Scattering and
Reverberation Level

When an active sonar pulse is transmitted into the water, some of the sound reflects off of
the target. Additionally, there are many other sources where the sound energy may reflect off
back towards own ship. This scattering is caused by the many sources of inhomogeneities in the
ocean. These sources may include fish, other biologics, air bubbles, dust or dirt as well as the
ocean bottom, and surface.

There are two types of reverberation. The first is volume reverberation. This is caused
primarily from biologics spread throughout the ocean. The second, surface reverberation, occurs
at the two surfaces within the ocean, the surface and the bottom.

Calculating reverberation is a very difficult process that depends on many assumptions
and requires that many factors be known. The reverberation level, RL, is calculated by
comparing the unwanted reflected intensity to the reference intensity:

RL =10log —Irleverb

ref

What we will do is be given an equation for each type of reverberation that satisfies the
above relationship and use that to calculate the reverberation level.

Volume Reverberation

As stated previously, volume reverberation is the scattering of the active pulse back to
own ship from biologics spread throughout the ocean volume. The biologics are not spread
evenly throughout the ocean depths. Since the biologics are sensitive to light, the depth that they
are most prevalent at will vary with the time of day. Additionally, the amount of scattering that
occurs due to the biologics will vary with frequency of the active pulse. Last section we showed
a model for the target strength of a fish which depends on the frequency.

To calculate the volume reverberation level, we can use the following equation:

RL, =SL-2TL+TS =SL—-40logr+S, +10logV

false targets

Hopefully this equation reminds you of the equation for the echo level from an actual target
presented in section 16. The source level and the two way transmission loss are the same as the
echo level. The target strength of the false targets is made up of two terms:

TS =S, +10logV

false targets
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where:

S, =10logs, = Volume Scattering Strength

cT )
V= ?‘I’r2 = reverberation volume

Y= Jb(@, ¢)b’'(6,¢)dQ = equivalent solid angle of arrays
based on type of arrays

r = range to the target in yards

T = pulse length

Some explanation of the reverberation volume is in order. Physically, it is the volume of
water around the actual target that contains false targets like bubbles and fish. Few active sonars
transmit continuously, instead transmitting a pulse of known length. Even an explosive charge is
of a finite duration. This pulse expands out from the source in an approximately conically
shaped beam. The beam pattern function, b(0,9), studied in section 13 gives the exact shape of
the cone. Additionally, the sound must travel back to the array and we call the return beam
pattern, b’(0,0). When the outgoing and incoming beam patterns are integrated over all angles,
the result is the solid angle, 'V, of the cone. The units of solid angle are steradians and 47
steradians correspond to a solid angle covering all directions. The area intercepted by a solid
angle is:

Area = ¥r?

area b
1 unit square _ ;

=~ 1 steradian

radius
1 unit

\\\l‘ ’/,
As a check, note that for all directions, the area is 4TI:I‘2, the surface area of a sphere. To get a

volume of water, multiply this area by the thickness required by the pulse length.

) cT
thickness = ?
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An interesting artifact regarding volume

. ct
reverberation results because the range, r(t) = 5

Because of this, volume reverberation decreases

with time proportional to 20 log( !

Most commonly, the volume scattering
strength, Sy, will be determined from a graph
based on the source depth and the time of day
(night or day). An example from Principles of
Underwater Sound, by Urick, p. 258 is shown at

right.

We pointed out that reverberation volume
is related to the volume of ocean that is ensonified
by the active pulse and is based mostly on the
beam pattern function of both the receiver and the
transmitter (b and b"). The mathematics of
calculating this solid angle are very challenging.
As such, the value for the equivalent solid angle,
P, can be looked up in a table of values based on
the type and dimensions of the array as well as the
wavelength of the active pulse. An example table is given below for several type arrays.
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800

Volume -scattering strength, dB
fig. 8.13 Profiles of S, against depth showing vertical mi-
gration. Frequency 5 kHz. The column scattering strength
was —54.5 dB during the day and —50.5 dB at night.
(Ref. 26.)

ARRAY TYPE

Y(steradians)

®(radians)

Circular Plane of Diameter

D

2
0.60(ij
D

43

Horizontal Line of Length

L

=

=

Non-directional Point Array

4r

2

Caution: Remember to use a wavelength A and the dimension D or L in the same units!

Notice also in the equation for the reverberation level that the level depends on the source
level of the projector. The more sound energy that is put out in the water, the more sound energy
will be reflected back to the receiver. The result is that increasing SL will increase both the echo
level and the reverberation when reverberation limited. The transmission loss will be the same
for both the target and the false, reverberating targets. When reverberation limited, the active
sonar equation always results in a comparison between the target strength of the actual target and
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that of the false targets. If the difference exceeds the detection threshold, active sonar detection
is possible.

