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1 Introduction

Wave data fusion (WDF) algorithms [1, 2] for shipboard measurement of the wave environ-
ment have been developed under the DRDC Seakeeping Operator Guidance (11gw) project
to improve wave height measurements from wave radar (systems that extract seaway infor-
mation from the back-scatter images generated by X-band marine radar). These systems
have been found to generally provide good wave frequency and direction information but
often give poor wave height measurements on a moving ship. Within the 11gw project,
and in the follow-on DRDC Seastate Awareness and Operational Guidance project (11gi),
prototype WDF software has been developed and tested during sea trials on the Canadian
Navy research vessel CFAV Quest [3, 4] and tested and improved during an additional
trial on Quest (Q348, November 2012) using a new Furuno X-band radar scanner. The
WDF algorithms tested with this prototype software written in IDL [5], called AutoFu-
sion10 (version 10 of the AutoFusion software), are being incorporated into ship operator
guidance systems for seakeeping operations, helicopter operations, and slam warning.

This software has been designed to work with the WaMoS II wave radar processor [6] and
also uses measured ship motion files generated with a NAV420 motion sensor [7] (using
DRDC in-house LabVIEW [8] acquisition software). The WDF software has been devel-
oped as a prototype to test the WDF process but the latest AutoFusion10 version is also
now at a functional stage where in can be used, on a day-to-day basis, as a wave environ-
ment measurement tool for Quest. This should be especially useful now that Quest has a
new X-band Furuno radar, dedicated for scientific purposes. This avoids the requirement
to run the ship’s navigational Decca X-band radar in short pulse mode for conducting the
the WaMoS wave radar processing.

The US Office of Naval Research (ONR) is providing support for some of the DRDC 11gi
project activities which fit well with their Environmental and Ship Motion Forecasting
(ESMF) project objectives. One of the deliverables to ONR is the AutoFusion10 software.
This document is a manual for the AutoFusion10 system, providing the WDF basic theory,
a user operating guide, and software programming information.

2 Basic Wave Data Fusion Theory and
Implementation

The WaMoS II Wave Radar extracts (in a fairly direct measurement) the wave frequen-
cies and the wave directions from the wave backscatter in images produced with standard
X-band navigational radars. It generally produces directional wave spectra with similar
frequency and direction characteristics to that obtained with a directional wave buoy (refer
to DRDC wave data fusion research [1, 2]). The wave spectral density scaling and wave
height measurement from the WaMoS system are indirect measurements, estimated from
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the signal-to-noise ratio in the radar backscatter images. This signal-to-noise ratio depends
on many factors, thus making it difficult to accurately calibrate the system on a moving
platform. The necessary calibration parameters seem to be always changing leading to
inaccurate wave height measurements.

The wave data fusion (WDF) approach basically uses the ship as a wave buoy to correct the
WaMoS wave height measurements. The basic configuration of the WDF system is shown
in Figure 1 and consists of the WaMoS II wave radar processor, a ship motion measurement
system and the Wave Data Fusion computer. The WaMoS computer is connected to an X-
band marine radar and also through NMEA serial feeds to the ship systems, to extract the
ship speed, the ship heading and other optional information used in its processing. The
WDF computer reads information from the the WaMoS output files which is used in a
Shipmo7 [9] computation of ship motions. The WDF computer also reads the measured
ship motion files and corrects the WaMoS wave height measurements through comparison
of the measured and predicted motions as described in the following subsection of this
document.

Typically the system has been run over a local network with three computers; the WaMoS
processing computer, a laptop running the wave data fusion software and a second laptop
running the ship motion data acquisition software. The system has been tested successfully
with the wave data fusion software running on the WaMoS computer, but not with the
motion measurement software on the same computer. The added load of running motion
data acquisition on the WaMoS computer caused the system to crash.

Figure 1: Wave data fusion system configuration
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2.1 Wave data fusion equations
In the approach implemented, over a given time period, typically two minutes, the RMS
ship motions are measured (see Annex A). The WaMoS directional wave spectrum (see
Annex B) for this period is then used as input to a ship motion prediction program which
outputs the RMS ship motion response for this same period at the motion sensor location,
typically close to the ship center of gravity (CG). In the current program the DRDC code
Shipmo7 [9] is used to predict the ship motion response (see Annex C).

If δpred is one of the the RMS motion components (for example, heave displacement or
pitch angle at the ship CG), predicted by Shipmo7 using the uncorrected measured direc-
tional wave spectrum S(ω,β) from the wave radar, and δmeas is the RMS motion component
measured during the same time period as S(ω,β) then the WDF ‘corrected’ significant wave
height H∗

m0 is given by

H∗
m0 = rcorrHradar

m0 , (1)

where the wave radar significant wave height is defined as Hradar
m0 . The correction ratio rcorr

is given by

rcorr =
δmeas

δpred . (2)

Similarly the WDF ‘corrected’ directional wave energy spectral density S∗(ω,β) is then
given by

S∗(ω,β) = (rcorr)2 S(ω,β), (3)

where ω is the wave frequency and β is compass bearing of the heading that the wave
component is coming from.

Since in different ship operating conditions the accuracy of prediction of different motion
components can vary, an extension to the above method was considered in which the ‘cor-
rections’ for different motion components were averaged to check if this would improve
the results. If n motion components are considered, δi, i = 1,n, and the correction ratio for
the ith motion component is

rcorr
i =

δmeas
i

δpred
i

, (4)
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then a mean rcorr for application in Equations 1 and 3 can be defined by

rcorr =
n

∑
i=1

rcorr
i /n. (5)

Using the DRDC ship motion code, Shipmo7.4 on the Canadian Navy research ship CFAV
Quest, the use of a combination of pitch and heave motion displacements was found to
provide the most accurate wave height corrections [1].

2.2 Wave data fusion method validation
Note that the accuracy of the WDF approach depends directly on the accuracy of the pre-
dicted ship motion response used to compare to the measured ship motions. The approach
has been validated extensively on the CFAV Quest [1, 3, 2, 4] in seaways with 1 m to 5 m
significant wave heights. The Shipmo7 code is a linear strip theory code and thus gives best
results at lower wave heights and for ships with low beam to length ratios. The ship motion
response predictions of Shipmo7 have been validated for frigate hull forms in scale model
tests [10] in long-crested seas with significant wave heights of 4 to 5 m and also in full-scale
trials [11] in seaways defined with directional spectra (3 to 6 m significant wave heights).
The user needs to ensure that the use of a strip theory code is appropriate for prediction of
motion responses of the platform and seaways of interest, and if not, replace the Shipmo7
code with a more appropriate hydrodynamic motion response prediction code. Also the
user needs create an accurate hydrodynamic model (hull form and weight distribution) for
the ship of interest for use with Shipmo7 or an alternative ship motion prediction code.

3 User Guide

This section of the document provides a user guide for installing and running the AutoFu-
sion10 software with the WaMoS II wave radar system and LabVIEW N420 motion sensor
data acquisition.

3.1 Installation
The AutoFusion10 software has been programmed in IDL 8.4. It can be installed on the
WaMoS II processing computer or on a separate computer that accesses the WaMoS and
ship motion files over a network. The system requires setting the ship motion measurement
acquisition system software (see Annex A) to write motion files every two minutes and to
write a motion file list (adds a new motion file name to the list each time the motion file is
written).
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The ‘AutoFusion10.pro’ software can be run on a computer for which the IDL software
and license file are installed and will likely work with other versions of IDL. The supplied
‘compiled’ version of the software ‘AutoFusion10.sav’ was created using IDL 8.4 and can
be run on a computer on which the free IDL Virtual Machine software has been installed
(does not need an IDL license). In this case the ‘AutoFusion10.sav’ file may only work
with IDL Virtual Machine version 8.4. If a different version of the IDL Virtual Machine is
used then a new compiled version needs to be created starting with the ‘AutoFusion10.pro’
source code for the version of IDL matching the Virtual Machine installation.

The AutoFusion10 software launches the Shipmo7 program for each WDF computation
(once every 2 minutes). The Shipmo7 input file must be customized for each particular
ship and loading condition. Earlier versions of the AutoFusion software required ship
motion measurements near the ship center of gravity (CG). The current version has been
modified to use Shipmo7 seakeeping positions so that the motion measurement location
(anywhere on the ship) can be entered into the Shipmo7 input file. Details of setting up the
Shipmo7 input files are given in Annex C.

Once the full IDL software, or the ‘free’ IDL Virtual Machine, has been installed on the
wave data fusion computer, as per the vendor’s instructions, then respectively the ‘Auto-
Fusion10.pro’ source code or the ‘AutoFusion10.sav’ compiled code can be copied to a
convenient location on the wave data fusion computer and run by double-clicking on the
file icon (or on a link to either of these files placed by the user on the desktop). The user
must also place the Shipmo7 executable code and input files in a convenient directory (see
Annex C) and also ensure that the ship motion measurement files, generated with the user’s
ship motion measurement system, are in a suitable file format for the AutoFusion10 soft-
ware to read. Alternatively a new IDL routine could be added to the AutoFusion10 source
code to read another motion file format (see Annex A).

Before actually running the software, a startup file needs to be created, as described in the
following section, which points to locations of the Shipmo7 files, the ship motion measure-
ment files and the WaMoS wave spectrum files. Depending on the user’s system, motion
measurement files and/or the WaMoS files may be on other computers and accessed over a
local network.

3.2 Startup file
Before starting the AutoFusion10 software, it is necessary to have a startup text file. Details
of the information in the startup file are given in Annex D. The user can start with an old
startup file and edit the file, or once the AutoFusion10 program graphical user interface
(GUI) is launched (as described in the following subsection) then many of the start-up
parameters, including locations and names of the required files can be ‘browsed’ for, or
changed from the GUI. The startup file can then be saved to the same or a different startup

DRDC Atlantic TM 2012-268 5



file name and location. Normally this file is given a ‘.txt’ extension since it is an ASCII
text file, but the user could choose any name and extension.

3.3 Running the software
The ship motion measurement acquisition system and the WaMoS II wave radar system
should be started and generating files before the AutoFusion10 software is started. This
system should continue to run even if either the motions files or WaMoS FTH files are not
being written. The system will continue to wait for generation of new files. If using the
IDL Virtual Machine then to start the program double click on the AutoFusion10.sav icon
or launch the IDL Virtual Machine and load the AutoFusion10.sav file. This will bring up
a file browser looking for the startup file as in browser window in Figure 2.

Figure 2: AutoFusion10 startup file browser

After the startup file is selected then the AutoFusion10 GUI will be displayed as shown in
Figure 3 (left half of GUI window) and Figure 4 (right half of GUI window) which shows
the GUI in a ‘paused’ mode. The right half of the GUI is mainly used for setup and testing
and can be closed or opened respectively using the ‘MIN display’ and ‘MAX display’
buttons before the ‘START’ button is pressed to start running the WDF computations. After
pressing the ‘START’ button then all the startup option entry buttons and text boxes are also
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inactivated. Only the plotting pull-down options and the PAUSE button are active when the
system is in this ‘running’ mode.

