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AN IMPROVED SUSPENDED SEDIMENT METER

The application relates to a system and a method for determin-

ing concentration of suspended sediment in a fluid.

Water monitoring techniques, which measure low and high sus-
pended sediment concentrations (SSC) of water, can be used to
optimize or improve processes for various industrial applica-

tions.

In one application, the water monitoring techniques are used
for monitoring water quality, wherein the monitoring is locat-
ed near construction sites where any increase of suspended
sediment in the water may be a hazard for nature, such as cor-
als, fishes, or sea grass. In another application, the water
monitoring techniques are used for real-time control of sus-
pended sediment in an intake and/or in an outlet of hydropower
plants to prevent damage of parts of the hydropower plants,
such as pumps, turbine shaft seals, wvalves, and gates. In a
further application, these water monitoring techniques are
used for controlling intake of sewage water for water treat-

ment plants.

Different acoustic backscattering (ABS) technologies exist to
measure concentration of suspended sediment for monitoring
quality of water. These methodologies often require calibra-
tions, wherein samples of the fluid are taken for analysing
the suspended sediment of the fluid samples. The analysis in-
cludes converting backscatter intensity measurements, like
echo levels (EL), to suspended sediment concentrations (SSC)

data.

Such sampling needs to be done regularly to avoid providing

the same measurement value for different compositions of the
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suspended sediment. The same measurement value can be obtained
from different suspended sediment with certain particle sizes.
Composition of the suspended sediment can vary in situations,
such as natural fluctuations, wherein different soil run-offs
into the water changes in industrial processes or changes in
households that impact sewage water-discharge from the said

households.

EP 0 989 397 Al discloses a process for determining the char-
acteristics of dispersed particles. The process involves di-
recting acoustic or light waves into a dispersion of particles,
and measuring attenuation of the waves for particular frequen-
cies to provide an attenuation spectrum. The measured attenua-
tion spectrum is then compared to a set of theory-based calcu-
lated attenuation spectra to determine the particle size dis-

tribution corresponding to the measured attenuation spectrum.

US 4 706 509 discloses simultaneous measuring of concentration
of solids and particle size distribution in a suspension,
which is effected by exciting the suspension with ultrasonic
waves of a plurality of frequencies. The wavelength of the
lowest frequency is greater than the diameter of the largest
particles to be expected and the wavelength of the highest
frequency is smaller than the diameter of the smallest parti-
cles to be expected. The dimensional spectrum of the solid
particles is divided into a plurality of dimensional intervals.
The respective solids concentrations are determined by measur-
ing the radiation absorption of each frequency used for irra-
diation and representing the same as the sum of the products
of the absorption coefficients, which are specific of the fre-
quency and dimensional interval with the unknown particle con-
centrations. This results in a linear system of equations,

which is solved with respect to the unknown concentrations.
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It is an object of the application to provide an improved

method of measuring suspended sediment in fluid.

The application provides a device for measuring at least one
parameter value of a suspended sediment of a fluid. This meas-

uring device is called a sediment meter.

The fluid here refers to a liquid although it can also refer
to a gas. The sediment has a plurality of particles with dif-

ferent sizes.

Some examples of the sediment parameter include a concentra-

tion of the sediment, a median size of a particle function of
the sediment, and a slope of a particle function of the sedi-
ment, although other parameters of the sediment are also pos-

sible.

The term “median” here refers to a middle number in a set of
numbers that have been arranged in order or to a measurement
in a set of measurements that have been arranged in order. The
term “median” also refers to a mean or an average amount or

figure.

The device includes a backscattering transducer module, a

storage unit, and a calculation unit.

The backscattering transducer module comprises a source module

and a receiver module.

The source module is provided for transmitting at least three
acoustic signals with different fixed characterising measure-

ment frequencies and with pre-determined signal levels.
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Different from attenuation measurements where an acoustic sig-
nal or a light wave is directed into dispersion and measuring
the attenuation of the wave, the acoustic signals of this ap-
plication are intended for directing at the suspended sediment
that is of interest to the user and for being echoed back. The
acoustic signals experience energy or attenuation as they
travel in the fluid to the sediment. The sediment then scat-
ters the acoustic signals and also backscatters the acoustic
signals towards the transducer module, whereby the acoustic
signals are further attenuated. The backscattered acoustic

signals are also called echo signals.

The receiver module measures at least three echo level wvalues
of the at least three echo signals, which correspond with the

at least three acoustic signals.

Generally, the number of sediment parameters for describing or
characterising the sediment is three. These three sediment pa-
rameters also represent three unknowns. Hence, the number of

acoustic signals for obtaining information about the sediment

is also three.