L, =SL—2TL+TS—RL > DT

Lgy =SL—2TL+TS—(SL-2TL+TS )>DT

false targets
TS—(S, +10logV)>DT
Surface Reverberation Level

Surface Reverberation is due to sound waves scattering back from the surface of the
ocean as well as the bottom of the ocean. We will concentrate on calculating the effect due to
reverberation from the surface but the student must understand that in very shallow water, severe
reverberation levels may exist due to the presence of so many surfaces for the sound to reflect
off. That is why the effectiveness of active sonar is severely restricted in shallow waters.

The equation for surface reverberation level is very similar in for to that for volume
reverberation:

RLg =SL—-40logr+S, +10logA
S¢ =10log s, = Surface Scattering Strength

cT )
A = — ®r = reverberation area

D= Jb(O, ¢)b’(0,¢)d¢ = equivalent beamwidth of arrays

based on type of arrays

The equivalent beamwidth is similar to the equivalent solid angle only the integration is
only over the horizontal angle, ¢. Instead of performing this integral, the beamwidth can be
looked up from the table above. Multiplying the beamwidth by a range to the target gives an
arclength near the target. Multipling by the factor ct/2 gives the appropriate area on the surface
around the target

The Surface Scattering Strength can be found from a graph such as the one below. Note
that grazing angle is used in this chart and that 90° is straight up and results in the highest surface
scattering strength as expected. Also note that as the wind increases, the sea surface becomes
rougher and allows for a more diffuse reflection back to the source and a higher surface
scattering strength. A lower wind speed results in a calmer surface and more specular reflection
away from the source. In this case the surface scattering strength is relatively low.

18-4



o
N

o ==/
N Zmnmm
AL L
o

o] 10 20 30 40 50 60 70 80 a0
Grozing ongle, deg

fig. 8.18 Variation of sea-surface scattering strength at 60 kHz with
angle at different wind speeds in Dabob Bay, Puget Sound, Washing-
ton. (Ref. 38.)

Principles of Underwater Sound, Third Edition, Urick, 1983, p. 265

Surface Scattering Strength also depends on frequency, therefore you will have different graphs
for different frequencies.

We can also have surface reverberation from the ocean floor. Bottom reverberation is
very complex due to variations in composition, roughness and grazing angle. We can
approximate the reverberation however as:

RL, =SL-40logr+10logS(r)+BS,
Where:

cT T
S(r)=0—
@) 2 sin0

0 = Bottom Grazing Angle

BS, = Backscatter Strength for 1 m* of seafloor

Consequences of Reverberation

Reverberation acts like noise, but some differences from ambient noise:
- For a given transmission, the level of reverberation received decreases with time (although

more slowly than the target echo).

- Spectral characteristics of reverberation and signal (target echo) are nearly identical except
for the Doppler Effect (described in the next section). If the target is moving at sufficient
speed the reverberation and the target will reflect different frequencies since bubbles and fish
are moving at slow speeds.

Volume Backscattering Strength

Volume backscatter of a distribution of targets can be analyzed as the incoherent sum of
contributions from each target in an average m’ of water. For a given frequency, each
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contribution will depend on the size and shape of each member (shape is not important if the
object is smaller than the signal wavelength) and of the composition of the material. If all
scatterers are similar, therefore backscatter cross section is expressed for a certain frequency as a
function of the dimension, a.

If we assume all targets are identical, therefore:

BS, =TS+10logN,

N, is the average number of targets per m’.

Fish Schools

Fish schools are variable in shape and size (usually a couple of meters vertically and tens
of meters horizontally). Fish schools are usually of one species, therefore similar size and shape
(and hence target strength). If we assume fish density,

Im

N . z% L is fish length
L

= TSy #20logL -25
= BScoor = TSpigy +1010g N,

BS¢nooL =—-25+20logL—10log I’
BSqcnooL = —25-10logL

As we can see the BS decreases as fish size increases. These models and assumptions
with the proportionality of backscatter strength and target strength form the basis of the echo
integration method to assess fish school population. The number of fish present in a given area
is estimated by the total energy backscattered to the source corrected for average target strength.

