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Overview

The Matlab ORCA GUI (Graphical User Interface) is a Matlab-based interface for running the ORCA normal mode model for underwater acoustic propagation.  The ORCA model itself is written in FORTRAN and is currently compiled for Windows using Absoft FORTRAN compiler.  Executables for other operating systems such as Macintosh, Linux, and Unix are not currently available because I don’t have the computers, compilers, or the time to create them.  Anyone wishing to compile ORCA for his or her particular system may contact me.  I will provide the source code in return for the compiled executable.

Installation

1. Unzip the orca zip file.

2. Place the folders ORCA_Toolbox, BETA_ToolBox, and EKW_Toolbox in your Matlab directory or parallel to your other Matlab Toolboxes.

3. Start Matlab and set the Path to include the above two toolboxes. (Select File ( Set Path ( Add Folder)

4. Place the folder bin in a convenient location, preferably in your main (home) folder.

5. Set your user variable PATH to include the above bin directory.  Select: Start Menu ( Settings ( Control Panel ( System ( Advanced ( Environmental Variables.  Under User Variables, edit the PATH variable (or create one named PATH) and set it to the path of the bin directory containing orca90.exe.

6. Edit your startup.m file to include the statement “orca_global”.  This statement may also be executed from the Matlab command window.  It allows the user access to several structures that contain input options and output data from the Matlab ORCA GUI.

You are now ready to run the Matlab ORCA GUI.

Getting Started

To run the Matlab ORCA GUI, start Matlab and type the command “orca”.  (If Matlab says that orca is an undefined function, re-check steps 2 and 3 above.  The M-file orca resides in the ORCA_Toolbox directory.)  A Matlab figure labeled ORCA appears.  (If the figure is too big for your screen, you’ll need to set your monitor to a finer resolution.  Also, care should be taken to avoid having two ORCA figures open at the same time.  Close the first one before or shortly after opening a second.)

The Matlab ORCA GUI consists of a number of Programs.  The Program pop-up menu appears in the lower right corner of the figure and provides a choice of seven or more programs.  The programs are listed roughly in the order in which they would be used for a new project.  Selecting a program changes the input boxes on the GUI and prints out a brief description of what the program does in the Matlab command window.

Red boxes on the GUI figure correspond to options that initiate some sort of action.  The red box in the lower right corner is generally the one that executes the current program.  The red box labeled “re-init” in the upper left corner is used to re-initialize input file choices when new files have been created.  Black boxes are labels for input boxes (white) or information boxes (gray) below.  Clicking on a black label box causes a help message to be printed to the Matlab command window.  (At present, however, only a few of the label boxes have help information available.)  Check boxes are labeled with a description of the option to the right of the box.  The result of leaving the box unchecked is often indicated by the text in brackets at the end of the checkbox label.

A convenient way to organize an ORCA project is to use the following directory structure.  Create a directory named for the project, such as GOM (Gulf of Mexico), for example.  Inside GOM, create a directory called ADI, which will be used to hold the SVP input files for ORCA, and a directory called NAV, which will be used to hold input array geometry files.  The user may then create other “sub-project” directories inside GOM for specific aspects of the project.  For example, individual directories for geoacoustic inversion, TL predictions, TL modeling of specific experiment events, etc. might be created.  Each time ORCA is run from any of the sub-project directories, the SVP files and array geometry files found in the ../ADI and ../NAV directories will be available for use.  If the ../ADI directory does not exist, only SVP files in the current directory are available.

General Guidelines

Each time ORCA is run, the output files are given the file name root specified in the “Output File Root” box in the GUI’s lower left corner.  The primary output file for data is the HDF (Hierarchical Data Format) file, which is given the suffix “.hdf”.  ORCA outputs a single HDF file containing all the requested outputs in the form of multi-dimensional scientific datasets.  For example, a TL run results in a dataset named “TL – dB” with four dimensions: receiver depth, receiver range, source depth, and frequency.  (Even if only one frequency, for example, is requested, the HDF file still contains four dimensions.)  HDF files may be loaded manually into Matlab using the hdfsd_open.m and hdfds_read.m M-files in EKW_Toolbox.  A much more convenient way to load and view the output HDF files is to use the “View Output” program of the ORCA GUI, which lists the datasets in the HDF file and allows one to specify and view a subset of the multidimensional datasets.

