrated. This
indicates that there are probably still bad data weighted in the solution.
The LOPs should be re-examined using the graphical editor.

* The correction values jump about without converging, or appear to
converge, but before reaching a static result start to increase again. This
again indicates that there are probably still bad data weighted in the
solution. The LOPs should be re-examined using the graphical editor.

Analyzing the Results: the Chi Squared Test and A Posteriori Variance
factor

Once you click the Solve button, at least once, two more status lines display.

Calibration Results x|

— Status
Baze Station
2042 Data Paointz Collected Failed
Taotal a postenarn 0,002
OE., but residuals much zmaller than entered WF indicates.

Baze Stn | Coordinate | Comection | Sigma |

7-C1_h03 MNA4088016.039m  0.000 0483
E423443.943m 0.000 0473
87397 m [0.000 0516

Statistics | Update |

Setup |

Ok Cancel | Help |
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A posteriori values display on the first new line and, on the second new line, the
results of a statistical test performed on the total a posteriori. Before the a
posteriori values can be used, the solution must reach convergence or it is no
longer productive to click the Solve button.

The a posteriori is a variance and is the sum of the square of each residual
multiplied by its weight all divided by the number of observations less the
number of unknowns. This value can be used as an aid in assessing the quality
of the least squares adjustment.

The a posteriori is compared statistically to the a priori variance using the
statistical test termed the Chi squared test. This test is performed at a 95%
confidence interval. The value of the a priori variance is 1 because the standard
deviation of each observation is known and set by the operator.

Why could the Chi Squared Test Fail?

If the test fails and the a posteriori variance is large, the adjustment and
consequently the calculated coordinates of the transponders are unreliable. A
failure of this statistical test can occur for three reasons:

* bad mathematical model
* unmodeled biases in the data (some bad observations)

* incorrect initial weighting (wrong Weighting Factor)

The first possible cause of the failure can be discounted as the mathematical
model has been proven sound by several authors over many years.

The second cause of the failure, unmodeled biases in the data, is usually the
cause that requires investigation. This can be due to the following:

* There is one or more bad observation: a baseline, surface-to-transponder
range, depth or GPS fix.

* Excessive pitch and roll of the vessel during recording of the transceiver-
to-transponder ranges without an attitude sensor input to WinFrog and
enabled for use in the Vehicle positioning. This could effect all surface-to-
transponder ranges and GPS positions. In this case, the unmodeled bias in
the data is the un-calculated change in range due to pitch and roll.
(Actually the ship rocks so the offset between the GPS antenna and the
transponder is not correct so the transponder coordinates are calculated
incorrectly at the time the observation is made.) WinFrog can be
configured to use an attitude sensor in realtime and log the data to the
calibration data for use in the calibration processing, if an attitude sensor
is available when the data is observed.

If an attitude sensor is not available and there is excessive ship pitch and
roll the residuals will show a marked sinusoid pattern. The crests and
troughs will usually straddle the mean, but not always evenly as the ship
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may roll to one side more than the other. If there are a large number of
observations and all the larger outliers are removed, the pitch or roll to one
side will cancel the pitch or roll to the other and the adjustment should be
good. However in this situation one should multiply the geometric error
ellipses by the square root of the total a posteriori variance to obtain the
actual absolute error ellipses. This will then reflect the uncertainty in the
absolute accuracy of the transponders due to the un-modeled pitch and
roll.

* Invalid velocity profile.

The size of the a posteriori is a qualitative indicator of how many bad
observations there are. It usually only requires one bad observation to cause the
failure. However, when this happens the a posteriori variance is usually smaller
(say less than 10). The more bad observations there are, the larger the a
posteriori variance can become. If it is greater than 999, it indicates that there are
several bad observations. Note: one large error is roughly equivalent to a few
smaller errors.

