Instruction to run the GUI-based Matlab program package: ZBS-DWBA

Dezhang Chu

NOAA Fisheries, NWFSC
+1 206-861-7602

Dezhang.chu@noaa.gov
23 January 2018

Objective:

The program package is to compute the backscattering as a function of frequency or angle of a
weakly scattering deformed fluid cylinder, either uniformly bent or arbitrary profile defined by
the user. The model is based on the Distorted Wave Born Approximation (DWBA).

Operation:

l.
2.
3.

Go to the ZBS-DWBA home directory

Run the main program by typing “start bscat” in the Matlab Command Window

A GUI window should appear and the then define the target & simulation parameters
(described in the Parameter Description section below) from the GUI window.

Click the “Start” button to run the program

You can save the configuration (all the defined parameters) by click on “Save Config”
button and providing a configuration filename. You can load the saved Config file next
time if you want the save parameters.

You can also save the outputs by clicking on the “Save” button and providing an output
filename.

Parameter Description:

Shape

Length (mm): body length in mm
rho/L: rho is the radius of curvature (assume uniformly bent cylinder) and L is the body length of

the elongated body; rho/L is the ratio of the two parameters. When rho/L approaches
infinity, the target will be a straight cylinder.

L/a: a is the radius of the mid-point of the cylinder; L/a is the ratio of the two parameters.

Taper order: a parameter control the tapering: r(z) = a/1—(2z/L)", wherez=[-L/2 L/2],

and n is the taper order. For a straight cylinder (rho/L — o), n =2 results in a prolate
spheroid if L > 2a and an oblate spheroid if L < 2a.
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If “Length Average” option is checked, the average over length will be performed:
std(L)/<L>: the ratio of the standard deviation of length to the mean length. Note the
display on the GUI window is wrong, should be std(L)/<L> instead of Std(L/<L>)
although there are identical mathematically.

If “Profile” option is checked, the user will provide a profile of the shape of the target using the
“browse” button. The profile is a plain text file and has 3 or 5 columns (examples of these
files ar ein the profile directory):

X 4 R Xupper Xlower
where X and Z are the center coordinates of each circular segment, and R is the radius of
each circular segment. Z is the axis along elongation direction. The Xupper and Xlower
are X + R, i.e. upper and lower boundary of the zooplankton target. The last two columns
are not necessary needed for computing the backscattering. A few examples of copepods
and euphausiids are given in the directory of “shape profiles”.

Taper Smooth: filter length to smooth the radius, i.e. R (value of 1 means no smoothing).
Axis Smooth: filter length to smooth the body axis, i.e. (X, Z).

Orientation

<mean theta>: mean angle of orientation in degree

Begin theta: minimum angle for uniform probability density function (PDF)
End theta: maximum angle for uniform probability density function (PDF)

If “Orientation Average” option is checked, average over angle of orientation will be performed:
Uniform PDF: uniform PDF with angle range defined by “Begin theta” and “End theta”.

Gaussian PDF: a Gaussian PDF will be used with the mean angle of orientation defined
by “<mean theta>" and following two parameters:
std(theta): standard deviation of the angle of orientation and the computation
range is [<mean theta> - 3*std(theta) =~ <mean theta> + 3*std(theta)].
Theta Increment: angle increment when averaging is performed.

Material Property:
For a homogenous target:
Density contrast: ratio of the density of animal to that in the surrounding fluid
Sound speed contrast: ratio of the sound speed in animal to that in the surrounding fluid

If “inhomogenous body” option is checked, the scattering target will have an
inhomogeneous body with the following parameters (the mean g and % are chosen from
the “Density contrast” and “Sound speed contrast” defined above the checkbox):



No of Seg: no of segments with different g and /4 along the body axis.

std(g): standard deviation of density contrast, g.

std(h): standard deviation of sound speed contrast, 4.

Correlation length (% of body length): this parameter is used only when the “No.
of Seg” is greater than 8. It controls variability of the g and 4 along the body
axis. It defines a larger variability around mid-section and a smaller
variability at both ends. This “Correlation length” is the standard deviation
of a Gaussian function centered at the mid-section of the body. Two
examples of 7 and 10 segments are given in the directory of “gh profiles”.

Simulation:
Output (drop-down menu): selection of the output quantity: backscattering amplitude,
differential backscattering cross section; Target strength (dB); Reduced Target
Strength (dB)

Variable (drop-down menu): selection of the variable: frequency (kHz); Angle (deg); ka,
where k is the wave number and a is the determined from the two parameters
“Length” and “L/a”.

Sample points: number of output variable and computed quantity points.

Integration points: number of integration points along the elongated body axis.

Variable start value & Variable end value: start and end values of the variable chosen
from the “Variable” drop-down menu.

Output:

The output structures “para” and “dat” can be saved to a —mat file:

Structure “para” has information on
e Info — working directory
e shape — Target geometric shape

orient — Target orientation

phy — Target physical material properties
e simu — Simulation parameters

Structure “dat” has two variables:
e var — frequency, angle, or ka
e fun — backscattering amplitude, backscattering differential cross section,
target strength, or reduced target strength



Configuration:
Save and load specific configurations, or setups by click on “Save Config”/”’Load Config’
buttons on the GUI window. Two examples are given in the directory of “configuration”.
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