In addition to the mode model outputs, a parameter file with the suffix “_orca.mat” is created when ORCA is run.  The ability to load sets of input parameters from previous ORCA runs is provided by the red “Load _orca root” box in the lower left corner.  Choosing such a file automatically loads the input parameters used for that run.  When ORCA is run, the last-used “_orca.mat” file in the current directory is automatically loaded.  If one wishes to immediately load an existing “_orca.mat” file, one may call orca with the root of the file as an argument: “orca(‘test1’)”.

Numerous input boxes in the ORCA GUI request lists of numbers, such as “CW Frequencies”, “Receiver Depths”, “Source Depths”, and “Ranges - km”.  Users may specify input lists in three manners: (1) a column vector of one or more values (one may separate numbers in the edit boxes using semicolons or carriages returns), (2) a row vector of exactly three values specifying [zmin, zmax, nz], for example, where nz values from zmin to zmax are entered, or (3) a row vector of exactly three values specifying [zmin, zmax, -dz], where values from zmin to zmax in increments of dz are entered.  Type “help adi_lim_eval” for help on the M-file used to convert these list inputs to lists of numbers.

Several input boxes appear under multiple programs.  The “Size [w,h]” box allows the user to specify the size (width w by height h in inches) of output plots.  The “Create New Fig” checkbox allows the user to specify whether a new plot should appear in a new figure window (when checked) or whether it should appear in a specific, pre-determined figure number (when unchecked). 

The Matlab ORCA GUI Programs

Create SVP File

This program allows the user to create an SVP input file for running ORCA.  The SVP file contains both the sound speed profile (SSP) in the water column and the geoacoustic profile of the bottom.  The sound speed in the water column is entered as a two-column table containing depth in m and sound speed in m/s.  Users may input a sound speed profile graphically by clicking on the “Input SSP on Graph” box.  Follow the instructions that appear in the Command Window and be sure to press return to complete the input of points.  Clicking to the right or left or below the sound speed vs. depth plot enlarges the axis limits in the given direction.

The geoacoustic parameters of the ocean bottom and lower halfspace are entered in the second, third, and fourth columns.  Click on the “Parms” box label to print out a description of the parameters and the options for each.  You may also consult the ORCA User’s Guide for more information.  (Note that the GUI parameter list has a slightly different order compared to that in the ORCA input OPT file, with the shear speeds and attenuations appearing contiguously rather than separated.)  The number of bottom layers is specified in the box “No. Bot Layers”, and, for profiles with more than two layers, the layer number to be entered in the “Layer 2+ Parms” box is specified in the “2+ Edit Layer” box.  The “H-space Parms” box contains the seven geoacoustic parameters for the lower halfspace in the same order they appear for each layer (cp, ap, rho, cs, as, fexpp, fexps).

The “Import SVP” pop-up menu lists the SVP files contained in the ADI directory.  Choosing one results in the fields being filled with the values from the file.  This is a convenient way to modify an existing profile and create a new SVP file.  [The “Import SSP” feature and the two input boxes above it are for advanced users only (me).  They allow one to import measured sound speed profiles stored in structure SSP and saved in an “_SSP.mat” file.]

ORCA CW

This program runs the ORCA normal mode model at single or discrete multiple frequencies.  The SVP file containing the ocean sound speed profile and the geoacoustic parameters of the bottom is chosen from the pop-up menu.  If no SVP files appear, the user must create one by hand or using the Create SVP File program.  The two grayed boxes below list several key characteristics of the SVP file, such as the water depth Hw, the thickness of all the bottom layers Hsed, the number of bottom layers nlay, and the sound speeds at the ocean top, cw1, the ocean bottom, cw2, and the top of the first layer, csed.