Figure 3: Left half of the AutoFusion10 GUI window after loading a startup file

When the system in a running mode and the WDF processing is underway then the left
half of the GUI should be as shown in Figure 5 and the right half (if open) as shown in
Figure 6. Table 1 and Table 2 describe the components of the left half of the AutoFusion10
GUI window. When the processing is underway, it can be stopped by pressing the ‘PAUSE’
button. Processing can then be restarted by pressing the ‘START’ button again (perhaps
after changing the setup options), or the program can completely stopped and the GUI
window closed using the ‘CLOSE WINDOW’ button.

When the AutoFusion10 program is in the paused mode and the ‘MAX display’ button is
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Table 1: Description of components of the left half of the AutoFusion10 GUI window
shown in Figure 5

COMPONENT DESCRIPTION

‘Messages’ text box Displays instructions and status/warning messages
to the user as the system is running.

WaMoS Hs (m) Displays the significant wave height measured by
the WaMoS II (often incorrect).

Fusion Hs (m) The corrected significant wave height obtained from
the WDF computation. This is a running average for
user defined averaging time (typically 20 minutes).

Wave: Peak Period (s) Peak wave period from the WaMoS 2D spectrum,
running average as above.

Peak Direction (deg) Peak wave direction from the WaMoS 2D spectrum,
running average as above.

Speed (kt) Ship speed in knots read from the WaMoS FTH
wave spectrum file, the current speed for 2-minute
WaMoS acquisition period.

Heading (deg) Ship heading in degrees clockwise from True North,
read from the WaMoS FTH wave spectrum file,
current heading for 2-minute WaMoS acquisition
period.

Latest FTH spec file: Displays the the WaMoS FTH wave spectrum file
location, name and start time used in the latest WDF
computation.

Upper graphics window Displays the WDF corrected directional wave
spectral density as a function of the wave frequency
(Hz, radial direction) and the heading that the waves
are coming from with True N. at the top of polar plot
(0 degrees). Also shows the ship orientation icon.

Max Freq. (Hz) pull-down Select values of 0.1, 0.2, 0.3, 0.4 or 0.5 Hz for the
maximum frequency in the polar plot display.

Lower graphics window Displays the significant wave height, WaMoS peak
wave period or WaMoS peak wave direction as a
function of time. These are running average values
for the user selected averaging time. The wave height
graph shows both the WaMoS heights (dashed line)
and the WDF corrected heights (solid line).
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Table 2: Description of additional components of the left half of the AutoFusion10 GUI
window shown in Figure 5

COMPONENT DESCRIPTION

‘Hours to plot’ text box The user can type in the number of hours displayed
on the horizonal axis on the lower graphics window.
Once the plot reaches the end of this period then the
graph shifts to the left, plotting the latest number of
‘Hours to plot’.

‘Choose plot’ pull-down Allows the user to select to plot either the significant
wave height, WaMoS peak wave period or WaMoS
peak wave direction as a function of time in the lower
graphics window.

‘START’ button Press this button to start running the WDF compu-
tations after all options have been set and the full or
minimized version of the GUI window has been se-
lected.

‘PAUSE’ button Press this button to stop running the WDF computa-
tions. At this stage any of the start-up options can
be changed and the ‘START’ button pressed again to
continue processing. It may take up to one cycle of
waiting for the next WaMoS or motion file to be writ-
ten before the processing pauses.

‘MIN display’ button Press this button to hide the right half of the AutoFu-
sion10 GUI window. This button is only active when
the processing is paused and the GUI is in the full
display mode.

‘MAX display’ button Press this button to return the AutoFusion10 GUI
window to the full display mode (activates the dis-
play of the right half of the GUI window showing
startup options). This button is only active when the
processing is paused and the GUI is in the minimum
display mode.

‘CLOSE WINDOW’ button This button terminates the AutoFusion10 program,
closes the GUI window and closes the log file. This
button is only active when the processing is in the
paused mode.
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pressed then the right half of the GUI window is displayed and the user can change startup
options. If the ‘MAX display’ is left on then, in the running mode, the graphics window
at the top of the right half of the GUI window is used to display the latest 2-minute time
series of the measured ship motion for the component selected by the user.

If the log file entry in the GUI is not blank and contains the file name and path for the log
file then when the ‘START’ button is pressed a set of header lines is written to the log file,
containing the startup file and GUI settings. As processing continues a line is written to
the file for each 2-minute interval during the WDF processing, providing the current wave
statistics and ship operating conditions and any messages to the user regarding abnormal
operation of the system. If the processing is restarted or the AutoFusion software started
from scratch using the same log file, then the header information will be appended to
the end of the existing file to reflect the current settings, followed by lines logging the
processing data. Annex E gives more information about the log file. If the ‘Min Log Info’
tick box is checked (the default setting when the program is launched) then parameters for
wave measurement will be logged that are most applicable to the end user. If this box is not
checked then additional columns will be written to the log file which are more applicable
to the details of the WDF processing and research.
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Table 3: Description of components of the right half of the AutoFusion10 GUI window
shown in Figure 6

COMPONENT DESCRIPTION

‘FUSION FACTORS’ text
boxes

Displays the WDF factors computed for each of the
motion components selected in the startup text file
for the wave data fusion computation (motion
components for which the startup file parameter tag
‘Use In Data Fusion’ values are equal to 1). These
components are checked ‘on’ in the ‘Motion
component to use’ tick boxes at the bottom of the
righthand half of the GUI window.

‘RMS MOTIONS’ text boxes Displays the measured RMS values, for the latest
2-minute motion time series, for the motion
components selected in the startup text file for the
wave data fusion computation (motion components
for which the startup file parameter tag ‘Use In Data
Fusion’ values are equal to 1). These components
are checked ‘on’ in the ‘Motion component to use
tick boxes at the bottom of the righthand half of the
GUI window.

Graphics window Displays the latest 2-minute time series for the
measured motion component selected by the user.
These are labelled in accordance with the measured
motion file column labels which are set in the
startup file parameter tag ‘Labels In Motion Files’
corresponding to the Shipmo7 motion components
shown.

Input motion pull-down This pull-down menu above the motion component
time series plot is used to select which measured
motion component to plot, for example ‘X-Axis
Acceleration’, ‘Y-Axis Acceleration’, ‘Z-Axis
Acceleration’, ‘Roll Angle’, ‘Pitch Angle’,
‘Heading Angle’ as used for the DRDC NAV420
sensor acquisition, see Annex A.
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Figure 4: Right half of the AutoFusion10 GUI window after loading a startup file
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Figure 5: Left half of the AutoFusion10 GUI window while in ‘running’ mode
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Figure 6: Right half of the AutoFusion10 GUI window while in ‘running’ mode
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Table 4: Description of additional components of the right half of the AutoFusion10 GUI
window shown in Figure 6

COMPONENT DESCRIPTION

‘LOG FILE’ button This button is used to browse for a location and
name of the text file used to log data for each
2-minute WDF computation. Alternatively the file
information could be typed into the associated text
box located to the right of the button. If the text box
is left blank then no log file will be generated. If the
log file already exists then when the program is run
the new data will be appended to the existing log
file. Details of the log file are given in Annex E.

Startup File Information Information from the startup file is displayed and
can be changed by typing into the text boxes or
browsing for the file paths or files using the browse
buttons to the right of the associated text boxes.
Details of the start up file information is given in
Annex D.

‘NAV420AFT Location’ This is the Seakeeping position label from the
Shipmo7 input file where prediction of RMS
motions will be made for the WDF computation.
This location should match the motion measurement
location. This can not be changed in the GUI but is
set directly using the ‘#Seakeeping Position From
Shipmo:’ tag in the AutoFusion10 startup file.

‘Motion components to use’
tick boxes

The checked boxes show which motion components
will be used in the WDF computations. These can
not be changed in the GUI but are set directly using
the ‘#Use In Data Fusion:’ tag in the AutoFusion10
startup file.

‘Avg.(min)’text box This sets the time period for the running average used
to display the wave spectra and wave parameter plots
shown in the left half of the GUI window.

‘Save Startup File’ button This button brings of a file browser to select the lo-
cation and name for saving a new startup file or to
update an existing startup file with the current infor-
mation that is displayed in the GUI window.

‘Min Log Info’ Tick box If this box in checked then a smaller set of values are
written to the log file. This smaller set of values con-
tains all the data normally required by the end user.
If this box is not checked then additional columns
are added with information concerning the WDF pro-
cessing. See Annex E for more information.
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4 AutoFusion10 Software
4.1 Software evolution
DRDC has used three different versions of the WaMoS II system, each requiring a differ-
ent approach to the way the WDF software handles the ship motion files and WaMoS wave
spectrum files. The three approaches are described in the following subsections of this
document. The method discussed in Section 4.1.3 is currently implemented in the AutoFu-
sion10 software. As described in Section 4.2 in more detail, the IDL routines for the older
approaches, which are discussed in Section 4.1.1 and in Section 4.1.2, are still available in
the code.

4.1.1 Original WDF processing with 2-minute WaMoS wave
spectrum files

In the first DRDC trials of the WaMoS II system [12, 3] for WDF, the WaMoS produced
2D wave spectral density S(ω,β) files (<time-date prefix>.FTH files) approximately once
every two minutes. The ship motion system was set also to produce times series files of 2-
minute duration. The prototype IDL WDF software was programmed to check when a new
FTH wave spectrum file was written by the WaMoS system. Initially the check was made
by obtaining a listing of the directory containing the FTH files, but since this directory can
contain a large number of spectrum files, this approach put too heavy a network access
load on the WaMoS disk drive. The WaMoS also wrote a single line to a number of files
including the MPAR log file every two minutes, where the date and time in each line of this
file matched the FTH filename. If was thus better to check when the MPAR file changed and
then read this file to extract the name of the latest FTH spectrum file. A list of motion files
was then checked to find which 2-minute motion files spanned the WaMoS wave spectrum
sampling period.

Typically the end of the latest motion file occurred before the end of the WaMoS sampling
period so the software was programmed to wait until the writing of the ongoing motion
sampling file was complete and then extract the motion time series from one or more files
spanning the WaMoS sampling period. The measured RMS pitch angle and RMS heave
values were then computed from the motion time series for use in the WDF equations given
in Section 2.1. The NAV420 sensor measures the heave acceleration but since it was found
that the heave displacement produced an improved WDF correction, a double-integration of
the acceleration signals was used to calculate the heave displacement time series and then
compute the RMS heave displacement. Digital bandpass filters were needed to remove low
frequency drift and high frequency noise in the measured motion signals.