The third possible reason that the test on the a posteriori variance factor can fail is
incorrect initial weighting. The initial weighting is the weighting factor value
assigned to each observation. The status line may display the message, OK, but
residuals much smaller than initial WF indicates. This means that the statistical
test failed, but not due to bad data. This is caused by assigning weighting factor
values that were too pessimistic to the observations, i.e. the standard error of each
observation is better than that entered, as determined by the least squares
adjustment. In this case, the solution is still good and the coordinates are reliable.

The weighting factors can be reduced and the solution re-processed to determine
if this improves the a posteriori variances. However, it is important not to reduce
them to unreasonably small values simply to achieve satisfactory a posteriori
variances. If the weighting factors are reasonable, accept the results and use the
geometric error ellipses for the absolute error ellipses and the error ellipses
estimated from the Baseline a posteriori as the bottom relative error ellipses.

It should also be noted that there is a phenomenon with electronic instruments
in that they produce precise results over short periods of time under steady
environmental conditions. This can lead to the a posteriori variances indicating
that the weighting factors are too pessimistic for the observations. Data collected
over a short period of time when the seas are very calm and the water column
has no discontinuity in velocity.

Analyzing the Results: the Error Ellipse and RMS

Clicking on the Statistics button in the Calibration Results dialog accesses the
Least Squares Statistics dialog.
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k. I Cancel | ]

You can view the Station Error Ellipse, the Relative Error Ellipse and the
solution RMS values.

For details, see Viewing the LBL Solution Statistics section in this chapter.

Examining the Results and Repeating the Process

The process of reviewing and editing the data and then performing an
adjustment should be repeated several times. The actual number of cycles
depends upon the quality of the data. The objective is to achieve a reliable
solution while using most of the data.

When editing the data by looking at the residuals, be aware that the least
squares technique minimizes the residuals of all of the observations.
Consequently, it distributes any errors throughout the whole array. The error
from a single observation will appear in the residuals of all observations. The
amount that appears in each observation depends upon the geometry, number of
observations, and the weight assigned to each observation. One cannot assume
that the observation with the largest residual is necessarily the observation with
the error (although this is where one generally begins to investigate). Therefore,
do not eliminate large blocks of observations all at one time. Remove only a few
of the largest, then solve again.

In addition, the USBL corrections are still un-accounted for and the residuals
may not be centered around 0 as one might expect. In this stage, only those
LOPs whose residuals are extreme and are obviously outside of the main
grouping should be de-weighted.
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Note: as previously mentioned, it is recommended that the calibration be saved
after each cycle. In this way, you can return to a known point or resume
processing at a later time, if required. Once the calibration is considered
complete and the final calibration file is saved to a new file, the intermediate
files can be removed, leaving the original untouched file and the final result file.
By loading the final result file, the calibration can be reviewed and/or printed at
any time without having to perform any step other than loading the file.

Note: when a calibration file is saved, all configuration settings are also saved.

Note: if the USBL calibration is being performed only to calibrate the position of
USBL beacons, then the processing is completed after repeating the process as
detailed above. A report can then be generated in the same manner as is done for
a typical LBL calibration process. See the section LBL Calibration Report in this
chapter.

USBL Calibration

With a known beacon position, the USBL system corrections can be determined.
This process requires the same steps as followed for determining the beacon
position.

Data Editing

Similar to the editing of the data for the position determination, the editing of
the data for the actual USBL corrections determination has a pre-first solution
and post-first solution aspect to it.

In both cases, the data editing now focuses on the USBL data, specifically the
bearing and depth LOPs. Whereas the range LOP is the least affected of the
USBL LOPs by the corrections to be solved for (and thus the LOP to examine
and use for the beacon position solution), the bearing and depth LOPs are
greatly affected. Therefore, they are better indicators of the validity of the USBL
data for use in the determination of the corrections and the results of subsequent
correction determinations. The bearing can also be examined as the X and Y
data (see Using the Plot Panel: USBL LOPs).

Pre-First Solution Editing

Once again, using first the Plot Data graphical editor, view the bearing (or X and
Y) and depth LOPs for breaks in trends. Note: in this case, the trends may be
dependent upon the orientation of the vessel at the time of the data collection
and grouped as such. The following figure illustrates this point.