Deep Scattering Layer (DSL)

DSL is a thin layer of ocean (tens to thousands of meters) of ocean populated with
plankton and other small biologics. The DSL can be found in all oceans and its depth changes
with time of day. In the daytime, the layer stays at 200-600 m and at night this layer migrates to
approximately 100 m. The main acoustic effect is caused by resonance of fish swim bladders
(for frequencies in 1-20 kHz range). This frequency dependence changes with depth migration
due to pressure effects. At higher frequencies, >20 kHz, the dominant acoustic effect comes

from the scattering of plankton with an average BS ~ —70 dB/m’.
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Problems

1. A non-directional transducer has a source level of 200 dB and radiates 10 kHz pulses of 100
msec duration. The transducer is operating in a deep scattering layer at a depth of 800 ft at a
classified location somewhere between Hawaii and California. See the figure below for the
volume scattering strength. If the sound speed is 1528 m/s
a) Find the volume reverberation level for a target range of 5000 m and a day time
operation.
b) Repeat for a night time operation

Volume Scattering Strength
(Pacific Ocean - Classified Location)

500 / a
1000 /
—e—Da
1500 .y
—— Night
2000 T/
2500 r=e

3000 ‘ ‘
-110 -100 -90 -80 -70 -60

Volume Scattering Strength (dB)

Depth (feet)

2. A Transducer consisting of a horizontal line array of length 3.0 m radiates 1000 Watts of
acoustic power in the form of pulses. The carrier frequency is 50 kHz, the pulse duration is 20
msec and the sound speed in the ocean is 1528 m/s. It is known that the wind speed at the
surface is 8 knots. The radiated sound beam impinges on the surface with an average grazing
angle of 10°.

a) Use the Figure in your course equation sheet and find the surface scattering strength S, in dB.
b) Calculate the surface reverberation level at a distance of 500 m.
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3. Given the following data for an active sonar search under conditions known to be volume
reverberation limited. The sonar search is performed at night.

Plane Circular Transducer Array, Diameter = 1.2 m

Search frequency = 5 kHz

Pulse duration = 15 ms

Sound speed = 1528 m/s

Spherical spreading only, sound absorption can be neglected.
Target strength = 18 dB

Target is in a deep scattering layer at a depth of 200 yards
(use chart for S, in your course equation sheet)

Detection Threshold is 5 dB

a) Find the predicted maximum detection range.
b) Compute the volume reverberation level if the Source Level is 210 dB.

4. The SSN, USS Killerfish is using its active sonar to search for a target aircraft carrier. The
following information pertains to the tactical situation:

Wind speed = 10 knots
Sound speed = 1528 m/s
Transmission loss is only due to spherical spreading (TL =20 log r)
Sonar pulse length = 20 ms
Carrier frequency = 60 kHz
Effective two way beam width is calculated for a circular plane array
Diameter = 1.0 m
Acoustic Power = Electric power x efficiency = 1.0 kW
The sonar’s receiver is a cross correlation type
p(D) =50%
p(FA) =0.02%
Sonar receiver bandwidth = 100 Hz
Sonar beam grazing angle is 20° with respect to the horizontal
Aircraft carrier target strength = 15 dB

a) Compute the maximum detection range that the sub can detect the surface ship. Assume

the sonar is surface reverberation limited.
b) Compute the surface reverberation level at the maximum detection range.
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5. A mine of average aspect lies on a sand bottom. It is desired to detect the mine at a slant
distance of 200 m by means of an active circular array located 100 m from the bottom. If a pulse

length of 10 msec is used,
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a) What horizontal effective beam width (¢, given in radians) will be required if the sonar is

bottom reverberation limited and the detection threshold is +2 dB?
b) What is the minimum diameter of the circular array needed to detect this mine?

Useful information:

Backscattering strength for 1 m” of sand bottom
0 a .

-10 /

)

Z-15 | -
3o /
-

_30 1 |
n an 60 90

Sound speed = 1528 m/s

TL=201logr

Sonar frequency = 20 kHz

The mine is a sphere with a radius = 0.60 m

Bottom backscattering strength for a sand bottom is given in the below figure.
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6. Given the following data:

Environment
c=1500 m/s
wind speed = 10 kts
Sonar
Circular plane array D = 1/3 m, f= 10 kHz, =5 msec
SL=217.5dB
DT=5.0dB
Beam Axis is steered to 30° above the horizon
Operating in a region where the sonar suite is surface reverberation limited
Target
TS=15dB

Use all data tables and graphs in this handout.

Compute the maximum range that the submarine could detect a surface ship.
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Lesson 18

Adapting Passive ldeas

Passive Case: Loy :SL—TL—(NL—D|)>DT
From our Sonar L» TL+TL'~2TL

2 ~_

Target Strength describes the fraction

Lg/n =SL—2TL+TS—(NL—DI)> DT

of energy reflecting back from the target

Reverberation Noise

Reflections from non-target objects
is greater that noise.

