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Abstract. This investigation aims to propose an attenuatiate rfor range
normalization of echo amplitudes recorded by anustio backscattering
instrument working at a frequency of 1.0 MHz. The&ention of the use of such
an attenuation rate is to obtain equal echo lewslsn using a device from the
same family of products with a different workingeduency,i.e. a 0.6 MHz
instrument, at an identical site. This work is lthee a field experiment with a
1.0 MHz Acoustic Wave and Current (AWAC) profilenca a 0.6 MHz
Aquadopp profiler. Both profilers were deployed @pd; side-by-side in the
Semak Daun reef lagoon, Seribu Islands, Java 8danésia. It was found that
the proposed attenuation rate for the 1.0 MHz umséent was one-order
magnitude higher with respect to the one usedher®6 MHz instrument, and
logarithmically depth dependent. The proposed atigan rate for the 1.0 MHz
AWAC is —7.925logR) + 8.551, withR is the slant range from the transducers to
the measured layer. Accordingly, the overall agresnbetween the 1.0 MHz
AWAC echo amplitude and the one recorded by theM& Aquadopp was
improved by 18dB, which is quite significant coreithg that the average echo
amplitude discrepancy recorded by each transduasr2idB.

Keywords: acoustic backscatter; doppler-type hydro-acoustic current profiler; field
deployment; propagation loss; rate of attenuation.

1 Introduction

The signal amplitude from acoustic backscatterimgjruments can be used to
measure the quantity of sediment suspended in #terveolumn [1-3]. This
applies to Doppler-type hydro-acoustic current quiealent profilers. In
addition to providing three-dimensional currenttees in multiple layers across
the water column, such devices also record thensitte of backscattered
acoustic signals [4,5]. Recently, successful appibo of such a technique has
been reported in [6-9]. Prior to the use of themsity of backscattered acoustic
signals for absolute measurement of suspended eetlimoncentration,
calibration must be performed using field sample3,11]. This is due to the
dependency of the relative measure of the sedimeahtity given by the
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acoustic intensity on the device used and properté the sediment in
suspension. Recent field applications of acoust@asurement of suspended
sediment have suggested that field calibrationitesspecific and frequency-
dependent [12,13]. Furthermore, devices from thmesproduct family using
different frequencies do not necessarily give simigcho amplitudes in an
identical environment. Apparently, as shown in [TéfFords of echo amplitude
in spatial and temporal series are useful in piagidnsight into the periodic
occurrence of diurnal signals. Hence, improvemérihe performance in the
relative detection of suspended sediment concémeafrom the intensity of
acoustic backscatter data is necessary. The olgeatithis study is to propose
an improved term for the normalization of acoudtignal amplitudes. The
attenuation rate of SONAR propagation will be atjdsto make it dependent
on the devices’ working frequency. This adjustmisnteant to equalize the
reading of the intensity of the backscattered a@ousgnals obtained from
devices with unequal working frequencies. This waifitimize efforts in the
broader application of coastal and offshore surveyk, particularly for
suspended sediment and sediment transport momgjiaimce field deployment
no longer necessitates the use of devices with|dgeguencies. The work
presented in this paper is based on a field exgerimsing Nortek A/S devices
from the same family of products.

2 Material and Method

2.1 Acoustic Detection of Water Column Turbidity

The so-called random phase scattering model assdimsd proportionality
between the returning acoustic signal and the velofrbackscattering strength
[1,2]. Since the volume of backscattering strengtthe water column is due to
the presence of sediment in suspension, empira#dration for quantification
of the suspended sediment concentration on the b&#e intensity of acoustic
backscatter can be done as follows [8,11]:

EL O 10log(c) Q)

where EL = echo level or intensity of acoustic backsca(@B) and ¢ =
concentration of sediment in suspension (in Ky/rm order to estimate the
absolute quantity of the sediment suspended irwtter column, the recorded
intensity of the acoustic backscatter (i.EL) must undergo scaling,
normalization and calibration against field samplEse scaling converts the
recorded intensity of the acoustic backscatter fintarnal units of count to
decibels (dB). The normalization makes the recondes independent from
the range and size of sediment particles and imetngs used. Calibration is
intended to estimate the backscattering streri§8 that is assumed to be due
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to the presence of sediment in suspension. Therlyimde empirical SONAR
equation reads as [15]:

EL=SL-2TL +BS )

whereEL = KA with K = scaling factor ané = recorded signal amplitude in
count units,SL = source level or transmitted intensity of acaugtillse, TL =
transmission loss due to (i) geometrical spread@iggR), (i) attenuation of
SONAR propagation due to mediuaR, and (iii) attenuation due to sediment
particles 2®/axdr, R = slant range or oblique distance from transduoer
measured layerg = attenuation due to medium, and = attenuation due to
sediment particles. Figure 1 illustrates the teused in Eqg. (2)¢ is the angle
between vertical and transducer asmust be calculated from the vertical
distance D) between the measured layer and the face of #rmesducer (see
Figure 1).

q ¥ Transducer

Figurel Schematic illustration of SONAR propagation.

For devices from the Nortek A/S product family aed here, the suggestiéds
0.43 [5]. In low-concentration environments, at@ion due to sediment
particles can be neglected and with the use ofairdevices at an identical site,
the proportionality between echo level and bacltsgag strength is scaled by
the attenuation rate due to mediua).(

2.2 Field Experiment and Data Analysis

Two Nortek A/S products were simultaneously deptbyee 1.0 MHz Acoustic
Wave And Current (AWAC) profiler (S/N WPR 0677), dara 0.6 MHz
Aquadopp profiler (S/N AQD 5775), looking upwarcrin the seabed, at a
depth of roughly 11.5 meters. The devices were ragglg fixed in their
mounting frames (Figure 2) and weighted during dgplent. The lowering of
the devices to the seabed was done manually wethélp of scuba divers. Prior
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to this, the points of deployment were marked byrad floating buoys at an
approximate distance of 11 m (Figure 3). The ditin@ experiment was located
in a lagoon of the Semak Daun reef platform of [Beislands off Jakarta Bay,
Southwest Java Sea, Indonesia. The deploymentldsteapproximately 40
hours, starting on the 15th of April, 2011 at 16d% ending on the 17th of
April, 2011 at 08:30. The recording was set at amlsute interval with an
average interval per data acquisition of 60 secofldoughout the deployment,
as many as 162 time series data sets were colléctedeach device, at each
vertical layer (out of eight effective layers).

(@) 1.0 MHz AWAC (b) 0.6 MHz Aquadopp
Figure2 Doppler-type acoustic current profilers (Photo: Mid. Julian).

Figure3 Marker buoys indicating seabed mounted devicelseatiéployment
site (Photo: Miga M. Julian).
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The analysis of the data involved quality contrbineeasured parameters and
characterization of the recorded intensity of tbeustic backscatter. Further to
this, determination of the rate of attenuationtfeg 1.0 MHz AWAC was done
by assuming a fixed rate of attenuation for the A6z instrument &o.¢). For
this particular purpose a value documented in [&§ wsedi.e. aps = 0.15dB/m.
For the initial approach, a suggested value was aked for the 1.0 MHz
instrument,i.e. a10* = 0.4dB/m. The corresponding results were evaldat
according to the absolute discrepaney l{etween the echo levels recorded by
the 1.0 MHz device and the 0.6 MHz device:

&(t,2) = |EL(t:2) —ELog(t,2) | 3)

where ELgg = KAys + 40logR) + 2ap6R and EL;y = KA, + 40logR) +
2kay o*R, with t = time, z = depth or height of measured layer and=
modification factor, which was determined empirigahere. This procedure
was applied to each of the measuring layers.

3 Result and Discussion

3.1 Field Recordsand Data Pre-Processing

Figure 4 shows the log of sound speed, water |¢eriperature, heading, pitch
and roll of each device. Sudden changes in valuteavery beginning and end
of the time series plots in Figure 4 indicate dgplent and recovery. This
indicates that both devices were aligned well, authsignificant movement,
and experienced quite a steady physical environchamtg observation. Figure
5 shows temporal (over the observation period) spatial (throughout the
measured water column) series plots of the echel kfter scaling and default
range normalization as proposed by [5]. One maemiesthat the 1.0 MHz
AWAC device generally provided underestimated velgempared to those
provided by the 0.6 MHz Aquadopp device.