The details of this process, describing the interaction of the AutoFusion10 code using the
‘SWDF old’ procedure discussed in Section 4.2, with the N420 LabVIEW motion mea-
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surement acquisition software, the WaMoS wave radar processing, and the Shipmo7 ship
motion prediction code, are outlined in Table 5 and Table 6.

Table 5: Wave Data Fusion Processing - Ship Motion Measurement

Software/Computer Configuration/Operation

DRDC LabVIEW
N420 motion
acquisition software
(the same process of
all WDF
configurations)

• Writes motion time series to an LVM file at a rate 20
samples per second with two-minute duration files.
Example file name: ‘Nav420CG 06-01-09 1700.lvm’
(name YY-MM-DD hhmm.lvm)

• After writing the LVM file then writes the LVM
filename to a new line in a text file (name and location
user defined) and typically written to the directory
containing the LVM files. Example file name:
‘Nav420 FileList.txt’

4.1.2 WDF processing with 10-second WaMoS wave spectrum
files

In 2011 DRDC acquired a new WaMoS II system with new software (WaMoS Server Ver-
sion 1.0.0.4a which stores the radar raw data, WaMoS Client Version 1.0.0.22 which pre-
pares for analysis and displays the results, and Calcwave version 3.4.3 which computes
the wave spectra.) This system was used in the 2011 Quest sea trial [4]. This system was
acquired to test a new capability to take snapshots of the sea surface elevations for research
into ship motion forecasting using a Decca BridgeMaster II 340 (antenna rotation speed 28
RPM, radiator length 2.4 m). The sea surface elevation mapping is not considered in this
report which only considers the WDF part of the work. This new system wrote FTH spectra
approximately once every 10 seconds, which meant a new WDF approach had to be used.
Revised software was written which checked when a new 2-minute duration measured ship
motion file was written, then computed the RMS motions for this period, and also read all
of the 10-second FTH spectra within this 2-minute period. These RMS measured motions
and an average of the extracted 10-second WaMoS FTH spectra files for the period were
then used in the WDF computation.

The details of this process used in the 2011 trials, describing the interaction of the Auto-
Fusion10 code using the ‘SWDF new’ procedure discussed in Section 4.2, with the N420
LabVIEW motion measurement acquisition software, the WaMoS wave radar processing,
and the Shipmo7 ship motion prediction code, are outlined in Table 7.

DRDC Atlantic TM 2012-268 17



4.1.3 WDF processing with new 2-minute WaMoS wave spectrum
file processing

In November 2012 a new Furuno FR-704IR X-band radar (antenna rotation speed 48 RPM,
radiator length 1.2 m) was install on Quest and interfaced with the WaMoS II system with
upgraded software; WinWaMoS - Continous Measurement Server/Client Version 1.0.0.4,
WinWaMoS - Continous Measurement Client Version 1.0.0.22 (52) and Calcwave 3.4.3
(1028). During the December 2012 Q348 Quest sea trial it was discovered that this new
software again wrote out the FTH wave spectrum files approximately every two minutes,
which is better for WDF use, but meant that the IDL prototype software had to be changed
back to the original method of checking when a new WaMoS wave spectrum was written
and then extracting the measured motion data for the WaMoS 2-minute sampling period.
The original WaMoS wrote out FTH spectrum filenames which specified the start times
to the nearest minute and the same time was written to a line in the MPAR file. In the
2012 WaMoS software, while the files were written approximately every two minutes,
the file names included the start time written to the nearest second. Unfortunately the
corresponding times written to the MPAR file often differed from the time in the FTH file
name by one or two seconds. This meant that the original method of checking when the
MPAR file changed and reading this file to obtain the information to form the name of the
latest FTH spectrum file could not be used. The additional step of obtaining a directory
listing could be used to get the name of the latest FTH spectrum file, but because of the
large number of files in the FTHSPEC directory, this took too long and put too high a load
on the WaMoS disk drive used for its processing and file storage.

The WaMoS technician, aboard Quest for the Q348 sea trial, modified the WaMoS output
to write a single FTH spectrum, called ‘furuno.FTH’ (this could be set to any another
name) to a directory folder called ‘latest’ on a secondary drive. This could be accessed
over the network to check when the file was updated and then the updated version of this
wave spectrum file could be read without interfering with the WaMoS computer’s main
processing disk drive. This is the process implemented in the IDL AutoFusion10 WDF
software tested in the Q348 sea trial. The AutoFusion10 program keeps checking this single
FTH spectrum file in the WaMoS ‘latest’ folder until the file is updated. The program reads
this updated FTH wave spectrum, reads the 2-minute measured motion files spanning the
WaMoS 2-minute time period, and extracts the ship motion time series for this period. It
then computes the RMS motions and uses the RMS motions and latest FTH wave spectrum
in a WDF computation to obtain a corrected significant wave height and directional wave
spectrum. The WaMoS system was also interfaced to the ship systems to obtain the required
ship operating conditions for use in its processing. The current ship speed and heading are
written by the WaMoS system to the header of the FTH spectrum file. These are also read
from the FTH wave spectrum file by the AutoFusion10 software and used in the Shipmo7
computation of RMS motion response.

The details of the process used in the current configuration, describing the interaction of the
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AutoFusion10 code using the ‘SWDF new 2min’ procedure discussed in Section 4.2, with
the N420 LabVIEW motion measurement acquisition software, the WaMoS wave radar
processing, and the Shipmo7 ship motion prediction code, are outlined in Table 8.

The modification of the WaMoS software to write the ‘furuno.FTH’ spectra to the ‘latest’
folder is not formally incorporated into the WaMoS software. This modification would
need to be obtained from the WaMoS manufacturer, or the appropriate calls changed in
the AutoFusion10 software (depending on the user’s WaMoS II functionality) to the older
WDF processing routines described in the following section.

4.2 Software Description
The AutoFusion10 wave data fusion processing software was written in IDL 8.2 [5]. It can
be run from the IDL programming environment if you have an IDL license; or alternatively
a ‘compiled’ version, created with the IDL ‘SAVE’ command, can be run in the free IDL
Virtual Machine software. The AutoFusion10.pro program consists of approximately 4700
lines of IDL coding and contains approximately eighty procedures and functions. The main
procedure is ‘AutoFusion10’ which defines and runs the program GUI window and loads
the startup file data.

Some mouse and keyboard events from the GUI are controlled by assigned GUI Widget
‘UVALUE’ values, which are processed in the ‘AutoFusion10 EVENT’ procedure. This
procedure includes routines for starting the WDF processing with the ‘START’ button,
writing the startup file, setting the averaging time, hiding or un-hiding of the righthand side
of the GUI window, and changing plotting options for GUI graphics plots. The GUI buttons
for browsing for specific files and some other mouse events have event procedures defined
with the ‘EVENT PRO = ’ assignments in the graphics WIDGET creation statements.
When these events are activated, for example by pressing the associated GUI button, the
assigned ‘<name> event’ procedure is run.

Pressing the ‘START’ button runs the ‘AutoFusion10 EVENT’ procedure with the ‘CASE’
of uval = 1. This changes the sensitivity of some of the GUI Widgets (activates some of
them and deactivates others), writes or appends header information to the log file, and
then runs the wave data fusion processing by calling the ‘SWDF new 2min’ procedure.
This procedure checks for the update of the single WaMoS FTH spectrum in the WaMoS
system ‘latest’ subdirectory, then proceeds with the WDF processing as described in Sec-
tion 4.1.3. While not currently used, the AutoFusion10.pro program still contains pro-
cedures ‘SWDF old’ and ‘SWDF new’ which could be used to replace the call to the
‘SWDF new 2min’ procedure with a call to the older processing methods, as described
respectively in Section 4.1.1 and Section 4.1.2.

In all three of the above WDF processing procedures (‘SWDF new 2min’ and the older
‘SWDF old’ and ‘SWDF new’ procedures), for the current processing period (of roughly
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2 minutes), the measured RMS motions, the single WaMoS FTH spectrum or average FTH
spectrum, the WaMoS significant wave height, the current ship speed, and the ship heading
are all passed to a function called ‘Hs fusion’. This routine runs the Shipmo7 code to ob-
tain the predicted RMS motion responses for the processing period and does the wave data
fusion computation as outlined in Section 2.1. It then returns the ‘Fusion’ corrected signif-
icant wave height to the calling procedure (‘SWDF new 2min’). The ‘SWDF new 2min’
procedure or one of the earlier versions of this procedure (as described above) then com-
putes the current running average values of wave parameters and corrected wave spectrum.
It updates the GUI entries and plots, and finally writes a line of data to the log file before
starting the processing for the next processing period, waiting for the next WaMoS FTH
spectrum to be written.

At various points in the ‘SWDF new 2min’ processing, this procedure checks a flag that
indicates that the ‘PAUSE’ button has been pressed since the procedure was called. If this
flag is set then the procedure returns to the calling point in the ‘AutoFusion10 EVENT’
procedure which then returns the GUI back to the paused state. At this point the user can
change the GUI options and restart the processing by pressing the ‘START’ button, or the
GUI window and log file can be closed with the ‘CLOSE WINDOW’ button.
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Table 6: Wave Data Fusion Processing of original WaMoS II (Pre-2011 Trials)

Software/Computer* Configuration/Operation

WaMoS wave radar
processor • Writes an FTH file containing the ship speed and heading, wave

statistics and directional wave spectrum to the WaMoS FTHSPEC
subdirectory every two minutes. Example file name:
200601091721qst.FTH (YYYYMMDDhhmmxxx.FTH)

• After writing the FTH file then writes the FTH date string such as
‘200601091721’ and other data to the next line of the MPAR file.
Example file name: Mpar0106.qst (MparMMYY.xxx)

IDL AutoFusion10
SWDF old procedure • Checks every 5 seconds to see if the WaMoS MPAR file modified.

• When MPAR file changes then reads the newest FTH file date/time
string from the MPAR file.

• Reads the newest FTH file (extracts time, ship speed, ship heading,
significant wave height and directional wave spectrum).

• Reads the Nav420 LVM file list. Extracts the 2-minute LVM files
spanning the WaMoS 2-minute sampling period. If necessary waits
until the current LVM file is completed (refer to Table 5).

• Extracts the measured motion times series from the LVM files for
the current WaMoS sampling period. Does the integration of
measured accelerations, filtering of time series and computes RMS
displacements of the motion components.

• If measured RMS motions exist for the current time period then
runs Shipmo7 and performs the WDF computation:

– Converts the WaMoS directional spectrum to Shipmo
format. Deletes the current ‘wave spec.txt’ file and writes a
new ‘wave spec.txt’ file to the Shipmo directory.

– Reads the ‘shipmo7base.inp’ file and writes out the
‘shipmo7.inp’ file, replacing the ship speed and heading
with that extracted from the current WaMoS FTH file.