In reality, one or more of the acoustic signals may not obtain
information about the sediment. The acoustic signal may have a
frequency that does not generate a backscattering signal from
the sediment. Hence, more than three acoustic signals can be

used to characterise the sediment.

The storage unit stores a data set of pre-determined echo lev-
el values with a corresponding data set of pre-determined sus-
pended sediment parameter values for different operating fre-
quencies of the sediment meter. In other words, the storage

unit has various pre-determined echo level values for the dif-

ferent operating frequencies of the sediment meter. Each pre-
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determined echo level value has corresponding pre-determined

suspended sediment parameter values.

The calculation unit derives one or more suspended sediment
parameter value according to the stored data sets of the stor-
age unit and according to the measured echo level values from
the receiver module. The calculation unit compares the meas-
ured echo level values with the stored data set of pre-
determined echo level values with the stored corresponding da-
ta set of pre-determined suspended sediment parameter values

to derive the sediment parameter values.

The measuring device has an advantage of a simple design for

producing accurate sediment readings.

The data set of pre-determined suspended sediment parameter
values often includes at least one concentration suspended
sediment parameter value, and/or at least one median parameter
value of a particle function of the suspended sediment, and/or
at least one slope parameter value of the particle function of
the suspended sediment. These sediment parameters are often

used to describe the sediment.

The calculation unit often includes a module for detecting a
presence of air bubbles, which are placed in the signal path
of the acoustic signals, by deriving at least one parameter

value of the echo signal.

The user can be presented with a warning message if the pres-

ence of air bubbles is detected.

The parameter value of the echo signal can comprise a phase
parameter value of the frequency spectrum of the echo signal.

The phase parameter value can be derived using Fast Fourier
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Transform techniques. The phase parameter values for only sed-
iment usually lies in a typical pre-determined range. When the
phase parameter values are outside this range, this indicates

that the phase parameter values have shifted and this shift

can be caused by air bubbles in the fluid.

The parameter value of the spectrum of the echo signal can al-
so comprise an amplitude parameter value of the frequency
spectrum of the echo signal. This amplitude parameter value
can also be derived using Fast Fourier Transform techniques. A
main amplitude parameter value usually occurs at an operating
frequency of the acoustic signals. When a significant-
amplitude occurs at a higher harmonic or lower sub-harmonic
frequency, this also indicates a presence of air bubbles. An
amplitude at the higher harmonic frequency would be caused by
the oscillation effect of the air bubbles while an amplitude
at the sub-harmonic frequency would be generated by non-linear
interactions between the acoustic wave and the air bubbles.
The significant amplitude is defined as amplitude that is big-

ger than a pre-determined threshold wvalue.

The application also provides a method of determining at least

one parameter of a suspended sediment of a fluid.

The method includes a step of providing a data set of pre-
determined echo level values with a corresponding data set of
pre-determined suspended sediment parameter values. A main

computer can be used to generate these data sets.

After this, at least three acoustic signals with different
fixed characterising measurement frequencies are directed at
the suspended sediment of the fluid, which is of interest to

the user.
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The acoustic signals travel in the fluid to the sediment where
the sediment scatters and reflects back the acoustic signals.

The reflected acoustic signals are called echo signals.

At least three echo levels of at least three echo signals,
which correspond with the at least three acoustic signals, are

then measured.

At least one parameter value of the suspended sediment are
later derived according to the provided data set of pre-
determined echo level values with the provided corresponding
data set of pre-determined suspended sediment parameter values
and according to the measurements of the at least three echo

levels.

The data set of pre-determined suspended sediment parameter
values often comprises a pre-determined concentration suspend-
ed sediment parameter value, and/or a pre-determined median
parameter value of a particle function of the suspended sedi-
ment, and/or a pre-determined slope parameter value of the
particle function of the suspended sediment. These parameter
values are easy to understand and are often used to describe

the sediment.

The method often includes a step of detecting a presence of
air bubbles in the signal path of the acoustic signals. The
air bubbles can affect the readings of the sediment of inter-

est to the user.

The user can be presented with a warning message if the pres-

ence of air bubbles is detected.

The detection of the presence of air bubbles usually includes

a step of deriving at least one phase parameter value of the
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frequency spectrum of the echo signal. The phase parameter
value of the echo signal usually falls within a pre-determined
range. When the phase parameter value lies outside this range,
the phase parameter value has shifted and this can be caused
by air bubbles that are placed in the measurement path of the

sediment meter.