1560 12
1550 / ®
S 6
1540 \z
—0.6 MHz Aquadopp 3
—1.0 MHz AWAC
1530 : : . T 0
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(a) Sound speed in m/s (b) Water level in m

Figure4 Field records of water properties (a, b, ¢) andssealignment (d, e,

f).
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Figure 4 Continued. Field records of water properties (a, b, ¢) andssen
alignment (d, e, f).
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Figure5 Echo level over water column and observation peiricdB.

3.2 Assessment of Agreement and Correction of Rate of
Attenuation

The agreement measure of the acoustic strengthebatihe 1.0 MHz AWAC
and the 0.6 MHz Aquadopp was calculated accordingd. (3) and the layer-
by-layer results, with an overall average agreengefw)) of 22.2 dB. The
results are displayed in Table 1. The absolute relisncy between the
intensities recorded by both transducers was alatuated. This was done by
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comparing the magnitudes recorded by transduckendl Il to those recorded
by transducer I. The corresponding results are shiowTable 2 and give an
overall average of 2.4 dB.

Tablel Average agreement of acoustic strengths betweenday dB.

Layer #
1 2 3 4 5 6 7 8
R(m) 11 22 3% 44 5E 6€ 7.7 8F€
MeanEL of 1.0 MHz 42 48 44 47 50 53 56 58
MeanEL of 0.6 MHz 61 68 71 72 74 76 77 79
é(t,2) 18 20 26 25 24 23 22 20

Table2 Overall average of agreement of acoustic strenghiesween
transducers.

1.0MHz AWAC 0.6 MHz Aquadopp
lltol Itol Iltol Iltol
2.2dB 2.0dB 3.0dB 2.4dB

The discrepancy between the echo levels providethéy.0 MHz AWAC and
the 0.6 MHz Aquadopp is one-order of magnitude tgiretfan the variability of
the intensity reading in each transducer. Hence nibtrmalization of the echo
level of the 1.0 MHz AWAC was intervened by modifgik (see: Eq. (3) and
the corresponding consecutive description) in saletray that the discrepancy
was smallest, and this procedure was applied th eaeasuring layer. The
results are given in Table 3 &$,2) in dB. The corresponding overall average of
the absolute discrepancy was found to be 4.3 dBicélethe suggested rate of
attenuation for the 1.0 MHz AWAC is proposed in [BaB asa o**, where
mo* = karo* in dB/m. From Table 3, one can see that the agpliate of
attenuation for each measuring layer is not unifofimis will be discussed in
the subsequent section.

Table3 Proposed layer-specific attenuation rate for 1.0 ZMBRWAC, i.e.

a1 g™
Layer #
1 2 3 4 5 6 7 8
R (m) 1.1 2.2 3.3 4.4 55 6.6 7.7 8.8
k() 23 13 11 8 6.5 5.3 4.5 3.8
e(t,2) (dB) 5.7 4.3 3.8 4.0 3.7 4.0 4.1 4.5
ay ¢ (dB/m) 9.0 5.0 4.3 3.2 2.6 2.1 1.8 1.5

Note: oy ¢** = kay ¢*; oy o* = 0.4dB/m

The effects of using a modified constant as the ohtattenuation for each layer
of the recorded backscatter intensity from the HaM\WAC data, can be seen
from Figures 6-7. In Figure 6(a), the acoustic lsaekter intensity recorded by
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the 1.0 MHz AWAC (after modification of its rate aftenuation) is shown as a
plot of the spatial and temporal data series. Refgback to Figure 5(a) for an
impression of the initial results, the spatio-temgbcagreement between the
acoustic backscatter intensity of the 1.0 MHz AWfster modification of its
rate of attenuation) and the 0.6 MHz Aquadopp vewiin Figure 6(b). Figure 7
shows time series plots of the intensity of theuatic backscatter for each
layer, as recorded by the 0.6 MHz Aquadopp and 1te MHz AWAC
respectively, before and after modification of #teenuation rate.
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Figure6 Echo level of 1.0 MHz AWAC and agreement in dB.
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3.3 Relation between Range and Rate of Attenuation