The frequencies, source depths, receiver depths, mode function depths, and source-receiver ranges at which the ORCA calculations are performed are specified in the corresponding boxes.  The possible formats for these lists of number are described in General Guidelines above.  The receiver depths may also be specified in an array geometry file.  When the “Spec Receiver Array” box is checked, files with the suffix “_array” in the ../NAV directory are listed.  Currently, only the z-components from the array geometry file are used to specify the element depths of vertical arrays.  To create a new array geometry file, click on the “Make Array File …” checkbox, fill in (x,y,z) coordinates of the array in the “Array (x,y,z)” box, and click on the “Make Array Geometry File” box. 

Options for how the ORCA normal mode model is run are given in the “Parms: rmin,dBcut” box and the “Real Axis [k-plane]” checkbox.  The “rmin” parameter is the minimum range in km at which a valid acoustic pressure field is desired.  It is used to determine how many modes are computed.  The smaller rmin, the more modes are computed, particularly for the k-plane option.  You may set rmin=0 to have ORCA automatically set rmin to be the minimum TL range, but this only works if you request TL as an output option.  The “dBcut” parameter is used to determine which modes are weak enough to be ignored and should be set to about 30 or 40 dB for typical applications.  

Finally, checking the “Real Axis” option results in running the real-axis version of ORCA, which ignores shear speeds, finds modes on the real axis, and approximates the modal attenuations using perturbation theory.  The real-axis algorithm is about four times faster than the k-plane algorithm, but it does not find the leaky modes needed to obtain an accurate field at short ranges, and the modal attenuations are not as accurate.  If the “Real Axis” box remains unchecked, the complex k-plane version of ORCA is run.  The k-plane algorithm finds modes in the complex k-plane, including the leaky modes, and shear wave effects are accounted for.

The following checkbox options are available:

(1) Compute TL: Computes the TL at the specified source depths, receiver depths, and ranges, and frequencies specified in the boxes below.  The units of TL are decibels, which are referenced to 0 dB for a point receiver one meter away from a point source in free space.

(2) Incoherent TL: Computes TL by adding the modal contributions at each receiver incoherently.  This results in a smoothed field that, under certain circumstances, is a good approximation to range- or frequency-averaged TL.  Incoherent TL is not useful, for example, in convergence-zone propagation, where coherent modal summations are required to model shadow zones causes by refraction in the water column.

(3) TL Phase Also: Outputs the phase of the coherent TL as well.

(4) Mode Functions: Computes and outputs the mode functions at the “MF Depths” specified.  The mode functions are described in the JASA paper listed in the References section.  They have been normalized by the density such that they are continuous across layer interfaces having density discontinuities.

(5) Re,Im(dphi) Also: Outputs the real and imaginary parts of the depth derivatives of the mode functions in addition to the mode functions themselves.

(6) Output Group Velocity: Outputs the modal group velocities, which are computed analytically in ORCA.

(7) Mode Eigenvalues: Outputs the real and imaginary parts of the mode eigenvalues.

(8) Mode List: Outputs a text file with suffix “_eig” containing a list of modes and their characteristics.  You may edit or type out the mode list file.

(9) Mode Traj: For k-plane algorithm only, outputs a text file containing the path in the complex k-plane used by ORCA to find the modes.  The mode trajectory may be plotted in the “View Output” program using the “Plot Mode Trajectory” box.

(10) Auto View: When checked, the output files from the ORCA run are automatically viewed using the “View Output” program. 

(11) Copy Data to Odat.xx: When checked, the data files viewed under “View Output” are copied to the structure Odat, which is global under the orca_global command.  For example the TL data, after viewing, would appear as the field Odat.TL.  Odat.TL is a structure containing fields containing the dimension scales, labels, and data.