– Launches the ‘shipmo74.exe’ program in a command
prompt window. Shipmo reads the ‘shipmo7.inp’ and
‘wave spec.txt’, computes the ship response and write its
predicted RMS motions response data to the ‘shipmo7.out’
file.

– Reads the predicted RMS motions from the ‘shipmo7.out’
file and computes the WDF corrected significant wave
height and corrected directional wave spectrum for the
2-minute period and updates the display of the running
average of corrected significant wave height, corrected wave
spectrum, peak wave period, peak wave direction.

• Starts over checking for modification of the WaMoS MPAR file.

*Typically the ship motion acquisition software, WaMoS processing software and the AutoFusion10
software (with Shipmo7) have been run on separate computers, connected over a local network for file
sharing. These programs could be run on a single computer if it has sufficient processing resources.
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Table 7: Wave Data Fusion Processing of WaMoS II (2011 Trials)

Software/Computer* Configuration/Operation

WaMoS wave radar
processor • Writes an FTH file containing the ship speed and heading, wave

statistics and directional wave spectrum to the WaMoS FTHSPEC
subdirectory every 5 to 10 seconds. Example file name:
20111209172133qs1.FTH (YYYYMMDDhhmmssxxx.FTH)

• After writing the FTH file then writes the FTH date string such as
‘20111209172133’and other data to the next line of the MPAR file.
Example file name: Mpar1211.qs1 (MparMMYY.xxx)

IDL AutoFusion10
SWDF new procedure • Checks every 5 seconds for modification of the LVM file list (see

Table 5).

• When the LVM file list changes then reads the newest LVM file
name from the last line of the LVM file list.

• Reads this 2-minute LVM file, extracts the measured motion times
series, integrates acceleration components, filters the resulting time
series and then computes the RMS displacements.

• Reads the WaMoS MPAR file and finds all of the FTH file names
within the latest 2-minute LVM file acquisition time period.

• Reads the FTH files and computes the average ship speed, ship
heading, WaMoS significant wave height and directional wave
spectrum for the 2-minute measured motion time period.

• If WaMoS FTH files are found within the the current measured
motion time period then runs Shipmo7 and performs the WDF
computation:

– Converts the WaMoS directional spectrum to Shipmo
format. Deletes the current ‘wave spec.txt’ file and writes a
new ‘wave spec.txt’ file to the Shipmo directory.

– Reads the ‘shipmo7base.inp’ file and writes out the
‘shipmo7.inp’ file replacing the ship speed and heading with
that extracted from the current WaMoS FTH file.

– Launches the ‘shipmo74.exe’ program in a command
prompt window. Shipmo reads the ‘shipmo7.inp’ and
‘wave spec.txt’, computes the ship response and write its
predicted RMS motions response data to the ‘shipmo7.out’
file.

– Reads the predicted RMS motions from the ‘shipmo7.out’
file and computes the WDF corrected significant wave
height and corrected directional wave spectrum for the
2-minute period and updates the display of the running
average of corrected significant wave height, corrected wave
spectrum, peak wave period, peak wave direction.

• Starts over checking for modification of the LVM file list.

See footnote in Table 6

22 DRDC Atlantic TM 2012-268



Table 8: Wave Data Fusion Processing with the WaMoS II 2012 Configuration (2-minute
WaMoS files)

Software/Computer* Configuration/Operation

WaMoS wave radar
processor • Writes an FTH file containing the ship speed and heading, wave

statistics and directional wave spectrum to the WaMoS FTHSPEC
subdirectory approximately every two minutes. Example file name:
‘20121122141709qs3.FTH’ (YYYYMMDDhhmmssxxx.FTH).
This can differ from time written to corresponding line in the
MPAR file by a few seconds.

• Also writes the latest FTH file to at a WaMoS computer directory
called ’latest’ using the name ’furuno.FTH’.

IDL AutoFusion10
SWDF new 2min
procedure

• Checks every 5 seconds to see if the WaMoS ’furuno.FTH’ in the
’latest’ directory has been modified.

• Reads the new ’furuno.FTH’ file (extracts time, ship speed, ship
heading, significant wave height and directional wave spectrum).

• Reads the Nav420 LVM file list. Extracts the 2-minute LVM files
spanning the WaMoS 2-minute sampling period. If necessary waits
until the current LVM file is completed (refer to Table 5).

• Extracts the measured motion times series from the LVM files for
the current WaMoS sampling period. Does the integration of
measured accelerations, filtering of time series and computes RMS
displacements of the motion components.

• If measured RMS motions exist for the current time period then
runs Shipmo7 and performs the WDF computation:

– Converts the WaMoS directional spectrum to Shipmo
format. Deletes the current ‘wave spec.txt’ file and writes a
new ‘wave spec.txt’ file to the Shipmo directory.

– Reads the ‘shipmo7base.inp’ file and writes out the
‘shipmo7.inp’ file, replacing the ship speed and heading
with that extracted from the current WaMoS FTH file.

– Launches the ‘shipmo74.exe’ program in a command
prompt window. Shipmo reads the ‘shipmo7.inp’ and
‘wave spec.txt’, computes the ship response and write its
predicted RMS motions response data to the ‘shipmo7.out’
file.

– Reads the predicted RMS motions from the ‘shipmo7.out’
file and computes the WDF corrected significant wave
height and corrected directional wave spectrum for the
2-minute period and updates the display of the running
average of corrected significant wave height, corrected wave
spectrum, peak wave period, peak wave direction.

• Starts over checking for modification of the WaMoS ’furuno.FTH’
file in the WaMoS ’latest’ directory.

See footnote in Table 6
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5 Summary and Conclusions

A prototype IDL code called AutoFusion10 has been written to test a method called Wave
Data Fusion (WDF) which uses the ship as a wave buoy to correct wave heights measured
with a WaMoS II wave radar processor and X-band navigational radar. This document
describes the basic WDF theory, the system operation and software implementation. The
code has matured to the point that it can be used as a working tool to provide accurate
wave statistics and directional wave spectra from shipboard sensors. It has been tested and
validated on a number of sea trials on CFAV Quest and during a sea trial on a Kingston
class coastal defence vessel and used to collect wave data on longer Quest deployments.
The latest version of the code has been modified and tested in a recent Quest sea trial to
work with measured ship motions that are not at the ship CG. This will be needed for use
in a sea trial planned for the Halifax class (discussed in the following section).

6 Future Work

Work is underway to integrate the wave data fusion method into a demonstration Seakeep-
ing Operator Guidance (SOG) system and Flight Deck Motion System (FDMS) which are
under development at DRDC, to provide accurate seaway information input to these sys-
tems. One deficiency of the AutoFusion10 software is that it does not check for heading
and speed changes of the ship. When the ship changes speed or course during the 2-minute
processing time period then the predicted motion response, which assumes a constant speed
and heading over the period, may be inaccurate and may lead to an inaccurate wave height
correction for that period. The WDF implementation within the SOG system is being
programmed to ignore time periods when the ship speed and heading changes exceed set
tolerances. The Halifax class frigates are one of the Canadian Navy platforms that has
highest potential to benefit from integration of the wave date fusion approach for wave
measurement input to various operator guidance systems. However, to date the approach
has not been tested on a Halifax class ship. Planning is underway for a short sea trial to
validate the WDF approach on a Halifax class ship.
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Annex A: Ship Motion Measurements
A.1 Nav420 motion sensor data acquisition
Currently the AutoFusion10 software is only programmed to read motion files which are
written in the LVM file format that is used with the N420 motion sensor in the DRDC
LabVIEW acquisition software. If a different ship motion acquisition system is used then
it would need to be programmed to write a file of similar format, or another IDL proce-
dure developed and added to the AutoFusion10 program to read the new ship motion data
format. Note that the current version of the AutoFusion10 code can handle motion sensors
that are not at the ship CG. If this is the case then the input file for the Shipmo7 ship motion
prediction program must include a seakeeping position corresponding to the motion sensor
location on the ship (see Annex C for more information on Shipmo7).

Details of the Nav420 LabVIEW Acquisition software and hardware will not be presented
here. However, regarding the interface with the WDF system, the Nav420 logging needs
to be set with file logging enabled as shown in Figure A.1. Both the ‘Log Data to File’ and
the ‘CreateFileList’ buttons need to be turned on and the ‘FileSize’ set to a value of 120
seconds. The path to the NAV420 ‘LogFile’ and the ‘FileList’ name with path, shown in
this figure, need to be included in the AutoFusion10 startup file, or browsed for or entered
in the AutoFusion10 GUI window, respectively for the ‘Motion File Location’ and the
‘Motion File List’ data values. It is best to start the motion logging before starting the
AutoFusion10 processing.

Figure A.1: Nav420 file logging setup for use with the AutoFusion10 WDF processing

Each time a new NAV420 2-minute ‘prefix.lvm’ file is written, the name of the file is
written to the ‘FileList’. The AutoFusion10 software checks for modification of this file
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and then reads and extracts the motion files spanning the WaMoS 2-minute measurement
period. A sample of the header and a few lines of data for the 2-minute NAV420 ‘LogFile’
is shown in the following subsection.

A.2 Partial LVM motion file sample
Below is a sample of header and a few data lines of the LVM measured motion file named
‘PORTNav420 12-11-27 1330.lvm’. The lines have been truncated at 60 characters to
fit within this document. The lines in the second section of the header consist of 13 tab
delimited columns and are up to 353 characters long. The numerical data lines below
the second section of the header also have 13 tab delimited columns and all data lines
are 129 characters long. The data lines start with the ‘X value column’ which is time
value in seconds (from the time that the acquisition started) followed by 12 columns of
tab delimited numerical data as described in the header. Note that there seems to be a bug
in the acquisition software in that the spacing between successive time values can vary
significantly. The average time spacing over the two-minute file matches the ‘Delta X’
values, 0.05 seconds, in the second section of the header in this example, and thus it seems
to be more accurate to assume the times are equally spaced by the ‘Delta X’ value. This is
assumed in the current IDL routine that reads the LVM formatted data.