In order to deliver backscatter intensity data fritia 1.0 MHz AWAC that fit
best with those recorded by the 0.6 MHz Aquadoppedch of the measuring
layers a proposed rate of attenuation for the 1Hr MWAC must be applied
separately, and, hence, the rate of attenuatiaiarige-dependent. A further
analysis was made and it was indicated that thex® avproportional relation
between the range from the transducers’ facesetartbasured layer (i.e. slant
range —R, see: Figure 1) and the applied rate of attennafibie relation on a
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logarithmic scale between the slant randg® @nd the proposed rate of
attenuation for the 1.0 MHz AWAC is shown in Fig@eA strong correlation
is seen with the coefficient of determinatiof) of 0.958. We therefore propose
to use a modified rate of attenuation for the 1.BlIZMAWAC as a; ¢** =
—7.925logR) + 8.551 in order to find a fit with the backseatintensity data
recorded by 0.6 MHz Aquadopp.

10
e |a10%=-7.925log(R) +8.551
g |~ |r2=0.958
6 N\

¥
S [
]

4

0 0.25 0.5 0.75 1
log(R)

Figure8 Proposed range-dependant rate of attenuation fer 1l MHz
AWAC.

3.4 Accuracy and Limitation

Previous field tests with similar devices (1.0 Mklgstem) in the same area
suggested that the overall accuracy of acoustiectien of suspended sediment
concentrations using backscatter intensity dataitisin a factor of 2 [12,13].
This was done by developing a calibration curvewimich echo levels and
sampled concentrations of suspended sediment Etedeo each other on a
logarithmic scale. In Figure 9, calibration curdes estimating the suspended
sediment concentration from recorded backscattengity as reported in [16]
are given.

The calibration curves and scatters of echo leesld suspended sediment
concentration data as shown in Figure 9, suggest tthere is a trend of

increasing echo levels with an increase of the eomation of suspended
sediment. On an equal range of echo levels andj @asBimilar devicei (e. with

a 1.0 MHz working frequency), different sites preia dissimilar order of

magnitude of sampled concentrations of suspendéicheat. One may see from
Figure 9 that in the range of echo levels betwe@dB6and 80dB, a large
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difference in the logarithmic expression of the pmmled sediment
concentration was observed. This is due to thendilss characteristics of the
acoustic strengths scattered back to the deviceahsducers from
inhomogeneous physical properties of the suspesddiment. Unless direct
samples of suspended sediment are collected simeolisly with acoustic
profiling, no direct relation between echo levelsdasuspended sediment
concentration data can be described.
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Figure9 Calibration curves for estimating suspended sedimemncentration
from recorded backscatter intensity [modified fri6j.

The objective of this study was to normalize datanmf two devices with
different working frequencies.¢. 1.0MHz and 0.6MHz) in view of delivering
comparable magnitudes of backscatter intensityudhér assessment of the
absolute accuracy, which could be obtained fromyapg the modified rate of
attenuation as proposed in this paper, is still taén This would require
auxiliary field experiments along with a thoroughalysis of the field samples.
Additionally, the applied field experiment presehtere must be understood to
work under the assumption that the physical prageerof the sediment in
suspension are uniform. Field applications at cffié locations with a similar
set of devices’ working frequenciese( 1.0MHz and 0.6MHz as used here)
must be executed to ensure that the physical piepeof the suspended
sediment detected by each device are uniform.

4 Conclusion

The rate of attenuation proposed for the 1.0 MHzAGAprofiler is found to be
one-order of magnitude higher compared to that ulsedthe 0.6 MHz
Aquadopp profiler and logarithmically range-depertde The proposed
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attenuation rate for the 1.0 MHz device is —7.986® + 8.551, withR is the
slant range from the transducers to the measuyed. [@he use of the proposed
rate of attenuation as presented in this papeina®ved the overall agreement
between the 1.0 MHz device’s echo level and therenerded by the 0.6 MHz
instrument from 22dB to 4dB. This is consideredtesignificant, bearing in
mind that the average discrepancy between the kestabs recorded by each
transducer was 2.4 dB. With the use of a defatdt shattenuation of 0.15dB/m
for the 0.6 MHz instrument, comparable magnitudescoustic backscatter can
also be obtained by the 1.0 MHz instrument, appglytime rate of attenuation
proposed in this paper.
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