(12) ORCA diagnostics: When checked, ORCA prints out diagnostic messages that will bewilder most users.

The “Vary Parms” checkbox allows the user to make multiple runs of ORCA using variations on the geoacoustic parameters specified in the SVP file.  When the box is checked, three additional input boxes appear. “Number of Runs” and “# Parms to Vary” indicate the number of ORCA runs (nrun) desired and the number of geoacoustic parameters nparm to vary.  The “Parm Codes: …” box specifies which parameters to vary and how they are to be varied.  For each parameter to be varied, the user specifies a row in this box.  The following are the values specified on each row:

(1) obt = 0 for a parameter in the ocean, or 1 for a parameter in the bottom.

(2) nlay = the layer number in the ocean or bottom.

(3) ktb = 1 to specify the value at the top of the layer or 2 to specify the value at the bottom of the layer.  Specify a negative 1 or 2 to preserve the gradient of the parameter in the layer.

(4) pc = geoacoustic parameter code: 0 for layer thickness, 1 for cp, 2 for cs, 3 for rho, 4 for ap, 5 for as, 6 for fexpp, 7 for fexps.

(5) val1 = first value to be taken on by parameter.

(6) val2 = last value to be taken on by parameter.  ORCA is run nrun times, varying the parameter from val1 to val2.

Multiple parameters may be specified in multiple rows of the “Parm Code: …” box, but a row may be used to reassign a constant value to a parameter by setting val1=val2.  If multiple rows specify variations in more than one parameter, all parameters are varied simultaneously.  

ORCA is run nrun times, and each dataset in the output HDF file contains an additional dimension labeled “Parameter”.  The final parameter values in the last row are used to fill the scales (or axis values) of the “Parameter” dimension.  For datasets where the number of modes is a dimension, the number of modes is limited to the number of modes in the first ORCA run (at parameter value val1).  If subsequent runs result in more modes, they are not output to the dataset.

The “Vary Parms” box is also available in the k-Plane Image and Bottom Loss programs.

ORCA Broadband

This program runs the ORCA normal mode model at a set of uniformly spaced frequencies.  The input parameters are the same as for the CW calculations, except that the frequency band and spacing are specified in the “fs,+NF/-Tw,fmin,fmax” box, where fs is the sample rate, and +NF/-Tw is either the (2^N) FFT order NF (when positive) or the time window Tw (when negative).  NF and Tw are related by the relationship Tw=NF*fs.  The parameters fmin and fmax (<= fs/2) are the minimum and maximum frequency that are output.  It is not recommended to run ORCA at very low frequencies, where even the lowest order modes are highly evanescent.  Typical minimum values for fmin are around 10 Hz.

If the “Create FFT File” box is checked, the user specifies a source/receiver geometry and ORCA outputs an FFT file containing the transfer functions.  The FFT file format only allows for a single source depth.  A description of the FFT file may be found in the ORCA User’s Guide.  The MCS Matlab GUI may be used to image the transfer functions or to compute and image the corresponding pulse responses.

The broadband option may also be used to compute mode functions or group velocity versus frequency.  Under the “View Output” program, the group velocity dataset may be used to plot dispersion curves using the “Plot Dispersion Curves” button.

ORCA NB Approx

This program runs ORCA for a set of fairly widely-spaced center frequencies and computes finely-spaced transfer functions using the narrowband approximation.  The approximation uses the group velocity to extrapolate eigenvalues about each center frequency, while the mode functions are approximated to be constant across the extrapolation band.  One or more frequencies may be given in the “Center Frequencies” box.  Spacings of 5-10 Hz are reasonable.  The “BW,+Tw/-df” box specifies the bandwidth BW about each center frequency and either the time window Tw (if positive) or the  frequency spacing df (if negative).