The detecting of the presence of air bubbles can also include
a step of deriving at least one amplitude value of the fre-

quency spectrum of the echo signal. A main amplitude often oc-
curs at the operating frequency of the acoustic signals. When
a significant amplitude occurs at for example higher harmonic
frequency, this indicates the presence of air bubbles. The

significant amplitude is bigger than a pre-determined thresh-

old value.

The three echo levels can also be converted from the measured
electrical signal for easy computation of the sediment parame-

ter values.

The deriving of the at least one suspended sediment parameter
often takes in account effects of attenuation due to the fluid,
and/or effects of attenuation due to particle sizes of the
suspended sediment, and/or effects of concentration of the
suspended sediment. These are done for a more accurate meas-

urement of the sediment.

Fig. 1 illustrates a suspended sediment meter,

Fig. 2 illustrates a transducer head of the suspended sedi-
ment meter of Fig. 1, the transducer head includes a
plurality of transducers,

Fig. 3 illustrates an operating field of the transducer

head of Fig. 2,
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Fig. 4 illustrates a receiving sensitivity graph of one of
the transducers of the transducer head of Fig. 2,

Fig. 5 illustrates a transmitting sensitivity graph of one
of the transducers of the transducer head of Fig. 2,

Fig. 6 illustrates a flow chart of a method for measuring
suspended sediment concentration (SSC),

Fig. 7 illustrates a flow chart of a method of using the
sediment meter of Fig. 1 to determine suspended sed-
iment parameters,

Fig. 8 illustrates a table of stored values of the sediment
meter of Fig. 1 of the method of Fig. 7,

Fig. 9 illustrates ranges of measurement values of the
method of Fig. 7,

Fig. 10 illustrates measurement points of backscattered sig-
nals of suspended sediment of a method for detecting
air bubbles,

Fig. 11 illustrates a view of phases of the backscattered
signal of Fig. 10,

Fig. 12 illustrates another view of phases of the backscat-
tered signal of Fig. 10,

Fig. 13 illustrates a signal spectrum of a backscattered
signal of the suspended sediment meter of Fig. 1 of
another method of detecting presence of air bubbles,

Fig. 14 illustrates a further signal spectrum of a backscat-
tered signal BS of the suspended sediment meter of
Fig. 1 for detecting presence of air bubbles, and

Fig. 15 illustrates another signal spectrum of a backscat-
tered signal BS of the suspended sediment meter of

Fig. 1 for detecting presence of air bubbles.

In the following description, details are provided to de-
scribe embodiments of the application. It shall be apparent to
one skilled in the art, however, that the embodiments may be

practiced without such details.
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Some parts of the embodiments, which are shown in the Figs.,
have similar parts. The similar parts have the same names or
similar part numbers with a prime symbol or with an alphabetic
symbol. The description of such similar parts also applies by
reference to other similar parts, where appropriate, thereby

reducing repetition of text without limiting the disclosure.

Fig. 1 shows a suspended sediment meter 10. The sediment meter
10 comprises a processor 15, a memory unit 17, and a transduc-
er head 20. The processor 15 is connected to the memory unit
17 and to the transducer head 20. The sediment meter 10 also

includes an air bubble detector 18.

As seen in Fig. 2, the transducer head 20 includes a transduc-
er 41, a transducer 42, a transducer 43, and a transducer 44.
Each of the transducers 41, 42, 43, and 44 has an acoustic

source and an acoustic receiver.

In use, the suspended sediment meter 10 is used for determin-
ing one or more parameters or characteristics of a suspended

sediment of a fluid. An example of the parameter is a concen-
tration of the suspended sediment. The suspended sediment is

also called suspended material. The fluid here refers to a

liquid, such as water.

For operational efficiency, the transducers 41, 42, 43, and 44
are often in physical contact with the fluid. A user directs

the transducers 41, 42, 43, and 44 towards an area or a volume
of the fluid that contains the suspended sediment, wherein the

fluid area is of interest to the user.

The acoustic sources of the transducers 41, 42, 43, and 44 are

intended for transmitting short pulses of source acoustic sig-
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nals with various different frequencies to the fluid area,

which 1s of interest to the user.

Pulse widths and frequencies of the transmitted pulses of the
source acoustic signals are selected according to expected
particle sizes of the suspended sediment, which are expected
to be present in the fluid area. The source acoustic pulses
then interact with the said suspended sediment, wherein the
suspended sediment scatters the source acoustic pulses and re-
flects the source acoustic pulses back to the acoustic receiv-
ers of the transducers 41, 42, 43, and 44. In other words, the
suspended sediment backscatters the source acoustic pulses to
the said acoustic receivers. The reflected acoustic pulses are
also called echo signals, raw signals, or backscattered sig-

nals.