LabVIEW Measurement
Writer_Version 2
Reader_Version 2
Separator Tab
Decimal_Separator .
Multi_Headings No
X_Columns One
Time_Pref Absolute
Operator ritchie
Date 2012/11/25
Time 00:46:28.875

***End_of_Header***

Channels 12
Samples 1 1 1 1 1 1 1 1 1 1 1 1
Date 2012/11/27 2012/11/27 2012/11/27 2012/11/27 2012/11/27 2012/
Time 13:30:28.0042500495910644531 13:30:28.0042500495910644531 1
Y_Unit_Label Deg Deg Deg Deg/Sec Deg/Sec Deg/Sec G G G Gauss G
X_Dimension Time Time Time Time Time Time Time Time
X0 2.1863912925004959E+5 2.1863912925004959E+5 2.1863912925004959E+5
Delta_X 0.050000 0.050000 0.050000 0.050000 0.050000 0.050

***End_of_Header***
X_Value Roll Angle Pitch Angle Heading Angle Roll Angle Rate Pitch Ang
218639.129250 -2.735596 0.137329 -140.251465 -0.442200 -1.038208
218639.160500 -2.746582 0.115356 -140.245972 -0.365295 -1.268921
218639.207375 -2.785034 0.054932 -140.223999 -0.365295 -1.192017
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218639.269875 -2.807007 -0.005493 -140.207520 -0.326843 -1.345825
218639.332375 -2.828979 -0.060425 -140.185547 -0.153809 -0.961304
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Annex B: WaMos Wave Spectrum File

Section B.1 gives an example of the header and part of the data in the WaMoS directional
wave spectrum file that is read by the AutoFusion10 program. The file name contains the
start time and date (year, month, day, hour, minute and second) followed by a 3 character
string identifying the installation (here ‘qs3’ for the 3rd installation on Quest) and ending
in the suffix ‘.FTH’. When the AutoFusion10 program reads this file it browses the header
for certain records including the ‘DATE’, ’TIME’, ‘GYROC’(the ship compass heading),
‘SHIPS’ (the ship speed in knots), ‘XHS’ (the significant wave height in meters), ‘TP’(the
peak wave period) and ‘PDIR’ (the peak wave direction). After the end of the header there
is an ‘Mf’ value which is the number of wave frequencies and an ’Mth’ value which is
the number of wave headings in the directional spectrum. Note that the data lines after the
header have been truncated after approximately 80 characters to fit on the page. The data
starts with four lines listing the 64 wave frequencies (Hz) used in the spectrum. The sub-
sequent 90 sets of lines start with a heading angle value (degrees) followed by 64 spectral
density values (m2/Hz/deg) for the 64 wave frequencies.

B.1 Example WaMoS II Wave Spectrum File
‘20121122141945qs3.FTH’

CC *********** PARAMETER WRITTEN BY WAMOS WRITE_POL **************
CC ******* Data generated in Client Mode *******
OWNER OceanWaveS GmbH CC OWNER OF PROGRAM
VINFO WinWaMoS - Continous Measurement Client Version 1.0.0.22 (52)
VERSN Oct 19 2009 08:49:21 CC COMPILATION DATE AND TIME
TOWER Quest Furuno
IDENT qs3 CC SHORT IDENTIFIER
USER Quest trial 348, Furuno
LAT 04328.833 N CC [Degree] POSITION NORTH
LONG 06320.720 W CC [Degree] POSITION EAST
DATE 11-22-2012
TIME 14:19:50
ZONE 0
INTER 1 CC [min] TIME INTERVAL
NIPOL 1 CC NUMBER OF POLAR IMAGES
NUMRE 1 CC NUMBER OF RECORDED POLAR IMAGES
RPT 2.52 CC [sec] ANTENNA REPETITION TIME
SDRNG 0 CC [m] SAMPLE DELAY RANGE
SFREQ 50.00 CC [MHz] SAMPLING FREQUENCY
FIFO 1024 CC Number of samples in range
BO2RA 0 CC [deg] ANGLE BETWEEN BOW AND RADAR HEADING
HDGDL 0 CC [deg] ANGLE BETWEEN ANTENNA HEADING AND PICTURE START
GYROC 96 CC [deg] SHIP’S COMPASS HEADING
VGAIN 0 CC WaMoS VIDEOGAIN
CMPOFF -99 CC Offset added to Ship’s compass
WDEPF 0 CC Waterdepth from 0=global Waterdepth, 1=NMEA-Data, 2=cartesian Boxes
P_DEP 300 5 5 5 5 5 5 5 5 300 CC Waterdepth-List in meter
SHIPR 96 CC [deg] SHIP’S GROUND TRACK FROM GPS
SHIPS 3.0 CC [kn] SHIP SPEED IN WATER
WINDS -9.0 CC [m/s] WIND SPEED
WINDR -99 CC [deg] WIND DIRECTION
DABIT 12 CC DATA BITS PER PIXEL
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CC *********** PARAMETER WRITTEN BY WAMOS WRITE_CAR **************
CC ******* Data generated in Client Mode *******
ADJUS 1 CC Ships course adjusting
R-BOX 600 CC [m] BOX RANGE START POSITION
P-BOX 999 CC spatial average of all boxes
X-LEN 512 CC X-Length IN PIXELS
Y-LEN 512 CC Y-Length IN PIXELS
NICAR 32 CC NUMBER OF CARTESIAN IMAGES
NT 32 CC NUMBER OF TIME STEPS
DEPTH 300 CC Local Waterdepth for this cartesian box
INVER 0 CC 1: invert car-file; 0 dont invert
MOVIM 0 CC 1: move cart. image according to pdir; 0 dont move
XHS -9.00 CC [m] external Hs
PDIR -9.00 CC Angle relative to north
CC **************** START FRAMEDATA SECTION **************
CC Date Time GYROC SHIPS RPT
F0001 11-22-2012 14:19:45.642 -09.0 003.0 2.516
F0002 11-22-2012 14:19:48.149 -09.0 003.0 2.515
F0003 11-22-2012 14:19:50.684 -09.0 003.0 2.500
F0004 11-22-2012 14:19:53.175 -09.0 002.8 2.516
F0005 11-22-2012 14:19:55.684 -09.0 003.1 2.531
F0006 11-22-2012 14:19:58.223 -09.0 003.1 2.500
F0007 11-22-2012 14:20:00.723 -09.0 002.5 2.500
F0008 11-22-2012 14:20:03.220 -09.0 003.3 2.516
F0009 11-22-2012 14:20:05.730 -09.0 002.9 2.516
F0010 11-22-2012 14:20:08.247 -09.0 002.9 2.515
F0011 11-22-2012 14:20:10.764 -09.0 003.3 2.500
F0012 11-22-2012 14:20:13.274 -09.0 002.8 2.500
F0013 11-22-2012 14:20:15.775 -09.0 003.1 2.500
F0014 11-22-2012 14:20:18.261 -09.0 002.8 2.516
F0015 11-22-2012 14:20:20.774 -09.0 003.1 2.515
F0016 11-22-2012 14:20:23.298 -09.0 002.4 2.500
F0017 11-22-2012 14:20:25.788 -09.0 003.1 2.516
F0018 11-22-2012 14:20:28.302 -09.0 002.6 2.500
F0019 11-22-2012 14:20:30.811 -09.0 002.5 2.516
F0020 11-22-2012 14:20:33.331 -09.0 002.7 2.500
F0021 11-22-2012 14:20:35.836 -09.0 002.8 2.500
F0022 11-22-2012 14:20:38.335 -09.0 002.9 2.515
F0023 11-22-2012 14:20:40.843 -09.0 002.5 2.516
F0024 11-22-2012 14:20:43.354 -09.0 002.7 2.516
F0025 11-22-2012 14:20:45.871 -09.0 002.9 2.515
F0026 11-22-2012 14:20:48.375 -09.0 002.9 2.500
F0027 11-22-2012 14:20:50.889 -09.0 002.9 2.500
F0028 11-22-2012 14:20:53.387 -09.0 002.9 2.516
F0029 11-22-2012 14:20:55.908 -09.0 002.7 2.500
F0030 11-22-2012 14:20:58.403 -09.0 002.9 2.515
F0031 11-22-2012 14:21:00.917 -09.0 002.6 2.500
F0032 11-22-2012 14:21:03.414 -09.0 002.8 2.516
F0033 11-22-2012 14:21:05.926 -09.0 002.7 2.500
RPM 2.51 CC [sec] ANTENNA REPETITION TIME
CC **************** STOP FRAMEDATA SECTION **************
CC **************** END OF CAR FILE HEADER **************
CC ****ANALYSIS SOFTWARE VERSION *********************
CWVER Calcwave 3.4.3 (1028)
CC *******image and spectral resolutions **********
DX 3.000 CC [m] IMAGE PIXEL RESOLUTION IN X-DIRECTION
DY 3.000 CC [m] IMAGE PIXEL RESOLUTION IN Y-DIRECTION
DKX 0.40906E-02 CC [2*Pi/m] SPECTRAL RESOLUTION IN KX-DIRECTION
DKY 0.40906E-02 CC [2*Pi/m] SPECTRAL RESOLUTION IN KY-DIRECTION
NF 17 CC [-] NUMBER OF FREQUENCY LAYERS IN D3SPEC
DF 0.12401E-01 CC [Hz] (1/T) FREQUENCY RESOLUTION OF 3D SPECTRUM
DOMGA 0.77916E-01 CC [rad*Hz] (=2*pi/T) SPECTRAL RESOLUTION IN OMEGA
CC ******SPECTRAL ANALYISIS SETTINGS/LIMITS FROM wamos.CFG **
CFGDT <unknown cfg date> CC Date of wamos.cfg
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MULTI 0 CC [-] spatial average switch 0: calc average 1: use multi
MTIME 10 CC [min] averaging time for FTM/D2M/MPAR
CMAX 0.500E+02 CC [m/s] Maximum current speed allowed
CUT 0.200E-01 CC [-] Energy cut for currents
FICUT 0.200E-01 CC [-] Energy cut for filter
FMIN 0.350E-01 CC [Hz] Minimum frequency allowed (internally STREAM limit)
FMAX 0.350E+00 CC [Hz] Maximum frequency allowed
KMIN 0.126E-01 CC [rad/m] Minimum wave number for filter
LMAX 500.0 CC [m] Maximum Wave length allowed
NFWID 2 CC [-] Filter width
FIXNF 0 CC [-] 0: nfwid adapted to NT, 1: not adapted
D_FRE 0.300E-01 CC [Hz] freq. threshold to separate peaks
D_DIR 0.350E+02 CC [deg] Ang. thres. to separate peaks
ELOW 0.100E+00 CC [-] Energy thres. (percentage) to define a peak
SLIM 0.100E+00 CC [Hz] Freq thres. to Separate Windsea/Swell
POWER1= -1.000 POWER2= -1.000 CC MTF constants
SNR 1 CA = 0.000 CB = 1.000 CD = 0.000E+00 CC constants for IHS
CC ****** IQ SETTINGS ***********
QON 0 CC [-] 0: Quality Control disabled 1: enabled
INDEX 0 CC [-] IQ limit for good measurement
MVAR 0.100E-01 CC [-] RPT check: thres. for RPT variance
MVARI 0.200E+00 CC [-] RPT check: thres. for outliers in variance
CC ****** TRUE WIND SPEED ***********
TWINR -099 CC [deg] true wind direction
TWINS 7.52 CC [m/s] 10m true wind speed
CC ****D2 Spectrum PARAMETERS *******************
NSPEC 5 CC Number of spectra for averaging
NXY 512 CC NUMBER OF SPECTRAL POINTS IN X AND Y-DIRECTION
NKX 64 CC [m] Number fo spectral pixel in Kx of d2s
NKY 64 CC [m] Number fo spectral pixel in Ky of d2s
CURRS 0.527 CC [M/SEC] SURFACE CURRENT SPEED
CURRD 103.3 CC [deg] SURFACE CURRENT DIRECTION (Geogr. oriented)
SSHIP 1.543 CC [m/s] current speed due to ship
DSHIP 276.0 CC [deg] current direction due to ship
ENCUS 1.023 CC [m/s] E-CURRENT SPEED
ENCUD 272.3 CC [deg] E-CURRENT DIRECTIONrelativ to north
CC ******Statistical Wave Parameters ******************
XHS 1.20 -9.00 1.20 CC [m] Significant wave height, Swell, WindSea
HSMAX 2.28 CC [m] maximum wave height
TP 9.38 CC [s] Peak period
MDIR 112.00 CC [deg] Mean Direction (coming from)
PDIR 130.00 CC [deg] Peak Direction (coming from)
LP 137.00 CC [m] Peak Wave Length (corresponds to TP)
TM2 6.76 CC [s] Period (TM2 def.)
TPS -9.00 -9.00 CC [s] Periods of Swell Systems
TPW 9.38 -9.00 CC [s] Periods of Wind Sea Systems
DPS -9. -9. CC [deg] Directions of Swell Sytems (coming from)
DPW 130. -9. CC [deg] Directions of Wind Sea Systems (coming from)
LPS -9. -9. CC [m] Wave length of Swell Systems
LPW 137. -9. CC [m] Wave length of the Wind Sea
XM0 0.09 CC [m**2] 0 ord. moment
XM1 0.01 CC [m**2/s] 1st ord. moment
XM2 0.00 CC [m**2/s**2] 2nd ord. moment
SPR 0.80 CC [-] Mean wave Spreading (1= cross-sea, 1.4=omni direc.)
CSI 0.41 CC [-] Cross-Sea-Index
JONSW 0.1058 0.0009 1.0227 0.0130 0.0130 CC peakf,alpha,gamma,sigma1,sigma2:jonswap
IQ -9 CC [-] IQ value of box ( -9: disabled )
F4KMN 0.0456 CC [Hz] Freq. matching kmin (lmax)
DFRE 0.0055 CC [Hz] freq. steps in FTH/FTM spectrum
DTH 4.0000 CC [deg] direction steps in FTH/FTM
EOH CC ************ END OF HEADER *************
Mf = 64
Mth = 90
0.0055 0.0109 0.0164 0.0219 0.0273 0.0328 0.0383 0.0437 0.0492 0.0547 0.0602
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0.0930 0.0984 0.1039 0.1094 0.1148 0.1203 0.1258 0.1312 0.1367 0.1422 0.1477
0.1805 0.1859 0.1914 0.1969 0.2023 0.2078 0.2133 0.2188 0.2242 0.2297 0.2352
0.2680 0.2734 0.2789 0.2844 0.2898 0.2953 0.3008 0.3063 0.3117 0.3172 0.3227
0.200E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.239E-12 0.135E-11
0.276E-01 0.372E-01 0.400E-01 0.244E-01 0.114E-01 0.110E-01 0.104E-01 0.840E-02
0.202E-01 0.189E-01 0.177E-01 0.164E-01 0.152E-01 0.140E-01 0.129E-01 0.119E-01
0.538E-02 0.493E-02 0.452E-02 0.415E-02 0.381E-02 0.350E-02 0.322E-02 0.296E-02
0.146E-02
0.600E+01 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.233E-05 0.133E-04
0.221E-01 0.255E-01 0.283E-01 0.200E-01 0.118E-01 0.130E-01 0.724E-02 0.110E-01
0.180E-01 0.168E-01 0.157E-01 0.146E-01 0.135E-01 0.125E-01 0.115E-01 0.106E-01
0.478E-02 0.438E-02 0.402E-02 0.368E-02 0.338E-02 0.311E-02 0.286E-02 0.263E-02
0.130E-02
0.100E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.443E-05 0.260E-04
0.176E-01 0.166E-01 0.188E-01 0.181E-01 0.189E-01 0.136E-01 0.120E-01 0.116E-01
0.233E-01 0.218E-01 0.203E-01 0.189E-01 0.175E-01 0.161E-01 0.149E-01 0.137E-01
0.619E-02 0.567E-02 0.520E-02 0.477E-02 0.438E-02 0.402E-02 0.370E-02 0.341E-02
0.168E-02
0.140E+02 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.606E-05 0.374E-04
0.187E-01 0.147E-01 0.109E-01 0.157E-01 0.196E-01 0.157E-01 0.167E-01 0.920E-02
0.207E-01 0.194E-01 0.181E-01 0.168E-01 0.156E-01 0.144E-01 0.132E-01 0.122E-01
0.550E-02 0.504E-02 0.462E-02 0.424E-02 0.389E-02 0.358E-02 0.329E-02 0.303E-02
0.150E-02
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Annex C: Shipmo7 Ship Motion Prediction
Software