WinFrog 3.5 User’s Guide — LBL & USBL Calibration 20-129



USBL Depth Transponder 9 Data
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It shows the uncorrected depth LOP for a cardinal point collection pattern with
five distinct groupings, all at slightly different values. Within each grouping
there is very good agreement of the data. In this example, outliers and breaks in
trends are illustrated by the two red points way above the first grouping and the
red points in the subsequent four groupings, respectively.

The Plot Residual graphical editor can also be used for editing at this point, as
long as you can focus on the trends and not the actual residual values.

Note: experience has shown that if the cardinal points pattern is used, at this
point, all data collected while directly over the beacon (or nearly so) should be
edited out of the solution. While it is valuable data for the determination of the
beacon position, it degrades (rather than enhances) the determination of the
USBL corrections themselves as processed with WinFrog.

Post-First Solution Editing

After the first solution, the editing can focus on the Plot Residual editor and
analyze the actual residual values. At this point, the initial USBL corrections
have been determined and applied. As a result, the data should be more
uniform. The following figure shows the same data as shown in the previous
figure, but after an initial USBL correction solution/application.

-31.27m
S=785/1146
R Mn=0.40m
SD=2.17m

-107.92m

03-16-99 18:17:59.2 Time 03-16-99 21:28:46.5

Edit Contral—————————— Zaam Cantral

{ Gn | ok Gat | { W | o Reset oK Tenedl Help

20-130

WinFrog 3.5 User’s Guide — LBL & USBL Calibration



Notice that the groupings are now more consistent with each other and that the
standard deviation of the residuals has dropped from 4.76 to 2.17 even though

the mean has actually shifted from -0.18 to 0.40.

The Plot Residual editor provides a good means to both view the data and edit
out data at this point. The following figure shows the same data, but with the
Plot Residual editor, after applying the Gate option using the default Residual

Gate Limit and applying the gate based on the Mean Residual.

USBL Depth Transponder 9 Residuals [ %]
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Setup

The setup for the USBL corrections determination is accomplished using the
Calibration Setup dialog, as used for the beacon position configuration.

Calibration Setup

Calibration Mode
’7(‘ Tranzponder Positions

— Calibration Data Control Options

— GPS Data—— - Attitude Data
& [[zed ¥ | Appluite GRS Dt
) Mot sed = | epplbe LB L [Tt
USBL Argles = pplte EEL Data
) Jzed Advanced Options
% ot Weed (I? WEBL ¥pender Standard Cal

— Tranzponder Station Control
— Transponder Caloulation

& Use For USEL Cal
! Figed
¢ Don't Use For USEL C.

=) Fived
|62.17m

Depth Calculation —
[of transducer)

& Calculate

— Base Stations

[Eorstrarits |

Cancel

o]

Help
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Note: by toggling the USBL Corrections option, all non-relevant options are
disabled. In addition, the options for configuring the Transponder Station
Control are altered to disable the Fixed option in the Transponder Calculation
panel and all the Depth Calculation panel as non-relevant.

The only options available to you are the selection of the appropriate beacon and
the Transponder Calculation settings of Use For USBL Cal and Don’t Use For USBL
Cal. Once you have chosen a beacon, set it to Use for USBL Cal and set all others
to Don’t Use for USBL Cal.

Solving

The process for the solving of this calibration varies somewhat from that of
solving for the beacon position, with the exception that the process is still
executed from the Calibration Results dialog by clicking the Solve button as
shown in the next figure. The information displayed is also different.

Calibration Results |

— Statuz
USBL Calibration: Solved
1470 D ata Pointz Uged
Total & postenion 0.002
0F.. but rezidualz much smaller than entered 'WFE indicates.

Farameter | Walue | Adjugtment | Std Dew | [theration
Scale 1.000023 1.000000 0.nnn 1

Fitch 022006 0.000000 0.0aa 1

Roll 0164807 0000000 0.oan 1
Heading 0623333 0.000000 0.0aa 1

a pogtenon vanance 0705

Statiztics | pdate |

Setup |

0k | Cancel | Help |

For the sake of clarity, in this section and this section only, the USBL
corrections will be referred to as the unknowns and the results of the least
squares adjustment will be referred to as the corrections.