Reverberation limited

RL > NL-DI

L., =SL—2TL+TS—RL>DT

Reverberation

Fig 13-} Schematic disgram of wolums reverberatioa competing with the echoes scatteved off ths targe sub

Sources of Reverberation Backscatter

« Fish and smaller biological marine organisms
« Entrapped air bubbles
« Microthermal structure Volume
« Velocity microstructure Reverberation
« Variations in the characteristic impedance of
the medium (e.g. dust and dirt)
« Surface — air-water interface Surface
« Ocean bottom Reverberation

Solid Angle

dA = ds,ds, = rdo,rde, o
ds, / r
Since  ds=rdO s,
Similarly dA = r?dQ m
l
Solid Angle

Units are Steradians

There are 4x steradians in all directions

Developing a Volume Reverberation Equation —
Beam forming and Traveling to the Target

Isource = Isb(ev ¢)

source'o

Liureel2dQ = 1(r) r?dQ
r,=1yd

(1) = Lol 220

Spherical Spreading




Lesson 18

Developing a VVolume Reverberation
Equation — Scattering Strength

Iscattered = I(r)SvAV
2
Iscattered = ISb(erilzq))rostv
AV =r’ArdQ

Scattering Strength — fraction of energy backscattered

How thick is the VVolume?

AV = r2ArAQ

AV_rZC—;AQ

Developing a VVolume Reverberation
Equation — Scattering Strength

_Lb(0.9)r%

2 v

AV
AV = rZC—ZTAQ

_1b(0,9)7

rZ

serEAQ
2

Developing a VVolume Reverberation
Equation — Traveling Back to Receiver

Isb(6,¢) r2
=05
r

.‘—--‘ scattered

VrZEAQ
2

scatter o

rZdQ=1(r)r’dQ

[

| |(r) — sca:;r [

4
I(r)= 7|5b(?;¢) o 5,17 %AQ

Developing a VVolume Reverberation
Equation — Receiver Beam Pattern

4
I UT) L v
r 2

Recewed b (e ¢) scattered

( )15

receea = D' (6, ¢)

serEAQ
2

Reverberation Level - Volume

5 RLy, :1OI09M:10|09M

ref ref

IRecevv ,LL
va| 4{ Hbe¢ e¢dg}

lOIog[lRi eeeee ] lOIog[ Ej+10|og[ J+lolog( )+1olog{rzgﬂb e¢)b(e¢)dg}

-

RL, =SL +40log GJHO log(s,)+10log [VHSL—zTL +10log(s, ) +10log[V] ‘




Lesson 18

Take a deep breath
RL, =SL-2TL+10log(s, )+10log[V]

S, =10log (SV) Volume Scattering Strength (dB)

ZCTHb (0,0)b'(6,0)d2=yr* < 2

Vol

Equivalent two way beam width —
V= ”b (6.4)b'(6.4)dQ Equivalent solid angle of the
Vol sending and receiving array

Volume Scattering Strength

S, =10log(s,)

Diurnal Migration

P T T—"

Shrimp-like euphausids, squid and copepods
Fish (gas filled swim bladder) — freq differences a

Higher frequencies — zoo plankton, phytoplankton
fed on by small pelagic fish =
(siphonphones and cephlopods)

—

woal . " —

Collectively called the DSL e T

(Deep scattering layer) A s o st g v
v =348 B during the day and —30.3 4N = might
iRef. 26

Equivalent two way beam width

w=[[b(6,0)b(0,4)d>
Vol

ARRAY TYPE Y(steradians) d(radians)

Circular Plane of Diameter 2\ 2
0.60(4) 1.56(*)

D D =

Horizontal Line of Length 1 p
1.32[7] 1,32[7)

L L L

Non-directional Point Array 4n 2n

Caution: Remember to use a wavelength A and the dimension D or L in the same units!

Reverberation Noise

Reflections from non-target objects
is greater that noise.