C.1 Shipmo7 code description
The AutoFusion10 software uses the DRDC Shipmo7 code to provide a ship motion pre-
diction every two minutes for use in the WDF processing. Shipmo7 is a linear frequency-
domain hydrodynamic strip-theory code for prediction of the motion and loads on a ship
operating in a seaway. Shipmo7 is based largely upon the theory presented in the SNAME
Transactions [13]. Appendage and viscous forces significantly influence lateral plane mo-
tions, and these forces have been implemented into Shipmo7 [14].

Although Shipmo7 is essentially a linear code, it uses an iterative procedure to obtain the
roll amplitude and effective linearized damping for the prescribed sea conditions. The code
has been shown to provide reliable frequency domain predictions of rigid body motions
(Root-mean-square or RMS response) of a ship operating in irregular waves. For example,
comparisons have been made to scale model tests [10] in long-crested seas with significant
wave heights of 4 to 5 m and also to full scale trials [11] in seaways defined with directional
spectra (3 m to 6 m significant wave heights). Particularly good results were obtained for
RMS pitch and heave motion.

The Shipmo7 computer code fits well with the WDF algorithm since a text file containing
the directional wave spectrum (frequency-direction spectrum) can be read by the code and
the irregular wave motion responses (RMS) computed and written to an output file for
further processing. This code is also computationally very efficient so that it can be used in
real time to calculate ship CG motion responses for comparison with the measured RMS
motion responses.

C.2 Use of Shipmo7 in the WDF processing
A number of Shipmo7 related files are needed in the WDF processing and normally these
are all located in the same directory and are:

shipmo74.exe The version of the Shipmo7 code currently used in the WDF processing.

shipmo7.inp The input file for running Shipmo7.

shipmo7.out The Shipmo7 output file from which AufoFusion10 software reads the RMS
motion response.

wave spec.txt The directional wave spectrum that Shipmo7 reads.
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shipmo7base.inp This is the ‘master’ Shipmo7 input file that AufoFusion10 reads and
uses to create the current ‘shipmo7.inp’ file (with updated ship speed and wave fre-
quencies for the current response calculations).

The Shipmo processing directory location and executable name with path must be defined
in the AutoFusion10 startup file or entered from the AutoFusion10 GUI before starting
the WDF processing. Note that the ‘shipmo7.inp’ file, defining the ship hydrodynamic
model, contains the ship hull lines of form, weight distribution and other data, and must
be customized for each ship to provide ship motion predictions for the wave data fusion
installation. The Shipmo7 user manual [9] provides details on setting up the ‘shipmo7.inp’
file.

An example Shipmo7 input file used for the WDF processing is given in Annex C.3. This
file is set up to instruct Shipmo7 to read a directional wave spectrum ‘wave spec.txt’ for-
matted as required for Shipmo7, see the Shipmo7 users manual [9]. The WaMoS FTH di-
rectional wave spectra contain 90 headings (every 4 degrees) and 64 frequencies. Shipmo7
uses spectra with only 36 heading angles (10 degree increments) and a maximum of 40
wave frequencies spanning a specified lowest and highest wave frequency with a speci-
fied frequency increment. In order to maximize the frequency resolution of the directional
wave spectrum produced for Shipmo7, the AutoFusion10 software ignores spectral density
values that are less that 0.001 times the maximum spectral density (a value hard coded into
the IDL source code). It determines the lowest and highest wave frequency in the result-
ing FTH spectrum and then interpolates the spectrum values at the Shipmo7 frequencies
and headings. Finally it writes the ‘wave spec.txt’ file for the current 2-minute processing
period. The wave frequency minimum, maximum and increment are also written to the
‘shipmo7.inp’ file. Shipmo7 is then launched in a Windows command dialog which will
pop up approximately every two minutes during the WDF processing.

If the location of the measured ship motion sensors is at the ship center of gravity then
the ‘Seakeeping Position From Shipmo’ location label in the AutoFusion10 startup file can
be defined as ‘CG’ and the code will read the RMS motion response the section of the
‘shipmo.out’ file called ‘***** RMS MOTIONS IN DIRECTIONAL SEAS *****’ and
subsection ‘Motions at Ship CG’. If the measured motions are at a location other than the
CG then Shipmo seakeeping positions are used. For example the label ‘NAV420AFT’ in
the example shipmo7.inp file in Annex C.3 defines one of three seakeeping positions in
this input file and this label should be used for the ‘Seakeeping Position From Shipmo’
in the AutoFusion10 startup file if the motion sensor is at this location. If a seakeeping
position is used, then the pitch angle (and other rotations if used) will be read from the
‘Motions at Ship CG’ section of the ‘shipmo.out’ file but the heave displacement (and
other translational displacements, if used) will be read from the ‘Seekeeping at Position
on Ship’ section of the file, in this case having the ‘NAV420AFT’ label. The ‘shipmo.out’
file contains the RMS responses for each 5 degree increment in heading angle. The RMS
response for the ship heading from the WaMoS FTH spectrum file for the current 2-minute
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processing period will be interpolated from the Shipmo7 response values.
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C.3 Example Shipmo7 input file as used in the WDF
processing

Below is an example Shipmo7 input file, ‘shipmo.inp’ used in the wave data fusion pro-
cessing.