First, an explanation of the bottom panel as the top remains unchanged in
content and information displayed.

First Column This lists the current values for the
unknowns, these being scale factor (S), pitch
correction (P), roll correction (R), and
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heading correction (H). The scale factor has
no units and the remaining parameters are
displayed in decimal of degrees.

Second Column This displays the corrections to the
unknowns determined by the least squares
adjustment.

Third Column This displays the standard deviation of the
corrections determined by the least squares
adjustment.

Fourth Column This displays the number of iterations the
least squares adjustment took to converge.

a posteriori variance factor Shown below the last row.

The solution process is an iterative one, as was the beacon position solution.
First, click the Solve button to execute the least sSquares adjustment that will
determine the corrections to be applied to the unknowns. These corrections are
then applied to the unknowns by clicking the Update button. This process is
repeated until the corrections reach zero (which in the case of the scale factor is

indicated by a correction of 1.000000).

If the solution does not converge to zero, there is either insufficient data or there
are bad points present in the weighted-in data. If this occurs, the data must be
reviewed using the editors to determine the cause of the problem.

Analysis of the Results and Repeating

The results themselves are the primary tools for analysis. These provide a
graphic presentation of the result of the determination of not just the beacon
position, but of the data after determination and application of the USBL
corrections. The a posteriori variance factor is also an indication of the quality of
the data and the results. (Another important tool is the USBL Calibration Report,
which will be discussed in a subsequent section.)

After completing a Solve/Update cycle, the data should be reviewed using the
Plot Residual editor. Now that the USBL corrections have been determined and
applied, the residuals should be reduced and match the expected accuracy of the
systems involved. In addition, they should now be centered about or close to
zero rather than offset, as is the case prior to this step. The Gate option can now
be used to refine the data to be included in the calibration.

Unfortunately, there are no specific quantitative measures to compare the data
against, to decide what data are acceptable and what data are to be removed.
The data must be viewed by comparing any one LOP to the whole data set.

The prevailing environmental conditions at the time the data were collected
have a very large impact on the results.
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Another, but less reliable, analysis tool is the a posteriori variance factor. This
should be equal to one (1.0). A value (much) lower than one is possible when a
large quantity of data of high quality has been collected and/or the weights used
are relatively high and pessimistic. A value greater than one does not necessarily
indicate a bad solution, though if this value is greater than 10 the data should be
reviewed for outliers.

It is recommended that the data be reviewed and edited once and then the
Solve/Update cycle repeated again afterwards.

As a confirmation, the beacon position can be resolved for using the now
corrected data. If the editing and processing have been correctly performed, the
change in the position will be in the centimeter to decimeter range. If the change
is greater, the solution must be suspect and restarted with greater attention paid
to editing the data.

Note: it is recommended that the process of solving the beacon position after the
determination of the USBL corrections be performed for the purpose of
confirming the results of the whole USBL Calibration process only. Repeating
the solution of the USBL corrections after resolving the beacon position can lead
to a never-ending cycle that can actually cause the results to diverge from the
correct results.

USBL Calibration Reporting

Reporting for the USBL Calibration is accessed from the Acoustic Calibration
dialog by clicking the USBL Report button. The results of the calibration are
printed along with some statistical values and graphs described below.

The data presented in the USBL calibration report is described below and is
essentially derived by comparison of raw USBL data to the mean position
derived from that raw data and comparison of corrected USBL data to the mean
position derived from that corrected data.

The maximum and minimum values of each set are displayed along with a
mean, standard deviation and root mean square (RMS). The main values to
consider when assessing the calibration are the Range C-O of the corrected data,
specifically the mean. This is because it’s the range that is used as the
observation for the calibration.

The other C-O quantities are derived, but their RMS should provide a better
evaluation number than the standard deviation. See below for a description of
each.