In one example, the transducer 41 produces an acoustic signal
with an operating frequency of 0.5 MHz (megahertz) while the
transducer 42 produces an acoustic signal with an operating
frequency of 1 MHz. The transducer 43 produces an acoustic
signal with an operating frequency of 2 MHz and the transducer
44 produces an acoustic signal with an operating frequency of

4 MHz.

In another example, the source acoustic pulses have a trans-
mission range of about several meters, a pulse width of about
10 microseconds, and a frequency ranging from about 0.250 MHz
(megahertz) to about 5 MHz for measuring particle sizes with
diameter ranging from about 2 mm (millimetre) to about 20 um

(micrometre) .

The air bubble detector 18 acts to detect presence of air bub-
bles in the fluid, which can affect readings of suspended sed-

iment.
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Fig. 3 shows an operating area or field of acoustic signals of
a sonar transducer 11 that corresponds to the transducers 41,
42, 43, and 44 of the transducer head 20 of the suspended sed-

iment meter 10.

The operating area can be roughly divided into two regions,
namely a near field 50 and a far field 54. The near field 50
is placed between the transducer 11 and the far field 54. The

far field 54 includes a measurement bin 55.

The measurement bin 55 refers to a volume that contains a por-
tion of a suspended sediment of a fluid, which is of interest
to the user. The length of the measurement bin, which is meas-
ured radially along a line that originates from the transducer
11 to the measurement bin, defines a number of cycles of a
frequency of the acoustic signals that is required to extend
throughout the measurement bin to ensure that the measurement
bin contains the acoustic signals for backscattering the

acoustic signals.

In one implementation, the suspended sediment is located at
least 30 cm (centimeter) from the surface of the transducer 11.
The length of the measurement bin 55 is 3 cm. In this example,
for an acoustic signal with a frequency of 1 MHz, the number

of pulses for extending throughout the measurement bin is

about 20 cycles whereas for an acoustic signal with a frequen-
cy of 4 MHz, the number of pulses for extending throughout the

measurement bin is about 80 cycles.

The transducer 11 acts as a source of acoustic signals that
are directed at the said sediment portion. The shape and the
dimensions of the transducer 11 have an impact on spatial res-

olution of the suspended sediment and also an impact on char-
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acteristics of backscattered signals, which are associated

with the acoustic signals.

The acoustic signals in the near field 50 are usually more
complex to analysis than the acoustic signals in the far field
54. In the far field 54, the acoustic signals of the acoustic
source can be treated and be considered as originating from a
point source. If the transducer 11 has a circular shape, the
interacting volume of its acoustic signal in the far field 54
may be approximated as having a cone shape with a tip of the
cone shape being located at the transducer 11. On the other
hand, in the near field 50, the acoustic signals of the acous-
tic source can be considered as be emitted in a narrow column

to the near field 50.

In a general sense, the sonar transducer 11 can also produce
specific, non-conical beam patterns. The measurement bin 55
can also be in located in the near field 50, instead of being

located in the far field 54.

Referring to the acoustic receivers of the transducers 41, 42,
43, and 44, they measure intensities of echo signals, which
are associated with the source acoustic signals of the acous-
tic sources of the transducers 41, 42, 43, and 44. The inten-
sity data comprises magnitude data and phase shift data. The

magnitude data is also called strength data.

The acoustic receiver measures backscattered signals BaS of
the source acoustic signals in millivolts (mV). The millivolt

value is then converted to dB (decibel) values by applying

specific transducer sensitivity SE for the relevant frequency

using an equation that is shown below.
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EL[db] =20log, ,(BaS) + SE (2)
, wherein
EL = (received) echo level,
BaS = measured backscattered signals

SE = transducer sensitivity

The value of the transducer sensitivity SE is shown in a re-
ceiving sensitivity graph 51, which is illustrated in Fig. 4.
The transducer sensitivity SE is also called transducer re-

sponsivity. The transducer responsivity is defined as gain of

output signal with reference to input signal.

The echo level FEL is also known as an intensity of the

backscattered signals.

In a similar manner, the decibel wvalues of the source level
SL are calculated using a transmitting sensitivity graph 52,
which is illustrated in Fig. 5, for a signal that is produced

by a transducer with a 1 MHz frequency.

The measured intensity of the echo signals can be described
using a mathematical equation, called a “Sound Navigation And

Ranging” (SONAR) equation, which is shown below.