Quest, Nov 2012 - Draft Measured Fwd 15.31 AFT 15.69 FT at 80.5
BRITISH METRIC SALT NOSPEEDCOR NOSWELLCOR NORAO OUTASCII
shipmo7.out2
NOLOAD NORAW

0.30944 2.15944 0.05000
NOSAVEHY BOUND2D LATLONG HVCOR <----- Save flag, method, end effect flags
0.2 6.0 0.2 <---- Encounter frequenices
INPUTDIR
1
wave_spec.txt
1 3.600 <---- Speed data
235.0 16.89 56.379 <----- Ship length, KG, Pitch gyradius
GMINPUT WETROLLRG <----- GM and Roll RG flags
2.63 <----- Input GM
14.70 <----- Input wet roll gyradius
OFFSETS <----- Hull def
21 20 1.0 1.0 <---- Number of stations and scaling factors
1.0 <---- Station data
10
0.0 0.38 0.73 1.11 1.53 1.99 2.51 3.08 3.69 6.95
2.5 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 25.85
2.0
12
0.0 0.43 0.80 1.61 2.36 3.08 3.81 4.55 5.3 6.07 6.87 9.81
1.3 1.3 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 24.83
3.0
12
0.0 0.75 1.71 3.38 4.67 5.77 6.73 7.62 8.46 9.28 10.08 12.36
1.1 1.1 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 23.96
4.0
12
0.0 0.75 2.81 5.50 7.39 8.81 9.94 10.88 11.71 12.46 13.14 14.59
0.95 0.95 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 23.21
5.0
12

0.0 0.75 4.11 7.83 10.83 11.89 13.06 13.96 14.70 15.30 15.79 16.56
0.8 0.8 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 22.55
6.0
12
0.0 0.75 5.6 10.27 12.98 14.7 15.81 16.59 17.17 17.58 17.89 18.25
0.65 0.65 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 22.0
7.0
12
0.0 0.75 7.35 12.7 15.42 17.0 17.95 18.56 18.97 19.23 19.42 19.54
0.5 0.5 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.58
8.0
12
0.0 0.75 9.21 14.78 17.25 18.63 19.42 19.88 20.14 20.27 20.35 20.37
0.35 0.35 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.28
9.0
12

0.0 0.75 10.92 16.24 18.5 19.7 20.3 20.58 20.72 20.77 20.8 20.8
0.15 0.15 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.09
10.0
12
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0.0 0.75 12.10 17.11 19.25 20.33 20.77 20.92 20.96 20.96 20.96 20.96
0.0 0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.02
11.0
12
0.0 0.75 12.3 17.25 19.38 20.4 20.85 20.93 21.0 21.0 21.0 21.0
-.15 -.15 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.0
12.0
12
0.0 0.75 11.48 16.4 18.4 19.88 20.47 20.73 20.83 20.88 20.91 20.91
-.3 -.3 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.04
13.0
12
0.0 0.75 9.72 14.45 17.08 18.6 19.51 20.0 20.29 20.47 20.57 20.60
-.48 -.48 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.12
14.0
12
0.0 0.75 7.09 11.79 14.87 16.81 18.07 18.91 19.45 19.77 19.93 20.0
-.58 -.58 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.25
15.0
12

0.0 0.75 3.55 8.46 12.03 14.54 16.27 17.51 18.32 18.81 19.07 19.25
-.71 -.71 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.39
16.0
11
0.0 0.75 4.17 8.45 11.69 14.05 15.71 16.83 17.54 17.94 18.28
-.89 -.89 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.59
17.0
10

0.0 0.75 3.67 7.96 11.14 13.46 15.0 15.96 16.55 17.1
4.5 4.5 6.0 8.0 10.0 12.0 14.0 16.0 18.0 21.81
18.0
9

0.0 0.75 2.73 7.3 10.54 12.75 14.1 14.96 15.79
7.25 7.25 8.0 10.0 12.0 14.0 16.0 18.0 22.03
19.0
8
0.0 0.75 1.71 6.67 10.0 12.04 13.2 14.39
9.75 9.75 10.0 12.0 14.0 16.0 18.0 22.24
20.0
5

0.00 5.16 7.93 10.33 12.71
15.0 15.0 16.0 18.0 22.5
DRAFT <---- Displacement flag
15.49 -2.51 <---- Draft at midships and trim by stern
3 20.0 0.01 <---- Seakeeping positions
NAV420PORT_CG NOSLAM NOMII <---- Label and Control Variables
11.4 0.0 22.0 22.0 <---- XSTPOS YPOS(I) ZPOSBL(I) DECKHBL(I)
NAV420AFT NOSLAM NOMII <---- Label and Control Variables
16.85 0.0 20.0 20.0 <---- XSTPOS YPOS(I) ZPOSBL(I) DECKHBL(I)
TSK NOSLAM NOMII <---- Label and Control Variables
-1.53 0.0 44.8 44.8 <---- XSTPOS YPOS(I) ZPOSBL(I) DECKHBL(I)
1 <---- Number of bilge keel pairs
5 14 <---- First and last stations spanned
5.111 5.5 14.0 11.4 2.0 <---- Bilge keel coordinates
5.5 6.5 15.35 9.10 2.0
6.5 7.5 16.25 6.92 2.0
7.5 8.5 16.85 5.55 2.0
8.5 9.5 17.55 4.94 2.0
9.5 10.5 18.15 4.81 2.0
10.5 11.5 18.55 5.06 2.0
11.5 12.5 18.35 5.68 2.0
12.5 13.5 17.75 6.70 2.0
13.5 14.31 16.85 8.0 2.0
17.0 5.3 35.0 <---- Skeg coordinates
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19.5 6.0 11.5 9.0 8.14 5.04 0.0 1 <----- Rudder data
0.0 0.0 0.0 0.0 0.0 0.0 0.0 <----- Rudder roll gains
0.0 0.0 0.0 <----- Rudder yaw gains
1 <----- Number of static foil pairs
17.9 5.6 10.3 5.6 20.5 0.0 0.0 -64.4 <----- Static foil data.
NOSTAB <----- No stabilization flag
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Annex D: AutoFusion10 Startup File
D.1 Notes regarding the startup file
The AutoFusion10 startup text file must be created before the program can be run. When
the software starts running the first thing that happens is that a file browser window pops up
asking the user to select an existing startup file. The browser window will not close until a
file selection is made. An old startup file can be loaded and then much of the information
can be changed from within the GUI window by the user and then saved to a new startup
file, or overwritten to the old startup file. A sample startup file is given in the Annex D.2.

Below are a few rules concerning the creation of the startup text files:

Comment Lines: Lines beginning with the ‘%’ symbol are comment lines and will be ig-
nored. Comments can also be placed at the ends of data lines. Note: The comment
line text is not read when the startup file is loaded. This means that if the user over-
writes a startup file from the GUI using the ‘Save Startup File’ button then comments
will be lost with the exception of a few standard comment lines that are written to
the generated file.

Blank Lines: These are ignored.

Data Lines: Data lines start with the ‘#’ symbol and consist of two parts, the data ‘ID Tag’
which describes the items and the data ‘Value’ or ‘Values’.

Data ID Tag: The data line ID tag starts after the ‘#’ symbol and ends with the ‘:’ symbol
and must be exactly as shown between these symbols for the program to recognize
the tag. It should contain no additional spaces.

Data Line Values: Data line values are placed to the left the ‘:’ symbol at the end of the
data line ID tag. Multiple data values are separated by commas and any leading and
trailing blanks in each data value are ignored. If a line is not blank and the first
character is neither a ‘#’ or a ‘%’ then that line is taken to be part of the data value or
values for the last data tag encountered during the read. So the data values associated
with a data tag can be on multiple lines.

Table D.1 and Table D.2 provide a description of data lines that can be included in the
the AutoFusion10 startup text file. The table has a required column indicating if the data
is required or optional for the WDF processing to run. The lines related to files and file
locations could be left out of the startup file, for example when setting up the system. These
files could then be selected from the GUI with the file browser and the startup file saved
from the GUI including the selected files. One column of the table shows the default value
for the data item if it is left out of the startup file. The last column of the table indicates
which items can be entered or changed from the AutoFusion10 GUI window. Annex D.3
shows an example startup file with the minimum information needed to start the program.

DRDC Atlantic TM 2012-268 41



Table D.1: Description of data lines in the AutoFusion10 startup text file

Data Data Required Default GUI

Tag Description Edit

File Description A description of the startup file No Blank No
Code Version Version of code No Blank No
Startup File Date Date file written if saved from

GUI
No Blank No

Trial Name For information only No Blank Yes
Trial Ship For information only No Blank Yes
Trial Dates For information only No Blank Yes
Trial Location For information only No Blank Yes
Chief Scientist For information only No Blank Yes
Sensor Info For information only, a descrip-

tion of sensors used in the trial
No Blank Yes

Motion File Location Path to measured motion files Yes* Blank Yes
Shipmo Model
Location

Location of Shipmo7 input
files for ship, same directory as
Shipmo7 .exe code

Yes* Blank Yes

Wave Fusion Log File Log file name with path No Blank Yes
Wamos FTHspec WaMoS FTH Spectrum

filename with path
Yes* Blank Yes

Motion File List Measured motion file list with
path

Yes* Blank Yes

Shipmo Code File Shipmo code executable
filename with path

Yes* Blank Yes

Motion File Format Only LVM currently supported No LVM No
Seakeeping Position
From Shipmo

Label of seakeeping position in
Shipmo to use for motion
prediction

No CG No

*This data line could be left out of the startup text file but the information is required
for the software to run. So the user would have to browse for the path and/or file
from GUI before starting the WDF processing if this line is not included in the
startup file.
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Table D.2: Description of data lines in the AutoFusion10 startup text file continued

Data Data Required Default GUI

Tag Description Edit

Types From Shipmo 6 motion component labels
from Shipmo output file

Yes None No

Use In Data Fusion 6 flags to indicate which
motion components to use in
WDF computation: 1 =
Include, 0 = Exclude

Yes None No

Labels In Motion
Files

6 column labels from measured
motion file corresponding to
the 6 Shipmo motion
component labels

Yes None No

Number Of
Integrations

Number of integrations to go
from the measured motion
component to a displacement
quantity, for example 2
required if starting from
acceleration, 6 values

Yes None No

Cutoff Frequency
Low (Hz)

Low frequency cutoff for
digital band pass or high pass
filer used in measured motion
component filtering, 6 values

Yes None No

Cutoff Frequency
High (Hz)

High frequency cutoff for
digital low pass or band pass
filter used in measured motion
component filtering, 6 values

Yes None No

Averaging Time
Period (minutes)

The time period for the running
averages of the 2-minute SWD
computations

No 20 Yes
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D.2 Sample startup file
Below is the example text of the AutoFusion10 startup text file. See Section D.1 for infor-
mation concerning this file.

% This is the start-up file for the IDL Wave Data Fusion software
% called AutoFusion10
% Percent symbols are used for comment lines - this line ignored
% and also blank lines are ignored.

% Colons are used to separate data ID tag and data value(s) and
% commas used to separate individual data values.

#File Description: Wave Data Fusion Startup Data for Furuno Radar
2-minute files

#Code Version: AutoFusion10
#Startup File Date: Nov 23, 2012 %useful for different set-ups
#Trial Name: Q348
#Trial Ship: CFAV QUEST
#Trial Dates: November 10-29, 2012
#Trial Location: Emerald Basin
#Chief Scientist: Eric Thornhill
#Sensor Info: Use of Wave Data Fusion IDL software on PC with
WaMoS II and Nav420 Xbow CG motion data. Other data collected
on trial but not used directly in wave data fusion and other
sensor info.

