KEY:

Yellow are properties of the Side Scan sonar

Green are adjustments made within the Side Scan Sonar Software

Orange are calculated values/ parameters

Grey are main equations with unsolved variables (ie porosity)
Blue are water properties/properties from the field

Purple are values that we are trying to get to and may need to be iterated

Red are values that can be found in the lab
White are notes, assumptions, and values to be determined.

PROPERTIES

Frequency [hz]

Check initial gain,

Source level,

panel gainand —»SL [dBre 1 yPa @

Gain (amplitude) / percentage gain

Height [m]

Grazing angle

1 m]
ﬁ
so =102

N

SIGNAL-WATER INTERACTION

Speed of sound

in sediment, c
[m/s]

ASSUME: sediment
type parameter
(BACKCHECK)

(CHECK) Sound

Cw

Defined as the "complex
wave number in the
sediment divided by the
real wave number in
water"

speed ratio, v=c/—>

P(9) =

Density of water (pore
fluid mass
Sediment mass density), pw ,pf
density, p, Use [g/m3]

Peff [g/m3]

K2 — (cosf)’

SEDIMENT-SIGNAL INTERACTION

\ N\

(CHECK) Loss
parameter, & =

IM(ks) / ks

Interpolation to go
between Kirchoff and
small-pertubation
approximation

Scattering due

to roughness

density ratio = p

W (K) =

SMALL-ROUGHNESS PERTUBATION APPROXIMATION

p

Ipw Ly o — (1 - 1> [cos(@i)cosws)cos(%) -

POIPO)] |

NOTE: for calculating
backscatter

2kA; = 2k, c0s(6;)

p

wo
(hoK)™

1
Opr (98$¢870’i) = Zk%u’]- + R(el)‘2|1 + R(os)‘z‘GPW(zkwAt)

Exponent of the bottom relief

Strength of
spectrum, wap

[length?]

Bessel Function
values (from table)

(determined in field) | Reference length

spectrum, y, (determined in
field, 2 <y, <4)

parameter, hg = 1

[length]
/

KIRCHOFF APPROXIMATION

2w, (2 — @) 272

Obr (957¢S79i) = [O-Zr (987¢S$9i) =+ O'Zr (esa‘ﬁsyei)} i

|Pi| =

\/550 ‘bm (97 ¢)|
T

—>

/

(incident grazing ~
angle), Bi

\

Directivity function = cos (8), where
theta is the angle from the maximum
response axis (MRA). The beam is
assumed to be located at the MRA, so
this is equal to one. ris the distance
from the SSS to the point of

Range [m]

measurement.

Density of water (pore
fluid mass density), pw ,Ps

[g/m3]

/

Temperature of
water

N

Speed of sound in
water, ¢, [m/s?]

Area, A [m?]
calculated from
the smallest area
you can get data

Attenuation, a
[dB/m]

Bessel Function

Magnitude of the

incident

pressure |Pj|

i =

AR’
2pwCy

sin(0;

%

an area, Ui

»

T hPa(l-a)T(1+a)

—> g =2K,AZC?(2kA,)

(or alt.

Acoustic wavenumber
in water, k = 2m/A [m™"]

formula w/cy,)

RO ( A2\ =
a:'Y_2_1 Okr (95a¢570i): */ e ! Jg (u)udu
2 8m 0

Gamma
Function, T°()

A

A

Interpolation

Sb (esa ¢sy 91) — 10l09[0'br (esa ¢sa 91) + Ob (93a¢sa0i)]

NOTE: This is the
monostatic cross section
(backscatter) if incident
angle, 6; = scattered angle,
Bs; and azimuth, ¢g = TT.

Strength of
bistatic
crossection

_Jﬁ

NOTE: this value connects to
most everything because of
the effective density and will
be carried through the
calculations as a variable and

|

Complex plane-wave
reflection

\ 4

Ratio of the complex
amplitudes of the

CHECK: strength of
bistatic crossection =
Ui -BL

A

Bottom loss, BL

values (from table)

The dynamic viscosity

of the pore fluid,
n [N s/m?]

|

A

Y

Pefs (W) = ps

Scattering due to
sediment volume

e

fluctuation ratio, p = «
compressibility/ density w3

Coefficient of
permeability, K [m/s]

Tortuosity, a
[dimensionless]

E

shape factor, r, r= 1/2
for spherical particles, | »

otherwise 0<r<1
[dimensionless]

a =1-r(1-
1/B)

Angular frequency,
w = 21f [hz]

Bottom Loss

6. .0 = RO+ R@)Po,
Tow sy Ps,%i) = 2k, p* Im[P (0;) + P (05)]

v —

= %kﬂulf + cos(0;) cos(8s) cos(¢ps) — P (6;) P (05)|2pr (Ak)

fluctuations in the Wop (k) = (hok)™
sediment (det. in field)

Y

Inhomogeneity Strength,
w3 = strength of
sediment inhomogeneity

ASSUME: initial value

spectrum [cm3]at wave
number = 1 cm™

(BACK CHECK)

Speed of sound

in sediment, cg
[m/s]

Reference length
parameter, hg = 1

Sound speed ratio,
V=Cg/Cy

Wave number in
sediment, kg [m™]

Loss parameter, &
= IM(ks) / ks

ITERATE o
- i reflected and incident
coefficient, R(6;) waves; R(@)) = S, / Ui
interated
Fractiondal Porosity AG?EL;('\:/IaEte |;1eca|d:[;19t|2nge;|§,
sediment S
p(orosity), B and azimuth, ¢g = 1. This -
is the monostaticcase | A = /A2 + A2 1 ”
t -+ % . .
(backscatter). A, = E(szn(ﬂi) + sin(0,))
Ar = 2 [(cos(68,))*  2¢08(6,) cos(®,) cos(g) + (cos(8:))*]
iBoF : = — | (cos(6; — 2cos(6;) cos(0;) cos(ps cos (0,
a(1-B) py+Bla—1) py + 222 2
iBFn Z, — 7, PwCw
B(L—=PB)ps +(a—28+8)ps + V=2t v e Zy=————
( ) ( ) Py R (6; Zs+ Zy cos(90 — 6;)
T 4
Total mass Sediment particle \
density, p = mass
3 .
Bps+(1- B)ps [9/m”] density, ps [g/m’] SCATTERING DUE TO SEDIMENT VOLUME z, = =
cos(6s) )
Try calculated density here
and also effective density
Inhomogeneity Ak = k, 4Af + {Re[P (6;) + P(é’s)]}z‘l/2 . cssin(90 — 6;)
exponent, y3 0; =sin | ———
=4(?) o

CHECK: Index of

Impedance, IOl = p*
(cg/cy); use to check
porosity and density

estimations

[db]
= -20log(|R(6)I)