EL=SL-TL + BS (1)
, wherein

EL = (received) echo level,

SL = source level,

TL = transmission loss, and

BS = backscatter strength.
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Taking into account speed of sound in the fluid, sound propa-

gation characteristics, and scattering strength of the sus-

pended sediment, a relationship between the source level SL
signals and characteristics of the suspended sediment can be

developed. This relationship is dependent on the frequencies

of the source level SL signals.

An echo level FEL of a backscattered signal from a uniform
field of suspended sediment particles in a fluid with constant

concentration is considered to vary inversely with a distance

between an acoustic source of a source level SL signal and
particles of the suspended sediment and to vary according to
correlation factors for attenuation due to the fluid and to

the suspended sediment particles.

The echo level FEL of the backscattered signal can thus be
correlated with a concentration and particle size of the sus-
pended sediment and with time delay between transmitting of
the acoustic signal and receiving of the backscattered signal

of acoustic signal.

A mathematical relationship model for the above described re-

lationship is shown below.

EL = SL + C - 201log(yR)— 2. R -2 CZZ'SSCI' R
=SL+C—20loglnR) - 2a R~ 23 IW
cr 2 42
+1010g£w7j+1010g2[(?2al. f#’l.Nl.j 3)

, wherein
EL= (received) echo level,

SL = source level,
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C = coefficient that is dependent on the transducer,
R = distance between an acoustic source and a measure-

ment bin, the bin being defined as a range between
two distances R1 and R2, wherein the selection of
the two distances R1 and R2 is done carefully to en-
sure that the measurement bin contains the suspended
sediment of interest for measuring the desired in-

formation, for example particle mixture,

n::jKJLat) = near field correction,
am,=bf(fR,SgT;eﬂﬁ = absorption due to the fluid, wherein

j}e = frequency, S = salinity, and T = temperature,
I/ = solid opening angle of the transducer,

SS(& = Suspended Sediment Concentration of i-th fraction,

C?=Lf(ﬁR,S,T;eﬁﬂ = sound speed,

T = duration of the transmitted signals,

]Vi = number of particle per unit volume,

ai = particle radius,

2} = normalized total scattering cross-section,

. = form function
f#l 14

5

[k,= density of sediments,
CH = function of sediment concentration, and
Cé = function of sediment concentration.

The equation (3) takes into consideration transmission loss or
attenuation of signal due to spreading, to fluid and to the

suspended sediment.
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In particular, the term 2010g@p?) represents a component of the

transmission loss 1L that is due to spreading. The term ZCQVR

represents another component of the transmission loss TL that

7:.55C.
is due to the fluid. The term 2| C&—J—;;—L R represents a
a.
s

further component of the transmission loss IL that is due to

the suspended sediments.

cT

The terms IOIOg[W’z

j +10log>” [Cza%f#%’ l'Nl'j represent the

backscatter strength BS of the source level SL signals.

The coefficients or parameters Cﬁ and Cé are also defined as
functions of the sediment concentration, instead of constant
values of the sediment concentration, for improving accuracy

of determining the echo levels EL over a wider range of the

suspended sediment concentration (SSC) values.

Referring to the memory unit 17, it serves to store a table of

the determined echo levels FEL with corresponding sediment pa-

rameters.

The processor 15 acts to determine parameters of the suspended

sediment according to the determined echo levels FEL.

Referring to the suspended sediment, the suspended sediment
can be described with three sediment parameters, namely the
suspended sediment concentration parameter together with the
median parameter and with the slope parameter of the particle

function of the suspended sediment. This is explained below.
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Different methods for determining the suspended sediment pa-

rameters are possible.

Fig. 6 shows a flow chart 112 of a method of metering for
measuring suspended sediment concentration (SSC) using multi-

frequency acoustic backscattering (ABS).

The flow chart 112 includes a step of transmitting three dif-
ferent signals of acoustic pulse to the suspended sediment of
the fluid of interest, wherein the three signals have three
corresponding frequencies. After this, backscattered signals,
which are associated with the three different signals, are

measured.

Fig. 7 shows a flow chart 115 of a method of using the sedi-
ment meter 10 to determine the suspended sediment parameters

is described below.

The method includes a preparation step and an operating step.

The preparation step comprises calculation of a plurality echo
level EL values for pre-determined source level SL signals
using the equation (3) for various pre-determined values of

the suspended sediment parameters, in a step 117.

These values are then stored in the memory unit 15 of the sed-

iment meter 10, in a step 119.

Fig. 8 shows a table 120 of stored data set of sediment param-

eters.