% default file location paths - NOTE paths should end with ’\’

#Motion File Location: \\Port-nav420\nav420\
#Shipmo Model Location: C:\Program Files\Shipmo7\QuestQ348\

% specific file names with path

#Wave Fusion Log File:
C:\Documents and Settings\ritchie\My Documents\WDF_Q348\SWDF.log
#Wamos FTHspec: \\Quest-Furuno\Radar_Furuno\latest\furuno.FTH
#Motion File List: \\Port-nav420\nav420\PORTNav420_FileList.txt
#Shipmo Code File:

C:\Program Files\Shipmo7\QuestQ348\shipmo74.exe

% motion data settings - note that these will ignore any
% leading and trailing blanks in data so that labels in the
% motion file should not have leading or trailing blanks

#Motion File Format: LVM %the only file currently programmed

% Label from shipmo7.inp where motions measured
% if CG then use ’CG’ here or remove this line:
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#Seakeeping Position From Shipmo: NAV420PORT_CG

#Types From Shipmo: Surge, Sway, Heave, Roll, Pitch, Yaw
#Use In Data Fusion: 0, 0, 1, 0, 1, 0 % 1 = use 0 = ignore
#Labels In Motion Files: X-Axis Acceleration,Y-Axis Acceleration,

Z-Axis Acceleration,
Roll Angle,Pitch Angle,Heading Angle

#Number Of Integrations: 2, 2, 2, 0, 0, 0

% Low frequency filter cutoff frequency to remove drift
#Cutoff Frequency Low (Hz):

0.025, 0.025, 0.025, 0.025, 0.025, 0.025

% High frequency filter cutoff for each motion component
% to remove high frequency noise
#Cutoff Frequency High (Hz): 4.0, 4.0, 4.0, 4.0, 4.0, 4.0

% processing options
#Averaging Time Period (minutes): 20 %typically 20 to 30 minutes

%used for displayed Hs, wave spectrum, peak period & direction

#End Header:

D.3 Minimum startup file information
Below is the example text of the AutoFusion10 startup text file containing the minimum
required information to launch the AutoFusion10 program. This could be used, for example
when first setting up a new system. The AutoFusion10 program could be run and this
minimum data file selected to bring up the program GUI window. Missing items could
then be entered into the GUI and the file browser buttons used to find the files/directories
needed to run the program. Finally, a new startup file containing the added information
could be saved for later use.

% AutoFusion10 startup file with minimum required info.
#Types From Shipmo: Surge, Sway, Heave, Roll, Pitch, Yaw
#Use In Data Fusion: 0, 0, 1, 0, 1, 0
#Labels In Motion Files: X-Axis Acceleration,Y-Axis Acceleration,

Z-Axis Acceleration,
Roll Angle,Pitch Angle,Heading Angle

#Number Of Integrations: 2, 2, 2, 0, 0, 0
#Cutoff Frequency Low (Hz):

0.025, 0.025, 0.025, 0.025, 0.025, 0.025
#Cutoff Frequency High (Hz): 4.0, 4.0, 4.0, 4.0, 4.0, 4.0
#End Header:
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Annex E: AutoFusion10 processing log files

If a log file path and name are specified in the AutoFusion10 GUI, then, when the process-
ing ‘START’ button is pressed, information will be written to the log file. If the file already
exists then a new header and data will be appended to the end of the existing log file. By
default a ‘minimum’ log file will be written as in the example in Annex E.1. If the ‘Min log
info’ tick box is unchecked then a full log file will be written as described in Annex E.2.
The data columns are tab delimited to facilitate copying into a spreadsheet.

E.1 Minimum log file
Below is an example of the ‘minimum’ log file. The column descriptions have been edited
to change from one line to two lines to fit into document page width. Also the line of
column names at the top of the logged data has been truncated. Note in this example that
the start of a second set of header lines is written after the seven lines of logged data. These
were appended after the program was restarted with the same log file specified.

% Log file for Wave Data Fusion Calculations using AutoFusion IDL Code
%=====================================================================================

% Information from startup file or updated in GUI before pressing START button:
%-------------------------------------------------------------------------------------
#Code Version: AutoFusion10
#Startup File Date: 2012/12/03
#Startup File Name: C:\Users\stredulinsky\Documents\Q348\startup_aft_nav420.txt
#Trial Name: Q348
#Trial Ship: CFAV QUEST
#Trial Dates: November 10-29, 2012
#Trial Location: Emerald Basin
#Chief Scientist: Eric Thornhill
#Sensor Info: Use of Wave Data Fusion IDL software on PC with WaMoS II and Nav420
Xbow CG motion data. Other data collected on trial but not used directly in wave
data fusion and other sensor info.

% processing options
#Averaging Time Period (minutes): 20

% Information re data logged in this file:
%-------------------------------------------------------------------------------------
#Number of Data Columns: 9
% Col#, Name, Units, Description
#Column 1: Start date-time, [UTC], Start date and time of the Shipboard Wave Data
Fusion calculation (SWDF)

#Column 2: Hs Fusion ave, [m], Significant Wave Height from the SWDF computation over
averaging time period

#Column 3: Tp WaMoS ave, [sec], Peak Period from the WaMoS over the averaging time period
#Column 4: DIRp WaMoS ave, [deg], Peak Direction from the WaMoS over the averaging time
period

#Column 5: Ship Head for period, [deg], Ship Head for the period of wave data fusion
calculation

#Column 6: Ship Speed for period, [knot], Ship Speed for the period of wave data fusion
calculation

#Column 7: RMS Heave, [m], Measured RMS motion calculated from input motion time series
#Column 8: RMS Pitch, [deg], Measured RMS motion calculated from input motion time series
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#Column 9: Comment, [None], Messages provided regarding computations (missing data etc.)
#End Header:

Start date-time Hs Fusion ave Tp WaMoS ave DIRp WaMoS ave Ship Head for period ...
[UTC] [m] [sec] [deg] [deg] [knot] [m] [deg] [None]
2012/11/22 14:17:10 2.22 8.7 114 86 3.6 0.534 1.307
2012/11/22 14:19:50 1.95 9.0 114 96 3.0 0.332 1.182
2012/11/22 14:22:29 1.99 8.9 126 111 2.8 0.438 1.313
2012/11/22 14:25:17 1.94 9.0 126 110 2.6 0.359 1.182
2012/11/22 14:27:48 2.04 8.9 126 99 2.7 0.527 1.622
2012/11/22 14:29:55 1.96 8.8 126 89 2.5 0.285 1.093
2012/11/22 14:32:53 2.01 8.7 118 73 2.5 0.520 1.408

% Information from startup file or updated in GUI before pressing START button:
%-------------------------------------------------------------------------------------
#Code Version: AutoFusion10
#Startup File Date: 2012/12/04
#Startup File Name: C:\Users\stredulinsky\Documents\Q348\SIM_New_2min\
AutoFusion10_startup.txt
#Trial Name: Q348
...

E.2 Full log file
Below is an example of the header for the full log file. The fifteen column descriptions
have been edited to change from one line to two lines to fit in document page width.

% Log file for Wave Data Fusion Calculations using AutoFusion IDL Code
%=====================================================================================

% Information from startup file or updated in GUI before pressing START button:
%-------------------------------------------------------------------------------------
#Code Version: WaveFusion10
#Startup File Date: 2012/12/04
#Startup File Name: C:\Users\stredulinsky\Documents\Q348\SIM_New_2min\
sim_startup_aft_nav420.txt
#Trial Name: Q348
#Trial Ship: CFAV QUEST
#Trial Dates: November 10-29, 2012
#Trial Location: Emerald Basin
#Chief Scientist: Eric Thornhill
#Sensor Info: Use of Wave Data Fusion IDL software on PC with WaMoS II and Nav420 Xbow CG
motion data. Other data collected on trial but not used directly in wave data fusion and
other sensor info.

% File location info:
#Motion File Location: C:\Users\stredulinsky\Documents\Q348\SIM_New_2min\Nav420\
#Shipmo Model Location: C:\Users\stredulinsky\Documents\Q348\SIM_New_2min\shipmo1\

% Names of specific files with paths:
#Wamos FTHspec: C:\Users\stredulinsky\Documents\Q348\SIM_New_2min\latest\furuno.FTH
#Motion File List: C:\Users\stredulinsky\Documents\Q348\SIM_New_2min\Nav420\
PORTNav420_FileList.txt
#Shipmo Code File: C:\Users\stredulinsky\Documents\Q348\SIM_New_2min\shipmo1\shipmo74.exe

% Data for Motion components used in the analysis:
#Motion File Format: LVM
#Seakeeping Position From Shipmo: NAV420AFT
#Types From Shipmo: Heave, Pitch,
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#Labels In Motion Files: Z-Axis Acceleration, Pitch Angle,
#Number Of Integrations: 2, 0,
#Cutoff Frequency Low (Hz): 0.0250000, 0.0250000,
#Cutoff Frequency High (Hz): 4.00000, 4.00000,

% processing options
#Averaging Time Period (minutes): 20

% Information re data logged in this file:
%-------------------------------------------------------------------------------------
#Number of Data Columns: 15
% Col#, Name, Units, Description
#Column 1: Start date-time, [UTC], Start date and time of the Shipboard Wave Data Fusion
calculation (SWDF)
#Column 2: End date-time, [UTC], End date and time of the SWDF calculation
#Column 3: File for period, [None], File for the SWDF calculation period,
If old WaMoS = 2-minute WaMoS filename , if new WaMoS = 2-minute motion filename

#Column 4: Hs WaMoS ave, [m], Significant wave height from the WaMoS (over averaging
time period)

#Column 5: Hs Fusion ave, [m], Significant Wave Height from the SWDF computation over
averaging time period

#Column 6: Tp WaMoS ave, [sec], Peak Period from the WaMoS over the averaging time period
#Column 7: DIRp WaMoS ave, [deg], Peak Direction from the WaMoS over the averaging time
period

#Column 8: Ship Head for period, [deg], Ship Head for the period of wave data fusion
calculation

#Column 9: Ship Speed for period, [knot], Ship Speed for the period of wave data fusion
calculation

#Column 10: N periods for ave, [None], Number of SWDF computation periods used in the
averaging period, will build up at start until the averaging time period reached

#Column 11: RMS Heave, [m], Measured RMS motion calculated from input motion time series
#Column 12: RMS Pitch, [deg], Measured RMS motion calculated from input motion time series
#Column 13: Heave Fusion Factor, [None], Fusion factor for component
(ratio of RMS_meausured/RMS_Shipmo)

#Column 14: Pitch Fusion Factor, [None], Fusion factor for component
(ratio of RMS_meausured/RMS_Shipmo)

#Column 15: Comment, [None], Messages provide regarding computations (missing data etc.)
#End Header:
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