Running the narrowband approximation results in a structure called TF that is saved to a file with suffix “_NBA.mat”.  If the “Copy Data to Odat.xx” box is checked, TF is also saved in Odat.TF, which may be viewed using the utility view5.  The “View Transfer Function” checkbox allows the user to view the transfer function automatically.  The “Meld in Freq [block]” checkbox determines whether the center frequencies are melded together in the TF structure, or whether center frequency is given a dimension of its own.

If the “Create FFT File” checkbox is selected, an FFT file is produced containing transfer functions.  See the ORCA User’s Guide for the format of the FFT file; it may be imaged or inverse FFTed into pulse responses using the MCS GUI.  

ORCA k-Plane Image

This program makes ORCA compute the magnitude and phase of R1*R2, the product of the reflection coefficients looking down and up, respectively, from a reference depth.  

R1*R2 is computed versus the real and imaginary parts of the horizontal wavenumber k.  This program is primarily of use for those who are familiar with the method ORCA uses to find modes in the complex k plane.  The JASA paper in the reference discusses the method in detail.

The region of the complex k plane over which the calculations are done is specified in the

"Re(k)/K Limits" box, where K the reference depth wavenumber K=2*pi*f/c, and the “Im(k) – dB/km” box, where the imaginary part of k is in units of dB/km, the modal attenuation. 

The “Vary Parms” feature described in the ORCA CW section may be used to make multiple ORCA runs with variations in one or more geoacoustic parameters.

ORCA Bottom Loss

This program computes bottom loss as the magnitude in dB of the downward-looking plane wave reflection coefficient at the bottom.  The bottom loss frequencies and grazing angles are specified in the appropriate boxes.  The grazing angles and bottom loss are referenced to plane waves at the bottom of the water column, and therefore the same bottom may have slightly different bottom loss curves if the sound speed profile in the water column changes.

The “Vary Parms” feature described in the ORCA CW section may be used to make multiple ORCA runs with variations in one or more geoacoustic parameters.

View Output

This program allows the user to view the HDF files and several other types of output files produced by ORCA runs.  The primary action button for this program is “View HDF Set”, which loads the dataset specified in “HDF Set Names”, contained in the HDF file specified in “HDF File”.  The three grayed boxes to the right of the HDF set names give the rank of the dataset ( “HDF Set Rank”), the dimensions labels (“Set Dim Names”), and  the number of elements and the minimum and maximum values in the scales for each dimension (“Dims [min,max]).  The user may then limit the amount of data that is viewed by setting values in the “Dim Limits” box.  Each row of this box corresponds to a dimension in the dataset.  A blank entry, an entry of “0,0”, or an entry of “0” indicates that the entire dimension is to be viewed.  An entry of “zmin,zmax” means that only scale values from zmin to zmax will be viewed.  An entry of one or more integers in a column vector (which must take the form “[jz1,jz2, …jzn]’” or “[jz1;jz2; …; jzn]”) means that only the specified indices will be viewed.

Clicking on the “View HDF Set” button causes the Matlab ORCA GUI to call a subroutine called view5, which allows the user to specify the dimensions of the dataset to image or plot and to manipulate the appearance of the image or plot.  In order to change the plot or exit from the view5 M-file, the user must place the cursor over the figure and press a key.  Return or Enter causes the subroutine to terminate.  (NOTE: No other GUI actions or Command Line entries can be executed until the view5 M-file is terminated, so if you notice strange behavior in other windows make sure a view5 figure is not active.)

Hitting the space bar in a view5 figure causes a set of instructions to be printed out.  The most common view5 “keys” are the following:

(1) “I” to make an image plot (keys are case sensitive).

(2) Left/Right arrows to image the previous or next “layer” (third dimension) of data.

(3) Up arrow to flip through the dimensions to be imaged.

(4) Down arrow to specify which dimensions to image.

(5) “c” to change the data limits imaged or plotted.

(6) “x” or “y” to change the x-axis or y-axis interval plotted.

(7) “s” to change the size of the image or plot.