The table 120 comprises several columns of data. The data in-

cludes
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- a column of data of ranges of SSC values of a suspended
sediment,

- a corresponding column of data of ranges of median values
of particle function of the sediment,

- a corresponding column of data of ranges of slope values
of the particle function of the sediment,

- a corresponding column of data of ranges of echo levels
for a source signal with a frequency of 0.5 Mhz,

- a corresponding column of data of ranges of echo levels
for a source signal with a frequency of 1.2 Mhz,

- a corresponding column of data of ranges of echo levels
for a source signal with a frequency of 2.5 Mhz, and

- a corresponding column of data of ranges of echo levels

for a source signal with a frequency of 5.0 Mhz.

Referring to the operating step, it comprises sending three

source level SL signals with three different corresponding
frequencies of the sediment meter 10 to the suspended sediment,

in step 121.

The sediment meter 10 later measures three echo level EL val-

ues that are associated with the three source level SL sig-

nals, in a step 123.

Fig. 9 shows a table 124 of ranges of the measured echo level

EL valyes.

4

Using the stored values in the memory unit 15, three parame-
ters of the suspended sediment are then estimated, in a step

125.

The three sediment parameters represent three unknown factors.

The three source level SL signals with three different corre-
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sponding frequencies are then sufficient to obtain the values

of the three sediment parameters.

For measured echo levels with readings between the range of
146.7 to 147.2 (dB) for a source signal with a frequency of
0.5 Mhz, the Suspended Sediment Concentration (SSC) parameter
of the suspended sediment is then estimated as between 1.0 and
1.1 (kg/m3) with a median size parameter of particle function
of the sediment estimated as between 53 and 55 um (micrometre)
and a slope parameter of the particle function of the sediment

estimated as between 0.0161 and 0.0162, in a step 125.

The user often transmits more than three different signals
with corresponding different frequencies, which can be four or
five different frequencies, to ensure that the desired infor-
mation is obtained from these signals. One of the frequencies
of the acoustic signals may not generate backscattering sig-
nals when the said frequency does not generate backscattering
signals for a particular particle size of the sediment. When
this occurs, measurements of the backscattering signals will

not contain any desired information.

The above method for determining suspended sediment parameters
can also include steps for detecting air bubbles in the sus-
pended sediment. The presence of air bubbles can adversely

change the measured or determined sediment parameter values.

Figs. 10 and 11 illustrate the evaluation of phases of
backscattered signals of a suspended sediment of a method of

detecting air bubbles, in a measurement bin of the fluid.

The method includes a step of taking discrete measurements 130

of the backscattered signals, as shown in Fig. 10.
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The processor 15 then provides a Fourier transformation, such
as Fast Fourier Transform (FFT), of the discrete measurements
130 in order to evaluate its phase spectrum. The phase values
of the measurement frequencies in the phase spectrum have typ-
ical pre-determined range of values for fluids without air

bubbles. Deviations from these phase values indicate the pres-

ence of air bubbles.

Fig. 11 shows different phases of the backscattered signals of
the suspended sediment, namely phases 140 of suspended sedi-
ment with no air bubbles and shifted phases 135 of suspended

sediment with air bubbles.

Fig. 12 shows another view of phases of the backscattered sig-
nal of the suspended sediment. Fig. 12 shows a solid line 145
of typical phases of backscattered signals from only suspended
sediments, a dotted line 147 of shifted phases of backscat-
tered signals from only air bubbles, and a dotted connected
line 150 of shifted phases of backscattered signals from both

suspended sediments and air bubbles.

When the presence of air bubbles is detected, the user is

warned or alerted about this.

This allows the user to take appropriate actions when the air
bubbles are detected. The air bubbles can adversely affect the

determined suspended sediment parameter wvalues.

Figs. 13 to 15 show different signal amplitude spectrums de-
rived by calculating the Fourier Transform of the backscat-
tered signals of a suspended sediment of another method of de-

tecting the presence of air bubbles.
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The amplitude spectrums are then analyzed to identify occur-
rence of significant amplitude values at higher harmonic fre-
quencies in the amplitude spectrum, wherein the said occur-
rence indicates presence of air bubbles in the fluid. The sig-
nificant amplitude values are bigger than a pre-determined
threshold value, which is stored in the memory unit 15 of the

sediment meter 10.

Fig. 13 shows a signal amplitude spectrum 160 of the backscat-
tered signal of the suspended sediment. The signal is
backscattered from only suspended sediments of a fluid. The

backscattered signal is associated with an acoustic source

signal AS with an operating frequency of 120 kHz. The ampli-
tude spectrum 160 shows one main frequency of 120 kHz with es-

sentially no higher harmonic frequencies.