Transponder Coordinates Summary of the results of the position
determination of the beacon used for the
calibration, specifically:
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Calibration Results

Data Summary Table

Psns C-O

- the beacon code;
- Northing ¢/w standard deviation;
- Easting ¢/w standard deviation; and

- Depth ¢/w standard deviation (if solved for).

Summary of the results of the determination
of the USBL Corrections, specifically:

- the Scale Factor (no units),

- Pitch Correction (decimal of degrees);

- Roll Correction (decimal of degrees);

- Heading Correction (decimal of degrees);
- the a posteriori variance factor; and

- the total number of data available and used

in the calibration.

The summary table presents the minimum,
maximum, mean, and standard deviation
based upon Calculated-Observed (C-O) for
un-corrected and corrected USBL data. In
addition, the RMS for the respective C-O
data sets is given for the corrected data.
Note: to produce these values, the
components of each calibration data record
(XYZ) are subtracted from the
corresponding calculated values derived
from the calibrated beacon position and the
USBL hydrophone position. In the case of
the beacon position, range, and azimuth
comparisons, these are derived from the
XYZ data for each calibration data record.
Note that only that data weighted in the
USBL calibration solution are used.

The distance between the mean beacon
position and the position derived from each
observation set (raw and corrected) is
calculated. The statistical values of these two
sets are calculated and displayed. NOTE:
This data set is not normally distributed. In a
normally distributed data set, whose
expected mean is zero, adding more data
should cause the mean to approach zero
since some values will be positive and some
negative. However, the distance between
two points is always positive, thus the
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X,Yand Z C-O

Range C-O

Bearing C-O

expected mean is not zero. Consequently,
the mean and standard deviation should
only be looked at as an indication of the
noise in the data. Larger values indicate
noisier data. The RMS is the better quantity
to look at here.

This is related to the vessel, X
port/starboard, Y fore/aft and Z up/down.
The known transceiver position is compared
to the mean beacon position (raw and
corrected) to produce the computed X, Y or
Z value. The difterence between this value
and each observed X, Y and Z value is
determined to produce the data sets. One set
for raw data and one for corrected data for
each item. This data should be normally
distributed and does give an indication of
the error in these directions.

Similarly to above, the slant range between
the known transceiver position and the
mean beacon positions (raw and corrected)
are calculated. From that is subtracted the
slant range (derived from each USBL.
observation set) to produce the data sets, one
for raw and one for corrected. This data
should be normally distributed and does
give an indication of the range error. This is
the observation that is used to calculate the
beacon position.

Note: Of all the USBL corrections the only
one that affects the slant range is the scalar.
Since the scalar is small there will be very
little difference between the uncorrected and
corrected data.

The azimuths from the USBL transceiver to
the mean beacon positions (raw and
corrected) are calculated. From these are
subtracted the azimuth from the USBL
transceiver to each observed beacon position
(raw and corrected). This data should be
normally distributed. Perhaps somewhat
abstract, these values usually experience the
greatest change between the raw and
corrected data sets.
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Plots and Histograms

The histograms based upon the data calculated to produce the Data
Summary Table. Note that only that data weighted in the USBL calibration
solution are used. The histograms include the mean value drawn as a
vertical line at the appropriate position complete with annotation. The
standard deviations are also drawn as vertical lines in the appropriate

position.

Vehicle Position

Beacon Position,
Uncorrected USBL

Beacon Position,
Corrected USBL

Coor. Position C-O

This is a plot of the vehicle positions during
the data collection, centered about the
calculated beacon position.

This is a scatter plot of the USBL beacon
position calculated for each epoch using un-
corrected USBL data, centered about the
calculated beacon position. Note this is
always uncorrected data. If the data was
gathered with calibration corrections already
in the Hydrophone Data Item configuration
dialog they are not applied in this plot.

This is a scatter plot of the USBL beacon
position calculated for each epoch using
corrected USBL data, centered about the
calculated beacon position. Look for a
tighter group about the center than the
uncorrected.