(8) “i” to toggle between “axis xy” and “axis ij”.

(9) “/” to switch the x and y axes.

(10) “L” to make a horizontal line plot.

(11) “V” to make a vertical line plot.  Note that the position of the cursor on the image is used to determine which horizontal or vertical line of an image is plotted initially.

(12) “=” allows the user to specify the index or indices to plot on a line plot.

(13) “_” allows the user to specify the axis values to plot on a line plot.

(14) “G” allows the user to plot of a grid of images in a single figure.

(15) Left Mouse Button specifies the first zoom point on an image or line plot.  A second Left Mouse Button specifies the opposite corner of the zoomed-in section.  A Right Mouse Button click zooms out to the widest dimensions of the dataset.

Several other action buttons appear on the “View Output” program GUI.  The “Plot Modes in k Plane” button causes the modal eigenvalues to be plotted as symbols in the complex k plane, where the real part of k is converted to cos((), where ( is the grazing angle at a reference depth, and the imaginary part of k is converted to modal attenuation in dB/km.  The “Log Axis for Im(k)” checkbox causes the attenuation to be plotted on a logarithmic scale.  The datasets “Re(kn)” and “Im(kn)”, which are produced when the “Mode Eigenvalues” checkbox is selected in the CW or broadband programs, must be available for the plots to be made.

The “Plot Dispersion Curves” button plots the group speed and phase speed versus frequency.  These plots requires the “Group Speed” and “Phase Speed” datasets to be available for the selected HDF file.

Finally, the “Plot Mode Trajectory” button causes the selected mode trajectory file (a text file with suffix “_mtraj”) to be plotted in the complex plane.  The mode trajectory file shows the points in the complex k plane at which the ORCA k-plane algorithm searched for modes.  Eigenvalues are shown as red dots, while evaluation points are shown as black dots.  The user must select the “Mode Traj” option under the CW or broadband programs to produce the “_mtraj” file. 

Example:  TL vs. Range

After installing ORCA according to the instructions above, enter the following Matlab commands to create the necessary ORCA folders and to launch ORCA:

>> mkdir GOM_Experiment

>> cd GOM_Experiment

>> mkdir NAV

>> mkdir ADI

>> mkdir Event_101

>> cd Event_101

>> orca

The ORCA GUI should appear:
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Select “Create SVP File” from the “Program” menu if it is not already selected.  Enter “test1” (for example) in the “Output File Root” box in the lower left corner.  Click “Create SVP File” in the lower right corner to create an SVP with the default sound speed profile and bottom parameters.  Your new SVP file will be printed into the command window and test1.svp will be created in the ADI folder.

Select “ORCA CW” from the “Program” menu.

[image: image2.png]Program





Select “k-Plane [Real Axis]”, “Compute TL”, “CW Mode Functions”,  “Copy Data to Odat.xx”, and “Auto View”, if they are not already selected.  Click “Run ORCA”.  An image of TL vs. Range and Depth will appear.  
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By virtual of having selected “Auto View”, you are now running view5.  view5 works by reading keystrokes while the crosshairs are over the figure.  Place the crosshairs over the image at any desired depth and type “L” to see a line plot of TL for that receiver depth.  
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Again with the crosshairs over the image, type “+” to see line plots of TL at different receiver depths.  Type “I” to return to the color image.

Typing “Return” will end view5, but since you also asked for mode functions, you will immediately see an image of the mode functions, again in view5.  
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Type “V” to see a vertical line plot of the mode functions. 
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Type “+” to view successive mode function in the line plot.  Hit the space bar to get a list of all the view5 options.  Type “Return” to end.

By virtue of having selected “Copy Data to Odat.xx”, the data in the images you have been viewing are available in the Matlab workspace in the Odat structure as “Odat.TL” and “Odat.Re_phi_”.  If, for example, you want to view the TL data again, issue the Matlab command “view5(Odat.TL)”.
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