Fig. 14 shows a signal amplitude spectrum 162 of the backscat-
tered signal. The signal is backscattered from only air bub-

bles of a fluid. The backscattered signal is associated with

an acoustic signal AS with an operational frequency of 120k
kHz. The amplitude spectrum 162 shows a main frequency of 120
kHz and higher harmonic frequencies that includes a higher

harmonic frequency of 240 kHz and a higher harmonic frequency

of 360 kHz.

Fig. 15 shows a signal amplitude frequency spectrum 165 of a
backscattered signal. The signal is backscattered from sus-

pended sediments and from air bubbles of a fluid. The

backscattered signal is associated with an acoustic signal AS
with an operating frequency of 120 kHz. The amplitude spectrum
165 shows a main frequency of 120 kHz and higher harmonic fre-
quencies that includes a higher harmonic frequency of 240 kHz

and a higher harmonic frequency of 360 kHz.



WO 2014/002078 PCT/IB2013/055380

23

This detection of air bubbles is then used to warn the user
that the measured sediment concentration can be incorrect due

to the presence of air bubbles.

This step allows the user to take appropriate steps regarding
the air bubbles. The air bubbles can adversely affect the de-

termined suspended sediment parameter values.

In a general sense, the step of detecting the air bubbles can
be done in parallel or at the same time as the step of deter-
mining the concentration of the suspended sediment. The step

of detecting the air bubbles can be also done before or after
the step of determining the concentration of the suspended

sediment.

The embodiments can also be described with the following lists
of features or elements being organized into items. The re-
spective combinations of features, which are disclosed in the
item list, are regarded as independent subject matter, respec-
tively, that can also be combined with other features of the

application.

1. A device for measuring at least one parameter value of a
suspended sediment of a fluid, the device comprising

a backscattering transducer module that comprises

- a source module for transmitting at least three
acoustic signals with different fixed charac-
terising measurement frequencies and

- a receiver module for measuring at least three
echo level values of echo signals, which corre-

spond with the at least three acoustic signals,
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a storage unit that stores a data set of pre-
determined echo level values with a data set of pre-
determined suspended sediment parameter values,

a calculation unit for deriving at least one sus-
pended sediment parameter value according to the data set
of pre-determined echo level values with the data set of
pre-determined suspended sediment parameter values and

according to the at least three echo level values

2. The device according to item 1, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises at least one concentration suspended

sediment parameter value.

3. The device according to item 1 or 2, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises at least one median parameter value

of a particle function of the suspended sediment.

4., The device according to one of the above-mentioned items,
wherein the data set of pre-determined suspended sediment
parameter values comprises at least one slope parameter

value of the particle function of the suspended sediment.

5. The device according to one of the above-mentioned items,
wherein
the calculation unit comprises a module for detecting a
presence of air bubbles in the signal path of the acous-
tic signals by deriving at least one parameter value of

the echo signal.

6. The device according to item 5, wherein
the parameter value of the echo signal comprises a phase

parameter value of the echo signal.
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The device according to item 5, wherein
the parameter value of the echo signal comprises an am-
plitude parameter value of the spectrum of the echo sig-

nal.

A method of determining at least one parameter of a sus-
pended sediment of a fluid, the method comprising

providing a data set of pre-determined echo level
values with a data set of pre-determined suspended sedi-
ment parameter values,

directing at least three acoustic signals with dif-
ferent fixed characterising measurement frequencies at
the suspended sediment of the fluid,

measuring at least three echo levels of echo signals,
which correspond with the at least three acoustic signals,

deriving at least one parameter value of the sus-
pended sediment according to the data set of pre-
determined echo level values with the data set of pre-
determined suspended sediment parameter values and ac-
cording to the measurements of the at least three echo

levels.

The method according to item 8, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises a pre-determined concentration sus-

pended sediment parameter value.

The method according to item 8 or 9, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises a pre-determined median parameter

value of a particle function of the suspended sediment.

The method according to one of items 8 to 10, wherein
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the data set of pre-determined suspended sediment parame-
ter values comprises a pre-determined slope parameter

value of the particle function of the suspended sediment.

12. The method according to one of items 8 to 11 further com-
prising
detecting a presence of air bubbles in the signal path of

the acoustic signals.

13. The method according to item 12, wherein
the detecting of the presence of air bubbles comprises
deriving at least one phase parameter value of the echo

signal.

14. The method according to item 12, wherein
the detecting of the presence of air bubbles comprises
deriving at least one amplitude value of the spectrum of

the echo signal.

15. The method according to one of items 8 to 14, wherein
the deriving of the at least one suspended sediment pa-
rameter takes in account effects of attenuation due to

the fluid.