Reverberation limited

RL > NL-DI

Fig. 111, Disgram wsed im deviving the peverberarion fevel for nolume

Ly, =SL—2TL+TS—RL >DT

Reverberation Level - Volume

| I

s [eS o 04100

Lt Vol

4
o

RL, =10log I’EI‘*‘”“ =SL-2TL+10log(s,)+10log[V]
ref

S, =10log (SV) Volume Scattering Strength (dB)

,rzﬂﬂb (6,6)b'(6,)dQ = yr

Vol

2 CT
2

Equivalent two way beam width —
Equivalent solid angle of the
sending and receiving array

v =[[b(6.0)b(6,0)d2

Vol

Volume Reverberation Case

Ly =SL—2TL+TS—RL >DT
RL, =SL-2TL+10log(s,)+10log[V]

Ly = 7(. 2)/L+Ts 7L—2)/L+10|og(sv)+10|og[v])>DT

L, =TS-10 I(T)g(sv)—lolog[\T/] >DT
,CT

V=yr
Ay

Graph
Equation Sheet e




Lesson 18

Volume Reverberation Example

« Given the following data for an active sonar search under
cgnrﬁiitions known to be volume limited. The search is held at
night.

— Transducer array ifs a circular plane with diameter = 4 feet
— Search Frequency is 5 kHz
— Pulse Duration is 15 ms
— Sound speed is 1670 m/s
— Spherical spreading only
— Target Strength = 18 dB
— Depth =100 fathoms
— Detection Threshold =5 dB
* Find the predicted maximum range
 Find the Reverberation Level if the Source Level is 210 dB

Volume Scattering Strength

S, =10log(s,)

Diurnal Migration

P T T—"

Shrimp-like euphausids, squid and copepods v
Fish (gas filled swim bladder) — freq differences a

Higher frequencies — zoo plankton, phytoplankton
fed on by small pelagic fish
(siphonphones and cephlopods)

i

asDmy

Collectively called the DSL we B e

Deep scattering layer P n:" "”:_M...:,f..
( P glay ) m_",“:‘“""?“ 0.8 ﬂ"‘«x

iRef. 26

Equivalent two way beam width

v=[[b(6.0)b'(6,4)d>
Vol
ARRAY TYPE Y(steradians) O(radians)
Circular Plane of Diameter p) 1
0. 60( ”] 1.56(*)
D D =
Horizontal Line of Length 1 p
1.32[7] 1,32[7)
L L L
Non-directional Point Array 4n 2n

Caution: Remember to use a wavelength A and the dimension D or L in the same units!

Reverberation Level - Surface

RL. =10 |Og Ireverb =10|Og ITot received
S

ref ref

ooy _ L [%Tue,w(w
ref Areg

RLg =SL+40log [%)ﬂolog(sA)ﬂOIog[A]%SL—ZTL +10log(s,)+10log[A]

A= lDrc—T Surface Scattering Strength
2
Equivalent beam width of the
= J' b(9,¢)b’(9,¢)d¢ sending an receiving array in radians

Area

Surface Scattermg Strength

Olog(s
» Varies With:

o T T T
g..o_r_!. ..._Biﬁnle |- — Wind Speed
g | vt 1030 wone — (surface
£l = | roughness)
§ / /r_’p | - Grazing
5 %,/ R ‘; Angle
/- Spe4ular| |l |
E'mf.‘ 10 20 ] 40 50 &0 0 &0 20 9
Gearing enge, deg

M.:llﬁ}»mmmndfm surface scaltering drength at 60 kHx with
angle at different w mnmasm:-' t Seund, W,
pulhory speeds uget Sound, Wasking-

Equivalent two way beam width

v = jjb(e,¢)b'(e,¢)d§z

Vol

ARRAY TYPE (steradians) ®(radians)
Circular Plane of Diameter % 2
0.60[7] mH
D D D
Horizontal Line of Length 2 2
1.32[—) 1. 32( ”]
L L
Non-directional Point Array 4n 2n

Caution: Remember to use a wavelength A and the dimension D or L in the same units!
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Surface Reverberation Case

L., =SL—2TL+TS—RL>DT
RLg=SL-2TL+10log(ss)+10log[A]

L =SL-27L+ TS (SL-2FL +1010(s, ) + 10l0g[ A]) > DT

Loy = TS—10I?g(sS)—1O log [?] >DT

CT
Graph A=0r—
/ 2

Equation Sheet

Surface Reverberation Example

« Environment

¢=1500 m/s
wind speed = 10 kts
Sonar
Circular plane array D = 1/3 m, f = 10 kHz, t=5 msec
SL=2175dB
DT=5.0dB
Beam Axis is steered to 30° above the horizon

Operating in a region where the sonar suite is surface
reverberation limited

« Target

TS=15dB

« Use all data tables and graphs in previous slides

Chqmpute the maximum range that the submarine could detect a surface
ship.

Misc. active sonar design ideas

Display — BTI — polar or cartesian
N N

- 3 T
) gh=S
bearing 2