Histogram of the distance from the solved
for USBL beacon position to the position
calculated for each epoch using corrected
USBL data for each epoch. Since the values
are distances they are always positive. This
graph indicates how noisy the data is. The
more spread out the graph, the noisier the
data.

In the following histograms look for an improvement in the shape of the
corrected data histograms. The shape should represent a normal distribution.

Raw Range Res, C-0

Corr'd Range Res, C-O

Histogram of the uncorrected USBL range
residuals.

Histogram of the corrected USBL range
residuals.
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Raw Bearing Res, C-O Histogram of the uncorrected USBL bearing

residuals.

Corr'd Bearing Res, C-O Histogram of the corrected USBL bearing
residuals.

Raw X Res, C-O Histogram of the uncorrected USBL X
component residuals.

Corr'd X Res, C-O Histogram of the corrected USBL X
component residuals.

Raw Y Res, C-0 Histogram of the uncorrected USBL'Y
component residuals.

Corr'd Y Res, C-O Histogram of the corrected USBL'Y
component residuals.

Raw Z Res, C-O Histogram of the uncorrected USBL Z
component residuals.

Corr'd Z Res, C-O Histogram of the corrected USBL Z

component residuals.

This window is a valuable analysis tool for the USBL calibration. The scatter
plots clearly illustrate the quality of the data collected and the processing,
supported by the histograms. As an analysis tool, this report provides you with
the best summary of all aspects of calibration one place and should be utilized as
such.

Clicking the right mouse button with the cursor in this window gives a pop-up
menu with the following options:

® Save to a metafile

This allows you to save the window as an enhanced metafile, which can,
subsequently, be inserted into a document. The example in this manual has
been created and inserted in this way. This provides a report quality
presentation of the USBL calibration suitable for presentation to clients.

* Save to CSV file
Saves the data to a file using comma-delimited fields to enable easy loading
into another software package.

® Change Vehicle Pos. Scale
Allows you to manipulate the scale of the panel containing the plot of the
calibration data collection points.

® Change USBL data Scale

Allows you to manipulate the scale of the panels containing the calculated
beacon positions based upon the raw and corrected USBL data. Note that
both panels are plotted with the same scale.
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® Change color Graphics
Allows you to manipulate the background color of all panels.

® Change color Data
Allows you to manipulate the color used to plot the histogram data.

UsBEL Calibration Report
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Recalculation of the USBL Data

This option is only applicable for data from the Sonardyne CSV Surveyor’s
Acoustic telegram and the TWT'T component of the Simrad HPR400 telegram
with travel time included. It does not apply to standard X, Y, Z USBL data, even
that included in the Simrad HPR400 telegram. For those cases where it is
applicable, the data can be reprocessed with a new transponder file and/or a new
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velocity file to correct errors in the initial settings for turnaround time and
estimates of transponder depths and changes to the velocity profile. As well, in
the case of the Sonardyne data, the data can be recomputed with or without ray
bending. If the Sonardyne data is loaded from a file and it isn’t known if ray
bending was applied when collected, use this button to recompute it. After
recomputing the data, you must reset the USBL calibration values using the
button described below.

The application of ray bending uses the direction cosines, travel time, and the
velocity profile to compute a new X, Y, Z and a reduced range of the beacon for
display and eventual use in the calculation of the beacon coordinates and USBL
calibration values.

If any USBL data from the Sonardyne telegram is detected in the calibration
data, the following dialog opens when this button is clicked. Select the Ray
Bending option desired and click OK to re-process. It should be noted that in
the case of the calibration data containing both Sonardyne and Simrad-based
data, ray bending is only applied to the Sonardyne data.

Recalculate USBL data x|

— |nfarmatiarn

Thiz option iz only walid for USBL obtained with the
Aoouztic Telegram. [Containg the direction cozsines
from the tranceiver to the beacon(s). Cancel |
Thiz recalculation acceszes the working tranzponder

and warking velocity files bo perfarm the following: Help |
114pply the beacon TAT to the obzerved travel time

ZICalculate the beacon position uzing the velocity file
with or without ray bending az selected below,

—Achiong
™ Recaclulate with Fay Bending
" Fecaclulate without Fay Bending

If only USBL data from the HPR400 telegram is detected, the processing
launches upon clicking the Recalc USBL button.