16. The method according to one of one of items 8 to 15,
wherein
the deriving of the at least one suspended sediment pa-
rameter takes in account effects of attenuation due to

particle sizes of the suspended sediment.

17. The method according to one of the items 8 to 16, wherein
the deriving of the at least one suspended sediment pa-
rameter takes in account effects of concentration of the

suspended sediment.
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Although the above description contains much specificity, this
should not be construed as limiting the scope of the embodi-
ments but merely providing illustration of the foreseeable em-
bodiments. The above stated advantages of the embodiments
should not be construed especially as limiting the scope of
the embodiments but merely to explain possible achievements if
the described embodiments are put into practice. Thus, the
scope of the embodiments should be determined by the claims

and their equivalents, rather than by the examples given.
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Reference numbers

10
11
15
17
18
20
41
42
43
44
50
51
52
54
55
112
115
117
119
120
121
123
124
125
130
135
140
145
147
150
160
162
165

suspended sediment meter
sonar transducer
processor

memory unit

air bubble detector
transducer head
transducer
transducer
transducer
transducer

near field

receiving sensitivity graph
transmitting sensitivity graph
far field
measurement bin

flow chart

flow chart

step

step

table

step

step

table

step

discrete measurement
phase

phase

line

line

line

frequency spectrum
frequency spectrum

frequency spectrum
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Claims

1. A device for measuring at least one parameter value of a
suspended sediment of a fluid, the device comprising

a backscattering transducer module that comprises

- a source module for transmitting at least three

acoustic signals with different fixed charac-
terising measurement frequencies and

- a receiver module for measuring at least three

echo level values of echo signals, which corre-
spond with the at least three acoustic signals,

a storage unit that stores a data set of pre-
determined echo level values with a data set of pre-
determined suspended sediment parameter values,

a calculation unit for deriving at least one sus-
pended sediment parameter value according to the data set
of pre-determined echo level values with the data set of
pre-determined suspended sediment parameter values and

according to the at least three echo level values

2. The device according to claim 1, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises at least one concentration suspended

sediment parameter value.

3. The device according to claim 1, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises at least one median parameter value

of a particle function of the suspended sediment.

4., The device according to claim 1, wherein the data set of
pre-determined suspended sediment parameter values com-
prises at least one slope parameter value of the particle

function of the suspended sediment.
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5. The device according to claim 1,
wherein
the calculation unit comprises a module for detecting a
presence of air bubbles in the signal path of the acous-
tic signals by deriving at least one parameter value of

the echo signal.

6. The device according to claim 5, wherein
the parameter value of the echo signal comprises a phase

parameter value of the echo signal.

7. The device according to claim 5, wherein
the parameter value of the echo signal comprises an am-
plitude parameter value of the spectrum of the echo sig-

nal.

8. A method of determining at least one parameter of a sus-
pended sediment of a fluid, the method comprising
providing a data set of pre-determined echo level
values with a data set of pre-determined suspended sedi-
ment parameter values,
directing at least three acoustic signals with dif-
ferent fixed characterising measurement frequencies at
the suspended sediment of the fluid,
measuring at least three echo levels of echo signals,
which correspond with the at least three acoustic signals,
deriving at least one parameter value of the sus-
pended sediment according to the data set of pre-
determined echo level values with the data set of pre-
determined suspended sediment parameter values and ac-
cording to the measurements of the at least three echo

levels.
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The method according to claim 8, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises a pre-determined concentration sus-

pended sediment parameter value.

The method according to claim 8, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises a pre-determined median parameter

value of a particle function of the suspended sediment.

The method according to claim 8, wherein
the data set of pre-determined suspended sediment parame-
ter values comprises a pre-determined slope parameter

value of the particle function of the suspended sediment.

The method according to claim 8 further comprising
detecting a presence of air bubbles in the signal path of

the acoustic signals.

The method according to claim 12, wherein
the detecting of the presence of air bubbles comprises
deriving at least one phase parameter value of the echo

signal.

The method according to claim 12, wherein
the detecting of the presence of air bubbles comprises
deriving at least one amplitude value of the spectrum of

the echo signal.

The method according to claim 8, wherein
the deriving of the at least one suspended sediment pa-
rameter takes in account effects of attenuation due to

the fluid.
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The method according to claim 8, wherein
the deriving of the at least one suspended sediment pa-
rameter takes in account effects of attenuation due to

particle sizes of the suspended sediment.

The method according to claim 8, wherein
the deriving of the at least one suspended sediment pa-
rameter takes in account effects of concentration of the

suspended sediment.



