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Presentation Overview




You (might) know more than you think you know...

Let’s try a hands- - .




Making Waves!!!
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Longitudinal
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Elements of a Wave...




Elements of a Wave... Amplitude

£(1) = Asin(t)




Elements of a Wave... Frequency/Wavelength

f(t)=sm(wt)




Elements of a Wave... Phase

£(t) = Asin(wt+ @)




Elements of a Sonar Wave... Oft confused terms

Pulse Repetition Rate (Hz)
“«— >

>

Senar Pulse Width

Frequency (msec)
(kHZ)

e Pulse Rate — How often the sonar is transmitting.
e Pulse Width — The duration of the pulse itself.
e Sonar Frequency — The frequency of the pulse.




Elements of a Sonar Wave... Pulse Rate
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e Pulse Rate — How often the sonar is transmitting.

e Pulse Width — The duration of the pulse itself.
e Sonar Frequency — The frequency of the pulse.




Elements of a Sonar Wave... Pulse Width
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What is Time/Range Resolution ?
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If two targets are closely spaced in
range (radial distance) how close
together can they be before they

cannot be discriminated?
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e Pulse Rate — How often the sonar is transmitting.
e Pulse Width — The duration of the pulse itself.

e Sonar Frequency — The frequency of the pulse.
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Speed of Sound

e Speed of sound is usually represented by “c”
 Dependent upon the medium

pout 6100 m/s for steel

pout 1500 m/s for sea water (13°C)
pout 1435 m/s for fresh water

oout 343 m/s for air (20°C)

* Speed = (Wavelength) x (Freqguency)

(m/sec) (m) (1/sec)
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The decibel:

If p,and p; are the pressure amplitudes of
two acoustic waves that differ by one
decibel, then:

101og,, |p3|-1010gy |pf|=1 4B

In this equation, we would referto p; as the

reference above which p,is 1 dB.

Do You Know a “Decibel?”
It’s a New Unit

N you hear someone speaking of

& “decibel,” it is not & man with &

cold i his head talking ahout a decimal.

Al & recent conference between repee-
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Fact 1: The dB is unitless

Fact 2: As a unitless quantity, the dB has little value unless a reference is given.

| had 30 dB of peas with dinner last night = 2?77
I had 30 dB of peasre 1 pea with dinner last night = | had 1000 peas.

Further note: we often abuse this reference, and so in practice the meaning of
dB values is often situational dependent.

We often refer to values in dB as levels.

Take, for example, the Intensity Level of an acoustic wave in water whose amplitude is 100,000 Pa:

?  100,000°

/ _6'.2
A = 3,333 Watts ;e WX
20c  2(1000(1500)

v = ——————=3.333x107" Watts
(1000(1500]

Il

fL:lologmi=101og10 3333 W 020 aB re 333310 Watts

L 3.333x107° W

*The standard reference for intensity in underwater acoustics is the intensity of a 1 uPa plane wave.
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(not so much) Fun with decibels
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The sonar equation (power transmitted v. received)

Sighal-to-Noise = Power: [Source Level] — 2(Spreading” + Absorbtion?)
+ Target Strength — (Background Noise — Directivity Index)
+ Gain [Detection Tihreshold]

For just being detected:
= ACTIVE: SNR = SL-2TL+TS-(NL-DI)+DT
= PASSIVE: SNR = SL-TL-(NL-DI) + DT
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The sonar equation — Power and Gain (good)

e High TX Power,
High RX Gain

Low X Power,
Low RX Gain

Beware — Increasing RX.Gain
also increases Noise




The sonar equation — Spreading Loss

Spherical Spreading:

Energy per unit area
decays with 1/ I’

(same energy distributed over the
surface of a growing sphere.
frequency independent)

Incoherent scattered case:
Target scatters and re-radiates energy spherically so:

I/R* 1/R*=

Total:

I/R*

-40 log R

20logR
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coherent reflected case — (seismics A >> rms roughness),
Energy is coherently reflected so case is:
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1/(2r)*> = -20 log (2R)
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The sonar equation — Absorption Loss

Attenuation [dB/km)]
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The sonar equation — Scattering Loss

- ’ Fundamentals of Acoustics and Vertical Beam Echo Sounding




The sonar equation — Background Noise ()

o
o

O

Seismic & Turblence

o
S

Shlpplng
Heavy

Moderate

>SLighr — ~
'\_/SJ\A | Wind Speed, Knots

_q \2‘% NN |

NI Sea
P

NN
N TS N6 state
YN J 6

NS RS
\

Z

.
\ 1

\ "~ K

>

> Due g iricreased [oiolo@ical, Inunn: w,"«mf[
I T T I A T R T ST aul IIH[
rl

|
Activity i Fhalloiews eren the Byerageiowme 506,000
Frequency, Hz 4 N e 21
Ag. 75 [Atrage despuiter arsbienaviie spicints 121120 Huw?"’f‘@?@”f‘rﬂgf‘l’ 0

J

deep water and is much more varlable. T CLE

N
<
N

S
3
~

N
3
3

-~

\))
N

S

N

N

Q

Q
)




The sonar equation — Directivity Index  (gcod
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Directivity

How focused is the intensity distribution
about the beamformed boresite direction
with respect to
an equivalent spherical source?

DI = 10log(I,/1)

I,

>

The acoustic power is not
uniformly distributed.

The more it is "directed"”
towards to target of interest,
the higher the likely level

incident there. RECEIVE DIRECTIVITY (DI.):

. normally subtracted from the noise level
Ocean Mapping Gr: (;P (NL) term as that is assumed omnidirectional.
‘ TR

TRANSMIT DIRECTIVITY (DI,):
normally built into the source level(SL).
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The sonar equation — Target Strength (good)

Scattering from ‘facets’ (specular
reflections from portions of the
seafloor)

Scattering due to microscale
roughness (Bragg scattering regime)

| —very fine silt

4 —very fine sand
| ——medium sand
—— sandy gravel

| —cobble

| —rock

| ——rough rock
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Refraction

n, =refractive index of upper medium

n, =refractive index of lower medium
6, =angle of incidence

¢, = angle of refraction




Refraction

Sound Speed (m/s) profiles (against depth)

RESON Inc.(2011)
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Thank you
for your time!

RAINIER

michael.gonsalves@noaa.gov
olivia.hauser@noaa.gov
ops.rainier@noaa.gov
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