Reset the USBL Calibration Data

At any time during the USBL processing, you have the option to reset the USBL
data to its uncorrected state with respect to the USBL calibration corrections.
This is sometimes required when during the processing you feel incorrect
editing has biased the solution and that the best action is to start over. In
addition, the reset can also be used to correct for the situation of logging the data
with the wrong map projection settings.

Note: For any resetting of the USBL data and/or map projection, it is critical that
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the current WinFrog geodetic and map projection configuration is the correct
one to use for the USBL calibration.

To execute this option, click the Reset USBL button from the main Calibration dialog.

When the button is clicked, you are prompted with a message box informing
you of the reset options. These are as follows:

* Change the Map Projection and reset the USBL Calibration Corrections (click
Yes); or

* Reset the USBL Calibration Corrections only (click No); or

* Abort the process (click Cancel).

Click the appropriate option. If Yes or No were selected, when the change and/or
resetting process is completed, you are informed with an appropriate message box.
For both of these options, any travel time data will be reprocessed using the current
velocity profile. If none exists, then a default sound velocity of 1485 m/s is used.

The Transformation to a new Map Projection

The change of the map projection involves the following:

* Transforms the geographic coordinates for all base stations in the calibration data
set to the current Working Map Projection.

* Transforms the geographic vessel positions to the current Working Map Projection.

* Transforms the raw position LOPs (WGS84 ellipsoid latitude and longitude) to the
current Working Ellipsoid and then to the current Working Map Projection.

The Resetting of the USBL Data
The resetting of the USBL data involves the following:

® The current USBL corrections are reset to default values, that is scale = 1, pitch =
0, roll = 0 and heading = 0.

® The raw XYZ data are reprocessed with the reset calibration corrections and are
projected to the current Working Map Projection to derive new scaled LOPs.

e If TWTT data are available, the current Working Velocity file is accessed and the raw
TWTT LOP are reprocessed to determine new Reduced LOPs, i.e., slant ranges
relative to the potentially new map projection.

* If direction cosine data are available, they are reprocessed with the current Working
Xponder and Velocity files and the reset calibration corrections and projected to the
current Working Map Projection.

This step also removes the affect of the USBL corrections that were present in
WinFrog and applied during the data collection process.

Note: This option is the only method available for correcting the projection of
standard USBL X Y, Z data to the map projection if a bad depth was entered in
the Working Xponder file prior to setting up for the calibration.
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Updating the USBL Calibration

Once the USBL corrections have been determined, WinFrog must be updated
in order for them to be applied. At present, this is not an automated process.
After the final iteration of the USBL corrections processing is complete, the
results, as displayed in the Calibration Results dialog box and printed in the USBL
Report, must be manually entered in the appropriate USBL HYDROPHONE

data item transducer configuration.

To Update the USBL Calibration Data in WinFrog

1 Access the calibration vehicle’s Configure Vehicle-Devices dialog.
2 Highlight the USBL HYDROPHONE data item and click Edit or double-click on it.

3 Click the appropriate Configure Transducer button to display the dialog
shown below.

Configure USBL Transducer E E |

— Calibration Carrections

Range Scale Head Raotation

Factor Correction
IEI.EIEIEIEIEI

Pitch Cormrection Rall Carrection

IEI.EIEIDEIEI IEI.EIEIEIEIEI
MOTE: Comections zigh conventions are
Roll=[+]5tbd down; Pitch=[+]Stern down
—JSBL Syzstem Internal Offzets

Offzetz from the point the data is related to, to
the transducer. These values will be subtracted
from the USEL output data to get data related to

the transducer.
Foreddft Paort/Stbd £ [down +]
{5.00m |-5.00m {10.00m

—%inFrog Offzets, from CRP to Transducer
Fore bt Port/Stbd Depth [down +]
|5.00m {-5.00m {10.00m

k. I Cancel | Help

4 Enter the USBL corrections exactly as presented in any of the calibration

displays and reports, including the same sign convention.

Confirmation Tests

The results printed in the USBL Calibration Report are, in themselves, a
confirmation of the success and validity of the correction values determined.
However, this is seldom accepted as the only confirmation.
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To Confirm the USBL Calibration Results

Confirmation of the USBL calibration results generally requires that the
calibration vehicle perform a specific action after changing the WinFrog
configuration to track the deployed beacon as if it were a remote vehicle.

1

2

To change to tracking mode, first add a vehicle to WinFrog.

Attach the USBL BEACON data item to it and set the ID code to that of the
deployed beacon.

Change the USBL HYDROPHONE data item attached to the calibration
vehicle to Tracking mode.

The calibration vehicle will then execute a perform a predesigned maneuver
and monitor the position of the tracked beacon. The objective of the this
maneuver is similar to that for the design of the calibration data collection
pattern itself, 1.e. to orient the hydrophone with respect to the beacon such
that observations to the beacon are made from all sides of the hydrophone in
a controlled and uniform manner. The major difference is that the effect of
the changes in the orientation is used to determine if the USBL corrections
are valid, rather than to actually determine the corrections themselves.
Typical maneuvers are the spin test, where the vehicle maintains station
near the beacon while rotating its heading 360 °, and simply steaming a line
towards, over and away form the beacon.

If the results and application of the USBL corrections are correct, the beacon
position will remain static within a specified tolerance.

If the corrections are incorrect, the beacon’s position will appear to shift as
the calibration vehicle performs its maneuver. This shift will be correlated to
the orientation of the calibration vehicle with respect to the beacon.

Summary of the USBL Calibration Process

1

Ensure that all devices involved are operating properly and are correctly
configured. These include the USBL, GPS, gyro and attitude sensor.

Ensure that all devices and their associated data items are added to WinFrog
and the calibration vehicle, respectively. Confirm the configurations.

Ensure a valid Working Xponder file is opened.

Design the appropriate directory structure and file naming standard to ensure
the data will be saved in manner that is easy to understand and manage.

Determine the data collection pattern to use.
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6 Deploy a Beacon in the calibration area, taking a fix with the surface
navigation to determine the estimated deployment location. Alternatively, if
the beacon is deployed with an ROV (standard for deep water calibrations)
take several fixes using the uncalibrated USBL system to determine an
estimate for the deployment location.

7 Determine the depth of the beacon as precisely as possible.

8 [Edit the Working Xponder file and ensure that a USBL Fixed beacon is present
for the deployed beacon. Enter the beacon name, estimated deployment
coordinates, the best determination of the depth (as is possible), and the
beacon’s code.

9  Setup the calibration data collection in WinFrog and following the pattern,
collect the data, saving regularly to disk during the process.

10 Upon completion of the data collection. Copy the calibration file and set the
copy’s attributes to Read Only.

11 Process the data:

* Beacon position determination.
- Review the data (position and range LOPs) and remove obvious bad
data based upon trends. not residuals.
- Setup and solve for the beacon position.
- Review the same data again, this time refining the editing using
examination of both the LOPs and their residuals.
- Resolve the beacon position.
- Repeat until satisfied with the results.
* USBL Corrections determination
- Review the data (bearing and depth LOPs) and remove obvious bad data.
- Setup and solve for the USBL corrections.
- Review the data and refine the editing. Include the USBL report in the
examination and analysis of the results to assist the editing.
- Resolve the USBL corrections.
- Repeat until satisfied with the results.
* Save the final calibration file.
* Save the report to an enhanced metafile for subsequent inclusion in a
document/report.

12 Apply the results, entering the corrections in the appropriate USBL
HYDROPHONE transducer configuration, being careful to enter the data
exactly as produced in the calibration.

13 Perform a confirmation as required.

14 Perform any necessary file management and cleanup of intermediate files.
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